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FREQUENCY SPECTRUM MANGEMENT PANEL (FSMP)

FOURTH MEETING OF THE WORKING GROUP

ICAO Regional Office, Bangkok Thailand, 27 March – 7 April 2017
Agenda Item 5: Development of (planned) material for ITU-R Studies on FSS for UAS
LIAISON TO ITU-R WP5B IN RESPONSE TO THEIR LIAISON REGARDING INFORMATION REQUIRED TO SUPPORT RPAS SARPS DEVELOPMENT
(Presented by Michael Neale and Dominique Colin corapporteurs of the RPAS Panel WG/2 (C2 Link))
	SUMMARY

	The ICAO RPAS Panel C2 Link Work Group would like the ICAO FSMP WG/3 to liaise information on the use of the Fixed Satellite Service by RPAS to ITU-R WP5B.


1. INTRODUCTION

1.1 At its last meeting, in March 2017, the RPAS Panel WG/2 (C2 Link) approved a paper requesting that the FSMP-WG/3 liaise with ITU-R to provide information in response to the ITU-R WP5B’s reply liaison (Annex 35 to ITU-R WP5B Chairman’s Report 5B/195 December 2016).  This RPASP paper provides both an answer to the question in the WP5B reply liaison and offers data to collaboratively promote their joint responsibilities under Resolution 155 of ITU-R World Radio Conference 2015.  This collaboration will greatly assist the RPAS Panel in developing SARPs amendments for the RPAS C2 Link;  termed the Control and Non-Payload Communications (CNPC) Link in ITU-R.
2. DISCUSSION

2.1 The RPAS Panel WG2 is responsible for all of the SARPs amendment proposals regarding the C2 Link.  The C2 Link is the logical connection, however realized, used for the exchange of information between the remote pilot station and the remotely piloted aircraft, to enable the pilot to safely aviate, communicate, navigate and integrate the RPAS into the global aviation operational environment.

2.2 The RPAS Panel is developing two packages of proposed SARPs amendments to support the safe and efficient introduction of RPAS into international non-segregated airspace.
2.3 The first package of SARPs specifically concerned with the C2 Link will be general in nature, identifying overarching requirements in a manner mainly independent of specific technological solutions.  The second package of C2 Link SARPs is anticipated to focus on specific technical solutions, such as the potential use of the FSS to support beyond radio line-of-sight (BRLOS) operations.

2.4 To realize its goal of adopting the second package of technology-specific SARPs in the 2022 timeframe, the RPAS Panel will need to commence its work on SARPs amendment preparations early in 2017 and complete that work by the end of 2019 after which the proposal will enter the ICAO approval process.  The RPAS Panel anticipates that one of the technology solutions it will investigate for C2 Links will be the use of FSS networks operating in certain portions of the 14/12GHz and 30/20GHz frequency bands as identified in Resolution 155 from WRC 2015.
2.5 During this investigation, ICAO will not only need to identify and include in its SARPs the technical characteristics for the space and earth stations, but also address both the Required Link Performance (RLP) and the effects of interference on the safety and efficiency of UAS/RPAS operations.  This will require the RPAS Panel to be informed of the characteristic of the FSS networks, their performance and the interference environment in which they operate.

2.6 Attachment A lists all of the parameters the ICAO RPAS Panel considers required to enable it to develop the above mentioned SARPs.  It contains the same parameters as were previously submitted to ITU-R via the FSMP (FSMP-WG/3-WP/04 2016-08-25, which became ITU-R 5B/115 and 5B/116).  However, it now includes the names of the Reference Data elements from Appendix 4 of the ITU-R Radio Regulations as requested by WP 5B in its reply liaison.

2.7 ICAO notes that in its reply ITU-R WP5B states that “at this time Working Part 5B is not in a position to provide characteristics however work has been initiated to identify such characteristics and we will inform you as and when they become available”.
2.8 While as noted above SARPs development has just begin and in a collaborative effort to make efficient progress the ICAO RPAS Panel has itself researched the topic and in Attachment B has included certain proposed maximum and typical values for both the General CNPC Link characteristics (data rates, modulation types etc.) as well as characteristics for the space station transponders (e.i.r.p, G/T etc.) that should be suitable for the support of CNPC information exchanges using the FSS.
2.9 ICAO requests that the ITU-R confirm that fielded FSS systems can support the parameter values in Attachment B and provide the values for the remaining items in Attachment A that could do so.
3. ACTION BY THE MEETING

3.1 The meeting is invited to:

a) note the contents of this working paper and its attachment;

b) carry out the requested line of action to liaise this paper to WP5B on behalf of the RPASP Panel;
c) request that WP5B confirms that the values of the characteristics contained in Attachment B would comply with any ITU-R requirements of FSS satellite networks.
d) request that WP5B provide values for the remaining items associated with Links 1, 2, 3 and 4 in Attachment A.
— END —
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General CNPC Link Parameters

Telecommand, UACS-to-space station-to-UA (Link 1 and 2)

Information data rate C.9.a.4.a mod_charbit_rate

Modulation Type. C.9.a.4.b mod_charnbr_phase

FEC Type. User Dependent and Not Recorded

Spectral efficiency. User Dependent and Not Recorded

Eb/No @ 1E-8 BER. User Dependent and Not Recorded

Roll-off factor. User Dependent and Not Recorded

Reference bandwidths. User Dependent and Not Recorded

Protection Ratio - Intra System C.12.a s_beam prot_ratio

Protection Ratio - Inter System C.12.a s_beam prot_ratio

Telemetry, UA-to-space station-to-UACS (Link 3 and 4)

Information data rate C.9.a.4.a mod_charbit_rate

Modulation Type. C.9.a.4.b mod_charnbr_phase

FEC Type. User Dependent and Not Recorded

Spectral efficiency. User Dependent and Not Recorded

Eb/No @ 1E-8 BER. User Dependent and Not Recorded

Roll-off factor. User Dependent and Not Recorded

Reference bandwidths. User Dependent and Not Recorded

Protection Ratio - Intra System C.12.a s_beam prot_ratio

Protection Ratio - Inter System C.12.a s_beam prot_ratio

Space Station Characteristics. Transmission Link 2 and 4. Reception Link 1 and 3.

Transmission Characteristics for each Link (2 and 4)

Frequency. C.1.a s_beam freq_max

C.1.b s_beam freq_min

3 dB beamwidth. B.3.a.1  s_beam gain

e.i.r.p. transmit density. Derived from Maximum transmit power and aggregate bandwidth

C.8.d.1 grp pwr_max

C.8.d.2 grp bdwdth_aggr

B.3.a.1  s_beam gain

Link 2  power flux-density. Calculated from e.i.r.p. transmit density and link budget

Link 4 power flux density. Calculated from e.i.r.p. transmit density and link budget

Reception Characteristics for each Link (1 and 3)

Frequency. C.1.a s_beam freq_max

C.1.b s_beam freq_min

3 dB beamwidth. B.3.a.1  s_beam gain

B.3.a.1  s_beam gain

G/T or T C.5.a grp noise_t
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Transmission Characteristic for each Link (1 and 3)

Link 1

Frequency. C.1.a s_beam freq_max

C.1.b s_beam freq_min

Maximum on-axis e.i.r.p. density. Derived from Maximum transmit power, aggregate bandwidth and antenna gain

C.8.g.1 grp pwr_max

C.8.g.2 grp bdwdth_aggr

C.10.d.3 e_as_stn gain

Maximum off-axis e.i.r.p density. Derived from Maximum on-axis e.i.r.p. density and Antenna Pattern

Antenna diameter B.5.a e_ant gain

Typical antenna efficiency. B.5.a e_ant gain

Antenna pattern. B.5.b e_ant bmwdth

B.5.c e_ant attch_e

Pointing error. B.3.d s_beam pnt_acc

Pointing method. Not Recorded but must meet Pointing Error

Power control. C.8.i emiss pwr_ctrl

Link 3

Frequency. C.1.a s_beam freq_max

C.1.b s_beam freq_min

Maximum on-axis e.i.r.p. density. Derived from Maximum transmit power, aggregate bandwidth and antenna gain

C.8.g.1 grp pwr_max

C.8.g.2 grp bdwdth_aggr

C.10.d.3 e_as_stn gain

Maximum off-axis e.i.r.p density. Derived from Maximum on-axis e.i.r.p. density and Antenna Pattern

Antenna diameter B.5.a e_ant gain

Typical antenna efficiency. B.5.a e_ant gain

Antenna pattern. B.5.b e_ant bmwdth

B.5.c e_ant attch_e

Pointing error. B.3.d s_beam pnt_acc

Pointing method. Not Recorded but must meet Pointing Error

Power control. C.8.i emiss pwr_ctrl

 Reception Characteristics for each Link (2 and 4)

Link 2

Frequency. C.1.a s_beam freq_max

C.1.b s_beam freq_min

G/T or T. C.10.d.6 e_as_stn noise_t

Antenna diameter B.5.a e_ant gain

Typical antenna efficiency. B.5.a e_ant gain

C.10.d.3 e_as_stn gain

Antenna patterns. B.5.b e_ant bmwdth

B.5.c e_ant attch_e

Pointing error. B.3.d s_beam pnt_acc

Pointing method. Not Recorded but must meet Pointing Error

Link 4

Frequency. C.1.a s_beam freq_max

C.1.b s_beam freq_min

G/T or T. C.10.d.6 e_as_stn noise_t

Antenna diameter B.5.a e_ant gain

Typical antenna efficiency. B.5.a e_ant gain

C.10.d.3 e_as_stn gain

Antenna patterns. B.5.b e_ant bmwdth

B.5.c e_ant attch_e

Pointing error. B.3.d s_beam pnt_acc

Pointing method. Not Recorded but must meet Pointing Error
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AP 4 Data Item Name from Preface Proposed Maximum Value Proposed Typical Value

General CNPC Link Parameters

Telecommand, UACS-to-space station-to-UA (Link 1 and 2)

Information data rate C.9.a.4.a mod_charbit_rate 25kpbs 10kpbs

Modulation Type. C.9.a.4.b mod_charnbr_phase 2 2

FEC Type. User Dependent and Not Recorded 1/3 1/3

Spectral efficiency. User Dependent and Not Recorded 0.25 0.25

Eb/No @ 1E-8 BER. User Dependent and Not Recorded 4dB 4dB

Roll-off factor. User Dependent and Not Recorded 35% 35%

Reference bandwidths. User Dependent and Not Recorded 100kHz 40kHz

Protection Ratio - Intra System C.12.a s_beam prot_ratio -6dB I/N -6dB I/N

Protection Ratio - Inter System C.12.a s_beam prot_ratio -9dB I/N -9dB I/N

Telemetry, UA-to-space station-to-UACS (Link 3 and 4)

Information data rate C.9.a.4.a mod_charbit_rate 300kpbs 70kbps

Modulation Type. C.9.a.4.b mod_charnbr_phase 2 2

FEC Type. User Dependent and Not Recorded 1/3 1/3

Spectral efficiency. User Dependent and Not Recorded 0.25 0.25

Eb/No @ 1E-8 BER. User Dependent and Not Recorded 4dB 4dB

Roll-off factor. User Dependent and Not Recorded 35% 35%

Reference bandwidths. User Dependent and Not Recorded 1 200kHz 280kHz

Protection Ratio - Intra System C.12.a s_beam prot_ratio -6dB I/N -6dB I/N

Protection Ratio - Inter System C.12.a s_beam prot_ratio -9dB I/N -9dB I/N

Space Station Characteristics. Transmission Link 2 and 4. Reception Link 1 and 3.

Transmission Characteristics for each Link (2 and 4)

Frequency. C.1.a s_beam freq_max 12.75GHz 12.75GHz

C.1.b s_beam freq_min 10.95GHz 10.95GHz

3 dB beamwidth. B.3.a.1  s_beam gain 2.5degrees 4.0degrees

e.i.r.p. transmit density. Derived from Maximum transmit power and aggregate bandwidth 35dBW in 1MHz at EOC 33dBW in 1MHz at EOC

C.8.d.1 grp pwr_max 50dBW 48dBW

C.8.d.2 grp bdwdth_aggr 36MHz 36MHz

B.3.a.1  s_beam gain 36.3dBi at EOC 32.3dBi at EOC

Link 2  power flux-density. Calculated from e.i.r.p. transmit density and link budget -150.0dB(W/m

2

) in 4kHz TBD

Link 4 power flux density. Calculated from e.i.r.p. transmit density and link budget -150.0dB(W/m

2

) in 4kHz TBD

Reception Characteristics for each Link (1 and 3)

Frequency. C.1.a s_beam freq_max 14.47 GHz 14.47 GHz

C.1.b s_beam freq_min 14.00 GHz 14.00 GHz

3 dB beamwidth. B.3.a.1  s_beam gain 2.5degrees 4.0degrees

B.3.a.1  s_beam gain 36.3dBi at EOC 32.3dBi at EOC

G/T or T C.5.a grp noise_t 3.0dBi/K at EOC = 2137K 1.0dBi/K at EOC = 1348K
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AP 4 Data Item Name from Preface Proposed Maximum Value Proposed Typical Value

General CNPC Link Parameters

Telecommand, UACS-to-space station-to-UA (Link 1 and 2)

Information data rate C.9.a.4.a mod_charbit_rate 25kpbs 10kpbs

Modulation Type. C.9.a.4.b mod_charnbr_phase 2 2

FEC Type. User Dependent and Not Recorded 1/3 1/3

Spectral efficiency. User Dependent and Not Recorded 0.25 0.25

Eb/No @ 1E-8 BER. User Dependent and Not Recorded 4dB 4dB

Roll-off factor. User Dependent and Not Recorded 35% 35%

Reference bandwidths. User Dependent and Not Recorded 100kHz 40kHz

Protection Ratio - Intra System C.12.a s_beam prot_ratio -6dB I/N -6dB I/N

Protection Ratio - Inter System C.12.a s_beam prot_ratio -9dB I/N -9dB I/N

Telemetry, UA-to-space station-to-UACS (Link 3 and 4)

Information data rate C.9.a.4.a mod_charbit_rate 300kpbs 70kbps

Modulation Type. C.9.a.4.b mod_charnbr_phase 2 2

FEC Type. User Dependent and Not Recorded 1/3 1/3

Spectral efficiency. User Dependent and Not Recorded 0.25 0.25

Eb/No @ 1E-8 BER. User Dependent and Not Recorded 4dB 4dB

Roll-off factor. User Dependent and Not Recorded 35% 35%

Reference bandwidths. User Dependent and Not Recorded 1 200kHz 280kHz

Protection Ratio - Intra System C.12.a s_beam prot_ratio -6dB I/N -6dB I/N

Protection Ratio - Inter System C.12.a s_beam prot_ratio -9dB I/N -9dB I/N

Space Station Characteristics. Transmission Link 2 and 4. Reception Link 1 and 3.

Transmission Characteristics for each Link (2 and 4)

Frequency. C.1.a s_beam freq_max 20.20GHz 20.20GHz

C.1.b s_beam freq_min 19.70GHz 19.70GHz

3 dB beamwidth. B.3.a.1  s_beam gain 0.7degrees 1.5degrees

e.i.r.p. transmit density. Derived from Maximum transmit power and aggregate bandwidth 41dBW in 1MHz at EOC 35dBW in 1MHz at EOC

C.8.d.1 grp pwr_max 50dBW 48dBW

C.8.d.2 grp bdwdth_aggr 36MHz 36MHz

B.3.a.1  s_beam gain 35dBi at EOC 31dBi at EOC

Link 2  power flux-density. Calculated from e.i.r.p. transmit density and link budget -115.0dB(W/m

2

) in 1MHz TBD

Link 4 power flux density. Calculated from e.i.r.p. transmit density and link budget -115.0dB(W/m

2

) in 1MHz TBD

Reception Characteristics for each Link (1 and 3)

Frequency. C.1.a s_beam freq_max 30.00GHz 30.00GHz

C.1.b s_beam freq_min 29.50GHz 29.50GHz

3 dB beamwidth. B.3.a.1  s_beam gain 0.7degrees 1.5degrees

B.3.a.1  s_beam gain dBi at EOC dBi at EOC

G/T or T C.5.a grp noise_t 14.0dBi/K at EOC = K 8.0dBi/K at EOC = K
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