ETSI TS 101 376-1-3 vi.1.1 (2001-03)

Technical Specification

GEO-Mobile Radio Interface Specifications;
Part 1: General specifications;

Sub-part 3: General System Description;
GMR-1 01.202

ETSI %




GMR-101.202 2 ETSI TS 101 376-1-3 V1.1.1 (2001-03)

Reference
DTS/SES-001-01202

Keywords

generic, GMR, GSM, GSO, interface, MES,
mobile, MSS, radio, satellite, S-PCN

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: 43349294 4200 Fax: +334 93 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

Individual copies of the present document can be downloaded from:
http://www.etsi.org

The present document may be made available in more than one electronic version or in print. In any case of existing or
perceived difference in contents between such versions, the reference version is the Portable Document Format (PDF).
In case of dispute, the reference shall be the printing on ETSI printers of the PDF version kept on a specific network drive
within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at http://www.etsi.org/tb/status/

If you find errors in the present document, send your comment to:
editor@etsi.fr

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2001.
All rights reserved.

ETSI


http://www.etsi.org/
http://www.etsi.org/tb/status
editor@etsi.fr

GMR-101.202 3 ETSI TS 101 376-1-3 V1.1.1 (2001-03)

Contents

INtellectual Property RIGNES ......oooueii et et e et e e st e e stee e e taeesnteeeseeeensenennneas 4
0] 1= Yo o SR 6
g1 0o 1 o o o OSSP 6
1 000 TR PR P UURPPURPRRN 8
2 1= 1 10T 8
3 F Y o]0 (=Y = 1o 0SSR USRS 10
4 General introduction t0 the GMR-1 SYSIEIM ......cc.uiiiiiiiee e 10
41 OVErview and SYSEEM Bl EIMENES. .....c..oiiie bbb bbb e 10
4.2 System architecture and external INTEITACES. ..........iiiiiii e e 12
4.3 Functional description of SyStem @l eMENTS .........eiiiiiieiiee e sree 12
431 The Gateway Station SUDSYSIEM (GSS) .....ccovieirieiieieeie ettt sbe e bbb e sreesreesreen 13
432 The Mobile Earth Station (MES) .......coiiiiieiieieee ettt sb e r e snesn e sreesree 13
433 The GeoMobile Radio (GMR-1) SAEITE.......cceiiieiieeee e 13
434 The Advanced Operations CeNter (AOC).......couiieiiieiie ettt sre et sre e e e sbeesbeesreesreenreenneens 13
435 The Traffic Control SUDSYSIEM (TCS) ...couviiiiiiiiieiie ettt bbb b sre e b e nreesree 13
5 GSM -DESEA SENVICES ....eeeieeeeetie ettt ettt s et e s tte e et e e aste e e ssteesteeeanteeessteeasaeesnseeanseeennnens 13
51 S = a0 s 0 RS < RV o= USRS 13
5.2 0 0T TP RSTRP 13
53 SINGIE NUMDEN FOULING ...ttt ettt et e sat e e sabe e sabe e e be e e sbeeesaeeesmbeesnbeeesaneesnbeesnbenans 13
54 NUMDESS N BOAMESSING. ...ttt ittt ettt ettt r e e s bt e bt et e e b e e bt e b e e beenneesbeenneesbeesbeesbeesreen 14
55 AUNENLICALTON BN PITVACY ...eoveeiteeiteeite ettt bt b e b e b e n bt e b e e b e e b e bt e ne e be e sbeenbeebe e 14
6 Enhanced Services ant fEAIUINES ..........ooi it e et et e e et e e st e e snee e e snaeenneeas 14
6.1 Single-hopped terminal-to-termMinal CallS.........oouei i 14
6.2 L0 o1 gz I 10 14 oo TSRS 14
6.3 [ lTe ol ol= o= (= iTe = = 4 Lo Vo RO 14
6.4 POSITION DASE SEIVICES ...ttt ettt ettt ettt sh et e sa bt e sabe e sabe e et e e e beeebeeeaneeeenbeeesbeeesneeesnreas 14
7 Protocol MOITICALIONS. .....ceiiiieeeiee e e et e et e e st e e sn e e e snee e eneeesnneesnseeenneeas 15
7.1 L-band radio INEEITACE ......coeee et et e et e et e et e e bt e e e be e e nbe e sneeennreas 15
7.2 PRYSICEI TAYEY ...ttt h e s a e h et h e sh e e s he e b e ehe e b e b e e sbe e sbeenreenreenree 15
7.3 D= =N [ 01 F= Y PO P PR PP PP PPRPPRPRN 15
7.4 Radio Resource management SUBIBYES .........ovi it sr e r e r e sree e 15
7.5 Mobility ManagemMeENt SUDIBYE...........coiiiiieiieii ettt bbb b e b e e sb e e sbeesbeesreesreesreen 16
[ [ 0 YOO PRSP PRPRTPPPRPRPPRN 17

ETSI



GMR-101.202 4 ETSI TS 101 376-1-3 V1.1.1 (2001-03)

Intellectual Property Rights

The information pertaining to essential IPRs s publicly available for ETSI member s and non-members, and can be
foundin ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to

ETS in respect of ETS standards’, which isavailable from the ETS| Secretariat. Latest updates are available on the
ETSI Web server (http://www.etsi.org/ipr).

The attention of ETSI has been drawn to the Intellectual Property Rights (IPRs) listed below which are, or may be, or
may become, Essential to the present document. The IPR owner has undertaken to grant irrevocabl e licences, on fair,
reasonable and non-discriminatory terms and conditions under these IPRs pursuant to the ETSI IPR Palicy. Further
details pertaining to these IPRs can be obtained directly from the IPR owner.

The present IPR information has been submitted to ETS| and pursuant to the ETSI IPR Palicy, no investigation,
including PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETSI Web server) which are, or may be, or may become,
essentia to the present document.

IPRs:
Project Company Title Country of | Patent n® Countries
Origin Applicable
TS 101 376 V1.1.1 |Digital Voice us US 5,226,084 us
Systems Inc
TS 101 376 V1.1.1 |Digital Voice us US 5,715,365 us
Systems Inc
TS 101 376 V1.1.1 |Digital Voice us US 5,826,222 us
Systems Inc
TS 101 376 V1.1.1 |Digital Voice us US 5,754,974 us
Systems Inc
TS 101 376 V1.1.1 |Digital Voice us US 5,701,390 us
Systems Inc

IPR Owner: Digital Voice SystemsInc
One Van de Graaff Drive Burlington,
MA 01803
USA
Contact: John C. Hardwick
Td.: +1 781 270 1030
Fax: +1 781 270 0166
Project Company Title Country of| Patentn® Countries
Origin Applicable
TS 101 376 V1.1.1 |Ericsson Mobile Improvements in, or in relation GB GB 2 215 567 GB
Communication to, equalisers
TS 101 376 V1.1.1 |Ericsson Mobile Power Booster GB GB 2 251 768 GB
Communication
TS 101 376 V1.1.1 |Ericsson Mobile Receiver Gain GB GB 2 233 846 GB
Communication
TS 101 376 V1.1.1 |Ericsson Mobile Transmitter Power Control for GB GB 2 233517 GB
Communication Radio Telephone System

IPR Owner: Ericsson Mobile Communications (UK) Limited
The Keytech Centre, Ashwood Way
Basingstoke

Hampshire RG23 8BG

United Kingdom

John Watson
Td.: +44 1256 864 821

Contact:

ETSI


http://www.etsi.org/ipr
http://www.etsi.org/ipr

GMR-1 01.202 5 ETSI TS 101 376-1-3 V1.1.1 (2001-03)
Project Company Title Country of| Patent n® Countries
Origin Applicable
TS 101 376 V1.1.1 |Hughes Network us Pending us
Systems
IPR Owner: Hughes Network Systems
11717 Exploration Lane
Germantown, Maryland 20876
USA
Contact: John T. Whelan
Tel: +1 301428 7172
Fax: +1 301 428 2802
Project Company Title Country of| Patent n® Countries
Origin Applicable
TS 101 376 V1.1.1 |Lockheed Martin 2.4-t0-3 KBPS Rate us US 6,108,348 us
Global Adaptation Apparatus for Use
Telecommunic. Inc |in Narrowband Data and
Facsimile Communication
Systems
TS 101 376 V1.1.1 |Lockheed Martin Cellular Spacecraft TDMA usS US 5,717,686 (O8]
Global Communications System with
Telecommunic. Inc |Call Interrupt Coding System
for Maximizing Traffic
ThroughputCellular Spacecraft
TDMA Communications
System with Call Interrupt
Coding System for Maximizing
Traffic Throughput
TS 101 376 V1.1.1 |Lockheed Martin Enhanced Access Burst for us US 5,875,182
Global Random Access Channels in
Telecommunic. Inc | TDMA Mobile Satellite System
TS 101 376 V1.1.1 |Lockheed Martin Spacecraft Cellular us US 5,974,314 us
Global Communication System
Telecommunic. Inc
TS 101 376 V1.1.1 |Lockheed Martin Spacecraft Cellular us US 5,974,315 us
Global Communication System
Telecommunic. Inc
TS 101 376 V1.1.1 |Lockheed Martin Spacecraft Cellular us US 6,072,985 us
Global Communication System with
Telecommunic. Inc  |Mutual Offset High-argin
Forward Control Signals
TS 101376 V1.1.1 |Lockheed Martin Spacecraft Cellular us US 6,118,998 us

Global
Telecommunic. Inc

Communication System with
Spot Beam Pairing for
Reduced Updates

IPR Owner:

Contact:

Lockheed Martin Global Telecommunications, Inc.

900 Forge Road

Norristown, PA. 19403

USA

R.F. Franciose
Td.: +1 610 354 2535
Fax: +1 610 354 7244

ETSI




GMR-101.202 6 ETSI TS 101 376-1-3 V1.1.1 (2001-03)

Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Satellite Earth Stations and
Systems (SES).

The contents of the present document are subject to continuing work within TC-SES and may change following formal
TC-SES approval. Should TC-SES modify the contents of the present document it will then be republished by ETS
with an identifying change of release date and an increase in version number as follows:

Version 1.m.n
where:
- thethird digit (n) isincremented when editorial only changes have been incorporated in the specification;

- thesecond digit (m) isincremented for all other types of changes, i.e. technical enhancements, corrections,
updates, etc.

The present document is part 1, sub-part 3 of a multi-part deliverable covering the GEO-Mobile Radio Interface
Specifications, as identified below:

Part 1. " General specifications';
Sub-part 1:  "Abbreviations and acronyms; GMR-1 01.004";
Sub-part 2. "Introduction to the GMR-1 family; GMR-1 01.201";
Sub-part 3: " General System Description; GMR-1 01.202";

Part 2. "Service specifications’;

Part 3:  "Network specifications’;

Part 4:  "Radio interface protocol specifications';

Part5:  "Radio interface physical layer specifications';

Part 6:  "Speech coding specifications’;

Part 7 "Terminal adaptor specifications'.

Introduction

GMR stands for GEO (Geostationary Earth Orbit) Mobile Radio interface, which isused for mobile satellite services
(MSS) utilizing geostationary satellite(s). GMR isderived from the terrestrial digital cellular standard GSM and
supports access to GSM core networks.

Due to the differences between terrestrial and satellite channdl s, some modifications to the GSM standard are necessary.
Some GSM specifications are directly applicable, whereas others are applicable with modifications. Similarly, some
GSM specifications do not apply, while some GMR specifications have no corresponding GSM specification.

Since GMR isderived from GSM, the organization of the GMR specifications closdly follows that of GSM. The GMR
numbers have been designed to correspond to the GSM numbering system. All GMR specifications are alocated a
unique GMR number as follows:

GMR-n xx.zyy
where:

xx.0yy (z = 0) isused for GMR specifications that have a corresponding GSM specification. In this case, the numbers
xx and yy correspond to the GSM numbering scheme.

xx.2yy (z = 2) isused for GMR specifications that do not correspond to a GSM specification. In this case, only the
number xx corresponds to the GSM numbering scheme and the number yy is allocated by GMR.

ETSI
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n denotes the first (n = 1) or second (n = 2) family of GMR specifications.
A GMR system is defined by the combination of a family of GMR specifications and GSM specifications as follows:

« |f aGMR specification exigs it takes precedence over the corresponding GSM specification (if any). This
precedence rule applies to any references in the corresponding GSM specifications.

NOTE: Any referencesto GSM specifications within the GMR specifications are not subject to this precedence
rule. For example, a GMR specification may contain specific references to the corresponding GSM
specification.

» |f aGMR specification does not exist, the corresponding GSM specification may or may not apply. The
applicability of the GSM specificationsis defined in GMR-n 01.201.

ETSI
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1 Scope

The present document is an introduction to the GMR-1 system and the associated air interface specification. It is
intended to point out some of the differences between the cellular GSM system and the mobile satellite GMR-1 system.

The GMR-1 system is designed to provide mobile services via a single geostationary satellite as compared to the
thousands of geographically separated cell sitesthat are used by a typical GSM system. This offers both challengesto
be overcome and opportunities for enhanced services and features.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

» References are either specific (identified by date of publication and/or edition number or version number) or
non-specific.

» For aspecific reference, subsegquent revisions do not apply.

» For anon-specific reference, the latest version applies.

[1] GMR-1 01.004 (ETSI TS 101 376-1-1): "GEO-Mohile radio Interface Specifications;
Part 1. General specifications; Sub-part 1: Abbreviations and acronyms'.

[2] GMR-1 01.201 (ETSI TS 101 376-1-2): "GEO-Mohile Radio I nterface Specifications;
Part 1. Genera specifications; Sub-part 2: Introduction to the GMR-1 Family”.

[3] GSM 02.02 (ETSI ETS 300 501): "European digital cellular telecommunications system (Phase 2);
Bearer Services (BS) supported by a GSM Public Land Mobile Network (PLMN)".

[4] GSM 02.03 (ETSI ETS 300 502): "European digita cellular telecommunications system (Phase 2);
Teleservices supported by a GSM Public Land Mobile Network (PLMN)".

[5] GSM 02.04 (ETSI ETS 300 503): "European digital cellular telecommunications system (Phase 2);
General on supplementary services (V4.9.1)".

[6] GSM 02.17 (ETSI ETS 300 509): "European digital cellular telecommunications system (Phase 2);
Subscriber Identity Module (SIM), Functional Characteristics'.

[N GMR-103.003 (ETSI TS 101 376-3-3): "GEO-Mobile Radio Interface Specifications,
Part 3: Network specifications, Sub-part 3: Numbering, Addressing and identification”.

[8] GMR-103.020 (ETSI TS 101 376-3-9): "GEO-Mobile Radio Interface Specifications,
Part 3: Network specifications; Sub-part 9: Security related Network Functions'.

[9] GMR-1 03.022 (ETSI TS 101 376-3-10): "GEO-Mobile Radio Interface Specifications;
Part 3: Network specifications, Sub-part 10: Functions related to Mobile Earth Station (MES) in
idle mode".

[10] GMR-1 03.296 (ETSI TS 101 376-3-18): "GEO-Mobile Radio Interface Specifications;
Part 3: Network specifications, Sub-part 18: Terminal-to-Terminal Call (TtT)".

[11] GMR-1 03.297 (ETSI TS 101 376-3-19): "GEO-Mobile Radio Interface Specifications;
Part 3: Network specifications, Sub-part 19: Optimal Routing technical realization".

[12] GMR-1 03.298 (ETSI TS 101 376-3-20): "GEO-Mobile Radio Interface Specifications;
Part 3: Network specifications, Sub-part 20: Technical realization of High-Penetration Alerting”.

[13] GMR-1 03.299 (ETSI TS 101 376-3-21): "GEO-Mobile Radio Interface Specifications;
Part 3: Network specifications; Sub-part 21: Position Reporting services; Stage 2 Service
description”.
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[25]

[26]

[27]

(28]

[29]
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GMR-104.002 (ETSI TS 101 376-4-2): "GEO-Mobile Radio Interface Specifications,
Part 4: Radio interface protocol specifications; Sub-part 2: GMR-1 Satellite Network Access
Reference Configuration”.

GMR-1 04.003 (ETSI TS 101 376-4-3): "GEO-Mohile Radio I nterface Specifications;
Part 4: Radio interface protocol specifications; Sub-part 3: Channel Structures and Access
Capahilities".

GMR-1 04.006 (ETSI TS 101 376-4-6): "GEO-Mohile Radio | nterface Specifications;
Part 4: Radio interface protocol specifications; Sub-part 6: Mobile earth Station-Gateway Station
Interface Data Link Layer Specifications'.

GMR-1 04.008 (ETSI TS 101 376-4-8): "GEO-Mohile Radio I nterface Specifications;
Part 4: Radio interface protocol specifications; Sub-part 8: Mobile Radio Interface Layer 3
Specifications’.

GSM 04.10 (ETSI ETS 300 558): "Digital cellular telecommunications system (Phase 2); Mobile
radio interface layer 3 Supplementary services specification; General aspects (V4.10.1)".

GSM 04.11 (ETSI ETS 300 559): "Digital cellular telecommunications system (Phase 2);
Point-to-Point (PP) Short Message Service (SMS) support on maobileradio interface (V4.10.0)".

GSM 04.12 (ETSI ETS 300 943): "Digital cellular telecommunications system (Phase 2+); Short
Message Service Cell Broadcast (SMSCB) support on the mobile radio interface. (V5.0.2)".

GMR-104.022 (ETSI TS 101 376-4-11): "GEO-Mobile Radio Interface Specifications;
Part 4: Radio interface protocol specifications; Sub-part 11: Radio Link Protocol (RLP) for Data
Services'.

GMR-105.002 (ETSI TS 101 376-5-2): "GEO-Mobile Radio Interface Specifications,
Part 5: Radio interface physical layer specifications, Sub-part 2: Multiplexing and Multiple
Access; Stage 2 Service Description”.

GMR-1 05.003 (ETSI TS 101 376-5-3): "GEO-Mobhile Radio Interface Specifications;
Part 5: Radio interface physical layer specifications, Sub-part 3: Channel Coding".

GMR-1 05.004 (ETSI TS 101 376-5-4): "GEO-Mobile Radio Interface Specifications,
Part 5: Radio interface physical layer specifications; Sub-part 4: Modulation”.

GMR-1 05.005 (ETSI TS 101 376-5-5): "GEO-Mohile Radio | nterface Specifications;
Part 5: Radio interface physical layer specifications, Sub-part 5: Radio Transmission and
Reception”.

GMR-105.008 (ETSI TS 101 376-5-6): "GEO-Mohile Radio Interface Specifications,
Part 5: Radio interface physical layer specifications; Sub-part 6: Radio Subsystem Link Control".

GMR-1 05.010 (ETSI TS 101 376-5-7): "GEO-Mohile Radio I nterface Specifications;
Part 5: Radio interface physical layer specifications, Sub-part 7: Radio Subsystem
Synchronization”.

GSM 08.02 (ETSI ETS 300 587): "European digital cellular telecommunications system (Phase 2);
Base Station System - Mobile-services Switching Centre (BSS - MSC) interface; Interface
principles. (V4.2.0)".

GSM 08.08 (ETSI ETS 300 590): "Digital cellular telecommunications system (Phase 2);
Mobhile-services Switching Centre - Base Station System (MSC - BSS) interface; Layer 3
specification. (V4.12.1)".

GSM 09.02 (ETSI ETS 300 974): "Digital cellular telecommunications system (Phase 2+); Mobile
Application Part (MAP) specification. (V5.10.1)".

GSM 09.07 (ETSI ETS 300 976): "Digital cdlular telecommunications system (Phase 2+);
General requirements on interworking between the Public Land Mobile Network (PLMN) and the
Integrated Services Digital Network (ISDN) or Public Switched Telephone Network (PSTN).
(V5.7.1)".
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[32] GPS Interface Control Document - | CD-GPS-200 Navstar GPS Space Segment and Navigation
User Interfaces, Public Release Version. February 1995.

NOTE: Wheretherdevant GMR document does not exist, the equivalent GSM document shall apply. The GMR
document shall always take precedence over the equivalent GSM document.

3 Abbreviations

For the purposes of the present document, the abbreviations given in GMR-1 01.004 [1] apply.

4 General introduction to the GMR-1 system

4.1 Overview and system elements

The GMR-1 system extends terrestrial GSM cellular system coverage. The GMR-1 system provides GSM-like services
and features such as voice, data, fax, point-to-point short message service (see GSM 04.11 [19)), cell broadcast short
message service (see GSM 04.12 [20]) and supplemental services (see GSM 04.10 [18]) between mobile and fixed users
and provides world-wide connectivity through public and private switched tel ecommunications networks. Fixed
network connectivity includes the Public Switched Telephone Network (PSTN); Public Land Mobile Networks
(PLMNSs); and private networks (PN) (see GSM 09.07 [31]).

Feeder links

Spot-beam
coverage
at L-band

Gateway
stations

Mobile Earth Stations

Figure 1: Example of GMR-1 system elements
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The elements of atypical GMR-1 system are shown in figure 1. The system el ements include one or more geostationary
satellites, a Satellite Operations Center (SOC), a number of Gateway Stations (GS), and alarge number of user
terminals, referred to as Mobile Earth Stations (MES) in the GMR-1 specifications. The range of possible MESs include
handportable terminal s (handsets), vehicle terminal s, and fixed terminals. The Gateway stations have external interfaces
to existing fixed telecommunications infrastructure as well as to the GSM mobility management networks. A GS
includes one or more gateway transceiver subsystems (GTS) which correspond to a GSM BTSs, one or more gateway
station controllers (GSC), which correspond to a GSM BSCs, one or more mobile switching centers (M SC) which may
be GSM MSCs, and one Traffic Control Subsystem (TCS) which has no corresponding functional e ement in the GSM
base station. The GMR-1 TCSis required to support position based services, optimal routing and other satellite specific
services and features, not found in GSM.

Mobhile services are provided in alargeregional coverage area, defined by the orbital location of the geosynchronous
satellite and the satellite payl oad performance. Subscribers located anywherein the coverage area may have full use of
the GMR-1 system services. An example of aregional coverage area showing atypical distribution of spot beamsis
shown in figure 2.

Figure 2: Example of regional coverage by multiple spot beams from a geosynchronous satellite

Satellite spot beams differ from GSM cellsin that they arelarge, regularly shaped and all originate from the same point
source, i.e, the satdlite, and thus are synchronized. Because of their large Size, several hundred kilometresin diameter,
they overlap national boundaries and service areas. GSM cdlls, on the other hand, are very small, irregularly shaped by
terrain features and buildings and originate from different geographical locations. GSM cells are always assumed to be
contained within asingle country. These differences necessitate very different treatments. Idle mode behaviour, as
described in GMR-1 03.022 [26] and GMR-1 05.008 [26], adapts to these differences.
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4.2 System architecture and external interfaces

User voice and data is transmitted in traffic channel s between user terminals and Gateways, or directly between user
terminals. Signalling to access the system, set-up calls, and manage link quality occurs on the broadcast, common, and
dedicated signalling links. Each GS provides its own set of common control channels (CCCH)

(see GMR-1 04.003 [15]) into the spot beamswithin its service area (SA). The protocol architectureis shownin
figure 3.

In thefirst case, the GMR-1 system provides two-way connectivity between auser terminal and a fixed network
subscriber, using L-band and Feeder linksto the satdllite (shown with solid linesin figure 1). Access to fixed
telecommuni cations networks is provided by connections through the Gateway Station. Fixed network connectivity
includes the Public Switched Telephone Network (PSTN); Public Land Mobile Networks (PLMNS); and private
networks (PN) (see GSM 09.07 [31]).

In the second case, the GMR-1 system provides two-way connectivity between two user terminalsin the same or
different spot beams by performing direct connection of the two L-band to L-band connectionsin the satellite. This
special case of single-hopped terminal to terminal (TtT) callsisdescribed in clause 6.1.

A complete list of GMR-1 specifications and relevant GSM specification isgiven in GMR-1 01.201 [2].

Satellite__, GSM
ME )z f;;:s,
GMR-1 MSC
Um-Interface
GSM c™M ™y > __CM
SIM[€? MM [T " e > MM
GPS <> RR BSSMAR BSSMAR
revr DLL [S|" [~ > DLL | sccp SCCP
i i e e e >
MTP MTP
PHYS | L] > PHYS | PHYS PHYS
| | | | | |
Spot beams Feeder link GSM/
L-band Ku or C-band A-Interface (CCS7)
Figure 3: GMR-1 Protocol architecture
4.3 Functional description of system elements

The functional network elements shown in figure 1 are listed below. For amore detailed functional description of
system elements see GMR-1 04.002 [14]. The satellite operations center (SOC), shown in figure 1, is part of the satellite
subsystem and is beyond the scope of the GMR-1 technical specification. A gateway station (GS) consists of a gateway
station subsystem, a mobile switching center and a traffic control subsystem (TCS).
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4.3.1 The Gateway Station Subsystem (GSS)

The Gateway Station Subsystem (GSS) isthe system of gateway station equipments (transceivers, controllers, etc.)
which isviewed by the MSC through a single A-interface as being the entity responsible for communicating with
Mobile Earth Stations in a certain coverage area. The radio equipment of a GSS may support one or more spot beams.
The GSS consists of one Gateway Station Controller (GSC) and one or more Gateway Transceiver Stations (GTS). A
Gateway Station Controller (GSC) isa network component in the Satellite Network that controls one or more GTS and
that implements an A-interface. The A-interface functionality is described in GSM 08.02 [28]. A Gateway Transceiver
Station (GTS) isanetwork component that serves one spot beam.

The split of functions between GSS and MSC is described in the 08-series of GSM Technical Specifications.

4.3.2 The Mobile Earth Station (MES)

The Mobile Earth Station (MES) consists of the physical equipment used by a GMR-1 subscriber; it comprisesthe
Moabile Equipment (ME) and the Subscriber Identity Module (SIM). The ME comprises the Mobile Termination (MT)
which, depending on the application and services, may support various combinations of Terminal Adapter (TA) and
Terminal Equipment (TE) functiona groups. These functional groups are described in GMR-1 04.002 [14].

4.3.3 The GeoMobile Radio (GMR-1) Satellite

The GMR-1 satdlite consists of the physical equipment that provides gateway-mobile, mobile-gateway, and
mobile-mobile communication connectivity.

4.3.4 The Advanced Operations Center (AOC)

The Advanced Operations Center (AOC) performs the services of centralized functions. These include performing
management of the system and monitoring and controlling resource allocation to the gateway stations. The AOC may
be collocated with one of the gateway stations.

4.3.5 The Traffic Control Subsystem (TCS)

The Traffic Control Subsystem (TCS) manages the real -time resources that are allocated to the Gateway Station by the
AOC. The TCS manages the GMR-1 specific enhanced services and features which are not normally associated with
GSM such as single hopped terminal-to-terminal calls as described in GMR-1 03.296 [10], optimal routing, as described
in GMR-1 03.297 [11], high penetration alerting, as described in GMR-1 03.298 [12], and position based services, as
described in GMR-1 03.299 [13].

5 GSM-based services

5.1 Standard services

The GMR-1 system provides a standard set of services based on the GSM phase 2 services. The GMR-1 system offers
the bearer capabilities described in GSM 02.02 [3], the teleservices described in GSM 02.03 [4] and the supplementary
services described in GSM 02.04 [5].

5.2 Roaming

The GMR-1 system supports GMR subscribers roaming to GSM networks with their SIM card (see GSM 02.17 [6])
assuming appropriate roaming agreements are in place, and the participating networks can support GSM MAP protocols
(see GSM 09.02 [30]).

5.3 Single number routing

The system can support dual mode GMR-1/GSM stations with automatic routing to a single number.
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54 Numbers and addressing

The GMR-1 system uses the same numbering and addressing scheme asin GSM with the exception of the location area
identification (LAI) which ismodified to accommodate spot beam identification and gateway station identification.
These differences are described in GMR-1 03.003 [7] and GMR-1 04.008 [17].

5.5 Authentication and privacy

GMR-1 preserves GSM authentication and privacy featuresincluding TMSI security as described in GMR-1 03.020 [8].

5] Enhanced services and features

Several new integrated services are introduced into the GMR-1 system which are not integrated into conventional
Phase 2 GSM.

6.1 Single-hopped terminal-to-terminal calls

In order to avoid the large delay associated with a doubl e satellite hopped mobile terminal to mobile terminal call, such
calls can be routed directly through the satellite from any terminal in any spot beam to any other terminal in any other
spot beam as a sngle hopped call. The detailed protocol is described in GMR-1 03.296 [10]. The privacy of such calls
can be preserved by maintaining an encrypted link as described in GMR-1 03.020 [8].

6.2 Optimal routing

The GMR-1 system alows MES originated callsto be optimally routed to a preferred GS, different than the GSto
which the MES isregistered. Criteriafor optimal routing can include the subscriber's service provider, the called party
number and/or the MES position. This service is described in GMR-1 03.297 [11]. The network functionality to support
thisfeatureresidesin the TCS.

6.3 High penetration alerting

The GMR-1 system alows subscribers to be paged even when the MES is normally out of coverage areadueto
additional propagation path losses. This serviceisdescribed in GMR-1 03.298 [12].

6.4 Position based services

The position based services and protocols are described in GMR-1 03.299 [13]. The impact of position based services
on idle mode behaviour is described in GMR-1 03.022 [9]. Theradio resource (RR) sublayer and the mobility
management (MM) sublayer modifications are described in GMR-1 04.008 [17]. Position based services depend on the
use of the GPS satdllite system (see GPS Interface Control Document [32]) to provide the raw position information to
the GMR-1 user terminals.

ETSI



GMR-101.202 15 ETSI TS 101 376-1-3 V1.1.1 (2001-03)

7 Protocol modifications

7.1 L-band radio interface

The GMR-1 protocol architecture, shown in figure 3, is Smilar to GSM. However, the lower layers of the GMR-1
protocol contain several differences due to the combination of the physical redlity of a very different propagation path
and the enhanced services and features of the GMR-1 system. GSM cdllsare on the order of a few kilometres or lessin
radius, the propagation delay is afraction of a millisecond and the path lossis mode is characterized by Rayleigh
fading. GMR-1 spot beams are on the order of a few hundred kilometres in radius, the one-way propagation delay via a
geostationary earth orbit satellite system is approximately 270 milliseconds and the path loss model is characterized by
Ricean fading with atypical k-factor of between 7 and 9.

Furthermore, spectrum resources are typically more constrained in a satellite system as compared with a cellular system
because the frequency reuse distance is much greater. For aterrestrial cellular system the exponential loss factor is
typically 4 or more so that signals rapidly deteriorate beyond the cell boundary. Thus, frequencies can be reused within
afew kilometres or afew tens of kilometres at most. In a satellite system, &l spot beam signals are transmitted by the
same satellite, a point source, and propagate with a free space exponentia loss factor of 2 and the segregation between
neighbouring spot beams is determined by the satellite antenna sidel obe performance. Frequencies can only be reused
within hundreds or thousands of kilometres. It is therefore important that spectral efficiencies of mobile satellite
systems be greater than terrestrial cellular systems.

Since all spot beam signals are transmitted via the same satellite, the schedules for the broadcast of control channels
from multiple spot beams can be coordinated, which benefits spot beam selection. This benefit of a mobile satellite
system is described in GMR-1 05.002 [22] and GMR-1 05.008 [26].

7.2 Physical layer

The GMR-1 physical layer offers similar servicesto the GSM physical layer, but this layer contains substantial
differences to accommodate the different radio propagation environment as described above. The organization of the
control channelsis described in GMR-1 05.002 [22], the physical channd coding is described in GMR-1 05.003 [23]
and the modulation schemes are described in GMR-1 05.004 [24]. Frequencies of operation as well as power related
requirements such as EIRP and G/T are described in GMR-1 05.005 [25]. Radio link tasks are described in

GMR-1 05.008 [26]. The protocol modifications necessary to address synchronization issues associated with the
additional propagation delay are described in GMR-1 05.010 [27].

7.3 Data link layer

The datalink layer protocol is amodified version of the GSM datalink layer protocol (LAPDm). The datalink layer
modifications include the use of a selective reject and repeat protocol called group reject. The modifications also
include larger window size and new timer values. See GMR-1 04.006 [16] for a complete description of the data link
layer protocol including the parameter changes.

Because of the additional propagation delay theradio link protocol (RLP) for data and telemetric services includes some
phase 2+ features of GSM. The RLP is described in GMR-1 04.022 [21].

7.4 Radio Resource management sublayer

Theradio resource (RR) management sublayer is modified from GSM to accommodate the physical differencesin the
radio interface. Of special note is the random access channel (RACH) procedure which is modified to accommodate the
large differential path delay within a spot beam aswell as to accommodate the enhanced services and features such as
position based services, optimal routing and terminal -to-terminal call establishment, which are not part of the GSM
phase 2 services. The RR sublayer protocol and procedures are described in GMR-1 04.008 [17].
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7.5 Mobility Management sublayer

The mobility management (MM) sublayer entity in the MSC is unchanged from GSM. However, the peer entity in the
MES is modified to accommodate position based services and optimal routing. The modifications to the mobility
management protocol on the network side are handled by the TCS functional network element so that the MSC and the
A-interface remain unchanged from the GSM specification (see GSM 08.08 [29]). These protocol differences on the air
interface are described in GMR-1 04.008 [17].
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