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SUMMARY

This paper describes the New Zealand National Repeater System, consisting of linked repeaters in the 70 cm band. It also includes a small number of HF gateways, providing internal redundancy, and to provide external communications in national emergencies.

EXTERNAL BORDERS

New Zealand is 1,600 km from the nearest land mass, Australia. In the event of major emergencies, when Commercial international fibre-optic and satellite communications channels have been disabled, Amateur HF communications has played a major role.

INTERNAL BORDERS

New Zealand’s topography mostly hinders direct VHF, UHF and SHF communications.
The North Island features a sparsely populated volcanic central massif, having peaks over 2,700 m high, surrounded by populated coastal lowlands; the South Island features a central, lengthwise, alpine chain, having peaks above 3,700 m, and populated coastal lowlands.
However, selected mountain tops have provided valuable sites for coverage and/or linking purposes. Five of the stations are located on extinct or dormant volcanoes. The attached system map shows how the inter-station links avoid the topographic blockages.
The New Zealand National Repeater System consists of 27 dedicated UHF voice repeaters operating in the 70 cm band, interconnected by 23 in-band (70 cm) on-frequency linking stations.  It covers most of the populated areas and main highways from the far north to the far south.

Handheld, mobile and home stations can readily use the National System.  It is also used for emergency traffic and for the monthly “NZART Official Broadcast” of Amateur news.  The National System has been steadily developed and expanded since its start in 1987.

FREQUENCY PLANNING

The frequency plan makes provision for a coverage repeater near every population concentration and its linking to the rest of the National System. This represents a total of 73 repeaters, consisting of 50 on-air, or under construction, and a further 23 planned. The planned extensions included parts of the North Island East Coast, South Island West Coast and Inland South Island. At present, the National System totals 2,788 route km. Additional links, totalling 1,277 route km are planned, or are under construction.
To minimise the cost of equipment and co-siting fees, and frequency usage, the National System uses in-band on-frequency linking. This means that every alternate repeater site features an inverted sense of transmit-receive frequency split.

The NZART 70 cm Band Plan reserves 433 – 435 MHz and 438 – 440 MHz for FM repeaters.

Unlicensed Short Range Devices (SRD) operate on frequencies between 433.05 MHz and 434.79 MHz. Part of the 70 cm band, 434.825 – 435.000 MHz, is free of SRD interference.  This allows seven “frequency pairs” at 25 kHz channel spacing:

Low frequency range

434.825 – 434.975 MHz

High frequency range

439.825 – 439.975 MHz

The National System features three types of station:

(a). Non-inverted Repeaters.

These repeaters receive on frequencies such as 434.xyz MHz and transmit on 439.xyz MHz.  They provide local area coverage, using directional or omni-directional antennas, as required.  They are co-sited with one, or more, UHF linking Station repeaters (ULS) for in-band linking (described next).  They have priority-logic station receiver and transmitter controllers.

(b). UHF linking Station (ULS) Repeater.

These repeaters receive on frequencies such as 434.abc MHz and transmit on 439.abc MHz, and use highly directional antennas.

(c). Inverted Repeaters.

These repeaters receive on frequencies such as 439.abc MHz and transmit on 434.abc MHz.  They are stand-alone repeaters, providing both local coverage and linking functions.  They include ordinary controllers, and use directional or omni-directional antennas, as required.

Several National System repeaters are co-located with “local” repeaters on 2 metres, 70 cm and/or 23 cm.  The co-sited 70 cm repeaters need to have the same input/output frequency split sense as the National System repeaters and links, to avoid severe on-site de-sensing.  The 2 metre and 23 cm repeaters need to use suitable frequencies, to avoid interference caused by the harmonic relationship between the three bands.

2.  The National System has inherently more non-inverted than inverted repeaters.

3.  Only seven interference-free “receive” frequencies available.

Therefore, in consideration of these factors, the following frequency usage plan was adopted.

Low Frequency
High Frequency
Usage

434.825 MHz

439.825 MHz

Non-inverted repeaters

434.850 MHz

439.850 MHz

Inverted repeaters and ULS

434.875 MHz

439.875 MHz

Non-inverted repeaters

434.900 MHz

439.900 MHz

Inverted repeaters and ULS

434.925 MHz

439.925 MHz

Non-inverted repeaters

434.950 MHz

439.950 MHz

Inverted repeaters and ULS

434.975 MHz

439.975 MHz

Non-inverted repeaters

FREQUENCY ALLOCATION METHODOLOGY
The frequency plan required:

1.  Maximum Frequency Re-use.

Each frequency pair has up to six repeaters allocated throughout the country.  Computer-aided lattice planning methods, as recommended by the ITU-R, were used to allocate the frequencies.

The frequency planning process included the calculation of a large number of path profiles:

(a). 41 linking paths, to ensure acceptable performance.

(b). 83 coverage area to coverage area paths, to confirm minimal co-channel interference.

(c). 139 ULS to distant inverted-repeater paths, to confirm minimal overshoot interference.

2.  Appropriate antennas, transmitters and receivers.

Directional, or omni-directional, antennas, transmitter power levels and receiver sensitivity, as appropriate, were specified for each repeater and ULS repeater.

The repeater system was also designed on the assumption that the users were intelligent. It was assumed that the user’s transmitter power output would be the minimum necessary to maintain communications, and that sensitive receivers were used.  It was also assumed that mobiles would use roof-centre-mounted omni-directional antennas and home stations would use directional antennas.

3.  Good housekeeping at repeater sites.

Interleaved frequencies were allocated for non-inverted repeaters and inverted repeaters.  This minimised the frequency spacing at non-inverted repeater/ULS sites, maximising the achievable notch depths in the repeater duplexers and minimising on-site intermodulation.  However, good system design can be negated by intermodulation created by the use of inappropriate filters/duplexers and the failure to keep the antenna systems corrosion free.

SPECTRUM EFFICIENCY
The problem with the scarcity of frequencies was particularly acute in the centre of the North Island.  Many instances of double, or multiple, coverage were noted.  This represented an inefficient use of radio spectrum, and could prevent the re-use of frequencies at other locations.

Undesirable multiple-coverage occurs when repeater stations are located at less-than-optimum sites, and additional stations are required to fill-in the coverage deficiencies of the first station.  However, in doing so, there are significant areas where both stations provide coverage.

Solutions included:

(a). Relocation of stations to better sites.

(b). Reducing antenna gain and/or introduction of directional antennas; reduction of transmitter power and receiver sensitivity of some repeaters.

Double (or Multiple) Coverage

Most of the desired stations could be accommodated in the seven available frequency pairs.  Several examples of multiple-coverage were identified, and a solution was devised for each one.  This usually involved an increase, or decrease, of repeater power and replacing omni-directional antennas with directional ones.

IN – BAND INTERMODULATION
The choice of specific frequencies at each site required the consideration of well known de-sense and intermodulation mechanisms:

(a). The third harmonic of a 2 metre repeater transmitter on a 70 cm repeater receiver frequency.

(b). The third harmonic of a 2 metre repeater user’s transmitter on a 70 cm repeater receiver frequency.

(c). The third harmonic of a 2 metre repeater transmitter on a 70 cm repeater transmitter frequency.  This annoys anyone listening to the 70 cm repeater.

(d). The third harmonic of a 2 m repeater user’s transmitter on a 70 cm repeater transmitter frequency.  This annoys anyone listening to the 70 cm repeater.

(e). The third harmonic of a 70 cm repeater transmitter on a 23 cm repeater receiver frequency.

(f). The third harmonic of a 70 cm repeater user’s transmitter on a 23 cm repeater receiver frequency.

(g). The third harmonic of a 70 cm repeater transmitter on a 23 cm repeater transmitter frequency.  This annoys anyone listening to the 23 cm repeater.

(h). The third harmonic of a 70 cm repeater user’s transmitter on a 23 cm repeater transmitter frequency.  This annoys anyone listening to the 23 cm repeater.

(i). In-band sum-and-difference intermodulation. Only third-order intermodulation was considered.  This takes the form of:
2F1 – F2 and 2F2 – F1.

(For example, if F1 is 147.100 MHz and F2 is 147.300 MHz, intermodulation can be created on 146.900 MHz and 147.500 MHz).

(j). Cross-band sum intermodulation. Only third-order intermodulation is considered.  This takes the form of:

2F1 + F2 and F1 + 2F2.

(For example, if F1 is 146.500 MHz and F2 is 146.600 MHz, intermodulation can be created on 439.600 MHz and 439.700 MHz).

PERFORMANCE ACHIEVED
The National System has achieved very satisfactory performance.

During early planning, it was realised that professional system design and performance standards would be essential with the extremities of the system being up to 15 linking “hops” apart.

A stringent specification for insertion gain, audio frequency response, distortion, noise and propagation fade margins was prepared and enforced. It was discovered than none of the available Amateur (or Commercial) equipment could meet the stringent specification, so a series of modifications were developed to improve the best performing Commercial equipment, the New Zealand-made Tait T300 series.

Equipment outages have totalled less than 1%, despite the “thin route” (absence of standby equipment) nature of the system.

Propagation outages have totalled less than 1%, despite some of the inter-station distances being more than 240 km.

There have been a small number of cases of interference caused by non-compliant Short Range Devices (SRDs), operating outside their permitted frequency range. NZART members, skilled in direction finding, identified their locations and advised the Radio Regulator, who promptly closed them down.

There have also been a small number of cases of interference caused by on-site sources.  This has usually been due to intermodulation, created by the use of inappropriate filters/duplexers and faulty (corroded) aluminium antenna systems.

USAGE

When not required for Emergency communication, the National System is freely available for normal, inter-Amateur communication. In addition to this social function, such communications continually check that the system is fully operational. The system’s large number of users respect the near-nationwide coverage and are well disciplined.
The National System functions as a single-audio-channel party-line. Most of the time it is used for voice traffic. By common consent, the National System is used for data interchange in the early hours of the morning. Data is also being increasingly used for emergency communications.
By common consent, the National System is not to be used for Contest purposes. However, impromptu, un-publicised, mini-communications exercises, using a special callsign control station, are popular. These exercises provide training in traffic handling. One of these exercises, organised by NZART Branch 74 on World Amateur Radio Day, was commemorated with the callsign ZL74WARD. Every participant received a special certificate.
APPRECIATION
NZART members are very grateful for the selfless efforts of all the volunteers who contributed to the planning and implementation of the New Zealand National System.  Their hard work has enabled amateurs to continue to communicate throughout New Zealand with hand held and mobile 70 cm band UHF radios.
APPENDIX 1
CHRONOLOGY OF THE NEW ZEALAND NATIONAL SYSTEM

June 1984
Wellington VHF Group Incorporated and Auckland VHF Group Incorporated approve their commitment to fund and provide professional services for the National System
January 1985
Propagation tests Belmont (Wellington) to Egmont (Taranaki) to Klondyke (Auckland)
March 1987
Egmont site owner gave approval to occupy
April 1987
Belmont (Wellington) to Klondyke (Auckland) via Egmont commissioned

February 1988
Belmont (Wellington) to Marleys Hill (Christchurch) via Blue Duck (Kaikoura) commissioned

Subsequently, one or two stations have been commissioned each year

Early 2008
Maroanui (Taupo) and Sewell Peak (Greymouth) commissioned

APPENDIX 2
NATIONAL SYSTEM GATEWAY REPEATERS
(LINKING STATIONS ARE NOT LISTED)

User transmits 5 MHz high to repeater with an output frequency of 434.xxx MHz. User transmits 5 MHz low for repeater with an output frequency of 439.xxx MHz. Vertical polarisation.

Amateur Site Name
Transmit
MED Site Name
Map Ref
Trustees




Frequency
Blue Duck 485
434.850
BLUE DUCK

P31 753892
ZL3VP
ZL3RX

Mt Erin 485

434.850
MT ERIN

V22 391556
ZL2DW
ZL2TC

Balclutha 485

434.850
MT STUART

H45 601541
ZL4AS
ZL4TL

Kaimai 485

434.850
TAKAURUNGA
T15 685649
ZL1GWP
 ZL3GR

Egmont 490

434.900
MT EGMONT
P20 036122
ZL2KG
ZL4JY

Waitaki 490

434.900
MT STUDHOLME
J40 452147
ZL3OZ
ZL3GL

Doubtless Bay 490
434.900
RANGIAWHIA
O03 466037
ZL1AUI
ZL1BQK

Murchison 495
434.950
MT MURCHISON
M29 683418
ZL2BCA
ZL2RP

Wairarapa 495

434.950
PARIWHARIKI
T27 389077
ZL4JS

ZL2BA

Brynderwyn 495
434.950
PILBROW HILL
Q08 383694
ZL1BSW
 ZL1TX

Taupo 9825

439.825
MAROANUI

U17 735940
ZL2KG
ZL1BU

Auckland 9875
439.875
KLONDYKE

R13 705258
ZL1BK
ZL1TGC

Wanganui 9875
439.875
LANDGUARD
R22 830367
ZL1BNB
 ZL2KR

Christchurch 9875
439.875
MARLEYS HILL
M36 804330
ZL3VP
ZL3RX

Belmont 9875

439.875
MT BELMONT
R27 669016
ZL3TC

ZL2TVM

Greymouth 9875
439.875
SEWELL PEAK
K31 736652
ZL3TY
ZL3ADH

Gisborne 9875

439.875
WHAKAPUNAKE
X18 091532
ZL2RC
ZL2HC

Nelson 9925

439.925
FRINGED HILL
O27 364885
ZL2BCA
ZL2RP

Dunedin 9925

439.925
MT CARGILL
I44 199855
ZL4JH

ZL4GR

Kapiti 9925

439.925
MT FIELD

R26 875374
ZL2GO
ZL2OH

Whangarei 9925
439.925
PARAHAKI

Q07 318089
ZL1BSW
ZL1TX

Waitomo 9925

439.925
RANGITOTO

S16 212126
ZL1BZ

ZL1HJ

Rotorua 9925

439.925
WHAKAPOUNGAKAU
U16 080399
ZL1PJ
ZL1BWC

Hanilton 9975

439.975
HAMILTON

S14 129719
ZL1TAT
ZL1THG

Bay Of Islands
 9975
439.975
MANGINANGINA
P05 843654
ZL1NC
ZL1GSN

Edgecumbe 9975
439.975
MT EDGECUMBE
V16 378374
ZL1CAY
ZL1OW

Wharite 9975

439.975
WHARITE

T23 529016
ZL2KG
ZL3TC

APPENDIX 3
LIBERALISED RADIO LICENSING IN NEW ZEALAND

SUMMARY

This Appendix describes the SMART licensing system, its benefits (and costs) to the New Zealand Amateur Radio Service.

As part of its policies of improving transparency, and reducing the costs of doing business, the New Zealand Radio Regulator, the Ministry of Economic Development (MED), a department of the New Zealand Government, developed a new radio licensing system: Spectrum Management And Registration Technology (SMART). SMART came on-line in November 2005.

With SMART, suitably qualified and experienced Radio Engineers, external to, but approved by, the MED, can craft radio licences, formerly a monopoly reserved by the MED to its own Radio Engineers. For example, independent Approved Radio Engineers, employed by NZART, can craft Amateur Beacon, Repeater and Linking licences on-line.

THE MED RADIO LICENCE CERTIFICATION RULES (RLCR)

In setting up the new system, the MED codified and published its in-house Radio Licence Certification Rules in its document PIB38, for the guidance of all Radio Engineers. Some of the restrictive in-house rules, affecting the Amateur Service, were abandoned.

The MED also set up an audit process, to ensure that all Radio Engineers complied with the rules and with good engineering practice. There are severe penalties for non-compliance.

MED document PIB38 requires the Radio Engineer to consider the following, before issuing a technical compatibility certificate:

International Allocations

Band Planning and Channel Arrangements

Equipment Standards

Licensing

Geographic Coordinates

Co-Channel Interference Assessments

Spurious emissions

Site Sense Status

Reference Documents

e.i.r.p.

Coordination Requirements

Coverage Area

Linear Repeaters

Channel Priority

Minimum/Maximum Path Length

Antenna Performance

Transmit Power and Adaptive Power Control (ATPC)

Co-Channel Area

Calculation of Receive Signal Levels

Path Profiles

The Radio Engineer is also required to certify that the following have been considered and complied with:

The International Radio Regulations; and

The ITU-R reports and recommendations; and

Annex 10 to the convention on International Civil Aviation; and

The International Convention for the Safety of Life at Sea.

The (NZ) Radiocommunications Act 1989

The (NZ) Radiocommunications Regulations 2001

MED Operational Policy Documents (POLDOCs)

MED Public Information Brochures (PIBs)

The Radio Engineer must certify that the proposed station is technically compatible with existing Radio Licences and Spectrum Licences. The principle of technical compatibility is embodied in Article 3.3 of the International Radio Regulations:

“Transmitting and receiving equipment intended to be used in a given part of the frequency spectrum should be designed to take into account the technical characteristics of transmitting and receiving equipment likely to be employed in neighbouring and other parts of the spectrum, provided that all technically and economically justifiable measures have been taken to reduce the level of unwanted emissions from the latter transmitting equipment and to reduce the susceptibility to interference of the latter receiving equipment.”

BENEFITS AND COSTS

The first benefit of SMART is that the Radio Licence is usually granted within a few hours.

The second benefit is that the Radio Licence is identical to the information entered into the system by the Radio Engineer.

The third benefit is that many of the MED’s former engineering restrictions on Amateur Beacons, Repeaters and Links (e.g. transmitter power, antenna gain and modulation modes) have been abolished.

The cost of using SMART is the Radio Engineer’s fee. Currently, the MED charges NZ$400 (US$260, €180, ¥25,000) per application to certify the technical compatibility of an Amateur Beacon, Repeater or Link licence application, when the applicant requests that the MED’s internal Radio Engineers certify the technical compatibility. External (to the MED) Radio Engineers can charge any amount they like, typically more than NZ$400 (US$260, €180, ¥25,000).

The volunteer Radio Engineer, who provides licensing services to NZART, does not charge for certifying an Amateur Beacon, Repeater or Link licence application. NZART charges the applicant a token amount of NZ$50 (US$33, €23, ¥3,200), to cover administrative expenses.

The MED also charges an Annual Administration Fee of NZ$50 per licence (US$33, €23, ¥3,200).

