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1.  Introduction  

1.1 Background

The 2nd meeting of the Aeronautical Communications Panel (ACP) Working Group (WG) “N” – Networking was conducted in Bangkok, Thailand on 14‑19 November 2003.  At this meeting, Action 9.2 was raised to report on the ATS-QSIG standard (ECMA-312). Demonstrations and testing of ATS-QSIG were conducted at the Federal Aviation Administration (FAA) William J. Hughes Technical Center (WJHTC) located in Atlantic City, New Jersey.  This effort explored the viability of using this technology for digital voice switching and signaling of Ground-to-Ground (G-G) Air Traffic Services (ATS) communications, using Frequentis VCS3025 and Litton GAREX Q-Boxes.

1.2 Scope

Oceanic Gateway Action Plan 8 (AP8) was launched in 1997 to test and demonstrate the ATS‑QSIG protocol between FAA, NAVCANADA, and EUROCONTROL legacy voice switches. A Memorandum of Agreement (MOA) was signed between the FAA and EUROCONTROL in June 1998 to authorize this exercise.

1.3 Objectives of the Action Plan

· Identify and evaluate G-G digital voice switching and signaling requirements between FAA, EUROCONTROL, and NAVCANADA for viability of an ATS-QSIG implementation

· Qualify Q-Box conversion functions (between analog and digital signaling) and ECMA-312 link capabilities for intra- and inter-ATS domain scenarios 

· Participate in the development of ICAO Guidance Material and interface control documents for ATS-QSIG, and update ECMA-312 standard

· Provide evaluation results to ICAO/ATS Voice Switching and Signaling Study Group (AVSSSG) for updating ICAO Annex 10 Volume III and complete ICAO Doc. 9804 AN/762 standard

· Develop final report and submit to participant members and ICAO

1.3.1 Demonstrations

The Inter-Switch Demonstration included the following communication features:

· Call abandon/Call ringing timeout

· All circuits busy (call blocked)

· Priority call interruption (high priority call interrupts low priority call)

· Priority call block (low priority call blocked)

· Voice Compression G.728 LD-CELP (16kpbs)-

three ATS-QSIG voice channels on one D64U (64kbps) circuit

· Transit Q-Box Call Routing

· Alternative Path Call Routing 

· Transit Q-Box count

· Dial Plan Conversion – 2 and 3 digits to 6 digit dial plan

· Transit over Fractional T1 (DS0) media

The Intra-Switch Demonstration included the following communication features:

· Call transfer

· Call forward

· Call Hold

· Simultaneous Access or “Join In”

Performance Demonstration included:

· Audio Quality

· Call Setup Delay

Frequentis Q-Box Analog-Digital Signaling Conversion used included:

· FAA Type 5 Selective Signaling (SS-1) address signaling

· FAA Type 9 non-selective voice page signaling

· FAA Type 7 Ear and Mouth (E&M) circuit seize/selective Dial Pulse (DP), Multi-Frequency (MF), and Dual Tone Multi-Frequency (DTMF) address signaling

Garex Box Analog-Digital Signaling Conversion included:

· FAA Type 7 E&M circuit seize/selective DP, MF, DTMF address signaling

1.4 Demonstration Phases

The members have divided their participation in Oceanic Gateway AP8 into three phases:

· Phase I – System demonstration and testing using internal FAA voice switches and Frequentis Q‑Boxes

· Phase II – System demonstration and testing with NAVCANADA voice switches

· Phase III- System integration testing and demonstration between FAA, NAVCANADA and EUROCONTROL with Frequentis Q-Box and Litton GAREX box. Results of this phase were submitted as the AP8 Final Report to EUROCONTROL to update the ECMA-312 ATS-QSIG standard

Note: To supplement Phase III, a GAREX ATS-QSIG box, developed by Litton, was connected to a FAA Enhanced Terminal Voice Switch (ETVS), configured with the MFC-R2 protocol (as per ITU-T Q.400 series standards), to demonstrate vendor interoperability with ECMA-312.

1.4.1 Phase I Details

Internal FAA integration testing and demonstration activities included node-to-node and loop-back evaluations of the Frequentis Q-Boxes, which are used to convert the analog FAA SS-1 Type 5/9 legacy voice switch signaling to digital ATS-QSIG signaling using Voice Switching and Control System (VSCS), Rapid Deployment Voice Switch (RDVS), and ETVS, as shown in Figures 1A and 1B. Each demonstration was conducted via a Fractional T1 (FT1)/DS-0 interface to simulate the proposed live 64 kbps trunk interface. Phase I activities were completed in December 1999.

A problem was noted with the Q-Boxes regarding call path management. The SS-1 Type 5 does not contain the “on-hook/off-hook” supervisory signaling necessary to seize and release the lines/trunks. The result was that once the call setup was established, the circuits acted as an open pipe, which could not be released from the destination Q-Box. This prevented the execution of several planned tests. 

This issue did not involve the ATS-QSIG protocol itself, but its implementation in the Frequentis Q-Boxes.

1.4.2 Phase II Details

FAA and NAVCANADA attempted to conduct live end-to-end interoperability integration tests via a live 64 kbps clear channel (D64U) interface provisioned according to ITU-T G.703 for a co-directional unrestricted line with octet integrity (see Figure 2). This was not successful, as noted below in Problem 2. FAA used an SS-1 Type 7 legacy interface in place of the previously demonstrated Type 5 and Type 9. The Type 7 trunk-signaling interface provides a more definable method for converting the call release function; therefore, this was the FAA-preferred signaling standard interface throughout these AP8 evaluations.

Problems: 

1. No ringback tones occurred on the FAA side during call setups. This was found to be an implementation problem, since ATS-QSIG does not block these tones.

2. End-to-end call setup delays were 400 ms, FAA requirements are less than 150 ms

3. Three simultaneous call demonstration did not qualify, since it failed upon initiation of the third call. 

4. Synchronization problem occurred after link disconnection, since this disruption interrupted the clock.

These problems were reported to EUROCONTROL, Frequentis, Litton GAREX, and MCI for correction.

Phase II activities were concluded in February 2002. FAA and NAVCANADA reported problems to EUROCONTROL regarding the modification of ECMA-312 to include 56Kbps support in ATS-QSIG.

ECMA-312 was originally published in June 2000 and a 2nd edition was published in June 2001, incorporating changes to achieve complete alignment with ETSI EN 301 846 (EUROCONTROL refers to the union of ECMA and ETSI standards as "ATS-QSIG").

1.4.3 Phase III Details

FAA, NAV CANADA, and EUROCONTROL conducted live network interoperability integration tests via D64U (64 Kbps clear channel) interfaces provisioned according to ITU-T G.703 for a co-directional unrestricted line with octet integrity (see Figure 3).

Phase III activities, concluded in September 2002 were divided into three sub-phases, as follows:

1. FAA internal integration testing and demonstration activities included the interfacing of a VSCS and ETVS with Frequentis Q-Boxes, which convert the analog/legacy signaling to digital ATS-QSIG signaling. The Q-Boxes were configured for a Fractional T1 interface (clear 64 kbps).

2. FAA and NAVCANADA conducted end-to-end legacy voice switch interoperability tests.  The link employed ATS-QSIG over an ITU-T G.703 D64U interface provisioned for a co-directional unrestricted line with octet integrity. FAA used an SS-1 Type 7 legacy circuit in place of the previously demonstrated Type 5 and 9 circuits, to evaluate its call release function.

3. Oceanic Gateway Field Trials: Full integration testing and evaluation (including direct access, dial-up, three and six digit addressing functions), similar to sub-phase 2, was conducted among FAA, NAVCANADA, and Eurocontrol.

Problems observed during this phase are as follows:

1. Loss of Link – Loss of layers 1 and 2 did not result in an Alert at the receiving node.

2. Ring back signal was not heard by Q-Box  – Frequentis engineers fixed this problem.
3. ‘NAVCANADA supports 56 Kbps over Channelized T1 (CT1) Robbed Bit Signaling (RBS) circuits for operations at their facilities; D64U was used for testing purposes only. 
4. The current ATS-QSIG protocol does not support 56 Kbps. The solution is to use 3 voice channels at 16 Kbps and one signaling channel at 8 Kbps, instead of the nominal 16 kbps.  EUROCONTROL pointed out that the first 2 bits of the 8-bit frame are used for the signaling channel; the bandwidth constraint requires mapping of the two-bit signaling channel to bit 7 of the frame, and a mapping of the 3 voice channels to bits 1-2, bits 3-4, and bits 5‑6.  It was recommended to Frequentis to update the Q-Box and EUROCONTROL to update ECMA-312 to support 56 Kbps as an option.
5. Priority call from EUROCONTROL to NAVCANADA – Priority call was initiated, active call in progress was indicated at the initiation console, but no voice path was established

6. During several Alternative Routing scenarios, it was evident that once an active link was interrupted and then reconnected, the voice quality was degraded and slips were experienced due to the lack of clock synchronization in one part of the network.

7. Upon successful initiation of a priority call between EUROCONTROL and NAVCANADA after establishing three concurrent routine calls between them, an interrupt warning tone was heard on the line. One of the routine calls was interrupted; there was no indication that the Priority call had been presented at the NAVCANADA position. Since NAVCANADA does not allow call intrusion, the priority call was placed in a hold or parked condition until a routine call was actually cleared at the console. The Priority call then had to be physically answered at the NAVCANADA position before it was connected. It was noted that the protocol analyzer indicated the Priority call as being automatically connected from the instant it was made, as per ECMA-312.

8. If there is an incoming call to a VCS with an originating number identical to a number in the VCS alternate routing table, then at present, this call is allowed to be re-routed on a route towards a VCS that originated the call. This leads to a call being passed to and fro between VCSs, employing all voice channels in a very short time. This situation is unacceptable and must be prevented.

2. Appraisal of AP8 Oceanic Gateway field trials

This paper identifies the pertinent issues of the evaluation as it pertains to AP8 and the evaluation of the ATS-QSIG protocol in the digital Voice Telecommunication Network (VTN). An overall assessment of the Oceanic Gateway field trials, as agreed upon by the participants, was satisfactory. The field trials met all of the planned AP8 objectives, although the results will not have an effect on the ATS Manual for ground-to-ground signaling (already published), as originally intended. Participants’ concerns appear in some form or another in Annex 1.

3. AP8 Team Members’ Recommendations

Participants agreed to the following recommendations:

1. A Voice Communication System (VCS) should have a backup clock source in case the primary clock signal fails. 

2. A Controller Working Position should have all calls related to a particular link (circuit) locally cleared when a loss is incurred in the physical or data link layer of that link.

3. User consoles should only indicate active voice communication when there is a voice path established between them. If a destination end system switch does not allow priority calls to be connected unless they are answered, it should not return a CONNECT message upon receipt of an incoming priority call until it is physically answered.

If a destination end system switch does not allow call intrusion, the destination end system should indicate a Call Intrusion Error to the source end system informing it of no authorization for the request. 

4. If there is an incoming call to a VCS with an originating number identical to a number in the VCS alternate routing table, then this call should be prevented from being returned on a route towards a VCS originating the call. The VCSs should have their routing and alternate routing tables configured so as to prevent such tromboning effects; the VCS should have anti-tromboning software.

5. The European Organization for Civil Aviation Equipment (EUROCAE) maintains Working Group 67 (WG-67) to explore “Voice on IP (VoIP) Technology for G-G ATS”. Their first meeting was held on March 3, 2004, in Paris, France. Leon Sayadian, a member of the ICAO/AVSSSG, is also a member of the ICAO/ACP WG N, serving as the US Representative. WG-N should take advantage of his liaison to harmonize with the EUROCAE initiative for the implementation of VoIP and ATS-QSIG in the ATS domain. 

Annex 1

Participants’ Comments / Conclusions

1. Within the ATS-QSIG domain, the demonstrations proved most satisfactory in terms of:

· speech quality (volume and intelligibility)

· low noise and distortion

· voice transmission delay

· echoing

· call set-up time and clearing 

2.  Although the tests conducted on setups involving oceanic gateways to legacy analogue trunk systems resulted in acceptable voice quality, they were of lesser quality than the results from the digital interface ATS-QSIG tests.

3.   Voice quality – particularly in terms of volume and clarity - was greatly influenced by the type of audio devices used, as well as the ambient noise and acoustics of the test environment. In an operational scenario, audio devices would be carefully matched to the users and their environment, resulting in improved voice quality. 

6. A synchronization configuration scheme is essential to prevent bit slips. In the event of a loss of the link that is providing master synchronization to a voice communications system, the internal clock should be able to sustain synchronization without significant slip problems. Once the link is re-established, the voice communications system should be able to re-synchronize automatically.

7. Trunk tromboning would not normally occur in networks other than the loop configuration used for the tests. This effect can be minimized by use of the transit counter, but preferably by protection inherent within the VCS itself. If such protective software is being evaluated, consideration should be given as to how it affects the call set-up time.

8. Throughout all the tests, no problems were attributed to the Standard ECMA-312 protocol ('ATS-QSIG'). All of the points of concern mentioned during this report are matters of how manufacturers of voice com products have implemented their systems - the man-machine interfaces in particular.

9. FAA recommends that the current ECMA-312 standard be revised to include dynamic rerouting and tunneling for ATS-QSIG signaling over IP networks. Additionally, FAA recommends the use of Multi-Protocol Label Switching (MPLS) technology to enhance security and classes of service between nodes.
10. Chairman Werner Bretz explained to the meeting participants that as a result of the European ATS-QSIG field trial, the ECMA-312 edition 2 standard was revised as edition 3. The AP8 team proposed some changes, and these had been submitted to ECMA in a recent meeting for approval. Among these proposed changes were the deletion of the references to Simultaneous Call Attempts, and some changes to the Call Priority levels, but these were not approved, due to a lack of industry support.
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Note: Newbridge 3600 converts between D64U (European physical medium standard) and DS0 (North American physical medium standard)

 Figure 1A Phase I, Round 1 Test Configuration
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Note: POS3025 represents an additional VCS position attachable to the Q-Box transforming the Q‑Box into a fully functional ATC Voice Switch. POS3025 was used to induce native ATS QSIG calls.

Figure 1B Phase I, Round 2 Test Configuration
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                                     Figure 2 Phase II Test Configuration
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                                    Figure 2 Phase III Test Configuration
Annex 3

Abbreviations and References

ATS

Air Traffic Services

ATS-QSIG

Profile Standard for the Use of Q reference point SIGnaling System (QSIG)/Private Signaling System No. 1 (PSS1) in Air Traffic Services (ATS) Networks [ECMA 312]

AVSSSG

ATS Voice Switching and Signaling Study Group

CAATS

Civilian Automated Air Traffic System.  VCS used in Air Route Traffic Control Center applications for Canada Air Navigation System.

CO

Central Office

D64U
64 kbps digital unrestricted leased line with octet integrity. [ETS 300 290]

DS-0
64 kbps digital channel used within North America

EC 

Eurocontrol.  Oversees air traffic control in the upper airspace of member states, and works to develop a coherent and coordinated air traffic control system in Europe.

ECMA

European Computer Manufacturing Association that changed their name to ECMA – Standardizing Information and Communication Systems.

E & M

Trunk signaling between a PBX and a CO used to size a line, convey digital signaling, release the line, and other functions

ETSI

The European Telecommunications Standards Institute

ETVS

Enhanced Terminal Voice Switch

FAA

Federal Aviation Administration (Owner/operator of United States Air Navigation System)

FAA Type 5 circuit

4-wire analog ground/ground communication interface that uses 2600/2400 Hz Selective Signaling (SS-1) for inbound and outbound address signaling

FAA Type 7 circuit

4-wire duplex (DX) or Single Frequency (SF) analog ground/ground communication interface that uses Dual Tone Multi-Frequency (DTMF), Dial Pulse (DP) or Multi-Frequency (MF) for inbound and outbound address signaling

FAA Type 9 circuit

Voice Call.  Analog ground/ground communication interface that uses voice detection for inbound signaling and voice paging for outbound signaling.

GAREX

A voice communications product of Park Air Systems now owned by Litton Denro.

MFC-R2

Multi-Frequency Compelled tone signaling used within R2 system outside of the USA, complying with the ITU-T Q.400 series

NAVCANADA

Owner/operator of Canada’s Air Navigation System.

NAV EP

Provider of Air Traffic Management Services within Portuguese Flight Information Regions 
NB3600

Newbridge 3600 Network Access switch from Newbridge used by the LINCS program

NVCS

New Voice Communication System (VCS used in tower applications for Canada Air Navigation System)

PBX

Private Branch Exchange

PINX

Private Integrated Services Network Exchange

Q-Box

ATS-QSIG gateway PINX, produced by FREQUENTIS to convert ATS-QSIG into other analog or digital networks, in this case used for conversion from FAA type 7 to ATS-QSIG. The Q-Box further incorporates the function of a Transit PINX. If a FREQUENTIS position POS3025 is connected to the Q-Box it upgrades to a fully functional voice switch VCS3025 performing all functions of a terminating PINX.

Ring back tone
Tone heard between pressing key to make call and hearing someone answer.
TMCS

Technical Monitoring and Control System

TSC

NAVCANADA Technical Center in Ottawa

VCS

Voice Communication System

VCS3025

FREQUENTIS voice communication system hardware compatible with the Q-Box product

VSCS
Voice Switching and Control System

WJHTC
William J. Hughes Technical Center in Atlantic City

References:

1. Action Plan 8 (AP8), Digital Aeronautical Voice Telecommunication Network. Memorandum reports AP8, ATS-QSIG between EUROCONTROL and FAA, dated November 1997.

2. Report AP8, ATS-QSIG Demonstration, dated March 2003.

3. ICAO, AVSSSG, Oceanic Gateway Field Trial Evaluation Report of ATS-QSIG, dated December 2002.

4. EUROCONTROL AP8 Progress Report on Oceanic Gateway Version 07, Oct. 2002.

5. Oceanic Gateway Meeting Phase III Testing Minutes, from 15 and 16 Oct. 2002.

6. ICAO Doc. 9704/AN 762, Annex 10, Vol. III, ATS-QSIG Ground to Ground Voice Communication, 2002

7. Test/Demonstration:  Litton/Denro GAREX Box Procedures dated September 2002

8. Voice Switching/Q-Box Interface Demonstration and Test Plan & Procedures, Frequentis:

a. CDRL 001 dated July 2002 

b. CDRL 002 dated September 2002

c. CDRL 004 dated May 2001

d. CDRL 006 dated September 2001

e. CDRL 009 dated March 2002

f. CDRL 010 dated February 2002

SUMMARY





This working paper responds to Action 9.2 of the WG-N meeting at Bangkok, 14�19 November 2003, to report on ATS-QSIG (ECMA-312 Standard) and Q-Box qualification results. ATS-QSIG protocol is proven to be a viable option for replacing legacy analog voice switching signaling for Air Traffic Services (ATS).
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