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VDL Systems: Current Status In the USA and Spectrum Considerations for Potential Future VDL Systems

Written and presented by Andrew Roy (ASRI)

	SUMMARY

	VDL message traffic continues to increase, fueled by more aircraft, new applications, and next generation digital airframes.  This paper discusses current VDL usage, the growth of this traffic, and options for future VDL growth, including any potential future VDL technologies that may be developed.


	ACTION

	Take into account the information contained in this Information Paper.





Introduction
	
VHF Datalink (VDL) message traffic continues to grow internationally, from a combination of passenger/airline growth, Controller Pilot Data Link Communications (CPDLC) programs for Air Traffic Services (ATS) messaging, and new air platform designs with higher data requirements than the previous generation.  An increasing number of VHF channels are being assigned to support this growth of message traffic, using both Aircraft Communications Addressing and Reporting System (ACARS) and VHF Data-Link Mode 2 (VDLM2).  Although VDL offload systems are being developed to mitigate some aspects of the congestion, use of VDL is going to remain a key component of future air operations that will need to be supported, and possibly enhanced through new VDL systems.  This paper seeks to explore the current VDL spectrum environment, and provide some considerations in planning to accommodate increasing VDL traffic in the future.

VDL systems Usage today

Almost every regional, single, and twin aisle commercial aircraft in operation in the USA is equipped with a VDL radio, estimated at nearly 7000 aircraft[footnoteRef:2].  Approximately 55% of these aircraft are equipped with avionics only capable of modulating for Aircraft Communications Addressing and Reporting System (ACARS)[footnoteRef:3], while the remaining 45% have the capability to use VDLM2. [2:  This does not include business aviation, which has a seen growth in VDL equipage for newer airframes.  ]  [3:  All reference to ACARS in this paper concerns only the ACARS VDL radio and its emissions, the ACARS protocol is not discussed unless specifically mentioned.] 


Deployment of VDL networks in the USA varies depending on the aircraft traffic within the Communications Services Provider (CSP)[footnoteRef:4] service areas.  The highest concentration of USA network traffic is found in a triangular area between Washington DC, Chicago, and Boston, with 1 VDLM2 and 13 ACARS licensed frequencies to meet the required message traffic.  The ACARS networks are a combination of enroute (servicing aircraft in flight) and ground servicing frequencies (offloading of message traffic from taxiing and parked aircraft).  Estimates of enroute vs. ground traffic show an approximate 50/50 split, with ground traffic having significantly higher data transmission requirements than enroute[footnoteRef:5], but aircraft are also on the ground for significantly shorter periods relative to an aircraft in flight.   [4:  Rockwell-Collins, formerly ARINC, (RC) or Société Internationale de Télécommunications Aéronautiques (SITA)]  [5:  Example would include messages that would not normally be suitable or complete during flight, such as Airplane Condition Monitoring Systems (ACMS) reports files, flight plans, weather reports, configuration modifications, etc. ] 


Both VDLM2 and ACARS were designed for the transmission of AOC messages for airline operations to ensure efficient and safe operation of the aircraft.  Additional protocols continue to be developed for the systems, expanding their capabilities to larger message sets and new applications.  With the introduction of CPDLC programs such as the FAA’s DataComm program and Europe’s SESAR, VDLM2 is planned to carry ATS messages that would normally be sent by voice[footnoteRef:6]. [6:  Some ATS messages are sent using ACARS within the USA; however the system has several limitations that restrict its use for ATS messages.  Therefore, ACARS delivery of ATS messages is limited to Pre-Departure Clearance (PDC) and Datalink ATIS in the USA, as these messages are less time critical requirement.] 


In the USA, all VDL GSs are licensed at 25W Tx output power.  There have been discussions in the Aeronautical Frequency Committee (AFC)[footnoteRef:7] about lowering the Tx licensed power for ground servicing GS to minimize the reception of unwanted signals.  This would potentially reduce unwanted emission being received by enroute aircraft in the medium-to-far range of the GS, and also minimize co-site interference/AGC overload from aircraft passing near adjacent channel receivers.  To succeed, it was acknowledged that the avionics would also require a low power mode when operating on the ground to achieve the full benefit.  Although the proposal would bring some spectral benefits, the AFC discussion highlighted the significant cost of implementation if applied to existing avionics, or established VDL networks with coverage planned for the 25W Tx power.  Although the AFC did not endorse the proposal, it was suggested that any future datalink system should incorporate dynamic power management.   [7:  The AFC is an industry run committee, whose primary role is to formulate policies and recommendations relating to the allocation, assignment, and efficient use of the VHF AOC frequency spectrum by ASRI in the USA.  Policies are agreed by industry consensus, including airlines, helicopter operators, CSPs, and US aviation associations.  IATA and the FAA are also observers on the committee.  The committee also reviews the wider regulatory issues affecting all aviation spectrum, both in the USA, and internationally.  These opinions are then taken by ASRI to the relevant ICAO, ITU-R, and FCC meetings to ensure US Commercial Aviation maintains a voice in these matters.] 


In its spectrum planning for VDL networks, ASRI has noticed a large increase in the data requirements for new airframes.  Actual values are difficult to quantify given that the same aircraft type will have different airline message traffic, CSP networks, engine providers, maintenance contracts, etc.  However, there are some examples of newer airframes generating 6-8 times more messages than previous generation airframes for similar routes and flight profiles.  This has been attributed to a larger focus on a digital airframe and monitoring for improved operational management, and less stringent message standards compared to previous bandwidth constricted communications methods.

VDL spectral planning and data rates

The ACARS radio system is based on a Minimum Shift Keying (MSK) modulation allowing with a theoretical transmission rate of 2.4 kbps at the physical layer.  VDLM2 uses a Differential 8-Phase Shift Keying (D8PSK) modulation, to allow a maximum data throughput of 31.5 kbps at the physical layer.  Both systems use a CSMA protocol to avoid message collisions, reaching a maximum throughput at approximately 40% RF channel utilization.  Given the system modulations, both ACARS and VDLM2 have different emission profiles:

a. ACARS.  As a non-ICAO standardized system, ACARS was originally designed to meet the same emission profiles as VHF voice radios at the time.  Although no standards exist to define these emissions in detail, ASRI frequency planning assumes the ACARS Out Of Band Emissions (OOBE) to be higher than a modern day voice radio for each 25 kHz adjacent channel[footnoteRef:8].   [8:  Except the 1st adjacent channel, for which both voice and ACARS is assumed to always meet the -60 dBC of the ETSI EN 300 676-1] 


b. VDLM2.  With its more complex modulation to achieve a higher data rate, VDLM2 has a substantially worse OOBE profile that has caused a large amount of planning to create a manageable USA channel plan in the 136 MHz frequency band.  Analysis conducted by the AFC in 2010 demonstrated that the VDLM2 OOBE of the Tx being received in band by the co-site Rx was the dominant factor.  Therefore a 150 kHz center frequency separation was proposed between each 20m cosite assignment[footnoteRef:9], with a minimum of 27 dB additional isolation provided by external cavity notch filters to attenuate the on-channel receiver component from co-site VDLM2 emitters and protect the Rx front end AGC.  Although attempts were made to further reduce the separation, the roll off from the available cavity notch filters resulted in the introduction of unacceptable insertion losses. [9:  Experience with airport antenna locations by the AFC was a large consideration in the planning requirements.  A 60ft/20m worst case separation distance would simulate the more confined airport antenna locations, and partially mitigate passing aircraft cosite interference.  Any increase in this distance between GSs would be an additional protection margin for the assignments.] 


c. It should be noted that VDLM2 can co-exist at 50 kHz frequency separation with 1 mile physical separation, and would not require any Tx filtering at these off-site locations[footnoteRef:10].  These GSs are intended for servicing only enroute air traffic, and are expected to be off-airport to some degree given the separation requirements.   [10:  Except for cases where other GS are co-site at the offsite locations.] 


The frequency separation requirements and filter planning have been further impaired by other technical and regulatory considerations.  For example, 3rd-order intermod products for 5 co-site assignments has already limited available assignment options, without the complication of applying 5 guard channel between cosite frequencies.  Furthermore, international agreements with neighboring countries restrict the number of available channels[footnoteRef:11].  All of these considerations combined have resulted in only five VDLM2 co-site assignments being planned within a whole 1 MHz of spectrum, with an additional four VDLM2 channels for offsite locations.  Additionally, ASRI is currently migrating nearly 600 other assignments that would experience harmful co-site interference in the 136 MHz band from VDLM2 OOBEs. [11:  The US-CAN bilateral agreement allows US primaries on frequencies ending in XXX.X25, CAN primaries for frequencies ending in XXX.X75, and a shared channel by agreement for all XXX.X00 and XXX.X50 frequencies.] 


In planning the USA VDLM2 channel plan, the AFC decided that a dedicated channel model should be implemented to ensure traffic optimization for each CSP.  Benefits would include the prevention of additional management frame overheads on each channel, and minimize hidden terminal and other CSMA collision effects that may be difficult to resolve with both operators on the same channel.  A dedicated model would also ensure equal channel access for each CSP, preventing a CSP with lower traffic volumes from being negatively affected by the other CSP’s larger traffic throughput on the same channel.  Another significant factor was the expected costs for the end users who would ultimately pay for the networks.  A shared model would require each CSP to deploy remote GS controllers, transceivers, and antennas for all VDL frequencies; but in theory only yielding 50% of each channel’s capacity for each CSP.

It is understood that a tighter emission profile for VDLM2 was feasible, but not implemented during its design.  However, as seen from the required spectrum planning work, this decision is now creating additional expense.  Examples include the required movement of many different networks to make way for VDLM2, constraining the use of the remaining aeronautical VHF spectrum, the additional external filtering needing to be applied at the GS, and off-site hosting for the enroute stations.  Although such expenses are being absorbed by the service providers, these costs are filtering down to the end user charging, and therefore the commercial aircraft operators using the service.  This does not include the operational impact of constrained spectrum usage, reduced assignment flexibility, and the increased overhead of coordination requirements.  

VDL growth expectations

Current VDL message traffic within the USA continues to grow.  Across the CSPs, ACARS message traffic is increasing at an annual rate of approximate 1-2% a year, with VDLM2 seeing an annual 6-9% increase.  For long-term planning, work has been conducted to predict the number of required VDLM2 channels for all AOC and ATS requirements.  The current model is predicting up to 9 VDLM2 channels may be required to meet operational capacity requirements in 2030 without an unacceptable loss of performance.  

The continued growth of ACARS was not anticipated by ASRI in the planning of VHF spectrum for VDLM2, as it was expected that VDLM2 traffic would replace ACARS.  However, given how essential VDL is to effective and safe aircraft operation, ASRI has implemented plans in agreement with the AFC (and with CSP cooperation) to operate both datalink technologies simultaneously in the limited VHF spectrum while the extended transition between VDL systems occurs.

Future of VDL

VDL systems are widely established within commercial aviation, and are likely to continue well into the future for several reasons:

d. Reliance on VHF voice.  Given the existing deployment and usage of VHF voice and data, aviation will not move away from VHF radios in any significant way for several decades.  Although supporting communications systems may be developed such as AeroMACS, these will only augment the existing VDL systems.  LDACS has been suggested as a replacement system eventually, but access to the L-band may experience the same opposition as use of UAS C2 links are currently experiencing.  Therefore a new VDL standard is a possibility that should be considered.

e. VHF spectrum.  The AM(R)S VHF allocation has remained mostly unchallenged by other industries, and remains key to aviation safety for ATC usage.  Other than potential interference from systems in adjacent bands, it is highly unlikely that the 117.975-137 MHz allocation will change in any meaningful manner.

Options to accommodate Future VDL Growth

In reviewing how to accommodate future VDL traffic growth, several options may need to be considered in the short, medium, and long-term:

Reorganize VHF spectral plans

Re-planning of existing VHF assignments to support VDL message growth in the short-to-medium term may be an option.  Reorganization of existing voice users will be dependent on current assignments, freeing up available spectrum without major disruption to users or significant cost.  Additional spectrum packing efficiencies may also need to be considered where possible.

Optimize existing VDL traffic

Airframe and GS generated messages should use the minimum amount of data necessary to convey the information required.  Although ACARS is efficient given its lower bandwidth, VDLM2 is understood to be more data intensive for the same information.  A modification to compact these messages and lower their character usage for the same data would increase throughput and capacity for the same traffic.  Implementation of such a change would see higher benefits for AOC messages, but may be complicated by already mature airframe/ground supporting data networks being costly to modify.  

Future replacement VDL system

A new VDL system is an unknown prospect very much in the long term.  But as noted, the VHF spectrum is predicted to remain in use over an extended period by aviation.  Therefore the following may be considerations for any such future VDL system:

Adjacent band compatible.  The system should be able to operate with a co-sited adjacent channel assignment to voice or the same VDL system, without additional filtering.

f. Both the Tx spectrum mask, and Rx ACR, should be high enough to assume a cosite assignment on a nearby adjacent channel.  At a minimum, this would need to accommodate cosite assignments of the same new VDL system.  However, being able to implement any new VDL system between the existing VDLM2, ACARS or 25/8.33k voice assignments would be beneficial given the spectrum planning already implemented.  Avionics would need to have a similar performance envelope so ground movement of aircraft would not adversely affect cosite GSs when operating in proximity.

g. Although VDLM2 has a higher data rate than ACARS, it is not a one-for-one channel replacement, as its higher modulation produces more OOBEs, and therefore greater co-site considerations in the assignment of the frequency.  Therefore a lower modulation that can operate more efficiently within the allocated channel bandwidth may be a better option[footnoteRef:12], creating overall a higher bits/Hz efficiency across a channel plan.  This might also offset some cost concerns of increased filtering needed should a high modulation be used. [12:  RTCA SC-228 is considering 25k channels with GMSK for a 9.6k data transmission rate using TDMA.  Although lower that VDLM2, it does allow for a much improved spectral mask (and the possibility of multiplexing adjacent channels together for increased bandwidth).] 


Dynamic power control.  Avionics should be able to dynamically adjust transmit power depending on received carrier power from a GS.

h. GS would be licensed with a varying power, dependent on coverage requirements.  The avionics would measure the received carrier signal from the GS, and adjust the power transmitted to meet the expected link budget.  However, co-channel separation would still need to assume a full power aircraft transmitter (or an appropriate margin) should propagation effects lower the received GS signal more than expected.

Flexible VHF spectrum usage.  A wider VHF frequency range should be considered for future VDL assignment.

i. Frequency operating range of VDL systems should include the slowly declining VOR frequency band (accounting for FM broadcast signal interference).  Although it is unlikely that expansion above 137 MHz would be feasible, it could be a consideration in the long term dependent on usage[footnoteRef:13]. [13:  As an example, AeroMACS standards have included a wider range of frequency operation that currently allocated for future spectrum flexibility.] 


Data flow optimization.  Airframe and GS generated messages should use the minimum amount of data necessary to convey the information required.  

1.   Increased bandwidth should not remove the requirement to minimize message data overhead.  Such an increase wastes bandwidth for the equivalent data, and costs end users more to service additional information.  Messages should also have the ability to be prioritized, and offloaded to periods when an alternative system is available, or the system usage is lower.  Other potential options include different communication paths for ATS and AOC data to ensure priority services are not affected.

Summary

The suggestions included in this paper seek to generate some discussion about how to deal with current and future VDL aviation systems proactively from a spectrum perspective (though this could also be applied to other aviation systems).  Given the current usage and plans for VDL the following should be considered:

k. VDL service requirements will continue to grow given the increase in air traffic, and bandwidth requirements of new airframes.  These traffic increases will need to be accommodated in future spectrum planning to ensure the protection of VDL services that support both safety and aircraft operational requirements.  This is particularly important given the implementation of VDL for time critical ATS messaging as part of the new regional CPDLC programs.  Although future spectrum may be available through the reduction in other aeronautical VHF services such as VOR, reorganization of existing frequency assignments may need to be reconsidered to meet this growth.  The movement from voice to datalink messaging by CPDLC may provide opportunities to rebalance current assignments.  

l. Given the reliance and security of the AM(R)S allocations in the VHF spectrum, it is likely that a future VDL system will be considered at some point.  Therefore preempting such developments with feedback from current VDL deployment experience, or even other terrestrial datalink systems, would be prudent.  
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