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GLOSSARY
ACSB.

Amplitude-compandered single-sideband modulation.

A radio modulation

technique which requires less bandwidth than FM.
Adiacent channel interference.
transmitter

operating

on

Interference caused by signals received from a

adjacent

channels.

Also

known

as

out-of-band

interference.

AM.

Amplitude modulation.

A method of transmitting low frequency signals

by imprinting them onto a high frequency carrier wave.

The frequency of the

carrier wave remains constant, but its amplitude varies in proportion to the
low frequency signal.
AMPS.

Advanced mobile phone service.

A cellular radio system for mobile

telephones.
AUSSAT.

Aussat Proprietary Limited is a satellite operating company wholly

owned by the Australian government.
Bandwidth.

The amount of frequency allocated to a channel or occupied by a

signal.
BCNZ. Broadcasting Corporation of New Zealand.
CCIR.
set

up

Comit Consultatif International de Radiocommunication.
under

the

ITU

to

promote

.

standards

for

the

A committee
development

of

radiocommuhication.
Cellular services.
number

of

A cellular network is one where an area is divided into a
smaller

'transmission

zones',

each

with

separate

transmitters/receivers.
CISPR. International special committee on radio interference.
Co-channel interference.

Interference caused by signals received from another

transmitter operating

the

interference.

on

same frequency.

Also known

as out-of-area

Co~nmon carrier.

A company which is obliged to provide access to a network,

for example of telecommunications, gas or rail facilities.

W.

Decibels relative to one watt.

A decibel is a logarithmic unit of

measurement for the power of a signal and is usually related to a standard
point, here one watt.
D e s ~ a t c h services.

Duplex services which, rather than identifying a specific

recipient, broadcast generally in at least one direction,
DTI.
-

Department of Trade and Industry.
.

Dunlex

services.

Services

which

use

separate

frequencies

to

transmit

in

different directions between users. Also known as two-frequency services.
Emission mask.

A system of limits on the out-of-band

emissions of spectrum

users.
EIRP.

Equivalent Isotropic Radiated Power.

The power input that would be

required for a hypothetical isotropic antenna (i.e.

one which radiates in all

directions) to achieve the same level of radiation as an actual antenna.
FCC.
-

Federal Communications Commission. A US regulatory body.

Field strength. The intensity of an electromagnetic field at any given point.
Fixed services.

The use of radio waves to communicate between two fixed

locations. Also known as point-to-point communications.
Flexible s ~ e c t r u m Droducts.

Spectrum rights that are defined by reference to

a specific transmitter, antenna location, signal power, etc.,

but do not limit

the services provided to those of the reference system.
FM.
-

Frequency modulation.

A method of transmitting low frequency signals

by imprinting them onto a high frequency carrier wave.

The frequency of the

carrier wave then varies in proportion to the low frequency signal.

w e /ria
Freauencv. The number of cycles per second of an electromagnetic wave.
GHz.
-

Gigahertz.

1 GHz corresponds to a frequency of one billion cycles per

second.
HF.
-

High frequency.

Usually includes the range of frequencies from 3 MHz

to 30 MHz. Also known as shortwave.
Hz.
-

Hertz.

Named

after

the

German

physicist

Heinrich

Hertz,

1 Hz

corresponds to a frequency of one cycle per second.
ISM.
-

Industrial, scientific and medical applications.

ITU.
-

International Telecommunications Union.

A special agency of the United

Nations with responsibility for international telecommunications matters.
KHz.
-

Kilohertz.

I KHz corresponds to a frequency of one thousand cycles

per second.
Land

mobile services.

Services between

mobile stations capable of service

movement within a country or continent.
MF.
-

Medium frequency.

Usually includes the range of frequencies from 300

KHz to 3 MHz.

MHz.

Megahertz.

1 MHz corresponds to a frequency of one million cycles per

second.
Microwave.

Radio waves with very short wavelength and occupying frequencies

above 1 GHz.
Mobile services.

The use of radio waves to communicate between a mobile

station and either a fixed base or another mobile station.
MOD.
-

Ministry of Defence.

Modulation.

A process of varying the amplitude, frequency or phase of a

'carrier wave' in step with a signal which is to be transmitted.

Out-of-area
transmitter

interference.
operating

on

Interference caused by signals received from another
the same

frequency.

Also

known as co-channel

interference.
Out-of -band

interference.

Interference

caused

transmitter operating. on adjacent channels.

by

signals

received

from

a

Also known as adjacent channel

interference.
Parzing.

T o summon or to deliver a message to someone whose whereabouts is

unknown.
POCSAG. POCSAG defines a specific paging signalling format.
Point-to-point.

A circuit connecting two points.

Other possibilities include

point-to-multipoint.
Polarisation.

If the electrical field of an electromagnetic wave lies wholly in a

plane containing the direction of propagation, the wave is said to be linearly
polarised.

If the electric field is parallel to the Earth, we have horizontal

polarisation, if perpendicular, vertical polarisation.
Propavation. A description of radio waves travelling through the atmosphere.
PSTN.

Public switched telephone network.

Used to describe the whole public

telephone network.

m.

Radio Frequency Service.

The RFS was established in 1987 as an

independent agency within the New Zealand Department of Trade and Industry.
It is responsible for spectrum planning, allocation, assignment and management.

m. Synthetic Aperture Radar.
SHE. Super high frequency.

Usually includes the range of frequencies from 3

GHz to 30 GHz.
Simplex services.

Services which allow radio transmissions between a pair of

users in either direction, using a single frequency.

Thus communications can

only occur in one direction at any one time.
SOE.
-

State Owned Enterprise.

Telemetrv. The use of telecommunications to measure events from a distance.
Trunked services.

Land mobile trunked systems use a pool of frequencies,

rather than just a single frequency, to provide services.

The availability of

many talking paths or 'trunks' allows higher queuing efficiency.
TV3.
-

The third New Zealand television channel with national coverage, to

start broadcasting in 1989.

The existing two television channels provided by

the BCNZ are T V l and TV2.
Two-freauencv

services.

Services which use separate frequencies to transmit

in different directions between users. Also known as duplex services.

UHF.

Ultra high frequency.

Usually includes the range of frequencies from

300 MHz to 3 GHz.

m.

Very high frequency.

MHz to 300 MHz.

Usually includes the range of frequencies from 30

we/r/a
I. SUMMARY OF PROPOSALS
A.

Background
/
-

In New Zealand, allocation of the radio spectrum is managed, as in most other
countries, by a centralised bureaucracy.

Radio frequency management, which

was a function of the New Zealand Post Office until its reorganisation into
commercial corporations on April 1 1987, is now undertaken by the Department
of Trade and Industry (DTI).

The management functions are conducted by the

Radio Frequency Service (RFS) in the name of the Secretary of Trade and
Industry.

The government, through the RFS, decides the general use to which

various parts of the spectrum are to be put (e.g.
mobile), the geographic scope of

FM sound broadcasting, land

individual spectrum licences, the permitted

levels of out-of-area and out-of-band interference, and the spectrum that is to
be held in reserve for future potential uses.

It also designates those parties

who are authorised to use spectrum in conformity with the approved general
use, territory and interference levels.
Concern that
would

not

this centralised system of spectrum management and allocation

perform

competition

and

well,

in

social

terms

of

welfare,

its

once

effect

on

barriers

economic

to

entry

efficiency,
into

the

telecommunications and broadcasting industry are removed and as demand for
spectrum grows, motivated the Government to commission the investigation of
alternative methods of spectrum management presented in this report.

I

II

I

In

particular,

the

deregulation

I

the

telecommunications

and

broadcasting

industries on 1 April 1989, and future growth in demand for spectrum will
mean that RFS will increasingly have to make choices between competing uses
and users of spectrum.

I

of

Our survey of existing and potential spectrum users

and our assessment of demand trends suggest that, in the absence of price
rationing, excess demand for VHF television frequencies, FM broadcasting,
frequencies for mobile radio services (in particular areas, most notably
Auckland),

cellular

telephone frequencies and some of the

frequencies could occur within the next 10 years.

lower microwave

Ili the case of the cellular

radio and VHF television frequencies, demand will come from competing users
and

some mechanism

will

be needed

to choose between

competing claims.

Those television service providers who are not assigned use of VHF frequencies
would

be

expected

to

seek

UHF

frequencies,

which

could

result

in

the

displacement

of

some

amateur

and

aeronautical

navigation

use

of

these

frequencies.
Expansion in the supply of FM sound broadcasting stations could, in the main
urban areas, use up all of the presently unoccupied FM frequencies and so lead
to demand for frequencies in the upper half of the FM radio band, which are
now fully used by mobile radio operators.
8.

The Case For Market Allocation

Spectrum use can be determined by government regulation or by the operation
of spectrum markets in which the government intervenes little or not at all.
A

fundamental

difference

between

the

two

approaches

is

that

decisions

concerning the use of spectrum are centralised under a regime of regulation
and are .decentralised when individual users engage in free-market transactions
among themselves.
In a market system, the rights to use spectrum in a designated way could be
traded so that which party obtains a particular right is determined by who is
willing

to

pay

most

administrative process.

for

it,

rather

than

the

choice

being

made

by

an

In a parallel fashion, as long as spectrum rights can

be geographically divided and aggregated, a market can determine whether the
rights to use a frequency band are divided into many local rights or rights for
a few large regions.

Rather

than

the government controlling interference

levels, they could instead be determined

through private negotiations among

the affected parties.
A

market's

most conspicuous advantage is that decentralisation allows those

parties who have

the best

information,

the individual users, to make

decisions. that determine spectrum allocation.

the

For example, whether a channel

would be of greater value if it is employed for FM sound broadcasting rather
than land mobile communications can be difficult for an outside observer to
assess; individual users, however, will have a good idea of how much the
channel is worth to them and will disclose that value through the price they
are willing to pay for the right to use it.

In a similar fashion, allowing

spectrum users to decide among themselves the patterns of interference that

,

will, be mutually permitted is attractive because users are likely to have a
much better notion of the cost of interference on the one hand and the cost
of abating interference on the other.
A

market system would encourage the transfer of spectrum from lower-valued

to higher-valued uses.

It would allow use of spectrum to change in response

to changes in technology1 and consumer demand.
rose or was expected to rise,
supply,
Spectrum

this

would

managers

inevitably limited

reflecting an increase in demand relative to

encourage
would

no

the
longer

information) about,

competing television

If the price of spectrum

use

of

spectrum-saving

need

to make difficult choices (with

for example,

broadcasters should

which of

be allocated

technologies.
a number of

a particular

frequency.

The decision would be made in the market.
The

advantages

of

a
a

market

system

are

spectrum

market

could

tempered,

however,

by

the

involve

numerous

bilateral

consideration

that

negotiations.

If the cost of individual transactions is high and there are

numerous spectrum "neighbours" with whom

negotiations

are necessary,

then

efforts to achieve economically efficient interference patterns will be inhibited.
The difficulties involved

in designing market mechanisms

which enable the

efficiency gains to be realised while minimising such transaction costs have, in
part,

inhibited

the move

elsewhere in the world.

towards

market

systems of

spectrum

management

Pressure from incumbent spectrum users reluctant to

give up their valuable radio frequencies has also been important in preventing
i

-

a more widespread application of market mechanisms to the management and
allocation of spectrum.

C.

Proposed System of Spectrum Management and Allocation

In this report, we propose a system of spectrup management and allocation,
based largely on tradable spectrum property rights, that is designed to take
advantage of market mechanisms wherever there is good reason to consider
that

the

resultant

efficiency

gains

will

be

significantly

greater

than

any

potential increase in administration, transaction, and enforcement costs.

I

In the UK, for example, it can take up to 7 years to move existing
users to make way for new technologies.

The choice of the definition of the spectrum property rights to be distributed
is governed by these considerations.
allocated

through

markets

products",

specifying

the

could
location

The specification of units of spectrum
range
and

from

use

of

tightly
a

defined

particular

"spectrum

frequency,

via

product^,"^ to nationwide spectrum bands, for which there

"flexible spectrum

might simply be an overall

limit on the power of out-of-band

emissions.

Because of the flexibility nationwide frequency bands give their owners in
planning and potentially changing the use of spectrum, and because the implied
internalising

of

negotiations over spectrum use and interference

disputes is

likely to reduce transaction and enforcement costs, such spectrum bands seem
preferable to more narrowly defined spectrum units.
However, much spectrum demand is for local use of particular frequencies and,
if the spectrum band approach is to cater for this demand, nationwide band
licensees will have to on-sell spectrum rights.
large end-users of the spectrum

-

These licensees could either be

who would be expected to buy bands of

spectrum for their own use and on-sell

or sub-license

rights

to use

the

spectrum they did not require (for example, providers of cellular telephone
services)

-

or spectrum "intermediaries"

-

whose main function would be to

plan and co-ordinate use of spectrum for on-sale or sub-license

to smaller

Spectrum users.
To guard against the possibility that band licensees do not immediately supply
spectrum matching the local demands of end-users,
local spectrum products should
alongside nationwide bands.

w e ' propose that flexible

be created for initial .distribution (by RFS)

In the early years of its operation, therefore, the

system will be characterised by a dual mechanism: private sector nationwide
band licensees, acting as developers or intermediaries, alongside certain bands
in which local flexible spectrum products or rights to specific fixed microwave
links would be assigned (via competitive auction where necessary) by RFS (for
example,

rights

to

a

spectrum

product

suitable

for

a

local

F M sound

By "flexible spectrum products", we refer to spectrum rights defined by
reference to a specific transmitter, antenna location, signal power etc.
These rights do not specify the end-use of frequencies.

broadcasting station or a local land mobile service).

Once the system is

working well, the aim should be to "privatise" the RFS co-ordinated bands.
The

centralised

government

spectrum

management

diminished role in this new environment.

agency

will

have

a

Because of New Zealand's treaty and

other international obligations RFS must, however, continue to be the body
which

represents

New

allotment negotiations.

Zealand

in

international

spectrum

co-ordination

and

There is also a case for RFS or some other public

body to maintain a register of spectrum assignments, and for public provision
of

interference detection/protection

to

households,

subject

to

the

condition

that they make a payment for this service in order to discourage its frivolous
use.
Our recommendations also include a continuing role for RFS to plan and coordinate the use of specific frequency bands throughout the spectrum.

If it

was thought that private sector management could perform these tasks more
efficiently,

RFS could subcontract

them to a

private

firm.

Similarly,

if

equipment authorisation was retained it could either be carried out by RFS or
a private firm.
At the start of the new system, "statements of interest" could be requested
from prospective applicants for spectrum.

Where there are competing demands

for spectrum, licences should be distributed by a (second-price)
auction.

Auction

winners

should

receive

an

immediate

licence

sealed bid
for

their

spectrum band, perhaps subject to the provision that any existing users will
have a right (if they lose the auction) to match the highest bid.

If such a

right is not exercised, existing users should have a temporary three year right
to continue their use.

At the end of three years, the exclusive rights to such

frequencies will be owned by the new band licensee.
charged

an annual

fee to cover RFS's

Existing users should be

administration

costs, and,

if

it

is

thought necessary for equity reasons, could be charged a "shadow price" for
their frequencies.

Specific Recommendations

D.

The recommendations given below set out a "robust" set of proposals which
should work well notwithstanding the many uncertainties in advance of the
introduction of a new market.

These proposals address issues concerning the

initial allocation of spectrum rights, the definition of rights, the enforcement
of rights, and measures to deal with potential anti-competitive behaviour.

The

proposals under each of these' headings can be regarded as largely independent
of

each

other.

However,

within

each

category

the

proposals

are

distribution

and

interdependent, and should be adopted as a package.

I.
Slightly

Distribution of Freauencies
different

proposals

are

presented

for

the

initial

definition of spectrum rights for frequencies below 44 MHz, between 44 MHz
and 3.6.GHz, and above 3.6 GHz.

The differences in the proposals for these

three parts of the radio spectrum are motivated by the different propagation
and

demand

differential

characteristics
effects

of

in

each

constraints

part

imposed

of

the

by

New

spectrum,
Zealand's

and

by

the

international

obligations.
Introduction of market mechanisms in the frequencies below 44 MHz, should be
given

a

low

priority,

with

the exception

of

the AM sound

broadcasting

frequencies which, it is proposed, should be auctioned as spectrum products.
Potential

efficiency

gains

elsewhere, and international

in

where

the

use

part

of

the

spectrum

are

lower

than

constraints on spectrum use limit the flexibility

that a market could provide.
elsewhere

this

of

In most of the region below 44 MHz, and
frequencies

is

constrained

by

international

obligations, property rights should be retained by the Crown and managed by

RFS, with the option left open of moving to a full system of private property
rights at a later date.
Frequencies between 44 MHz and 3.6 GHz comprise the bulk of spectrum where
there is likely to be excess demand for certain frequencies in the foreseeable
future.

It is here, therefore, that the greatest benefits from the introduction

of market mechanisms could be achieved.

To cater for local demand and gain

the flexibility offered by nationwide frequency bands, a dual system of private
sector

nationwide

frequency

bands

alongside some

bands

which

would

be

retained by RFS for the distribution of local flexible spectrum products is
proposed.

For

similar

reasons,

above

3.6 GHz we propose a system of

nationwide bands alongside bands retained for RFS-led frequency co-ordination.
Frequency co-ordination would involve the assignment of frequencies on a first
come,

first served

basis unless there

was

more

than

one applicant for a

frequency, in which case an auction would be held.

Pro~osalOne: Distribution of Freauencies Below 44 MHz
For frequencies below 44 MHz, we recommend a continuation of the present
method of spectrum management and assignment, with the exception of the AM
sound

broadcasting

bands.

The

AM

sound

auctioned as spectrum products defined by RFS.

broadcasting

bands

should

be

In the longer term, the case

for market mechanisms in this part of the spectrum should be reviewed.
Pro~osalTwo: Distribution of Freauencies Between 44 MHz and 3.6 GHz
We propose th'at the initial distribution of these frequencies should be in the
form of both nationwide spectrum bands and local spectrum products.

The

result will be a dual system in which band licensees operate alongside the
frequency bands retained by RFS for the formulation and auction of local
.

spectrum products.
Prooosal Three: Distribution of Freauencies Above 3.6 GHz
For frequencies above 3.6 GHz we propose that,

in addition to the band

licensing approach, some bands be reserved for frequency co-ordination to be
carried out by RFS.
I

Such frequencies would be assigned on a first come, first

served basis with an auction only in the event that there are competing claims
for a frequency. A tradable property right would be issued for each frequency
assignment.

The precise nature of the spectrum property rights to be distributed at the
start of the new system has been determined, in part, by the desirability of
reducing the risk that much initial costly re-contracting would be needed.

It

is proposed that the units to be auctioned should, where practicable, take the
form of licences for nationwide frequency bands.

The width of such bands

should be chosen to reflect current and likely future use of spectrum, and to
reduce the number of boundaries where negotiations concerning out-of-band
interference levels are needed.

Limits on out-of-band

interference should

reflect the interference characteristics of current and likely future use of the
frequencies within each band.

Nationwide coverage is proposed to avoid the

potentially costly negotiations over out-of-area

interference limits that might

be required if local or regional bands were specified.
If bands are sold only on a nationwide basis, however, the initial purchase of
spectrum may be beyond the reach of many local end users, who will be
obliged to acquire spectrum from the new nationwide band owners.

To the

extent that this causes problems of monopoly exploitation by band owners or
results in very thin spectrum markets, one might wish to have some spectrum
available on a local basis.

Also, if it takes time for intermediaries or band

licensees to enter the market selling use of frequencies on a local basis, it
would be prudent to provide a safeguard against these outcomes in bands
where they are most likely to occur (e.g.
broadcasters or by land mobile operators).

frequencies used by F M sound

We propose RFS should create local

"flexible spectrum products" for initial distribution by auction.
Within each frequency band, it is proposed that spectrum can be used for any
purpose

chosen

default limits.

by

default

spectrum

band

licensee, subject

to the

relevant

interference

Default limits determine the maximum permitted out-of-band

(and out-of-area)
The

the

limits

interference associated with each spectrum property right.
are

intended

users to establish

to

preferred

be

used

only

if

negotiation

between

interference levels is unsuccessful,

should the cost of such negotiation be so high that it does not occur.

or

Spectrum rights can be aggregated or sub-divided,

and re-contracting of the

out-of-band interference levels will, no doubt, take place where it is perceived
to be mutually advantageous.

The duration of licences should be long enough

to give licensees the certainty they

need

to plan and obtain an adequate

return on investment in spectrum using equipment.

If fixed period, rather

than perpetual, licences are issued, then licences for the next period should be
auctioned sometime in advance of their commencement, in order to allow time
for users to plan their future use of spectrum.
Pro~osalFour: S ~ e c t r u mBands
We propose that the initial units of spectrum to be determined should, as far
as is practicable, take the form of frequency bands, which should be chosen to
reflect existing New Zealand spectrum allocations and possible future demand.
RFS should retain control over some bands.
Pro~osalFive: Flexible Spectrum Products
Where appropriate, some bands (i.e.

those likely to be characterised by local

use such as FM sound broadcast stations and mobile radio) should be planned
by RFS to reflect the known local demand for frequencies, and then rights to
local use of

these frequencies (i.e.

flexible spectrum products)

should be

auctioned.
Pro~osalSix: Definition of Default Limits
Default limits for the interference one user may cause- to another should be

I

set
I

close

to

those

dominant end-use

interference

levels given

by

of a given block of spectrum.

strength approach is feasible for out-of-band

the

CCiR

for

the

likely

A tapered or flat field

interference for both nationwide

I

bands and spectrum products.
For out-of-area interference, the choice should
be between setting field strength limits in a defined area and a reference

1

system approach, with our preference being for a reference system approach.

1

Proposal Seven: Duration of S ~ e c t r u mRlehts
On economic grounds alone, spectrum rights should be issued In perpetuity,
although the efficiency loss associated with fixed period rights Is likely to be
small if rights for future periods are issued well In advance of the termination
of the existing rights.

If the government chooses to issue fixed period rights,

these should take the form of a 20 year licence, wlth new licences to be
issued, via an auction, no fewer than five years In advance of the time they
take effect.
P r o ~ o s a lEfeht: Tradabilitv
Spectrum licences should be transferable, and capable of being subdivided and
aggregated.

This flexibility will enable licences to be used for a variety of

potential uses, by the greatest number of possible users, and for their use to
change.
I

P r o ~ o s a lNine: L e ~ a Definition
l
of Rights
Spectrum property rights should be exclusive licences.
system of registration
similar

to

a

land

We would recommend a

of spectrum property rights and of dealings In them

registry

wlth

the

register

ownership and there being absolute title.

being

concluslve evidence of

Licence holders would be required t o

comply with New Zealand's international obligations, and any other conditions
of the licence.

3.
Some

Transitional Arrangements

mechanism

must

be

employed

to

accomplish

the

initial

transfer

of

property rights from the government to users, and this must involve a device
for rationing,
supply if

since in some parts of

the spectrum demand would outstrip

the

government were to offer spectrum rights free on demand.

Price-rationing,

which is likely to transfer rights directly to the highest value

users, is generally preferable to non-price rationing, which is likely to require
subsequent exchanges in order to allocate the rights to their highest value use.

Because the government is not in a good position to predict what market
clearing prices are likely to be, it is preferable to leave the determination of
price to spectrum users, via an auction.
TO

avoid unnecessary auctions, and to reassure spectrum users that the aim of

the new proposals is to achieve efficient spectrum allocation rather than raise
revenue, consideration should be given to requesting "statements of interest" in
each spectrum product or band before an auction is held.

Only where there is

more than one applicant for a given spectrum licence would an auction need to
be held.

To reduce the risk of collusion amongst bidders, a sealed bid auction

is preferable

to an open

encourage bidders

to reveal

auction.
their

The auction
true

value of

should

be structured

spectrum.

This

to

is best

achieved by assigning frequencies to the highest bidder who is then required
to pay the second-highest bid price.
For reasons of equity, efficiency and to promote competition in downstream
markets, existing users should be required to bid on a similar basis to new
entrants.

However, existing users will need to be given time after the auction

to change equipment and purchase new frequencies, should they lose the right
to the frequencies they now use.

During this transition period, we suggest

existing users be given a temporary licence to continue using the frequencies
they are now assigned.

If it is considered essential to give incumbents some

protection against losing their frequencies, then the option of allowing them to
match the auction winning bid could be considered.
It

seems

constrained

unlikely
by

that

New

auctioning
Zealand's

of

frequencies

international

in

bands

obligations

whose

would

use

yield

significant benefits - either in terms of efficiency gains or revenue

is
any

-

but

would result in costs being incurred through users having to enter an auction.
For these reasons we favour grandfathering of rights3 in these bands, and to
allow for the possibility that greater flexibility could yield efficiency gains,
these rights should be tradable.

Similar arguments apply in respect of the

spectrum used by the Ministry of Defence.

'

By grandfathering we mean giving current spectrum users the rights to
the frequencies they now use free of charge.

Prooosal Ten: Initial Transfer of R i ~ h t s
The initial transfer of rights should, where necessary,
supply between competing demands.

use price to ration

Because the government is not in a good

position to predict what market clearing prices are likely to be an auction
should be held.
Pro~osalEleven: Form of the Auction
Auctions should be by sealed bids.

The winner of the auction would be the

entity offering the highest bid and the price paid for the frequencies auctioned
should be the second-highest bid.
P t o ~ o s a Twelve:
l
Existine users4
Existing users of spectrum should be allowed to retain a temporary licence to
use their current frequencies for an interim adjustment period of three years
from the date of the auction.
current

user should

Temporary licences should be tradable and the

be able to contract

with

band

licensees for use of

frequencies after the termination of the temporary licence.

Charges should be

made for temporary licences based on the outcome of the auctions for full
iicences, where this is likely to yield a significant net benefit.
considered necessary

If it is

to give existing users further protection against losing

their frequencies, consideration should be given to including a "matching bid"
option in the auction process, by which incumbents would be allowed to reenter the auction and match the winning bid, possibly with an additional
premium.
P r o ~ o s a Thirteen:
l
internationally Determined Mstribution
Where international agreements .largely determine the use of frequencies, a s in
the case of aeronautical, marine and satellite applications> the users should be
Excluding the Ministry of Defence.

ISM, radio astronomy, space research and internationally agreed amateur
bands would also be included.

"grandfathered" their spectrum a t no cost with subsequent freedom to trade.
If they can, in the future, benefit financially from economising in spectrum use
this might encourage them to do so.
should

continue

its

function

as

If there is no obvious band licensee, RFS
a

planner

and

co-ordinator

of

these

frequencies.
Pro~osalFourteen: Mlnistrv of Defence
If, following further assessment of the future needs of commercial spectrum
users, RFS identifies significant potential demand for spectrum currently held
by the MOD, consultations should be held with the MOD to examine ways of
releasing some of the spectrum for commercial use.

One option would be for

the MOD to release selected frequencies (of its own choice) for auction a t an
early stage, subject to conditions of use reflecting any strategic considerations.
4.

Enforcement Mechanism

Existing legal remedies do not deal with all types of frequency interference
problems.
when,

for

In particular, they do not cover the case of "lawfuln interference,
example,

two

frequency

right

holders

exercise

their

rights

in

accordance with the terms of their licence, but create unexpected interference.
In this instance, negotiation between the parties with ultimate appeal to the
courts in cases of non-compliance

appear to be a suitable means of resolving disputes.

I

I
I
I

and with equal sharing of costs, would
If, however, there is no

technical solution to the problem, then the second in time right holder could
.

be required to cease the activity causing the interference.
As existing tort remedies have not been used previously to prevent or provide
compensation for harmful interference, it would be desirable to provide new

I

civil remedies in the legislation for both unlawful and "lawfuln interference for

I

the sake of certainty and comprehensiveness.

1

This would enable the creation

of expertise in this area by an administrative body or the courts dealing with
all types of interference problems.

It would avoid the confusion that could

arise by applying tort concepts developed in different circumstances to a new
and complex situation.

Court-based

enforcement of

rights

is recommended

in

preference

to either

tribunals or arbitrators because courts can act quickly to stop interference (via
an injunction), can more easily deal with a multiplicity of parties and, through
their contempt powers, can ensure compliance with their decisions.

In an area

as technical as radio interference, the court could be given power to sit with
lay members.
Proposal Fifteen: New Statutorv Tortg
We propose three new statutory torts (or duties).

The first is a statutory duty

on the part of spectrum right holders not to operate outside the parameters of
their licences, which can be enforced by other right holders and by the Crown.
The second is a statutory tort of nuisance which can be used by receiver
owners in the event of interference to their reception.

A third statutory duty

not to emit signals in a particular part of the spectrum without holding a
licence

to

do

so

Is

also

proposed,

to

enable

right

holders

to

obtain

compensation in respect of damage from unauthorlsed transmitters.
Pro~osalSixteen: "Lawful" Interference
When two (or more) frequency right holders exercise their rights in accordance
with

the

terms

of

their

licences,

but

create

unexpected

interference,

the

parties should negotiate a solution to the problem with the costs being borne
equally by the parties involved.

If no technical solution to the problem is

possible, then the 'second-in-time"

right holder could be required to cease the

activity causing the interference.
Pro~osaiSeventeen: Adjudication bv Courts
Adjudication should be by the courts alone.

The appropriate part of the court

system would be the Administrative Division of the New Zeaiand High Court,
together

with

the

appointment

of

technically

Injunctions should be available without proof

qualified

lay

members.

that damages are an adequate

remedy, as in many cases it will be difficult to prove' and quantify damages
satisfactorily.

P r o ~ o s a lEivhteen: Enforcement Role for RFS
Consideration should be given to RFS retaining an enforcement role to protect
small spectrum users and also to act in exceptional circumstances, such as
breach

of

New Zealand's

international

obligations.

Furthermore,

equipment

authorisation procedures should be retained under any new system, though the
details of procedures will need further investigation.

Equipment testing could

either be carried out by RFS, as at present, or by a private organisation
contracted by RFS.
p r o ~ o s a lNineteen: Annual User Fee
Under the new management system, users should pay an annual fee to RFS in
accordance with the cost to RFS of providing them with services such as
spectrum management, interference enforcement, etc.

5.
Present

Comvetition Issues
New

Zealand

competition

law,

under

the Commerce Act

1986, is

designed to deal with the possibility of an organisation misusing a dominant
position in product or service markets.

This law would also apply in respect

of ownership of a certain set of radio frequency spectrum rights and using
that position to harm competition in other related markets.

Consideration is

being given by government to reinforcing the essential facilities doctrine in
the Commerce Act

to preclude

rights.

the risk

To reduce

of

the misuse of
anti-competitive

exclusive spectrum property
practices

in

the spectrum

market and associated downstream markets, consideration should also be given
to the inclusion of statutory power in new spectrum management legislation for
the setting of

specific guidelines limiting

the extent of

sole ownership of

frequencies used for particular applications, such as cellular radio and VHF
television.
Prooosal Twentv: Prevention of Anti-Comeetitive Behaviour
To reduce the risk of the spectrum market and associated downstream markets
being susceptible to anti-competitive practices, we propose that:

Consideration should be given to including a statutory description
of the essential facilities doctrine in the legislation creating the
spectrum property rights, together with a right to order a sale of
frequencies at market value.
(ii)

If (i) Is considered to be insufficient to prevent anti-competitive
behaviour or if the government wishes to promote competition in
specific

markets,

then

we

would

propose

that

the

legislation

creating the spectrum right should give the government the right
to impose conditions on the auction or other conditions limiting
the amount and nature of spectrum rights to be acquired by one
firm.
(iii)

Sale of local product licences should be used to give potential
access to spectrum to small users.
ordination

system

should

be

used

Likewise, a frequency coalongside

band

licences

in

spectrum above 3.6 GHz.
Pro~osedTimetable

6.

The period during which the new system is introduced should be reiatively
short

- we suggest

18 months

-

with

the

frequencies to

be

auctioned

announced at the start of the process, in order to give prospective users time
to formulate their plans and understand how the market is likely to work.
Priority in the early months should be given to an RFS sponsored programme
of

education,

and

the

implementation

of

a

registration

system

and

an

enforcement mechanism.
We propose that in the first six months (after the passing of the necessary
legislation)
demand

priority

should

be

given

to

auctioning

frequencies

for

which

is likely to be greatest, namely cellular and other UHF frequency

bands, and the FM radio frequencies.

Also, to ensure frequencies are available

for fixed links and other applications complementary to cellular radio and
broadcasting,

bands

suitable

for

these

applications

should

be

either

made

available or planned by RFS at an early stage, and the frequency co-ordination

system for spectrum above 3.6 GHz should be put in place.

Simultaneously,

incumbent users will need to be issued with temporary product licences to run
for three years from the date of the relevant band auction.
~t the start of 1990, we propose that AM radio products and two of the bands

UHF land mobile and

presently used for land mobile should also be auctioned.
some fixed bands should also be auctioned at this time.

All remaining bands

should be auctioned three months later, around mid 1990, and band or product
licences (whichever is appropriate) issued to users constrained by international
obligations.

The final step will be to auction the VHF television frequencies

towards the end of 1990, although disposal of these rights could be given a
higher

priority

if

this

was

thought

deregulation of television broadcasting.

necessary

to

facilitate

the

successful

11. INTRODUCTION
Background

A.

The New Zealand Government, through the Department of Trade and Industry
and the Treasury, commissioned NERA in July 1988 to study options for the
management of the radio frequency spectrum (the spectrum).

The study was

intended to assist in framing policies which will complement the Government's
deregulation of

the

telecommunications

and

broadcasting

industries,

and the

main objectives (as stated in the terms of reference6) were:

(i)

T o assess options which would maximise economic efficiency in use of
the spectrum.

(ii)

To

evaluate and

recommend

practical

and

equitable options

for

the

implementation of an allocation and management regime.
The study was motivated by concern that New Zealand's

present system of

spectrum allocation would not perform well, in terms of its effect on social
welfare,

in

a

future

in

which

entry

into

the

telecommunications

and

broadcasting industries would be deregulated and in which demand for spectrum
would be greater than at present.
New

Zealand's

small

population

and

geographic isolation

have

spectrum has, up to now, been available for most applications.
entry into the broadcasting
policies

and

telecommunications

industries,

meant

that

Restrictions on
together

with

to conserve spectrum, have had the effect of suppressing spectrum

demand.

A significant proportion of the UHF and SHF spectrum is at present

vacant.

Deregulation will create increased demand and competition for use of

spectrum, however, and economic growth is also likely
demand.

to lead

to .greater

Reductions in the cost of spectrum using technology will stimulate

demand, although reductions in the cost of substitute land line communications
will have the opposite effect.

Contained in Appendix VI.

Technological change is likely to result in more

spectrally efficient equipment and equipment capable of using frequencies not
now able to be economically used.
The

possibility

allocation

and

exists

assignment

circumstances.
information

that

centralised
will

to

assess

the

and

work

well

in

managers

are

not

likely

costs

benefits

Spectrum

not

command

and

of

control

these

of

spectrum

rapidly

changing

have

sufficient

to

allocations

services, and so to make socially preferred choices.

to

competing

There is a danger that

new entrants into telecommunications and broadcasting will find it difficult to
obtain the spectrum they need to compete on a 'level playing field' with the
now dominant suppliers of these services.
This study evaluates alternative methods of spectrum management, in terms of
their

effects

examines

the

on economic efficiency
scope

for

introducing

and social welfare,
market

mechanisms.

between two main effects of a management mechanism.
on allocative, productive and dynamic efficiency

and

-

in

We

particular
distinguish

The first is its effect

Does the mechanism allocate

spectrum to the highest-value uses? Does it result in firms using spectrum and
other inputs in a manner that minimises the cost of producing a given level of
output?

Does

it

encourage

innovation? The second
administrative
applicants,

commercial

application

is the cost of the mechanism,

expenses,

transaction

the

possible

costs

and

rent-seeking
contract

activity

enforcement

of

technological

which includes the
on

the

costs.

In

part

of

addition,

there may be social and competition policy issues which will influence the
choice of a mechanism, such as whether particular uses generate externality
effects (for example, certain broadcasting, security and safety functions) and
how competition in downstream markets is affected.

Finally, we examine the

transitional difficulties which might emerge in moving to a new system.
Issues this study addresses include:
rn

the degree to which future demand will lead to congestion in parts of
the spectrum, leading to problems of how best to allocate this scarce
resource;

the extent to which the present system of spectrum management is likely
to encounter difficulties in this future'environment;
the extent to which economic efficiency might be improved by use of
the

price

mechanism,

taking

into

account

the

administration

and

transaction costs of price compared with non-price allocation;
whether

price

mechanisms should apply to all or only part

of

the

spectrum; in particular whether defence and some civil uses should be
exempted from paying for their spectrum use;
whether prices should be fixed administratively or determined in the
market, perhaps by an auctioning system;
the extent to which spectrum property rights should be (and can be)
clearly defined, including the conditions of use that might be associated
with spectrum licences and any technical constraints on their definition;
and
the institutional implications of the preferred method of allocation and
management;
competitive

including
behaviour

the
in

possible

need

downstream

for protection

markets and

the

against antineed

for an

effective enforcement mechanism.

B.

Approach

study these issues, NERA assembled an experienced team of economists,
engineers and lawyers from the U K and the US.
was

provided

by

Shooshan

telecommunications consultancy.

and

Jackson

The engineering expertise

Inc,

the

Washington-based

The legal input was provided by Linklaters

and Paines' London office.
The work was carried out between July and October 1988, with substantial
fieldwork and analysis conducted in New Zealand during this period.
intellectual starting

point

for

the

study

is

the

economic and

The

engineering

literature of spectrum management, which discusses and often advocates the

control.

To apply market mechanisms to allocate spectrum it is necessary to

devise a relatively efficient means of dealing with interference externalities.
The study addresses

the economic,

consideration of New Zealand's

engineering

and

legal

issues (including

international obligations) involved in creating

property rights which internalise the interference externalities, with the aim of
formulating a set of workable proposals for a spectrum management regime.
One difficulty encountered by advocates of market mechanisms in the past has
been the ability of incumbent spectrum users to protect their own interests
when faced with the prospects of competing for and paying for a resource
which

they

charge

for.

have hitherto often used exclusively and paid only a nominal
The

study

therefore

addresses

ways

of

best

managing

the

transition from the present system to the proposed alternatives.
In the course of

our work, we held lengthy discussions with Government

officials, and existing users and potential users of the spectrum, all of whom
contributed

valuable information

and

views

to

the

project.

It

would

be

impossible to thank all those who helped by name, but we would like to
express special appreciation of the assistance given to us by officials of the
Communications

Division

and

its

Radio

Frequency

Service

(RFS) in the

Department of Trade and Industry.
C.

In

Chapter

Structure of the Report
111, we

begin

by

examining

the

current

system

of

spectrum

management in New Zealand, noting that it closely follows the tradition of
centralised

administered

allocation

and

assignment

common

to

most

countries.

We then identify likely changes in demand for spectrum and the

key pressure points that will emerge, assuming a zero spectrum price.

other
We

conclude that spectrum managers will face an increasing number of situations
in which they will have to choose between competing uses of spectrum and
applicants competing for the same frequencies.
In Chapter IV, we explain the framework we have used to evaluate the options
for spectrum allocation systems, concentrating first on how the present system
is likely to meet the defined objectives of allocative, productive and dynamic

efficiency,

low

transaction

costs,

markets and public acceptability.
perform,

concluding that

efficiency

and

in

competition

in

downstream

We then explain how market systems might

the key

reductions

facilitating
issue

is whether

administration

costs

the potential

might

be

gains

in

by

the

economics

of

offset

possibility of higher transaction and enforcement costs.
Chapter

V,

further

examines

this

issue,

explaining

the

interference, why it can lead to external costs, and how these external costs
might

be

property

dealt
rights

intervention.

with
in

by

the

spectrum,

assignment

of

appropriately

defined

private

as well as by various forms of government

The chapter concludes by evaluating how such property rights

might be defined, with particular reference to limits on out-of-band

and out-

of-area emissions levels.
In

Chapter

interference

VI,
is

we

begin

capable

of

by

arguilig

operating

that

perfectly,

no

approach

but

that

to

controlling

carefully

defined

property rights ought to be able to deal with interference at least as well as
the present centrally administered system.

We then turn to how a proposed

market system might be structured, and discuss three critical issues in devising
a

more

rights,

efficient
the

spectrum

transitional

management

arrangements,

system;
in

the definition of

particular

economic

property
arguments

concerning "grandfathering" existing users of the spectrum; and how to deal
with potential anti-competitive behaviour.
In the final chapter, we set out our recommendations in detail, proposing that
market mechanisms, incorporating private property rights, should be adopted in
three basic forms:
Over much of the spectrum we propose that nationwide frequency bands
be adopted as the basis for the market mechanism, consistent by and
large with existing spectrum allocations in New

Zealand;

such bands

could be traded, subdivided, aggregated, and used for whatever purpose
chosen by the licensee.

=

Alongside such nationwide frequency bands, to cater for localised demand
and in some special cases where frequency bands appear unsuitable, we

propose the adoption of "flexible spectrum products", with a tighter prespecification of frequency, permitted signal power, area coverage etc.
In the higher microwave frkquencies, we propose (in parallel with some
nationwide bands) a variation of frequency co-ordination,

with spectrum

property rights being allocated on a first come, first served basis.
In all three forms, private property rights in spectrum would be created.
protection from interference would be enforced via the courts, with spectrum
licensees having
'property'.

the right to take private action to protect

their spectrum

The initial spectrum rights would contain specifications of limits

on out-of-band (and out-of-area) interference which would be enforced in this
manner.

RFS would have a continuing role in planning and auctioning "flexible

spectrum products" and undertaking frequency co-ordination in some microwave
bands.

111.

THE CURRENT SYSTEM AND FUTURE DEMAND
A.

Evolution of the Current System of Spectrum Management

I.

Formation of the Radio Freauencv Service

Spectrum

management

in

New

Zealand

has

evolved,

economies, as a centralised, administered system.

as

in

many

other

Until 1987, responsibility for

spectrum management was held by the Post Office, acting under the authority
of the Postmaster-General, a Minister of the Crown. Spectrum was allocated
in bands, in accordance with national and international regulations, to the
main (state-owned) users
the

Broadcasting

-

the telecommunications division of the Post Office,

Corporation,

and

the

Ministry

of

Defence.

These

organisations played a significant role in planning their own use within those
bands where they were sole users.

The Post Office planned and co-ordinated

the assignments made to other users.
Disputes regarding use were either
internalised or resolved by negotiation among the relevant parties and the Post
Off ice.
The creation of Telecom (from the telecommunications division of the Post
Office) as a State Owned Enterprise (SOE) in 1987 was accompanied by vesting
the spectrum management function independently in the Secretary of Trade and
Industry.

Management of the radio spectrum, which is now governed by the

Telecommunications

Act of

1987, and the accompanying

Radio Regulations,

1987, is operated through the Radio Frequehcy Service of the Department's
Communications ~ i v i s i o n . ~ RFS administers the regulations set out in the
Radio Regulations, and is
assignment and management.
standards.
are

responsible for spectrum planning, allocation,
It also determines and enforces interference

RFS receives and processes applications for radio licences which

needed for transmission and

reception equipment

(all radio apparatus,

including that operated by the Crown, must now have a one-year renewable
radio

licence),

and

determines

transmitting equipment.

the

frequencies

used

by

and

location

of

It maintains a computer register of users, administers

RFS is an independent regulatory body, no longer closely tied to the
main spectrum users.

r

n /e/ria
25

equipment approval and acceptance, and also has a field staff responsible for
monitoring interference and responding to complaints.
Spectrum is allocated, via the licensing system, on a first come, first served
basis.
each

By licensing apparatus, RFS by implication also determines the use of
part

acceptable.

of

the

spectrum

and

the

level

of

interference

judged

to

be

These decisions are, by and large, based on engineering rather

than economic criteria, although RFS is increasingly aware of the economic
trade-offs
compatible

involved in such judgements.
users

to

adjacent

RFS uses its expertise to assign

frequencies

and

areas,

and

makes

use

of

guardbands (largely unused frequencies) where spectrum users require a high
level of interference protection.
No transfer or sale of licences is. permitted and, although the licences issued
are revocable by the Secretary of the DTI at any time (and in any event are
for one year only), most existing users regard their allocation of spectrum as
being ~ e r m a n e n t . ~

I

2.

Ornanisation and Funding

The organisation and responsibilities of RFS mirror those of similar institutions
(such as the UK Radiocommunications Division of the Department of Trade and
Industry) around the world.

Figure 3.1

shows the structure of the DTI's

Communications Division, which incorporates RFS.

The Division is split into

two main functions: planning and operations, with a small policy group.
the total establishment of 154~,'Operations'

Of

has 108, which includes 77 field

staff, largely involved in interference monitoring and responding to complaints.
Table 3.1 shows the breakdown by staff numbers.
RFS's aim has been to be self-funding over a three year period by charging
for licence administration via a fee for each licence issued to spectrum users,
and for other ancillary services.
According to our legal analysis, there is no legal basis for this view.
Which includes the Assistant Secretary (Communications) and 13 staff in
the Telecommunications and Broadcasting Policy groups.

The rationale for this is that the costs of management of the spectrum should
be met by those who obtain a direct benefit from its . use, unless a clear
community or social obligation for subsidy is agreed to by the government.
Radio licences are required for the operation of apparatus for transmission or
reception of radio communications and, in 1988, most licensees were charged
an annual flat fee of $38.50 per licence.

Operators of despatch land mobile

services are charged a flat fee of $1260 per channel.

Charges are made for

licences needed by radio dealers ($38.50 per dealer) and for certificates of
compliance needed

by

dealers selling equipment

(again, $38.50 per certificate).

with

interference

potential

A charge is also made for the investigation of

interference to domestic television sets and this is currently a flat fee paid by
the Broadcasting Corporation of New Zealand ( B C N Z ) ~ ~ .
RFS's revenue for 1987188 was $7.8m, and is projected to rise to $8.5m in
1988/8911.

Costs in 1988189, though, were in excess of $lorn.

show revenue

rising

to

over $9m

by

1989190, which,

with

Current plans
further

efficiencies, should realise the aim of being self-funding in that year.

cost
The

revenue increase will be partly generated by a planned rebalancing of charges
to reflect more closely the costs incurred by RFS for each type of spectrum
use.

Broadcasters, for example, are likely to have to pay more after the

rebalancing l 2.
Estimated to be $800,000 in 1987.
Under legislative proposals before
Parliament, the costs are to be spread across all broadcasters.
As a comparison, the UK Radiocommunications Division had a total fee
income of 15.7m in 1987/88 and costs of 21.9m. Its average number of
staff in post was 506, dealing with 902,115 licensed stations, links and
mobiles (excluding Miscellaneous, Police and Amateurs).
"Omnibus"
licences are given to British Telecom (BT), Mercury, the British
Broadcasting Corporation (BBC) and the Independent Broadcasting
Authority (IBA).
We understand that a rebalancing of the licence fee to reflect costs
more accurately would result in an increase in charges to some
stations in the maritime, aeronautical and amateur categories and a
significant increase in the type approval fees.
Broadcasting in general
would have to support a higher charge. Land mobile fees, in contrast,
would fall.
Charges for individual services are also being determined
having regard to direct and overhead costs attributable to those services.

TABLE 3.1
COMMUNICATIONS DIVISION
Staff Numbers Summary (October 1988)
Establishment

Actual

Vacancies

Assistant Secretary
Group 1 (Telecommunications Policy)
Group 2 (Broadcasting Policy)
Group 3 (Radio Spectrum Policy)
Planning
Operations
Areas
Auckland
Hamilton
Wellington
Christchurch

Source: RFS
B.

Current Spectrum &el3

1.

S~ectrumAllocation

New Zealand's
uses largely

spectrum planners have allocated frequency bands to specific

in accordance with

(ITU) Radio Regulations for
allocations.14

the International Telecommunications Union

Region

3.

The notable non-standard

Figures

3.2-3.6

summarise these

allocations (for which New Zealand

has a footnote in the ITU Regulations) are the allocation of 44-51 MHz for
broadcasting

rather than for fixed, mobile or amateur services, 51-53 MHz

allocation to fixed and mobile rather than amateur services, 100-108 MHz to
land mobile rather than to FM radio,15 and 614-622 MHz to amateur use
additional to broadcasting, fixed or mobile services.
For a more detailed discussion see Appendix I. This chapter uses data
supplied by RFS from its database of assignments and data collected in
the course of interviews conducted with the main users of spectrum,
potential spectrum users and equipment suppliers.
Greater detail is given in the Draft New Zealand Table of Frequency
Allocations prepared by the RFS and given in Annex 2 of Appendix I.
In recognition of the then current government policy.
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Figure 3.3 : Frequency allocations 44-406 MHz
Allocated Use
T V Channel 1, Flxed, Mobile. Amateur
TV Channels 2 & 3

Fixed. Moblle
'A' Band Land Mobile
FM Sound Broadcast
'8' Band Land Mobile
Aeronautkal. Radionavigation
and Communications
Civil Defence, Amateur and Misc.
'E' Band Land Mobile
Maritime Channels. Radio Reporter,
Nationwide Telepaging. Fixed h Mobile

TV Channels 4

Defence

- 11

Figure 3.4 : Frequency allocations 406-960 MHz

MHz

Allocated Use

406
420
430

'I' Band Fixed

449.25
460
470

Trunked Despatch
Radiolocation, Amateur Band
'C' Band Land Mob!le, :J' Band Fixed
'0' Band Land M o b ~ l e , J' Band Fixed
'F' Band Land Mobile

494

Fixed, Mobile, Broadcasting
518

TV Channels 27
582
614.
622

- 34

Fixed, Mobile. Broadcasting
Aeronautical Radionavigation
Amateur

TV Channels 4 0

- 62

Cellufar Radio Groups A & B

'K' Band Fixed

32

MHz Figure 3.5 : Frequency allocations 960-3600 MHz
Allocated Use
960
Aeronautical Radionavigation
1216

Radiolocation, Radionavigation
Amateur
1400
1429

Radio Astronomy, Space Research

'Lo Band Fixed
1530

Maritime. SAR. Aeronautical Satellite
Uplinks and Downlinks
Astronomy. Meteorological Satellite
'M' Band Fixed

'No Band Fixed

Radiolocation, ISM, Amateur

'0' Band Fixed

Astronomy. Space Research
Radiolocation. Radionavigation
Amateur

33

Figure 3.6

MHz
3600

: Frequency

allocations 3600-15350 MHz
Allocated Use

'P'

Band Fixed

4200

Aeronautical, Radionavigation
5250
5925

Radiolocation, Radionavigation,
Amateur
'R' Band Fixed

6425

'T' Band Fixed
7125
7425
7725

'V' Band Fixed
'U' Band Fixed

'W' Band ~ i x e d
8275
8500

'Y' Band Fixed

Radiolocation, Radionavigation,
Amateur
10550
10700

Fixed, Mobile. Astronomy

'2' Band Fixed
11700

Fixed, Mobile Broadcasting Satellite
12200
12600
12750

'Q' Band Fixed
'S' Band Fixed (AUSSAT downlink)

'X' Band Fixed
13250
13400

Aeronautical Radionavigation
Radiolocation

14000
14500

AUSSAT uplink
Fixed

15350

Some of these allocations could cause problems in the future, particularly if
broadcasters (limited by the design of television and radio receiving equipment
to use certain frequencies) seek to expand their use of the FM radio and UHF
television bands. In both instances existing users would have to be displaced.
Because of its geographic isolation, New Zealand avoids many of the problems
of

international

frequency

co-ordination,

with

the

exception

of

satellite

communications, and M F and HF frequencies systems (and mobile systems such
as aeronautical and maritime).

While in theory .New Zealand could deviate

from many internationally agreed frequency allocations without causing harmful
interference to users in other countries, this has not happened in part because
of the country's dependence on world markets for the supply of low cost radio
equipment.

The outcome is therefore a pattern of spectrum use similar to that

in other developed countries.

A

rough guide to the current intensity of spectrum use is provided by an

examination of data on the number of frequency assignments made by the RFS.
However, it must be recognised that the number of assignments in a frequency
band is an imprecise measure of the degree of spectrum use and of the extent
of spectrum congestion. 16
With this caveat in mind, Figures 3.7

-

3.11 show the number of assignments

in different frequency bands using data supplied to us by the RFS.
l6

(The

Knowing the number of assignments in a band does not reveal
what fraction of the available spectrum band is being used.
Spectrum
use is defined in three dimensions, the location of the frequency use,
the bandwidth of the assignment and the numerical value (in terms of
MHz) of the frequency band being used.
Thus, even if a set of
assignments showed all frequencies in a band were being used, this
would not necessarily mean that no further use of the band was possible.
Further use could be possible at locations other than those of the given
set of assignments.
In addition, because the width of channels in
different bands varies, a large number of assignments in one band may
occupy less spectrum than a small number of assignments in another
band.
Lastly, it is possible that assigned frequencies are not in use,
though it is our understanding that the radio frequency planners have
only assigned frequencies once they have been sure existing assignments
could not meet applicants' needs.

reader

is cautioned

differ.)

in

comparing

Figures

Assignments are clearly concentrated

3.7-3.11

that the

vertical scales

in the bands below

500 MHz

(approximately 90% of assignments are below 500 MHz and 20% of assignments
below 500 MHz are in the band below 30 MHz).

This is to be expected given

that early radio equipment in New Zealand, as elsewhere in the world, was
only able to operate using the lower frequencies.
Above 500 MHz many of the frequency bands are largely vacant.

For example,

very few of the UHF television frequencies in the 494-806 MHz band are at
present assigned, meaning that roughly 40% of the U H F spectrum between 500
MHz and I GHz is vacant.

Above 1 GHz, only those bands where Telecom and

BCNZ are assigned frequencies for their main bearer systems and studio to
transmitter links are heavily used.

Over 80% of the spectrum between 1 and

13 GHz is lightly used, and there is negligible use of the spectrum above 13
GHz.

Thus New Zealand has available considerable amounts of unused spectrum

in the bands above 500 ~

~

2

.

l

~

Demand for spectrum is not evenly spread throughout the country.

As might

be expected, the districts which include New Zealand's five main population
centres (namely,

Auckland,

Wellington,

Christchurch, Hamilton and Dunedin)

have the greatest number of assignments (see Figure 3.12).

The number of

assignments in the Auckland area exceeds those for any other district by at
least 50%.

If spectrum congestion is to occur anywhere in New Zealand it

would seem most likely to be in or around Auckland.

Further, as Figure 3.12

shows, most assignments are on a regional or local basis.

Roughly 8% of all

assignments are for nationwide use of frequencies.
3.

l7

Users

Not all of this spectrum is equally valuable. The lower frequencies are
generally less costly to use than the higher frequencies and have more
desirable propogation characteristics.

.-
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Figure 3.12 : Total Number o f Assignments
by Post Office Engineering District
(September 1988)
Auc kland
Christchurch
Dunedin
Greymouth
Gisborne
Hamilton
lnvercargill
Masterton
Napier
Nelson
New Plymouth
Palmerston North
Rotorua
Tauranga
Wanganui
Welling ton
W hangarei
AI l New Zealand

0
Source

:

RFS

1000

'

2000

3*0
00

I n the case of television and two-frequency land mobile,
where two assignments are associated w l t h a channel,
only one assignment has been counted

Figure 3.13
Total assignments by licensee

1

Broadcasting Corp
Telecom Cc
37%

State Owned Enterprises
10%
5

Emergency Services

5%
Local Government

7%

Govt Departments

Source : RFS

These proportlons were calculated from data relating to
licensees wlth more than 10 assignments. The remaining
assignments were then allocated to SOEs, govt depts, local
govt and other users In proportion to their shares of
licensees with more than 10 asslgnments

Telecom clearly has by far the largest share of assignments (37%), and the
next largest share going to a single organisation (7%). is assigned to the BCNZ.
The emergency services, local government bodies, and State Owned Enterprises
(SOEs) each account for roughly 5-10% of assignments and a further 20% are
assigned to government departments.

The 'other'

licensees include amateurs,

user associations, marine and aeronautical applications, and companies in the
forestry, energy, security and construction industries.

The final end-users (as

opposed to licensees) of spectrum comprise more small organisations, many of
whom buy spectrum using services (such as despatch mobile radio and fixed
services)

from

~ e 1 e c o m . I ~ All

licensees

other

than

Telecom

and

user

associations are typically also the end user of their assigned frequencies.
About 95% of Telecom's assignments are for fixed and despatch land mobile
services. l9

Its remaining assignments comprise frequencies for aeronautical,

maritime, paging and simplex land mobile services.
category

of

the

BCNZ's

assignments

are

for

Predictably the largest

either

television

broadcasting (comprising about 40% of the BCNZ's assignments).

or

sound

The BCNZ

also has a large number of fixed assignments (for its distribution network) and
simplex and two frequency land mobile channels.
Airways

Corporation

(whose

assignments

are

With the exception of the

largely

for

aeronautical

and

radionavigation purposes) and the Ministry of Transport (who have numerous
maritime and aeronautical assignments), SOEs, government departments and the
emergency services are assigned frequencies to operate (land) mobile

radio

services and for fixed communications links which, for example, link mobile
radio repeaters or are used for telemetry and systems control purposes.
From our discussions with users it would appear that few currently have the
expertise required to plan their use of spectrum.

Most planning expertise

outside RFS lies with Telecom and the BCNZ who have in the past been left
by

the

radio

regulators

to

plan

and

co-ordinate

frequency bands where they have been sole users.
their plans for approval to RFS.

their

respective

use

of

Both organisations submit

The Airways Corporation plans the use of

l8

There were 3430 licensees in October 1988 and 3839 users.
not all licensees are users.

Most, but

l9

Telecom provides despatch land mobile services by renting repeaters (or
base stations) and land lines to users, who buy their own radios.

the

VHF

aeronautical

frequencies required

frequencies

(in

consultation

with

RFS)

for its radionavigation and radar systems.

and

the

The Police

Department, the Department of Conservation, the Forestry Corporation and, to
a lesser extent, Electricorp and the Railways Corporation all engineer their use
of radio frequencies, again in consultation with the RFS.

The Ministry of

Defence also plans the use of its frequency assignments, though for reasons of
national security it does this largely independent of the RFS.

The main end uses of spectrum are for the provision of mobile, fixed, and
broadcasting

services.

These

services

assignments;

40% for mobile services,

broadcasting

services.

In addition,

allocated to use by defence services.

account

for

about

78%

of

all

34% for fixed services and 4% for
a

large amount of

VHF spectrum

is

Current use by these services is briefly

described below.
Mobile Services
a.

Land mobile radio

New Zealand has a high level of demand for mobile services relative to its size
of population, and this can in part be explained by its low population density.
Present use of mobile radio bands is concentrated in the VHF frequencies
rather than the UHF frequenciesS2O

The VHF frequencies generally provide

coverage over a wider area than the UHF frequencies, though this difference
is really only significant in hilly and rural areas.

More importantly, the VHF

frequencies are cheaper to use than the UHF f r e q u e n ~ i e s . ~ ~The superior
20

Note some services operate outside the bands A-F exclusively allocated
to land mobile.
For example, a group of 20 channels is used in a
section of the 75-79 MHz band.

21

A VHF mobile radio typically costs around $800 for AM (A and B band)
A UHF mobile costs
and $1,000 for FM (E band) communications.
around $1,200 per mobile, that is $200-400, or up to 50% more than a
VHF mobile. The cost of a base station and lease payment to Telecom
for use of land mobile channels are similar for VHF and UHF.

45

quality of voice reproduction and noise immunity on F M means that those
I

bands planned for FM transmissions, namely the U H F bands and E band in
VHF, are preferred by some users to the use of AM in bands A and B.
As Figure 3.14 shows, Telecom is assigned 70% of the despatch (i.e.
frequency) mobile

radio channels,

while the Police,

two

government departments

and SOEs, and radiotelephone user associations are the other major licensees.
There are in total 155 licensees for despatch channels and 660 users of these
channels.

The six major users of despatch channels (who account for about

20% of assignments) are the Police, the Fire Service, Electricorp, the Ministry
of Transport (Road Transport Division), the BCNZ, and Telecom.
Single frequency (or simplex) mobile assignments are typically made to the end
user of the service.

There are around 4600 such assignments to just over 2000

users.
Most assignments to land mobile services (93%) are made on a local rather
than on a nationwide basis, with Auckland having the largest regional share
(16%) of

assignment^.^^

Only in Auckland are the allocated U H F frequencies

almost all assigned, although half of F band has been planned by RFS for land
mobile use but has not yet been utilised.

More intense spectrum use will be

made possible with the trunked despatch services which Telecom plans to offer
in early 1989 in Auckland.

Loadings of 130 mobiles per channel, equal to

roughly three times the present levels achieved on non-trunked
expected.
despatch

The licence fee structure,
and cellular land

improve utilisation

of

introduced

in

April

channels, are
1988 for

both

mobile services gives an economic incentive to

existing channels.

The fee,

formerly a charge per

mobile, is now a flat "channel fee" irrespective of number of mobiles, and thus
there is a zero marginal user charge for improved utilisation.

22

See Figure A 1.1 in Appendix I .

RFS has made provision in the frequency plan for two cellular networks, 23

following the American AMPS standard.

Telecom has been assigned the ' B

block of frequencies, while the A block is at present vacant, reserved for a
possible competitive system.

The Telecom service has been operating in

Auckland since early 1988 and now has around 3,500 subscribers.
National radio paging services have been allocated six f r e q u e n c i e ~ . ~Only
~
one
of these channels is at present assigned to paging services, and that is used
by Telecom.

We understand there is negligible use of cordless telephones in

New Zealand.

I

c.
New

Marine, aeronautical and satellite mobile services

Zealand

follows

the

international

regulations

in

its

allocation

of

frequencies to marine services, and RFS plans and co-ordinates the use of
these frequencies.

The users of marine frequencies are Telecom (to operate its

four coastal stations which offer connections to the PSTN, telex and telegram
services), fishermen's
boards,

associations and the larger

fishing companies, harbour

the coastguard service and other safety organisations, and pleasure

craft.
Frequencies assigned to mobile aeronautical communications are the same as
those used elsewhere in the world.' HF frequencies (2.85-23.35 KHz) are used
for communications outside New Zealand, while VHF frequencies in the 118-136
MHz. band are used for internal communications.

The Airways Corporation,

which provides air traffic control services in New Zealand, plans and coordinates the use of these frequencies.
There is at present little use of satellite links for mobile communications in
New

Zealand, although

the

internationally

agreed bands

aeronautical uplinks and downlinks are available for this purpose.
23

In the bands 825-845 and 870-890 MHz.

24

In the 157.9- 158.05 MHz band.

for maritime

and

Fixed Services

Figures 3.4, 3.5 and 3.6 show those frequencies which are assigned to fixed
services on a primary basis above 400 M H Z . ~ ~Examination of Figure 3.11
shows there are few assignments in fixed bands above 7.4 GHz.

The main use

of spectrum for fixed links is concentrated in L, M, N, R and T bands.

The

W, Y and Z bands, which are close substitutes for the R and T bands, are at

present largely vacant. Few such substitutes exist for the bands below 3 GHz.
Telecom (and before it the Post Office) has through its statutory monopoly had
the

exclusive right

to supply fixed terrestrial

and satellite communications.

Only in limited circumstances, where services did not compete with the Post
Office's, or more recently Telecom's,

network were private links permitted. 26

Figure 3.15 gives the main Licensees for fixed services and their share of
assignments.

The dominance of

Telecom

use is evident from

this chart

(Telecom use 98% of their licensed assignments), and the other major usersthe

BCNZ,

the Police, local power

government organisations

-

boards and

various local and regional

account for almost all other use of fixed services.

As with mobile services, the majority of assignments (99%) are made on a local
rather than a nationwide basis.

25

There are also numerous small assignments to fixed services below 400
MHz, often in bands shared with mobile services, but these comprise a
minor fraction of the frequencies used for fixed links.

26

In particular, the BCNZ has had the statutory right (under the 1976
Broadcasting Act) to own and operate a video distribution network
and Electricorp has the right to operate its own telecommunications
. network for operational (i.e.
network monitoring) and control
requirements.

Broadcasting
The provision of sound broadcasting and television services in New Zealand has
been

constrained

broadcasting

and

by

government

television

stations

and

regulatory

intervention.

need

a

from

warrant

the

Tribunal before they are legally entitled to transmit services27.
television,

the Tribunal

can only

hear

proposals

for

Sound

Broadcasting

In the case of

new services at

the

direction of the Minister of Broadcasting (s70, Broadcasting Act 1 9 7 6 ) . ~ ~
a.

Television

Television services in New Zealand are, and have always been, exclusively
supplied by the state-owned broadcaster, the BCNZ.

These at present comprise

two national channels supported by advertising revenue and compulsory public
broadcasting fee payments.

Both channels can be received by over 99 percent

of New Zealand's population, and are transmitted on VHF.

A third advertiser

financed television channel (operating mainly in VHF) will start operation in
1989, providing services to 80 percent of the population within its first 18
months of operation.
The VHF frequencies allocated to television in New Zealand are shown in
Figure 3.3.

There is now no more room in VHF to engineer additional national

channels, although additional VHF services could be provided in some areas,
for example channel 10 ,might be available for use in Auckland without major
disruption.
Almost all the frequencies from 494-806 MHz could potentially be used to

27

Radio licences for broadcasting services can only be issued once
a broadcasting warrant has been granted, although the Secretary of
Trade and Industry must previously have certified that the warrant
application complied with statutory technical requirements.

28

As we discuss in the next section, after 1 April 1989 entry into radio
and
television
broadcasting
will
not
be
constrained
by
the
warrant procedure. Rather, broadcasters will only be required to comply
with certain standards in relation to obscenity and violence, and to have
a "licence" to use the frequencies necessary to transmit their services.
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However, because less than half the stock of

supply television services.29

sets in New Zealand can receive U H F transmissions (without the

television

purchase of an external converter or a new tuner), and because of the lower

VHF transmission,

cost of

VHF frequencies are more valuable than UHF

frequencies.
b.

Sound broadcasting

Prior to

1971, all licensed sound broadcasting (or "radion) services in New

Zealand

were provided

by

stations were in operation.
Authority,

warrants

stations.

There

number of

illegal private

In 1971, with the founding of the Broadcasting

were

are

although a

BCNZ,~O

issued

for

28

private

now

the

legal

operation

commercial

radio

of

private

stations,

radio

typically

offering a popular music or talkback format to listeners, and four private noncommercial radio stations (one of which is networked) funded by subscription.
BCNZ operates two non-commercial national networked services funded by the
public broadcasting fee; the National Programme and the Concert Programme.
In

addition,

the

BCNZ

runs

a

non-commercial

Access

radio

broadcasts Radio New Zealand on HF to the Pacific Islands.

station

and

BCNZ operates 35

mass appeal commercial stations and four 'popular' commercial music stations.
FM radio was not introduced in New Zealand until 1983, prior to which all
radio services were broadcast in the 'AM'

band.

The band internationally

assigned to FM radio (88-108 MHz) was used by land mobile services before
1983.

These services were moved from the lower half of the band to release

89-100 MHz for FM broadcasting.

Since the early 1980s. most applicants for

radio broadcasting warrants have sought frequencies in the FM band, because
of

the

superior

quality

of

the

broadcast

signal

and

its stereo

capability

(particularly relevant to music services), the avoidance of problems of ground

29

Also some frequencies in the 518-582 MHz band are used for
television translators. There is some use of the 582-622 MHz band by
aeronautical radionavigation (though many of these services are planned
to move in the early 1990s) and amateurs.
Excluding one private AM station in Dunedin.

conductivity (which affect AM signals), and the lower cost of antennae and
transmission equipment.
Table 3.2 shows the number of stations using FM and AM frequencies in the
10 largest population centres in New Zealand.

Also listed is an RFS estimate

of the potential number of stations that could be supplied in each town or
area.

It is evident from the table that there are many vacant FM frequencies,

and that only in Auckland and Wellington are the AM frequencies mostly used.
Of course not all urban areas could be assigned the maximum number of
frequencies in the AM band (where little reuse is possible) and hence larger
urban areas are allocated more frequencies than smaller communities.

Also, a

greater number of FM channels could be used than listed in Table 3.2 were
frequencies in the 101-108 MHz band to be used for broadcasting rather than
land mobile services.
Defence Services

The Ministry of Defence (MOD) is allocated almost sole use of frequencies
between 230 and 400 MHz.

(That is roughly 40% of the spectrum below 400

MHz). We know little about the extent of use of these frequencies. However,
given the small size of New Zealand's defence forces31 and that much larger
defence forces, such as those of the US, are allocated the same quantity of
VHF spectrum, one could reasonably infer that the intensity of use in New
Zealand is low.

31

New Zealand's defence forces comprise around 13,000 military personnel
and defence expenditure comprises 2% of GDP or $NZ870m in 1986. By
contrast the US defence forces employ about 700,000 men and women
(excluding civilian employees) and approximately $US300 billion (or
$NZ480 billion) was spent on defence in 1987.
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TABLE 3.2
SOUND BROADCASTING STATIONS IN THE 10 LARGEST URBAN AREAS
Population
(000s)

Location

Auckland
Wellington
Christchurch
Waikato
Napier/Hastings
Dunedin
Palmerston North
Tauranga
Invercargill
New Plymouth

Number of
Stations

Potential Number
of Stations

882
342
323
168
1'16
111
95
59
57
57

1As in the present spectrum plan for the AM band.
2The higher number of stations in Auckland, Wellington and Christchurch
reflects the expectation that demand will be higher in those centres.
Sources:

Table 13 "Broadcasting and Related Telecommunications in New
Zealand", Report of the Royal Commission of Inquiry, September
1986.
Broadcasting Tribunal Annual Report 1987-88.
Discussions with RFS.

5.

Conclusion

The general conclusion to emerge from this analysis of current spectrum use is
that there are substantial parts of the spectrum in New Zealand still available
for

potential new

users and

uses,

and

that

there

has so far been

iittle

evidence of spectrum congestion (within current allocations and assuming use
of existing equipment).

However, it is important to note that in broadcasting

more congestion might have occurred if the constraints on competition imposed
by

the

broadcast

warrant

system

had

not

existed.

Similarly,

Telecom's

monopoly is likely to have limited demand for frequencies to supply fixed and
mobile

communication

services.

For

example,

from

our

discussions

with

potential new entrants to telecommunications markets it seems likely that after
deregulation

there

will

be

new

firms

telephone and network telephone services.

wanting

to

offer

paging,

cellular

C.

Future Developments

This section discusses our views on the likely growth in demand for spectrum
in New Zealand. Our projections are based on the assumption that there is no
rationing of demand either by price or by bureaucratic control.
It is important to emphasise that past demand for spectrum in New Zealand
has developed during a period

when

most major licensees were part of

government, and in some instances held monopolies in spectrum using services.
Competition in the supply of telecommunications and broadcasting services has
not generally been allowed, hence competition for the use of spectrum for such
services has been limited.
Deregulation of telecommunications and broadcasting markets from April 1
1989, which will remove almost all barriers to entry in these markets, will
change markedly the environment in which spectrum management must operate.
Rather than leaving Telecom and BCNZ to engineer their respective spectrum
uses,

RFS will

need

to

accommodate

spectrum

demands

from

competing

suppliers, who will want access to spectrum equivalent to that used by the
dominant suppliers.

Deregulation, and with it more competition, may stimulate

demand for existing and new spectrum using services.

Economic growth and

technological change will also change the level and pattern of demand for
spectrum.
At this stage, it is worth making three points.
homogeneous in nature.
range of

frequencies,

First,

spectrum is not

Even though some end users might be able to use a
it is often the case that they will prefer

frequencies above others.

certain

Thus although the supply of spectrum might exceed

demand in aggregate, there may be excess demand for certain frequencies.
Second, in some instances there may be a number of organisations competing
for a particular part of the spectrum to meet that demand.

Third, although

over much of New Zealand spectrum should be available to meet demand from
end users for some time to come, there are likely to be some parts of the
country, specifically the main urban areas, where supply constraints will occur
at a much earlier date.

I.

Mobile Services

a.

Mobile radio

Demand for mobile radio services will be influenced by the underlying growth
trend, by technological change and its effect on the real cost of equipment
and the communications capacities of radios, and by the effects of deregulation
on the provision and cost of despatch radio services.

In particular, service

enhancements and economic growth should stimulate increased demand, while
competition from other mobile services could reduce demand.
Growth nationally in the number of mobile radios has averaged around seven
per cent a year over the past 10 years (Figure 3.16).
trend

is

assumed, then

demand

for

frequencies

If a continuation of this
could exceed

the

present

allocations to non-trunked systems in Auckland, and possibly also in Wellington
and Christchurch.

One way of accommodating this increase in demand would

be to introduce trunked systems in bands now reserved for this purpose.
Telecom is planning to start operation of New Zealand's first trunked system
in these bands in Auckland in early 1989.

This and the installation of trunked systems elsewhere in the country (where
necessary) could

accommodate any excess demand for mobile radio services

over the next 10 years.32

If past growth in the number of mobile radios is

not sustained, perhaps because of competition from other mobile services (e.g.
cellular telephones, paging and cordless telephone services) and because as the
market matures slower growth rates could occur, and a lower growth rate of,
say, 5% per annum is assumed, then again demand in Auckland could only be
accommodated
However,

these

within

present

services

are

allocations
unlikely

to

if
be

trunked
necessary

services

were

elsewhere

in

used.
New

Zealand.
One factor which could dampen demand for mobile radio services, and hence
reduce demand

to levels below those forecast by an extrapolation of past

trends, is a possible increase in Telecom's charges.

It has been reported to us

that Telecom's mobile services may at present be only marginally profitable,
and thus charges may rise in future.
Whether trunked systems expand or whether new frequencies are sought for
non-trunked services will depend in part on the relative costs of these options

-

the relative cost of radios (possibly a 70% premium for trunked radios) and

the relative size of service charges for trunked and non-trunked services - and
the availability and cost of new frequencies.

If non-trunked

services are

preferred by users, then either additional VHF or UHF frequencies would be
demanded, although in both instances mobile radio is likely to face competition
from other spectrum users (such as broadcasters in UHF).
There are a large number of users of despatch mobile radio services, some of
whom might be expected to supply their own services after deregulation rather
than taking the service from ~ e l e c o m . ~However,
~
our interviews with possible
suppliers of these radio services (such as radio equipment suppliers) indicate
that there is not a great deal of interest in setting up mobile radio services to

32

Demand growth could also be met by the installation of trunked systems
in bands now used by non-trunked systems.

33

Note that telecommunications deregulation would not be expected to have
any effect on the assignment of simplex channels. These will continue
to be assigned to end users.
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compete with Telecom.
surrounds Telecom's

One reason for this is that considerable uncertainty

future charges for mobile radio services.

If Telecom's

charges are increased substantially, then entry by competing suppliers would be
expected to occur.
In rural areas, it is possible that new user associations will form and existing
ones will expand their operations to provide mobile radio services.

Several

SOEs and government departments will continue to run their own mobile radio
services

after

deregulation.

As

well

as allowing entry by

new

service

providers, telecommunications deregulation could also result in more efficient
use of the spectrum by allowing organisations to sublease use of channels.
Thus, in most urban markets Telecom is likely to be competing for mobile
radio frequencies (largely for the provision of services to others) with a small
number

of

associations

other
and

service
radio

providers
equipment

(for

example,

suppliers),

and

~ r ~ a n i s a t i o nwanting
s~~
frequencies for their own use.

radiotelephone
some

user

state-owned

Only in the major

urban areas is demand for spectrum from despatch mobile radio services likely
to exceed present allocations.

This could be accommodated either through

expansion into new bands (subject to competition from other potential users of
those bands) or through the application of more spectrum efficient technology,
in particular trunked systems.

We would expect that, as in the past, demand

for frequencies will mainly be for local rather than nationwide use.35
b.

Cellular radio

As described above, RFS has made provision in its frequency plan for two
'

cellular networks ( A ' and B) and only one is currently being developed, by
34

For example, the Police, the Department of Conservation and Electricorp.

35

Nationwide assignments are required by organisations wishing to use the
same vehicles in different parts of the country.
They are particularly
valuable to emergency and safety services, and long distance freight
companies. In the course of our interviews, we were informed by a few
government departments who now have national assignments that in fact
these were not necessary for their operations and would not be sought
if they had to pay a market price for their frequencies.

Telecom.

Demand

for

Telecom's

cellular

telephone

service

(available

in

~ u c k l a n d since the start of 1988 and only recently available in Christchurch
and Wellington) has grown rapidly and has now reached penetration levels (per
thousand of population) at least as high as those achieved in the early years
of operation of systems elsewhere in the world.36

On the basis of Telecom's

experience in the Auckland market, comparison with overseas markets and New
Zealand's high propensity to use mobile communications, demand growth over
the next ten years is expected to reach levels which could sustain at least two
cellular networks.37
In any event,

there

is likely to be competition between

potential service

providers and Telecom for the A and B block cellular frequencies.

From our

industry interviews we identified several organisations interested in providing
cellular telephone services covering at least the main population centres in
New Zealand.

While it would be possible to set up a third cellular network

using either the TACS or NMT standards in the 450 MHz and 900 MHz bands,
this is not an attractive option given that the cellular phones now sold in New
Zealand can only be used on the A and B block frequencies in the 800 MHz
band.
c.

Other services

Demand for other mobile services, especially radio paging is expected to grow
rapidly in New ~ e a l a n d . ~Rapid
~
growth is expected, in part, because Telecom
has up until recently only offered a basic tone paging service (using POCSAG)
-

and also because Telecom is thought not to have widely promoted this service.

36

The penetration level in Auckland is about 4 subscribers per
thousand population. In the UK and the USA in 1986, after one year
of
operation,
levels
of
1-2
subscribers
per
thousand
were
recorded.
'Competition in Telecommunications Networks', Touche Ross,
(1988) Department of Trade and Industry.

37

Growth rates in excess of 50% p.a. are forecast for Europe and the US.
"TIR
Marketfile
TM",
Individual
Country
Report
1988,
Telecommunications Industry Research Ltd.
See also 'Competition in
Telecommunications Networks*, Touche Ross, DTI (1988).

38

Demand for 'pagers in the UK, for example, is expected to grow four to
five fold over the next
10 years.
Annual Report of the
Radiocommunications Division, 1986/87, DTI UK.

Numeric and alphanumeric pagers are now available and this is where demand
growth

is expected

to occur,

services after deregulation.

with several organisations planning

to offer

The spectrum requirements of these services are

small, although it is possible that these demands could conflict with, say,
mobile radio services seeking frequencies in VHF.
A number of organisations indicated to us their interest in introducing second

generation

cordless

telephone

(CT2) services to

New

Zealand.

The

UK

standard for CT2 using frequencies in the 864-868 MHz band would be adopted
Here they could be competing for frequencies with fixed

by these operators.

and mobile applications.
Spectrum demand for aeronautical purposes is expected to grow as air traffic
levels grow.

Offsetting this growth could be a reduced need to engage in

voice communication with flight crew.

The use of satellite communications in

the 1990s may enable ground staff to interrogate flight systems and may allow
data communication to substitute for voice communication between aircraft and
air traffic controllers.
New

Zealand

is

In any event, demand for aeronautical frequencies in

unlikely

to

reach

the

levels

already

experienced,

and

accommodated, in busy airport locations such as London and New York City.
2.

Fixed Services

Future prospects for fixed services are largely dependent on the relative cost
and effectiveness of substitute technology.

'

In particular,

increased

use of

fibre optic cable is likely substantially to reduce demand growth for that
microwave

spectrum

used

heavily trafficked routes.39

for

fixed

services,

particularly

for

long distance

Use of fixed radio links for short haul point to

point and point to multipoint communications is likely to grow, stimulated by
telecommunications
replaced

deregulation.

In

the

longer

in urban areas by fibre optic links.

term

these

Technological

too could

be

improvements

which enhance the spectrum efficiency of radio equipment could also reduce
demand for microwave frequencies.

39

In the US, for example, US Sprint, the nation's third largest long
distance carrier, has disposed of its microwave network replacing it with
optical fibre.

in rural areas radio communications are likely to be used as a more economic
substitute

for

land

line

communications.

Also,

radio

communications

are

increasingly being used for systems control and data collection, particularly in
remote areas, in part to reduce manning levels and costs.
New Zealand has a considerable amount of spectrum (particularly above 3 GHz)
which could
capacity

be used to meet any foreseeable increased demand for high

fixed

links.

Higher

system

costs

and

problems

with

rainfall

attenuation mean that frequencies below 10 GHz will be preferred to those
above

10 GHz for

long distance

communications.

Use

of

optical

fibre,

however, could significantly reduce demand for spectrum for long haul and, in
the longer term, short haul radio links.

Deregulation of

entry into broadcasting

and

the relaxation

of

controls on

media ownership and advertising will create increased deniand for spectrum to
provide sound broadcasting and television services.

The number of services

which will be provided will depend to a considerable extent on the future
growth in available finance, particularly advertising and subscription revenue
(which in turn will be dependent on economic growth).
a.

Sound broadcasting

The profitability of radio stations varies a great deal across the industry, with
some stations, generally in the larger urban areas, making very high profits (as
a return on capital invested), while others are making losses.

Nevertheless, on

average the industry rate of return on capital is positive (estimated at around

25% in 1986/87)~Oand large enough to lead us to expect that new entry will
occur after deregulation.

The extent of new entry and hence demand for

frequencies will depend on economic growth, the impact of deregulation on
industry costs, and the impact of growth in television services on radio's share
of advertising revenues.

40

Discussions with members of the Broadcasting Tribunal.

To project the likely future demand for radio frequencies we assumed that
deregulation would cause some reduction in industry costs (as a result of
competitive pressures), that radio's share of advertising revenue would be
significantly eroded by the start of TV3 and other new television services, and
that future growth in revenues would be slightly less than in the past because
forecasters are predicting weak economic growth over the next few years. 4 1
On the basis of these assumptions, and the assumption that the existing noncommercial radio stations continue to operate, our projections suggest that the

FM radio frequencies in the 89-100 MHz band in Auckland, and possibly also in
the other main urban areas, could soon become exhausted, meaning there will
be pressure to move into the 101-108 MHz band and so to displace the existing
land mobile users.

Demand for AM frequencies will depend on the availability

and 'cost' of FM frequencies.

Our projections indicate there are likely to be

sufficient AM radio frequencies in most cities, with the possible exception of
Auckland, though this will depend on the extent to which sound broadcasters
use the upper half of the FM band.
b.

Television

Projections of the possible growth in the supply of television services are
given in Appendix I.

The start of TV3 together with the deregulation of

BCNZ's two advertiser financed television services in 1989 makes it difficult to
predict with any degree of certainty how much room there will be in the
market for additional advertiser financed ser'iices.
growth

in

scenarios

-

the

number

of

advertiser

financed

To project future possible
services we considered two

a high growth scenario in which advertising revenues are assumed

to grow at their average real historic rate of 8% p.a.
and a low growth
On the basis of these
scenario assuming real revenues grow at 4% p.a.
scenarios, we projected that growth in advertiser financed television services
is likely to be limited to the main urban markets and that several such
services may be provided over the next ten years.

41

See Appendix I for details of our assumptions.

At present there are no subscription funded or pay per view television services
offered to New Zealand households.
of

themed channels (e.g.

However, subscription funding, typically

movie, sport and music channels), has been a

profitable business elsewhere.
We

talked

to several organisations planning

services in New Zealand.

to offer subscription

television

If all these plans are realised there could be in

excess of ten subscription funded channels offered to households.

Whether

such a large number of services could be profitable is, however, very doubtful.
If charges are set between $25-$40 per month (per channel), experience in the
UK, US and France suggests that up to 30% of households could be willing to
pay for a subscription service after five years of operation.
households

show

a

similar

propensity

to

purchase

If New Zealand

subscription

television

services, then we would expect at most two or three such channels to be
viable.

Of course the number of new entrants could be greater than the

number the market could sustain, in which case demand for UHF spectrum
could temporarily use much (and possibly all) of the available supply.
New

entrants

into the

television

market

offering

either

pay

or advertiser

financed services are expected to demand VHF and UHF spectrum, because
signal

distribution

considerably

by

other

means,

more expensive or

services gives poorer coverage.

as

such
in

as

satellite

the case of

or

cable,

microwave

is

either

distribution

VHF transmission is in turn cheaper than

UHF, and, as at present most television sets are not able to receive UHF
transmission, VHF frequencies are more valuable than UHF frequencies.
-

the

VHF

frequencies

are

almost

all

assigned,

excess

demand

for

As
these

frequencies will occur.
However, the UHF frequencies currently reserved for broadcasting should be
sufficient to meet potential demand for the next ten years.

This conclusion

depends on the operators' plans for transmitter location and power levels and
on any competition for those frequencies from other uses.

Also, the potential

introduction of high definition television could increase demand for spectrum
from broadcasters.

D.

Potential Spectrum Congestion

The demand trends described above assume that no price (other than a fee
covering the costs of the RFS) is charged for spectrum use. If this is the
case, spectrum may need to be rationed by some other (non-price) means. If
prices are used to ration use, then conservation in spectrum use might occur
and alternative technologies might be sought.
In the absence of price rationing, our projections suggest thar excess demand
for VHF television frequencies, FM radio frequencies, frequencies for mobile
radio services (in particular areas, most notably Auckland), cellular telephone
frequencies and for some of the lower microwave frequencies could occur
within the next 10 years.

In the case of the VHF television frequencies,

demand will come from competing users and some mechanism will need to be
devised to assign these frequencies.
Those service providers who are not
assigned use of VHF frequencies would be expected to seek UHF television
frequencies in the 494-806 MHz band.

Use of these frequencies by television

services could result in the displacement of some amateur and aeronautical
navigation use in the middle of the band.
Expansion in the supply of FM sound broadcasting stations could in the main
urban areas use up all of the presently unoccupied F M frequencies in the 89100 MHz band.

There would then be demand for frequencies in the upper half

of the FM radio band from 101-108 MHz. -Frequencies in the 101-108 MHz
band are now fully used in main centres by mobile radio operators.

Demand

from FM radio stations for these frequencies could be accommodated under
centralised spectrum management by forcibly shifting the land mobile operators
to higher (say UHF) bands.42

Excess demand for mobile radio frequencies

could, as we have discussed, be met by the use of more spectrally efficient
equipment and higher frequency bands.
greater.

In both cases equipment costs are

Appropriate economic incentives to incur these costs can only be

given if users are faced with the opportunity costs of the frequencies they
use. Such incentives could be given via a spectrum market, for example by
42

Or requiring them to use more spectrally efficient radios.

requiring both FM radio and land mobile operators to bid for spectrum in an
auction.
In case of the cellular telephone bands there is unlikely to be an alternative
competing
mechanism

use
for

for

the

choosing

frequencies.
between

However,
competing

there
users

will
of

need

these

to

be

a

frequencies,

Similarly, competing organisations could wish to use the 1-2 GHz microwave
frequencies for fixed links.
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IV. FRAMEWORK FOR EVALUATION
Introduction

A.

In this new environment, how well is the current system of spectrum
management likely to perform? What criteria should we use in evaluating the
present and alternative options for spectrum management systems? This chapter
sets out a framework for the evaluation in terms of economic efficiency, costs
of the system, impact on competition, and public acceptability, and discusses
the existing system in this context.
I.

Economic Efficiencv

a.

Allocative efficiency

A primary economic objective of a spectrum management system is to achieve
an efficient allocation of radio frequencies among prospective users and uses.
The economically optimal allocation of spectrum means that there is no re-

-

allocation of spectrum

either to other users or other uses

a higher value to society.

-

that would have

An inefficient allocation of spectrum, restricting

supply to users could mean that some firms have unnecessarily high production
costs or are unable to produce as much as would otherwise be the case.

As

an example of the former, if a prospective user is forced to conserve on
spectrum because it has been assigned to another firm, he may require costly
investment

in

spectrum

saving

teclmology to deliver his service.
the spectrum is limited,

equipment

or

in

alternative

non-spectrum

As an example of the latter, if access to

then the supply of some services may also be

constrained (leading. for example, to an undesirable limitation on the diversity
of radio and television programming).
b.

Productive efficiency

Productive efficiency requires that the greatest output is derived from any
specific

combination

organisations

do

of

not

inappropriate technology.

inputs.
minimise

Productive
the

costs

inefficiency
of

production

can
or

occur

when

invest

in

In

a

competitive

market,

prices

generally

reflect

opportunity cost of the goods or services traded.

the

scarcity

value

or

Producers will respond (over

time) to changes in the relative prices of inputs by increasing the use of
relatively cheaper inputs through the application of different technologies to
produce a given level of output.

A clear example of this behaviour has been

the application of energy conservation measures in industry, in response to the
rapid increases in real oil prices during the 1970s.

If users of spectrum, such

as suppliers of communications and broadcasting services, are not confronted
with the opportunity cost (or scarcity value) of the spectrum they use, they
will

not

be

technology.

given

appropriate

incentives

to

invest

in

spectrum

efficient

In particular, if users regard spectrum as a free resource when

the price a market would deliver is greater than zero, then they would be
expected to use 'too much' spectrum.
Traditional
productive

command

and

control

efficiency by rationing use of

employ particular technologies.
resulted

more

efficient

for

attempted

to

encourage

spectrum and requiring users to

less

in the sense that it would be

spectrally

efficient

technology

to

be

All this says is that it is difficult for centralised planners to

"second guess" market outcomes.
general,

have

It has been alleged that in some cases this has

in excessive spectrum conservation,

economically
employed.

systems

better

achieved

through

For this reason productive efficiency is, in
the

use

of

prices

to

guide

producers'

investment and production decisions.
c.
Also

Dynamic efficiency

important

is

whether

changing technologies

spectrum

is easily

and consumer preferences.

re-allocated

in

the

If existing rights

face of
holders

have no incentive to give up their rights as higher value uses of spectrum
emerge, this may hinder the commercial application of technological innovation.
One example is the introduction of the cellular telephone, an improvement over
conventional land mobile radio, which was apparently delayed in the US by

political and administrative impediments to freeing up spectrum for the new
technolog y.43
Because dynamic efficiency requires the ability to adapt spectrum use rapidly
to new (and intrinsically unforeseeable) developments, it is best served by a
flexible system of spectrum management.

However well a system is designed

for today's circumstances, its performance will inevitably decline unless it is
capable of changing rapidly to accommodate new spectrum needs and shifts in
public tastes.
2.

Costs of Administration. Enforcement and Transactions

A system with the potential to allocate spectrum very efficiently may still be

undesirable if it entails high costs of administration and enforcement, or if the
costs of spectrum transactions are excessive.

In applying cost-benefit analysis

to evaluate alternative spectrum management systems, these categories of cost
must be subtracted from the value of the spectrum allocation produced by the
system to determine the system's net benefit.
costs of operating the system.

The administrative costs are the

For example, they might include the costs of

developing regulations, issuing licences, type-approving equipment, and planning
for

future

developments.

The

enforcement

costs

are

those

incurred

in

enforcing those rights that are conferred upon users of the spectrum including,
for example, rights to use spectrum without undue interference from other
spectrum users.

Transaction costs are costs incurred in negotiations between

parties and the drawing up of contracts to transfer rights from one party to
another.

Where such negotiation is not allowed, transaction costs might take

other forms, such as costs incurred in various types of lobbying activity.44

43

'Spectrum Deregulation and Market Forces*, D.W.
Webbink (1988),
paper presented at a conference on The Consequences of Current US
Elecromagnetic Spectrum Allocation Policies and Processes, Centre
for Telecommunications and Information Studies, Columbia University,
October 1988.

44

For example, the costs incurred by those organisations that competed for
the rights to operate the third television channel, are estimated by some
observers to be as much in total as $20m.
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3.

A matter

Competition in Downstream Markets
of

clear importance at the present

time is how conducive the

spectrum management system is to the efficient operation of other markets.

A

particularly important consideration in this respect is whether the system is
consistent
conversely,

with

competition

whether

it

in

downstream

is susceptible

to

(spectrum

exploitation

using)
by

markets

firms

or,

wishing

to

prevent competitive entry.
4.

Public Accevtabilitv

Finally, there is the matter of the public acceptability and the equity (or
fairness) of the system.

This is particularly important when a new system is

being

the existing one has created

contemplated

and

a favoured class of

spectrum users who have been able to obtain spectrum rights at a cost less
than their value to them and thus are likely to oppose the introduction of any
system depriving them of their current position.

Those parties who have a

stake in preserving the status quo are often in a position to impede a policy
change and make it more costly than it need be.

Their likely responses need

to be taken into account in determining the most efficient course of policy.
Equally, the costs of disruption incurred by existing users during the transition
period should not be ignored.

Other aspects of acceptability which are also

important

include

to

understood

by those it affects, and (in the case of any price system) the

the

extent

which

any

new

system

can

be

easily

extent to which it is made clear that spectrum prices are not being used
simply to impose a new tax on users and certain organisations are seen to
make large windfall gains.

I

B.

The Current System

1.

Efficiencv

-

No formal mechanism exists within RFS for dealing with competing applications
for spectrum use.

This has arguably been of relatively minor importance in

the past, but will become of increasing relevance as demand for spectrum
I

A

increases, and
frequencies. .
a.

as

deregulation

encourages

more

competition

for

certain

How decisions are made

In a number of cases RFS has had to decided that existing spectrum users
should make way for new users.

Where this has occurred, it has typically

involved a new user requesting part of the spectrum already in use. RFSs
approach has been to oblige the new user to compensate the existing user for
any dislocation involved in moving to another part of the spectrum.

RFS's

decision is final, and it is guided by regulation 13 of the Radio Regulations
which requires licences to be issued having due regard "to the public interest
in achieving the maximum benefit from the radio spectrum".

Existing users, by

this practice, are recognised as having some right to the spectrum they use,
but not the right either to refuse to move or to demand a price for spectrum.
One example has been the decision to move land mobile operators from
frequencies which would otherwise be suitable for FM radio.

The rationale for

this decision was that excess demand for FM radio frequencies existed and
that, because of

international receiver design, such demand could only be

satisfied by certain frequencies.

These were already occupied by land mobile

services which could, however, use other frequencies and so could be moved
elsewhere.
Perhaps the most complicated task of this sort dealt with so far by RFS has
been that of finding suitable VHF spectrum- for the third television channel,
TV3.

This has had to be done at the expense of dislocation to BCNZ's

frequency use.

In this case RFS adopted a "low disruption-cost" approach,

where disruption costs were defined as the costs incurred by the public in
retuning

or

purchasing

new

television

receivers.

We

understand

that

negotiations between BCNZ, TV3 and RFS over frequency assignments have
been costly and time-consuming.
In future, RFS will be increasingly required to make such decisions.

Examples

might include competition from several companies for a single FM radio
frequency, or competition between potential operators for the cellular radio
bands.

Further

difficulties are

likely

to

be encountered

when

choosing

between current demands for spectrum use and reserving frequency bands for
possible future uses.
A formal mechanism for dealing with competing uses could be put in place.

For example, a more clearly defined cost-benefit framework for decision taking
and a more explicit statement of what is meant by "in the public interestn.
Even so, it is not clear that the resulting decisions would necessarily lead to
the most efficient allocation of spectrum or, more importantly, an outcome
superior to that offered by a market.

RFS would need information on the

costs incurred by those denied access to spectrum and the benefits enjoyed by
successful spectrum applicants.

Substantial costs might be incurred by RFS in

considering competing claims, and by potential users in presenting their cases.
Efficiency and the current licensing system

b.

It is also important to note that the current system of licensing does not offer
much

help

RFS in achieving efficiency objectives.

to

Current

licences

represent a contract to operate radio apparatus, usually at a specific location
and frequency.
renewal.

They are issued for one year, but with expectations of

No exclusive right to possession is given, and licences are revocable

by the Secretary of the DTI.
These terms may give rise to certain problems:
Because licences are for specific locations and frequencies, and not for
generic spectrum use, the extent to which users can employ the most
efficient combination of inputs to provide a desired output may be
constrained.
If licences are automatically renewed, access to the spectrum for new
users may be restricted; conversely, if the likelihood of such short term
licences

not

being

renewed

were

to

increase

(as

competition

for

spectrum grows), investment decisions could be adversely affected.
m

Licences are not transferable or capable of sub-license, and so cannot be
passed on to users who may value them more highly than existing users.

This means there are few incentives for existing users to economise on
spectrum use.45
Because frequency bands are allocated for specific uses, some spectrum
may be unused even if roughly equivalent frequency bands elsewhere in
the spectrum are congested.
c.

Efficiency and the current charging system

These
Charges are at present set to recover a proportion of R W s costs.
charges give incumbent users little incentive to economise on spectrum use or
seek

spectrum

efficient

regulatory body to do so.

technologies,

other

than

when

directed

by

the

A charge for licences was introduced in 1987 (at

$38.50 for most licences) and, more recently, a flat rate charge for land mobile

channels has been introduced to encourage spectrum conservation.

These flat

rate fees do not refleet the scarcity value of spectrum or the price of
spectrum which might emerge in a competitive market.
An alternative approach to setting charges would be to vary licence fees in
accordance with demand for different parts of the spectrum, in order fo ration
spectrum use by a price mechanism.

This would involve RFS in setting

"shadoww prices; a difficult task given the absence of any reference markets.

RFS might then be exposed to charges of exploiting a monopoly position if
prices were charged for the spectrum resource which did not properly reflect
the balance between supply and demand.
2.

i
A
ini
~

The terms of reference of the study do not calr for an assessment of the
efficiency with which RFS carries out its functions.
~raditionaf spectrum
management systems, however, tend to operate in a similar manner and face
similar problems.

45

Note, the new charging system for land mobile goes some way towards
encouraging more efficient use of land mobile channels.

Administered systems need resources to carry out a wide range of functions,
including:46
planning of allocations and assignments;

I

w

issuing licences;

w

formulating regulations;

w

setting interference standards and equipment certification;

w

monitoring and enforcement;

w

administration and finance; and

w

making representations to international regulatory bodies.

The need for many of these functions would not disappear if the traditional
system of administered spectrum management was replaced by a market system.
There would still be a need for some form of planning and co-ordination of
use of spectrum.

A mechanism

would still be needed.
at least at

for enforcement of

interference standards

An organisation would still be needed to issue licences,

the start of

the new system, and

to make representations to

international bodies.
The problems faced by any centralised bureaucratic organisation are twofold:

46

As an example, the allocation of the UK Radiocommunications
Division's staff time is as follows (source: Radiocommunications Division
Annual Report 1987/88):

- enforcement:
- licensing:
- domestic frequency planning:

-

international work:
internal administration:
monitoring:
- other:

45%
20%
10%
10%
5%
5%
5%

it is difficult to ensure that the optimal level and standard of each
service (e.g.

planning, interference monitoring and enforcement, setting

interference standards, etc) is provided;
even if the service levels and standards can be established, they may not
be provided efficiently (i.e. at least cost).
Private entities will have more knowledge of the level and standard of service
they prefer, and will generally have more incentive to provide them as cheaply
as possible.

This is the case regardless of whether they are monopolists or

operate in a competitive market.

A state agency may lack the incentive to

minimise costs and hence the costs of administration are likely to be greater
than if the administration is conducted by private organisations.
Measures can be taken to reduce these potential weaknesses, by introducing
service standard targets, for example. There are also some . benefits associated
with a centralised system (concentration of engineering expertise, for example).
But as spectrum demand rises, so administrators have to devote more resources
(and incur greater costs) to deciding between competing claimants for
frequencies.
countries.

This will be as true in New Zealand as it is in more populous

RFS is responsible both for setting interference standards and for resolving
conflicts

if

standards

are

breached

(or

if

those

standards prove

to

be

inadequate).
If

licensees are affected

by

interference, and

if

negotiation

between

the

affected parties fails, under the current system their only course of action is
to complain to the RFS, and RFS will then try to resolve the dispute by
taking action against the source of i n t e r f e r e n ~ e ~ ~The
.
level of monitoring
and enforcement provided probably differs from that which a market would
provide,
47

because

inappropriate

incentives

are

provided

by

the

system

of

If a licensee does not consider the RFS response to a complaint to be
objectively
reasonable,
action can
be
taken
to compel such
reasonableaction via the (courts. (See Appendix IV for more discussion
of enforcement procedures).

charging for these services.

At present, for example, BCNZ is charged by RFS

for investigating cases of interference to television receivers.

No charge is

made either to the receiver owners or to the source of the interference.
There is no incentive in this case either for receiver owners to take account
of

the costs incurred in investigating their complaints or for sources of

interference to recognise the external costs that result from their b e h a ~ i o u r ~ ~ .
Among the advantages of the current system are that it reduces the number of
disputes likely to occur (via the prior-engineering work of the RFS) and it
may be a cost-effective way of resolving those disputes that do occur
(although the costs to spectrum users of decisions which they cannot appeal
against should be noted).
resources,

to obtain

It may also assist small spectrum users, with few

redress

in the event of

interference.

In a private

enforcement system, the costs of using the legal mechanism might prevent
them from acting.
Because RFS determines who will use spectrum and in what manner, and no
trading is permitted, transaction costs are limited to costs involved in applying
for radio licences.
3.

Com~etitionin Downstream Markets

Telecom and BCNZ are in strong positions as incumbent spectrum users.

Under

the

where

current

system,

where

licences

are

treated

as

renewable

and

spectrum is allocated and assigned by RFS fiat, it seems likely that they would
-

retain the use of the frequencies that have been assigned in the past. This
could have serious implications for the success of deregulation in
telecommunications and broadcasting.

48

By contrast in the UK, the Radio Investigation Service makes a
call-out charge for complaints investigation.
Current charges are:
4l/man hour for business users and 2l/house for a domestic call out. In
November 1987, it was announced that future visits would only be made
if a dealer or aerial contractor had first attempted but failed to deal
with the problem.
In 1987/88, only 130 business complaints and 625
domestic complaints were handled.

The

problem

arises

because,

although

there

is

vacant

spectrum

for

most

services which new entrants might wish to provide, Telecom and BCNZ already
have access to the highest value parts of the spectrum.

BCNZ (and TV3) use

most of the VHF television spectrum, and BCNZ currently uses microwave
frequencies in the 2 GHz bands which are also likely to be sought by other
users.

Telecom is assigned use of many of the preferred despatch mobile radio

frequencies and frequencies in one of two planned cellular radio blocks.

RFS will need to decide between competing bids for spectrum which are likely
to involve decisions on whether or not to renew existing Telecom and BCNZ
licences.

In such instances, it will be in the interest of the incumbents to

overstate

the

value

to

them

of

that

spectrum.

Likewise,

potential n e w

entrants will downplay the costs of removing spectrum from existing users.
Such decisions will be difficult to make and may involve expensive and timeconsuming lobbying from interested parties.

Although RFS might work hard to

ensure that competing spectrum users benefit from a "level playing field", the
incumbents are likely to have an advantage when presenting

their case to

retain spectrum use, due to their access to operating experience (assisting with
the provision of operating data) and tangible evidence of the service provided.
New entrants will find it difficult, in comparative hearings, to dislodge an
incumbent operator which is financially sound and has provided a satisfactory
service in the past.

4.

Acce~tability

The current system has a major advantage in that it is understood by most
users and potential 'users of the spectrum.
centrally administered systems of
around the world.

It is similar to the types of

spectrum management

that have developed

There have been few complaints about the way it has

operated and most of the complaints we heard related to when radio regulation
was carried out by the Post Office.

Users seeking to provide services which

Telecom (then part of the Post Office) could have also provided experienced
long delays or refusal of their applications for frequencies.

However, the

future is likely to bring difficult decisions for RFS, which could affect the
general acceptability of the current system of spectrum management.

Also, as

n/e/r/a
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users become obliged to meet all the costs of the current administration, they
may become less supportive of the need for such centralised regulation.
C.

A Market-Based Alternative

In the changing circumstances identified in Chapter 111, it is important to
consider

how

far

identified above.

a

market

based

system could

overcome

the

difficulties

In the following sections, we discuss market-based

systems

in general, before moving on in later chapters to more specific proposal for
New Zealand.
1.
In

a

Market Allocation

market

between

buyers

system,
and

supply and demand.

allocations
sellers,

with

are

determined

price

reflecting

primarily
the

by

relative

interactions
strength

of

If a market is working well, it is generally a good way of

achieving an efficient allocation of resources

-

those in the market who place

a relatively low value on their resources can transfer them to others who
place a higher value on them.
users of

the resource

Prices established in the market send signals to

about whether

to economise on its use or to seek

substitutes.
A

market

system

applied

to

the

radio spectrum

offers the

possibility

improving the allocative performance of an administered system.

of

It would

encourage the transfer of spectrum from lower-valued to higher-valued

uses.

It would allow use of spectrum to change in response to changes in technology
and consumer demand.

If the price of spectrum rose or was expected to rise,

reflecting an increase in demand relative to supply, this would encourage the
use of spectrum-saving technologies.

Spectrum managers would no longer need

to make difficult choices (with inevitably limited information) about whether,
for example, 'to allocate a particular

frequency to a broadcaster or a land

mobile operator. The decision would be made in the market.
At its simplest, a market mechanism in the form of a competitive auction could
help select from a number of competing firms that firm which values a part of
the spectrum most highly.

In New Zealand, this might provide a good way of

choosing, for example, between firms wishing to provide a cellular telephone
service.
Markets can assist more complex allocation decisions, too.

Take, for example,

the case mentioned above where RFS had to decide whether to displace land
mobile operators in favour of FM radio stations.

In a spectrum market, we

can imagine a situation where the land mobile operators would possess the
rights (possibly via an exclusive licence) to use their particular frequencies in
a specified area for a number of years.

Anyone wishing to operate an FM

station using those frequencies would have the option of offering the land
mobile operators a price to acquire the spectrum rights from them.

The land

mobile operators, in considering whether to accept the price, would estimate
the costs to them of moving to alternative frequencies (e.g.
would

have

to

pay

for spectrum,

the

cost of

new

what price they

equipment, costs of

If the FM radio operator offers a price in

disruption to their business).

excess of these costs, then the land mobile operator is likely to accept and
move.

He gains, because his costs have been more than covered.

The FM

radio operator gains to the extent that he values use of the spectrum more
than the price he has had to pay to obtain it.

In this way, a market system

ensures that spectrum is transferred to those whose private valuation of it is
highest.

There is no need for an administrator to second guess the values of

the costs and benefits of the transaction to each of the parties.
The market, via the price signals it sends, can influence the rate at which new
technology is developed or spectrum is conserved.

A clear price incentive for

users either to reduce the width of land mobile channels or to use trunked
rather than non-trunked

systems, for example, would emerge if demand for

spectrum allocated to this use exceeded supply.

A market will often allow

more rapid adoption of new technology than a centrally administered system.49
A

market

system

configurations of
frequencies,
Consumer
49

might

assist t h e

might

well

be

used

to provide

increased

of

new

geographic

Consider the VHF television

use of certain frequencies.

which are at present
welfare

development

if

the

three national networks.

VHF frequencies

were

In the UK, for example, it can take up to 7 years to move existing
users to make way for new technologies.

wr/a
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re-assigned

to create more television services in the main urban areas and

fewer services in less populated regions.

Whether or not this is the case is a

difficult task for a regulator to determine.

If a market in spectrum were to

develop, however, which allowed such changes to take place, then the VHF
frequencies would over time be transferred to their higher value use (whatever
that might be).

Of course, if the Government wishes to influence broadcast

coverage for public policy reasons, for example to ensure the provision of
television to rural areas, it can impose such obligations on broadcasters but
then

allow

the

market

to

decide

who

is

best

equipped

to

meet

those

requirements most efficiently.
The co-ordination of fixed links could also benefit from the use of market
mechanisms.

Suppose one firm with property rights to a particular frequency

already has a fixed link in operation and a prospective new entrant has plans
for a link which would cause interference to the existing link.

Suppose also

that the incumbent can, at some cost, modify his equipment to reduce the
interference problem.
and

the

new

It may well be possible for the existing spectrum user

entrant

to

accommodating the new link.
agreement will be reached.

enter

into

negotiations

to

find

a

way

of

If this is to the advantage of both parties, an
Again, this market-based process removes the need

for a central administrator to intervene and decide what should be done and
who, if anyone, should meet the c o d 0 .
It should be recognised, though, that markets often have imperfections.

A

particular problem is that the highest private value use of spectrum might not
-

necessarily reveal the uses of highest social value.

This subject is discussed

further in Chapter VI.
It is sometimes also argued that social services (such as health and safety
services) would be squeezed out of the spectrum by commercial bidders.

In

principle, the answer in this case could be for the public, via the government,
to provide funds for such organisations to purchase spectrum licences as they
do any other resources needed to provide their services.

Requesting such

users to bid for spectrum in this way explicitly identifies the cost of providing
50

See Appendix 111 for a discussion of US practice in this field.

the service and should encourage the government to evaluate the net social
benefits of the service.
The bid process would also encourage the social
services to use their needed spectrum efficiently.
Spectrum markets are, like many other markets, unlikely to be perfectly
competitive.
Imperfect competition will be the result.
However, as long as
market

imperfections

are

recognised

and

appropriate

action

is

taken

to

ameliorate their impact, market mechanisms stand a good chance of achieving a
more efficient distribution of resources than administered systems.

We are also concerned with the administration, enforcement and transaction
costs

of

a

market

system.

On

the

question

of

administration

costs,

participants in spectrum markets would need to carry out some of the same
functions as RFS, but would have a greater incentive to minimise the cost of

RFS would also need to continue some of its existing

these functions.

functions, and resources would be needed for the initial and any subsequent
allocation of spectrum.
be reduced.

Its role as a planner and co-ordinator would, however,

Although difficult to quantify, it seems likely that a market

system would involve lower administration costs than an administered system.
Concerning enforcement costs, much depends on the definition of property
rights

adopted

(discussed

further

in

Chapter

V)

and

the

method

of

Government regulation of seectrum interference need not be

enforcement.

accompanied by public enforcement, since an alternative is to empower holders
of spectrum rights to pursue private means of enforcing the rights granted by
government.

Thus, strictly speaking, the infirmities of public enforcement are

not a necessary corollary of regulatory intervention.
Nevertheless, when
governments regulate markets they seem to feel responsible for enforcing their
regulations,

rather

than

leaving

enforcement

to

the

interested

parties,

in

contrast to unregulated markets, where the individual parties are generally left
to enforce their property rights.
its

costs

will

unambiguously

depend
defined

on
and

If a private enforcement system is adopted,
whether

whether

spectrum
an

property

enforcement

developed which is quick to act and cheap to use.

rights

can

be

mechanism

can

be

This is discussed further in

the next chapter, as are transaction costs.

If the spectrum rights are poorly

designed, then the costs of re-contracting and negotiating between parties will
be high and may exceed

those of an administered

system where no re-

contracting is ~ e r r n i t t e d . ~ ~

3.

Markets and Com~etition

There is scope for a market system to overcome the entry problems evident in
current

administered

systems.

New

entrants

can,

if

the

system

designed, bid for spectrum on equal terms with existing users.

is

well

A market in

itself does not solve the potential problem of dominant suppliers of downstream
services either hoarding

spectrum

in order to prevent

the development of

competition or firms monopolising spectrum and extracting rents through sale
of spectrum at monopoly prices.

Ultimately, the success of the market will

depend on the strength of competition law and other appropriate measures to
prevent abuse of a dominant position in spectrum ownership.

This subject is

returned to in Chapters VI and VII.

A market-based

system, with appropriate competition regulation and effective

enforcement procedures should help produce the "level playing field" desirable
in ensuring the success of telecommunications and broadcasting
In these terms, it should pass the public acceptability test.

deregulation.

The use of market

mechanisms to distribute radio licences can be more just, more equitable than
other mechanisms.

Lotteries and grandfathering of rights give windfall gains

to users which, if spectrum was auctioned, would largely go to government.
Allocation by bureaucratic means may also confer significant rents to those
allocated to the use of scarce frequencies.52

Throughout the world, though,

51

As noted earlier, though, obstructive actions and lobbying by
incumbents to protect the rents they gain from their free use of
spectrum (i.e. rent-seeking activity) in an administered system can
impose high costs on prospective spectrum users and these have to be
set against the costs of re-contracting and negotiation.

52

Although it is possible the rent could be eroded by lobbying and other
rent-seeking activities.

spectrum markets have only been introduced to a limited degree.

Why is this

so?
One main objection to spectrum markets is the concern that property rights
spectrum will be costly to enforce and may inhibit transactions leading to
efficient pattern of spectrum use.
Given the physical nature
electromagnetic interference, spectrum property rights are more difficult

in
an
of
to

define in an unambiguous fashion than is the case for many other resources.
Accordingly, there is concern that monitoring of interference and enforcement
of rights might be costly, and that the value of spectrum to users will be
highly uncertain.

A further obstacle to the introduction of market-based

systems in spectrum management is the self interest of existing spectrum users
who wish to protect their entrenched positions.
the

next

two chapters, as is the

These issues are addressed in

problem

of

how

best

to ensure that

competition in downstream markets is promoted.
The adoption of market mechanisms has been slow, partly because in many
countries there are substantial vested interests who strongly oppose reforms
which,

by

increasing access to the spectrum, would reduce the value of

economic rents they capture.

There is limited use of market-like mechanisms

is in the United States to allocate spectrum.

For example, broadcasters are

permitted to use (or lease) sub-channels for non-broadcasting
paging;

resale

of

lottery-awarded

cellular

telephone

system

uses such as
licences

is

permitted; and the technical specifications for use of spectrum allocated to the
land mobile satellite and domestic satel1ite"services are left to the system
operators to decide.
In

a

number

of

countries,

governments

alternative means of allocating spectrum.

have

commissioned

studies

of

For example, the UK Government

commissioned a feasibility study on the possible benefits from introducing
market forces and the price mechanism into spectrum management.

The report

produced by CSP International for the UK Department of Trade and Industry
('Deregulation of the Radio Spectrum in the UK*, HMSO (1987)) recommended
that spectrum management licences (specifying

a band(s) of spectrum and

geographical area) be assigned (initially at a charge which would cover the
government's costs of administering spectrum management) to major users and

n /elr/a
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organisations which would primarily sub-license use of spectrum on commercial
terms to end users.
recommendations,
whether

The UK Government has yet to implement the consultants*

however,

privately-run

it

has

frequency

commissioned
planning

a

further

organisations

study examining
could

succeed

commercially in managing spectrum allocations and the assignment of licences
in a small group of bands.

w e /r/a
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V.

INTERFERENCE, EXTERNAL COSTS AND PROPERTY RIGHTS

The control of interference lies at the heart of spectrum management policy.
The physics of transmitting a radio signal creates an inevitable tendency for a
user of the electromagnetic spectrum to interfere with other spectrum users.
Attempting to eliminate all interference would be impractical and uneconomic.
But unsuitably high interference can greatly reduce the value of spectrum.
The success of any system of spectrum management, therefore, must be judged
importantly in terms of its ability to control interference suitably.
Interference can impose what economists term external costs on other users.
The presence of external costs (costs that are not borne by the party causing
them) can lead to excesses in the harmful activity.

In this section, we will

examine the economics of interference, why it can lead to external costs and
how

those

external

costs

might

be

dealt

with

by

the

assignment

of

appropriately defined private property rights in spectrum, as well as by various
forms of government intervention.
A.

Interference

The propagation of radio waves is impossible to control precisely, and even the
best

designed

signals.
with

receivers

are

incapable

of

completely

rejecting

"unwanted"

As a result, a transmission inevitably has the potential to interfere
the

reception

of

Interference is promoted
geographically

(co-channel

signals
by

transmitted

transmitters

interference)

spectrum

users.

bbing close to each other,

either

or

by

in

the

other

frequencies

they

use

(adjacent channel i n t e r f e r e n ~ e ) . ~ ~
From the standpoint of economics, interference is an unintended by-product of
a spectrum user's

transmission of a signal.

A spectrum

user creates two

products: the intended one of transmitting information and the unintended byproduct of interfering with other transmissions.
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A useful analogy can be found

A third category of interference, intermodulation interference, involves
the interaction of the signals to produce a frequency different from
either (and thus potentially to affect a third party).
For a more
detailed discussion of interference, see Appendix V.

in the generation of electricity, where burning fossil fuel creates air pollution
Just as the by-product of air pollution is harmful to

as well as electricity.

others, so a transmission by one spectrum user is likely, by interfering with
other spectrum users, to impose costs on them.
Accordingly, the distribution of spectrum can be viewed usefully as distributing
two types of rights: the normal conception of a right to use a frequency in a
particular

area and, second, the right in so doing to interfere with other

spectrum users to some stipulated extent.

Although spectrum distribution is

frequently thought of merely as the assignment of the first of these two
rights, it is the second (the extent to which a party is legally permitted, as a
by-product of its own use of spectrum, to interfere with other spectrum users)
that lies at the heart of spectrum management.

For it is this that importantly

determines the actions a spectrum user is permitted to engage in, those that
are proscribed and, from a global perspective, the value of the spectrum that
results

from

the

permitted

mixture

of

utilisation

between

"primary"

transmissions and interference.
Although interference is normally regarded as something that is unambiguously
bad,

it

can

constitute

a

productive

use

of

spectrum.

Interference

is

economically desirable when the cost of its elimination exceeds the cost it
imposes on society.

The general principle here is clear: interference should be

permitted to the extent that it is more costly to curb than the cost it imposes
on other parties, but should not be permitted beyond that point.
-

Because these costs of interference, and of reducing it, can vary considerably
according to the uses and users involved, few generalisations can be safely
offered.

Interference reduces the ability of the party being interfered with to

have his signal clearly received.

For a radio or television station, the cost

takes the form of reduced viewer pleasure and, for commercial broadcasters,
the

likelihood

of

reduced

revenues.

For

land

mobile

users,

interference

increases the risk of imperfect communications, at a cost that may be mild in
dispatching taxis or higher in the instance of emergency vehicles.

In many of

these instances, however, the party suffering from interference has means of
reducing

the

cost

of

interference,

such

as

increasing

the

selectivity

of

receivers, increasing power output, changing the polarisation of his signal and
so forth.
The spectrum user creating the interference also has at his disposal a variety
of ways of reducing interference. The most obvious, a reduction in power, is
likely to reduce the value of his spectrum use by, for example, reducing the
I

number of households that can receive a broadcast signal, or the radius that is
covered by the base station of a land mobile system. But it may be possible
to reduce

interference while maintaining .the value of spectrum use by a

variety of means, including using directional antennas, simultaneously lowering
antenna height and increasing power output, and polarising the signal.
Early in the history of spectrum use the belief developed that some form of
governmental intervention is necessary to curb interference.
this

belief

is

that

interference

is

a

"negative

One basis for

externality."

A

negative

externality occurs when one party imposes a cost on another without having to
pay for it.54
When this occurs, the producer does not have an appropriate
incentive to restrict the harmful activity, and so there is a tendency to
overproduce it.
This

possibilify arises

spectrum.

in

the

absence

of

As long as a spectrum user

enforceable
is forced

property

to pay

rights

in

the cost his

interference imposes on other parties, the user has an incenti"e to refrain
from all interference that is more costly than eliminating the interference.
This represents the desirable outcome: the "economically efficient amount of
interference.. But w h t s obtained by a spectrum user do not enable him
to collect damages arising from interference with his use of spectrum by other
spectrum users, then there is no natural mechanism to internalise the cost of
54

The only relevant costs here are "real" as opposed to "pecuniary." A
"real" cost increases the inputs necessary to produce a designated level
of output or, in the instance of consumers, increases the goods
necessary to attain a designated level of consumer satisfaction.
An
action .that increases the costs of a third party merely through
increasing prices is a pecuniary externality.
For a more complete
discussion of the distinction between real and pecuniary externalities,
see A.C. Pigou, The Economics of Welfare, 4th ed., London 1932 and
E.J.
Mishan's,
"The Postwar Literature on Externalities:
Interpretative Essay," Journal of Economic Literature, Vol 9, March 19 1.

tn

interference.

Even

if such rights are defined,

they may

adequate disincentive if enforcement is difficult or costly.

not provide an

In either of these

events, the costs of interference will not be fully internalised.

Thus, the

absence

inadequate

of

enforceable

property

rights

and

the

resulting

disincentive to interfere with other spectrum users may lead to excessive levels
of interference, with the result that the value of spectrum is not as high as it
could be.
There are two types of policy solutions to these problems posed.

One involves

some form of continuing government intervention designed to set the optimal
level of the activity creating the external cost.

The other attempts to attack

the root of the problem by defining property rights in a way that comes as
close as possible to internalising the relevant costs, for example by ensuring
that

a

spectrum

interference

to

user
other

will
users.

have

to

pay

Neither

the

of

these

cost

of

damage caused

approaches

(particularly

by
in

matters as complicated as the cost of electromagnetic interference) can be
expected to provide an ideal solution, so the relevant issue is what mix of
approaches is likely to be least imperfect.
Interventionist Policies

B.

When a problem of external costs exists, the government may attempt to curb
the

activity

imposing

intervention.

Indirect

the

external

costs

by

one

of

several

forms

of

regulation aims at internalising the external cost by

levying a tax or penalty on the activity which imposes the external cost, thus
-

attempting
Alternatively,

to

p r o v i d e . the

appropriate

disincentive

to

engage

the government may directly regulate interference.

in

it.

The most

obvious means of directly regulating a pollutant is to impose a ceiling on
emissions; for example, air pollution is sometimes regulated by issuing permits
that entitle the holder to emit a defined amount of (say) sulphur into the air.
Alternatively,

regulation

may take the

form of

insisting on the use of a

technology that is thought to keep the harmful by-product

within acceptable

bounds, by that means regulating emissions, for example, by requiring electric
utilities

to

burn

low sulphur coal

and

to

install electrostatic precipitators.

This last approach (controls on technology) is the one that has typically been
applied to regulate spectrum interference, through the specification of power,

antenna location and height and so forth.j5
The specification of input
parameters is used to define implicitly the extent to which .the spectrum user
is authorised to interfere with other spectrum users.
Efforts to curb external costs through government intervention suffer from
several drawbacks.

The fundamental difficulty is that a government agency

generally

little of

has

very

the

information

that

would

be

necessary

to

intervene in a way conducive to promoting an efficient outcome. Here, also,
spectrum appears to be no exception.
In order to determine the pattern of
interference that it would be efficient to permit a single transmission source
to engage in, it would be necessary to assess both the cost of reducing
interference and the cost imposed by that interference on other parties (most
notably,

those spectrum users utilising

relatively nearby).

the same and adjacent frequencies

The number of external parties on whom interference costs

are imposed tends to vary with the frequency and type of use.
The problem is compounded by the disincentive spectrum users have to reveal
to the government the cost of interference. Each user, in order' to improve
his own position, has an incentive to overstate the costs he would incur if
required

to

reduce

the

interference

he creates,

while

at

the same time

exaggerating the cost he incurs as a result of other users' interference with
his transmissions.

It is scarcely surprising, therefore, that those responsible

for regulating spectrum use have sometimes found it difficult to utilise the
economic cost of interference as the basis for regulating interference.

The

regulation of interference implicit in spectrum licences appears to have been
based

largely on engineering conventions.

Because the regulators find it

difficult to consider the economic trade-offs inherent in opting for more or
less interference in individual cases, there is good reason to expect that they
will be unable to produce an economically efficient pattern of i n t e r f e r e n ~ e . ~ ~
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Some radio licencing schemes, most notably satellite and microwave
links, have tended towards the defined emissions rights approach.
discussion of the emission rights approach applied to land mobile
see "And Now a Spectrum Bubble", page 8, Regulation Magazine,
June, 1983.
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To avoid the individual assessment and determination , of a user's
abatement or avoidance costs, a system of standardised parameters is
often used.
The parameters are typically specified in technical terms

fixed
For a
radio
May-

The enforcement of interference regulations can also be problematical.
enforcement

activities

in

spectrum

as

markets,

elsewhere,

are

Since

costly,

a

conscious decision must be taken concerning the resources to be devoted to
enforcement and where they are to be allocated.

Ideally, enforcement would

concentrate on eliminating those violations of interference regulations that are
most costly to society.

As we noted earlier, however, as long as enforcement

is "free" as far as the complainant is concerned, there will be a tendency to
pressure the government into excessive levels of enforcement, leading to the
pursuit

of

interference

problems

of

negligible

significance

relative

to

interference

has

enforcement costs.
C.

Spectrum Property Rights and the Control of Interference

1.

How Private P r o ~ e r t vRights Would Work

Recognition

of

the

difficulties

of

attempting

to

regulate

reawakened

interest in reassessing spectrum management policies.

Particular

interest has focussed on whether the government might play a more productive
role by suitably defining property rights in spectrum, which could then serve
as

a

basis

property

for

rights

spectrum
in spectrum

users

to

would

negotiate
deal with

interference
the

levels.

Private

interference problem

by

allowing a spectrum owner the opportunity to collect compensation for the
interference with his use of spectrum by other spectrum users.

This exerts a

clear discipline on the party creating the interference, since he knows that he
must pay the cost of whatever interference his transmission creates for other
spectrum users.
This dkcipline,

of

course,

does not

mean

that all interference

would

be

eliminated, nor should it be.

Rather, the assignment of well defined property

rights

an

in

spectrum

provides

appropriate levels of interference.

incentive

for

spectrum

users

to

negotiate

Suppose, for example, that interference by

user A violates the property rights of user B, imposing on B a cost of $1,000.
As long as A is required to compensate B for those costs, A will continue to
but their specification, as with many other facets of engineering,
includes technical, economic and subjective factors, and inputs from
individual parties.

interfere only if the cost to him of eliminating the interference is greater
than the $1,000 he must pay B in compensation.

As a result, interference will

be eliminated that is genuinely costly to society in the sense that it is more
costly to tolerate than to eliminate.

But interference that is more costly to

eliminate than to tolerate will be permitted to persist.

In the latter event,

rather than user A continually paying compensation to B for encroaching on
his property rights, it seems far more likely that A and B would enter into a
contract by which B would formally grant A the right to interfere with B's
transmissions, in exchange for a sum of money.

In effect, B would be selling

a portion of his original rights.
One objection to relying on a system of private property rights in spectrum is
based on the concern that these costs would inhibit transactions leading to an
efficient pattern of interference.

To return to the earlier example, if A's

unlawful interference imposes a cost of $1,000 on B, B will not have an
interest in enforcing its property right if the cost of doing so exceeds $1,000,
and in that case the interference is likely to persist.

B has the alternative of

merely threatening to enforce his right as a means of inducing A to enter into
negotiations

to

reduce

the

interference,

but

that

threat

is unlikely

to be

credible if A knows that the cost of enforcement to B exceeds the gain that B
can expect from it.
The preferable outcome would be for A and B to negotiate an agreement bJ
which

B authorises A

to continue to engage in the interference up to a

specified level in exchange for a payment of money.
depends on

transaction costs.

Whether this would occur

The costs of transactions between spectrum

users in negotiating changes in rights to interfere with each other are no less
important than enforcement costs in determining how well a system of private
property rights in spectrum would function.

In order to achieve an efficient

pattern of spectrum use it is important to be able to reconstitute property
rights

through

exchanges

among

inhibited by high transaction costs.

rights

holders,

a

process

that

could

be

Minimisinn Transaction and Enforcement Costs

2.

Some forms of

property rights are likely to introduce substantially higher

enforcement and transaction costs than others.

Rights that are ambiguously

defined may lead to high enforcement costs because of the litigation expenses
in resolving the ambiguities latent in them.

Ambiguous rights may also be

conducive to high transaction costs because negotiations must be directed a t
reaching agreement about the rights that the spectrum users bring to the table
before negotiations to exchange rights can begin.
Definitions of rights that are complex are also likely to increase enforcement
and transaction costs.
number
determine
rights.

of

terms

Enforcement costs will be higher because of the greater

and

provisions

whether a spectrum
Complex

rights

that

user's

definitions

need

to be

monitored

in order to

activities are in compliance with
tend

also t.0

increase

transaction

his
costs

because of the larger number of provisions to be negotiated.
In order for a system of spectrum property rights to perform well, spectrum
rights must be defined in a way that is conducive to low enforcement and
transaction costs, and therefore does not inhibit actions promoting efficient
spectrum use.
value of

But the form in which rights are defined may also affect the

the spectrum use that they authorise, for reasons independent of

transaction and enforcement costs.

It may be necessary, ,therefore, to make

trade-offs between the desirability of, on the one hand, keeping enforcement
and transaction costs low and, on the other hand, encouraging spectrum to be
used in the most valuable way.

In evaluating these trade-offs,

the pertinent

principle is to arrive at a form of spectrum rights that maximizes the value of
spectrum rights net of transaction and enforcement costs.57
57

As Levin noted (the lnvisible Resource, 1971, Harvey J Levin, The John
Hopkins Press):
"Careful prior analysis is needed as to: how certain the rights can
become before rendering market transactions impractical, how far the
inputs must be specified to reduce the uncertainty; and how costly and
impractical such input specification would
itself render
market
transactions.
What one presumably wants is enough input specification
to eliminate extreme uncertainties and make the rights readily

Default Limit

3.

a

Whatever form of

property

rights is adopted,

the specific content of

the

property rights embodied in the government9s initial offering must be defined.
If

transactions

would

be

were

costless,

inconsequential,

this

original

specification

because imperfections

of

property

rights

in the initial definition of

rights would be costlessly "corrected" through negotiations among right holders
acquiring the initial distribution.

But if transaction costs exceed in some cases

the potential gains from reconstituting the originally distributed
system will display a certain amount of

rights,

friction: the "final" set of

the

rights

emerging from transactions among spectrum users will depend in part o n the
specific content of the rights that are initially distributed.
Thus,

how

well

private property

rights allocate spectrum

is likely to be

influenced by how well the government can anticipate the rights that would be
most useful to spectrum users.
rights

permitting

no

From that standpoint, an initial definition of

interference

would

be

undesirable.

Issuing

rights

authorising a continuation of interference patterns observed at this time should
provide a better starting point for negotiations.
The specification

of

this starting point,

that

is the

maximum

amount of

interference that spectrum users are allowed to generate either outside of the
frequency band or area they have acquired rights to, can be characterised as a
default limit.
A default

limit

for each unit

of

spectrum sets an

upper

interference that can be created by the owner of that unit.

bound

o n the

If that limit is

exceeded, those suffering as a result would have the right, as a last resort, to
take the party causing the interference to court and obtain redress.

Appendix

IV discusses the enforcement mechanism that would be required for this to

work effectively, and the action that would be taken.

In particular, the option

marketable on that score without at the same time raising enforcement
and exchange costs substantially relative to spectrum value o n other
counts.
Far more work is needed on this crucial issue, largely ignored
in the recent discussions".

of an immediate injunction to stop the interfering party's

activities would be

available.
It is likely that a better solution to the interference problem would be found
by the parties involved negotiating a change in the level of the default limit
rather than going to court.

One party might be prepared to pay another party

to modify and improve his reception equipment, for example.

The default limit

would always be there, enforceable by law, if negotiations should break down
or

do

not

occur.

If

new

contracts

interference limit, the re-negotiated

are

drawn

up

which

change

the

terms would then apply in any subsequent

resale of spectrum rights.
D.

Options for Defining Interference Rights

In evaluating the various options for setting default limits it is important to
assess the extent to which different types of limits will be easy to monitor,
will be economic to enforce, and will result in certainty about the level of
interference likely to be experienced by spectrum rights holders.

How these

limits are determined initially will have a significant influence on the extent of
re-contracting that is required before spectrum can be efficiently used.
It is important to distinguish between limits on out-of-band
emissions.

and out-of-area

In each case there are three factors which must be considered; the

size of the unit to which the limit is applied (be it a frequency band or a
geographical area), the measure by which the limits are defined (for example,
-

the power of the signal on adjacent frequencies or the field strength over an
area), and the levels at which these measures are set.
different options for defining these

limits,

and

This section discusses

offers recommendations on

dealing with the interference concerns discussed.

Radio emissions are normally categorised by the frequency, or more correctly
the

band

of

frequencies they

occupy.

For

occupies the frequencies from 44 to 51 MHz.
has the characteristic

that,

if

example,

television channel

I

A technically ideal linear system

its input signals are limited to a band

of

frequencies F1 - F2 then the output of the system will be limited to that same
band of frequencies (FI

-

F2).

Thus, an ideal. antenna can pick up many

television signals and relay them all to the television set without mixing the
information in one band with the information in another band.
such systems to pass separate frequency bands without

The ability of

mixing the signals,

together with their ability to select one band while rejecting others, makes it
nstural to divide up the radio spectrum into frequency bands.58
However, real world transmitters do not limit their power perfectly to their
assigned bands.
tapering off

Radio energy' normally appears in directly adjacent bands

in strength as frequencies become further separated from the

assigned band.

The level of such emissions can normally be controlled through

the installation of filters at the transmitters.

However, such filters can be

expensive and can distort the transmitted signal.

Hence, it is normal practice

to filter emissions appearing in adjacent bands only to a reasonable degree.
Most radio

regulatory systems, New Zealand's

included, set limits on such

emissions, frequently described in terms of an "emission mask".
Setting rules which prohibit any out-of-band

radiation is unrealistic.

limits should be set which lead to economic outcomes.
of setting such limits.
radiation.

Rather,

There are several ways

For example, a flat limit could be set on out-of-band

I

Depending on the level at which it is set, such a flat limit will

either constrain

usage on a few channels near the boundary of the band

concerned or allow levels of interference to spill over into adjacent bands
which affects the value of their channels near the band edge.

I,

An alternative

approach would be to set a tapered limit corresponding to the out-of-band

I

emission that would be generated by a station operating near the band edge.

b

Emission

9

masks

generally

set

tapered

limits

on

emissions

appearing

on

frequencies removed from the carrier frequency.
Consider one specific example
band.
58

-

the cellular A band licensed as a nationwide

Two rules could be adopted for setting limits on out-of-band

radiation.

Non-linear effects in electronic systems lead to the mixing together of
signals in different frequency bands.
For some subsystems (e.g.
modulators), this provides the essential part of their function. For many
other systems, such . a s amplifiers, the non-linear effects lead to
harmonic distortion, cross-modulation, intermodulation, etc.

n/e/r/a
95
One rule would be to take the current limits on out-of-band

radiation for

cellular59 and impose those limits on the new property rights.

The second

rule would be to set an absolute limit on out-of-band power.

Such an absolute

limit would restrict the operation of cellular radios near the edges of the
cellular band.

For example, if the limit were set at -43 ~ B W ~ O this
,
limit

would be tighter than the existing North American limit for radios operating
on the three channels closest to each band edge.
There are, of course, several ways to regain full use of these channels.
equipment

may

operate

better

than

the

existing

regulatory

limits

First,
require.

Second, slightly exceeding the -43 dBW restriction a t the band edge may not
cause any harmful interference.

Third, the band licensee could negotiate with

the licensee of the neighbouring band for a mutual agreement on accepting
out-of-band

interference.

In traditional radio engineering terms, the licensees

would co-ordinate their use of adjacent frequencies.
The

question

relatively

of

whether

unconstrained

the

limits

set

initially

is an important one.

If

should

be

restrictive

or

restrictive limits are set,

spectrum users are able to begin services immediately (within those limits) with
reasonable knowledge of the interference they can expect.

If more relaxed

limits .are set (with greater uncertainty about eventual levels of interference),
then negotiations would probably have to take place before spectrum can be
used effectively.

When deciding the restrictiveness of out-of-band

limits, the

aim should be to reduce the need for immediate and substantial re-negotiation
once spectrum rights have been distributed.
adopting

as

a

starting

point

the

By and large, this can be done by

out-of-band

constraints

used

in

radio

regulation today.
59

The rules governing cellular (in North America) do not specify out-ofband emissions.
However, they specify transmitter frequencies and
provide an emission mask for each transmitter.
An emission mask
applied to a transmission on the frequencies nearest the band edge
provides a limit on out-of-band emissions corresponding to .today's
practice.

60

This value, -43 dBW or 50 millionths of a Watt, is the value currently
used in most radio regulation to limit undesired emissions a t frequencies
removed from the carrier frequency.
Thus, it corresponds both to
current (generally successful) practice and the performance of equipment
sold in international markets.

Concerning the size of the frequency band for which rights are defined, the
wider

the

frequency

bands

are

the

less out-of-band

limits

constraining effect on the use of channels within those bands.
negotiations

between

spectrum

users who posses rights

bands will be much diminished.

will

have

a

The need for

for wide frequency

As we discuss later, there is a strong case for

defining property rights in the spectrum in terms of relatively wide frequency
bands guided by the current channel widths and use of spectrum bands in New
Zealand.
Qut-of-area Emissions

2.

In defining out-of-area
difficulty of
provide

-

the

determining a simple measure of interference which will also

spectrum

interference

emission limits two types of problems arise

they

users

with

a

reasonable

might be subjected to,

degree

of

certainty

and the difficulty

about

posed

the

by the

distance which signals travel, which may lead to high negotiation costs.
a.

Formulating a simple measure

We have evaluated five different methods of defining constraints on out-ofarea emis~ions:6~
No constraints, except that the transmitter must be located within a
specified area;
Constraints on Equivalent Isotropic Radiated Power (EIRP);
w

Boundary line and curtain constraints;

rn

DeVany's area field strength constraint; and

rn

Reference systems.
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Listed in ascending order of definitional complexity,

No constraints
One alternative is to set no constraint on out-of-area

radiation, save those

constraints set by the physical location of the transmitter.
licensee is constrained with respect to out-of-band

In this model, a

power and the licensee's

transmitters must be located in the specified region.

But, there is no other

limit on power transmitted into adjacent geographic regions.
Rights are defined, but much recontracting would have to occur to obtain
acceptable levels of interference.
enforcement effort (simply a
located

This approach does not require significant

means of

establishing that the transmitter

in the defined region), but it creates a large one-sided

is

range of

uncertainty around region borders, from about 300 kilometres for television,
about 200 kilometres for FM radio and to about 150 kilometres for land
mobile62.
Limiting the EIRP
Constraining the EIRP sets a limit on the "brightness" or power of a signal
generated in a geographic region.

This limits the interfering signals which

would be received in adjacent geographic regions.
simple

-

the

transmitted

signal

level

can

Enforcement is relatively

be

measured

close

to

the

t r a n ~ m i t t e r . ~ ~Other advantages include the fact that measurements need be
made in only a few places and can be made at locations served by road, hence
cutting costs. . However the EIRP limits are set (high or low), substantial
recontracting would be required near region borders.
no constraint

is placed on transmitter

This is especially true if

location within the specified region.

62

Note that New Zealand is only about 1,500 kilometres from the tip of
the North Island to the tip of the South Island. If New Zealand were
divided into three equal regions for television, only about 25 percent of
the land area would lie outside zones where negotiation was required.
Similarly, if we defined 4 FM radio regions, only about 25 percent of
the land area of New Zealand would lie in a region where bargaining
was not required.
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Or calculated given knowledge
measured transmitter power.

of

the

antenna

characteristics

and

For example, a transmitter located on the border would clearly have much
higher potential interference consequences for the adjacent spectrum user than
one located near the centre of the region.

The effect of this is to lead to

uncertainty around region borders, although less uncertainty is caused than in
the no constraints case described above.
Boundarv line and curtain constraints
Boundary line constraints set a limit on, for example. the maximum total field
strength in the band of interest at points ten metres above the ground along
the geographic boundary between the two regions. Key issues include:
w

Measurements would have to be made at many remote locations, unserved
by roads.64 This will be expensive.

m

In

many

cases,

this

approach

does

interference beyond the boundary.

A

not

satisfactorily

transmitter

constrain

located on a high

elevation, for example, might meet a restrictive boundary constraint, and
yet generate harmful
boundary.
limit

on

interference

100 or 200 kilometres beyond the

In other words, although a boundary line limit does fix the
interference a t

that

line,

it

does

not

necessarily

tell the

spectrum user anything useful about the level of interference he might
expect throughout the rest of his region.

Whether a boundary line

approach creates less uncertainty than the EIRP limit approach described
above is unclear.

In both cases, spectrum users will need to predict in

advance the maximum level of interference that might be associated with
each

limit

transmitter).

(mainly

dependent

on

where

their

neighbour

sites

his

In both cases, though, the range of possible outcomes will

be less than if no constraints at all were adopted.
The boundary curtain approach generalises the boundary line approach.

It

sets, say, a field strength constraint along a curtain running along the region
boundary. Key issues include:
64

Note region boundaries would typically lie in remote areas of low
population density.
Negotiation problems are increased if boundaries go
through population centres.

This approach creates more difficult, expensive measurement problems.
For example, the measurements, might have to be made in rural areas
from helicopters.
This approach may eliminate more uncertainty than the cases discussed
so far, but does not remove it completely.

A boundary curtain that can

accommodate a high power station just over the radio horizon, which
causes no interference, would
elevation

which

does

cause

also allow a nearby station at a high
interference.

Or

conversely,

if

it

(reasonably) limited the nearby station, it would (unreasonably) limit the
distant station.
Field strength constraints
DeVany et al(j5,

proposed a limit on the field strength generated anywhere

outside the allowed region.

This has the advantage that measurements can be

made wherever interference is occurring
roads.

It

has

the

-

typically a place easily reached by

disadvantages mentioned

by

Hinchman

that

it creates

substantial regions where either:
there is uncertainty about potential interference, or
transmitters are very limited in the power they can transmit.
-

As with all the limits described so far, re-contracting is needed to cure these
faults.
Reference svstems
The concept of the reference system is to use a specific transmitter and a set
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Property System for Market Allocation of the Electromagnetic
Spectrum': A Legal-Economic - Engineering Study', DeVany A.S., Eckert
R.D., Meyers, C.T., O'Hara O.J. and Scott R.C., Stanford Law Review,
vol 21, June 1969

'A

of subject receivers to define the limits on the interference which can be
generated by a system operator.
The

first

specification

step
of

is

to

those

define
technical

the

reference

parameters

transmitter.

of

This

requires

the transmitter which

a

affect

interference. Normally, they would include:

-

carrier frequency or frequencies
allowed modulation

-

power

-

location
antenna pattern
antenna polarisation
antenna height

Next, the set of reference receivers are defined.

Typically these are the

receivers served by other reference transmitters when the rights are initially
distributed.
The system operator is restricted to generating no more interference to the
ieference receivers than does the reference t r a n ~ m i t t e r . ~ ~The standard for
calculating

if

excessive

interference

is

being

generated

is

"predicted

interference" using the most recent CCIR recommendations.
What are the strengths and weaknesses of tIiis approach? It strengths include:

-

it

-

regions,
it allows

allows

introduction
property

of

rights

market
to

be

forces
matched

in
to

small

geographic

traditional

radio

licences,
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Notice that this concept is similar to "Alternate Type Acceptance" as
outlined in the FCC's Further Notice of Proposed Rule Making in
General
Docket
85-151
(Technical
Flexibility
in
the
Mobile
Communications Services) Released March 22, 1988).
It is also quite
similar to the concepts put forth in "A Framework for a Decentralised
Radio Service", FCC-OPP staff report by Alex Felker and Kenneth
Gordon, September 1983.

-

it provides a mechanism for assessing if a change in operating

-

parameters violates rights,
it allows property rights systems to take into account features of
current spectrum management policies, such as carrier offsets in
television, which would be ignored in less specific rights systems
such as the DeVany TAS units.

Its weaknesses include:

-

the CCIR models are only approximations to reality, and so they

-

will not predict actual interference perfectly,
it appears complex

Are these weaknesses severe?

And, how would such a system cope with the

practical problems of system evolution and technological change?
In our judgement the weaknesses are not severe.

While CCIR models are only

approximations to reality, they are the planning tools we use today, and they
are the planning tools system operators will have to use in the future.
large, they work reasonably well.

By and

In those occasions when they fail properly

to predict interference effects, additional negotiation may be needed to achieve
economically efficient outcomes.
As to complexity, Agnew, et al., discussed the trade-off

between engineering

models and physical measurement in their proposal for frequency co-ordination
-

in FM broadcasting when they stated:
".........it should be pointed out that all these calculation methods are
used because the field measurements needed to determine the actual
signal level are too expensive for routine use.
The problem is a
statistical one. Because signal strengths may vary considerably from one
time or place to another, many measurements must be made to pin down
the contour of a single station.
If it is necessary to compare
interfering signals to desired signals, the problem is even more difficult
because the interference may not always be present.
In order to
achieve a sufficiently high probability of detecting rare and weak

interference,
required.67

continuous

and

extensive

monitoring

of

the

channel

is

The reference system approach copes reasonably well with changing demand
and changing technology.

Consider first, changing technology.

A new method

of television modulation, which creates no additional interference to co-channel
receivers, could be adopted immediately.

This is exactly the model which

applies to improvements such as teletext and television stereo.
A land mobile example would be the replacement of a 25 KHz FM transmitter

with two, lower-power AM or ACSB systems operating in the same band, and
creating equal

interference to the

nearby systems (which,

in this example

would probably be other FM land mobile systems).
Changes in demand are dealt with slightly differently.
clear

that

much

higher

power stations served

the market

stations described in the original reference system.
buy

the

rights

combine them

to

several

geographically

Suppose that it became

A

than

the

A system operator could

neighbouring

into a single super system.

better

systems

a n d could

higher power station could

operate at the centre of this region and still meet the interference constraints
outside the region.
Conclusion
The

DeVany

area-wide

field strength

constraint and
1.:

the

reference system

approach offer a significant reduction in uncertainty over the other possible
approaches.

The no constraints, EIRP limits, and reference system approaches

are the least costly to enforce.
measurement, are more expensive.

The other approaches,

requiring physical

The DeVany approach is probably the least

costly of the three measurement based approaches, since measurements would
probably only need to be made at sites receiving interference.
likely

to

reduce

uncertainty

more

than

the

other

Since it also is

measurement

based

approaches, we are left with a choice between the DeVany and the reference
system approach.

67

The reference system approach can provide a reduction in

Agnew, et at., Economic Techniques for Spectrum Management Final
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uncertainty and the need for bargaining, but may result in less flexibility in
spectrum use than the DeVany field strength approach.
Although

there

is

no

obvious

"correct"

method

of

setting

out-of-area

interference limits, the reference system approach has its attractions because,
in addition to its potentially lower cost, it is closest to methods currently used
and hence would relatively easy to introduce.
Specification of rights in terms of some predetermined reference system gives
what we call "flexible spectrum products".

For example, for an FM radio

product, the allowed transmission area would be defined to be the region inside
the predicted reliable service contour around the reference transmitter and out
of area interference limits would be set so that every person entitled

to

operate an FM receiver inside the predicted reliable service contour of any
other reference transmitter would receive no more interference than would be
generated by the reference system.68

The Annex to this report describes in

more detail how spectrum products would be defined in the case of FM radio.
b.

Propagation over great distances

Under normal conditions a television station can create interference with the
reception of another television station transmitting on the same channel but
located
!

i
I
!

300

kilometres

away

-

in

conditions

of

anomalous

interference can occur at substantially greater distances.
normally

operate at

lower

powers

stations located closer than about

and

create

FM radio stations

interference

150-200 kilometres.

propagation,

with

co-channel

Land mobile stations

operate at lower powers still and interference is normally . seen only if cochannel base stations are closer than
characteristics
boundaries

can

cause

difficulties

120- 150 kilometres.
in

defining

for spectrum rights and the out-of-area

These propagation

appropriate

geographic

emissions limits to be

applied to those boundaries.

68

The CCIR rules would be used to generate predictions of
contours and to calculate the interference standard.

protected

Regional band licences
Suppose, for example, we divided New Zealand into geographical regions for
the purpose of granting spectrum rights delineated in both space- and frequency

-

similar to the Time-Area-Spectrum (TAS) rights of DeVany et al.

-

one possible boundary line

Consider

the 39th parallel of latitude, which runs from

Wairoa on the east though Tuangi and to New Plymouth, neatly splitting the
North Island into two roughly equal parts.

Assume one licensee, the north-

North Island licensee (NNIL) holds the rights to transmit in a U H F band north
of that line.
What can be said about the restrictions on this licensee's use of the spectrum?
One way to set the rules would be to set no limits on out-of-area

radiation.

Under these conditions, the NNIL would be able to operate television stations
which might ,create harmful interference almost anywhere in the North Island
perhaps even down to Blenhiem and Nelson in the South Island.

-

Clearly the

NNIL would have to co-ordinate frequency use with the licensees throughout
the rest of the North Island, and perhaps with some in the South Island as
well.
Another way to set the rules would be to prohibit the NNIL from generating
any harmful interference to stations operating south of the 39th parallel.

This

would eliminate all uncertainty, but would substantially restrict the operations
in the north-half of the North Island until negotiations between NNIL and the
rights holders to the south authorised NNIL to spill over some radiation into
their

area.

neighbours

Practically speaking,
to

the

south

for

NNIL

every

would

facility

it

have

to negotiate

wanted

to

with its

operate

serving

Auckland and everything south of Auckland.
The problem here stems not from the difficulty of defining a standard on the
border.

Rather,

it

flows

from

transmissions travel a long way.

the
If

fact

that

television

(normal

power)

television

transmissions only went 20

kilometres, then the affected area near the boundary would be quite smallonly a few percent of the area of the North Island.

However rights are

defined,

interfere

licensees

whose

stations

are close enough

to

with

one

another

may

benefit from negotiating

new

interference rights.

Either the

limits can be set low, and thus require negotiations before operating, or the
limits can be set high, and require negotiations to eliminate interference.
Local band licences
Although the negotiation costs might not be prohibitive in the example given
above, where two owners of spectrum rights for large regions would have to
bargain with each other to maximise the value of their spectrum, these costs
increase considerably when

we consider localised areas.

This is important,

because much of the end-use demand for spectrum tends to be for local rather
than regional assignments.
The provision of an FM radio station in Hamilton provides a good example.
Consider a region 100 kilometres on each side69, centred in Hamilton.

We

could define a local spectrum right in this area.

If restrictive out-of-area

interference constraints

prevented

operator

from

were

generating

set

(constraints

interference

outside

which
of

the

the

Hamilton

Hamilton
area)

the

Hamilton operator would be so constrained that he or she might not be able to
operate an economic FM service without prior negotiation.
Conversely, if the out-of-area interference limit was set high enough to allow
operation of

an FM station covering the Hamilton urban area, interference

would be generated

inside the local

New Plymouth, Taupo, etc.

regions containing Auckland, Tauranga,

And, if interference rights are defined in the same

way for all local areas, operators in each of these areas could potentially
generate an interfering signal in the Hamilton area.
This problem

is not

intractable.

Hamilton, Tauranga, etc.
transmit

and

who would

The various rights holders in Auckland,

could negotiate an agreement determining who could
stay off

the air to avoid

however, that these negotiations could be complex.

69

interference.

Notice,

If we were considering a

A region 100 kilometers on a size is small relative to New Zealand, but
is still large enough to give the rights holder considerable freedom in
locating an FM station.
It seems like an appropriate size for a "local"
region.

mesh of

100 kilometre square areas, and if interfering FM broadcast signals

only travelled

150 kilometres, each rights holder would have to negotiate with

the rights holder for eight other areas in order to operate a station in the
centre of his or her area.

If interference reached 200 kilometres, each rights

holder would have to negotiate with 20 other rights holders.

In the real

world, FM broadcast interference typically reaches well beyond 200 kilometres.
Alternatively,

prospective

F M broadcasters could purchase

in

advance

the

rights to sufficient area blocks in order to ensure that their signals met the
interference constraints at the border.

This could, however, involve a complex

auctioning process and would lead to the scope for opportunistic bidding for
single blocks.
In

conclusion,

the

problem

of

defining

local

boundaries

and

out-of-area

emission limits is much less tractable than that of defining band widths and
out-of-band

limits.

Although it would be possible to define rights for large

regions with a low risk of incurring high negotiation costs, these seem unlikely
to be very useful in the context of New Zealand's likely spectrum demand
pattern.

Negotiation

costs increase significantly whichever

emission rights are defined for local areas.

way out-of-area

For this reason, local area demand

may be best met by rights defined in terms of a tighter specification of
outputs than that proposed in more generalised (output-based) property rights
approaches.
E.

Equipment Authorisation

r.'c

Another approach to the control of interference is via the use of an equipment
authorisation programme.

A system of property rights will not easily deal with

interference

caused

receivers

equipment.

Equipment authorisation can be used to reduce interference caused

by

or

by

other

electrical

by radio apparatus, and electrical and electronic equipment.
used

to

allocate

the

responsibility

(and

liability) for

between the manufacturer and the licensee/operator.

and

electronic

Second, it can be
harmful

interference

Third, it can be used as

.

a

quality

control

programme

to ensure

that

radio

transmitters essential

to

health and safety of life are properly designed.70
Interference control
Well designed

equipment

bandwidth and stability.
transmitter
outside

that

the

will

circuitry

that controls output power,

A manufacturer might want to design a less expensive

incorporates

allowed

contain

less expensive

bandwidth)

or

less

filters (thereby
expensive

frequency

circuitry (thereby allowing drift into the adjacent channel).
cases, interference to other licensees might result.

emitting

energy

stabilisation

In each of these

An equipment authorisation

programme can counteract these incentives.
Allocation of res~onsibility
Interference may cause harm to other parties that can be taken into account
in the award of compensation by a court of law.
responsibility

for

harmful

interference

falls

operates a transmitter improperly or illegally.

on

the

In most instances, the
operator/licensee

who

However, the operator should

not be held responsible if the manufacturer fraudulently warrants that a noncompliant product is designed properly.

An equipment authorisation programme

can help a court of law decide whether the manufacturer or the operator is
responsible for a case of interference.
Oualitv control
Performance quality is usually a contractual matter between the manufacturer
and operator.

However, there may be some kinds of radio equipment that are

deemed so essential for the public welfare that this quality decision is preempted by government regulation.

This might be the case for radios and

radars on board commercial aircraft, passenger vessels and ships at sea, for

70

It can also be used as an import
manufacturers against foreign competition.

barrier

to

protect

national

lo8
w e would expect that these requirements would be most important

example.7 1

in the case of individuals and small organisations buying equipment, because
they may lack the expertise to evaluate the quality of radio equipment.
Equipment

authorisation,

therefore,

negotiation and enforcement.

reduces

the

costs

of

interference

One of its disadvantages is that it can be used

as a barrier to entry into a market, especially if the standards set differ from
those set in major world markets.

As such they form an artificial barrier to

trade and are likely to result in higher equipment costs than would otherwise
be the case.

However,

it is our understanding that standards set in New

Zealand by and large conform with the standards set by international bodies
(e.g.

CISPR), and as such are very similar to those in the major developed

countries.
The

other

potential

disadvantage

we

see

with

an

equipment

authorisation

programme is that it limits consumer choice, and could mean consumers are
purchasing equipment that is more costly and of a higher technical standard
than would be the case in a free market.

Against this, the standards provide

a mechanism for internalising the interference externality that might be caused
through the purchase of poor quality equipment, and it absolves the consumer
of

having

to

acquire

(possibly

at

considerable

expense)

the

information

necessary to know the apparatus he is purchasing will perform as he wishes.
In

New

Zealand,

the

RFS operates an

equipment authorisation

whereby equipment manufacturers or importers are granted
sell

a

radio

transmitter/emitter,

complies with certain standards..

after

first

showing

the authority to

that

the

equipment

The Standards Division of RFS tests radio

transmitting apparatus and interfering equipment (i.e.
appliances and equipment).

programme

electrical and electronic

In both cases two forms of compliance exist: type

approval (where testing is carried out in R F S s laboratory and the results
evaluated)
evaluated).

71

and

type

acceptance (where

the

tests of

another

laboratory are

On the basis of the arguments just outlined, there would seem to

The International Convention for Safety of Life at Sea has detailed
technical performance requirements for radios and direction-finding
equipment that cannot be satisfied without an equipment authorisation
programme.

be

a

strong

case

for

continuing

with

such

an

authorisation

programme,

particularly as a means of reducing the costs of interference control.

RFS has also established performance standards for communications equipment

-

such

as

broadcast

television

sets

and

cellular

radios.

Typically

these

standards govern far more than the interference potential of the equipment;
they specify details of the modulation and signalling which affect performance,
not interference to other systems.

Such activities are not, strictly speaking,

spectrum management functions, but rather they can be considered as market
stimulating activities or as a form of consumer protection.

As such they are

not essential to spectrum management and so fall outside the scope of this
study.

F.
In many

Congestion Limited Services

there is no limit on

radio services,

the number of

transmitters

authorised.

The regulators provide no guarantee that there will not be other

interfering

transmissions,

yet

such

services

generate

substantial

value.

Consider radio services such as citizens* band radio or cordless telephones.
exclusive licences are granted

- yet substantial value

This approach to economic organisation,
unique to spectrum.

No

is delivered.

that is congestion rationing,

is not

Use of land in major urban areas contained in roads,

parks and greenbelts is typically controlled by congestion.
The efficiency of congestion rationing depends upon the cost of usage metering
or the cost of the exclusion mechanism compared with the cost of congestion
and the size of the costs imposed by the congestion externality.
neighbourhood

roads,

For local

which are rarely congested and where collecting

tolls

would be expensive, it is clear that congestion rationing is more efficient than
some form of metering and exclusion.
air

routes

into cities,

congestion

On heavily travelled bridges or on key

rationing

is often

less efficient

than

a

market-based system.
The same principals apply to spectrum use.
mechanism

for citizens'

band

Any complex congestion control

radio would cost far more than the benefits

generated.

Similar observations apply to cordless telephones or garage door

openers.

Also the interference costs imposed on other users are not high in

the latter two cases, because of the low power of the services.72
In

general,

the

congestion-limited

or

non-exclusive

approach

to

spectrum

from

possible

management seems appropriate in the following circumstances:

-

where

-

interfering systems. (e.g. CB radio on farms),
where the radio system has been engineered

-

congestion-limited environment (e.g. packet radio), and
where the value derived from the radio system is less than the

the

radio

will

be

located

at a distance

to operate in a

cost of congestion control.
In the market environment, there may be an undersupply of spectrum set aside
for congestion limited services.
service

were

created

in

the

For example, suppose a new citizens'
UHF

and

became

quite

popular

in

band
several

countries, leading to the availability of effective, low-cost equipment, supplied
by many firms.

Who would buy the rights to operate this service in New

Zealand? Equipment manufacturers or importers might.

Certainly, if there were

only one such firm it would have the incentive to buy the necessary band,
dedicate

it to

equipment.

the CB service, and reap

its rewards through

the sale of

But, if there were many manufacturers and importers, they might

find it difficult and costly to reach agreement on dividing up the cost of the
spectrum.

Market failure can occur.

In these circumstances there is a role

for government to purchase the spectrum needed to create such regions, just
as,

for

example,

the

government

pays

construction

companies

to

build

highways.
If we could predict the regions best suited for such service, then we could
recommend that they be set aside now.

However, we cannot identify any such

bands with sufficient certainty to recommend setting any specific band aside
for congestion limited services.
72

Several new radio technologies or systems have been developed which
were designed with congestion limited operations in mind, such as the
new second generation cordless telephone (CT2).
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POLICY OPTIONS

VJ.

Formulating spectrum policy can be viewed as making choices a t three levels.
Most broadly, there is a choice between continuing administrative regulation of
spectrum use and moving in the direction of relying on markets to allocate
spectrum and control interference.

Second, market forces can be introduced in

a variety of ways; the choice among them corresponds in large measure to the
extensiveness with which regulation is replaced by market forces.
the decision

Third, if

is made to institute spectrum markets, there are a number of

ways of managing the transition from the current system.

In this chapter we

draw together the discussion so far, summarising the likely costs and benefits
of the main choices at all three levels.
A.

Regulation Versus Spectrum Markets

1.

Introduction

Spectrum use can be determined by government regulation o r by the operation
of spectrum markets in which the government intervenes little o r not at all.
A

fundamental

difference

between

the

two

approaches

is

that

decisions

concerning the use of spectrum are centralised under a regime of regulation
and are decentralised when individual users engage in free-market transactions
among themselves.
incentives

This difference is important, because the information and

influencing

spectrum

decisions

are

likely

to

differ

considerably

between the government regulator on the one hand and individual spectrum
users

on

the

other.

basic

A

incentives and information

-

consideration,

therefore,

is

which

set

of

the regulator's or the individual spectrum users'-

will lead to a more efficient use of spectrum.73
The

current

system

closely

regulates

the

utilisation

of

spectrum.

The

government decides the general use to which various parts of the spectrum are
to be put (e.g.

73

FM sound broadcasting, land mobile), the geographic scope of

To frame the policy choice as one between administrative regulation and
markets is, of course, a simplification. The government could continue
to regulate some aspects of spectrum use, while leaving others to be
decided by users through mutual negotiation and market transactions.

individual spectrum licences, the permitted levels of out-of-area

and out-of-

band interference, and the spectrum that is to be held in reserve for future
potential uses.
spectrum

in

It also designates those parties who are authorised to use
conformity

with

the

approved

general

use,

territory

and

interference levels.
Each of these atlocative decisions
by spectrum markets.

-

separately or collectively

-

could be made

The rights to use spectrum in a designated way could

be traded, so that which party obtains a particular right is determined by who
is willing to pay most for it,

rather than the choice being made by an

In a parallel fashion, as long as spectrum rights can

administrative process.

be geographically divided and aggregated, a market can determine whether the
righrs to use a frequency band are carved into many local rights or a few
large

regions.

they

could

Rather

instead

than

be

the government controlling

determined

through

private

interference levels,

negotiations

among the

affected parties.
To formulate a successful spectrum policy, the government must make a careful
assessment of which

decisions toconcerning spectrum

use it is in

the best

position to make and which decisions it can productively delegate to market
participants.

The optimal policy might involve decentralising some decisions

concerning spectrum use while continuing to leave other decisions with the

government.

For

example,

the

government

might

continue

to

regulate

in'terfwence levels and how, generally, various spectrum bands can be used, but
make

the

rights

to

use

spectrum

consistent

with

this

regulation

freely

transrerable among users,

Perhaps the most apparent advantage
i t enables dec'isims ro be

r c d

the regulatory lappr~achi s that, since

cen'tralised, the a-ordination

suitable Vevels olf $ n k r M m c e avoids

the

transaction

necessary to ;achieve
costs .that WWM be

involved if numerous private parties had to negotiate with each hother to t h a
end.

The signXkiance of this advantage depends, of c a m e , on &e

~ r i v a t e rtransactbn costs.
pr'ivate

mafkers

gave

size (of

The advantage might prove to b e .insigni.&imn,t ;if
rise

to

its'tiMri-ons That

would 6miIariy

centdlise

decisions concerning permissible interference levels.
lead to the emergence of spectrum "intermediaries"
large

blocks

of

spectrum

in

order

to

Spectrum markets might

-

agents who would buy up

subdivide

them,

establish

desirable

interference levels, and then sell those rights to spectrum users.
Against

the

regulator's

advantage of

being able to co-ordinate

interference

levels centrally must be weighed the consideration that regulators often have
little of the information that would be necessary to determine economically
efficient levels of interference.
on

the

cost

of

reducing

That determination would require information

interference

interference on other spectrum users.

as

well

as

the

cost

imposed

by

The theoretical advantage of centralised

co-ordination of interference is of limited value if much of the information
needed to exploit that advantage is missing.
The other key feature of government regulation is the structure of incentives
to which a regulatory agency is exposed in making allocative decisions.
agency is inevitably influenced by political "markets".
be confronted
treatment

with

incentives to institute a

to other parts of

spectrum from

incumbent

policy

An

The agency is likely to
that

gives preferential

government and also to resist re-allocation

users,

because of

the general tendency of

of

those

parties benefitting from the status quo to exert greater political pressure than
those who would benefit from a change.

As a result, the allocative decisions

emerging from political markets may deviate considerably from an economically
efficient allocation of spectrum.
Political

markets can also give rise to another form of waste.

Offering

spectrum at prices below its market value creates the prospect of windfall
gains for those users who succeed
prospective
regulatory

users

are

encouraged

in obtaining the rights.
to

agency to make a decision

employ

resources

favourable to them.

to

As a result,
persuade

the

The resources

consumed in these efforts to influence government action are socially wasteful,
and are neither necessary nor even particularly likely to be conducive to an
efficient allocation of spectrum.
Serious problems can also arise in trying to reconcile spectrum regulation with
the promotion of fair competition in markets for services reliant on spectrum

inputs.

The potential conflicts are particularly visible in the plan to allow

competition in broadcast television, but similar problems are likely to arise in
FM radio arid telecothmunications.

In each of these uses, some patts of the

spectrum dre seen to be more desirable than others.
af

Spectrbm

to

competing

users

is

bound

to

Any regulatory allocation

lead

to

claims

that

some

coinj>etitors are beidg handicaofied by inferior allocations.
How a Market would Work

3.
A

ti.liifket's most consPicuobs advantage is that deeahtralisation allows those

pdrti'es who have the best information,

the individual users, to make the

dedision's that deMi-ihine spectrum allocation.

Whether a channel would be of

gii%t& value if i t is erfipioyed for FM souhd bibadcasting rather than for land
nidbile communicatiohs

can

be difficult for an outside observer to assess;

individtial users, however, will have a good idea of how much the channel is
Wdfth to them and will disclose that value through the price they are willing
t'b pdy tor the right to use it.

THZ fnfsoihatioiibl advantages offered by spectrum markets are Iikeiy to be of
even &
%
t' etr

iikpdrtafice id fnore difficult aspects of s p e c t r m allocationL

A

S@@ckkuiMadiilinistratok is not ih a g o d bositi.on to assess whether dividing the
rights to use a baild into a large nurhber of small gefigtaphic areas is superior

'to a 'few iakge areas. kor example, it is difficult for ati outsider to assess
whgtiier an FM band would be mcke valuably used to provide local statiohs or
fegidnal statiohs. h i s is the kind of dkdsion that 'a mai&'t is well suited to
make;

t o c d stations will &merge if the Collectiv(e price offered for those local

rf'g'hts 'excetds 1h.e vii?&a Wg'iona! broadcaster is willing to phy for thein.

with

whom

negotiations

are necessary,

then

efforts to achieve economically

efficient interference patterns will be inhibited.74
If spectrum intermediaries d o emerge, they will not face the same difficulties
as government
decisions.

regulators in obtaining the information needed

for efficient

An important difference is that users would not have the strong

incentive to provide misleading information that they would when interacting
with

a

government

interference
generally

agency

that

does

rights it confers on them.

be

interested

in providing

not

"charge"

them

for the

valuable

In a market setting, users would

accurate

information, since it is most

likely to allow the intermediary to provide them with the rights that are most
useful to them.
4.

Social versus Private Values

It is also necessary to examine closely the question of whether spectrum users*
incentives are compatible with allocating spectrum in the most socially valuable
way.

The general preference in western economies for unregulated markets is

based on the conclusion that, as a general matter, the incentive to maximise
profits does lead to an economically efficient allocation of resources.
widely

recognised

that

exceptions can occur when

spectrum use deviates from its private value.

the

But it is

social value

of

a

What is important is how the

rank-order of social values compares with the rank-order of private vaIues of
spectrum use.

If rank-orders are the same, then bids reflecting the private

value of spectrum will yield the socially preferred result.
74

However, where

Moreover, even when bilateral negotiations d o take place, strategic
bargaining may lead to failed opportunities to realise mutually beneficial
agreements concerning interference.
Recent literature on bargaining
suggests that, when each bargainer possesses pertinent information
unknown to the other party - as would be the case here - there is a
significant chance that the outcome of the bargaining will be inefficient.
The inefficiency takes the form of failing to reach agreements that
would be mutually beneficial or of reaching such agreements only after a
costly elapse of time (and, in effect, unnecessarily high transaction
costs).
If this occurs, the willingness of spectrum users to pay an
intermediary for performing the coordination that they do not do well
will increase, heightening the probability that such intermediaries would
emerge.
A survey of this literature can be found in John Sutton's
"Noncooperative Bargaining Theory:
An Introductionn, Review of
Economic Studies, 1986, 53, pp. 709-724.

private values only imprecisely reflect social values, there is a risk that a
market allocation of spectrum will be socially suboptimal.75
Private incentives may also be incompatible with maximising the social value of
spectrum

because

of

monopolisation.

Particular

spectrum holdings

may be

highly valued by a user because they would provide him with the opportunity
to earn monopoly profits, in which case the price he is willing to pay for
them can considerably overstate the social value of his obtaining the spectrum.
The possibility that spectrum markets could be abused to obtain or consolidate
a monopoly position is a matter of serious concern.

It would appear possible.

however, to incorporate in a market system adequate safeguards against this
danger, a topic that is discussed below.
Although the discrepancies between private and social value must be kept in
mind in evaluating the desirability of spectrum markets, it is equally important
to recognise

that

the alternative

to spectrum markets

-

the regulation of

spectrum by an administrative body - is subject to "incentive" problems that
arguably are at least as severe and have led to significant distortions in the
allocation of spectrum.
which

Examples can be found from around the world in

incumbents, through the political process, have been able to prevent

would-be competitors from obtaining suitable spectrum and to avoid giving up
their own spectrum even if uses having a higher social value appear.
5.

Summary

The above discussion suggests there could be advantages to moving to market
allocation of spectrum, so long as the market mechanisms can be designed to
minimise associated costs. These advantages would take the form of:

75

For a general discussion of reasons why competitive bidding may lead to
a suboptimal allocation from the perspective of economic efficiency, see
Severin Borenstein's "On the Efficiency of Competitive Markets for
Operating Licences", The Quarterly Journal of Economics May 1988, pp.
357-385.
The related phenomenon of divergences of social value from
private value leading to inefficient market entry decisions is discussed in
N Gregory Mankiwa and Michael D. Whinston's "Free Entry and Social
Inefficiency", Rand Journal of Economics, Vol.
17, No.1, Spring 1986,
pp. 48-58.

n/e/r/a
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benefits from greater competition in spectrum-using

services, including

lower prices, more innovation, better service quality and more choice for
consumers;
I

lower

production

costs

and/or

higher

output

for

firms

who

might

otherwise have been unable to obtain spectrum;
w

benefits from the rapid introduction of new technology.

These gains cannot be estimated with any degree of certainty because of the
absence of spectrum markets or any suitable reference markets.

An indication

of the value of spectrum to prospective users can be derived from an estimate
of the amount of revenue that might be raised by auctioning spectrum rights.
In Appendix 11, we set out some rough estimates of likely market prices for
particular

frequencies.

When summed,

these estimates suggest that between

$300m and $800m could be raised by the sale of freehold spectrum rights.76
even a small percentage

of

this market value could be translated

If

into an

efficiency gain, then a strong case can be made for a move towards market
mechanisms.
Moving

to

market

based

allocation

will,

we

have

suggested,

increase

transaction costs (which are negligible at present given that the nature of
rights

to

transaction
designed

use

spectrum

costs
(discussed

rise
in

is

fixed

depends

by

how

the

The extent

spectrum

property

to

which

rights

are

the next section) and on the extent to which

re-

contracting of rights is needed.

on

government).

It is much less obvious that a market system

would result in an increase in enforcement and administration costs.

After the

initial auctions, RFS should be able to reduce its resources devoted to planning

76

These estimates are calculated as the sum of our "ballpark" ranges for
the prices that cellular, UHF television, FM radio and VHF land mobile
frequencies might fetch. These are:

3 VHF TV Channels
2 cellular radio blocks
10-20 FM radio channels
300 A band land mobile channels

60-525
240
5- 10
7.5

allocations and issuing licences.

Moreover, if a regulated system is retained,

RFS's total costs will rise because extra resources will be required to decide
between competing claims for spectrum.

In addition, the costs of rent-seeking

behaviour are likely to grow, as a result of deregulation and incumbent users
seeking

to

prevent

competitive

entry

by

new

broadcasting

and

telecommunications operators. These costs could be considerable.
B.

Elements of a Market

The task is to design a market mechanism which will produce the maximum
efficiency gain net of any increase in transaction and other costs.
1.
When

O ~ t i o n sfor Defining S ~ e c t r u mRights

thinking

about

the

definition

of

spectrum

rights,

it

is

useful

to

distinguish between three aspects of the process by which rights are defined.
The first concerns who defines the rights

-

the government administrator, the

market or some combination of the two.77
initial

definition

of

rights

-

these

The second aspect concerns the

might

bandwidth and coverage area of the right.

encompass

the

end-use,

user,

Each of these dimensions may be

fixed by the initial definition of the rights or may be decided through the
mechanism used initially to distribute the rights.
the

extent

to

which

subsequent trading.
initial

definition

the

initial

definition

of

The third aspect concerns
rights

can

be

changed

in

The discussion in this section addresses the issues of the
of

rights and

the degree to

which

these definitions can

subsequently be altered.
In arriving at a conclusion about which definition of spectrum rights and the
associated degree of flexibility is to be preferred, trade-offs have to be made.
For example, rights that are defined to facilitate flexible use are desirable for
the reason that they allow spectrum to be easily transferred to higher-value
uses

that

uncertainty

emerge.

On

the

about

interference

other

hand,

confronting

flexibility
the

spectrum

could
user's

increase

the

neighbours

(making it more difficult for them to plan their spectrum use) and could also
77

This issue is discussed further in the Annex to this report.

entail higher enforcement costs.
clear,

nor are the relative

The trade-offs

themselves are not entirely

values to be imputed

to flexibility versus low

enforcement costs and the reduction of uncertainty to neighbouring spectrum
users.

As a result, any judgement of the best way to define spectrum rights

is bound to reflect a considerable subjective element.
The

type

of

spectrum right

that can

be

most

closely

related

to current

practices would be a "product licence" authorising the owner of the right to
employ it only for a specified purpose (e.g.

television broadcasting) at a

specified location and constraining such factors as the power of emissions to
limit interference with other spectrum users.

For example, one can imagine

existing spectrum licences issued by the RFS being imbued with property rights
and owners being allowed to sell them.

Because such a product licence would

fix the type of use of the spectrum in question (e.g.

broadcast television) and

the area where the use is authorised, the only decision left to the market
would be the identity of the owner of the right.
The general alternative to this kind of "product licence" is a flexible right
that would allow any use consistent with specifications, contained within the
right,

that

are

designed

to

limit

interference

Although such rights would have to designate

-

with

other

spectrum

users.

implicitly or explicitly - the

area over which they apply, the area could be re-configured by the market as
long as the rights were tradable and owners were permitted to aggregate and
subdivide them.

In a similar vein, users could negotiate among themselves to

alter the interference constraints contained in the initial distribution of rights
when doing so seems advantageous.

In short, flexible property rights would

permit the type of use and the area encompassed by the right to be reshaped
by market forces and thus to be capable of responding efficiently to economic
changes.
Product licences would subject to market forces the decision of which parties
obtain the defined spectrum rights.

The sale of product licences confronts

users with price signals which would lead them to make more efficient choices
in respect of their investment in spectrum using equipment and would generate
information on the
indicate

to

the

relative value

regulatory

agency

of

frequencies.

whether

the

This information could
allocation

of

spectrum

to

different uses should

be changed.

However,

the regulatory agency would

continue to be responsible for the crucial decisions on how spectrum is to be
used, the way that a frequency is to be carved into geographic "service areas"
and the permitted patterns of interference.

RFS (or a similar agency) would

be required to play a role hardly less active than its current one, in reshaping
product

licences

markets

for

to

respond

spectrum-using

to

technical

services

that

innovations
make

and

existing

changes

in

the

product

licences

obsolete.
The efficiency gains from product licences are likely to be smaller than those
achievable from more flexible rights since only the identity of the user
the use itself

-

would be determined by market forces.

-

not

Flexible rights seem

better suited to deal with changes in use, interference levels and geographic
boundaries.
But flexible rights could have drawbacks.

Their very flexibility may create

problems for spectrum neighbours, since a new application could interfere with
their own uses.

In addition, rights that are sufficiently general to encompass

a variety of spectrum uses would have to be expressed more abstractly, which
could make the property rights more costly to enforce.

The challenge is to

find a way of arranging for flexible property rights that will not lead to high
enforcement costs o r excessive levels of uncertainty for spectrum neighbours.
One approach would be for the government to perform the initial geographical
subdivisions and specify interference levels consistent
uses,

but to allow reconfiguration

subsequent re-negotiations.

with current spectrum

of such rights and changes in use via

Such "flexible product licences" could, for example,

specify that for a frequency normally associated with FM sound broadcasting
in a designated area other uses would be permitted that created no greater
interference than results from the operation of an FM broadcast station.
Altenratively, the government could in large measure avoid making decisions on
how to frame flexible property rights by setting national bands of frequencies
as the unit of spectrum it sells.

This would, in effect, leave the details of

how the individual rights are initially to be defined to market players.

The

government would still need to specify the rights to interfere with frequencies

adjacent to each unit being sold, but that tends to be a much easier and less
costly task than deciding how best to create flexible rights to geographical
areas (i.e.

creating local bands).

Within each band, band licensees would be

free to use spectrum as they so wished.
The importance of the government's choice between selling national bands or,
alternatively, offering for sale flexibly framed rights for regional or local areas
hinges

critically

on

the

reconstitute rights.

If

costliness
transaction

of

subsequent

transactions

necessary

to

costs are low enough to mean that the

particular contents of the initially defined flexible rights have no lasting effect
-if there is no inertia in the system

-

the matter of whether the government

provides the initial detailed definition of rights or leaves that to the market
by selling national frequency bands is largely a matter of indifference.
transaction costs are sufficiently high
rights,

the

starting

point

will

But if

to inhibit desirable reconstitutions of

influence

the

permanent

performance

of

a

market-oriented system.
Adopting the prudent assumption that it is important how well spectrum rights
are

initially

specified,
arise.

an

divided

into geographical

important

question

is

areas and
whether

co-channel

spectrum

interference is

intermediaries

would

For many parts of the spectrum it appears likely that Telecom and the

BCNZ would be interested in playing such a role, buying the national rights to
a band in order to retain portions of it for their own use and dividing the
residual into individual rights for resale to other users.

Other major users

who already plan their use of spectrum, and so have the necessary engineering
expertise, may also take on this role and new organisations may set up using
either

indigenous

engineering

expertise

or

buying

it

in

from elsewhere.78

Nevertheless, there could be a risk of monopolisation of spectrum and anticompetitive behaviour by intermediaries.

This issue is addressed in section 4

below.
In Figure 6.1 we have attempted to illustrate the trade-offs we consider likely
between efficiency gains and cost increases (in administration, transaction and
enforcement costs) associated with different definitions of property rights.
78

Frequency co-ordinating agencies in the US, for example, may consider
entering the New Zealand market.

Figure 6.1 : Diagrammatic Representation of the
Cost-Efficiency Trade-Of f for Different
Spectrum Right Proposals
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The different definitions of property rights as labelled in the diagram are as
follows:
I.

Present system: the frequency, locality,
are fixed

I

by

use and interference standards

government and cannot be altered without government

approval. No trading of licences is permitted.
2.

Product licences: the frequency, locality, use and interference standards
are set by government, and cannot be altered, though the licences are
/.

tradable.
3.

Flexible

product

licences:

the

frequency,

locality,

and

interference

standards are initially set by government, usually with reference to a
specific end-use.

The licences are tradable, and can be aggregated or

divided. Interference standards can be re-negotiated.
4.

National band licences: the government specifies bands of frequencies to
be

auctioned

for

nationwide

use.

Initial

out-of-band

interference

standards are set, but no constraints are placed on spectrum use inside
the band.
5.

Local band licences: the government specifies licences to use a given
band of frequencies in a given locality (for example, New Zealand might
be divided

into a grid

of

equal size squares,

with spectrum rights

defined with reference to the resulting areas and particular frequencies).
Out-of-band

and out-of-area

can be re-negotiated.

interference standards are initially set, but

No restrictions on use would be specified, and

rights would be tradable.
6.

Market-determined

rights: the initial definition of rights is determined

by the bids received in the auction.

Each bidder is allowed to bid for

whatever rights he chooses, and the government is then left with the
task of finding a compatible set of bids which maximises revenue from
the auction.

The least costly, but also the least flexible, of these definitions (apart from
the present system) would be a system of product

licences.

The greatest

potential efficiency gain would be generated by a system of market-determined
property rights.

The danger of such an approach is that transaction and

enforcement costs could be very high as right holders may need to engage in
many negotiations with spectrum neighbours in order to determine appropriate
interference

standards.

products (i.e.

Intermediate

approaches

such

as

flexible spectrum

local spectrum rights determined by RFS but with

no use

constraint) or nationwide bands (leaving the creation of local rights to the
private sector band

licensee) offer the prospect of greater efficiency gains

than are likely to be realised from product licences, and the prospect of lower
transaction and enforcement costs than market determined property rights o r
local band licences.
It

is

impossible

to

be

certain

precisely

where

each

approach

should

be

positioned on the diagram, but the prudent approach could be to introduce
market mechanisms based on relatively straightforward developments of current
practice, namely by defining rights as in the flexible spectrum product and the
nationwide band licence approaches, and allowing market operators the freedom
to

explore

other

potentially

beneficial

approaches

within

their

blocks

of

spectrum.
2.

Duration of P r o ~ e r t vRights

Property rights could either be offered in perpetuity, through the sale of a
freehold right , ( o r equivalently a long, say, 999 year lease), o r for a fixed
period,

through

alternatives

on

a

leasehold

economic

arrangement.

grounds

depends

The choice
on

the

size

between
of

any

these

two

associated

administration costs and the effects the duration of the property right might
have on the behaviour of spectrum users.
Repeated auctions of rights (or licences) of fixed duration involve higher costs
of administration than a single auction of freehold rights.

Not only would

there be costs involved in organising the auction, but also participants in the
auction could incur additional costs in preparing their bids.

The economic behaviour of spectrum users could differ depending on whether
they have fixed or infinite period rights.

The uncertainty faced by spectrum

users towards the end of a fixed period lease could, for example, distort
investment decisions,

with users being

reluctant to make frequency specific

investments and investment in new spectrum-using applications being postponed
till the start of the next lease period.

In both cases, there would be a loss in

economic welfare relative to the situation that would apply if freehold rights
to use spectrum were allocated.
In other markets, this kind of uncertainty is often overcome by the creation
of a futures market or through forward contracts.

The government could

create future rights by auctioning the rights to use spectrum for the next
lease period some time prior to the date on the which the rights would take
effect.

Early auctions of

rights could substantially reduce the uncertainty

faced by spectrum users.
Another

effect

of

the

greater

uncertainty

associated

with

a

fixed

period

licence as opposed to a freehold licence is that government revenues from the
sale of spectrum could be reduced, to the extent that uncertainty makes a
series of fixed term licences less valuable than a single perpetual licence.
To summarise, the economic arguments (perhaps save the issue of the return to
the government from the sale of spectrum) support the allocation of freehold
rather than leasehold spectrum rights.
leasehold spectrum rights could
period licences.

The reduction in benefits from issuing

be minimised

by early auctioning of fixed

If the government is reluctant to sell perpetual rights, then

the duration of leasehold rights should be long enough to provide users with
some certainty that they will have sufficient time to gain an adequate return
on

investments

in

spectrum-using

equipment

at

the

start

of

the

licence

period.79
One way of ensuring this outcome might be to structure the auction so that
firms offer a bid price for frequencies for a duration nominated by the bidder.
To compare the different bids a common discount rate would have to be
79

Of the users we surveyed, most thought that the licence period should
exceed ten years.

assumed by the government.

If it is thought that an appropriate discount rate

can be readily agreed, then this approach would seem to offer users advantages
over an arbitrary fixed period licence by tailoring the licence to their planning
horizon.

The

pre-determined
there could

auction

process

would

be

more

complex

than

for

a

fixed period licence, and from the government's point of view

be perceived

licences are not

likely

to be a problem in so far as variable duration
to offer an opportunity to change the system of

spectrum management radically without having to buy back spectrum rights.
One other approach would be to have periodic licence renewal, but to have
renegotiation of the licence fee with the existing licence holder rather than
staging an auction.

However,

this is inferior to periodic licence auctions

because of the likely higher transaction costs involved and the difficulties in
determining an accurate market price.
If fixed period leases are adopted then auctioning of leases should be held well
in advance of the termination of the previous period's licences.
3.

Monopolv Problems

In a system of freely tradable spectrum rights, a danger exists that a spectrum
user might buy up rights to reduce the competition he faces.

The purchaser's

objective might be to entrench or expand a dominant position he has obtained
in his service market for reasons unrelated to spectrum use.

There is a

similar risk that users who are selling their services in what are currently
competitive markets might try by their own acquisitions to deprive competitors
of needed spectrum.8o

This is a potentially serious problem if there are parts

of spectrum that are likely to take on the highest private value when used to
restrain competition.
This danger is most likely where the frequencies suitable for a particular use
are

80

limited

and

good

substitutes

do

not

exist

for

either

spectrum

(e.8.

For a useful discussion of the strategic use of inputs to gain market
power. See Thomas G. Krattenmaker and Steven C. Salop "Competition
and Cooperation in the Market for Exclusionary Rights". The American
Economic Review Vol. 76, No. 2, May 1986, pp. 109- 113.

-

land-lines) or for the service that is delivered through the use of spectrum.

A

good example is provided by cellular radio.

Cellular radio transmitters and

receivers available on

limited

the world

market

are

to

a relatively small

number of frequencies and, by the very nature of the service, spectrum is a
necessary input.
By these criteria, it would appear that the potential for anti-competitive abuse
of spectrum markets is probably confined to a few specific circumstances in
New

Zealand.

VHF television spectrum

is the most conspicuous concern.

Although UHF spectrum provides a substitute and is relatively abundant, it is
widely believed that a UHF station operates at considerable handicap against
VHF

station^.^'

concern

would

Other areas where anti-competitive abuses are a potential
appear

to be spectrum suitable to cellular

radio and

FM

broadcast radio and also, perhaps, microwave paths terminating in Auckland
and Wellington.
In principle, the possibility of anti-competitive abuse of spectrum holdings can
easily be forestalled when spectrum is allocated by the government.82
government

assigns

non-transferable

rights

to

individual

users,

controls the distribution of spectrum rights within each industry.
oriented system, however,
would be relinquished.

it

If the
directly

In a market-

the direct . control over the distribution of rights
It is this that gives rise to the possibility that a

spectrum market might be used as a vehicle to engage in anti-competitive
behaviour.
81

More power is required to transmit a UHF signal than a VHF signal, and
so UHF stations find it economical to transmit over a smaller area than
similarly located VHF stations. The smaller coverage puts a UHF station
at a disadvantage in obtaining revenue, which means that it cannot hope
to compete successfully with its VHF rivals for the most popular
programming. In the US, as a general rule UHF stations have not done
well in competing with VHF stations. ('The Determinants of Economic
Rents in Television Broadcasting', G Fournier, The Antitrust Bulletin,
Winter 1986).

82

This is not to suggest, however, that anti-competitive abuses of
spectrum policy cease to be risk under a regime of spectrum regulation.
Public monopolies using spectrum may seek to exert pressures on the
spectrum administrators to keep spectrum out of the hands of potential
competitors.
Or, to the same end, they may overstate their spectrum
needs as a means of foreclosing competitors from the choice of
spectrum.

There are several approaches that might be taken to safeguard against anticompetitive abuses of spectrum markets.83
be

charged

preventing

with

the

responsibility

anti-competitive

The Commerce Commission might

to oversee spectrum

abuses.

Its

delegated

with

the aim

responsibility

could

of
be

defined in terms of the general objective of preventing spectrum purchases
that would significantly lessen competition; alternatively, the Commission might
be provided in addition with some broad guidelines to help it decide where a
potential problem of monopoly abuse exists (as is now the case under the
Commerce Act).

In either case, the Commission would be presented with a

very difficult task of distinguishing between legitimate and abusive holdings of
spectrum.

Still another possibility is to create "hard standardsn that would

leave

doubt

no

about

impermissible

behaviour

and

would

not

require

intervention by the Commerce ~ o r n r n i s s i o n . ~ ~
Assigning to the Commerce Commission the responsibility for preventing anticompetitive

abuses

of

spectrum

would

permit

a

flexible

policy,

allowing

judgment of whether a particular pattern of behaviour is permissible to reflect
all of the particular facts of the matter.
the approach.
motivated
can

But this also conveys a weakness of

Trying to infer whether a user's holding of spectrum rights is

by legitimate business objectives o r a desire to deter competition

be extremely difficult and there could be considerable uncertainty

spectrum users about permissible holdings.

for

If licences run for a long term, a

user may, as a matter of business prudence, acquire a right long in advance of
the time he plans to use it, creating possibly the appearance of engaging in
anti-competitive

hoarding.

Users who acquire spectrum holdings in order to

discourage competition, on the other hand, could disguise their motivation by
immediately making some token use of their rights.

Thus, the superficial facts

of a case may not be very helpful in deciding whether the behaviour in
question should be permitted.
83

See Appendix IV for discussion of the application of the 1986 Commerce
Act to prevent anti-competitive behaviour in respect of spectrum rights.

84

Merger control (as under the 1986 Commerce Act) is one way to limit
concentration in the ownership of spectrum rights, but would not
account for the acquisition of dominance by means other than takeovers
or mergers.

For these reasons, an appealing option may be to issue hard standards that
establish

a

bright

spectrum markets.

line

between

permissible and

impermissible behaviour

in

Cellular radio provides the easiest case for developing hard

standards that would work well.

No party would be allowed to own more than

one of the A and B bands in an area.

There is no reason to oppose a

company's acquisition of rights to spectrum in all areas of the country, since
ubiquitous rights would facilitate a "roaming" service.
Similar

hard standards might be applied to VHF television spectrum.

In

markets where there are three or fewer VHF television stations, it might be
desirable to prohibit any individual party from owning more than one VHF
licence. 85

This limitation seems appropriate since research has demonstrated

that the presence of a third competitor is particularly important for making an
oligopolistic market perform more competitively.86
reason

unacceptable,

then

the

hard

ownership of all three channels.

If this limit is for any

standard should

certainly

prevent

Similar constraints could be imposed

prevent undue concentration in sound broadcasting markets.

the
to

It would appear

advisable to apply the constraint separately to AM and FM frequencies, since
the two forms of radio broadcasting are imperfect substitutes.
There would seem to be less likelihood of monopoly problems in the U H F
television bands and microwave frequencies.

However, hard standards could

also be devised for these parts of the spectrum.
C.

Transitional Issues

If a market-oriented system is to be instituted, a transition must be designed
to move from the current system to the new one.

This means selecting a

85

Although the possible benefits to consumer welfare from one owner
scheduling complementary programmes on two channels should also be
considered.

86

John E.
Kwoka, Jr., "The Effect of Market Share Distribution on
Industry Performance", Review of Economics and Statistics, Vol. 41, No.
I , February 1979. pp.
101-109; and "Large Firm Dominance and PriceCost Margins in Manufacturing Industries", Southern Economic Journal,
Vol. 44, NO. 1, July 1977, pp. 183-189.

method to transfer the spectrum rights from the government to spectrum users
and to define the rights that are to be transferred.
charged

There is also the highly

issue of whether current spectrum users should be accorded special

treatment during the transition.
The Transfer Mechanism

I.

If the government is to move towards spectrum markets, some mechanism must
be employed to accomplish the initial transfer of property rights from the
government to users.

If the rights defined by the government are perpetual

the transfer of rights from the government to spectrum users need occur only
once.

But if the rights are of limited duration or if the government chooses

to reserve some spectrum for later release,

transfers of

rights may occur

periodically.
a.

Rationing

The transfer procedure must include a device for rationing, since in some parts
of the spectrum demand would outstrip supply if the government were to offer
spectrum rights free on demand.
that price rationing (e.g.

There is wide agreement among economists

an auction) is superior to non-price rationing (e.g.

a lottery) in most instances.

Its chief advantage in accomplishing the initial

transfer of rights to users is that it is likely to put the rights directly in the
hands

of

the

highest

value

users;

by

contrast,

non-price

rationing

would

require subsequent exchanges in order to allocate the rights to their highest
value use.
If price rationing is adopted, the question arises of who should determine the
prices

of

the

rights

transferred

to spectrum

users

- the government, by

announcing the prices at which it is willing to supply rights to various parts
of the spectrum, or, alternatively, spectrum users, through the process of a
competitive auction.

Although the idea of controlling the prices at which

spectrum rights are issued may appear attractive, the degree of control is of
course limited by what the market is willing to pay.

If the government

overestimates the market value of a right, it will go unsold.

The government

could successively lower the price until a buyer emerges, but it would not have

in any meaningful way set the price.

In effect, it would be conducting a

"Dutch" auction, a standard auction form in which the auctioneer starts with a
very high price and successively lowers it until a price is accepted by one of
the bidders.

If the government errs on the low side in pricing the right,

there are likely to be a number of spectrum users who will wish to buy it.

In

that case, some non-price means must be employed to determine the user to
whom the right is sold, a situation in which the purchaser may not be the
highest-value user.87
These considerations suggest that,

if

the government is to price spectrum

(rather than leaving it to an auction), it should have a reasonably good idea of
market-clearing

prices.

But, as we have noted earlier, the government

probably not in a good position to predict what they would be.

is

Because

spectrum has been allocated administratively, with spectrum prices playing only
a nominal role, there is no record of direct evidence that might be used to
estimate the market values.

And although there are various forms of indirect

evidence of the value of spectrum, they may be of limited use, because of
current policy developments (most prominently deregulation) that will alter the
value of spectrum.
b.

Form of the auction

I

If auctions are selected as a means of transferring spectrum rights to users,

either an oral auction or a sealed-bid
1
I

spectrum

users in

New

Zealand

auction could be employed.

have expressed

a preference

Some

for an oral

auction, asserting that it would provide them with information that would be

I

helpful in determining their own bidding.

By being able to observe the bidding

of others, a user can avoid making a higher bid than would be necessary to
87

This occurrence might be rectified by a subsequent sale by the party
who obtained the right from the government to the highest-value user.
As long as subsequent efficient exchange can be relied upon, the entity
purchasing the right from the government is a matter of indifference as
far as economic efficiency goes, but as we have observed in other
contexts, the costliness of transactions (and the possibility of strategic
bargaining behaviour) is likely to inhibit some exchanges. As a result, it
is desirable to establish a transfer mechanism that, as closely as
possible, directly allocates spectrum rights to the highest-value users.

11/ems
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win the auction.

Observing other bids as they occur also enables a user to

ensure winning the auction as long as he is willing to pay a sufficiently high
price

- a certainty that does not exist with a sealed-bid

auction.

But there are important respects in which a sealed-bid auction is likely to be
superior to an oral auction.
whether

tacit or otherwise

-

Not the least of these is that collusive biddingis more difficult

to enforce in a sealed-bid

auction than an oral auction, where all bids are public and therefore any
bidder's

defection from a collusive agreement among bidders would be easily

observed by other participants.

This advantage could be significant, because

the number of bidders is likely to be small for some parts of spectrum, which
is precisely the situation in which collusion is most likely to arise.
A

"second-price" sealed-bid

uncertainty
more

than

auction should overcome users'

intrinsic to a sealed-bid
would

have

been

concern that the

auction might force the winner to pay

necessary

to

obtain

the

right

and

the

accompanying concern that there is no strategy that can be employed in a
sealed-bid auction to ensure obtaining a right.

A "second-price" auction would

assign the right to the party making the highest bid, who would pay the
second-highest bid that is received.

A

spectrum user's

optimal strategy in

such an auction would be to offer a bid reflecting the full value of the right
to him.88

Making a lower bid would not reduce the price he would have to

pay upon winning the auction (which is determined by the second-highest bid),
but would reduce the probability of winning the auction.
A second-price sealed-bid

auction seems to overcome the general concern some

spectrum users have expressed about sealed-bid auctions.

A bidder can assure

himself of winning the auction (assuming he is indeed the highest-value user)

88

Users may be unwilling to reveal the full value of the right if they
believe the government will not keep to the terms of the auction, and
rather will try to extract a payment greater than the second highest bid
(especially if this is considerably below the highest bid).
It is
important, therefore, that, for a second-price auction is to work well, it
must be credible, in the sense that bidders must be certain that the
winning bidder will need to pay only the second-highest bid price.

merely by offering a bid that reflects the value of the right to him.89

He
does not need to know how much other parties have bid in order to ensure
that outcome.

And in order to assure himself of winning the auction, he need

not pay an "excessive" price, since the price he pays is not the bid he makes
but rather the second-highest bid.
c.

Revenues from the sale of spectrum rights

Although the principal criterion for selecting a transfer mechanism is whether
it is conducive to the efficient utilisation of spectrum, it is also appropriate to
consider the revenues the government is likely to obtain from the sale of
spectrum, rights.
need to tax.90
payers,

reducing

The proceeds of spectrum sales can reduce the government's
Since taxes tend to distort the economic choices made by tax
the efficiency

with

which

resources

are allocated,

higher

governmental proceeds from spectrum sales offer a potential efficiency gain in
the economy.91
Among potential transfer mechanisms, an auction should generate the highest
proceeds for the government.

Mechanisms that ration spectrum rights on some

basis other than price would be inferior in this respect.
The much more difficult question is what form of auction is likely to produce
the highest revenues.

As a general matter, first-price and second-price sealed

bid auctions can be expected to produce similar revenue.

This may seem

somewhat surprising, since the latter auction form requires the winner to pay

89

It would not pay the bidder to offer more than his valuation of the
right, because doing so would expose the bidder to the risk of winning
the right at a price higher than its value to him.

90

There will be no direct effect on the tax burden from sales of
to government agencies.
Although, if government agencies are
to pay market prices for spectrum, the spectrum they now hold
to overstate the extent to which spectrum sales would merely
intra-governmental transfers.

spectrum
required
is likely
represent

This consideration is in conflict with the interests of spectrum users,
who naturally want to obtain spectrum rights from the government a t
the lowest possible prices.
But this creates a policy conflict only if it
is believed that, as a distributional matter, it would be desirable to
permit spectrum users to obtain rights at bargain prices.

only a second-highest
offer more

bid.

But that knowledge would cause all bidders to

in a second-bid

auction

that they would

if

the winner were

required to pay the amount of his bid.92
2.

Grandfathering

A system of exchangeable private property rights in spectrum would represent
a considerable departure from the current system.

The method of handling the

transition naturally is of great concern to current spectrum users, who have
made investments related to the frequencies currently assigned to them and
contend

that some form of "grandfathering" of their existing rights to use

frequencies should occur.
their

existing

That is, they should be allowed to retain the use of

frequencies

without

entering

a

competitive

auction.

The

concerns they express imply that it might be appropriate to excuse them from
having to compete to retain their current frequencies until that time when the
frequency-specific

investments

they

have

already

made

are

ripe

for

replacement93.
Such

grandfathering

spectrum

would

would

be obtained

create

temporarily

through

a

two-tier

competitive

bidding.

system.

"New"

The rights

to

92

The technical literature comparing the proceeds generated by various
forms of auctions can briefly be summarised as follows.
The four
common auctions are English (ascending price oral auction), Dutch
(descending price oral auction), first-price sealed bid, and second-price
sealed bid. They yield, on average, the same price if (i) bidders and the
seller are risk neutral, (ii) bidders appear 'the same to the seller and
each other (symmetry), (iii) all buyers know the value of the product to
themselves and so do not care what it is worth to others, and (iv)
payment is a fixed price rather than contingent on ex post factors.
This revenue equivalence result will generally not hold when the
assumptions are relaxed. If buyers are risk averse, the first-price sealed
bid auction produces a higher expected price than the second-price
sealed bid auction.
If bidders are asymmetric, revenue equivalence
breaks down and we cannot predict which auction form will yield the
highest price.
If the bidders' valuations are not independent, the
second-price sealed bid auction yields a higher expected priee than the
first-price sealed bid auction.
Finally, payment schemes that allow for
US. government auctions for oil rights) shift
royalty payments (e.g.
rents from bidders to the seller independent of auction form.

93

Applying this principle to determine the length of this period would be
problematic. Any fixed standard would be somewhat arbitrary.

spectrum now in use would be directly assigned to incumbents, who would
either

pay

nothing

or

an

administratively

determined

grandfathered rights were not transferable, the two-tier

charge.

If

the

system would persist

for the duration of the period over which rights are grandfathered.
Grandfathering
equity.
in

should

be avoided

for

reasons of

economic efficiency and

Grandfathering of rights would give incumbents competitive advantages

downstream

markets

(namely,

telecommunications

and

broadcasting)

and,

even if grandfathered rights are tradable, transaction costs could inhibit the
achievement of a more efficient re-allocation

of spectrum?4

Grandfathering

would give incumbents windfall gains (which in some circumstances could be
considerable) rather than the revenue going to be government.
The opposite policy to grandfathering is one that makes no distinction between
spectrum that is currently used and unassigned spectrum.

This means that,

upon the expiration of licences issued under the current system, incumbents
would have to bid competitively against other parties in order to retain the
right to use the spectrum.
a.
One

Economic arguments

economic argument

advanced

in

favour

of

grandfathering

is

that

it

provides a means of avoiding the disruption costs which might be incurred by
incumbents if they fail to retain their frequencies in an auction (for example,
1
!

costs incurred in changing equipment and possibly having to operate for an
interim period with incompatible equipment or not operate at all).
Two
questions

immediately arise concerning this argument: in what circumstances

might the incumbents fail to retain their frequencies in an auction and, from
the point of view of allocative efficiency, would this matter?

94

The Coase Theorem (which states that under certain conditions the
initial distribution of legal entitlements does not matter from an
efficiency perspective) does not apply because transaction costs of
exchange are non-zero, and markets are unlikely to be perfectly
competitive. (See R. Coase "The Problem of Social Cost", The Journal
of Law and Economics, October 1960).

On the first question, it is difficult to see how an incumbent would lose a
competition for the spectrum it is currently using, assuming the spectrum is
more

valuable

to

him

than

to anyone else.

The incumbent can ensure

retention of the spectrum by a bid that reflects the (full) value to him of the
right.

Moreover, in a "second-price" sealed bid auction, this bidding strategy

is no more costly than bidding some lesser amount, since the winner of such
an auction

pays the second highest

price that

is bid.

The presence of

frequency-specific investments will induce a current spectrum user to make a
suitably high bid to retain his current spectrum.
weakness

of

the

frequency-specific

incumbent's

bargaining

position

This bid will reflect the
in

trying

to

sell

the

assets to the new rights holder if the incumbent does not

retain the spectrum rights.95
Even if an incumbent through miscalculation failed to enter the winning bid,
no irreparable harm would be done.

The outcome of the auction is no more

than the first step in a potential sequence of exchanges of rights.

If the

right were less valuable to the winner of the auction than to the incumbent,
both parties would have an incentive to see that the right was transferred to
the incumbent.
On the second question, the matter of concern is whether the spectrum in
question is allocated to that particular use which has the highest value.

If

this use coincides with the incumbent's use, and the incumbent is the most
efficient supplier, then a competitive auction should ensure that the incumbent
can retain the spectrum.

The price that leads to this outcome is immaterial as

far as efficient use of the spectrum is ~ o n c e r n e d ~ ~If. however, the highest

95

If the investment in equipment is truly sunk investment, the spectrum
will be worth more to the incumbent than the new entrant, because the
latter must take into account the cost of equipment in his decision
concerning what amount to bid.

96

This leaves unanswered, however, the very difficult question of whether
the price paid by the spectrum user, if it were "wrong", might lead to
an inefficient outcome in some related market.
Perhaps the most
conspicuous concern in this respect is that paying "too high" a price for
spectrum will result in the spectrum user charging an inefficiently high
price for the spectrum-using service he supplies. In most circumstances,
this seems an unlikely risk, for several reasons.
The price of the
spectrum will affect the average cost of supplying the spectrum-using

value use is that of a new entrant, then a competitive auction will reveal this,
too. 97

Grandfathering in such circumstances

would

lock spectrum, for a

period, into a less efficient pattern of use.

I

Currently, most users obtain spectrum at only a nominal charge.

Allowing

I

other parties to compete with incumbents for the use of their spectrum seems

I

likely to produce prices higher than the current administratively determined
charges for some parts of the spectrum
frequencies suitable for VHF
television and cellular radio are conspicuous examples. But there is no reason

I

1

-

to believe that such price increases would adversely affect the efficiency with
which resources are allocated; their effect is likely to be confined to the
distribution of income between the buyers and sellers of rights.
issue, therefore,

would appear

to be whether price

would violate prevalent notions of social justice.

The policy

increases for spectrum

Higher spectrum prices would

reflect the elimination of windfall gains now received by spectrum users and
consumers of

spectrum-using

services as a consequence of

paying

only a

nominal charge for a valuable resource.
b.
One

Speculation

concern

is

that,

in

the

absence

of

a

grandfathering

arrangement,

speculators might be able to obtain rights to currently used spectrum in order
to resell them to the incumbents at exorbitant prices.

Speculation in this

context gives rise to the possibility that the price of spectrum would be above
its opportunity cost

-

the value of spectrum in its next best use

-

which might

be thought of as the maximum price that a user would have to pay.

This,

again, is a "distributionaln matter between the speculator and the ultimate user
service, but typically will not affect the marginal cost, implying that the
way that most spectrum users will price their final output is independent
of spectrum costs they incur unless they are operating in a perfectly
competitive industry. And where the user's pricing policy is affected by
the price for spectrum, economic efficiency in the final product market
is promoted as long as the market price for spectrum comes closer to
reflecting its opportunity cost than the spectrum charge that would be
administratively determined.
97

Here we are assuming that private and social values coincide. If this is
not the case, then the auction may not result in the highest social value
use being allocated spectrum.

to

whom

he

sells

the

rights.

Nevertheless,

it

is

not

likely

to

be

inconsequential to those who feel that speculators ~ u g h t not be allowed to
exploit

the

vulnerability

of

users who have

invested

heavily

in

particular

frequencies.
If this is perceived as a realistic and valid concern, one solution is merely to
bar speculators from the initial auction of rights to currently used spectrum.
Speculators could, however, be difficult to identify in advance.

Whether such

a measure is necessary, however, is debatable, since it seems unlikely that the
speculation anticipated by incumbents would actually occur.

In a second-price

auction an incumbent has an incentive to offer a bid reflecting the (full) value
to him of the right.

Under these circumstances, the speculator would have no

incentive to enter the auction, since the price he would have to pay to win
the right would eliminate any possibility of speculative profit.
Even if another type of auction were adopted, speculation would be risky
because speculators would not be well informed about the price they could
expect from resale, which for the incumbent would be determined by the cost
of shifting to another frequency.
paying

more

incumbent.

for

the

right

than

Thus, the speculator would run the risk of
could

be

obtained

from

resale

to

the

Moreover, the process of resale would involve in effect a bilateral

monopoly of the incumbent and the speculator, in which the speculator could
not be confident of his ability to extract a high price from the incumbent than
he paid.
c.

Efficiency

If incumbents are not required to join in an auction, then the status quo will

be perpetuated for whatever period the grandfathering applies.
necessarily be inefficient.

This need not

For example, if spectrum that is a close substitute

for that already in use is readily available, then grandfathering the existing
users will have little impact on efficient allocation.

Moreover, if spectrum is

currently allocated to the highest value users (and they remain so over the
period), then grandfathering will make little difference.

139
For many spectrum users, this is likely to be the case for the reason adduced
by

i

incumbents,

namely

that they

have sunk costs related

frequencies they currently employ.

I

to the specific

But it seems likely that there are some

examples of spectrum that would be worth more to another party than to its

I

current

I

Unless

current

users

were

required

to

compete

for

their

spectrum, there would surely be some instances in which spectrum remained

li

with a lower-value use or user.

li
I

user.

I

Making grandfathered rights transferable might greatly alleviate this problem,
because it would provide users with an incentive to sell their rights if there
are other parties to whom they would be more valuable.

Ultimately, therefore,

the market would result in a more efficient allocation of spectrum.

The extent

to which this happens and the speed with which it happens depends on how
costly spectrum transactions

are.

Clearly,

the higher the transaction costs,

the m o r e likely it is that grandfathering will inhibit the efficient use of the
spectrum.
i

I

A
1

potentially greater concern

is whether grandfathering

is compatible

with

establishing a level playing field for competitors who rely upon spectrum as an
important input.

Since the desire to explore alternative methods for allocating

spectrum has been motivated in large part by the recognition that fair and
equal access to spectrum is essential to develop competition in broadcasting
and telecommunications markets, the significance of this issue is apparent.
d.

Political and practical considerations

Why then should some protection be given to the interests of existing users?
The

principal

reason

would

be

if

the

acceptance of

the

new

spectrum

management system required the transitional measures to be framed so as to
ensure widespread

support from all current

spectrum users.

A secondary

reason would be to allow current users sufficient time to make alternative
plans should their frequencies be lost.
short

time could

grandfathering

result

policy

to

(Although even grandfathering for a

in efficiency losses).
meet

these

needs

The aim
would

be

to

in formulating a
ensure

transitional period is short, and that auctions are held as soon as possible.

that

the

One

"quasi-grandfathering"

approach

which

has

attractions

in

this

respect

would be to hold immediate auctions for frequency bands, but to allow existing
users to retain temporary licences as a sort of "sitting tenantn.

They would

have the right to trade such licences immediately.
If

it

is considered

that,

as well as efficiency reasons, it is

for equity

important to charge existing users for their temporary licences, it would be
desirable to charge incumbents a price that comes as close as possible to the
market

value of

might

be

the rights9*.

employed

Although

to estimate

the

there are several approaches that

market

value of

grandfathered

rights,

including observations on the prices of similar rights that are traded in the
market, no technique is foolproof.
substantially

with

pertains,

the

so

grandfathering

the

frequency

possibility

could

create

of

Indeed, the value of a right can vary
and

large

costly

the
errors

disputes

geographical
cannot

be

concerning

area

to

ruled

which

out.

whether

the

it

Thus
price

charged for grandfathered rights is too high or too low.99
If

it

is considered absolutely essential for existing users to be given the

opportunity of retaining their frequencies without participation in an auction, a
further option would be to give incumbents . a choice a t the outset between
paying a price for the spectrum set by government (which could include a
premium

to reflect the certainty that those paying the fee would have of

renewing

their

auction.

This option again suffers from the difficulty administrators will face

spectrum

in setting the right price.

rights),

and

participating

on

equal

terms

in

an

However, so long as spectrum rights are tradable,

allocative and dynamic efficiency

gains could still be realised

through the

exchange of rights.

e.

Summary

98

This market price can best be thought of as the one that would emerge
if incumbents had to compete with other prospective users (but not
speculators) for the spectrum they now use.

99

The question of how to estimate such charges is discussed in Appendix
11.

In New Zealand, grandfathering seems unlikely to cause major inefficiencies in
certain parts of the spectrum, for example those characterised by an excess of
supply

over

demand

competitive

such

as

many

auctions are introduced

of

the

microwave

in such frequencies,

frequencies.
there could

If
be a

danger that parties would submit speculative bids in order to exploit the value
to incumbents of their investment in equipment (for example, by identifying
and

bidding

for

a

critical

frequency

in

Telecom's

microwave

network).

However, there are some parts of the spectrum where grandfathering could
result

in

significant

efficiency

losses,

most

notably

in

the

case

of

the

(valuable) VHF television frequencies, where there might well be more efficient
users and different ways of configuring the use of channels to obtain higher
value from the spectrum concerned.

3.

Transitional Role for RFS

The ways in which spectrum markets are likely to develop in the first year o r
so of a new system will be important in determining the extent to which RFS
has a continuing role in allocating spectrum.
We envisage, at least initially, two types of organisation are likely to use, plan
and re-allocate spectrum:
B

the service provider (for example, a cellular telephone service operator);

B

the spectrum intermediary (for example, a band licensee using traditional
spectrum management tools to sub-license and on-sell spectrum).

Once it becomes evident that operating as a band licensee can be a profitable
business then intermediaries are likely to emerge.
be

bought-in,

overseas.

either

from

existing

New

Zealand

Engineering expertise will
organisations,

or

from

For a number of reasons, though, it may be prudent to retain a

support role for RFS during the transitional stages:
w

If only a small number of intermediaries o r service providers emerge in

the

first year or so of

the

new system, RFS will

need

to retain

responsibility for any frequency bands unsold in the auction (perhaps to
re-auction them at a later date).
If initial demand is highly localised, RFS may need to reserve a number
of frequency bands in which it can create localised spectrum products to
be auctioned to those who need spectrum but are unwilling or unable to
acquire a nationwide band.
Until competition develops. RFS may need to operate a policy of making
spectrum products available for auction to reduce the chance of private
sector

intermediaries

being

able to exact

monopoly prices

from end

users.
One option would be for RFS to act in the same way as the private sector
intermediaries we describe above.

The danger of this would be the potential

conflict between RFS's regulatory duties and commercial interests.

A better

option would be for RFS to accept bids for spectrum products within the bands
at its disposal, allocating spectrum
situation

it

may

be preferable

to the highest

to separate

spectrum auctioneer) and non-commercial
and representation).

RFS's

bidders.

Even in this

commercial (e.g.

as a

roles (e.g. international co-ordination

VI1.

RECOMMENDATIONS
A.

The Main Principles

1.

Introduction

In this chapter, we draw together the discussion .of the preceeding chapters to
set out our recommendations.

Our aim is to suggest a system for spectrum

management and allocation which will achieve more efficient use of spectrum
in

New

Zealand

than is likely under

the current system or some minor

modification of that system.

The proposals are intended to provide a "robust"

system,

well notwithstanding

which should

work

advance of the introduction of a new market.

the many

uncertainties

in

In some areas, though, there is

a genuine uncertainty about which is likely to be the best way of achieving
the desired objectives.

In such cases we have set out the options, together

with the advantages and disadvantages as we see them, in order to clarify the
policy decisions that have to be made.
2.

The Pro~osedSystem

The system proposed

is designed

to take advantage of

market

mechanisms

wherever there is good reason to consider that the resulting efficiency gains
will be significantly greater

than any potential increase in transaction and

For much of the spectrum, (above 44 MHz), the proposed

enforcement costs.

system is based on tradable spectrum property rights; that is, on the purchase
and sale of

clearly defined spectrum units in a free market.

The initial

distribution of such rights would, where demand exceeds supply, be via an
auction to the highest bidder.

Each spectrum right would be defined in terms

of specific frequencies and, where appropriate, by area. loo
emission)

rights

should

be

defined

in

the

determine the maximum permitted out-of-band
The

default

spectrum

limits

are

intended

users to establish

to

preferred

be

used

form

~f

Interference (or

default

(and out-of-area)
only

if

limits:

these

interference.

negotiation

between

interference levels is unsuccessful,

or

should the cost of such negotiation be so high that it does not occur.
loo

Note the discussion of how local rights might be specified in Chapters V
and VI.

The specification of the spectrum property rights to be distributed has been
determined by the desirability of reducing the risk that much- initial costly recontracting would be needed.

It is therefore proposed that the units to be

auctioned should, where practicable, take the form of licences for nationwide
frequency bands. The width of such bands is chosen to reflect current and
likely future use of spectrum, and to reduce the number of boundaries where
negotiations
default

concerning

limits

for

out-of-band

out-of-band

interference

interference

levels

should

are

reflect

needed.
the

The

interference

characteristics of current and likely future use of the frequencies within each
band. Nationwide coverage is proposed to avoid the potentially costly out-ofarea interference negotiations that might be required if local or regional bands
were specified.
Within each frequency band, it is proposed that spectrum can be used for any
purpose chosen by the band licensee, subject to the relevant default limits.
Bands can be aggregated or sub-divided, and re-contracting of the out-of-band
interference
mutually

levels will, no doubt, take place where it is perceived

advantageous.

We

envisage

that

band

licensees

would,

to be
at

least

initially, operate in one of two ways: either as providers of a spectrum-using
service (such as a cellular telephone network) or as re-packagers of spectrum
to smaller, localised end-users (for example, to land mobile operators).
re-packaging

Such

might follow the practices used currently by RFS in assigning

spectrum to end-users, although band licensees might devise different ways of
defining local, areahpecific spectrum units.
In order to guard against the possibility that such planning organisations d o
not enter
against

the market at an early stage, and also as an extra precaution

the possibility of

monopoly exploitation of spectrum ownership,

we

propose that RFS retains a (reduced) role in managing certain frequency bands.
In the region between 44 MHz and 3.6 GHz; this role should involve RFS
defining local "flexible spectrum products"101 for distribution by auction to the
highest bidder.
lol

Flexibility of end-use would be allowed and, as with frequency

By "flexible spectrum products", we refer to spectrum rights defined by
reference to a specific transmitter, antenna location, signal power etc.
These rights do not specify the end-use of frequencies.

n /e/r/a
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bands, re-contracting of interference levels would be permitted.

In the region

above 3.6 GHz, RFS's role would be to act as a frequency co-ordinator in
certain

frequency

bands

where

private

property

rights

for

specific

fixed

microwave links would be defined.
Thus, in the early years of its operation, the proposed system of spectrum
management for frequencies above 44 MHz will involve a dual mechanism:
private sector band licensees, acting as developers or intermediaries, alongside
certain bands in which spectrum products or rights to specific fixed microwave
links would be assigned (via competitive auction where there is more than one
applicant) by RFS. Once the system is working well, the aim should be to
"privatise"

the

RFS co-ordinated

bands.

Consideration

should

given

be

to

making available the vacant spectrum in bands initially co-ordinated by RFS to
nationwide band licensees as soon as practicable.
Introduction of market mechanisms in the frequencies below 44 MHz should be
given

lower

priority,

with

the

exception

of

the

AM

sound

broadcasting

frequencies which, it is proposed, . should be auctioned as spectrum products.
Potential

efficiency

gains

in

this

part

of

the

spectrum

are

lower

than

elsewhere, and international constraints on spectrum use limit the flexibility
that a market could provide. In most of the region below 44 MHz, and
elsewhere

where

the

use

of

frequencies

is

constrained

by

international

obligations, property rights should be retained by the Crown and managed by
RFS, with the option left open of moving to a full system of private property
rights at a later date.
Where private spectrum property rights are created, we propose that such
property rights should be enforceable via the courts.
experience

interference

in

excess

of

the

levels

If spectrum right holders
allowed

by

the

relevant

spectrum rights, they will be able to seek redress via the legal system.
propose

that

Zealand's
interference

"exclusive

international
rights

spectrum users.

licences"

(subject

obligations

specified

in

terms

and
of

to

conditions

containing
the

default

relating
legally

limit)

to

We
New

enforceable
be

issued

to

price) sealed bid auction.

These licences should be transferable and divisible,

I

and issued either in perpetuity or, if preferred by the government, as fixed

I

period licences with a duration of 20 years (re-auction to occur five years

1

before the expiry of the licence).

I

After the first 20 years, consideration

should then be given to auctioning new rights in perpetuity (for example, by
granting either freehold rights or a lease with a 999 year term).
Providers of social services (for example health, safety and emergency services)
will be expected to participate in the new market system on equal terms with

I

all other prospective spectrum users, with any financial subsidy required being

1

!

provided out of general taxation.

I

The period during which the new system is introduced should be relatively
short

-

we suggest I8 months.

Auction winners should receive an immediate

licence for their spectrum band, subject to the provision that any existing
users, if they lose the auction, will have a temporary right to continue their
use. All existing spectrum users should be given temporary licences to continue
their

present

activities

for

three

years

from

the date of

auction of

the

frequency band in which they are located. Consideration should be given to
charging for such temporary licences where they appear likely to have a
significant market value.

In all cases users should be charged an annual fee

to cover RFS's administration costs.

1.

Below 44 MHz

In formulating proposals for spectrum below 44 MHz, we took account of three
main points.

First, use of frequencies below 44 MHz is largely constrained by

international obligations.

Because transmissions on frequencies below 44 MHz

propagate over long distances, international co-ordination
frequencies is often required.
sound broadcasting band (0.5

of the use of these

Second, with the possible exception of the AM

-

I

1.6 MHz), there is unlikely to be excess demand

for use of frequencies below 44 MHz. Third, below 44 MHz there are a number
of bands allocated to uses (such as garage doors, ISM, citizens band radio, and
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model cars, ,planes and boats)lo2 which involve many low-powered transmitters
and where the costs of co-ordination

and property right enforcement would

exceed the benefits of introducing market mechanisms.
The application of

market mechanisms to the spectrum below 44 MHz is,

therefore, unlikely to yield significant efficiency gains: there is little flexibility
in the use of frequencies and there are unlikely to be competing demands for
frequencies from users.
incurred

in

co-ordinating

Furthermore, significant transaction costs could be
the

use

of

these

frequencies,

given

that

any

negotiations will have to be done on both a national and international basis, in
the latter case through RFS.
Hence we propose that, in the immediate future, RFS should retain its role of
planning and co-ordinating

the use of frequencies below 44 MHz. Property

rights (in the form adopted for the rest of the spectrum) should be retained
by the Crown and managed by RFS. Use of this spectrum could be sublicensed by RFS, perhaps using a modified form of the current radio licence.
If demand for any vacant frequencies emerges, RFS should assign their use on
a first come, first served basis,

with the provision

that any claimants be

obliged to participate in an auction, should more than one claimant emerge.
A different approach is proposed for the AM sound broadcasting bands, because
of the more imminent possibility that use of these frequencies could become
congested.

We

propose

that

RFS

create

saleable

rights

to

frequencies, and then allocate these rights through an auction.
would specify the location and

use

these

The rights

power of each broadcast (antenna) station,

where these would be set to ensure no party suffered harmful interference
from another AM station.
In the longer term, RFS should re-examine the case for market mechanisms in
this part of the spectrum.

If demand for any of the frequencies increases or

if it is felt that, for any other reason, existing users could be encouraged to
Io2

There are also a few such bands above 44 MHz. These bands allocated to
such uses can be thought of as 'anarchy bands* or congestion limited
regions (see Chapter V) in which interference standards enforcement is
best limited to equipment type approval.

use spectrum more efficiently, then it may be desirable to introduce tradable
spectrum rights for frequencies other than the AM broadcasting bands.
Pro~osalOne: Distribution of Freauencies Below 44 MHz
For frequencies below 44 MHz, we recommend a continuation of the present
method of spectrum management and assignment, with the exception of the AM
sound

broadcasting

bands.

The

AM

sound

broadcasting

auctioned as spectrum products defined by RFS.

bands

should

be

In the longer term, the case

for market mechanisms in this part of the spectrum should be reviewed.
Between 44 MHz and 3.6 GHz

2.

Frequencies between 44 MHz and 3.6 GHz comprise the bulk of spectrum where
there is likely to be excess demand for certain frequencies in the foreseeable
future.

There

are

also

at

present

competing

uses

for

numerous

bands,

particularly those below I GHz. It is here, therefore, that the greatest benefits
from the introduction of market mechanisms could be achieved.
In defining the spectrum property rights to be distributed at the start of the
proposed

new

products,

local

bands.lo3

system,
or

we

regional

evaluated

three

frequency

main

bands,

options:
and

flexible spectrum

nationwide

frequency

Local frequency bands were ruled out because the transaction and

negotiation costs that would be incurred in reaching an efficient allocation of
spectrum were judged
property

rights

Nationwide

that

frequency

to outweigh the benefits gained from defining initial
might

match

the

evident

local

bands

internalise such costs and

pattern
offer

of

demand.

a substantial

degree of flexibility to the band licensee in choosing how to use spectrum and
how to sub-license
potentially

it.

Local flexible spectrum products,

less scope for major efficiency

catering for local demand should

gains are a valuable means of

this not be met by

control over national frequency bands.

Io3

although offering

See Chapter VI for a discussion of these options.

licensees who have
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I

Such spectrum products would either have to be defined by RFS in advance of

li

their distribution, or an auction system could be devised in which participants

1;

I1

are allowed to specify their preferred products.

In any event, our proposal for

this part of the spectrum is for a dual system of private sector nationwide
frequency bands, alongside some bands which would be retained by RFS for the
definition and distribution of local spectrum products.

/I
Pronosal Two: Distribution of Freauencies Between 44 MHz and 3.6 CHz
We propose that the initial distribution of these frequencies should be in the
form of both nationwide spectrum bands and local spectrum products.

The

be a dual system in which band licensees operate alongside the

result wil!

frequency bands retained by RFS for the formulation and auction of local
spectrum products.

3.

Above 3.6 GHz

For frequencies above 3.6 GHz (which are mainly used for fixed microwave and
satellite links), the options we considered were: local or regional frequency
bands, nationwide frequency bands, or a modification of the existing method of
frequency co-ordination based on private property rights.

For similar reasons

to those outlined above, we ruled out the local or regional frequency band
options,

and

propose

a

dual system of

nationwide

bands

alongside

bands

retained for RFS-led frequency co-ordination.
Band licences better match the spectrum demand created by area-wide services
(and radar) than frequency co-ordination.

For such area-wide services, the

units which must be co-ordinated are systems covering entire urban areas and
it may be difficult to engineer such a system around a few existing point-to-

point links.

Negotiating for such rights with several rights holders can be

quite difficult.
I

For several reasons, however,
modified

version of

the

there may be advantages in also retaining a

more traditional

frequency co-ordination

approach.

First, there is likely to be no shortage of suitable frequencies for fixed links
over much of the spectrum above 3.6 GHz.

There is less need, therefore, to

hold

immediate

competitive

auctions

Second, ,there is the possibility

than

in other parts of

the spectrum.

that the technical expertise needed

to co-

ordinate fixed links would reduce the number of organisations bidding for
frequency bands, at least in the initial stages of the new system.

If, as a

result, this role is monopolised by Telecom, then there may be a danger that
other organisations would be at a disadvantage in obtaining the frequencies
they need.
Hence we suggest the introduction in some bands of a modified frequency coordination

approach.

In these

bands,

RFS would co-ordinate

use of

the

spectrum and prospective spectrum users would file (after consulting a register
of existing users) their application for a new fixed link with RFS.

The

application would be published and, if after a limited period of time no other
applicant emerges for the frequency specified, then a property right for the
frequency would be assigned,
period.

New

entrants

would

without an auction, for the standard licence
be

interference above prescribed limits.

obliged

to

protect

existing

users

from

If existing users object to new users'

plans, RFS could be called in to judge whether or not harmful interference
would be likely to occur. This allows a mechanism for co-ordination to develop
which uses market mechanisms as and when appropriate, but without requiring
an auction when no competition for spectrum exists.

Because of the excess

supply of spectrum, the resultant distribution on a first come, first served
basis should resemble quite closely the pattern of allocation that a private
sector band licensee would choose.
r

To prevent the possibility of a "landrush", that is prospective users putting in
applications for as much spectrum as they can obtain free on "day one", it
might be necessary to incorporate an "obligation to use within a specified
number of yearsn requirement in each licence, although the difficulties involved
with this requirement (for example, how can the acquisition of frequencies for
future expansion
purposes

-

be

differentiated from holding frequencies for speculative

and, in any event, is there a strong economic reason for doing so?)

should be noted.lo4
'04

A landrush is unlikely to result in an efficient distribution of rights, and so
a considerable number of subsequent transactions may need to take place
before such an efficient outcome is achieved.
In the US, a five year

Pro~osalThree: Distribution of Freauencies Above 3.6 GHz
For frequencies above 3.6

CHz we propose that, in addition to the band

licensing approach, some bands be reserved for frequency co-ordination to be
carried out by RFS.

Such frequencies would be assigned on a first come, first

served basis with an auction only in the event that there are competing claims
for a frequency.

A tradable property right would be issued for each frequency

assignment.

In

C.

Spectrum Rights

1.

Spectrum Bands

a.

Bandwidth

deciding

the

appropriate initial

bandwidths of

spectrum units we

have

proposed definitions which are likely to minimise the costs of any subsequent
re-contracting

and enforcement of rights.

congruent with the market's

preferences,

If initial spectrum rights are not
transaction costs would be involved

in moving towards the preferred allocation of rights.

The initial definition of

rights should therefore be as close as possible to end users' requirements, in
order to reduce the amount of re-contracting in the period immediately after
distribution of spectrum. Consistent with this, band divisions have been chosen
to

reflect

equipment

the

existing

band

divisions

and/or

in New Zealand and in international

the

known

markets.

availability
If

possible,

of
no

channel that is now used should, after the initial distribution, be split between
two different band licensees.

Where there are no existing users, the aim has

been to reflect the needs of potential dominant uses of each part of the
spectrum.

use-it-or-lose-it rule in the microwave frequencies appears to deal with the
landrush problem. Other requirements one might wish to impose could
include evidence of access to sites needed for antennas and minimum
antenna specifications (e.g. beam width requirements).

Pro~osalFour: Sbectrum Bands
We propose that the initial units of spectrum to be determined should, as far
as is practicable, take the form of frequency bands, which should be chosen to
reflect exlsting New Zealand spectrum allocations and possible future demand.

RFS should retain control over some bands.
b.

Areas

The discussion of out-of-area

interference standards in Chapter V concluded

that a system of spectrum property rights based on localised area units with
relatively simple output-based limits on out-of-area interference would be
likely to result

in a high degree of

uncertainty

about the value of

the

spectrum units being purchased and relatively high negotiation costs, as rights
holders

attempted

to

reach

agreement

with

their

neighbours

concerning

mutually acceptable interference levels.
If spectrum bands are constituted on a local basis (for example, a frequency
band for the Auckland

area), then there would be a need for substantial

negotiation between licensees in order to obtain efficient use of the spectrum
near each geographic border.

The sale of nationwide bands internalises these

negotiations, with the band licensee planning the use of the band to yield the
efficient level of interference (assuming the licensee is revenue maximising and
has the necessary engineering competence).
If bands are sold only on a nationwide basis, however, the initial purchase of
spectrum may be beyond the reach of many local end users, who will be
obliged to acquire spectrum from the new nationwide band owners.

To the

extent that this causes problems of monopoly exploitation by band owners or
results in very thin spectrum markets, one might wish to have some spectrum
available on a local basis.

Also, if it takes time for intermediaries or band

licensees offering to sell use of frequencies on a local basis to enter the
market, many users could find themselves temporarily without the right to use
the frequencies they require.

In order to provide a safeguard against these

outcomes, we propose that in certain frequency bands, where these problems

I

are most likely to occur (e.g.

frequencies used by FM sound broadcasters or

I

by land mobile operators), RFS should create local flexible spectrum products

i;

for initial distribution by auction in the event of there being more than one

I

I
I
'1

applicant for each product.
Spectrum products would avoid the interference problem described above by
being more tightly specified in advance with reference, for example, to a
transmitter, antenna location and signal power.

We have termed these "flexible

spectrum products", because we envisage some flexibility in their subsequent
use,

provided

that either the constraints imposed by the original reference

system are adhered to, or re-contracting with affected parties takes place.

I/

IY
I

Pro~osalFive: Flexible S ~ e c t r u mProducts
Where appropriate, some bands (Le. those likely to be characterised by local
use such as FM sound broadcast stations and mobile radio) should be planned
by RFS to reflect the known local demand for frequencies, and then rights to
local

use of

these frequencles (i.e.

flexible spectrum products)

should

be

auctioned.

li

2.

Default Limits

Some constraint on permitted maximum interference needs to be written into
spectrum rights in order that these rights be of value to users and to avoid
the considerable re-contracting

that would have to occur in the absence of

such a constraint.

I

A

"default limit" incorporated

into the spectrum

rights would

set a legal

maximum limit on the amount of interference that spectrum users would be

1

i

permitted to create outside of their own spectrum propertylo5.

Because we

cannot know with certainty what the efficient levels of interference are, users
will be free to contract interference limits different from the initial default

$

i t s .

I

lo5

If, in the event of interference, negotiation between parties fails. then
It is important to note that our default limit applies to the party or parties
creating the interference: it is an interference right with an upper bound
that, if exceeded, can be enforced in law.

the party suffering harm from interference in excess of the default limit would
have the option of using the legal system to seek redress.

Should the action

taken be successful, the party creating interference in excess of the default
limit would be obliged to take action to comply with that default limit, and
would be liable for any damages caused.
Default limits provide a basis for enforcing interference rights and, by setting
appropriate limits on interference in each part of the spectrum, give users
greater certainty concerning the type of service they will be able to operate.
They should reflect, as far as possible, the levels of interference existing
spectrum users find to be acceptable.
For nationwide spectrum bands, only an out-of-band

default limit would be

needed. Out-of-band interference limits should be defined in terms of a field
strength, which would reduce as the distance (in spectrum terms) from the
band edge increases. The general constraint we propose is that no out-of-band
emissions should exceed -43 dBW, but this can be varied to reflect different
uses of different, parts of the spectrum.

This is a relatively restrictive limit,

which enables spectrum rights holders to use their rights immediately in the
knowledge that they are protected from serious interference, but which also
constrains their

use.

An alternative, more relaxed

limit would give less

certainty about the level of interference a rights holder might initially expect
but would, of course, allow more initial flexibility of use.
For flexible spectrum products, both out-of-band
limits need to be specified.

and out-of-area

interference

The out-of-band limit would be the same as for

nationwide bands.

A simple and useful out-of-area

default limit is more

difficult to define.

As discussed in Chapter V, an approach based on defining

a reference transmitter systemlo6 should be less costly to monitor than many
alternative simple limits, and woutd help reduce uncertainty about the likely
value of each part of the spectrum.

It is also similar to approaches used in

the current system of spectrum management.

An alternative approach would be

to adopt a (DeVany type) field strength limit for each defined area.

This

might lead to slightly less certainty about spectrum values, but it offers the
The reference system approach uses reference input variables to define the
maximum output constraint.
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possibility of

lower

re-contracting

costs.

The familiarity of the reference

system leads us, on balance, to recommend this as the method RFS should use
in defining out-of-area limits for flexible spectrum products.
P r o ~ o s a lSix: Definition of Default Limits
Default ilmits for the interference one user may cause to another should be
set

close

dominant

to

those

end-use

interference

of

levels given

a given block of

the CCIR for the likely

spectrum. A tapered or flat field

strength approach is feasible for out-of-band
bands and spectrum products.

by

interference for both nationwide

For out-of-area

interference, the choice should

be between setting field strength limits in a defined area and a reference
system approach, with our preference being for a reference system approach.
Duration of Spectrum R i ~ h t s

3.

Spectrum

rights

can

either

be

granted

in

perpetuity

(either

freehold

equivalently a very long lease) o r for a relatively short period of time.

or
The

economic factors influencing the choice between these two alternatives point
in favour of rights in perpetuity.
Granting perpetual rights would avoid any administrative and negotiation costs
associated with re-auctioning

licences of a finite duration, and would allow

spectrum users to make investment decisions in the knowledge that they will
have access to their frequencies for as long as the net benefits to them are
greater

than

the

net

benefits

from

selling

them

to

another

party.

The

uncertainty faced by spectrum users towards the end of a fixed period lease
could

distort

frequency
applications

investment

specific
being

decisions,

investments
postponed

until

with

and
the

users

being

investment
start

of

in
the

reluctant
new
next

to

make

spectrum-using
licence

period.

ow ever,' if fixed period spectrum licences are made long enough to cover the
life of most radio equipment (we suggest 20 years) and if users are given the
opportunity to buy futures in spectrum rights, for example, by holding the next
auction some time before licences expire, then the efficiency loss is likely to
the

be small.
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Concern

is aometimes expressed

that granting perpetual

rights

to spectrum

takes awny the scope for government to influence spectrum use in the pubiic
interest

-

for example to ensure that essential safety services are provided or

a spectrum m a r k t
government always has the option to buy back spectrum for such purposes
to

encourage

technological

development.

However,

in

(with the associated benefit that the cost of using spectrum for such purposes

is

clearly

revealed).

Fixed

period

licences

might

still

be

I

preferred

by

government because they offer a means by which government can, at little
fiscal cost, change the allocation or definition of rights, say, if the existing
system is not thought to be working well,
Pro~osalSeven: Duration of Suectrum Riehts
On economic grwnds alone, spectrwm rights should be issued ir perpetuity,
although the efficiency loss associated with fixed period rights i s likely to be
small if rights for future periods are h u e d well in advance of the termination
of the existing rights.

If the government chooses to issue fixed period rights,

these sbould take the form of a 20 year licence, with new licences to be
Issued, via an mistion, no fewer than five years in advance of the time they
take effect.
4.

Tradability

The degree to which rights are transferable between users and able to be

subdivided or aggregated will have an important bearing on the ability of the
market to yield efficiency gains. The more flexible the rights are the larger
is the possible set of potential economically beneficial trades amongst users.

For this reason, licences should be transferable, both between end users and
end-use, and licence owners should be able either to sub-license their rights o r
aggregate a group of licences.

Spectrum licences should be transferable, and crrpable of being subdivided rrad
aggregated.

This flexibility will enable licences to be used for a variety of

I,

potential uses, by the greatest number of possible users, and for their use to
change.

5.

Lenal Definition of ~ i ~ h t g l O '

For a spectrum market to work efficiently, users should be allowed to create
interference up to a certain level in the frequencies primarily used by others.
It is important, however, for property rights to be so defined that individual
users can take action should those limits be exceeded, and there must be an
effective procedure for a user to claim compensating damages when
occurs.

harm

Whether or not a maximum allowable level of interference is proposed

(the default limit), in legal terms this means that rights in the spectrum must
be

"exclusive

rights".

Non-exclusive

rights

may

not

of

effective action to be taken against other non-exclusive

themselves

enable

holders of rights to

the same or different frequencies.lo8
The terms governing the exercise of

the right can be specified either by

statute (or in delegated legislation) o r in the document recording the grant of
the right.
the

The choice between statute and delegated legislation depends on

flexibility

required

in

the definition of

the

right

and

whether

it

is

intended that such a definition should be able to be changed relatively quickly.
One of the benefits we expect a market to generate is greater flexibility in
the use of spectrum, and this will be aided if rights are be capable of being
redefined

relatively

registration (as with

quickly.
land)

Thus,

-

we

recommend

a

statutory

a spectrum ownership register.

system

of

Entry on the

register would mean that the registered licensee is entitled to all the rights of
its predecessor in title, and that the licensor (and others) could enforce rights
against it. The register would contain a specification of the ownership of parts
of the spectrum; bands, specific products and geographic regions inside bands.

Io7

See Appendix IV for discussion of legal issues.

Io8

Enforcement of non-exclusive rights would generally mean that all the
holders of a particular right would have to be joined in the proceedings.
Damages may also be difficult to ascertain and to apportion.

w e /ria
IS8
In

all

cases,

the

right

granted

would

radiation, with a defined emission right.
presumably

acting through the head

certain standard conditions included.

be

an

exclusive one

to

originate

The licensor would be the Crown,

of

RFS, and the licences could

have

Such conditions might include obligations

to comply with New Zealand's international obligations,lo9 positive obligations
not

to

cause

harmful

interference

in

certain

parts

of

the

spectrum

(for

example, those parts allocated to aeronautical navigation), and a right on the
part of the licensor to terminate on breach of any international obligations by
the licensee or on breach of any other condition of the licence.

Conditions

might also be included applying specifically to broadcasters or other specific
users.

All

warranties

as

to

the suitability

for

purpose and

freedom

from

interference would specifically be excluded.
There is no legal reason why all rights, whether allocated on a market basis or
otherwise, should not be dealt with in the same way.

For example, even if,

for reasons of national security, market mechanisms are not applied to part of
the spectrum currently used by the Ministry of Defence, there is no reason
why licences of the types proposed should not be issued to them anyway.

If

at some stage in the future it becomes possible for such users to economise on
spectrum use, then the possession of tradable spectrum property rights might
encourage such economies to be made.
Pro~osalNine: Leeal Definition of R i ~ h t s
Spectrum property rights should be exclusive licences.

We would recommend a

system of registration of spectrum property rights and of dealings in them
similar

to a

land

registry

with

the

ownership and there being absolute title.
comply with New Zealand's

register

being

conclusive evidence of

Licence holders would be required to

international obligations, and any other conditions

of the licence.

Io9

This obligation might cover any changes in regulations during the licence
period. Alternatively, the government could negotiate with rights holders
over any change in its international obligations and failing agreement, buy
back the rights, or it may make a reservation in the international radio
regulations.

Some

D.

Transitional Arrangements

1.

lnitial Transfer of Riahts

mechanism

must

be

employed

to

accomplish

the

initial

transfer

of

property rights from the government to users, and this must involve a device
for rationing,
supply if

since in some parts of the spectrum demand would outstrip

the government

Price-rationing,

were to offer spectrum rights free on demand.

which is likely to transfer rights directly to the highest value

users, is generally preferable to non-price rationing, which is likely to require
subsequent exchanges in order to allocate the rights to their highest value use.
Because the government is not in a good position to predict what market
clearing prices are likely to be, it is preferable to leave the determination of
price to spectrum users, via an auction.
To avoid unnecessary auctions, and to reassure spectrum users that the aim of
the new proposals is to achieve efficient spectrum allocation rather than raise
revenue, consideration should be given to requesting "statements of interestn in
each spectrum product or band before an auction is held.

Only where there is

more than one applicant for a given spectrum licence would an auction need to
be held.

In order that only parties seriously interested in obtaining a licence

register their interest, one might wish to charge a registration fee or require
some

written statement

explaining

the likely use

of

the spectrum. If

the

implied administration costs are thought likely to be considerable, then holding
auctions in all cases might be preferred.

It should be noted that where there

is only one bidder the price paid will be zero under the proposed second price
auction (see below).

I

Prooosal Ten: Initial Transfer of Riehts
The initial transfer of

.ce
:rs
UY

lio

rights should, where necessary, use price to ration

supply between competing demands. Because the government is not in a good

1

position to predict what market clearing prices are likely to be, an auction
should be held.

2.

Form of the Auction

We considered two options for the general form of the auction: sealed bid and
open (or oral) auctions.

These are discussed in Chapter VI, where we argue

that sealed bid auctions are preferable because of the reduced risk of collusive

behaviour amongst bidders.
in

This is a factor we considered to be of importance

New Zealand, because of the small size of

the market and hence the

likeiihood that there may only be a small number of bidders in each auction.
The

auction should

be

structured

in

such a

way

incentives to reveal their true value of spectrum.

that

bidders

are given

This is best achieved by

assigning frequencies to the highest bidder who is then required to pay the
second-highest vrice bid.

To ensure all bids are bona fide, a fraction of the

price should be paid by the winner within, say, one day of the conclusion of
the auction.
Prooosal Eleven: Form of the Auction
Auctions should be by sealed bids.

The winner of the auction would be the

entity offering the highest bid and the price paid for the frequencies auctioned
should be the second-highest bid.

3.

Rights of Existinn Users

a.

The case for and against grandfathering

The mechanisms for the initial transfer of

rights must provide a way of

distributing rights to both the existing users of spectrum and potential new
users.
We considered three options here:
requiring all users to bid for frequencies in an initial auction;
r

giving the incumbent users rights to the frequencies they now use (this
is

known

as

"grandfathering"

frequencies through an auction;

of

rights),

and

distributing

all

other

w

giving incumbents the option to retain rights for continued use of the
frequencies they are now assigned, (on either a temporary or full-licence
basis), in return for either an administratively set or comparative market

I

price, and distributing all other frequencies through an auction.

I

There
I

is a strong

case on economic efficiency

grounds

for requiring all

existing users to compete for access to the spectrum on equal terms with

I

prospective new entrants. The main attractions of this approach would be:

I
I

w

it

facilitates

competition

in

downstream

markets

this

could

be

important in ensuring the success of New Zealand's planned deregulation
of telecommunications and broadcasting;

i
i

I

w

Ili .

efficiencv:

it will speed up the process by which the market moves

towards a more efficient allocation of spectrum;
eauitv: incumbents are given fewer advantages over new entrants;
w

revenue: the government will obtain higher revenues at an earlier stage
from the auction process.

Offsetting these advantages are:
w

opportunistic bidding: although spectrum may have little scarcity value,
there may be scope for opportunistic bidders to force up the price of
frequencies needed by current users with considerable sunk investment;

w

costs of disruption: if

existing users do not re-acquire

frequencies in a competitive bid,

there may

their current

be adjustment costs if

equipment has to be modified or scrapped (although equipment may be
able to be sold to the auction winner);

,
9,

In addition, there are two (largely political) motives for allowing existing users
a period of time to adjust to the new system:

I

omosition: the likely strong opposition from the incumbents, with the
possibility of legal action;
related

~ o l i c v decisions some related {policy decisions, for example in

broadcasting, are based on the assumption that existing users will have
continued access to their current frequencies.
The concern existing users express that they might lose the frequencies they
now use, if they had to bid competitively for them, is probably unfounded.
They would be expected to bid more than their competitors because of their
frequency specific investments and, even if they lose the auction, should be
able to re-open
second-price

negotiations with

auction,

moreover,

an improved offer after the event.

ensures

highest value of the spectrum (i.e.

that

they

will

pay only the

A

next

the value placed on spectrum by the

second highest bidder), which should represent the true opportunity cost.
On

the

other

hand,

grandfathering

might

not

greatly

reduce

allocative

efficiency: if grandfathered rights are made tradable, then the market should
ultimately encourage a more efficient allocation of resources as existing users
recognise the value of the spectrum they hold.

In New Zealand, because most

spectrum is not yet in short supply, grandfathering might not cause such a
significant efficiency loss as would otherwise have been the case.
because some radio licences convey valuable rights,

However,

grandfathering could be

regarded as inequitable.
Ultimately we believe the decision on grandfathering is a political one.
preference

is for all spectrum to

Our

be auctioned subject to the constraints

imposed by international agreements.
b.

Temporary licences

Existing users should, however, be given a period of notice in order that they
may have time either to secure the use of their existing frequencies from the
relevant band licensee or to purchase new equipment and frequencies in other
bands, should this prove necessary.

Given that in practice it will take time

for incumbents to change their use of frequencies, and because deregulation of

I

broadcasting and telecommunications on I April 1989 makes it imperative that
new entrants have the possibility

of acquiring spectrum

rights,

we favour

allowing existing users to continue their current use of frequencies, but only
for a short period governed by temporary licences issued by RFS.IIO
of

the proposed

Auctions

licences should still proceed as soon as possible, but the

purchaser of a 20 year band licence will have the existing users in his band as
'sitting

tenants* for a fixed period (we propose three

licensee

would

of

course

be

permitted

to

sell

the

years).
use

of

The band
the

relevant

frequencies either to the sitting tenant or to a new user for use after the
'

expiry of the temporary licence.

Sitting tenants would also be allowed to sell

their rights in advance of the expiry of their temporary licence.
c.

The "matching bid" option

If it is considered essential to give incumbents some protection against losing
their frequencies, and the temporary licence proposed above is considered to
be an insufficient safeguard, then the option of a "matching bid" condition in
the auction should be examined.

This would give existing users the right, if

they have lost the (second-price) auction, to match the winning bid and retain
their current frequencies.

By stipulating that re-entry into the auction should

be at the highest, rather than second highest price, existing users are being
asked to pay the price they would have done if they had, in the first instance,
placed the winning bid.

Consideration could also be given to obliging re-entry

into the auction to depend on the payment of a premium in addition to the
highest bid price.
The main danger of allowing 'matching bids' is that new entrants might be
dissuaded from entering the auction.
value

of

the

right

is

the

For, although in theory bidding the full

dominant

strategy

in

a

second-price

auction

regardless of whether the incumbent can match the winning bid, bidders may
be

uncertain

incumbents

about
will

advantage over

the

behave

value

to

them

irrationally.

grandfathering

(without

of

spectrum

Allowing
an

and

matching

auction) that

may

bids,
the

fear

that

offers

the

possibility

of

We would expect re-auctioning of band licences to take place 5 years
before the expiry of their 20-year term.

acquiring spectrum is still open to new entrants if their valuation of such
spectrum exceeds that of the existing users.
d.

The "swiss cheese" option

Further

protection

to existing

users could be given

licences based on existing uses of

by auctioning

spectrum within the defined

20-year

nationwide

bands.

This would address the fear that the new band licensee would be in a

strong

bargaining

proposed

position

temporary

compared

product

to

existing

users

licences. The rest of

on

expiry

of

the

the band could also be

auctioned, subject to the restriction that the band licensee protect the earlier
authorised systems.

Because this accommodating band licence has a lot of

holes embedded in it, it has become known as the "swiss cheese" approach.
This approach
licensees
latter9

has the advantage

could
sunk

extract

that it avoids the possibility

"high" prices

investment

in

from

equipment.

existing
It

has

users,
the

that

because

(probably

of

band
the

greater)

disadvantage that it would mean a loss in flexibility as compared with band
licensing and, if the existing configuration of assignments is not that preferred
by the market, then considerable (costly) re-contracting of rights could follow
the initial allocation. The "swiss cheese" approach would work best when there
are a small number of incumbents in a band.
e.

Charges for temporary licences

If existing users are allowed to continue to use their current frequencies at no
charge, even

for a short period,

an equity consideration arises.

If

new

entrants have to pay for their spectrum (via an auction), existing users should
also be charged.
efficiency
taxation,lll
efficiently.
'

gain
and

Charges can also be justified
through

a

reduction

in

the

in terms of
deadweight

loss

the potential
caused

by

the incentives given to incumbents to use spectrum more

To solve the equity problem, the government is left with the

difficult task of deciding how to devise an appropriate and fair charging
There may, however, be no such gain if the payment is made by an SOE
or a government department. It should be noted that most current use
of spectrum is by organisations within the state sector.

system.

Either the government could estimate the shadow prices of different

frequencies, though in

the absence of

any suitable reference markets this

would be unlikely to yield reliable results.

Alternatively, the incumbents could

be asked to pay a price based on the "average" price resulting from the
auction of comparable frequencies. While comparability may not always be easy
to establish,

in applications such as television,

cellular

telephones and FM

radio where spectrum is likely to be of considerable value, it should be more
straightforward given that these are well defined frequency uses.
In

the

main,

estimates of

shadow prices

will

be subject to considerable

uncertainty and could even unfairly penalise existing users.

If it is felt that

the competitive advantage given to existing users (by not charging for their
temporary

licences)

is

small

relative

to

the

potential

costs

involved

in

attempting to set shadow prices, then a case can be made for existing users to
pay no charge for their temporary licence other than that to cover RFS's
administrative costs.
shadow prices

For much of the spectrum the net benefit from setting

is likely

frequencies are likely

to be small.

to be scarce

cellular telephone band and, perhaps,

But in a number of cases where

-

the VHF television frequencies, the

FM radio

-the benefits (in terms of

promoting equity and raising revenue) will be greater.

In these circumstances

shadow prices for the temporary licences granted to existing users should be
estimated,

preferably

comparable frequencies.

by

*

reference to prices

set in the auctions held

for

In Appendix I1 we set out a methodology for estimating the value of
spectrum, which also points to the considerable information problem in
setting shadow prices.
For example, our estimates of the value of the
VHF television frequencies which are based on differences in the cost of
providing a given level of coverage on VHF versus UHF, range from
$20m to SlOOm (note this would involve the purchase of sufficient
frequencies or channels to provide a service in the four main centres).
These can be converted to annual sums if an appropriate discount rate is
assumed.

11/e/r/a

Proposal Twelve: Existine users113
Existing users of spectrum should be allowed to retain a temporary licence to
use their current frequencies for an interim adjustment period of three years
from the date of the auction.

Temporary licences should be tradable and the

current

to contract

user

should

be

able

with

band

licensees for use of

frequencies after the termination of the temporary licence.

Charges should be

made for temporary licences, based on the outcome of the auctions for full
licences,

where this is likely to yield a significant net benefit.

considered necessary to give existing users further protection

If it is

against losing

their frequencies, consideration should be given to including a "matching bid"
option in the auction process, by which incumbents would be allowed to reenter the auction and match the winning bid, possibly with an additional
premium.
4.

International

International Obliaations
obligations largely determine

the use and,

by

implication.

the

users of certain frequencies, such as those allocated to aeronautical, marine
and satellite applications.

If these frequencies were auctioned it would be

unlikely that there would be any competing bidders, in which case the market
clearing price would be zero, and so no charge should be levied (other than a
fee to cover RFS's administration costs) for these frequencies.

Even if the

market price was non-zero, for some applications such as maritime and ISM it
would not be possible (or economic) to recover payment from the many users
of the relevant frequencies.

It therefore seems unlikely that auctioning of

frequencies whose use is constrained by international agreements would yield
any significant benefits - either in terms of efficiency gains or revenue

-

but

would result - in costs being incurred through users having to enter an auction.
For these reasons, we favour grandfathering

rights in these bands, and to

allow for the possibility that greater flexibility could yield efficiency gains, we
propose that these rights should be tradable.

113

Excluding the Ministry of Defence.

Prososal Thirteen: Internationallv Determined Distribution
Where international agreements largely determine the use of frequencies, a s in
the case of aeronautical, marine and satellite applications,114

the users should

be "grandfathered" their spectrum a t no cost with subsequent freedom to trade.
If they can, in future, benefit financially from economislng in spectrum use
this might encourage them to do so. If there is no obvious band licensee, RFS
should

continue

Its

function

as

a

planner

and

co-ordinator

of

these

frequencies.

5.
A
I

I

large

Ministrv of Defence
part of

the spectrum is at present

allocated

to the Ministry of

Defence (MOD). One way of dealing with frequencies assigned to the MOD
would be to treat them as being constrained by international agreements as

1

under Proposal Thirteen. However, the MOD currently has the use of a large
and potentially valuable part of the VHF spectrum, the release of only a smalt

I
I

part of which would significantly increase the spectrum available for use by,
say, land mobile services.

I
I

1

New Zealand's armed forces may need the capability to operate over all its
i

assigned spectrum in order to maintain compatibility and inter-operability
their allies.

with

They may also need to operate spread spectrum systems which

transmit across large parts of this band.

But for day-to-day

operations we

find it hard to imagine that they cannot operate efficiently with much less
than

t h k l l5

This

substantial part of

would

suggest

that

the

MOD could

relinquish

some

this spectrum to the civil economy without limiting its

operations.
This relinquishment might be on the condition that civil systems would have to
accept some interference from spread spectrum systems, and be prepared to

I

l4

ISM, radio astronomy, space research and internationally agreed amateur
bands would also be included.

'I5

The US, for example, with much larger armed forces, uses the same band
for its military VHF communications.

give up their frequencies in the event of an emergency.'16

It might be

necessary to erect safeguards which will ensure the MOD has the right to preempt use of this spectrum. One safeguard worth examining is a geographic
limitation on use.l17

Another possible safeguard would be to limit the power

of operations in this band.
By and large the VHF frequencies used by the MOD are used by military
administrations throughout the world.

It could be argued that the availability

of equipment operating in this range will be limited to equipment designed for
military markets.

On the other hand, civilian equipment operates in nearby

bands and could easily be modified to operate in this band.
supplies, displays. controls, etc.
band.

Cases, power

would be unchanged by a move into this

The radio frequency equipment and the antenna would normally need to

be changed.

It is our judgement that equipment would be available for use in

this band, but at a price premium as compared to equipment used in the
adjacent bands.
P r o ~ o s a lFourteen: Ministrv of Defence
If, following further assessment of the future needs of commercial spectrum
users, RFS identifies significant potential demand for spectrum currently held
by the MOD, consultations should be held with the MOD to examine ways of

releasing some of the spectrum for commercial use.

One option would be for

the MOD to release selected frequencies (of its own choice) for auction a t a n
early stage, subject to conditions of use reflecting any strategic considerations.
E.

Enforcement Mechanism

As part of a new market system, spectrum rights will need to be clearly
defined and a new enforcement mechanism introduced.
detail

our

advice

on

legal

considerations

(property

Appendix IV sets out in
rights,

resolution

of

interference problems), and this section summarises our proposals.
There are some special applications in this band which must be protected
e.g. the international military distress channel.
'I7

For example, the use of this spectrum could be restricted to locations
near Auckland, where spectrum congestion is most likely to be intense.

I69

Methods of Dealing with Radio Interference

I.

Existing legal remedies do not deal with all types of frequency interference
problems.
for

In particular, they do not cover the case of "lawful" interference,

example,

when

two

frequency

right

holders

exercise

their

rights

in

accordance with the terms of their licence, but create unexpected interference.
In such a case, specific provisions will have to be included in the legislation
creating the spectrum

rights.

In Appendix IV, we suggest that where a

technical solution to the problem

is feasible the parties should negotiate a

solution, with the costs being borne equally by the parties involved.

If there

is no technical solution to the problem, then the second in time right holder
could be required to cease the' activity causing the interference.

This rule

would allow the second in time right holder to sell his right either to the first
in time right holder or to another party for a different application.
Given that this statutory mechanism will be needed in any event, and as
existing tort remedies have not been used previously to prevent or provide
compensation for harmful interference, it would be desirable to provide new
civil remedies in the legislation for both unlawful and "lawful" interference for
the sake of certainty and comprehensiveness.

This would enable the creation

of expertise in this area by an administrative body or the courts dealing with
all types of interference problems, and commercial judgement to be used where
necessary.

It

would avoid

the confusion that could arise by applying tort

concepts developed in different circumstances to a new and complex situation.
Pro~osalFifteen: New Statu torv Torts
We propose three new statutory torts (or duties).

The first is a statutory duty

on the part of right holders not to operate outside the parameters of their
licences, which can be enforced by other right holders and by the Crown.

The

second is a statutory tort of nuisance which can be used by receiver owners in
the event of interference to their reception.

A third statutory duty not to

emit signals in a particular part of the spectrum without holding a licence to
do so is also proposed,

to enable right holders to obtain compensation in

respect of damage from unauthorised transmitters.

P r o ~ o s a lSixteen: Lawful Interference
When two (or more) frequency right holders exercise their rights in accordance
with

the

terms

of

their

licences,

but

create

unexpected

interference,

the

parties should negotiate a solution to the problem with the costs being borne
equally by the parties involved.

If no technical solution to the problem is

possible, then the "second in time" right holder could be requlred to cease the
activity causing the interference.
Although it would be possible to retain a form of the present administered
system of enforcement against interference, an enforcement system in which
right holders are entitled to initiate proceedings to remedy interference would
be more consistent with a system of private property rights. We considered
three possible approaches:
allowing complainants to seek redress through the courts using existing
tort remedies and/or new statutory remedies;
a

providing

for

arbitration

or

an

administrative

tribunal

for

resolving

dispute resolution

in cases

interference disputes; or
a

Of

a combination of the above.
these we consider that

the best method of

where a party is acting unlawfully, either by not owning any frequency rights
o r exceeding those he has, is initially by use of the courts.

If a court-based

enforcement system should prove to be unacceptable, our second preference is
for the appointment of a single member administrative tribunal, with right of
access to the courts in urgent cases and on appeal.

Courts have an advantage

over tribunals and arbitrators in several areas:

-

they do not require a new body to be established;

-

the quality of legal judgment may be better;

-

courts can act quickly to stop interference (via an injunction);

-

they can more easily deal with a multiplicity of parties;

-

they have inherent contempt powers to ensure compliance with
their decisions.

However a single member administrative tribunal could have the advantage of
superior technical expertise.

In an area as technical as radio interference, the

court could be given the power to sit with lay members, as now occurs in
relation to matters under the Commerce Act 1986.

In the case of "lawful"

interference, we propose a mechanism of negotiation with ultimate appeal to
the courts should the steps laid down not be followed by any party.
Pro~osalSeventeen: Adludication bv Courts
Adjudication should be by the courts alone.

The appropriate part of the court

system would be the Administrative Division of the New Zealand High Court,
together

with

the

appointment

of

technically

qualified

lay

members.

Injunctions should be available without proof that damages are an adequate
remedy, as in many cases it will be difficult to prove and quantify damages
satisfactorily.
Both damages and injunctive relief should be available to the party bringing an
interference action. Calculation

of

the

amount

of

damages caused

by

the

interference could be done using established concepts of causation and damages
routinely applied by the courts.
2.

A Role for RFS

Our aim in proposing this enforcement mechanism has been to suggest a system
which assists affected parties to take action quickly and relatively cheaply,
and gives them a reasonable degree of confidence that appropriate penalties
will be imposed or damages awarded.

The ultimate objective is for the system

to deter parties from breaching interference standards and to encourage them
to renegotiate the terms of their licences where this is mutually beneficial.

However well the system is designed, though, there will always be the problem
of the cost of enforcing the proposed rights for smaller, less affluent spectrum
users, and also for the operators of receivers, such as television sets.

Here

there should be a continuing role for the RFS in detecting and acting on
potential sources of interference.

The cost of doing so could be recovered by

charging for the services performed.
complainant,

though

could

be

These charges would be paid by the

recovered

in damages if

the

complaint

was

upheld. RFS may also wish to retain the right to take action itself in the
event,

for example, of

spectrum users being in breach of New Zealand's

international obligations or of non-rights

holders causing harmful interference

to vital spectrum using services.
There is also likely

to be a continuing place for equipment authorisation

procedures,

on

focussing

those

aspects

of

equipment

which

might

have

implications for interference.

These procedures can reduce the transaction and

enforcement

with

costs

associated

interference

externalities, and

can

reduce

the costs to consumers of obtaining information about radio, electrical and
electronic

apparatus.

So

long

as

New

Zealand's

standards

for

equipment

authorisation conform with those in the larger equipment markets, equipment
authorisation

should

not

distort

the

equipment

market

in

New

Zealand.

Equipment testing could either be carried out by RFS or private agencies,
whichever involves lowest cost.
To reduce the costs associated with the identification of interfering parties,
consideration should also be given to the possibility of RFS maintaining a
central register of call signs and station identification rules.
The

costs

incurred

representations

to

by

RFS in

international

planning

and

organisations,

allocating
and

spectrum,

enforcing

protection should in the main be borne by spectrum users.

making

interference

One class of costs

which users should probably not be expected to pay are the costs associated
with policy formation.

The user pays principle should be retained under the

new management system with the appropriate fees being paid on an annual
basis.

n/e/r/a
173
Proeosal Ei~hteen:Enforcement Role for RFS
Consideration should be given to RFS retaining an enforcement role to protect
small spectrum users and also to act In exceptional circumstances, such as
breach

of

New Zeaiand's

international

obligations.

Furthermore,

equipment

authorisation procedures should be retained under any new system, though the
details of procedures will need further investigation.

Equipment testing could

either be carried out by RFS, as at present, or by a private organisation
contracted by RFS.
Pro~osalNineteen: Annual User Fee
Under the new management system, users should pay an annual fee to RFS in
accordance with the cost to RFS of providing them with services such as
spectrum management, interference enforcement, etc.
Competition P o k y Issues

F.

As noted in Chapter VI, a potential problem with a market-based system of
spectrum allocation is the possibility

that

a small number of organisations

could dominate the spectrum market, and hence stifle competition in the main
downstream

markets

BCNZ

other

and

purchase

more

competitors

of

telecommunications

prospective

spectrum

than

service
they

and

providers,
need,

in

broadcasting.
could
order

have
to

Telecom,
incentives

prevent

the
to

potential

from entering downstream markets dependent on access to radio

frequencies, or could buy up spectrum and charge monopoly prices to other
spectrum users.
A number

of

options might

help reduce the potential for anti-competitive

behaviour:

(i)

Use of existing competition law

In terms of radio frequency spectrum rights, at least two concerns arise in
respect of use or abuse of a dominant position.

A party could acquire a

dominant share of the frequency spectrum and then abuse that position to the

detriment of other competitors for frequency rights; or the holder of such a
dominant position could abuse it in such a way as to harm competition in
other downstream

markets,

such

as

broadcasting,

dominance in one market into another market.
Act

(see Appendix

Zealand

law

thus

with

these

extending

Section 36 of the Commerce

IV for fuller discussion) is the

to deal

unlawfully

circumstances.

relevant existing New

Its application to

public

monopolies has recently been touched on in the context of rental cars. 118
This case contains an approval of the US essential facilities doctrine.

This

doctrine provides that when:
a person in a dominant position controls an essential facility;

m

a competitor in another (typically downstream) market cannot practically
or reasonably duplicate the essential facility;
the person in the dominant position denies use of the facility to its
potential competitor; and
the facility could feasibly be provided,
then the person in a dominant position can be required to provide access on
reasonable

and

non-discriminatory

terms.

If this doctrine continues to be

applied in New Zealand, it could be used in cases where a firm owning or
controlling frequencies which are the only frequencies capable of providing a
certain service refuses to sub-license some of those frequencies.

An order

could be made requiring the dominant firm to provide users with access to
those frequencies.

The major limitation of the essential facilities doctrine is

that it does not extend to requiring the sale of part of the essential facility.
Moreover,

it

may

be

difficult

to prove

that

the

facility (for example a

transmitter on a site most desirable for co-siting purposes) is the only one
which could be reasonably and practicably used.

l8

Even if access is given the

ARA v Mutual Rental Cars (unreported, CP 1373/86, 31st July 1987).

dominant firm is likely to charge a monopoly price,'19

something which is

difficult to establish in practice.
(ii)

Strengthening of existing competition law

As noted above, the current system relies o n a number of value judgements
(for example, what is reasonable and practicable) and precludes forced sales.
A

better

approach,

even

if

the

necessity of

making

value judgements

is

accepted, might be a statutory enactment of the essential facilities doctrine in
the statute creating

the spectrum property right,

together with

a right

to

order a sale of frequencies at market value.
(iii)

Restrictions on ownership

If it is considered desirable to prevent the emergence of a dominant firm, a
more direct approach would be to restrict, at the outset, a firm's ability to
acquire more than a certain share of spectrum rights or,
particular groups of frequency bands.

more likely, of

This sort of restriction could cover

spectrum rights acquired directly or by acquisition from other rights holders.
If the strengthening of existing competition law was not thought to be either
feasible o r sufficient to prevent anti-competitive

behaviour, or if

the New

Zealand Government wished to promote competition in certain end-use markets,
restrictions on ownership could be considered.
Such restrictions could be difficult to formulate, especially as the small size of
New

Zealand's

population

could

mean

many

contestable, but dominated by a single supplier.

end-use

markets

could

be

Cellular radio provides the

easiest case for developing restrictions that would work well.

Any efficiency

gains resulting from one firm operating both cellular bands are likely to be
outweighed by the potential losses due to monopolistic behaviour.

A good

constraint would therefore be that no party would be allowed to own more
than one of the A and B bands in a particular area.

Il9

When the upstream market is unregulated (as in the case we are
considering) the holder of the essential facility is likely to lease his
facility at a price so high as to capture all the rents upstream.

For television and sound broadcasting, constraints are more difficult to define
and justify120.

For example, should the VHF and UHF frequencies suitable for

television be regarded as a single market? Should constraints be applied where
a

large

number

of

frequencies

are

suitable

for

specific

uses?

Before

Considering specific restrictions in these areas, consideration should be given
to the advantages gained from economies of scale in such markets and also to
the potential benefits from complementary (rather than competitive) scheduling
of television and radio stations.
(iv)

Method of initial distribution

in principle it should be no mare difficult for a determined
monopolist to acquire a multiplicity of small blocks of spectrum than a small

Although

number of large blocks, it may be possible to influence the market structure
by a phased release of spectrum across a number of different frequency bands.
This would allow more potential competitors to oiganise their bids and perhaps
group together in consortia.

If the spectrum were to be distributed in local

units, for example, prospective new entrants would not need to have the same
dapital resources as if spectrum were to be auctioned in nationwide bands and
so small users could have an opportunity to bid for spectrum.
that the

Our proposal

RFS plan the use of some bands, creating local products for sale by

Nk2tiBh, $hbuld go Some way towards ehsuring small users have the opportunity
to bid for the spectrum they require.

(Although it is still possible that large

users will buy Up many of the local products).
PfBbOBBI Twenty: Prevehthm of. An ti-Combetitive Behavibur

T6 reduce the risk df the spccttum market and associated downstream markets
being susceptible to antl-competitive practices, we propose that:

I2O

-

Elsewhere, it would be eveh more difficult
and probably not justifiedto set specific constraints.
It is less likely, for example, that a single
firm will be able to acquire all the frequencies needed to prevent entry
in, for example, the provision of land mobile services. In the UHF
frequencies, there may be a good case for allowing single firms to
acquire enough spectrum to offer multi-channel pay TV services.

Consideration should be given to including a statutory description
of the essential facilities doctrine in the legislation creating the
spectrum ,property rights, together with a right to order a sale of
frequencies a t market value.
If (i) is considered to be insufficient to prevent anti-competitive
behaviour or if the government wishes to promote competition in
specific

markets,

then

we

would

propose

that

the

legislation

creating the spectrum right should give the government the right
to impose conditions on the auction or other conditions limiting
the amount and nature of spectrum rights to be acquired by one
firm.
Sale of iocal product licences should be used to give potential
access

to spectrum

ordination

system

to small users.
should

be

used

Likewise,
alongside

a

frequency co-

band

licences

in

spectrum above 3.6 GHz.
Detailed Proposals for Spectrum Allocation
The General Aooroach
Table 7.1 shows our proposals for each part of the spectrum in detail.

We

have not specified the default limits in engineering terms for the full range of
our recommendations, but give examples of the approach we suggest for several
key examples in the Annex to this report. Where appropriate we have followed
the frequency band approach outlined earlier in this chapter with the following
exceptions:
for

temporary

licences

to

be

assigned

to

existing

users,

which

we

envisage as being a type of spectrum product;
above 3.6 GHz, we propose a mix of spectrum bands and a variation of
the

first

come,

first

served

system,

with

registration

of

intended

frequency use and the obligation to stage an auction if other prospective
users emerge at this stage;

below 44 MHz, we suggest RFS retains its current planning role;
above 44 MHz, where there is no dominant user in a band constrained
by international regulations, we suggest RFS retains its current planning
role.
Consideration could also be given to the setting aside of some bands for
congestion-rationing.

In

a

number

of

cases

we

have recommended

consideration of a tighter initial specification of spectrum rights in the form
of spectrum products. These cases include:
w

the frequencies currently used by AM radio stations, where international
constraints apply;

rn

those frequencies where local demand needs to be catered for, but where
we

envisage

difficulties in defining out-of-area

default

values

which

would give a high degree of certainty about the level of interference
likely to be generated by neighbouring spectrum users (for example, the
FM radio bands).
2.

VHF Television

There is, however, genuine uncertainty about the choice to be made concetning
VHF television.

For example, it would be equally possible to create a band

licence for the VHF television frequencies, the owner of which would be able
to re-allocate spectrum within that band if he so wished. The danger of a
single band licence is that it could create monopoly power in the provision of
television services. A number of band licences could be created, but this might
lead to the need for substantial re-contracting between parties with consequent
costs.
Defining a set of spectrum products which include as separate products the
group of frequencies allocated to each of TVI, TV2 and TV3, could avoid many
of these costs of re-contracting, given the likelihood that the incumbents will
retain use of these frequencies.

However, packaging frequencies in this way

n/e/r/a
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could inhibit or prevent socially preferred outcomes.

For example, it could be

that social welfare would be improved by having more television channels in
urban

areas

and

less

in

rural

areas

than

is

possible

under

the

present

frequency plan. If frequencies were bundled according to the present plan, this
outcome

might

not

eventuate,

because

the

incumbents may

wish

to limit

competition in their major markets.
3.

Intervretinn Table 7.1

For help in interpreting the table, we suggest the key to symbols used, which
follows the table, is read first.
Where appropriate, we have set out a choice between our preferred option and
an alternative approach which, we consider, would also work well in achieving
the dual objectives of economic efficiency and low transaction and enforcement
costs.

TABLE 7.1
DETAILED PROPOSALS
Current
Alloca tlon

Preferred
Approach

Default
Limit

0-0.5265

Mixed I

Licences

D

As is now

0,5265- 1.6065

AM radio

Products

X

Auction +
Temporary
licences

1.6065-44

Mixed 1

Licences

D

As is now

44-51
55-68
174-230

Television

3 TV-Products

X

Auction +
Temporary
licences

5 1-54

Fixed,
Mobile

Band

68-74.8

Fixed,
Mobile

Band

74.8-75.2

Frequency
Range

Recommended
Action

A1 ternative
Proposal

MHz

Auction +
Temporary
licences
D

Auction +
Temporary
licences

Aeronautical
Licences
Radionavigation

D

A s

75.2-8 1

Fixed,
Mobile

Band

D

Auction +
Temporary
licences

81-88

Land Mobile

Band

D

Auction +
Temporary
licences

88- 108

FM Radio

3 Bands +
Products

A

Auction +
Temporary
licences

108-132

Aeronautical

Licences

D

As is now

132- 136

Aeronautical

Licences

D

As is now

136-144

Fixed. Mobile

Licences

D

As is now

144- 148

Amateur

Licences

D

As is now

1 Fixed, Mobile, Aeronautical, Maritime

Band
Licences

i s

n o w

Band
+
Products

continued

TABLE 7.1 (cont'd)
DETAILED PROPOSALS
-

Frequency
Range

Current
Allocatlon

Preferred
Approach

Civil Defence

Band

Auction +
Temporary
licences

Radionavigation

Licences

As is now

Land Mobile

Band

Auction +
Temporary
licences

Maritime

Licences

As is now

Mixed

Band

Auction +
Temporary
licences

Maritime

Licences

As is now

Fixed, Mobile

Band

Auction +
Temporary
licences

Maritime

Licences

As is now

Fixed, Mobile

Band

Auction +
Temporary
licences

Defence

Licences

As is now +
consultation
about release of
spectrum for civil
uses

Radionavigation
satellite, time
signal satellite,
fixed, mobile

Licences

As is now

Mobile
Satellite

Licences

As is now

Default
Limit

Recommended
Action

Alternative
Proposal

MHz
148-149.9

Band
+
Products

continued

TABLE 7.1 (cont'd)
DETAILED PROPOSALS
Frequency
Range

Current
Allocation

Preferred
Approach

Trunked
Land Mobile

Band

Fixed

Band

Radiolocation
Amateur

Band

Land
Mobile

Recommended
Action

Alternative
Proposal

D

Auction +
Temporary
licences

Auction

D

Auction +
Temporary
licences

Default
Limit

MHz
406.1-420

.

___-.

I

'

D

Auction +
Temporary
licences

Band

D

Auction +
Temporary
licences

Medical
Telemetry

Licences

D

As is now

Land Mobile

Band +
Products

D

Auction +
Temporary
licences

Broadcasting
Fixed, Mobile

6 bands

B

Auction

Fixed, Mobile

Band

D

Auction +
Temporary
licences

Cellular
Radio
Fixed. Mobile

Band

C

Auction +
Temporary
licences

Cellular
Radio
Fixed, Mobile

Band

C

Auction +
Temporary
licences

Fixed, Mobile

Band

D

Auction +
Temporary
licences

Band +
Products

Auction

continued
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TABLE 7.1 (cont'd)
DETAILED PROPOSALS
Frequency
Range

Current
Allocatlon

Preferred
Approach

Fixed

Band

D

Auction +
Temporary
licences

Aeronautical

Licences

D

As is now

Radiolocation

Licences

D

As is now

Astronomy

Licences

D

As is now

Fixed

Band

D

Auction +
Temporary
licences

Satellite
links

Licences

D

As is now

Astronomy

Licences

D

As is now

Meteorological

Licences

D

As is now

Meteorological

Licences

D

As is now

Fixed

Band

D

Auction +
Temporary
licences

Fixed

Band

D

Auction +
Temporary
licences

Radio-

Band
location,
Amateur, ISM

D

Auction +
Temporary
licences

As is now

Fixed

Band

D

Auction

Auction
sub-bands

Astronomy

Licences

D

As is now

Radiolocation
Amateur

Licences

D

As is now

Mixed

D

Auction +
Temporary Licences
and RFS Co-ordinator

Default
Limit

Recommended
Action

A1t ernative
Proposal

MHz

.

. . ,.3600 and

above Mixed2

2 Fixed, Satellite links, Radiolocation, Radionavigation, Amateur
Notes: see overleaf

KEYTOTABLE
preferred. Amroach:

&&

a broad nationwide frequency band with a specific out-of-band
restriction on interference (or default limit).

Product:

a more tightly defined unit (or package) of spectrum, tailored to
use in a specific area, with power and signal specifications set by
RFS.
RFS plans bands in which products are created and
auctioned.

Mixed:

a mixed system of spectrum bands, together with some parts of
the
spectrum reserved for a frequency co-ordination with
property rights
approach, by which prospective users are
requested to register their proposed use and only participate in an
auction if other competing interests are revealed.

Licences:

licences

to

use

particular

frequencies

grandfathered

by

RFS.

Planning and management of the band to be undertaken by coordinating bodies, if these exist, (e.g.
aeronautical bands) otherwise by RFS.

Airways Corporation in
For frequencies below 44

MHz, property rights to be retained initially by the Crown.
Default Limit
The limits on out-of-band interference are defined as follows:
A:
-

consistent with FM radio use

B:

consistent with UHF television use

C:

consistent with cellular telephone use

12:

general limit on out-of-band energy set at -43 dBW at the boundary
the band

of

X:
-

product licence constraints

(NB:

to protect

highly sensitive uses, such as radar,

we suggest that the

spectrum bands are chosen to incorporate guard bands in the initial allocation,
consistent with whichever of the above default limits is applied to the adjacent
band).
Recommended Action:

A full 20 year band licence to be allocated immediately

Auction:

via a competitive sealed bid auction.

Any existing

users required to vacate frequencies (unless, of course,
they

place

suggested

for

the

winning

those

bands

bid).

This

which

are

approach

is

predominantly

unused at present.
Auction

+

Tem~orarvlicences:

Temporary product or band licences to be given to
existing users for a period of 3 years from the date of
the auction with a competitive auction held for full 20
year band licences (containing "sitting tenants" subject
to tenancy on existing licence).

Band licensees are

able

to start trading in unused spectrum immediately,

and

will obtain control over frequencies occupied by

existing users when their temporary licences expire.
Free licence:

Product or band licence to be given to existing users
at

no

charge

i.e.

"grandfathering"

a

full

20

year

licence.
RFS co-ordinator

RFS to retain control over the band and to assign
spectrum on a first come, first served basis but to
make

spectrum

units

(or

products)

available

by

competitive auction when there are two or more users
wishing to use the same frequencies.

Existing users

required to re-register
from "day-one".
As is now:

their

current

frequency

use

RFS to retain planning and co-ordination responsibility
for the band.
Where appropriate, users are given 20
year licences to use the assigned frequencies at a
charge which covers RFS's administrative expenses.

H.

Timetable for lrnpiementation

1.

The Timetable

The initial distribution of licences should be phased in over a relatively short
timescale (we propose 18 months) with the phases to be announced at the start
of the process in order to give prospective users time to choose when and how
much to bid.
There are several reasons why a lengthy transitional period should be avoided:
rn

existing users and prospective

users will face uncertainty about their

future access to spectrum;
certain

frequencies

have

complementary

uses

and

will

need

to

be

released simultaneously if the prospective users are not to be hindered
in providing services.
rn

RFS's

interim planning and management role will be greater than would

otherwise be the case.
However, we would advise against moving to a completely new system on "day
one". There are a number of reasons for this:
rn

There has never before been a market in spectrum in New Zealand.
Spectrum markets elsewhere' in the world have been limited in form.
Participants in the new market will need time to gain experience in
estimating the value of spectrum, in trading spectrum and in acquiring

the expertise needed to manage their use of spectrum.

New entities

such as spectrum intermediaries or brokers could take time to become
established.
The

resources

at

the

disposal

of

the

RFS, who

will

have

the

responsibility of managing the new system's introduction, are likely to
be insufficient to manage a complete change in a very short timescale.
There are potential benefits to be gained from "learning by doing", that
is, by introducing the new system in stages, and modifying it where
appropriate to take account of any unforeseen difficulties.
\

Our proposals partly overcome problems of uncertainty during the transitional
period and should allow prospective bidders sufficient time to determine the
level of their bid, form consortia, etc.

Existing spectrum users can be issued

with their temporary licences at an early stage in the implementation plan, and
will be able to contract with band licensees for future use of the spectrum.
For those parts of the spectrum covered by our "first come, first served"
proposals,

be made as soon as the

frequency assignments can

registration system has been started.

appropriate

Band licences for frequencies constrained

by international regulations can be issued immediately.
We, propose that:
w

The timetable for introducing the proposed new system should be
announced in advance of

the first auction,

to allow time for

parties to formulate their plans and to understand how the market
is likely to work. An RFS sponsored programme of education would
be advisable.121
Priority in the early months should also be given to implementing
a registration system and an enforcement mechanism.

I2l

If the time permits, it would be useful to publish a list of the spectrum
units to be auctioned and to request comments from prospective users on
their suitability.

The

first

auction

should

be

for

the

two

frequency

packages

suitable for cellular radio.
The remaining auctions should be held in successive stages over a
period of 12-14 months. At each stage a range of frequency bands
representative

of

different

parts

of

the

spectrum

should

be

released.
These proposals would involve a staged release of spectrum over an eighteen
month period, as shown in Figure 7.1.
From the date of each auction, all existing users will have a three year period
in

which

to

plan

alternative

measures

(if

they

have

lost

or

have

not

participated in the auction) or to negotiate continuing use of their frequencies
from the new band licensee.

The longest period between announcement of the

new system and expiry of a temporary licence under our proposals will be 4.5
years, for the current VHF television service providers.
will be for Telecom's cellular telephone service,

The shortest period

which will have a notice

period of 3.4 years.
In the event of no bids being received for any of the products or bands
included in the auctions these should be distributed on the first come, first
served basis suggested for the frequencies above 3.6 GHz.
2.

The Priorities

Our aim in drawing up this timetable has been to propose the quickest possible
release of vacant spectrum for auction, combined with action to relieve key
pressure points. Hence we propose that, in the first six months, priority should
be given to the distribution of cellular and other UHF frequency bands, and
FM radio frequencies.

Also, to ensure frequencies are available for fixed links

and other applications complementary to cellular radio and broadcasting, bands
suitable for these applications should be either made available or planned by
RFS at an early stage, and the frequency co-ordination system for spectrum
above 3.6 GHz should be put in place.

Simultaneously, incumbent users will

need to be issued with temporary product licences to run for three years from
the date of the relevant bgnd auction.
At the start of 1990, we propose that AM radio products and two of the bands
presently used for land mobile should also be auctioned.

UHF land mobile and

some fixed bands should also be auctioned at this time.
All remaining bands should be auctioned three months later, around mid-1990,
and

band

or

product

licences

(whichever

constrained by international obligations.

is

appropriate)

issued

to

users

The final step will be to auction the

VHF television frequencies towards the end of 1990.

Figure 7.1
Timetable for Implementation of Proposals
MONTHS ELAPSED

'

ACTION

Parliamentary approval
m

Announce planned timetable
Begin educational process
Develop r e g i s t r a t i o n system
Define licence terms
~ e t e r m i n ebands for which RFS w i l l retain r e s p o n s i b i l i t y

Auction

-

A & B cellular telephone bands

Introduce f i r s t come, f i r s t served system for frequencies
above 3.6 GHz
lssue 3 year temporary product licences t o e x i s t i n g users
Define f l e x i b l e spectrum products w i t h i n selected
FM radio and, land mobile bands
Auction

-

Auction

-

Auction

-

Auction

-

UHF television bands, F M radio bands,
selected bands suitable for fixed links

AM radio products, U H F land mobile band8

VHF land mobile bands, selected bands
suitable for fixed links

811 remaining bands, excluding VHF television
bands

Issue f u l l band licences to u s e r s constrained by
international obligations
Auction

-

VHF television products

Starting from t h e date on w h i c h Parliament passes
legislation for the new system.

The key pressure points identified in Chapter 111 indicate the following three
main priority areas for early introduction into the proposed system.
1.

Cellular t e l e ~ h o n e ~
We propose top priority should be given to auctioning the A and B
band

cellular

frequencies.

Several

organisations

interested

in

operating a cellular network in New Zealand are concerned that
Telecom's head start will make it difficult to compete in this
market.

Not only will a quick auction of these frequencies help

promote competition, it will also be a valuable source of revenue.

2.

Broadcast Television
Competition for BCNZ and TV3, more choice for viewers, and new
types of service (e.g.

Pay-TV) can only develop if frequencies are

We propose the early auctioning of six UHF frequency

available.

bands suitable. for television in order to promote the successful
deregulation
could

of

television

also result

from

broadcasting.
the

early

Large efficiency gains

sale of

the

VHF television

frequencies, especially if auctioned as bands rather than products.
However, we propose that the VHF frequencies be the last to
enter the new system.

This is in order to take account of current

warrant requirements, possible disruption costs, and the need for
more time to consider the costs and benefits of auctioning the
frequencies concerned as bands or as (the existing or alternative)
television "productsn.

If a high priority is placed on generating

revenue from the auction process or if it is seen as desirable to
achieve

the

potential

efficiency

gains

as

soon

as

possible,

notwithstanding the above factors, then the release of the VHF
television frequencies should be advanced
auction timetable.

to stage one of the

Sound broadcasting
Deregulation

will

also

increase

the

demand

for

FM

radio

frequencies and lead to possible competition between broadcasters
and land mobile operators for spectrum.

The third main priority

is to auction three nationwide bands in the FM frequencies, and
for RFS to release generalised FM products in the proposed fourth
band.

The release of AM radio products should follow at a later

date.
Highlighting the above three key areas does not imply, however, that we
consider that our proposals can be implemented in a piecemeal fashion.

To be

certain of maximising the efficiency gain from the proposed spectrum market,
it is important that all elements of the market be introduced as soon as is
feasible.

Only if spectrum rights can be traded across the whole range of

frequencies from an early stage will the full benefits of a market system be
realised.
Institutional Requirements

I.

It is expected that the system of spectrum management implied by the above

recommendations will result in much of

the planning and co-ordination

of

spectrum being carried out by spectrum licensees, while enforcement of rights
will be the province of the courts.
management

agency will

The centralised government spectrum

have a diminished role

in this new environment.

Because of New Zealand's treaty and other international obligations RFS must,
however,

continue

to

be

the

body

which

represents

New

Zedand

in

international spectrum co-ordination and allotment negotiations.
There is also a strong case for RFS or some other public body to maintain a
register of spectrum assignments.

This would be a spectrum ownership register

which would contain a list of all spectrum property (e.g.

frequency bands) and

the associated owner. If a spectrum owner sold a frequency right, then a
description

of

the right sold (frequency and area) and the name of

purchaser would be entered into the register.

the

In addition, a frequency co-

ordination database containing a list of all transmitters operating (or scheduled
to operate within five years) in New Zealand should be introduced.
This
database would help reduce the costs of frequency co-ordination by users and
would allow them to better plan their future spectrum needs.

It is very

similar to the frequency usage database now kept by RFS, and would be
expected to contain specification of each transmitter: frequency, modulation,
power,

antenna

pattern,

location

(latitude,

longitude

or

map co-ordinates),

height of antenna above ground, polarisation, date of operation and any other
parameters

needed

to

co-ordinate

use

of

transmitters.

The

frequency

co-ordination database could either be maintained by RF!3 or subcontracted to
a private organisation.
Both the spectrum ownership and the frequency .co-ordination database should
be open for public inspection.

However, it may serve the public interest if

some cases of frequency usage (most notably, public safety and defence) are
not revealed publicly.
Our recommendations include a continuing role for RFS to plan and coordinate the use of specific frequency bands below 44 MHz and above 3.6 GHz
and to sell local spectrum products in selected bands between 44 MHz and 3.6
GHz. If it was thought that private sector management could perform these
tasks

more

efficiently,

RFS

could

subcontract

them

to

a

private

firm.

Similarly, equipment certification could either be carried out by RFS or a
private firm.
While we have argued for court based enforcement of spectrum rights, there
are some instances where this approach may not work well.
these

is

when

households suffer

interference

to their

The foremost of

television

reception.

This is because the time an individual spends watching television may be
valued less by the broadcaster (especially if services are advertiser-financed)
than the viewer, and so, although there may be a net social gain to correcting
the interference, the broadcaster may not take action to stop the interference.
Viewers may also not take the necessary corrective action because of the high
costs of detecting interference and co-ordinating their actions.
an

argument

for

public

provision

of

interference

Thus, there is

detection/protection

to

households, subject to the condition that they make a payment for this service
in order to discourage its frivolous use.
Lastly, there will be an intensive call on RFS's
years of the move to a market system.
proposed

spectrum

auctions

and

should

resources in the first few

It will need to plan and oversee the
take

an

active

role

in

educating

prospective bidders about the programme of auctions and how the auctions will
work.

ANNEX

ISSUES ASSOCIATED WITH THE DEFINITION OF
SPECTRUM PRODUCTS AND BAND LICENCES

This Annex presents specific suggestions of how to define spectrum products
and out-of-band

interference standards for band licences.

Prior to this we

summarise the arguments in favour of product rather than band licences in
some parts of the spectrum.
A.
This

Spectrum Products Versus Band Licences

section

spectrum

recapitulates

products

the evolution

versus

band

of

licences,

our

and

thinking
we

discuss

on

the

three

issue

of

alternative

approaches to defining local (single market) FM spectrum products.
I.

Band Licences

Our starting point was to propose four New Zealand wide band licences in the
FM band (88-108 MHz).

Three band' licences of roughly equal size would

occupy the lower half of the FM band and one large one would occupy the top
of the FM band

- the

region currently occupied by land mobile.

It was soon clear that this did not match the perceived market need well.
While many groups seem to be interested in operating local FM stations in, for
example,

Auckland

interested

in

or

operating

Christchurch,
a

New

we

Zealand

encountered
wide

neWork

few
of

organisations
local

stations.

Likewise few organisations appear to be interested in being FM band licensees.
We expect firms interested in these activities will emerge once band licences
are offered for sale, but the growth of these firms and the development of
intermediate markets may take time and may deny consumers the immediate
benefits made possible by broadcasting and spectrum reform.
2.

Regional Band Licences

Hence, we decided that it was important to define regional or local FM rights.

The first step was to look at a local version of our band licences.

This would

be a property right similar to the DeVany TAS rights.122
A maj0.r difficulty with this approach concerns the definition of out-of-area
interference limits o r constraints.

If

very restrictive out-of-area

constraints

are set, then it may be difficult to operate an economic service because the
service area may cover only the urban core and not the entire urban/suburban
region.

Conversely, if out-of-area

interference constraints are set low enough

to allow operation of a high power FM station over an entire suburban region,
then interference would occur in many neighbouring regions.

This problem

could be solved by negotiation between the various rights holders.

However,

as the technical note at the end of this Annex shows, the number of regions
affected could be very large.
One way to overcome this problem is to develop larger regions.

If regions are

defined to be as large as half the North Island, then the negotiation process is
simple.

The two rights holders for the North Island negotiate rules for the

stations "near" their boundary (say for stations located within 250 kilometres
of the boundary, or about 80 percent of the North Island).

The negotiation

process is now tractable, but we have lost any local dimension to our property
rights.
3.

Product Licences

Having seen the desired local nature of the rights disappear on examination,
we discarded the regional band licence approach and considered four ways of
more tightly specifying

the spectrum right,

to give what we call product

licences.
a.

Simple product licences

Simple product licences are defined as follows.
licence for the band 88-94 MHz, for example.

-

RFS would be given the band
It would then subdivide this

band

into specific radio stations

122

See the discussions in Chapter V and Appendix 111.

for example,

five

100 kW stations in

Auckland, three ,20 kW stations in Wellington, etc.

It would estimate potential

demand by assigning stations to communities in rough proportion to each city's
population,

with

higher

power stations being assigned to the

larger cities.

Having defined these properties, RFS would then hold an auction.
RFS would warrant that it would not authorise any further stations in the
band

which

would

methodologies.

cause

harmful

interference,

using

accepted

planning

(RFS would probably need to specify the protected contour,

the allowed D/U ratios and perhaps the propagation models it would use to
predict harmful interference.)
b.

Market-determined product licences

The simple. product licence can, however, be modified by allowing demand from
potential users to determine the products licensed.
determined

product

approach.

This we call the market-

RFS would establish technical standards for

protected service contours and interference control.

It would then ask for

bids for stations that would be provided, subject to these standards.

Some

potential service providers might bid for 100 kW stations with high antennas in
Auckland,

others

might

bid

for

10

kW

stations

with

low

antennas

in

Queenstown or Greymouth.
RFS would take the received bids and would try to engineer a set of station
allotments which satisfied the technical constraints and which maximised the
total value of the associated bids for those station assignments.

This approach

is probably more efficient than the simple product licence approach, but it
requires RFS to perform a somewhat more complex engineering task.

I

c.

An intermediate approach

There is an intermediate alternative in which RFS would ask for confidential
indications of

interest

in FM

licences.

It

would

then design a set of

allotments which it judged reasonable, given the demographics of New Zealand
and the indications of interest.

The stations would then be auctioned off as

in the simple product licence approach.

One problem with this approach is

n/e/r/a
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that expressions of interest in FM licences might come from organisations with
only vague intentions of setting up an FM radio station.
d.

Products and band licences

Each of the above approaches would leave some spectrum rights unassigned,
and so would imply a continuing planning role for RFS.

One way of avoiding

this outcome and also allowing the establishment of a complete market, would
be to define FM products for auction using one of the three approaches
suggested above and, having established these products in the FM band, parcel
the remaining

unassigned spectrum into national FM bands,

rights of holders of product licences.

subject to the

These national rights would be of little

value for broadcasting - but would be valuable for recombining with the
product licences for different or future uses;

The rights could also be used

for other purposes compatible with FM broadcasting.
4.

Conclusion

The choice between
trade-off

these three types of product

between the costs of administration and contract renegotiation, and

increases in efficiency,
greatest

licences depends on the

The market-determined product approach entails the

administrative burden

and

this

must

be

offset

against

the

likely

reduced costs of contract renegotiation and possibly more efficient allocation.
In

all

three

cases

rights

would

be

defined

with

the

same

degree

of

flexibility123, however, the location, power etc of stations could differ in each
case.

If contract renegotiation is expected to be costly, then the market-

determined product or intermediate approach could

be more attractive than

issuing simple product licences.
Each of the three product licence approaches described generates an initial set
of stations.

Of course, it may still be possible to squeeze in new stations and

meet the interference constraints.

RFS could allow potential broadcasters to

request access to any stations which were not sold in the original round, or
which

123

the

potential

broadcaster

discovers

can

be

engineered

in

without

Generally the rights should only limit interference to other stations.
They should not specify power, details of modulation etc.

violating the interference constraints.

Upon a request for such a station, the

RFS could issue a notice of auction, and auction off the station within, say, 30
to 60 days.

B.

Out-of-band Radiation Limits for Band Licences

1.

Introduction

Our purpose in setting limits on out-of-band

radiation is to give property

rights

will

holders

reasonable

assurance that

from systems operating in other bands.

they

not

receive

interference

The task of defining these limits is

made easier by the fact that traditional spectrum regulators have always done
this

or

something

recommendations
produced

for

quite

similar.

Thus,

and

practice

to

turn

world

markets

normally

we

to.

have
In

meets

an

addition,

existing

body

of

radio equipment

requirements

for

control

of

unwanted emissions expressed in the ITU Radio Regulations and by the major
administrations.
Article 5 of the Radio ~ e ~ u l a t i o n ssets
l ~ ~values for the allowed spurious
emissions of radio systems and ties limitations on other unwanted emissions to
the CCIR recommendations.
A good starting point for specific limitations on out-of-band
given in the Radio Regulations, Appendix 8.
values

govern,

developed.

except

in

those

cases

radiation is that

We would recommend that these

where

more

specific

standards

are

At this time, we would propose such specific standards for the FM

aural broadcast band, the UHF region from 494-806 MHz, and the cellular
bands.

124

And the appendices it references, notably Appendices 8, 17 and 27.

2.

S~ecificRecommendations for FM. UHF. Cellular and Bands Above
3.6GHz

a.

FM sound broadcasting

We have suggested dividing the region from 88-108 MHz into four bands.
out-of-band

The

restrictions need to meet the following objectives in order to

provide interference protection to operations in neighbouring bands:
FM-A:

Lower edge, protect land mobile
Upper edge, protect FM broadcasting

FM-B:

Both edges, protect FM broadcasting

FM-C:

Lower edge, protect FM broadcasting
Upper edge, protect land mobile

FM-D:

Lower edge, protect FM broadcasting
Upper edge, protect aeronautical radionavigation in 108- 132
MHz (mostly just 108-109)

For operating both FM and land mobile, we recommend a strict version of the
current rules New Zealand uses in regulating FM stations.
restricted

to operating transmitters with their transmission

Operators would be
frequency

located

inside the band. Out-of-band emissions would be restricted as follows:
0-240 KHz from the band edge, any emission shall be less than -15 dBw
(25 dB below 10 watts)
240-600 KHz from the band edge, any emission shall be less than -25
dBW (35 dB below 10 watts)
beyond 600 KHz from the band edge, any emission shall be less than -43
dBW (43 dB below 1 watt).
This standard is a modification of the current New Zealand regulatory standard
for unwanted emissions from FM stations.

It corresponds to applying the

current rules to a 10 watt station operating near the band edge.

Thus, it is

very strict and quite limiting.

Note that, although we have identified different

objectives

boundaries,

at

different

band

we

have

not

proposed

separate

standards.
For

protecting

against interference with

aeronautical

radionavigation

systems

we would require a standard of "no harmful interference to the aeronautical
radionavigation systems operating in 108-132 MHz".
b.

The UHF region 494-806 MHz

We recommend the following channelisation:
UHF-A

494-550

UHF-B

550-606

UHF-C

606-662

UHF-D

662-718

UHF-E

7 18-774

UHF- F

774-806

This set of six bands divides the vacant UHF spectrum up into five 56 MHz
wide bands and one 32 MHz wide band.

The bandwidth of 56 MHz was chosen

because it allows the band owner to choose between seven and eight MHz
channels for UHF television without penalties.
Our proposed limit on out-of-band radiation parallels our FM recommendation.
It is as follows: Any emission appearing outside the authorised band shall be
an unwanted emission (per ITU Radio Regulation 6.10) and, if within 3 MHz of
the band edge shall be below a limit which varies uniformly with frequency, on
a decibel basis, from +10 dBW (30 dB attenuation of a 10 KW station) at the
band edge to -40 dBW (80 dB attenuation of a 10 KW station) 3 MHz removed
from the band edge.
This limit on out-of-band
medium-powered

UHF television transmitter next to the band edge without

special filtering.
located

inside

radiation allows the band licensee to operate a

It requires
the

band,

to

high-powered

UHF transmitters

install

filtering

extra

to

either to be

remove

unwanted

emissions, or to be operated pursuant to a negotiated agreement to allow extra
interference.

Voice communication operations in the band would probably have

to be set back a few MHz from the band edge in regions where the adjacent
band operator is operating a station which emits right at the out-of-band

limit.

Still, with regions 56 or 32 MHz wide, 'this leaves a substantial fraction of the
band for voice communications.
c.
For

Cellular telephone bands

cellular

systems,

and

other

land

mobile

systems operating

in similar

spectrum, we propose the following limits on out-of-band emissions:
All out-of-band

emissions shall be attenuated below -43 dBW.

Out-of-

band emissions in the range 869-894 MHz from transmitters operating in
the range 824-849 MHz shall be attenuated to a level not to exceed -80
dBW at the transmit antenna connector.
These standards are adopted from the

North

American cellular regulations.

They are slightly more restrictive on out-of-band

emissions, having a flat -43

dBW requirement, than are the North American regulations which start out
higher and taper down to -43 dBW at 90 KHz from the carrier frequency.
This tighter restriction will impact on at most 8 or 12 of the 416 voice
channels in each rights package.

We believe that the operators of the cellular

systems can easily negotiate an agreement to use these channels.
simpler

constraint

gives

each

system

operator

more

assurance

But, the
of

the

environment in which it will operate.
d.

Bands above 3.6 GHz

Our recommendations maintain the current band divisions used by New Zealand.
We identified no substantial efficiency gain from going to other channelisation
plans.

However, where band boundaries differ from those in the ITU Radio

Regulations (RR) consideration should

be

given

to aligning

New

Zealand's

boundaries with those of the RR in order to better match world equipment
markets.

Freauencv Ran=

GHz

Recommended Market

Svstem
Co-ordination

Must

protect

A s

n o w .

Intelsat downlinks
4.2-4.4

Licensing

Aeronautical
(Radio altimeters)
4.4-5.0

Band Licence

5.0-5.25

Licensing

A s

Band Licence

Band licensee must

n o w ,

Aeronautical
5.25-5.925

accept the presence
of ISM use at 5800
MHz.
be

May need to

further

into

divided

sub-bands

to

conform
more
naturally with ITU
Radio
Regulations
Extensively used by
Telecom,

thus

less

suitable for a band
licence
Substantial

existing

uses
Used

for

STLs

currently.

Should

consider
boundary

moving
to 7.45

GHz to align with

RR
Band Licence

Essentially vacant.
Should
moving

consider
upper

boundary to 7.75 to
align with RR
Essentially vacant.
Should

consider

moving

upper

boundary

to

to

with

align

8.215
RR

Band Licence

Essentially

vacant

As now

Maritime and aero,
some amateur

3 band licences

10.55- 10.68

Corrresponds

to

North American DTS
frequencies
10.68- 10.70

Astronomy,

As is now

Space

Research
Co-ordination
Band Licence
These is probably little current demand for frequencies above 12.2 GHz in New
Zealand - although these frequencies see substantial use in other countries.
12.25-12.75 GHz will be used for the downlinks for

The frequency range
AUSSAT.

For bands above 12.2 GHz we recommend that, whenever possible,

frequencies

be held in reserve and be released to the market as soon as

identifiable

demand

materialises.

Some of

these

bands are

internationally

constrained and, even now, New Zealand should permit operations in accord
with international agreements.

C.

Definition

of

Spectrum

Rights:

The

Example

of

FM

Sound

Broadcasting

I.

Background

One goal in defining products should be sufficient flexibility so that spectrum
can be used efficiently in the future.

A second goal is that spectrum products

should be units of spectrum which can be easily understood by individuals
familiar with current communications technology and markets.

The process of defining spectrum products involves three main steps.

They

are:
I

defining technical rules and standards;

I

developing a table of allocations for the service, and

I

defining rights packages.

We now look at each of these in turn for the specific example of FM sound
broadcasting.

The same general principles would apply to VHF television, or

land mobile.
Technical rules
The regulator needs to specify the band of interest, bandwidth of a single
transmission,

modulation

polarisation, and so on.

technique,

expected

range

of

power,

allowed

In the case of F M broadcasting the technical rules

are, for the most part, already familiar.

For example, the coverage area could

be defined as the region inside the predicted median 54 dBu/m contour.
The technical
interference.

rules must include a specification of

the maximum

allowed

For FM broadcasting, this might be that specified values of the

ratio of the desired signal to interfering signals are to be assured throughout
the coverage area.

The method

of

assurance might

be a guarantee that

physical measurements will establish such a level, or it might be a guarantee
that no other products will be authorised which are predicted

to generate

interference.
Table of allocations
Given the technical rules, the regulator can then design a table of allocations.
For example, it might be possible to assign one low-power FM station to
almost every community, ten high-power FM stations in Auckland, six highpower FM stations in Wellington, and so on.

The design of such allocation

-n/e/r/a
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tables

is an

exercise

in

radio system engineering

which

poses no special

problems.

The winning bidder could be given simply the right to operate the specified
product.
future,

But such an inflexible right limits the ability of the system to serve
potentially

different

needs.

For

example,

suppose

purchased the right to operate a 50 kW station in Auckland.

an

individual

It might well be

the case that they could operate a 10 kW station in Hamilton without causing
any more interference than their original property caused.

If market demands

changed, it might be more efficient to operate the 10 kW station in Hamilton
than the 50 kW station in Auckland.

The rights package should allow this

flexibility.
More generally, the rights package should:
allow a market to work to reallocate spectrum.
be

able

to

contracts.

redefine

their

rights

to

That is operators should

generate

interference

through

They should have the freedom to change their system design

as they desire provided they do not increase the interference received
by others.

m

allow

the

initial

products

to

begin

operation

immediately,

without

recontracting.
2.

Property R i ~ h t sfor FM Sound broadcast in^. Products

These rights should posses the following elements:
For every FM frequency, in the band in which products are to be
defined, and for every point in New Zealand there is an unambiguous
specification

of

who has the

location and frequency.

right

to operate a

transmitter at that

:

I

nema

I

207

I

Every

I ,

person

who

operates

a

transmitter

should

have

a

clear125

specification of his or her obligations to avoid causing interference to
other persons.
They should be tradable, subdividable, combinable, and so on, in order to
allow market forces to manage this resource in the future.
The fundamental starting points are the stations defined in an original table of
allocations

designed

by

These

RFS.

stations

are

specified

in

terms

of

frequency, power, antenna location, antenna height, antenna pattern, and their
use of FM sound broadcasting technology.

We assume the RFS design meets

the interference criteria.
Each of
unit.
the

1

these stations defines the reference

transmitter for each

property

The allowed transmission region for a specific product is defined to be
region

inside

the

predicted126

reliable

service

contour127

around

the

reference transmitter or closer to that predicted contour than to the predicted
contour

of

any

other

co-channel

reference

transmitter.

reliable service contour of another co-channel

reference transmitter overlaps

is the locus of

I

segments between the two contours on lines drawn from the more norththe

reference

boundary

predicted

the contour,
of

region

the

I

easterly

the

If

transmit

points

through

midpoints of

the line

the overlapping contours.

This definition should divide New Zealand into sets of mutually exclusive,

1

collectively

exhaustive regions

-

one set for each channel on which

FM

stations are authorised.
The second step is to define interference limits.

!
I

that every person inside the predicted reliable service contour is entitled to
125

That is unambiguous and understandable.

126

The CClR rules (or similar propagation forecasting rules) could be used
to generate predictions of protected contours.
This approach has the
virtue of simplicity.

127

Consistent with New Zealand engineering practice, this contour could be
defined as the 54 dBu/m contour.

!
I

Each rights holder is assured

operate a FM receiver which receives no more predicted128 interference than
would be generated by all other reference systems.

Lookin.g at it the other

way, each rights holder is contracted to protect FM receivers located inside
other

systems'

predicted

reliable

service

contours

to

the

extent

that

the

original allocation protected such receivers.
A rights package owner could then operate a transmitter, generating energy
restricted to his or her original channel, anywhere in the allowed transmission
region

associated

with

his or her

rights

package.

All such transmissions

combined, must not create more predicted interference to receivers in other
stations' reliable service contours than does the reference system.
Rights holders would be allowed to vary their obligations by contract.

Rights

holder A could agree to receive more interference from rights holder B, and
adjacent rights could be pooled into a larger package.

For example, suppose a

broadcaster were serving Auckland, and a building were put up near his or her
transmitter, severely reducing the transmitter's

coverage.

The operator might

wish to move the transmitter to another location a few miles south, say.

But,

such a move would, all other things being equal, increase interference to the
south.

The system operator now has two options.

technology
Reduced

mix
power,

possibilities.
right

to

being

used

in order to protect

directional antennas,

and

He or she can change the
the system to the south.

reduced

antenna

height

are all

Another approach would be for the system operator to buy the

transmit

a

slightly

more

interfering

signal

towards

his

or

her

neighbour to the south.
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The standard would be calculated interference, based upon the latest
CCIR recommendations, not actual measured interference.
Such
calculations are simpler than measurement, and make enforcement easier.

TECHNICAL NOTE
The relationship between region size, interference radius,
and the number of parties affected by interference
Consider a grid of square regions which can be thought of as geographic
subdivisions in which spectrum rights are defined.

Without loss of generality

we can assume that the side of each square is unity.
Consider the situation facing a rights owner who wishes to operate a radio
station at the centre of his or her region.

If interfering stations need to be

separated by 0.5 units or less, then there is no problem.

However, if the

required separation is greater, say 0.6 units, then the rights holder faces the
possibility of interference with systems in adjacent regions.

Clearly, with an

interference radius of 0.6, the system operator may need to co-ordinate with
four other parties

-

the owners of the rights in the four squares directly

adjacent to that of the rights owner.
As the interference radius grows (or in the general case, as the ratio of the
interference radius to the length of the side of the region grows), the number
of interfered with or interfering regions grows quadratically.

The table below

shows the number of affected regions for some values of the interference
radius to square edge ratio.

Notice that, if we assumed the F M stations

create interference at up to 300 kilometres, this ratio is five or more for
regions as big as 60 kilometres on a side, and so negotiations with 100 or
more rights holders would be required.
kilometres on each side129

-

If

we shrink the regions to 30

still larger than many towns

-

then negotiations

with 356 parties are required.

129

An FM station which generated harmful interference to another F M
station located 200 or 300 kilometres away would provide primary service
to a region considerably larger than 30 kilometres on a side.

Ratio of interference radius
to region edge

Number of Affected
Regions

100
136

184
240
292
356
3.67

N~ (approx.)

