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New provisions to support aeronautical radiocommunications
USE OF DIRECT GROUND-TO-GROUND VHF RADIO COMMUNICATIONS BETWEEN UNMANNED AIRCRAFT CONTROL STATIONS AND AIR TRAFFIC CONTROL STATIONS
(Presented by Mike Biggs)

	SUMMARY

	This information paper is intended to open a discussion on proposals to use direct ground-to-ground VHF radio communications between unmanned aircraft control stations and air traffic control facilities.  This this type of communications arrangement is an attractive option for smaller unmanned aircraft where the weight and power consumption of a VHF radio significantly impacts the performance of the unmanned aircraft.  While this arrangement has many positive aspects, there are issues that affet the utility such an applications and these issues may render this application unusable in some situations.  Finally, there are issues with the International Telecommunications Union Radio Regulations and the ICAO SARPS that need to be addressed in order to support direct ground-to-ground communications between unmanned aircraft control stations and air traffic control facilities.



1. INTRODUCTION

1.1 During the eighth meeting of the Remotely Piloted Aircraft systems panel (RPASP/8) a working paper (WP/5) was introduced by RPASP Working Group 6 (WG-6), ATM Integration, that proposed ammendements to Annex 2 – Rules of the Air of the Chicago Convention related to the integration of direct ground-to-ground VHF radio communications between remotely piloted aircraft (RPA) control stations and air traffic control (ATC) facilities
, see attached Annex.

1.2 The proposal also noted that consequential changes to Annex 11 – Air Traffic Services would be need.  These changes include addition of a definition for ‘ground-to-ground communications’ and modifications to Chapter 6 ‘Air traffic service requirements for communications’.
1.3 The proposal was discussed during the RPASP/8 meeting and based on comments raised during the meeting the paper was withdrawn by WG-6 for further consideration within RPASP WG-6.
2. DISCUSSION

2.1 RPA operations in controlled airspace generally require the use of insterment flight plans which in turn requir communications between the RPA pilot and air traffic controllers.
2.2 There are three methods that can be used to provide this communications link for RPAs.

2.2.1 The first method is to equip the RPA with a VHF ATC radio and relay the communications between the ATC controller and the pilot in the RPA control station through the command and control link (C2 Link).  This process introduces additional latency in the voice message measured as the elapsed time from the controller starting to speak until the sound arrives at the RPA pilot’s ears. The additional latency could be significant compared to current latency especially when satellite links and terrestrial distribution networks are included.
2.2.2 The second method is for the controller and RPA pilot to be connected via a ground-to-ground connection.  This method would employ traditional terrestrial voice circuits and a modified switching system that would allow the connection to be transferred from one controller to another.  This process introduces additional and variable latency into the voice message measured as the elapsed time from the controller starting to speak until the sound arrives at the RPA pilot’s ears.  In addition, other pilots in the airspace would not normally be able to hear the RPA pilot/controller conversation and would be likely to step on their conversation.  The United States is in the process of upgrading the their voice system to a modern, Voice Over Internet Protocol (VOIP) based network.  The system is planned to include the ability to connect the controller and RPA pilot directly through a networked connection that would allow other pilots to hear the PRA pilot/controller conversations (party line).  However, initial deployment is not scheduled to start until 2020 and this capability will not be widely deployed until 2025.  Further, the United States does not currently plan to install this new system at all towers or in all adar approach control facilities so it may not be a viable solution for all locations even in the long term.
2.2.3 The third method is to use a ground based VHF radio to provide the communications between the RPA pilot and ATC services.  The ground based VHF radios would be located near the ATC radio installation supporting the sector in which the UA is operating and would be connected to the RPA pilot station by some wired and/or wireless telecommunication circuit.  This method would work well for the situation where the RPA control station is located at an airport and the RPA is operating within airspace managed by the airport’s air traffic control tower or collocated radar approach control.  RPA operations requiring the communications with an en-route ATC center or a destination airport would be more difficult because this would introduce the need for multiple remote VHF ground radios and long distance telecommunications circuits.  In order for this method to progress, there are a number of issues that would need to be addressed and these issues include ITU and ICAO regulatory issues, VHF ground radio coverage issues, VHF ground radio interference issues, and connectivity issues between remote VHF ground radios and the RPA control station.

2.2.3.1 Based on a review of the ITU Radio Regulations, it appears that the aeronautical mobile (Route) service (AM(R)S) allocation in the band 117.975-137.000 MHz supports ground-to-air, air-to-air, and air-to-ground communications but not ground-to-ground communications.  This conclusion is based on the definitions in the Radio Regulations.  The relivent definitions are:
2.2.3.1.1 The definition of AM(R)S in the ITU Radio Regulations reads:

1.33  -  aeronautical mobile (R)* service: An aeronautical mobile service reserved for communications relating to safety and regularity of flight, primarily along national or international civil air routes.
2.2.3.1.2 Where the definition of the aeronautical mobile service reads:

1.32  -  aeronautical mobile service: A mobile service between aeronautical stations and aircraft stations, or between aircraft stations, in which survival craft stations may participate; emergency position-indicating radiobeacon stations may also participate in this service on designated distress and emergency frequencies.
2.2.3.1.3 And where the definitions of aeronautical and aircraft stations read:
1.81  -  aeronautical station: A land station in the aeronautical mobile service.
1.69  -  land station: A station in the mobile service not intended to be used while in motion.
1.83  -  aircraft station: A mobile station in the aeronautical mobile service, other than a survival craft station, located on board an aircraft.
2.2.3.1.4 Theese same  definitions for the aeronautical mobile (R)* service, the aeronautical mobile service, an aeronautical station, and an aircraft station also appear in Volume II of Annex 10 – Aeronautical Telecommunications of the Chicago Convention.

2.2.3.1.5 Additional definitions for air-ground control radio station, air-ground communications, air-to-groiund communications, ground-to-air communications and interpilot air-to-air communications can also be found in Volume II of Annex 10 – Aeronautical Telecommunications of the Chicago Convention.

2.2.3.1.6 Other information on radio performance in Volume III, Part II Section 2.1, 2.2, and 2.3 of Annex 10 – Aeronautical Telecommunications of the Chicago Convention, Volume V Section 4.1.4 of Annex 10 – Aeronautical Telecommunications of the Chicago Convention, and the Hadnbook on Radio Frequency Spectrum Requirements for Civil Aviation including statement of approved ICAO policies (Doc 9718) may also need to be modified.
2.2.3.2 VHF ground radio coverage issues include not only coverage to to ensure a good signal path between the VHF ground radion to the ATC ground radio but also a good signal path between the VHF ground radio and other aircraft serviced by that ATC channel.  Careful siting of the VHF ground radio to ensure coverage to other aircraft serviced by that ATC channel is essential to maintain “party line” communications within the ATC sector thus, preserving situational awareness for all pilots.  In order to ensure proper coverage for VHF ground radios, a new set of engineering criteria for the VHF ground radios will need to be developed.
2.2.3.3 VHF ground radio interference issues are different from those of encountered in traditional aircraft installations.  In aircraft installations, the number of radios are limited and cosite interference issues are handled during the integration of systems onto an aircraft.
2.2.3.3.1 For VHF ground radios, there is currently no procedure for integration of the VHF ground radio into the RPA control station or at a remote site.  Further, ground based VHF radios are not normally certified by the same organizations that certify aircraft and do not normally have full control of the RF environment in which they operate.  As aresult, introduction of VHF ground radios to support ground-ground communications between RPA Pilot and ATC will likely need to us a protection criteria similar to that of existing ground based ATC radios.
2.2.3.3.2  Instillation of VHF ground radios in close proximity to each other or to ATC radios will present special challenges and procedures will need to be developed to ensure the VHF ground radios do not interfere with each other or with ATC radios.  Instillations will need to ensure proper protection among VHF radios and this will likely result in the more stringent performance requirements on the VHF ground radios than those radios used in aircraft.
2.2.3.4 Connectivity issues between remote VHF ground radios and the RPAS control station include the performance of the link and the additional delay introduced by the link.

2.2.3.4.1 The performance of the telecommunication link between remote VHF ground radios and the RPAS control station will be driven by the overall end-to-end performance required for ATC communications.  In some cases, an additional telecommunication link will be required and this additional link will could be a radiofrequency link as well.  If a radiofrequency link is used, then that radiofrequency link should operate in a band with an appropriate primary allocation and in a band where active frequency management is in place to ensure interference free operations for systems in that band.  Further, the use of certain types of radio links, such as those licensed under Part 15 of the FCC rules, would not be usable for the connection between the RPA pilot station and the VHF ground radio due to their lack of interference protection and user deconfliction
2.2.3.4.2 The delay introduced by the telecommunication link into the voice message between remote VHF ground radios and the RPA control station will need to be managed to ensure that the end-to-end elapsed time from the ATC controller starting to speak until the sound arrives at the RPA pilot’s ears does not exceed the maximum allowd latency for ATC communications.  The additional delay introduced by remote radios cound be significant especially if terrestrial distribution networks or satellite links are involved.
2.3 Ultamtely, an investigation of this capability is needed to determine if VHF graound radios could be useful for communications between the RPA pilot and ATC.  Perhaps the use of VHF ground radios for local communications could be practical but not wide area communications.  Also, use of VHF ground communicatiosn for emergency situations may also be of value.
2.4 If it is determined that VHF ground radios are useful, then regulatory changes will be needed in both ICAO and the ITU.  Care should be taken in any regulatory change to ensure that communications from the RPS VHF ground radio is viewed as being equivalent to that of an Aircraft.
2.5 During the discussion of WP/5 at RPAS/8 the following comments were raised.  As a result of theses comments, RPAS WG-6, ATM Integration, withdrew WP/5 for further consideration.
2.5.1 The WP05 didn't specify the method of Ground-Ground communications between UAS Pilot and ATC.  One part of this WP said “phone” so can we assume that you will use “landline” for this communication?
2.5.2 If RPAS will use VHF ATC radios for "Ground-Ground communication", it will significantly impact the coverage and protection criteria for ATC radios in Annex 10 and will also require the development of a new set of engineering criteria for the RPAS ground radio.
2.5.3 In that case (use VHF ATC radios), it is required not only to amend Annex 10 but also to amend ITU radio regulations. This is very difficult task since it is related to ITU radio regulations and it will take a lot of time for progressing this.  Before deciding this, it is required for RPASP to coordinate with FSMP and CP.

3. CONCLUSION
3.1 The meeting is invited to note the content of this paper.

3.2 The meeting is further invited to discuss the merits of ground-to-ground VHF radio communications between unmanned aircraft control stations and air traffic control facilities and any necessary changes to the ICAO SARPs and ITU Radio Regulations.
Annex:  Working Paper 5 to the Eighth Meeting of the Remotely Piloted Aircraft Systems Pannel (RPASP/8-WP/5) – “Proposed Ammendments to Annex 2 Relating to the Integration of Ground-Ground communication (GND-GND) for RPAS”:
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— END —

� Working Paper 5 to the Eighth Meeting of the Remotely Piloted Aircraft Systems Pannel (RPASP/8-WP/5) -- ‘Proposed Ammendments to Annex 2 Relating to the Integration of Ground-Ground communication (GND-GND) for RPAS’.
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PROPOSED AMENDMENTS TO ANNEX 2 RELATING TO THE INTEGRATION OF
GROUND-GROUND COMMUNICATION (GND-GND) FOR RPAS

(Presented by WG-6 ATM Integration)

SUMMARY

This working paper discusses the possible amendments to Annex 2 (and
Annex 11) related to the integration of Ground-Ground communication in the
two-way communication between the remote pilot and stations or locations on
the surface of the earth.

Three different options are presented, two of which would require
amendments to Annex 2 (and Annex 11).

The RPAS Panel is invited to express its preference for one of the three
proposed options.

1. INTRODUCTION

1.1 The current paper informs the RPAS Panel of possible amendments to Annex 2 — Rules
of the Air (and Annex 11 — Air Traffic Services of the Chicago Convention relating to the integration of
Ground-Ground communication in the two-way communication between the remote pilot and stations or
locations on the surface of the earth.

1.2 WG-6 has developed three options to amend Annex 2 of the Chicago Convention related

to the possible integration of ‘ground-ground communication’ in Annex 2 (cf. infra, title 2.1.3). As a
consequence of two of the three proposed options, Annex 11 would also need to be amended.

(5 pages)
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13 The RPAS Panel is invited to discuss the different options for amendment of Annex 2
(and Annex 11) and decide about the way forward by expressing its preference for one of the three
proposed options.

2. DISCUSSION
2.1 Integration of ‘ground-ground communication’ in Annex 2
211 *Air-ground communication’ (AIR-GND) is not defined in Annex 2 of the Chicago

Convention. However, the following definition can be found in Annex 11:

“Air-ground communication. Two-way communication between aircraft and stations or
locations on the surface of the earth.”

2.1.2 Because of the pilot(s) physically sitting inside the aircraft, air-ground communication is
currently the only possible two-way communication between aircraft and stations or locations on the
surface of the earth foreseen in the Annexes of the Chicago Convention.

2.1.3 However, in case of RPAS the remote pilot will not be on board of the aircraft.
Consequently, other ways of communication could be envisaged for RPAS conducting IFR operations to
communicate with ATC while in controlled airspace. One such method of communication could be
‘ground-ground communication” (GND-GND).

2.1.4 WG 6 has identified 3 different scenarios that could exist in case GND-GND
communication would become a possibility to establish two-way communication between the remote
pilot and stations or locations on the surface of the earth. Every scenario has different consequences for
the amendments needed to Annex 2 (and Annex 11).

2.15 As a first scenario, GND-GND communication could co-exist with AIR-GND
communication as a regular method of communication between ATC and the remote pilot.

2.1.6 In such case, the possibility to establish GND-GND communication as an alternative to
AIR-GND communication should be integrated in Annex 2. Also Annex 11 would need to be amended,
in particular with regard to the definitions it contains (to include a definition of ‘ground-ground
communication’) and its Chapter 6 “Air traffic services requirements for communication’

2.1.7 As regards Annex 2, some Standards would need to be amended as follows:
3.6.5 Communications

3.6.5.1 An aircraft operated as a controlled flight shall maintain continuous air-ground or
ground-ground voice communication watch on the appropriate communication channel
of, and establish two-way communication as necessary with, the appropriate air traffic
control unit, except as may be prescribed by the appropriate ATS authority in respect of
aircraft forming part of aerodrome traffic at a controlled aerodrome.

Note 1.— SELCAL or similar automatic signalling devices satisfy the requirement to
maintain an air-ground voice communication watch.
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Note 2.— The requirement for an aircraft to maintain an air-ground voice
communication watch remains in effect after CPDLC has been established.

[...]
5.3.2 Communications

An IFR flight operating outside controlled airspace but within or into areas, or along
routes, designated by the appropriate ATS authority in accordance with 3.3.1.2 ¢) or d)
shall maintain an air-ground or ground-ground voice communication watch on the
appropriate communication channel and establish two-way communication, as necessary,
with the air traffic services unit providing flight information service.

Note.— See Notes following 3.6.5.1.
5.3.3 Position reports

An IFR flight operating outside controlled airspace and required by the appropriate ATS
authority to:

— submit a flight plan,

— maintain an air-ground or ground-ground voice communication watch on the
appropriate communication channel and establish two-way communication, as necessary,
with the air traffic services unit providing flight information service,

shall report position as specified in 3.6.3 for controlled flights.

Note.— Aircraft electing to use the air traffic advisory service whilst operating IFR
within specified advisory airspace are expected to comply with the provisions of 3.6,
except that the flight plan and changes thereto are not subjected to clearances and that
two-way communication will be maintained with the unit providing the air traffic
advisory service.

2.1.8 It is to be noted that technical problems may need to be overcome when implementing
GND-GND communication as a possible alternative method of communication for RPAS, because of the
specific requirements and procedures associated with AIR-GND communication (e.g.: need to call the
next sector by phone for GND-GND communication similar to ‘frequency’ change for AIR-GND
communication, etc.)

2.1.9 As a second scenario, ‘ground-ground communication’ could - only - be allowed as
possibility (‘available means’) to establish contact between ATC and the remote pilot in case of AIR-
GND communication failure as foreseen under point 3.6.5.2 Communication failure of Annex 2.

2.1.10 In this case, there would not be a mandatory need to amend Annex 2, because the point
3.6.5.2 Communication failure of Annex 2 would already allow using GND-GND communication as ‘one
of the available means’ to establish communications with the appropriate ATC unit. A definition of GND-
GND communication could be introduced in the Annexes to the Chicago Convention, but would not be
strictly necessary.
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2.1.11 A third scenario, would be to consider GND-GND communication as mandatory in case
of C2 link failure.

2.1.12 In that case, both a definition of ‘ground-ground communication’ and a new Standard on
the “C2 link procedure” — covering also “C2 link failure” - should be introduced in Annex 2, similar to
the current sub-chapter “3.6.5 Communications”.

2.1.13 Also Annex 11 would need to be amended, in particular with regard to the definitions it
contains (to include a definition of ‘ground-ground communication’) and its Chapter 6 ‘Air traffic
services requirements for communication’.

2.1.14 Under this third scenario - where GND-GND communication is mandatory in case of C2
link failure - the establishment of GND-GND communication should be made mandatory also in case of
AIR-GND communication failure without C2 link failure. In that case, similar to the second possibility
identified above, the availability of GND-GND communication as ‘one of the available means’ to
establish communications with the appropriate ATC unit could be sufficient for provision 3.6.5.2. of
Annex 2 not to apply. The provision 3.6.5.2. of Annex 2 should nevertheless clearly stipulate that, for
RPAS, GND-GND communication would be an acceptable means of communication with ATC. In
addition, in case of simultaneous (AIR-GND) communication failure and C2 link failure, the standards of
Annex 2 applicable to “C2 link failure” should be followed.

2.1.15 In order to implement this third scenario, WG 6 proposes the following
amendments to the Standard under provision 3.6.5.2. of Annex 2:

3.6.5.2 Communication failure. If a communication failure precludes compliance with
3.6.5.1, the aircraft shall comply with the voice communication failure procedures of
Annex 10, Volume II, and with such of the following procedures as are appropriate. The
aircraft shall attempt to establish communications with the appropriate air traffic control
unit using all other available means. In addition, the aircraft, when forming part of the
aerodrome traffic at a controlled aerodrome, shall keep a watch for such instructions as
may be issued by visual signals.

If an RPAS simultaneously has a C2 link failure and a Communication failure, the
provisions of 3.X.X C2 link failure shall apply.

Note. 1 — Failure of air-ground communication shall not constitute communication failure
in the sense of this provision in case ground-ground communication is available.

2.1.16 The flowchart summarizing the correlation between “C2 link failure” and
“Communication failure” under this 3rd scenario (and also under the 1st scenario) could be
sketched as follows:
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3.1

ACTION BY THE RPASP
The RPASP is invited to:

a) note and review the contents of this working paper; and

b) express its preference for one of the three proposed options.

— END —
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