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Summary

The New Zealand “National System” consists of 27 dedicated UHF voice repeaters operating in the 70 cm band, interconnected by 23 in-band on-frequency linking stations, utilising the repeaters.  Coverage is provided of most populated areas and many main highways from the Far North of New Zealand, down to the very southern parts of the South Island.  Handheld, mobile and home stations can readily talk through the system.  It is also used for the monthly “Official Broadcasts” of news, and to carry emergency traffic.  The system has been steadily developed and expanded since its start up in 1987.

The National System needed to be re-engineered, following the decision by the New Zealand radio regulator, the Ministry of Economic Development (MED) to permit unregulated radio devices (Short Range Devices) in the 70 cm band.  These devices started transmitting on the input frequencies of National System repeaters, causing interference.

This document describes the re-engineering that was necessary and required to minimise the impact of the radio regulator’s actions.

A new frequency plan was produced that made provision for all of the existing repeater stations, plus all foreseeable extensions.  The planned extensions included parts of the North Island East Coast, South Island West Coast and Inland South Island.

This represented a total of 73 repeaters, consisting of 50 on-air, or under construction, and a further 23 planned.  All of the 50 repeaters needed to be re-licensed, and their frequencies changed, over a period of about one month, in the middle of 2005.

The re-engineered National System has now been in use for over six months since mid to late 2005, with very satisfactory results.  NZART members are very grateful for the selfless efforts of all the volunteers who contributed to the re-engineering planning and the on site installation work.

Introduction

As at February 2006, the New Zealand “National System” consists of 21 links, totalling 2,476 route km.  It inter-connects the repeaters that serve the major cities, most of the provincial cities, and many of the mid-size towns.  An additional 20 links, totalling 1,589 route km are planned, or are under construction.  They will link repeaters serving all of the remaining provincial cities, and most of the rest of the mid-size towns.

To minimise cost 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.

Need for the New Frequency Plan for the National System

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

In 2003, the Ministry of Economic Development (MED) created a General User Radio Licence (GURL) for Short Range Devices (SRD), operating on frequencies between 433.05 MHz and 434.79 MHz.  This band is not an “exclusive Amateur” allocation and is also an “ISM band.  The SRDs are used for a variety of devices, such as garage door openers, TV remote controllers, domestic weather stations and baby minders.  They can now occupy almost all of the 433 – 435 MHz repeater frequency range.  As a consequence many repeaters started to suffer interference from these devices, both local and the National System.

Any interference to the National System is particularly serious, since interference received by one repeater is re-transmitted by all other National System repeaters.

Available Frequencies

Part of the 70 cm band, 434.825 – 435.000 MHz, is free of SRD interference.  This allows seven “frequency pairs” at 25 kHz spacing:

Low frequency range

434.825 – 434.975 MHz

High frequency range

439.825 – 439.975 MHz

Factors Considered in the New Plan

1.   It was desirable to minimise the disruption to all 2 metre, 70 cm and 23 cm repeaters, and to retain the structure of the existing National System network, as far as was possible.

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.  These repeaters 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-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, 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.     There are 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 existing National System frequency plan (first created in 1987) made provision for 72 repeaters (36 repeaters and 36 ULS), on 15 frequency pairs.  Therefore, co-channel interference was expected to increase when all of these stations had to be accommodated on only seven frequency pairs.

The new plan required:

1.  Maximum Frequency Re-use.

Each frequency pair has up to six repeaters allocated.  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 that co-channel interference was acceptable.

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

2.  Appropriate antennas, transmitters and receivers.

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

The repeater system was also designed on the assumption that the users were intelligent.  In other words, it was assumed that the user’s transmitter power output would be the minimum necessary to maintain communications, and that receiver sensitivity was good.  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 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 existing 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.

These solutions allowed two existing stations to be closed down.

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).

The Performance Achieved
The re-engineered “National System” has been in use for over six months since mid to late 2005, with very satisfactory results.  SRD interference has been eliminated.

There have been a small number of cases of interference caused by non-compliant SRDs.  NZART members have identified their locations and advised the radio regulator, who has promptly closed them down.

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

Appreciation

NZART members are very grateful for the selfless efforts of all the volunteers who contributed to the re-engineering planning and implementation.  Their hard work has enabled amateurs to continue to communicate throughout New Zealand with hand held and mobile 70 cm band UHF radios.

Contact Person

NZART IARU Liaison Officer, or FMTAG Secretary J D (Doug) Ingham ZL2TAR.

Recommendations

That:

1. IARU Region 3 Societies note the huge effort required to re-engineer the “National System” network of repeaters in New Zealand to avoid serious interference from Short Range Devices (SRDs) in the 70 cm band.

2. It is possible that SRDs will affect amateur operations in the 70 cm band in other countries.  Societies should be alert to increasing interference.  Re-engineering of any repeaters will be necessary, as the Amateur Service is not protected from interference in the ISM band allocations.
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