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	SUMMARY


	Space Based VHF Voice and Data Link Service are being discussed in several forums inside ICAO as well as ITU. The potential allocation of the 117.975 – 137 MHz frequency band to AMS(R)S service brings considerable possibilities for future services to the aeronautical community. This paper presents the results of technical studies related to the spectrum sharing of Space-based VHF system with AM(R)S within the 117.975 – 137 MHz frequency band. First, the levels of the Space-based VHF transmission in adjacent channels within the 117.975 – 137 MHz frequency band are evaluated, both with and without Doppler shift, demonstrating that the interfering levels are below the acceptable values. A second analysis addresses the impact of the satellite Doppler in the reception of VHF voice and data at the aircraft receivers, describing strategies that the Space-based system could implement to assure that the aircraft avionics can receive the satellite transmissions as it would come from a ground stations, that is, the aircraft VHF avionics does not require any modification to operate in a Space –based VHF system.






1. INTRODUCTION.
1.1 Under WRC-23 agenda item 1.7, WP5B is developing a working document towards a Preliminary Draft New Report (PDNR - ITU-R M [SPACE-VHF]). The ITU-R PDNR report is produced to include compatibility analysis, which aim at studying the compatibility with other non-ICAO services operating in adjacent frequency bands to 117.975-137 MHz. 
1.2 Preliminary Space Based VHF systems technical studies providing AMS(R)S services have been presented in several meetings of ICAO groups, as the FSMP and the DCIWG. A special group of interest, the Future VHF Sub Group (FVSG) has been established under the PT-T of DCIWG for performing an impact analysis at operational level in addition to the work on compatibility performed by the FSMP.
1.3 The detailed technical analysis supporting the discussions taking place in the FVSG and FSMP at ICAO can be found in the attached report and available for reference as “FSMP-WG15-IP04_Attachment_Elements on AI 1.7_v2.0”. This Working Paper uses the results of this report as a basis for the discussion hereafter.
1.4 This WP presents technical studies results related to the spectrum sharing of Space-based VHF system with AM(R)S within the 117.975 – 137 MHz frequency band.
1.5 First it addressed sharing studies in the evaluation of the levels of the Space-based VHF transmission in adjacent channels within the 117.975 – 137 MHz frequency band, both with and without Doppler shift from the spacecraft. The detailed technical studies are included in “FSMP-WG15-IP04_Attachment_Elements on AI 1.7_v2.0” section 3.
1.6 Second, it presents analysis addressing the impact of the spacecraft Doppler in the reception of VHF voice and data signals at the aircraft receivers, showing that the aircraft VHF avionics does not require any modification to operate in a Space –based VHF system. The detailed technical studies are included in “FSMP-WG15-IP04_Attachment_Elements on AI 1.7_v2.0” section 4.
2. [bookmark: _Toc107559359][bookmark: _Toc109674386]SHARING STUDIES IN THE BAND 117.975-137 MHz
2.1 The detailed analysis (in section 3 of the attachment) provides the assessment of the operation of space-based VHF system into the adjacent channel in the out-of-band domain with and without Doppler shift caused by the spacecraft. The goal is to evaluate the impact of the space-based VHF system into the ground station operating in the adjacent band.
2.2 The analysis carried out focusses in the Space based VHF data services, based on VDLm2 characterized by an effective bandwidth of the transmitter of 14 kHz and a spectral roll-off that has an attenuation higher than 60 dB in the out of band domain.
2.3 The recommendation ITU-R SM.1541 provides the unwanted emission mask in the out-of-band domain that should below 25dBc. As stated in 2.2, the spectral roll-off of 60 dB is well below the specification. 
2.4 From the ICAO Handbook of RF requirements (9718), a D/U protection ratio of more than 20 dB is specified. The detailed evaluation outcomes shows that the D/U is higher than the required one in the handbook. The space-based VHF system could therefore operate without affecting the ground station in the first adjacent channel. In addition, the result would be similar for the other adjacent channels.
2.5 The space-based VHF system will have a mechanism to compensate the Doppler effect. Depending on the aircraft location and its flight route, the centre frequency of the radio will be shifted by +/-3.2 kHz at maximum. The Space-based system, as it will be detailed below, can transmit with a frequency shift to pre-compensate the spacecraft Doppler, 
2.6 The studies has shown that by applying a frequency shift of maximum 2.7 kHz to the centre frequency and considering a Doppler effect of 3.2 kHz, it is anticipated that there is no impact on the ground VDLm2 radios operating on the ground in an adjacent band at 25 kHz and that the frequency shift would have no limit for adjacent bands at 50 kHz or above. Consequently, the theoretical studies carried out so far have shown that the operation of the space-based VHF system would have no impact on the terrestrial system operating at the adjacent band.
2.7 It is assumed that AM(OR)S parameters are similar to the VDLm2 RF parameters, consequently the same sharing outcome could be applied to the AM(OR)S system. The space-based VHF system would not create any harmful interference to the AM(OR)S operating in the adjacent channel to the spacecraft channel. Nevertheless, the channel assigned to the space-based VHF radio should not be the same as AM(OR)S. 
3. ANALYSIS OF THE DOPPLER EFFECT AND COMPATIBILITY WITH CURRENT AVIONICS.
3.1 In the Space-based VHF communications system, the satellites play the role of the ground VDR (“VHF Data Radio”) of the VHF Voice or VDLm2 system. The Doppler effect between satellite and aircraft constitutes one of the main differences in the satellite to/from aircraft links with respect to the terrestrial scenario. The Doppler shift introduced by the satellite movement can have a value from -3.2 kHz to +3.2 kHz depending on the aircraft to satellite position and direction of movement.
3.2 These theoretical studies and analysis (detailed in section 4 of “FSMP-WG15-IP04_Attachment_Elements on AI 1.7_v2.0”) present the impact for VHF Analog Voice and for VHF Data VDLm2 links of the Doppler shift of the satellite transmissions in the aircraft receivers. The analysis is focussed on the approach needed to guarantee that the aircrafts radios can detect the satellite transmissions without any modification.
3.3 For VHF Voice system using 25 kHz channels and DSB AM modulation, the following key outcomes can be stated:
· The frequency capture range specified in the standards is well above the maximum Doppler shift of ± 3.2 kHz
· Effective acceptance bandwidth with offset carrier: ± 8000 Hz
· Effective acceptance bandwidth without offset carrier: ± 6850 Hz
· The aircraft voice radios can then receive correctly the satellite transmissions without any pre-compensation.
3.4 For a scenarios in which an aircraft would be located under the coverage of more than one satellite, a possible solution based on the already in use CLIMAX approach could be implemented, consisting in transmitting with different offset carrier from satellites at different orbital planes. The offset would be selected to guarantee that the separation between both transmissions is such that no overlap would be produced when affected by opposite Doppler shifts. Not any modification would be required in the aircraft voice radios.
3.5 For VDLm2 links, the impact of the Doppler in satellite transmission at the aircraft radio reception is expected to be more severe than for voice, due to the frequency capture range specified in the standards of ± 967 Hz is well below the Doppler shift of ± 3.2 kHz. 
3.6 From the theoretical analysis, it can be stated that a Doppler pre-compensation mechanism needs to be implemented in the satellite transmission to guarantee that the satellite transmission are received in the aircrafts VDL radios with an offset not higher than the aircraft radio capture range. Several mechanism would be feasible to be implemented as pre-compensation mechanism. 
3.7 Examples of pre-compensation mechanism are described in the “FSMP-WG15-IP04_Attachment_Elements on AI 1.7_v2.0”. One could consists in the computation of the Doppler shift from the aircraft and satellite positions that can be known by the Space-Based VHF system. For messages to be broadcasted, the transmission could be repeated several times to guarantee that all aircrafts will detect it. 
3.8 It is noted that the analysis has been focussed in the satellite to aircraft direction, as it is the key one to guarantee that the aircraft receiver will not be affected in any case. For the aircraft transmissions to the satellite, it is considered that the satellite radio will be designed to cope with the Doppler shift expected, avoiding any change in the aircraft radio transmitters.
3.9 A more detailed description regarding the theoretical analysis of Doppler effects and compatibility with current avionics can be found in the section 4 of the attachment to this paper (“FSMP-WG15-IP04_Attachment_Elements on AI 1.7_v2.0”). Measurements of the mechanism analysed for compensation of the Doppler effect will be carried out in the trials foreseen during the on going and future projects.
4. ACTION BY THE MEETING
The meeting is invited to:
a) note and review the contents of this working paper; 
b) Acknowledge that Space Based VHF systems will be able to operate in a way that the aircrafts avionics will not require any modifications. 
c) Acknowledge the feasibility of sharing of Space-Based VHF system with respect to AM(R)S and AM(OR)S as detailed in the sharing studies section above.
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