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	SUMMARY

	This IP explains the current VDLM2 channel plan for the United States, updating the paper last submitted into FSMP WG/6.  This information is provided to give background data that may be useful in the Doc 9718 update of the frequency management section for datalinks.  





INTRODUCTION

The creation of a dedicated VDLM2 multi-frequency channel plan for the United States (US) was initiated by the US commercial aviation industry in 2010.  The plan was originally developed to meet commercial aviation’s growing operational control data requirements, and then it was further expanded by a joint industry/government group in 2014 to meet the requirements of the Federal Aviation Administration’s (FAA) CPDLC program (known as Data Comm).  The plan was presented at the FSMP WG/6 meeting in 2018, and since then has been further expanded and modified to allow greater flexibility for ground station placement and coordination of filtering profiles between different service providers.  This paper explains the process and gives additional clarification.  

BACKGROUND

The US commercial aviation industry was behind the development and implementation of the multifrequency VDLM2 channel plan across the 136-137 MHz AM(R)S band.  This industry lead was due to how the aviation industry in the US developed in the 1920s, when the air operators realized that uncoordinated use of the recently allocated aeronautical spectrum was affecting operations and safety.  To prevent such issues, fifteen air carriers pooled $100,000 USD to set up the not-for-profit organization, Aeronautical Radio, Inc. (ARINC), to serve as the single coordinator of aeronautical communications for the air transport industry including ATC and AOC, using a common network of ground stations.  It was chartered by the Federal Radio Commission (which later became the Federal Communications Commission (FCC)) to serve as the airline industry’s single licensee and coordinator of radio communication outside of the government.  As the FAA began to develop in the 1940s and 1950s, the FAA took on a larger role in providing ATC VHF functions across the US.  As a result, the US aeronautical VHF spectrum between 117.975 and 136.975 MHz is now divided into several national allotments.   These allotments are primarily either ATC voice spectrum managed by the FAA, or Aeronautical Enroute Service (AES) spectrum managed by ASRI under FCC license terms[footnoteRef:2].  [2:  The AES spectrum supports all industry operational voice communications, VHF and HF datalink, CPDLC, and HF oceanic ATC voice.] 


The ASRI managed AES spectrum is under the guidance of commercial aviation users through the Aeronautical Frequency Committee (AFC).  The AFC is an advisory group representing all manned commercial aviation operators and Communication Service Providers (CSPs) across the USA, with observers from FAA, IATA and Boeing.  Established in 1958 to support ARINC and now ASRI, the AFC enables industry best practice and consensus to be applied to the AES spectrum.  Hence the group has been the key driver of VDLM2 spectrum planning and implementation.  

Initial development of the VDLM2 channel plan in 2010 by the AFC focused on the 136.500-136.975 MHz (the upper 136 band) given the current US spectrum allocations and expected AES traffic.   By planning assignments across a dedicated frequency band, the AFC wanted to create a controlled RF environment for VDLM2 that was uniform at a national level.  Whilst the channel plan would need to make efficient use of the spectrum, the AFC recognized that unless operational requirements were also accounted for, it would be prohibitive to deploy and manage in an effective manner.  This required a balance of both the technical and operational requirements of VDLM2 to maximize the network’s success.  

The channel plan was further expanded into the lower 136-136.475 MHz band in the late 2010s to account for the additional channel growth.  This expanded the available channels to a total of nine: 1 common channel (the CSC) and 4 dedicated channels for each of the two VDLM2 service providers (SITA and Collins Aerospace).

VDLM2 Operational Planning

Spectrum congestion.  The aeronautical VHF spectrum in the US is very congested.  When the AFC conceived its plan for VDLM2, it was assumed that legacy ACARS growth would reverse as VDLM2 grew and replaced the original ACARS equipage.  However, with VDLM2 implementation it became clear that ACARS use was not declining but continues to grow traffic by approx. 1% a year (VDLM2 is growing at 10+%).  Therefore, compromises had to be made to support two simultaneous VDL networks in the same spectrum.  As a result, there was not enough capacity to migrate all voice users out the planned VDLM2 spectrum, and so four legacy voice assignments will remain within the 136-136.975 MHz band, two for industry and 2 for government usage.

Dedicated channels.  Early within the channel plan’s development process, it was decided that a dedicated channel model would be implemented for each CSP.  Apart from the CSC, this allowed each CSP to operate in a known RF environment while mitigating potential conflicts on traffic management models and minimizing hidden transmitter effects.  It would also allow an equitable access to the frequencies and prevent a CSP at certain sites with a lower proportion of traffic from being disadvantaged. It also provides network redundancy in the event of system failure of one CSP.

Airport environment.  Noting the fluid nature of siting antennas on airports, the AFC wanted the channel plan to account for common siting limitations where optimal antenna separation is not always possible.  Therefore, the channel plan was planned on a uniform national basis assuming worst case deployment patterns and environments.  Any additional physical separation would add to the margin for safety.

Channel capacity.  The industry VDLM2 requirements for AES network capacity were initially limited to only 5 channels, which the AFC planned for in the 136.500-136.975 MHz band.  However, with the Data Comm requirements being added to the network additional channel capacity would be needed.  This was not only for the additional number of messages (Data Comm CPDLC messaging is predicted to be only a maximum of 20% total traffic), but to ensure minimal latency for ATC message delivery.  Data Comm’s core requirements for enroute message traffic latency are 10 secs one way at the 95th percentile (for both uplink and downlink), and 45 seconds for the 99th percentile.  Whilst a VDLM2 channel saturates maximum data throughput at approx. 40% RF utilization[footnoteRef:3], it should be noted that as channel loading approaches this peak, message delays increase.  Therefore, message latency can exceed the 10-sec one-way requirement with RF utilization well below the 40% maximum.  To account for this in future Data Comm and industry traffic modelling, it was agreed to plan for a total of nine VDLM2 frequencies across the 136-136.975 MHz band[footnoteRef:4]. [3:  Due to the CSMA algorithm of VDLM2, peak data throughput occurs when RF utilization is at 39.4%.]  [4:  Full implementation of the proposed channel plan in the United States is subject to additional actions by the FCC to permit the proposed operations in the spectrum set forth in the plan.] 


Ground station classification.  Accounting for the different VDL message types and performance for enroute aircraft vs ground movement, the channel plan does not nominate specific frequencies for each traffic type.[footnoteRef:5]  Instead the plan identifies four VDLM2 frequency pairs, each service provider has two pairs of frequencies separated by 50 kHz.  One frequency in this pair is nominated by the CSP as co-located to manage co-site interference on the airport environment.[footnoteRef:6]  As part of the recent channel plan update, the CSP is allowed to choose which of the frequencies in each pair is co-located.  This enables greater flexibility of the channel plan for service providers when maintaining regional cloud coverage of a frequency while also benefiting from cheaper on-airport hosting costs.  However, it also creates new TOI considerations that must be planned for (see below for the procedural mitigations). [5:  For example, the AFC did not wish to mandate providers to roll out two frequencies for a growing site when only one channel had capacity for both ground and terminal/enroute traffic types.]  [6:  Co-located stations are designated as VDLM2 assignments closer than 1.000 mile/1.609 km to other VDLM2 assignments.] 


VDLM2 Technical Planning

Co-located stations.  Using ICAO SARPs and CSP knowledge of VDL operations the basis for co-siting of VDLM2 frequencies on an airport.  Key assumptions made in this assessment include:

· Airport noise floor in the VHF band of -107 dBm/25 kHz, and therefore a planned minimum received signal of -87 dBm/25kHz.
· Omni directional antennas operating at 25W EIRP.
· Only 60 ft (approx. 20 m) of separation between VDLM2 antennas providing a maximum of 40 dB of path loss[footnoteRef:7]. [7:  Assuming free space path loss as most conservative propagation model given the proximity of antennas.] 

· Need to maintain VDLM2 operations for 200 nm radio range at 33,000 ft.
· Interstitial channel VDLM2 radio performance was estimated from existing VDL operational experience where the ICAO SARPS does not provide specific data.

Using the above parameters, the minimum antenna to antenna separation results are summarized for each frequency offset as follow:



	Frequency offset (kHz)
	Emissions at this frequency separation (dBm/25 kHz)
	Notch filter isolation with a 10” cavity filter (dB)
	Minimum antenna separation 

	
	
	
	(ft)
	(miles)
	(km)

	25
	2
	0
	169103
	32.027
	51.531

	50
	-28
	0
	5348
	1.013
	1.630

	752
	-331
	20
	301
	0.057
	0.092

	1002
	-38
	21
	151
	0.029
	0.047

	1252
	-391
	24
	95
	0.018
	0.029

	150
	-401
	27
	60
	0.011
	0.018

	200
	-43
	27
	42
	0.008
	0.013

	400
	-48
	27
	24
	0.005
	0.008

	800
	-53
	27
	132
	0.003
	0.005


Note 1: These values are inferred from the ICAO SARPs parameters
Note 2: This table does not consider the undesirable insertion losses associated with the operation of a notch filter that is tuned to reject interference separated by 75 to 125 kHz from the desired (Pass) frequency.

With the usage of 10” cavity notch filters tuned to the co-site VDLM2 frequencies, a co-site (60ft proximity) frequency separation of at least 150 kHz is required.  This provided the best balance of only a single filter for each co-site frequency while also benefiting from better filter isolation without higher insertion loss.  It should also be noted that the study concluded that placing radios closer than 18 feet together without cavity filters may have destructive effects on the front end of the receiving radio.

Physical separation options.  Without filtering on the VDLM2 ground stations, the AFC deemed that physical separation was the only option.  This is summarized as follows for the required frequency offset:

	Frequency offset (kHz)
	Emissions at this frequency separation (dBm/25 kHz)
	Minimum antenna separation 

	
	
	(ft)
	(miles)
	(km)

	25
	2
	169103
	32.027
	51.531

	50
	-28
	5348
	1.013
	1.630

	75
	-33
	3007
	0.570
	0.917

	100
	-38
	1691
	0.320
	0.515

	125
	-39
	1507
	0.285
	0.459

	150
	-41
	1197
	0.227
	0.365

	200
	-43
	951
	0.180
	0.290

	400
	-48
	535
	0.101
	0.163

	800
	-53
	301
	0.057
	0.092


Note: It is expected that the emissions of the radio will continue to decrease as the frequency separation increases and that the minimum antenna separation will continue to decrease.  The table does not go beyond the SARPS requirement that the emissions continue to decrease to a maximum of -53 dBm/25 kHz (second column).

Given the spectral and physical trade-offs, a 50 kHz and >1 standard mile separation was deemed the most appropriate for stations that were not required to provide airport ground coverage (i.e. may be located off the airport property).

Third-order intermods.  To prevent unnecessary interference from third-order intermods (TOI), the on-airport frequencies likely to be co-sited were staggered in frequency separation to prevent any two and three tone TOI from being generated by the VDLM2 ground station onto another datalink frequency.  Fifth order intermods were not deemed sufficient to be an operational risk to the system (though maybe a potential source of interference from equipment malfunctions).

Mixed mode operations.  The assessment also noted that VDLM2 operations can also co-exist with other ACARS (AM with MSK modulation), VDLM2 data, and voice services if the proper frequency separation is observed.  Based on a transmitter power of 25 watts and omni-directional antennas:

· A VDLM2 station can be successfully operated within 50 kHz of another VDLM2, AM Voice, or ACARS station if the antennas are separated by a minimum of 1.0 mile.
· Some interference (~10-12% channel degradation) can be expected if the stations are operated with separation of less than 1.0 mile.  
· Unacceptable interference and degradation can be expected if the stations are operated closer than 0.5 mile unless proper filtering is applied.

VDLM2 Channel plan to support AES

With the need to support nine separate channels to meet Data Comm’s CPDLC performance requirements across the 136-137 MHz band, the below channel plan was created by the AFC.  Complications encountered included additional voice users that had to be kept within the lower band, and an increasing number of TOI products created a significant amount of separation between the assignments.  The filtering plan also required modification without increasing the insertion loss from additional filters.  Using analysis of actual filter performance, it was confirmed that cavity notch filters could be tuned to offset frequencies in between the planned VDLM2 assignments but the residual filtering roll off was enough to cover several co-site VDLM2 assignments.[footnoteRef:8] [8:  The residual filter roll off also provided some benefits to TOI production by the transmitting antennas.] 




	Frequency (MHz)
	VDLM2 Allocation
	Notes

	136.975
	CSC
	Both CSPs

	136.950
	
	

	136.925
	
	

	136.900
	
	

	136.875
	
	

	136.850
	
	

	136.825
	
	

	136.800
	SITA VDLM2 
	SITA Upper Band Frequency A*

	136.775
	
	

	136.750
	SITA VDLM2
	SITA Upper Band Frequency B*

	136.725
	
	

	136.700
	VDLM2 Test
	Limited and Secondary Status**

	136.675
	
	

	136.650
	Collins VDLM2
	Collins Upper Band Frequency A*

	136.625
	
	

	136.600
	Collins VDLM2
	Collins Upper Band Frequency B*

	136.575
	
	

	136.550
	
	

	136.525
	Industry voice users
	Limited number of locations with physical separation

	136.500
	Industry voice users
	Limited number of locations with physical separation

	136.475
	Federal voice users
	Limited number of locations with physical separation

	136.450
	Federal voice users
	Limited number of locations with physical separation

	136.425
	
	

	136.400
	
	

	136.375
	
	 

	136.350
	SITA VDLM2 
	SITA Lower Band Frequency A*

	136.325
	
	

	136.300
	SITA VDLM2
	SITA Lower Band Frequency B*

	136.275
	
	 

	136.250
	
	 

	136.225
	
	 

	136.200
	
	

	136.175
	
	 

	136.150
	Collins VDLM2
	Collins Lower Band Frequency A*

	136.125
	
	

	136.100
	Collins VDLM2
	Collins Lower Band Frequency B*

	136.075
	
	 

	136.050
	
	

	136.025
	
	

	136.000
	
	



*These 50 kHz VDLM2 frequency pairs are subject to the intermod coordination conditions.
***Provided on a secondary only basis where available, and subject to operational limitations as directed by ASRI

Implementation COnsidertaions

ASRI has had to implement multiple conditions to ensure the channel plan is implemented effectively to avoid interference to other VDLM2 and voice users:

90-day coordination.  While a new VDLM2 entrant to a location will automatically account for the existing RF environment, incumbents will also need to implement filtering to avoid co-site interference to these new assignments.  Therefore, ASRI has implemented a 90-day coordination process to allow both new and existing entrants to modify filtering profiles as needed.    In this process ASRI will receive a request from a CSP to operate a ground station on VDLM2 frequency that has not been previously deployed at an airport: 
· ASRI measures the distances between the existing VDLM2 sites, and the new ground station location, then notify the CSPs of this distance(s). 
· The CSP will determine if there is the need to add filtering on the existing sites. 
· If filtering is needed the CSPs will have 90 days to install before ASRI will process the request. 
· If the sites already have the required filtering with no objections raised, then ASRI will process the request immediately.

Intermod Coordination Conditions.  The following combinations on co-located VDLM2 frequencies can create a TOI products:
· SITA Lower A (136.350 MHz) + Collins Upper B (136.600 MHz)
 = Intermod Possible: Collins Lower B (136.100 MHz)
· SITA Lower A (136.350 MHz) + Collins Lower B (136.100 MHz)
 = Intermod Possible: Collins Upper B (136.600 MHz)

During extensive discussions with the CSPs, it was agreed that the following conditions to mitigate potential VDLM2 3rd order intermodulation products for co-located assignments apply:
· Where SITA Lower A (136.350 MHz) is already co-located, Collins may only deploy either Collins Upper B (136.600 MHz) or Collins Lower B (136.100 MHz) co-located, but not both.
· Where both Collins Upper B (136.600 MHz) and Collins Lower B (136.100 MHz) are already deployed co-located, SITA must not deploy SITA Lower A (136.350 MHz) co-located.
· Already deployed co-located stations are defined as possessing a full FCC license for the respective ground station.

The AFC reviewed data on possible combined voice and VDLM2 3rd order intermodulation products being transmitted onto a VDLM2 assignment (for example, from voice on 136.500 and VDLM2 on 136.650, falling onto the VDLM2 assignment at 1236.800 MHz) . It was concluded that although such possibilities existed, they were not seen in available test data or CSP logs. Therefore, these considerations are not included in the national VDLM2 channel plan. However, CSPs and ASRI are encouraged to monitor high risk locations on a regular basis and report issues.

VDLM2 test frequency.  To prevent interference from testing to live VDLM2 networks, a dedicated VDLM2 compliance test frequency is included in the 136 MHz channel plan. Operated on a secondary basis on 136.700 MHz, it shall only be assigned where available and the ground station limited to a maximum of 5 watts EIRP unless there are exceptional reasons to increase the power. The frequency shall not to be used for operational aircraft traffic and will be shared between all users requiring the function. ASRI will not provide any guarantee of operational or RF performance of the assignment.

A separate letter of conditions specified by ASRI shall be posted with the license to ensure compliance with the relevant operating limitations. An annual written recertification is also required before June 30 each year to verify the usage meets the specified license conditions and the license still has an operational need. Any user found not complying with the conditions stipulated by ASRI, or failing to provide annual recertification, may have the license revoked without warning. Breach of these conditions will also trigger a full review by ASRI and the AFC, assessing if the concept/channel is still feasible or should be withdrawn for all users.

Further Work

The AFC is working on the following items to further improve and enhance VDLM2 performance for CPDLC:

Low power broadband noise interference (e.g. LEDs).  The reported impact on low-power broadband noise from devices such as LEDs continues to increase.  This has had both direct impacts such as loss of comms at gates, to wider loss of network performance across terminal airspace due to multiple message re-tries.  The AFC is investigating best practice options to mitigate such interference while awaiting updated VDLM2 radio standards that can withstand the increased noise environment.  

Limiting non-safety traffic on VDLM2 channels.  From information provided to the AFC, VDL traffic growth has seen major increases from non-safety aircraft applications such as airframe/engine health monitoring.  This has been most clearly seen from the increase in legacy ACARS message traffic, that continues to see less aircraft operating with the older radios, yet still seeing 1% annual grow in message traffic.  New aircraft with more advanced sensors and engines have greatly increased VDLM2 traffic rates, with an estimated 75% of traffic generated from new aircraft neither AOC nor ATC messages but non-safety telemetry data.  The AFC continues to monitor traffic levels and options for offloading these non-safety message types to other commercial networks.  

Potential integration of VHF SATCOM into US allotments.  The AFC has begun work on assessing the usage case for VHF SATCOM systems within the United States from user perspective, and how such systems may be integrated at the interface of oceanic areas with the US, and even over mainland US.  The intent is to develop potential channel plan options and the needed operational conditions to prepare for any regulatory implementation.  

Conclusion

The development of the US VDLM2 channel plan required significant coordination with all aviation users and regulators to meet the necessary requirements.  Implementing within an already congested spectrum further complicated the planning process.  However, the resulting plan has now been finalized, and the experience can be used by other nations to learn from and inform their own VDLM2 channel plan development. 
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