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1 Introduction

Datalink is being implemented to enhance ATS and airline operations.

Deployment of VDL Mode 2 is planned to support Link 2000+ for ATS services. Investments are being done by airlines and data communication providers to migrate airline communication (AOC) over VDL Mode 2 . VDL Mode 4, one of the candidate technologies to support ADS services, is under pre-operational evaluation. ACARS services will continue to be operated for the earlier-generation aircraft.

Based on a non-interference basis, a preliminary frequency plan was agreed by the ICAO/FMG in 1998 to accommodate the experimentation with the VDLs and to provide provisionally ACARS extra-capacity.

The radio protection characteristics have now progressed. Considering the necessary time to implement a frequency plan and the considered start of operation of protected datalink services, an adequate frequency plan needs to be established, endorsed and progressed. 

This paper proposes a frequency plan to accommodate the implementation of VHF datalinks in Europe for the next ten years.

The FMG is invited to consider the proposed step approach and to recommend it to the EANPG as a way forward to introduce VDLs.

The FMG Member States concerned by Annex A are invited to investigate the replaning of their assignment currently on 136.700, 136.725, and 136.750 MHz . Eurocontrol will follow the progresses and report them to the next FMG meeting.

2 Evolution of required number of VDL channels 

Considering the known requirements for AOC and ATS traffic, it is currently planned to deploy progressively up 4 VDL Mode 2 channels across Europe.

The first VDL Mode 2 channel will be shared among initial service providers (VDL Mode 2 has been designed to allow multi-users on the same channel). A world-wide ‘Common Signalling Channel’ (CSC) will be operated as foreseen by the ICAO SARPS on the 136.975 MHz to accommodate the system management information exchanges as well as end user data transfer as long as capacity allows it.

Since 1999 FMG EUR recommended authorisation to operate the VDL 2 CSC for initial trials. Commercial VDL 2 traffic from two major service providers is expected to start by the end of 2001.

This first VDL Mode 2 channel should be protected from any interference of adjacent channels as soon as required for deployment of ATS applications. The target date is early 2004.

In the time frame 2003 - 2005, an important migration from ACARS to VDL Mode 2 is expected. More VDL Mode 2 channels will need to be deployed. Accordingly, the number of ACARS channels shall be progressively decreased in the band 136-137 MHz.

Note: The initial operation of VDL Mode 2 and the analysis of technical and institutional issues will help to choose between:

· Splitting the ground and the en-route traffic on separate channels. In such case a second and a third channel would be progressively deployed for respective airports and en-route operation.

· Allocating dedicated channels to major service providers. In that case up to two dedicated channels would have to be allocated to the two major service providers each (which means up to 4 channels). However, this option, which intends to solve the institutional issues related to QoS assurance, is not as spectrum efficient, and would not solve the issue for potential additional Communications Service Providers.

A VDL Mode 4 channel resource, which has been allocated for trial purpose and renewed on a yearly basis, will still be needed to provide support for pre-operational experimentation. This allocation would be transformed into a definitive allocation for a Global Signalling Channel (GSC) in the case of endorsement of a decision to implement ADS over VDL Mode 4 in Europe. Based on the same endorsement, a second Regional Signalling Channel (RSC) would be required in the time frame of up to 2010. Note that it is assumed that the necessary second GSC channel  (and possibly another RSC) would be implemented in the Navigation band (112-118 MHz). This assumption is pending on the conclusions of the analysis undertaken at ICAO/AMCP WGs (institutional and technical issues) and in Europe in the light of the necessary spectrum resources required for VOR and GBAS implementation.

As VDL Mode 4 has not been approved by ICAO for communications services, this plan does not foresee frequency for this usage. However, should it be decided to operate VDL Mode 4 for communication later on, the relevant steps would need to be refined accordingly.

3 Constraints from current services

The implementation of a VDL frequency plan is currently constrainted by the following aspects:

· The current 136.950 MHz is allocated on a non-interference basis to VDL Mode 4 trials and is renewed on a yearly basis.

· 136.900 and 136.925 MHz frequencies are allocated to ACARS services (respectively SITA and ARINC) with the requirement to migrate to VDL Mode 2 in 2003 at the latest.

· The 136.800 -136.875 MHz sub-band (4 channels) is currently assigned to OPC services. These non protected services support airlines voice communication.

· ATS AM-DSB Voice channels are currently operated below 136.800 MHz. They shall be protected according to the ICAO rules. Some of them would need to be re-allocated.

4 VDL Frequency assignment criteria 

AMCP working group B started developing criteria for VDL frequency deployment in 1999.

It achieved studies on VDL Mode 2 and compilation of interference measurements addressing air and ground interference situations.

Note: those are however pending on a confirmation from one measurement on one specific GAA radio.

The following conclusions have been reached in September 2001:

· Guard-band required between VDL Mode 2 and a AM-DSB service operated in air: one 25 kHz channel.

· Guard-band required between VDL Mode 2 and a AM-DSB service operated on ground: four 25 kHz channels. 
When the minimum separation distances cannot be respected (between two aircraft on ground, or aircraft on ground and a AM-DSB receiving ground-station), a case-by-case analysis must be applied with possible application of a larger frequency separation or a higher guaranteed AM-DSB signal level (see annexe B).

· Guard-band between two VDL Mode 2 channels in air or on ground: one 25 kHz channel.

· Guard-band between a VDL Mode 2 channel and an ACARS channel: two or three 25 kHz channels

For VDL Mode 4, the analysis has not yet been completed to this extent. From first indications resulting from measurements on VDL Mode 4 prototype equipment, it seems that VDL Mode 2 figures could be applied to VDL Mode 4 (for separation between VDL Mode 4 and AM-DSB and between two VDL Mode 4 channels). Between 1 and 3 channels would be required to protect a VDL Mode 2 from a VDL Mode 4 channel. Note: the reverse measurements is still unknown.

It is therefore proposed to start the frequency plan with these figures and, in the light of the progress at AMCP WG B, to adapt the plan as required.

5 Proposed frequency plan

5.1 Plan Objective

The proposed frequency plan aims at progressively:

· Hosting ultimately 4 VDL Mode 2 channels (including the CSC).

· Providing the necessary ACARS resources during the migration period between ACARS and VDL Mode 2.

· Providing the necessary resource to continue the evaluation of VDL Mode 4 for ADS based on the principles agreed at the previous FMG meetings (trials purposes yearly renewable) with a conservative measure to implement ultimately one GSC and one RSC for ADS-B services in the 118-137 COM band in case of endorsement of ADS/VDL Mode 4. Note: up to two additional VDL Mode 4 ADS Channel (one GSC and one RSC) are assumed to operate in the NAV 112-118 band.

To take into account the constraints from the current services and the frequency assignment criteria, considering the VDL Mode 2 CSC allocation on 136.975 MHz, the current temporary VDL Mode 4 assignment will have to be moved. It is proposed to move it without delay at the location where it should definitively be assigned in case of endorsement of a European decision to implement ADS/VDL Mode 4, this would avoid additional move which are always difficult to achieve.

The OPC services from the “136 OPC” sub-band will need to be moved into the “131 OPC” sub-band. As a pre-requisite to this move, OPC services will need to be converted in 8.33 channel spacing which will create enough room to allow this move for the introduction of the VDL frequencies (which will be in majority used for airline operation).

Note: this would potentially create up to 39 OPC frequencies in the “131 OPC” sub-band (assuming in addition 3 global ACARS channels) compared to the current 18 frequencies in the “131 OPC” and “136 OPC” sub-bands at the total.

Considering the need to continue to provide datalink services for the earlier generation aircraft, the ACARS services will still need to be supported during a period which is not evaluated yet. However, to protect the VDLs, the ACARS channels will need to be sufficiently separated from them. Therefore, the ACARS frequencies, which could interfere the VDLs, systems will temporarily be moved (in the “131 OPC” or in the “136 OPC” sub-bands)
 until they could be switched off. The frequency plan assumes an increased usage of VDL Mode 2 for AOC and a related decreased usage of ACARS. 

To be successful, it is recommended not to implement any more voice AM-DSB service channel over 136.625 MHz and to take special measures (see annexe B) for ground scenario over 136.550 MHz.

5.2 Plan description

The plan described in the following table, has been organised in a step-phased approach. The description of the last steps help to understand the final picture and to design as precisely as possible the first steps and therefore the actions expected from the relevant entities for an active commitment 

Important notice: it has to be noticed that the following plan has been organised in consideration of uncertainty of some figures and of some decisions to happen. Therefore the last steps have to be refined and/or sub-divided in the light of new elements but have been designed for a minimal impact on spectrum in case of change.

	
	136.575
	136.600
	136.625
	136.650
	136.675
	136.700
	136.725
	136.750
	136.775
	136.800
	136.825
	136.850
	136.875
	136.900
	136.925
	136.950
	136.975
	Remarks

	Current situation

(Sept 2001)
	ATS
	ATS
	ATS
	ATS
	ATS
	ATS
	ATS
	ATS
	ATS
	OPC
	OPC
	OPC
	OPC
	A

Sita
	A

Arinc
	M4(2)
	M2

(1)
	

	STEP 1

1/1/2003
	ATS
	ATS
	ATS (4)
	ATS (4)
	ATS (4)
	-
	M4 (2)
	-
	ATS (4)
	OPC
	OPC
	OPC
	OPC
	A

Sita
	A

Arinc
	-

(3)
	M2
	VDL M 2 non protected (AOC)

VDL M 4 trials

	STEP 2

1/1/2004


	ATS
	ATS
	ATS (4)
	ATS (4)
	ATS (4)
	-
	M4 (2)
	-
	ATS (4)
	OPC
	OPC
	OPC
	OPC
	A

Sita
	-
	-

(3)
	M2
	VDL M 2 ATS protected & AOC

	STEP 2

Fall back option
	
	
	
	
	
	
	
	
	
	
	
	A Arinc
	
	
	
	
	
	

	STEP 3

1/1/2005
	ATS
	ATS
	ATS (4)
	ATS (4)
	ATS (4)
	-
	M4 (2)
	-
	ATS (4)
	OPC
	OPC
	OPC or A Arinc 
	OPC
	-

(3)
	M2
	-

(3)
	M2
	2nd VDL M 2 protected ATS & AOC

	STEP 4

Date tbd
	ATS
	ATS
	ATS (4)
	ATS (4)
	ATS (4)
	-
	M4 (2)
	-
	ATS (4)
	-
	M2
	-

(3)
	M2
	-

(3)
	M2
	-

(3)
	M2
	3rd and 4th VDL M 2

	STEP 5

01/01/2010

option 1
	ATS
	ATS
	ATS (4)
	ATS (4)
	ATS (4)
	-
	M4 (2)
	-
	M4
	-
	M2
	-

(3)
	M2
	-

(3)
	M2
	-

(3)
	M2
	Regional ADS VDL Mode 4 channel

	STEP 5

option 2
	ATS 

(4)
	ATS (4)
	
	-
	M4
	
	
	
	-

(3)
	-

(3)
	
	
	
	
	
	
	
	


(1) Experimental

(2) Experimental, yearly renewable or to be finally assigned upon ADS/VDL Mode 4 endorsement decision 

(3) Feasibility of feeding with uplink services upon conditions to be investigated 

(4) Special measures (see annexe B) for ground scenario 

M2: VDL Mode 2
M4: VDL Mode 4
A: ACARS
OPC: Operational Airlines Communication
ATS: ATS protected services

6 Proposed related actions

The following section describes the actions to be undertaken to achieve the related step.

It has to be noticed that the final steps could be adapted in the light of evolution of new elements.

6.1 STEP 1:

Objective: Separate VDL Mode 2 channel (CSC) and VDL Mode 4 channel (GSC) to insure that each system works properly without mutual perturbation and to operate non protected AOC services over the VDL Mode 2 CSC.

Completion of the actions: Early 2003

Actions to be undertaken:

· Move away ATS services between 136.700 and 136.750

· Identify and move away ground ATS services or apply case-by-case adequate measures (see annexe B) on 136.625 up to 136.675 and  136.775

· Move VDL Mode 4/STDMA from 136.950 to 136.725

6.2 STEP 2

Objective: protection of the VDL Mode 2 channel for ATS Link 2000+ services that implies a separation of VDL Mode 2 and ACARS with a minimum of  two channels as guard band

To achieve this goal, the ARINC ACARS 136.925 MHz frequency will be moved in the “131 OPC” band

Note: in case of issue in creating this new ACARS global channel in the “131 OPC” sub-band, a fall back option has been identified which consists in moving temporally the ARINC ACARS channel from 136.925 to 136.850 MHz.

Completion of the actions: Early 2004

Actions to be undertaken:

· Identify and free globally a frequency in the “131 OPC band”; a potential candidate frequency could be 131.925 MHz (to be confirmed by a more in depth analysis). From a first analysis, this frequency is most of the case free in Europe or could be easily made free by a move onto another free frequency in the same “131 OPC” sub-band. A more in depth analysis has to be carried out for only approximately 10 airports in Europe to review the OPC frequency sharing and/or to migrate some frequencies in 8.33. However, from a first analysis, no impossibility has been detected.

· Move the ARINC ACARS frequency from 136.925 to the identified frequency

· Encourage for both ARINC and SITA the migration of the service from ACARS to VDL Mode 2

In case of fall back solution to be implemented, the actions to be undertaken are:

· Move the OPC services from 136.850 to the “131 OPC band”

· Move the ARINC ACARS frequency from 136.925 to 136.850

· Encourage for both ARINC and SITA the migration of the service from ACARS to VDL Mode 2

Futher steps which should be undertaken as required, but would probably needs refinment in the light of new elements are described in ANNEXE C

7 Conclusion

The success of the frequency implementation plan relies on a full endorsement and a full support of all the parties involved therefore:

All the parties involved in frequency management and usage are invited to:

· Support this implementation plan;

· Progress actively the actions identified in the different steps at the appropriate times.

In particular:

The Airlines:

· As an enabler since the success of this plan relies on the introduction of 8.33 kHz system for a part of the OPC services, should start actively the migration of OPC in 8.33;

· Should migrate the OPC frequencies from the “136 OPC” band into the “131 OPC” band;

· Should accelerate the migration of ACARS services to VDL Mode 2 services, and switch off ACARS services as soon as equipage allow;

The Communication Service Providers:

· Should accelerate the migration of ACARS services to VDL Mode 2 services, and switch off ACARS frequencies as soon as traffic will allow;

The ATS Service Providers:

· Should avoid assigning any more ATS AM-DSB services over 136.550 MHz;

· Should start to migrate their ATS AM-DSB services out of the 136.700 – 136.750 sub-band (see annexe A) and consider following move.

8 Recommendation

The FMG is invited to consider the proposed step approach and to recommend it to the EANPG as a way forward to introduce VDLs.

The FMG Member States concerned by Annex A are invited to investigate the replaning of their assignment currently on 136.700, 136.725, and 136.750 MHz . Eurocontrol will follow the progresses and report them to the next FMG meeting.

ANNEXE A
Current frequency assignment in the VHF band between .136.700 and 136.750 MHz

The following table provides the frequencies assigned in the band between 136.700 and 136.750 MHz and which should be move to achieve step 1. No other ATS frequency (for VDL implementation) is foreseen to be moved until the step 5

	Current Frequency
	Services
	Direct frequency for

re-planification

	136.700
	Austria
APP/L
Langenlebar
	Yes

	
	Germany
ACC/L
Dusseldorf ACC
	To be investigated

	
	Italy
ACC
Milano ACC
	Yes

	
	Sweden
A/G
Nat aerodrome
	Yes

	
	Libya
OPC
Sebha (a)
	Yes

	
	Russia
ACC/U
Krasnodar(a)
	Yes

	136.725
	Germany
ACC/L
Dusseldorf ACC
	To be investigated

	
	France
ATIS
La Rochelle
	Yes

	
	France
ATIS
Aix les Milles
	Yes

	
	Sweden
A/G
Nat aerodrome
	Yes

	
	Yugoslavia
ACC/U
Beograd ACC
	Yes

	136.750
	Czech Rep
A/G
Olomouc
	Yes

	
	France
ACC/U
Paris/Reims ACC
	To be investigated

	
	Russia
A.G
Nat aerodrome (a)
	To be investigated

	
	Russia
A/G
Sochi (a)
	Yes

	
	Finland
A/G
Nat Aerodrome
	Yes


Special measures would be necessary on ground scenario for some services on 136.625, 136.650, 136.675, and 136.775 (see annexe B)

ANNEXE B
Summary of the outcome of VDL Mode 2 Frequency Protection Criteria developed at ICAO AMCP WG B.

In its recent Working Group B meeting in early September 2001, AMCP fixed frequency protection criteria for insertion of VDL Mode 2 in the aeronautical VHF band. Those were resulting from detailed analysis of the operational scenarios and from a large set of interference measurements achieved during last two years on many different AM-DSB and VDL Mode 2 radio types.


In particular, air scenario (2 aircraft in flights, one in transmission mode interfering the second being in reception mode), and ground scenario (2 aircraft close to each other on the ground or one aircraft close to a ground-station, where similarly the transmission of one side interferes with the reception operated by the second side) have been addressed in details.
The resulting criteria are as follows: 

For operating DSB-AM and VDL mode 2 in the same service volume:

· Air scenario: 1 guard-band channel is required.

· Ground scenario: 4 guard-band channels are required.

For operating two VDL mode 2 channels in the same service volume:

· Both for air and ground scenarios: 1 guard-band channel is required.

Remark: It must be noted that those AMCP results are pending a last verification to be done on one specific GAA radio type to be used as victim receiver. The first measurement on this radio indeed delivered results diverging from all other data.


Further explanation for the ground VDL 2/AM-DSB interference scenario :

The guard-band channels recommended take into account interference that may happen 

· Between two aircraft on the ground. 

· Between one aircraft and a ground-station.


In the case that the victim signal (the interfered signal) actually presents the minimum power level foreseen by the SARPS (-82 dBm for a receiver onboard a grounded aircraft and –93 dBm for a ground-station receiver), it can be derived from SARPS that the minimum distances that are required are 210 meters and 750 meters respectively. The 4 guard-band channels take those distances into account.

On a case-to-case basis, when the observed power levels of the victim signal are higher than the minimum SARPS value, the guard-band or the separation distance can somewhat be reduced. 

To the opposite, when a protection of the SARPS minimum power levels is really required, a reduction of the separation distance (to a certain limit) needs to be balanced by a certain increase of the guard-band.

The detailed analysis of AMCP on those subjects can be found in the following documents :

· AMCP/WG B –11/WP2 , 29 Aug. 2001- Proposed modifications to the Ground-to-Ground Interference scenario.

· AMCP/WG B –11/WP5 , 29 Aug. 2001- New VDL Mode 2 test result and frequency planning criteria proposal.

· AMCP/WG B 11th Draft Meeting Report -6th September 2001, Montreal Canada.

ANNEXE C
Frequency Plan implementation – Description of the step 3 up to the final step.

The main sections of this paper describe the first two steps which have to be undertaken without delay. The further steps, included in this annexe, possibly need further refinement in the light of new elements to be considered.

STEP 3

Objective: Addition of a second VDL Mode 2 protected channel to face the datalink traffic increase (AOC and ATS).

Provide sufficient additional capacity to sustain the migration of AOC from ACARS to VDL Mode 2.

Since the implementation of the first step, a part of the ACARS services will progressively be moved over VDL Mode 2 (136.975). During this period, ACARS capacity remains elsewhere (131.525 and 131.725 for SITA plus local frequencies, and 131.925 or 136.850 for ARINC) to ensure continuity of service and give proper time to migrate to the ACARS service to VDL Mode 2

Completion of the actions: Early 2005

Actions to be undertaken:

· Switch off the SITA services over ACARS 136.900

· Activate a second VDL Mode 2 frequency on 136.925

STEP 4

Objective: Addition of a 3rd and a 4th VDL Mode 2 channel to increase the VDL Mode 2 capacity for ATS and AOC services.

Completion of the actions: Appropriate date (to be defined) between 2005 and 2010

Actions to be undertaken:

· Move OPC from 136.800, 136.825, (136.850 – if still in operation), 136.875 to the “131 OPC” sub-band

· Switch off the ARINC ACARS service on 136.850 in case of the STEP 2 fall back option

· Activate VDL Mode 2 services on 136.825 and 136.875

Note: this step could be sub-divided into sub-steps. 

STEP 5

Objective: Addition of a RSC VDL Mode 4 ADS channel in case of endorsement of ADS/VDL  Mode 4.

Considering that the definition of the VDL Mode 4 frequency assignment elements is still under investigation, 2 scenarios have been established based on the necessary separation between VDL Mode 2 and VDL Mode 4 protected services that could necessitate 1 to 3 guard band channels.

The current Radio frequency investigation co-ordinated by the ICAO/AMCP will provide elements for the scenario choice.

Completion of the actions: Early 2010 to be confirmed

Actions to be undertaken for option 1 (1 guard band between VDL Mode 4 and VDL Mode 2):

· Move ATS services away from 136.775

· Activate the VDL Mode 4 regional channel over 136.775

Actions to be undertaken for option 2 (3 guard bands between VDL Mode 4 and VDL Mode 2):

· Move ATS services away from 136.650, 136.675, and 136.775

· Identify and move away ground ATS services or apply case-by-case adequate measures (see annexe B) on 136.575 and  136.600

· Activate the VDL Mode 4 regional channel over 136.675

� As recommended by the FMG, the SITA ACARS 136.900 frequency would be switched off in due time (SITA has already other ACARS channels in the “131 OPC” band) and the ARINC ACARS 136.925 frequency would be re-allocated (136.925 is the only ACARS frequency assigned to ARINC up to now)
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