November 2018
Regional digital radio allotments – A guide to interpreting results 
Introduction
Results of the ACMA’s work on allotment planning for regional digital radio have been posted on the ACMA website.  These results should be considered as the allotment plan for these areas.  The allotment plan represents the best compromise that permits all licence areas to operate a digital radio service.  The allotment plan has been developed consistent with the planning principles developed jointly with industry.  It should be noted that the plan is not free from interference.
This guide has been prepared to aid licensees and their engineering representatives interpret the results.
Next steps
A digital radio channel plan (DRCP) will be prepared for licence areas where at least one licensee wishes to rollout in the next-mover phase. 
DRCPs will reflect the relevant allotment from the allotment plan.  Technical specifications for the licence area’s main transmitter(s) will be included in the DRCP.  Such technical specifications will generally need to be consistent with the parameters used in developing the allotment plan but will be refined by any information provided by licensees about the likely implementation.  If a licensee’s proposal is not consistent with the parameters from the allotment plan, the impact of the proposal on other licence areas will be assessed.  For example, a licensee might propose a different antenna pattern, different site, different antenna height, or request a power increase.  Draft DRCPs will be published for comment giving other licensees the opportunity to comment on the proposals.
Allotments
The key result is the allotment number (1-6) for each commercial licence area.  Allotments 7 and 8 are for national broadcasters.  A document Mapping of allotment numbers to frequency blocks is available on the SharePoint site and shown in Figure 1 below.
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[bookmark: _Ref461525415]Figure 1: Mapping of allotment numbers to frequency blocks
The relevant frequency block will be specified in any digital radio channel plan (DRCP) prepared for licence areas where a commercial licensee indicates they wish to commence a service.  The DRCPs are a legislative instrument and amongst other things the DRCPs will specify the technical specifications for one or more transmitters, mostly the main (high power) transmitter(s) for each licence area[footnoteRef:1].  This guide describes the process, key inputs and results that led to the allotment result.  The following slide from a PowerPoint presentation from the industry meeting held in February 2017 provides an overview of the process. [1:  Some DRCPs may need to specify more than one high power transmitter and some repeaters may also need to be included in the DRCP if, for example, it is sited outside the licence area.] 
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Figure 2: Overview of allotment planning process from February 2017
Notional transmitter networks
For each licence area, a notional transmitter network was developed.  The notional transmitter networks can be found in the ‘Transmitter Data’ tab of the spreadsheet: Transmitter Data and Population Figures (all areas).
Input from licensees was invited and the networks were updated after considering this input. Figure 3 shows an extract of this data for two areas. The antenna patterns are available on the SharePoint site in a folder titled Antenna patterns.  Note that there are two pages of antenna patterns and two copies of each pattern with different scales (E/Emax and dB scales).
A column has been included to indicate which transmitters are most likely to be included in any DRCP for the licence area.  This includes the higher power transmitters (greater than 1 kW ERP) as well as transmitters sited outside the licence area.
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Figure 3: Extract from Transmitter data and population figures spreadsheet
In preparing the notional networks we considered that overspill would be acceptable if the DAB+ power was no greater than the FM power by 10 dB (10 times) from the same site.  This is because the overspill limit for FM is 54 dBuV/m and for DAB+, as the target is to provide in-building coverage up to the licence area boundary, it is 64 dBuV/m.  As a result of the comparatively low DAB+ power levels there has been no assessment of the populations potentially receiving overspill signals. Where necessary, further consideration of overspill could occur at the DRCP stage when developing the technical specifications for main transmitters and on receipt of licence applications for additional repeaters.
The notional transmitter networks used in the allotment planning are just that, notional.  However, they should provide a good starting point from which licensees can develop plans for their actual network deployment. 
Allotment algorithm Inputs
As described in the next section an automated algorithm was used to determine most allotments.  The algorithm determines the combination of channel allotments that gives the lowest overall interference for 1% of time[footnoteRef:2].  Therefore, the level of interference between licence areas is the key input to the algorithm.   [2:  It should be noted that all interference calculations used in the allotment planning process were obtained for 1% of the time. This includes both DAB to DAB co-channel and DAB to DTV adjacent channel interference calculations.
] 

‘Pair-wise’ co-channel DAB to DAB interference
Using the notional transmitter networks, the interference between each licence area and every other licence area was determined and matrices populated with the ‘pair-wise’ results of the population predicted to receive interference for each area.  If licence areas were far enough apart to not interact, then calculations were not undertaken and there is no entry in the ‘pair-wise’ wise’ matrix in the file Consolidated Algorithm Inputs.
A second matrix was calculated from the pair-wise matrix.  This forms the input to the automated allotment algorithm.  This ‘algorithm’ matrix contains the sum of the interference between each pair of licence areas.  That is, the interference from licence area A into licence area B is added to the interference from licence area B into licence area A.  This gives the overall interference between each pair of licence areas as it does not matter which licence area causes the most interference in the allotment process.
The pair-wise interference results were all calculated using the Chirplus BC software package and the CRC-predict propagation model.
Adjacent channel DAB to TV interference
An additional part of the input matrix is the potential interference to adjacent channel television services operating on either TV channel 8 or 10 (refer Figure 1).  While the ‘adjacent block’ allotments 3 and 4 are the worst case (having a protection ratio of -5 dB), the other ‘any block’ allotments also have some the potential to cause interference (protection ratio of -30 dB).  The population potentially affected by interference to TV was calculated for each DAB transmitter and for both protection ratios.  The difference between the two results for the different protection ratios was determined (labelled ‘residual’ in Figure 4) and then the results for all transmitters in a licence area were added together and the results are listed in the Summary - adj ch pop predictions spreadsheet.  The difference (or residual) figure (circled below) was included in the algorithm matrix, as it is this figure that represents additional interference that could result if the algorithm allots blocks 3 or 4 to the licence area.
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Figure 4: Extract from the summary of adjacent channel interference into TV predictions
It should also be noted that in calculating the potential interference to TV, account was taken of alternative UHF TV transmissions where these were clearly the better signal for viewers to be receiving[footnoteRef:3].  Interference in areas with better UHF coverage was not included in the adjacent channel figure used to determine the allotments.  Nevertheless, it is possible that some households in good UHF coverage areas may still be relying on the VHF signals.  The areas around Brisbane have particularly high numbers of potential VHF viewers including Gold Coast (317,631), Ipswich (87,267), Nambour (66,715) and Toowoomba/Warwick (101,511).  All of these areas are allotted an ‘Adjacent Block’.  In these areas and in areas with similarly high potentially affected populations it will be particularly important for digital radio multiplex licensees to have an appropriate interference management strategy in place. [3:  UHF TV reception was considered to be the better signal if a suburban grade (>67 dBµV/m) UHF TV signal was available.] 

Allotment Algorithm
The allotment algorithm was described in the previously mentioned PowerPoint presentation from February 2017.  Put simply, the algorithm takes the input matrix of summed interference results and calculates the optimum set of allotments that minimises the total (co & adj channel) interference population.
Determining the optimum set of allotments is challenging computationally as the number of combinations increases exponentially for each additional area considered.  For this reason, eastern Australia was broken into groups of licence areas with some overlap.
The allotments for certain licence areas can be fixed in the algorithm.  For example, the allotments for the metropolitan licence areas were fixed, as was the allotment for Canberra which is now specified in a DRCP.  
We ran the algorithm for one group of licence areas and then used the result to fix the allotments for the licence areas overlapping the next group.  We tried doing this in different orders and found that the best overall result was when Victoria was run first, followed by S & C.NSW and then S.Qld/N.NSW. As there is minimal predicted interference between Tasmanian and Victorian licence areas and only six Tasmanian licence areas, the Tasmanian allotments were done manually.
Allotment algorithm output tables
A word document named Allotment Algorithm Output Tables is available on the SharePoint that shows the allotments in tabular form.  Areas in bolded text were fixed during the process of determining the allotments or, prior to November 2018, were incorporated in a DRCP.
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Figure 5: Allotment algorithm output for Southern & Central NSW (Rev.1)
Overall interference populations
Once the allotments were determined by the algorithm calculating the total of the pair-wise interference results, further interference predictions were performed to find the interference into each licence area (or remote sub-area) from all other licence areas (or remote sub-areas) on the same allotment.  As before, the more distant areas that would clearly have no potential to interfere were excluded from the calculations.  As this was the final run we used the 3 second DEM[footnoteRef:4] and the CRC-predict model.  These interference levels are listed in the fourth column of the ‘Population Numbers’ tab of the spreadsheet: Transmitter Data and Population Figures (all areas), an extract of which is shown in Figure 6.  The value shown in the fourth column ‘Interference’ is the population of the area that is predicted to receive interference more than 1% of the time[footnoteRef:5]. [4:  3 Second DEM cell size is approximately 90x90m.]  [5:  Areas that are considered to be covered receive interference less than 1% of the time.] 
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Figure 6: Extract showing interference and coverage prediction results
All coverage and interference predictions have been performed using the minimum median field strength of 60 dBµV/m at 10 m a.g.l as the reference level for mobile DAB+ coverage. 
The fifth column (‘%int LA’) lists the population in the area predicted to receive interference as a percentage relative to the total licence area population.  
The sixth column (‘%int >60) lists the population in the area predicted to receive interference as a percentage relative to the population that would receive greater the 60 dBuV/m in the absence of interference.  
The cells in these columns are coloured if the percentage value exceeds 2% (gold) or 5% (red).
The seventh column (Cov) indicates the population of the area that is predicted to be covered in the presence of interfering signals from other licence areas, while the eleventh column (Pop>60) indicates the population of the area predicted to be covered in the absence of any interfering signals.  Both these population figures relate to coverage within the licence area (coverage outside the licence area is not included).  There are comment fields in the spreadsheet column headings that explain the content of each column.  The headings with comments have a small red triangle in the upper right corner.
Allotment maps
A map has been produced for each licence area that shows the coverage and interference from all relevant co-channel areas with the same allotment.  The maps for each area with the same allotment can be found in a zip file folder.  All co-channelled areas (including those too distant to interfere) are listed on the map.  Covered areas free from predicted interference are shown in blue and green colours.  Areas of potential interference area shown in yellow, orange, and red.  Note that the interference predictions are for interference that could occur for less than 1% of the time.  In practice some areas with interference shown may not be noticeable most of the time.  On the other hand, the predictions do not take account of local clutter or obstructions, so it is possible they could over predict coverage and/or interference.
To mitigate interference, licensees could consider providing additional repeaters in areas where interference is shown.  For example, the northern part of the Murwillumbah licence area appears to receive interference.  An additional repeater in this area could potentially overcome this interference.  In developing a proposal for such a repeater, consideration should need to be given to minimising interference to other areas with the same allotment (in this case to Ipswich[footnoteRef:6]), as well as minimising signal overspill.  A further factor to consider is timing, as this additional repeater would not be needed until a digital radio multiplex commences in Ipswich. [6:  Maryborough (Qld) is also on the same allotment, however, examination of the pair-wise interference populations between Maryborough and Murwillumbah shows zero interference in both directions.  Therefore, an additional low power repeater is unlikely to cause interference to Maryborough.] 
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Figure 7: Part of the coverage and interference map for Allotment 6: Murwillumbah RA1 highlighting interference in the Broadbeach to Burleigh Heads region. 
Additional overview maps (see folder: Overview maps) have also been produced that illustrates all of the allotment numbers for each licence area and remote sub-area.  Remote sub-area allotments are illustrated by transmitter icons, while different coloured licence areas are used to illustrate the licence area allotments.  
Single frequency networks
It should be noted that all of the transmitters in a licence area (or remote sub-area) will need to operate on the same allotment.  That is, they will all operate on the same frequency, and be operated as a single frequency network (SFN).  SFNs can have ‘self-interference’ where the transmitters within the same network interfere with each other.  Whether self-interference occurs at a particular point depends on the relative level and time of arrival of signals from different transmitters.  If the signal levels and relative delays are within certain limits, then interference does not occur.  
An SFN needs to be carefully designed to minimise the potential for self-interference.  Delaying the transmission at some transmitter or repeater sites is a way of preventing such interference or to steer such interference into less populated areas.  Adjustment of transmission powers and antenna radiation patterns are additional ways to manage the potential self-interference.  In areas where the transmission timing is not critical, it might be possible to operate a repeater as an ‘on-channel repeater’ OCR, which receives the main transmitter off-air and retransmits it on the same frequency.
As SFN design is a complex area, the allotment studies have not addressed or predicted the extent of self-interference for the notional transmitter networks.  All coverage and interference results presented assume no self-interference.  It is the responsibility of broadcasters to design their transmitter network to manage self-interference.
Summary
This document has provided an overview of the allotment planning process and a guide to the allotment results.  An example showing the results to look for is provided below.  This example is based around the Gold Coast licence area.
For further information contact broadcastplanning@acma.gov.au



Example: Gold Coast
Using Gold Coast as an example the key results licensees should look for are:
1. Allotment number/ frequency block: Gold Coast = 4 / 9D
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2. The coverage in the presence of interference
[image: ] [image: ]
Despite the interference shown in the coverage map, over half a million people can be covered representing 96.7% of the licence area population.
3. The notional transmitter network
[image: ]
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The transmitters in the notional transmitter network are listed in the above spreadsheet extract and the antenna patterns are illustrated (in the order listed in the spreadsheet) immediately above for azimuth equal to zero degrees.  Only the third pattern is in the correct orientation all the others need to be rotated clockwise by the specified azimuth angle. 
4. Whether the allotment is immediately adjacent to VHF TV services
The Gold Coast allotment is 4 (9D) which is immediately adjacent to VHF TV channel 10 as can be seen in the illustration for point 1 above.  TV channel 10 is not in use currently but is planned for a future Brisbane TV service.  (In such a scenario it may be advantageous to establish digital radio transmissions at each transmission site prior to a service commencing on VHF channel 10).
5. The potential interference to VHF TV viewers.
[image: ]
The population that could receive Brisbane VHF TV services and receive interference from an immediately adjacent DAB service is very large (317,631).  However, the majority of this population would be expected to be watching UHF TV services from various transmitters including Gold Coast (Mt Tamborine), Currumbin, Gold Coast Southern Hinterland (Springbrook) and Brisbane South East (Darlington Range).  After considering UHF TV alternative services the potential for interference falls to 5,326 assuming everyone that can, does watch the UHF TV services.  Inevitably, some of the viewers that should be watching UHF TV services will be watching the VHF TV service.  They may require some assistance or advice about watching the UHF services.
As noted above TV channel 10 is not currently in use, however, there remains a risk of interference to channel 8 TV services, which could affect a population of up to 70,833 but only 775 after UHF TV coverage is considered. Refer to the ‘Any Block’ results above.
TV coverage areas and channel information can be found in myswitch.
6. Other co-channel areas
It is important to know which other areas are co-channelled when designing your actual transmitter network.  Licensees will need to be cognisant of this to minimise interference to these other areas and to plan to mitigate the effects of interference from these other areas.
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[bookmark: _GoBack]Filtering the spreadsheet for the same Allotment and same Region (Region 1 including overlapping areas) shows the closest co-channel areas.  These areas could also be found by inspection of the overall allotment map.
Examining the ‘pair-wise results’ in the Algorithm input spreadsheet after hiding rows and columns for non co-channelled areas shows that only Gold Coast and Toowoomba/Warwick interact, and that Banana was considered too far away to interfere with Gold Coast.
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Note that these (but not all) ‘pair-wise results’ are 9 second DEM results and as can be seen to give different results to the table above, with the 3 second DEM results being generally less.
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These are the transmitter specifications used in the allotment process. There may be discrepancies between the coordinates here and the actual coordinates of the transmission antenna. This may have arisen from the terrain model used and the need to place the
antennas at the highest point.
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Region 2 (Southern & Central NSW) Allotment Algorithm Output
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Co-channel Interference only - Run 2
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These are the transmitter specifications used in the allotment process. There may be discrepancies between the coordinates here and the actual coordinates of the transmission antenna. This may have arisen from the terrain model used and
the need to place the antennas at the highest point.
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