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	SUMMARY
























	Studies on WRC-23 agenda item 1.7 are performed within several ICAO and ITU-R groups since July 2020. Important progress has been made at the recent meeting of ITU-R WP 5B by including technical interference studies on several technologies (voice, datalink) and covering the whole band 117.975-137 MHz towards potential AMS(R)S allocation.

This paper presents the outcomes of the study performed by Spain, recalled and extended in Attachment, regarding the use of the VDLM2 CSC (Operating worldwide around the 136.975 MHz frequency) in the Space-based solution considering the results of dynamic analysis performed in protection of receiving AMS(R)S stations and the different mechanisms implemented in the current ATN/VDLM2 network to guaranty the integrity of the ATC information exchanged.

The main conclusions of the document are:

· [bookmark: _Hlk143847796]the percentage of the time that interferer signal levels from space systems operating above 137MHz can potentially cause disruption to the AMS(R)S, is negligible.
· given the above, protocolar mechanisms of the higher layers of the VDLM2 standard are capable of maintaining adequate service performance levels for AMS(R)S.
The study provides a rationale for supporting the operation of AMS(R)S systems in the band 117.975-137MHz not requiring any new restriction to existing VHF systems operating in the frequency band 137-138 MHz.



1. INTRODUCTION
1.1 Several ICAO groups are involved in the development of SB-VHF technical and operational studies:
1.2 FSMP (Frequency Spectrum Management Panel):
· The Frequency Spectrum Management Panel (FSMP) is established to manage aeronautical frequency spectrum in order to ensure sufficient access to the resource for the provision of aeronautical communication, navigation and surveillance services (CNS) in an efficient and safe manner.
· FSMP is preparing the ICAO position regarding WRC-23 AI 1.7 VHF AMS(R)S (Aeronautical Mobile Satellite (Route) Services). Several Organizations (CAAS Singapur, AirServices Australia, ENAIRE, Indra, STARTICAL,..) have been providing contributions in different meetings to develop all the technical and operational topics regarding this concept.
· FSMP is also the ICAO liaison with ITU regarding regulatory activities performed in relation to ITU WRC-2023.
1.3 CG-SV (Satellite VHF Coordination Group): 
· FSMP WG/13 agreed that a Satellite VHF Coordination Group (CG-SV) should be formed to allow for continued information exchange regarding the AMS(R)S (Aeronautical Mobile Satellite (R) Services) concept, and to allow for current and new questions to be considered and agreed responses developed. The CG-SV goal is to develop a comprehensive agreed set of frequently asked questions (FAQs) in order that all the different aeronautical stakeholders could find updated information about this concept. This activity is being coordinated with the DCIWG/PT-T/FVSG group.
1.4 FVSG (Future VHF Sub Group):
· Under CP-DCIWG, PT-T aims to develop ICAO provisions which are necessary to support global/regional adoptions of future aeronautical communication technologies operating in VHF frequency band. The FVSG will review and, as necessary, develop Proposals for Amendment (PfA) and Change Proposals (CPs) to ICAO provisions, such as Annex 10, as related to future aeronautical communication technologies to be operated in the VHF frequency band.
· The FVSG will be responsible in providing required SARPs validation reports and in developing any necessary ICAO guidance materials.  Additionally, in reference to ITU WRC-2023 Agenda Item 1.7, the FVSG will also provide necessary technical inputs and materials supporting the works of ICAO DCIWG and ICAO FSMP.
· The FVSG is also expected to assist future ICAO activities in support of the implementation of the new aeronautical VHF communication technologies.
· A Jobcard compiling the necessary activities was developed to address this topic.

1.5 During the previous FSMP/WG15 meeting, a working paper (WP14) was presented proposing an approach to minimize the impact on existing systems while still being able to operate an economically viable Data Link Service under the potential future AMS(R)S allocation in the VHF frequency band. 
1.6 During the previous FSMP/WG16 meeting, a working paper (WP16) was presented developing the concept of operation for SB-VHF datalink that was analysed considering the potential impact on current avionics and datalink operational procedures concluding that:
· Satellite based datalink services could be integrated in existing CSPs datalink (POA/VDLm2) infrastructure using current operational procedures without any modification in current avionics, with potentially and not strictly necessary, database update of the datalink avionic (also supported by standard operational procedures).
· Based on the considerations explained in the document, satellite based datalink services could be provided assuring no interference with the current terrestrial VDL infrastructure.
2. DISCUSSION
2.1 The objective of this paper is to present the outcomes of a study, performed by Spain in the frame of the PDNR ITU-R [Space_VHF] and extended by Spain as presented in the Attachment. The study consists in an initial analysis related to the use of the VDLM2 CSC (Operating worldwide around the 136.975 MHz frequency) under an AMS(R)S allocation. The study considers, in particular, the results of dynamic analysis performed in protection of receiving AMS(R)S stations and the different mechanisms implemented in the current ATN/VDLM2 network to guaranty the integrity of the ATC information exchanged.
2.2 In addition to this, the study analyses the effects of different protocol mechanisms that are part of the  VDLM2 standards at layers above the physical layer to illustrate how these can mitigate the impact of interferences from external systems not requiring any new restriction to existing VHF systems operating in the frequency band 137-138 MHz.For this purpose, an informal working group was created with the following participants:
· ANSPs (ENAIRE).
· Industry (Indra, STARTICAL).
· Communications Service Providers (Collins and SITA).
2.3 The working group has discussed the study presented as an Attachment to this paper with the following structure:
· 1. INTRODUCTION. It states that this document focuses on the analysis of the interference environment created by space stations of the adjacent band services into the space receiver of the future AMS(R)S and incorporates the results of additional complementary work that has been done on the dynamic analysis on protection of AMS(R)S satellites reception operating below 137MHz due to unwanted emissions from satellites operating MSS, SOS, SRS and METSAT services in the band 137-138MH.
· 2. INTERFERENCE ANALYSIS THRESHOLDS FOR THE REVERSE TECHNICAL COMPATIBILITY STUDY OF INTERFERENCE FROM ADJACENT BAND SERVICES INTO SPACE RECEIVERS OF THE AMS(R)S. This section brings additional comparative cases to further reconfirm results obtained in the reported cases of study 1 as contained in the Section 11 of PDNR ITU-R M.[SPACE-VHF].

· 3. COMPARATIVE ASSESSMENT OF INTERFERENCE INTO AMS(R) SPACE SYSTEMS OPERATING VOICE SERVICES AND INTO AMS(R) SPACE SYSTEMS OPERATING DIGITAL DATA LINK FROM THE ADJACENT BAND SYSTEMS SERVICES OPERATING IN THE BAND 137-138 MHz.. Considering the rationale described in the previous section where the characteristics of the Voice and Data service signals are set, a new comparative assessment of probability of interferences exceeding the interferences threshold identified in previous section is carried out.
· 4. IMPACT OF POTENTIAL INTERFERENCES OVER THE AMS(R)S VHF DATA LINK COMMUNICATION (VDL) SERVICES. This section explains the rational for using the CSC frequency in the Space-based solution and the different mechanisms implemented in the current ATN/VDLM2 network to guaranty the integrity of the ATC information exchanged. It also describes the different protection mechanisms implemented in Datalink network in order to mitigate the impact of network failures, including VHF interferences.

2.4 The main conclusions of the study are recalled hereafter:
· The percentage of the time that interferer signal levels from space systems operating above 137MHz can potentially cause disruption to the AMS(R)S, is negligible.
· The result of this comparative additional scenarios proposed by Spain in Attachment allow concluding that the interference created by out of band unwanted emissions of adjacent satellite services into space receivers of AMS(R)S would not create any relevant degradation of the AMS(R)S when operating VDLM2 digital data link. When operating Voice services below 136.9 MHz, it is noted that such operation requires lower interfering signal levels than for data link and while still will be possible to operate voice signals at their higher frequency channelling foreseen so far by ICAO, a proper frequency planning exercise is recommended.
· Regarding the provision of Datalink services and, as it has been demonstrated in the study performed by Spain and presented in Attachment, and considering the elements of the previous bullet point, protocolar mechanisms of the higher layers of the VDLM2 standard (e.g. frame retransmissions, error detection and correction mechanisms) are capable of maintaining adequate service performance levels for provision of AMS(R)S.
· It is recommended that the use of the CSC channel by AMS(R)S stations be limited to signalling communications with aircraft to indicate the availability of an alternative frequency.
· It is highlighted that, given the present state of the intra-system studies regarding the concurrent provision of both AM(R)S and AMS(R)S over a given geographical area, it is expected that stations participating in AMS(R)S and stations participating to AM(R)S are always assigned separate channels until further studies on the effects of operating differently are performed and discussed.
The elements presented above tend to advocate for AMS(R)S allocation to the full band 117.975-137MHz,  without requiring any new restrictions to existing VHF systems operating in the frequency band 137-138 MHz.

3. ACTION BY THE MEETING
3.1 The meeting is invited to:
a) note and review the contents of this working paper;
b) endorse the main conclusions in paragraph 2.4.
c) take the elements presented in the Attachment and, in particular, the conclusions recalled in this paper as input to the discussions of the FSMP/WG 17 analysing the feasibility of an AMS(R)S operation in the 117.975-137MHz frequency band, in particular regarding the use of the 136.975 MHz center frequency for the operation of VDLM2 systems from space.
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1 [bookmark: _Toc141497481]Introduction

This contribution provides some technical elements, related to the dynamic analysis contained in Section 11 of PDNR ITU-R M.[SPACE-VHF], and additional considerations for new comparative scenarios of assessment of interference from systems operating  above 137MHz into AMS(R)S space receivers, also considering the different characteristics and requirements of the signals of AMS(R)S Voice and Digital Data Link services, taking into account the specific VHF channels where each service operates. It also assesses the mechanisms of VDLM2 to keep the integrity of the messages.

The studies conducted by ITU-R on the technical compatibility between future AMS(R)S and other adjacent band services have addressed two interference scenarios:

i. Protection of adjacent band services operating in the band 137 – 138 MHz from emissions of future AMS(R)S.

This analysis has been studied during the past three years and stable results have been derived by ITU-R on the requirements to protect the adjacent band services, either by compliance of Appendix 3 of the Radio Regulations for the unwanted emissions in the spurious domain and/or via hard limit of power flux density of the unwanted emissions in the out of band domain. These conditions are provided in the PDNR ITU-R M.[SPACE-VHF] as well as summaries of the technical studies in the CPM final report to WRC 23.

ii. Analysis of the interference environment created by space stations of the adjacent band services into the space receiver of the future AMS(R

Reverse technical compatibility analyses have been carried out by ITU-R WP 5B on the interference environment of emissions from space stations of the adjacent band services operating in the band 137 – 138 MHz into the space receiver of the AMS(R)S. Several comprehensive studies are included in the PDNR ITU-R M.[SPACE-VHF].

This document focuses on the analysis ii) and incorporates the results of additional complementary work (two additional scenarios) that has been done on the dynamic analysis for estimation of interference into AMS(R)S satellites reception operating below 137MHz due to unwanted emissions from satellites operating MSS, SOS, SRS and METSAT services in the band 137-138MHz.

The coordination between AMS(R)S networks and AM(R)S shall be resolved by applying the RR No. 9.14 and/or alternatively by the ICAO through conventional frequency planning exercise, assigning frequencies to the satellite system over interested regions or globally, to ensure compatibility between AMS(R)S and AM(R)S. For the purpose of computing interference into the worst case of frequency assignments of AMS(R)S voice or data communications, it is assumed   that both Voice and Data link operate at their highest possible frequency assignments. Regarding datalink, it is not expected that SB-VHF and GB-VHF are sharing the same channel in the same exact region. Their respective specific operational conditions, frequency planning and technical compatibility between AMS(R)S and AM(R)S would be defined at later stages.

The studies carried out by ITU-R WP 5B and reported in the PDNR ITU-R M.[SPACE-VHF] include a variety of assumptions and scenarios, including theoretical assumptions like for example, that all adjacent band satellite networks (580 satellites) would be in operation including 222 satellites just operating in the closest 100 kHz (137.0-137.1 MHz). Such studies include several interference scenarios to re-confirm that the interference environment generated by adjacent band services is completely negligible even without taking into consideration any other improvements (for example, dual or multiple operation of several AMS(R)S space receivers providing redundancies).

This document also incorporates an additional comparative interference scenario (3h) by addressing the case of voice communications (not studied by ITU R WP 5B for the case of interference from adjacent band services into space receivers of the AMS(R)S) including identification of the specifics of such link together with an additional scenario (3i)  for AMS(R)S data link in a similar context of interference as for the studied conditions of voice, considering the different s highest frequency channels where these services can operate (136.875 MHz for voice and 136.975 MHz for VDLM2). 

These comparative studies come to reconfirm that the operation of AMS(R)S in the 117.975-137 MHz would not require any new constrains on existing VHF systems operating in the frequency band 137-138 MHz, while not affecting the safety operation of the future AMS(R)S data link and recommend some frequency planning exercise when assigning frequencies for AMS(R)S voice.

On top of a negligible risk of harmful interference, further considerations are made regarding the additional mechanisms of the VDLM2 to recover messages and assure safe operation implementing data integrity features.

This study aims at further examining, with additional comparative scenarios, whether the operation of AMS(R)S in the 117.975-137 MHz would not require any new constrains on existing VHF systems operating in the frequency band 137-138 MHz, while not affecting the safety operation of the future AMS(R)S.




2 [bookmark: _Toc139447419][bookmark: _Toc141809374]Interference analysis thresholds for the reverse technical compatibility study of interference from adjacent band services into space receivers of the AMS(R)S.

Preliminary Draft New Report developed by ITU-R WP5B (PDNR ITU-R M.[SPACE-VHF]) contains technical studies in order to assess the impact of the unwanted emissions of MSS, SOS, SRS and MetSat transmitting space stations operating above 137 MHz on AMS(R)S receiving space stations below 137 MHz. 

This document brings additional comparative cases to further reconfirm results obtained in the reported cases of study 1 as contained in the Section 11 of PDNR ITU-R M.[SPACE-VHF], notably further examining whether those studies represent worst case assessments for VDLM2 while additional considerations should be observed for voice communications. The comparative analysis reported in this document aims at examining whether the new scenarios could result in even lower interference probabilities for VDLM2. Dedicated attention is made to AMS(R)S Voice communications in order to examine whether they could be also possible under certain conditions including a proper planning exercise. These analyses are detailed in the following sections.

The interference thresholds are derived for each case studied.



2.1 [bookmark: _Toc139447216][bookmark: _Toc139447253][bookmark: _Toc139447420][bookmark: _Toc139447524][bookmark: _Toc139447721][bookmark: _Toc139447221][bookmark: _Toc139447258][bookmark: _Toc139447425][bookmark: _Toc139447529][bookmark: _Toc139447726][bookmark: _Toc141809376]Considerations to estimate an interference threshold for VDLM2.

The aim of the analysis carried out in this section is to find the maximum interference values that may compromise the link budget between an Aircraft and the AMS(R)S space satellite for VDLM2 digital data link.

For this study, the VDLM2 signal is assumed to comply with the target receiver signal quality performance declared in RTCA DO-224D[footnoteRef:2] link budgets, which is based on the target quality of the data service in terms of uncorrected BER which shall be better than 10-3,according to DO-224 3.6.1. Note this value corresponds to a minimum Eb/No ratio at the demodulator output of 13 dB. [2:  Radio Technical Commission for Aeronautics (RTCA), DO-224D “Signal-In-Space Minimum Aviation System Performance Standards (MASPS) For Advanced VHF Digital Data Communications Including Compatibility with Digital Voice Techniques”] 


As the noise spectral density, No, declared in the DO-224D is the sum of the thermal noise and the interference one, the aim of the analysis is to calculate the maximum interference density (Io expressed in dBm/Hz) allowed in the system (i.e. Link budget Aircraft to AMS(R)S Satellite) that will ensure a link budget with a margin of at least 0.8 dB, while ensuring the above mentioned quality of service of an uncorrected BER of 10-3 . 

Once the Io is obtained, the maximum interference power is proportional to the bandwidth (BW) (I= Io*BW).

The step-by-step procedure for calculation is provided in the table below. This procedure provides clarifications regarding the computation methodology and it is consistent with the corresponding Table 35 as provided in the PDNR ITU-R M.[SPACE-VHF] section 11.



[image: ]

[bookmark: _Toc141809396]Table 2‑1: Step-by-step procedure to calculate the VDLM2 interference threshold.

As the target for the demodulator is the No+Io value (dBm/Hz), being the No a constant value, for an increase in bandwidth, the density is reduced, and it can derive the maximum absolute interference level allowed by the link budget.

In section 11.3.5 of PDNR ITU-R M.[SPACE-VHF], the impact of interference from space services operating above 137 MHz is assessed by estimating the percentages of time associated to 3 different interference thresholds at the AMS(R)S space station receiver : −143.6 dBW, −145.4 dBW and −147.4 dBW. These interference thresholds are calculated following the RTCA DO-224D as it is detailed in section 11.3.5.2, Table 35 of PDNR ITU-R M.[SPACE-VHF], that is, following the step by step  procedure described above. These three interference levels fulfil the conditions to achieve a 10-3 uncorrected Bit Error Rate for three cases, maximum (-98.4 dBm), average (-100.1 dBm) and minimum (-101.8 dBm) desired received signals and yields resulting ratios of C/I=15.2 dB, 15.3 dB and 15.6 dB respectively which are in line with the recommendations of ICAO Annex 10 Vol V, section 4.1.5.1 and Attachment A, where it is stated:

“In the case of those VHF facilities providing service up to the radio horizon, the geographical separation between facilities working on the same frequency shall, except where there is an operational requirement for the use of common frequencies for groups of facilities, be such that points at the protection heights and at the limit of the functional service range of each facility are separated by distances not less than that required to provide a desired to undesired signal ratio of 14 dB. This provision shall be implemented on the basis of a regional air navigation agreement. For areas where frequency assignment congestion is not severe or is not anticipated to become severe, a 20 dB (10 to 1 distance ratio) separation criteria or radio line-of-sight (RLOS) separation criteria (whichever is smaller) may be used.

Note.— Guidance material relating to the establishment of the minimum separation distance based on the desired to undesired signal protection ratio of 14 dB is contained in Attachment A.”

Note should be taken that this computation procedure analyses the interference threshold without determining any a-priori C/I ratio. 




		Step

		Procedure detail

		Parameter

		Source Data

		PDNR Received Level

		Unit



		

		

		

		

		Minimum

		Average

		Maximum

		



		1

		Extract Max , Min and Average values from Table 10 of PDNR, C, carrier Level at Sat input

		C

		According to PDNR Table 10 

		-101,8

		-100,1

		-98,4

		dBm



		2

		Extract System temperature from Table 3 of ITU-R SA 2426, Ts

		Ts

		ITU-R SA.2426-0. Table 3

		1000,0

		1000,0

		1000,0

		K



		3

		Calculate No=KT, Where K is the Boltzmann Constant

		No

		10LOG(K*Ts)

		-168,6

		-168,6

		-168,6

		dBm/Hz



		4

		Calculate C/No

		C/No

		C-No

		66,8

		68,5

		70,2

		dB.Hz



		5

		Extracts the Channel Bandwidth for VDL-2, BW

		BW

		Channel Bandwidth

		25000

		25000

		25000

		Hz



		6

		Calculate C/Io 

		C/Io

		C/I+10*log (BW)

		59,6

		59,3

		59,1

		dB.Hz



		7

		Calculate Combined C/(No+Io)

		C/(No+Io)

		 



		58,8

		58,8

		58,8

		dB.Hz



		8

		Extract SR from DO-224. Para 3.2.1.2.3

		Sr

		DO-224D. Para 3.2.1.2.3 



		10,5

		10,5

		10,5

		Ksy/sec



		9

		Calculate ES/(No+Io)

		Es/(No+Io)

		

		18,6

		18,6

		18,6

		dB



		10

		Extract minimum EB/No for Uncorrected BER 1E-3 from DO-224 (361)

		Eb/No 
(10-3 uncorrected BER)

		DO-224D. (3.6.1-Note)

		13,0

		13,0

		13,0

		dB



		11

		Calculate ES/EB ratio from DO-224D table 3-97

		Es/Eb

		10*log (31500/10500) 
DO-224D. Table 3-97.

		4,8

		4,8

		4,8

		dB



		12

		Extract Theory ES/No from DO-224D, table 3- 98

		Theory Es/No 
for Spec Block Error Rate (dB)

		DO-224D. Table 3-98

		17,8

		17,8

		17,8

		dB



		13

		Calculate Margin, Es/(No+Io)-(Es/(No+Io))

		Margin= Es/(No+Io)-Es/No. 
Zero margin indicates that an acceptable link is available 95% of the time.

		Es/(No+Io)-Es/No Theory
DO-224D. (3.7.4 - Note)

		0,8

		0,8

		0,8

		dB



		14

		Iterative computation for I up to obtain a margin 0.8 dB

		Interference threshold In (25 kHz Channel)

		Target Value (C-C/I)



		-117,4

		-115,4

		-113,6

		dBm



		

		

		

		

		-147,4

		-145,4

		-143,6

		dBW



		15

		Modify C/I guess value up to obtain a margin 0.8 dB

		C/I

		Resulting Computed

		15,6

		15,3

		15,2

		dB





[bookmark: _Toc141809397]Table 2‑2: Table 35 of PDNR ITU-R M.[SPACE-VHF] with calculation procedure.

Taking into account the typical design of the receiver bandwidth and the anticipating the design requirements for a narrower receiver bandwidth for Voice, as explained in the following section, a further consideration is made regarding the operational filter characteristics of the space AMS(R)S receiver also for Data Link which would integrate the desired and interfering signals powers into a bandwidth of 14 kHz. In this case, the above parameters obtained in the Table 2-2 will be converted in the following recomputed interference thresholds applicable to a bandwidth of 14 kHz.



		Parameter

		Source Data

		PDNR Received Level

		Unit



		

		

		Minimum

		Average

		Maximum

		



		C

		According to Table 10 – PDNR

		-101,8

		-100,1

		-98,4

		dBm



		Ts

		ITU-R SA.2426-0. Table 3

		1000,0

		1000,0

		1000,0

		K



		No

		10LOG(K*Ts)

		-168,6

		-168,6

		-168,6

		dBm/Hz



		C/No

		C-No

		66,8

		68,5

		70,2

		dB.Hz



		BW

		Channel Bandwidth

		14000

		14000

		14000

		Hz



		C/Io

		C/I+10*log(BW)



		59,6

		59,3

		59,1

		dB.Hz



		C/(No+Io)



		 

		58,8

		58,8

		58,8

		dB.Hz



		Sr

		DO-224D. Para 3.2.1.2.3

		10,5

		10,5

		10,5

		Ksy/sec



		Es/(No+Io)

		



		18,6

		18,6

		18,6

		dB



		Eb/No (10-3 uncorrected BER)

		DO-224D. (3.6.1-Note)

		13,0

		13,0

		13,0

		dB



		Es/Eb

		10*log (31500/10500) 
DO-224D. Table 3-97.

		4,8

		4,8

		4,8

		dB



		Theory Es/No 
for Spec Block Error Rate (dB)

		DO-224D. Table 3-98

		17,8

		17,8

		17,8

		dB



		Margin = Es/(No+Io)-Es/No. 
Zero margin indicates that an acceptable link is available 95% of the time.

		Es/(No+Io)-Es/No
DO-224D. (3.7.4 - Note)

		0,8

		0,8

		0,8

		dB



		Interference threshold In (14 kHz Bn)



		Target Value (C-C/I)


		-119,9

		-118,0

		-116,1

		dBm



		

		

		-149,9

		-148,0

		-146,1

		dBW



		C/I

		Resulting Computed

		18,1

		17,8

		17,7

		dB





Table 2‑3: Table 35 of PDNR ITU-R M.[SPACE-VHF] for a receiver bandwidth of 14 kHz.

2.2 [bookmark: _Toc141809377]Considerations to estimate an interference threshold for Voice link

Voice Signal is a A3E double sideband AM signal. It is specified in ETSI EN 300671-1 paragraph 8.1.2. This requirement is essentially to have a minimum SINAD ratio at the output of the demodulation of 12 dB. Taking into account the Figure of Merit (ratio between SNR at the radio input and SINAD at the demodulator output) is then possible to calculate maximum interference level, (I, expressed in dBm) that the system can afford without reducing the global SINAD of 12 dB.

A similar step-by-step procedure applicable to Voice link is provided below:





[image: ]

[bookmark: _Toc141809398]Table 2‑4: Step-by-step procedure to calculate the Voice link interference threshold.

In the case of Voice link, the target is to compute the absolute value of N+I, which maintains the quality of the received signal at the SINAD ration of 12 dB.  

Carrying out the previous exercise in the same format as Table 35 in PDNR ITU-R M.[SPACE-VHF], the following Tablecan been obtained:



		Parameter

		Source Data

		PDNR Received Level

		Unit



		

		

		Minimum

		Average

		Maximum

		



		C

		According to Table 6 - PDNR

		-99,0(1)

		-98,8

		-97,1

		dBm



		Ts

		ITU-R SA.2426-0. Table 3

		1000,0

		1000,0

		1000,0

		K



		No

		10LOG(K*Ts)

		-168,6

		-168,6

		-168,6

		dBm/Hz



		C/No

		C-No

		69,7

		69,8

		71,5

		dB.Hz



		BW

		Necessary Bandwidth

		25,0

		25,0

		25,0

		K.Hz 



		C/N

		C-No-10*log (BW)

		25,7

		25,8

		27,5

		dB



		C/Io

		C/I+10*log (BW)

		94,9

		84,0

		74,2

		dB.Hz



		C/(No+Io)

		 



		69,6

		69,6

		69,6

		dB.Hz



		C/(N+I)

		C/(No+Io)-10*log (BW)

		25,7

		25,7

		25,7

		dB.Hz



		Modulation Index, m at Rx

		ETSI EN 300671-1. Para 6.1.3



		30,0

		30,0

		30,0

		%



		Figure Of Merit AM for EN300671 Normal Test Signal

		10*log(m^2/(2+m^2) 

		-13,7

		-13,7

		-13,7

		dB



		SINAD

		C/(N+I) + FOM

		12,0

		12,0

		12,0

		dB



		Minimum SINAD Sensitivity

		ETSI EN 300671-1. Para 8.1.2

		12,0

		12,0

		12,0

		dB



		Margin

		SINAD-SINAD_th

		0,0

		0,0

		0,0

		dB



		Interference threshold In (25 kHz Bn)

		Target Value (C-C/I)

		-149,8

		-138,8

		-127,3

		dBm



		

		

		-179,8

		-168,8

		-157,3

		dBW



		C/I

		Resulting Required 

		50,9

		40,0

		30,2

		dB





[bookmark: _Toc141809399]Table 2‑5: Equivalent Table 35 of PDNR ITU-R M.[SPACE-VHF] for Voice (25 kHz noise bandwidth). (1) Minimum Desired signal to fulfil the margin quality.

As it can be seen, for the Voice case, to maintain a minimum of quality (SINAD= 12 dB), the resulting value of C/I achieved a minimum of 30.2 dB to 50.9 dB for the three cases considered. If compared to the typical cases of data link, the resulting required C/I is much higher in the case of Voice link. It is then necessary to integrate the receiver signal in a narrower bandwidth, because for a 25 kHz, it would not be possible to fulfil the required SINAD ratio of 12 dB.

Should the AMS(R)S receiver be capable to operate with an adaptative filter, only in this case, the interfering power could be reduced for the range of the desired received signal level. IAs the Voice necessary bandwidth is 6.8 kHz[footnoteRef:3], assuming that the receiver is capable to adapt the noise filter to this bandwidth, the new resulting values are as follows: [3: ETSI EN 300 676-1 V1.4.1 (2007-04); section 4.2: Class of emission and modulation characteristics The equipment shall use Double Side Band (DSB) Amplitude Modulation (AM) full carrier, (6K80A3EJN for 25 kHz, 5K00A3EJN for 8,33 kHz), for speech and 13k0A2D for data. The equipment shall be designed to operate satisfactorily with a channel separation of 8,33 kHz or 25 kHz;( EN 300 676-1 - V1.4.1 - Electromagnetic compatibility and Radio spectrum Matters (ERM); Ground-based VHF hand-held, mobile and fixed radio transmitters, receivers and transceivers for the VHF aeronautical mobile service using amplitude modulation; Part 1: Technical characteristics and methods of measurement (etsi.org))] 




		Parameter

		Source Data

		PDNR Received Level

		Unit



		

		

		Minimum

		Average

		Maximum

		



		C

		According to Table 6 - PDNR

		-100,5

		-98,8

		-97,1

		dBm



		Ts

		ITU-R SA.2426-0. Table 3

		1000,0

		1000,0

		1000,0

		K



		No

		10LOG(K*Ts)

		-168,6

		-168,6

		-168,6

		dBm/Hz



		C/No

		C-No

		68,1

		69,8

		71,5

		dB.Hz



		BW

		Necessary Bandwidth

		6,8

		6,8

		6,8

		K.Hz 



		C/N

		C-No-10*log (BW)

		29,8

		31,5

		33,2

		dB



		C/Io

		C/I+10*log (BW)

		66,1

		65,3

		64,8

		dB.Hz



		C/(No+Io)

		 



		64,0

		64,0

		64,0

		dB.Hz



		C/(N+I)

		C/(No+Io)-10*log (BW)

		25,7

		25,7

		25,7

		dB.Hz



		Modulation Index, m at Rx

		ETSI EN 300671-1. Para 6.1.3



		30,0

		30,0

		30,0

		%



		Figure Of Merit AM for EN300671 Normal Test Signal

		10*log(m^2/(2+m^2) 

		-13,7

		-13,7

		-13,7

		dB



		SINAD

		C/(N+I) + FOM

		12,0

		12,0

		12,0

		dB



		Minimum SINAD Sensitivity

		ETSI EN 300671-1. Para 8.1.2

		12,0

		12,0

		12,0

		dB



		Margin

		SINAD-SINAD_:th

		0,0

		0,0

		0,0

		dB



		Interference threshold In (6.8 kHz Bn)



		Target Value (C-C/I)

		-128,3

		-125,8

		-123,6

		dBm



		

		

		-158,3

		-155,8

		-153,6

		dBW



		C/I

		Resulting Computed

		27,8

		27,0

		26,5

		dB





[bookmark: _Toc141809400]Table 2‑6: Equivalent Table 35 of PDNR ITU-R M.[SPACE-VHF] for Voice (6.8 kHz noise bandwidth)

As described in the Table 2-6 for  a bandwidth noise filter of 6,8 kHz, the targeted quality (SINAD= 12 dB) could be achieved, resulting in a maximum interference of -128.3 dBm (-158.3 dBW) which is equivalent to C/I of 27.8 dB.



2.3 [bookmark: _Toc141809378]Voice and Data ICAO allotment in the 117.975-137 MHz



Noting the above consideration to evaluate the maximum admissible level of interferences, where a clear differentiation has to be done between analogue modulation signals (Voice services) and digital modulation signals (digital data link – VDLM2 application), it is important also to note the allotment done by ICAO for those services. 

According to ICAO Annex 10, Volume V, Table 4-1 (Allotment table), the frequencies range 136.9-136.975 MHz, both inclusive, are reserved for VHF air-ground data link communications in a worldwide utilization basic for International and National Aeronautical Mobile Services.

ICAO, in a global frequency and spectrum planning[footnoteRef:4], establishes the possibility for regional allotment plans to provide for the use of the frequency band 136-137 MHz by VDL Mode 2.  [4:  ICAO Doc. 9718. Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Volume II — Frequency assignment planning criteria for aeronautical radio communication and navigation systems, section 2.4.1.3: “Regional allotment plans provide for the use of the frequency band 136–137 MHz by VDL (VDL Mode 2 and VDL Mode 4)”.] 


When interferences are evaluated for Voice link, it must be considered that the highest channel available to be used by AMS(R)S Voice link with an assigned bandwidth of 25 kHz is set at 136.875 MHz, assuming an integration channel bandwidth of 6.8 kHz, while for AMS(R)S Data, the highest channel frequency is 136.975 MHz assuming an optimum integration channel bandwidth of 14 kHz.

Therefore, this analysis shows the different requirements and sensitivities to interference of the Voice and Data links, noting lower interference threshold (more sensitivity to interference) to maintain the desired quality for Voice link.


3 [bookmark: _Toc141809379]Comparative assessment of interference into AMS(R) space systems operating Voice Services and into AMS(R) space systems operating Digital Data Link from the adjacent band systems services operating in the band 137-138 MHz.

Considering the rationale described in the previous section where the characteristics of the Voice and Data service signals are set, a new comparative assessment of probability of interferences exceeding the interferences threshold identified in previous section is carried out.

The system characteristics and computation methodology are the same as used in the section 11 of PDNR ITU-R M.[SPACE-VHF]. 

· For the typical characteristics of space systems operating AMS(R)S, refer to PDNR ITU-R M.[SPACE-VHF] section 11.3.2.

· For the satellite characteristics of space systems operating in the frequency band 137-138 MHz, refer to PDNR ITU-R M.[SPACE-VHF] 11.3.3.

· For the study methodologies, refer to PDNR ITU-R M.[SPACE-VHF] 11.3.4 and the specific assumptions defined in the next section.

3.1 [bookmark: _Toc141809381]Specific assumptions for the Comparative Dynamics Analysis

The following assumptions aim at defining a more precise characteristic of the interference environment:

i. Simulation based on the Approach B as described in PDNR ITU-R M.[SPACE-VHF] section 11.3.4.

ii. Doppler effect over Desired signal in reception is not considered as per statistic Doppler frequency shift value has a mean value of 0 kHz.

iii. Doppler effect over Interference signal received is not considered as per statistic Doppler frequency shift value has a mean value of 0 kHz.

iv. Satellites considered are those in operation and notified (580 satellites) with the following considerations:

· USASAT-NGSO-7 is considered in spurious domain as per introduction of MSS theoretical network.

· Two theoretical networks are added:

i. SOS Network with the same characteristics detailed in PDNR ITU-R M.[SPACE-VHF] 11.3.4 for Scenario 3d (Table 30) and equivalent total radiated power attenuated on the BW considered (W) detail in Table 3-1 below.

ii. MSS Theoretical Network: with the same characteristics detailed in PDNR ITU-R M.[SPACE-VHF] 11.3.4 for Scenario 3f (Table 31) and equivalent total radiated power attenuated on the BW considered (W) detail in Table 3-1 below.



v. METEOR-3M network has been considered transmitting when the satellite is in visibility of one of the 3 three ground stations declared in ITU-R SA.2488. Same as detailed in PDNR ITU-R M.[SPACE-VHF] 11.3.4 for Scenario 3a.

vi. MetSat (METOP) is assumed to be operating in frequencies within 137-138 MHz generating unwanted emissions in the spurious domain. Same as detailed in PDNR ITU-R M.[SPACE-VHF] 11.3.4 for Scenario 3b.

vii. Emission mask for METEOR-3M following the RR No. 1.153 (23 dB minimum attenuation below 137MHz, consistent with relative out of band power of 0.5% with respect to the total mean power of the interfering emission). It is the same assumption as detailed in PDNR ITU-R M.[SPACE-VHF] 11.3.4 for Scenario 3g. It is should be noted that this assumption is not yet the stringent roll-off when taking into account the recommends 1 of Rec.  ITU-R SM.1540[footnoteRef:5], which reads “that the necessary bandwidth, and preferably the overall occupied bandwidth, of any emission should be maintained completely within the band allocated to the service in question, including any offsets such as Doppler shift or frequency tolerances”. [5:  RECOMMENDATION ITU-R SM.1540. Unwanted emissions in the out-of-band domain falling into adjacent allocated bands.] 


viii. For SOS theoretical network, it is applied the measured emission mask following ITU-R Rep. SA-2426, section 2.5.1. (See PDNR ITU-R M.[SPACE-VHF] Figure 33)



ix. For MSS theoretical network, the spectrum roll-off used is the same as detailed in PDNR ITU-R M.[SPACE-VHF] 11.3.4 for Scenario 3c.



x. Taking into account the previous assumptions, the interference power into the Desired signals has been calculated by integrating the interference power, resulting in the table applicable to the two studied scenarios (described later), including the 580 satellites of the notified or operational networks plus the added theoretical networks.



		Network

		Notified /

Theoretical

		Scenario 3h

BW 6.8 kHz

@136.875 MHZ

		Scenario 3i

BW 14 kHz

@136.975 MHZ



		F-SAT-NG-10

		Notified

		-40,73

		-37,33



		LEOTELCOM-1

		Notified

		-34,25

		-28,33



		METEOR-3M

		Notified

		-23,70

		-20,30



		METOP

		Notified

		-43,25

		-39,83



		NOAA-N

		Notified

		-40,74

		-37,33



		NOAA-KLM

		Notified

		-40,74

		-37,33



		SAUDISAT-1C

		Notified

		-41,73

		-38,33



		SAUDISAT-2

		Notified

		-27,50

		-24,10



		SKY-G2

		Notified

		-47,90

		-44,52



		USASAT-NGSO-7

		Notified

		-63,32

		-62,37



		SOS-1

		Theoretical

		-76,62

		-72,87



		SOS-2

		Theoretical

		-74,12

		-70,37



		SOS-3

		Theoretical

		-72,22

		-78,48



		SOS-4

		Theoretical

		-70,62

		-76,86



		SOS-5

		Theoretical

		-79,21

		-75,47



		SOS-6

		Theoretical

		-68,12

		-74,38



		SOS-7

		Theoretical

		-67,12

		-63,37



		SOS-8

		Theoretical

		-66,13

		-62,37



		USASAT-NGSO-7-1

		Theoretical

		-73,87

		-60,47



		USASAT-NGSO-7-2

		Theoretical

		-72,97

		-59,59



		USASAT-NGSO-7-3

		Theoretical

		-72,97

		-59,59



		USASAT-NGSO-7-4

		Theoretical

		-72,97

		-59,59



		USASAT-NGSO-7-5

		Theoretical

		-72,97

		-59,59



		USASAT-NGSO-7-6

		Theoretical

		-72,97

		-59,59



		USASAT-NGSO-7-7

		Theoretical

		-72,17

		-58,76



		USASAT-NGSO-7-8

		Theoretical

		-72,17

		-58,76



		USASAT-NGSO-7-9

		Theoretical

		-72,17

		-58,76





Table 3‑1: Computed interference power integrated into the Desired interfered-with bandwidth (W)

3.2 [bookmark: _Toc141809382]Studied comparative scenarios.

The two studied comparative scenarios are:

· Scenario 3h: Voice (BW 6.8kHz @ 136.875 MHz). The interference is calculated integrating the interference power on a 6.8 kHz bandwidth centered at 136.875 MHz. Note that it is assumed the design of AMS(R)S using a receiver bandwidth of 6.8 kHz because, as analyzed in the above section 1.1.2, it would be difficult to fulfil the link budget for the Voice Desired signal. Therefore, it is assumed that the AMS(R)S space system receiver has an adaptative filter for the Voice signal and consequently the total integrated interference received can be computed within a BW of 6,8 kHz.

· Scenario 3i: VDLM2 (BW 14kHz @ 136.975 MHz). The interference is calculated integrating the interference power on a 14 kHz bandwidth centered at 136.975 MHz. This case assumes that the AMS(R)S space system receiver has an adaptative filter for the VDLM2 signal and therefore the total integrated interference received can be computed within a BW of 14 kHz.



3.3 [bookmark: _Toc141809383]Outcome of Dynamic Analysis for the two comparative scenarios

The probability of interference is presented in the following figures in a similar analysis as contained in section 11.3.5 of the PDNR [SPACE_VHF]. It should be noted that these resulting probabilities of interferences do not take into account other improvement factors, associated to other interfering signals limitations like, for example, maximum PFD of SOS space stations (Resolution 660[footnoteRef:6]), receive/transmit cycles of the AMS(R)S space stations, etc, similarly as those identified for scenario 3g although not taken into account either. [6:  RESOLUTION 660 (WRC-19). Use of the frequency band 137-138 MHz by non-geostationary satellites with
short-duration missions in the space operation service.] 


3.3.1 [bookmark: _Toc141809384]Scenario 3h: Voice (BW 6.8kHz @ 136.875 MHz)

The resulting probability for scenario 3h is depicted in the following graph and table.

[image: ]

		

		Voice - BW 6.8 kHz @ 136.875 MHz



		

		5 dB scintillation

		1 dB scintillation



		

		Minimum

		Average

		Maximum

		Minimum

		Average

		Maximum



		Threshold (dBW)

		-158.3

		-155.8

		-153.6

		-152.9

		-150.9

		-149.1



		C/I (dB)

		27.8

		27.0

		26.5

		26.4

		26.1

		26.0



		Desired signal (dBm)

		-100.5

		-98.8

		-97.1

		-96.5

		-94.8

		-93.1



		Scenario 3h (%)

		1.290

		0.620

		0.320

		0.250

		0.130

		0.070



		% Interference duration > 17 seconds

		10.750

		2.790

		0.860

		0.610

		0.250

		0.120



		% Interference duration > 30 seconds

		10.180

		2.790

		0.690

		0.500

		0.210

		0.100



		% Interference duration > 40 seconds

		9.350

		1.970

		0.590

		0.420

		0.190

		0.080



		% Interference duration > 75 seconds

		6.880

		1.310

		0.400

		0.280

		0.110

		0.050



		% Interference duration > 360 seconds

		1.900

		0.240

		0.060

		0.040

		0.020

		0.010





Figure 3‑1: Probability of receiving an interference power level and its duration (power integration for BW 6.8 kHz centred at 136.875 MHz)

3.3.2 [bookmark: _Toc141809385]Scenario 3i: VDLM2 (BW 14kHz @ 136.975 MHz)

The resulting probability for scenario 3i is depicted in the following graph and table.

[image: ]

		

		VDLM2 - BW 14 kHz @ 136.975



		

		5 dB scintillation

		1 dB scintillation



		

		Minimum

		Average

		Maximum

		Minimum

		Average

		Maximum



		Threshold (dBW)

		-149.9

		-148.0

		-146.1

		-145.4

		-143.7

		-141.9



		C/I (dB)

		18.1

		17.8

		17.7

		17.6

		17.5

		17.5



		Desired signal (dBm)

		-101.8

		-100.1

		-98.4

		-97.8

		-96.1

		-94.4



		Scenario 3i (%)

		0.290

		0.150

		0.080

		0.060

		0.030

		0.020



		% Interference duration > 17 seconds

		0.060

		0.030

		0.010

		0.010

		0.000

		0.000



		% Interference duration > 30 seconds

		0.050

		0.020

		0.010

		0.010

		0.000

		0.000



		% Interference duration > 40 seconds

		0.040

		0.020

		0.010

		0.000

		0.000

		0.000



		% Interference duration > 75 seconds

		0,020

		0.010

		0.000

		0.000

		0.000

		0.000



		% Interference duration > 360 seconds

		0.000

		0.000

		0.000

		0.000

		0.000

		0.000





[bookmark: _Toc141809409]Figure 3‑2: Probability of receiving an interference power level and its duration (power integration for BW 14 kHz centred at 136.975 MHz)



3.3.3 Summary of studied scenarios in PDNR [SPACE_VHF] plus the two comparative scenarios.

The following table includes an overall picture of all scenarios so far studied in the PDNR [SPACE_VHF] (scenarios 1, 2, 3a, 3b, 3c, 3d, 3e, 3f, 3g, 4, highlighted in grey colour) plus the two additional comparative scenarios. Note that scenario 4 is embedded in the table and is reported in the three columns associated to 1 dB scintillation. 



		% of time above Interference Threshold from aggregated emissions of system operating SOS, SRS, MET, MSS in the band 137-138 MHz.



		 

		5 dB scintillation

		1 dB scintillation



		Scenario considered

		Interference Threshold

		Interference Threshold

		Interference Threshold

		Interference Threshold

		Interference Threshold

		Interference Threshold



		

		–143.6 dBW

		–145.4 dBW

		–147.4 dBW

		–139.4 dBW

		–141.1 dBW

		–142.9 dBW



		

		(resulting in aggregate C/I = 15.2 dB)

		(resulting in aggregate C/I = 15.3 dB)

		(resulting in aggregate C/I = 15.6 dB)

		(resulting in aggregate C/I = 14.9 dB) 

		(resulting in aggregate C/I = 15 dB)

		(resulting in aggregate C/I = 15.1 dB)



		Scenario 1

Operational and Notified.

 Simulation approach A

		< 3

		< 6

		< 9

		1.28

		2.15

		3.92



		Scenario 2

Operational. 

Simulation approach A

		< 10-2

		< 10-2

		< 10-2

		< 10-2

		< 10-2

		< 10-2



		Scenario 3a

[bookmark: RANGE!F15]Operational and Notified, with “in visibility to Earth stations” for Meteor-3M (MetSat).

[bookmark: _Hlk140318861]Simulation approach B

		2.17

		3.88

		6.87

		0.56

		0.96

		1.72



		Scenario 3b

Scenario 3a, with METOP (MetSat) in spurious domain. Simulation approach B

		0.67

		1.10

		1.95

		0.22

		0.35

		0.56



		Scenario 3c

Scenario 3b with “measured spectrum roll-off” for USASAT-NGSO-7 (MSS).

Simulation approach B

		0.19

		0.36

		0.73

		0.04

		0.08

		0.15



		Scenario 3d

Scenario 3b with additional theoretical SOS network. Simulation approach B

		0.68

		1.11

		1.97

		0.23

		0.35

		0.56



		Scenario 3e

[bookmark: RANGE!F27]Scenario 3c with additional theoretical SOS network. Simulation approach B

		0.20

		0.37

		0.75

		0.04

		0.08

		0.15



		Scenario 3f

Scenario 3d with USASAT-NGSO-7 (MSS) in spurious domain and adding a new theoretical MSS network. Simulation approach B

		0.28

		0.50

		0.96

		0.06

		0.12

		0.22



		Scenario 3g

Operational and notified, with a constant 23 dBc roll-off for METEOR-3M and METOP (MetSat) and USASAT-NGO-7 (MSS) systems.

Simulation approach B

		0.23

		0.39

		0.70

		0.05

		0.08

		0.14



		Scenario 3h
Voice - BW 6.8 kHz @ 136.875 MHz

Operational and notified, with a constant 23 dBc roll-off for METEOR-3M and METOP (MetSat); SOS theoretical network with measured emission mask SA-2426. MSS theoretical network with measured emission mask. Simulation approach B

		Interference Threshold

		Interference Threshold

		Interference Threshold

		Interference Threshold

		Interference Threshold

		Interference Threshold



		

		–153.6 dBW

		–155.8 dBW

		–158.3 dBW

		–149.1 dBW

		–150.9 dBW

		–152.9 dBW



		

		(resulting in aggregate C/I = 26.5 dB)

		(resulting in aggregate C/I = 27.0 dB)

		(resulting in aggregate C/I = 27.8 dB)

		(resulting in aggregate C/I = 26 dB) 

		(resulting in aggregate C/I = 26.1 dB)

		(resulting in aggregate C/I = 26.4 dB)



		

		0.32

		0.62

		1.29

		0.07

		0.13

		0.25



		Scenario 3i
VDLM2 (BW 14kHz @ 136.975 MHz)

Operational and notified, with a constant 23 dBc roll-off for METEOR-3M and METOP (MetSat); SOS theoretical network with measured emission mask SA-2426. MSS theoretical network with measured emission mask. Simulation approach B

		Interference Threshold

		Interference Threshold

		Interference Threshold

		Interference Threshold

		Interference Threshold

		Interference Threshold



		

		–146.1 dBW

		–148.0 dBW

		–149.9 dBW

		–141.9 dBW

		–143.7 dBW

		–145.4 dBW



		

		(aggregate C/I = 17.7 dB)

		(aggregate C/I = 17.8 dB)

		( aggregate C/I = 18.1 dB)

		(aggregate C/I = 17.5 dB)

		(aggregate C/I = 17.5 dB)

		(aggregate C/I = 17.6 dB)



		

		0.08

		0.15

		0.29

		0.02

		0.03

		0.06





Table 3‑2: Summary of Scenarios outcome



In the above Table 3-2, the previous scenarios 1, 2, 3a, 3b, 3c, 3d, 3e, 3f, reported in the PDNR M.[SPACE_VHEF], are kept for illustration purposes although general conclusions can be derived from the scenario 3g and compared with the new additional comparative scenarios 3h and 3i.



 It can be seen that scenario 3h for voice communications results in some increase of interference with respect to scenario 3g (applicable to VDLM2) in the order of doubling the levels of percentages of interference. These levels are obtained by assuming that a resulting interference threshold compatible with a SINAD of 12 dB, would be achieved requiring about 28 dB of resulting equivalent C/I, applicable to the highest frequency channel where Voice communication link might operate. As Voice does not have any further mechanism to reduce the impact of the interference (as opposed to the recovery of messages applicable for VDLM2), a frequency planning exercise for Voice communications would be recommended.



Applying similar conditions to the Voice communications interference analysis (based on the same interfering satellites networks but assuming the appropriate receiver bandwidth for Voice and Data), a comparative scenario 3i for VDLM2 can be also derived. The results of probabilities of interference for this scenario 3i, when compared to scenario 3g, both for VDLM2, are further reduced in a factor of approximately 2.5 times (see results of percentages of 0.02%, 0.03%, 0.06% of scenario 3i in comparison with 0.05%, 0.08%, 0.14% of scenario 3g).



As already reported in the PDNR [SPACE_VHF], the VDLM2 has mechanisms to recover messages.at different layers of communications (refer to ICAO Doc. 9776 Manual on VHF Digital Link (VDL) Mode 2 Part II; ICAO Doc. 9705 Manual of Technical Provisions for the Aeronautical Telecommunication Network (ATN); ETSI EN 303 214 V1.2.1. Data Link Services (DLS) System). VDLM2 network implements sufficient error checking and frame/packet retransmission mechanisms to preserve the integrity of data and safe operation of the data applications and has sufficient capabilities to tolerate interferences shorter than 360 seconds.

 When applying the combination of low probabilities of radio interference obtained in the dynamic simulations and the capacity of recovering messages of VDLM2, the net resulting probabilities of interference cases when messages could be lost, result in levels of 0.00001% (0.02% interference x 0.05% duration) to 0.003 % (0.06% interference x 5% duration), which means practically zero risk of losses of messages. To have an idea of the magnitude of these resulting percentages of messages lost, it is interesting to compare these numbers with the Eurocontrol reported statistics of collision of VDLM2 operated in the AM(R)S which reach the figure of 15 %[footnoteRef:7]. Consequently, the impact of interference into the operation of AMS(R)S will be several orders of magnitude lower than typical collision figures for AM(R)S, thus concluding that safety requirements for AMS(R)S will not be compromised due to interference from adjacent band services operating in the band 137-138 MHz. [7:  Data link Network Operational Status Report May 2023 – Developed 12/06/2023. ( 2023-05 DL Status May 2023.docx)] 


Therefore, the operation of the AMS(R)S in the band 117.975-137 MHz does not require any additional constrain to the services operating above 137 MHz. However, differentiation should be made between the sensitivity to interference of the voice and data signals, an aspect that ICAO may wish to take into account for the development of the corresponding SARPs and adequate frequency planning exercise, particularly for voice communications.






4 Impact of potential interferences over the AMS(R)S VHF Data Link Communication (VDL) Services

This section explains the rational for using the CSC frequency in the Space-based solution and the different mechanisms implemented in the current ATN/VDLM2 network to guaranty the integrity of the ATC information exchanged.

It also describes the different protection mechanisms implemented in Datalink network in order to mitigate the impact of network failures, including VHF interferences. It is important to highlight that all these mechanisms are complementary between them.



4.1 Use of the CSC frequency (136.975 MHz) in the AMS(R)S space systems



The Common Signaling Channel (CSC) (136.975 MHz), is used wherever service providers want to annunciate the VDL availability of CNS services over VHF carriers using the VDL Mode 2 (VDLM2) physical and medium access control (MAC) layers (i.e. D8PSK and CSMA) [1]. By guaranteeing one common frequency, the problem of the aircraft in trying to locate a valid frequency is minimized. It also serves as a common or base channel to be used in emergency or light traffic areas, and a fallback (default) channel whenever communication is lost for any reason. 

The frequency 136.975 MHz is reserved on a worldwide basis regardless of the Communication Services Provider (CSP) and all the avionics providing VDLM2 have this frequency recorded or hard-coded in their database. 

As explained in [3], the proposed Space-based solution neither does not harm nor produce any interference with existing AM(R)S services. In the same document, the identified use cases clearly explain how the service will be provided in both continental and remote and oceanic areas.

For VDLM2, the extension of coverage is based on:

· The use of an alternate frequency for the Space-based VHF system with a seamless transition from terrestrial to satellite coverage making use of the multi-frequency mechanism already available. 

· The use of the CSC controlled by the CSP in regions with low traffic or in regions with only satellite coverage. 

· POA will be also supported mainly as fallback channels for the case of only satellite coverage.

To support the described concept of operation [3], the currently in use avionics do not need any modification. 

The aircraft datalink equipment is configured with preferred CSP’s base frequencies to facilitate the automatic acquisition of the service.

The use of the CSC frequency will allow to speed up the establishment of the connection of the aircraft to the system. Immediately after the aircraft connects to the CSC from the space-based VHF system, it will be moved to an alternate frequency.

In case the aircraft loses the VDLM2 connection, it will first look for the CSC and, if it is not available, it should revert to POA. Moving back from POA to VDL will imply at least a gap of 2 additional minutes as it will have to wait for receiving a squitter message. Under light traffic conditions, the squitter message will be transmitted at least once every two minutes as specified by the ground timer VHF Ground Transceiver (VGT6) (2 minutes, 120 seconds) [8].



4.2 Integrity

The Aeronautical Telecommunication Network using Open Systems Interconnection (OSI) layers (ATN)/OSI defined protocols implements error checking mechanisms to ensure that corrupted frames are not delivered to the upper layers or to the application. In this way, any possible corruption caused by interferences will not harm the integrity of the data.

The following picture shows the different OSI layers and associated protocols that implement error checking mechanisms assuring the end-to-end integrity of the data:

 

[image: ]

[bookmark: _Toc141809402]Figure 4‑1: VDL and ATN protocol stack associated to integrity mechanisms.



Layer 2: Aviation VHF Link Control (AVLC)

The Data Link Service (DLS) sub-layer shall ensure that all frames corrupted during transmission are detected and discarded. Frame Check Sequence (FCS) is included in the frame format to facilitate this service.



Layer 3: ISO 8473 (CLNP)

ConnectionLess Network Protocol (CLNP) implements a Checksum for integrity check, discarding packets with incorrect checksum, among other reasons [6].



Layer 4: TP4 (ISO 8073)

The TP4 standard foresees the use of checksum field in the Transport Protocol Data Units (TPDUs) as indicated: 

[image: A picture containing text, font, screenshot, receipt
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The current implementation in avionics and ATM systems do use checksum by default.



Layer 7: Application level: Controller-Pilot Data Link communications (CPDLC)

The "protected mode" CPDLC application (previously known as "PM-CPDLC") (application type 22) was developed to provide straightforward verification that:

a. A CPDLC Message has been delivered to its intended recipient, and

b. A CPDLC Message has been delivered without loss of content integrity.



These verifications can both be obtained by successfully validating an Application Integrity Check that is transferred along with each CPDLC Message. This Integrity Check is computed over not just the CPDLC Message but additionally over a “pseudo header” that includes:

i. the Aircraft’s Flight ID and ICAO 24-bit address

ii. the Data Authority’s Ground Facility Designation, and

iii. the PM-CPDLC ASE Version Number.



The “pseudo header” is used as a message header only for the purpose of generating the Integrity Check. It is never sent with the message. However, the pseudo header does have to be re-created by the receiver to successfully validate a received Integrity Check. As both ground and airborne systems already know this information. recreation of the pseudo header is not a problem.

When the PM-CPDLC checksum is verified, it provides verification that the controller directed the clearance to the aircraft as identified by its Flight ID/Callsign and this verification is independent of data handling functions in the ground system.



Datalink services over ACARS.

In case that datalink services are provided using ACARS, only Layer 2 and Layer 7 protection mechanism described in this section applies.



4.3 Retransmission mechanisms

The ATN/OSI VDLM2 network implements retransmission mechanisms as well so that frames or packets discarded or lost for any reason, are retransmitted to avoid data loss.

The systems implement such mechanisms at Layer 2 (AVLC protocol) and Layer 4 (TP4 protocol) layers:

[image: ]

[bookmark: _Toc141809403]Figure 4‑2: VDL and ATN protocol stack associated to retransmission mechanisms.

Layer 2: AVLC

The DLS subsystem retransmits frames, in case the receiver does not confirm the correct reception or if the receiver, explicitly requests the retransmission of frames.

This mechanism is governed by the following parameters, shown in Table 4-1 ‘Datalink service system parameters’.



Table 4‑1: Data link service systems parameters [11] 

Timer T1 is the time that a Data Link Entity (DLE) will wait for an acknowledgement before retransmitting an INFO, RR (P=1), SREJ (P=1) or a FRMR frame. Its value depends on the transmission delay and the channel utilization.

Counter N2 defines the maximum number of transmissions that the DLS shall attempt to transmit any outstanding XID_CMD frame. A counter N2 shall be set to zero when a new frame is ready for transmission. Counter N2 shall be incremented after each transmission of the frame. The counter shall be cleared after its associated frame is acknowledged. When Timer T1 expires, a DLE shall invoke the retransmission procedures of 5.3.4.1[2] up to N2 - 1 times. When Timer T3 expires, a DLE shall invoke the retransmission procedures of 5.3.4.3[2] up to N2 - 1 times.

When Counter N2 reaches the maximum number of attempts (value of parameter N2) the LME shall be informed and the frame shall not be transmitted.

Note 1.— There is one Counter N2 per unacknowledged frame.

Note 2.— The value of the ground N2 parameter may be different from the value of the aircraft N2 parameter.

When N2 downlink AVLC re-tries have occurred for a single frame or when the TG2 inactivity timer expires, the aircraft will initiate a handoff according to ICAO SARPs.

Therefore, assuming a minimum T1 (1s), and the configured N2 for VDLM2 (6 frames), an interference with a duration of more than 5 seconds would trigger a handoff. Assuming a maximum T1 (15s), the VDLM2 network would tolerate occasional interferences with a duration up to 75 seconds.

Noting the results provided in section 3.3.2 where figure 3-2 presents the probability of an interference with a duration longer than several values, in particular, probability of interference duration from 17 s to 360 s are presented. It can be seen there that even for the shorter duration of 17 s, which is considerably shorter than the 75 s mentioned above, the resulting probability of interference is negligible. Bearing these statistics in mind, it should be noted that when thanks to the overall resulting probability of a harmful interference impact is the correlation of the probability of occurrence of radio interference combined with the probability that such interference would be longer than a given period. Consequently, the resulting net probabilities of interference are practically zero for the case of VDLM2, showing that the layer 2 recovering mechanism will counteract the effect of the radio interferences resulting in a practically zero impact in the VDLM2 network. 

In the figure below from the DMPG[footnoteRef:8]´s Data link Network Operational Status Report of May 2023 [9] shows the current performance of the terrestrial VDLM2 network with regard to AVLC frame retransmissions: [8:  Datalink Performance Monitoring Group ( WikiLink (eurocontrol.int))] 
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Figure 4-3: Uplink AVLC INFO frame Retransmission CDF

It shows the percentage of messages that require N number of retransmissions before they are properly received broken down by the different VDLM2 frequencies. The figure above demonstrates that the current VDLm2 network operates safely with a relevant number of retransmissions (around 15 % of the frames require at least one or more retransmissions). 



Layer 4: TP4 (ISO 8073)

TP4 implementation in the ATN Network supports retransmissions of unacknowledged TPDUs.   

In the ATN internetwork, the round-trip time (RTT), i.e. the time interval between sending a packet and receiving an acknowledgement for it, is expected to change over time, as routes and network traffic load might change. For this reason, the ATN COTP timeout and retransmission strategy relies on the dynamic measurement of the round-trip time. The ATN COTP is expected to re-estimate the RTT and compute a new time-out interval every time a new packet is acknowledged. The TP4 protocol includes a number of parameters, for which some appropriate settings have been recommended in the ETSI Specification on DLS [8].
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Table 4-2: Recommended TP4 parameter settings [8]



Note: In Table 4-2, "U" stands for "unconditional" which means that it has to be supported. "C" stands for "conditional" which means that it has to be supported under certain conditions.

This implementation with the timers indicated, along with the limited number of retransmissions set to 7, gives the TP4 layer resilience to interferences of up to 360 seconds. After that time, a Provider Abort (PA) will be declared and the TP4 connection between the aircraft and the ground system will be interrupted. In this case, datalink systems will restart the process to establish a new TP4 connection affecting potentially only to the performance of datalink services but being important to highlight that the integrity of data is never compromised.

[image: ]The figure below from [10] shows the current overall monthly average PA rate (PAs per 100 hours CPDLC) in Europe[footnoteRef:9]. In May 2023 it was 4.5 PAs per 100 hours. 
  [9:  Monthly PA rate aggregated for all ANSPs providing LISAT data to NM.] 


Figure 4-4: Provider Aborts per 100 hours CPDLC

The figure above demonstrates that the current VDLm2 network operates safely with a relevant number of Provider Aborts (around 4.5 PAs per 100 hours).



4.4 Application Level. Communication delays in CPDLC.

The latency time monitor compares the time of transmission of a CPDLC message (from the CPDLC timestamp) with the time of reception. It allows detecting when the CPDLC message becomes invalid due to delays.

If the permitted latency time  is exceeded, then the CPDLC message becomes invalid for the flight crew and the aircraft system automatically downlinks an error message ‘UPLINK DELAYED IN NETWORK AND REJECTED; RESEND OR CONTACT BY VOICE’ for display to the controller.

When the flight crew sends a CPDLC request to the ground ATM application, the CPDLC message becomes invalid for the controller when it is received after the allowed limit. If the permitted latency time is exceeded , the ground system automatically uplinks an error message ‘DOWNLINK DELAYED - USE VOICE’ for display to the flight crew.

In both cases, the CPDLC connection between controller and pilot will remain active.



4.5 Optimized use of CSC channel in AMS(R)S systems.

As the interferences, if any, are foreseen to happen only on the CSC frequency, it is recommended the use of CSC channel mainly for signalling, moving aircrafts to another alternate frequency as soon as aircrafts are connected for data exchange. This practice is also recommended in the VDL Mode 2 Manual section 1.8 [2]

In case the aircraft loses a VDLM2 connection in the assigned frequency (different to CSC), the aircraft will always try to revert to the CSC, which will take a minimum of 2 minutes, recovering the service automatically. However, if the CSC frequency is not used, the aircraft will still try to connect to the CSC, and only after it is not possible, it will try to revert to POA, which will take another 2 minutes; so, the total process from the assigned frequency to POA would take a minimum of 4 minutes.

Therefore, the use of the CSC frequency speeds up the process of reconnection to the service and improves the service resilience, even in presence of interferences.



4.6	Conclusion



The ATN/OSI VDLM2 network implements sufficient error checking and frame/packet retransmission mechanisms to preserve the integrity and safe operation of datalink services. 

The datalink system has sufficient capabilities to tolerate interferences shorter than 360 seconds with no impact at all. In case of interferences with longer duration, a Provider Abort will happen, but datalink systems will restart the process to establish a new connection affecting only to the performance but never compromising the integrity of data.

It should be noted that it is recommended that CSC channel will be used mainly for signalling, moving aircrafts to other alternate frequency as soon as they connect in order to exchange data. As the interferences are foreseen to happen only on the CSC frequency, such potential interferences will not impact the safe operation of the datalink communications.  

In case the aircraft loses a VDLM2 connection in the assigned frequency (different to CSC), the aircraft will always try to revert to the CSC, which will take a minimum of 2 minutes, recovering the service automatically. However, if the CSC frequency is not used, the aircraft will still try to connect to the CSC, and only after it is not possible, it will try to revert to POA, which will take another 2 minutes; so, the total process from the assigned frequency to POA would take a minimum of 4 minutes.

Therefore, the use of the CSC frequency speeds up the process of reconnection to the service and improves the service resilience, even in presence of interferences.

5 Summary

This document provides some technical elements, related to the dynamic analysis contained in Section 11 of PDNR ITU-R M.[SPACE-VHF], and provides additional elements providing additional comparative scenarios of assessment of interference from systems operating  above 137MHz into AMS(R)S space receivers, also considering the different characteristics and requirements of the signals of AMS(R)S Voice and Digital Data Link services, taking into account the specific VHF channels where each service operates.

The studies conducted by ITU-R on the technical compatibility between future AMS(R)S and other adjacent band services have addressed two interference analysis:

i.	Protection of adjacent band services operating in the band 137 – 138 MHz from emissions of future AMS(R)S.

ii.	Analysis of the interference environment created by space stations of the adjacent band services into the space receiver of the future AMS(R)S.

The analysis i) has been studied during the past three years and stable results have been derived by ITU-R on the mechanisms to protect the adjacent band services, either by compliance of Appendix 3 of the Radio Regulations for the unwanted emissions in the spurious domain and/or via hard limit of power flux density of the unwanted emissions in the out of band domain. These conditions are provided in the WP 5B PDNR ITU-R M.[SPACE-VHF] as well as a summary of these technical studies in the CPM final report to WRC 23.

In addition to the above studies, additional reverse technical compatibility analyses (item ii) have been carried out by WP 5B on the interference environment of emissions from space stations of the adjacent band services operating in the band 137 – 138 MHz into the space receiver of the AMS(R)S. Several comprehensive studies are included in the PDNR ITU-R M.[SPACE-VHF].

This contribution focuses on the case ii) and incorporates the results of additional comparative assessment (additional scenarios) that have been done on the dynamic analysis for estimation of interference into AMS(R)S satellites reception operating below 137MHz, due to unwanted emissions from satellites operating MSS, SOS, SRS and METSAT services in the band 137-138MHz.

The studies carried out by WP 5B and reported in the PDNR ITU-R M.[SPACE-VHF] include a variety of assumptions and scenarios, including theoretical assumptions like for example, that all adjacent band satellite networks (580 satellites) would be in operation including 222 satellites just operating in the closest 100 kHz (137.0-137.1 MHz). Such studies include several interference scenarios to confirm that the interference environment generated by adjacent band services is negligible even without taking into consideration any other improvements (factors like, for example, dual or multiple operation of several AMS(R)S space receivers providing redundancies).

This contribution also incorporates additional comparative interference scenario by addressing the case of voice communications (not studied by ITU R WP 5B for the case of interference form adjacent band services into space receivers of the AMS(R)S) and identify the specifics of such link together with an additional scenario for AMS(R)S data link in a similar context of interference as for the studied conditions of voice, considering the different highest frequency channels where these services can operate (136.875 MHz for voice and 136.975 MHz for VDLM2). 

On top of a negligible risk of harmful interference, further considerations are made regarding the additional mechanisms of the VDLM2 to recover messages and assure safe operation implementing data integrity features.

These comparative studies come to reconfirm that the operation of AMS(R)S in the 117.975-137 MHz would not require any new constrains on existing VHF systems operating in the frequency band 137-138 MHz, while not affecting the safety operation of the future AMS(R)S data link and recommend some frequency planning exercise when assigning frequencies for AMS(R)S voice.

Regarding the provision of Datalink services and, as it has been demonstrated in this document, the system has sufficient capacity to manage interference since the ATN/OSI VDLM2 network implements sufficient error checking and frame/packet retransmission mechanisms to preserve the integrity and safe operation of datalink services with no loss of any message. This ability can be achieved by parameterizing certain values in the communications protocols of the different OSI layers.

Notwithstanding the foregoing and, in order to facilitate the integration of AMS(R) services with AM(R) services, it is recommended that the use of the CSC channel by AMS(R) systems be limited to signaling communications with aircraft to indicate the use of an alternative frequency for exchange of data.

As a final conclusion, it can be said that datalink services can be delivered based on AMS(R)S systems in the full band 117.975-137MHz, including the CSC channel, in order to obtain the best operational datalink provisions not requiring to impose any restriction to existing satellite-based VHF systems operating in the frequency band 137-138 MHz.

When applying the combination of low probabilities of radio interference obtained in the dynamic simulations and the capacity of recovering messages of VDLM2, the net resulting probabilities of interference cases when messages could be lost, result in levels of 0.00001% (0.02% interference x 0.05% duration) to 0.003 % (0.06% interference x 5% duration), which means resulting in practically zero risk of losses of messages. To have a relative comparative idea of the magnitude of these resulting percentages of messages lost, it is interesting to compare these numbers with the Eurocontrol reported statistics of collisions of VDLM2 operated in the AM(R)S, which reach the figure of 15 %. Consequently, the impact of interference into the operation of AMS(R)S will be several orders of magnitude lower than typical collision figures for AM(R)S, thus concluding that safety requirements for AMS(R)S will not be compromised due to interference from adjacent band services operating in the band 137-138 MHz.

Therefore, the operation of the AMS(R)S in the band 117.975-137 MHz does not require any additional constrain to the services operating above 137 MHz. However, differentiation should be made between the sensitivity to interference of the voice and data signals, an aspect that ICAO may wish to take into account for the development of the corresponding SARPs and adequate frequency planning exercise, particularly for voice communications.
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Figure 5-1. VDL and ATN protocol stack
associated to integrity mechanisms
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13.2.3.1 Checksum parameter (class 4 only)

All TPDU types may contain a 16-bit checksum parameter in their variable part. This parameter shall be present in a
CR-TPDU and shall be present in all other TPDUs except when the non-use of checksum option is selected.

Parameter code: 1100 0011
Parameter length: 2

Parameter value: Result of checksum algorithm,; this algorithm is specified in 6.17.
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Table 5.6: Data link service systems parameters

Symbol Parameter name Minimum Maximum Mode 2 default | Increment
T1min Delay before Minimum Os 20s 10s 1ms
retransmission
T1max Maximum 1s 20s 15s 1ms
T1mult Multiplier 1 25 1,45 0,01
T1exp Exponent 1 25 1,7 0,01
T2 Delay before ACK 25ms 10s 500 ms 1ms
T3min Link Minimum 5s 25s 6s Tms
Initialization
Time
T3max Maximum 1s 20s 15s 1ms
T3mult Multiplier 1 25 1,45 0,01
T3exp Exponent 1 25 1,7 0,01
T4 Max delay Aircraft 10 min 1440 min 20 min 1 min
between
transmissions
Ground 12 min 1442 min 22 min 1 min
N1 Maximum number of bits in 1144 bits 16 504 bits 8 312 bits 1 bit
any frame
N2 Maximum number of 1 15 6 1
transmissions
K Window Size 1 frame 7 frames 4 frames 1 frame
G Maximum number of frames 1 frame 4 frames 4 frames 1 frame

in a burst
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Table 8: Recommended TP4 parameter settings
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13Compute Margin , Es/(No+Io)-(Es/(No+Io))


Es/(No+Io)-Es/No Theory


DO-224D. (3.7.4 - Note) dB


14 Iterative computation for I up to obtain a margin 0.8 dB Output Value dBm


15Resulting Computed C/I Output Value dB
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