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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 shal then be republished by ETSI
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 5, sub-part 7 of a multi-part deliverable covering the GEO-Mobile Radio Interface
Specifications, asidentified below:

Part 1:  "General specifications';
Part 2.  "Service specifications’;
Part 3:  "Network specifications’;
Part4:  "Radio interface protocol specifications';
Part 5. " Radiointerface physical layer specifications';
Sub-part 1:  "Physical Layer on the Radio Path: Genera Description; GMR-1 05.001";
Sub-part 22 "Multiplexing and Multiple Access; Stage 2 Service Description; GMR-1 05.002";
Sub-part 3:  "Channel Coding; GMR-1 05.003";
Sub-part 4. "Modulation; GMR-1 05.004";
Sub-part 5:  "Radio Transmission and Reception; GMR-1 05.005";
Sub-part 6:  "Radio Subsystem Link Control; GMR-1 05.008";
Sub-part 7: " Radio Subsystem Synchronization; GM R-1 05.010";
Part 6:  "Speech coding specifications’;
Part 7 "Terminal adaptor specifications'.
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Introduction

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

Due to the differences between terrestrial and satellite channels, 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 specificationsthat 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.

- ndenotesthefirst (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-1 01.201 [7].
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1 Scope

The present document presents the requirements for synchronizing timing and frequency between the MES and the
Gateway Station (GS) in the GMR-1 Mobile Satellite System.

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-101.004 (ETSI TS 101 376-1-1): "GEO-Mohile Radio Interface Specifications;
Part 1. General specifications; Sub-part 1: Abbreviations and acronyms; GMR-1 01.004".

[2] 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; GMR-1 04.008".

[3] 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 05.002".

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

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

[6] GMR-1 05.008 (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 05.008".

[7] GMR-101.201 (ETSI TS 101 376-1-2): "GEO-Mohile Radio Interface Specifications,

Part 1. General specifications; Sub-part 2: Introduction to the GMR-1 Family; GMR-1 01.201".

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

SB_FRAME_TS OFFSET: offset between downlink frame N and uplink frame N+7 at the spot-beam centre,
measured in number of timeslots

SB_SYMBOL_OFFSET: additiona offset between downlink frame N and uplink frame N+7 at the spot beam centre,
measured in number of symbols

RACH_TS OFFSET: RACH window offset relative to the start of BCCH window within the same frame, measured in
number of timedots
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RACH_SYMBOL_OFFSET: RACH timing offset in symbols. The offset between RACH window and the start of the
reference frame seen from the MES. Measured in number of symbols

RACH_SYMBOL_OFFSET: RACH timing offset in number of symbols. The offset between RACH transmission
timing and the start of the reference frame seen from the MES. Thisisnot part of the system information

SA BCCH_STN: BCCH window offset relative to the start of the frame, in number of timedots

SA_SIRFN_DELAY: : within each multiframe, the first FCCH channel frame number relative to the start of the
multiframe

SA_FREQ_OFFSET: twice of the downlink beam centre Doppler due to satellite motion only
Precorrection Indication: timing delay pre-compensated by the MES in the RACH transmission
Timing Offset: timing correction sent over AGCH channél

Frequency Offset: frequency correction sent over AGCH channel

Timing Correction: in-call timing correction sent over FACCH channél

Frequency Correction: in-call frequency correction sent over FACCH channel

Guard Time Violation: message to indicate the violation of Rx/Tx burst guard time

3.2 Abbreviations

For the purposes of the present document, the abbreviations and acronyms given in GMR-1 01.004 [1] and the
following apply. For mapping of GSM termsto GMR-1, refer to terminology cross-reference table in
GMR-101.201 [7].

AGCH Access Grant Channdl

BACH Broadcast Alert Channel
BCCH Broadcast Control Channdl

BN Bit Number

CCCH Common Control Channel
DKAB Dual Keep-Alive Burst
FACCH Fast Access Control Channel
FC Frequency Correction

FCCH Frequency Control Channel

FN Frame Number

GSC Gateway Station Controllers
GS Gateway Station

GtT Gateway-to-Terminal call

MES Mobile Earth Station

PAN Power Attenuation Notification
PAR Power Attenuation Request
PCH Paging Channel

RACH Random Access Channel

RF Radio Frequency

RTD Round Trip Delay

SACCH Slow Access Control Channdl
SDCCH Standalone Dedicated Control Channd
TC Timing Correction

TCH Traffic Channel

TDMA Time Division Multiple Access
TN Timeslot Number

TS Timedot

TTCH Terminal-to-Terminal Channdl
TG Terminal-to-Gateway call

TtT Terminal-to-Terminal call
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4 General description of synchronization system

GeoMobile (GMR-1) isamulti-spot beam, multicarrier, synchronous system where the timing and frequency on the
satellite serve as the reference to synchronize the TDMA transmissions for the MESs, the network GSs and other
network elements. The satellite indludes a switch designed to provide single-hop, TtT connectivity at L-band. The
TDMA satdlite switch permits the selection of connection patterns between any slot in the TDMA frame of an L-band
return carrier in one spot beam to any other dot in the TDMA frame of an L-band forward carrier in the same spot beam
or any other spot beam.

Synchronization in the GMR-1 system is composed of four major tasks:
» Timing Synchronization;
* Frequency Synchronization;
* Frame Synchronization;
* Message Synchronization.

A master oscillator onboard the GMR-1 spacecraft is the primary reference for al synchronization processes. The
fundamental goal of synchronization isto have gateways and mobile earth stations alike operate such that all bursts
arrive at the satellite synchronized in timing and frequency.

4.1 System timing structure

The GMR-1 satdlite system isa TDMA system. Timing configuration in the system is composed of hyperframe,
superframe, multiframe, frame, timeslot, symbol and bit. A hyperframeisthe longest repetition time period and 1/40
symbol duration isthe smallest measurable and adjustable unit in the system.

A hyperframe has a duration of 3h 28mn 53s 760 ms, it contains 4 896 superframes, 19 584 multiframes or 313 344
TDMA frames. One superframe equalsto 2,56 s, including four multiframes or 64 TDMA frames. One multiframe
includes 16 TDMA frames and each TDMA frame has 24 timedots. The TDMA frame duration is 40 ms, one timeslot
duration is approximately 1,67 ms. In each timeslot, there are 39 symbols, each symbol correspondsto 2 bits. The
complete timeframe structure can be seen from the graph shown in GMR-1 05.002 [3].

A superframe always starts from the frame that meets FN mod 64 = 0. Within the superframe, the first frameis also the
beginning of the first multiframe with multiframe number 00.

4.2 Timebase counter
The timing state of the signals transmitted by the MES and satelliteis defined by the following counters:
» Bit counter BN (0-77);
* Timedot counter TN (0-23);
* TDMA frame counter FN (0-313 343).
The relationship between these countersis asfollows:
* BN increments every 5 000/234 pisec;
* TN increments whenever BN changes from count 77 to 0;

e FN increments whenever TN changes from count 23 to 0.
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The MES can use the timing of the receipt of the BCCH burst to set up its timebase counters as follows:
* BN isset by thetiming of the FCCH timing acquisition;
* TN isset by the timeslot number that is contained in the information fields of the BCCH burst;
* FNisset by the frame number derived from the information fields of the BCCH bursts.

The frame number field definition is given in GMR-1 04.008.

4.3 General requirement

4.3.1 Timing and frequency reference point

The satelliteis selected to be the reference point for both timing and frequency. For downlink signals, the reference
point isthe output of the satdllite L-band antenna. For uplink signals, thereference point isthe input of the satellite
L-band antenna.

4.3.2 MES requirement
» Both transmitter and receiver timing shall be derived from the same timebase.
« Both transmitter and receiver frequency shall be derived from the same frequency source.
* The MES shall use the same source for both RF frequency generation and clicking the timebase.

* All return link signals (control channd and traffic channd) transmitted from the MESs shdll achieve
frame/timeslot alignment on the satellite timing reference point, i.e., input of satellite antenna.

* Invarious operation modes, synchronization shal be maintained under the worst case timing and frequency drift
rate dueto MES-satellite relative motion and MES master oscillator stability. The MES oscillator long term
stability shall be better than 5 ppm. The MES oscillator short-term gtability shall maintain all timing offset,
frequency offset and symbol rate requirement specified in GMR-1 05.005 [5] in the absence of received signd
up to 5 seconds. The maximum timing drift rate due to MES-satellite relative motion is 0,32 ps/sec. The
maximum frequency drift rate due to MES acceleration is 24,6 Hz/sec.

4.3.3 Network requirement

» All forward link signals (control channd and traffic channel) transmitted from the network shall achieve
frame/timeslot alignment on the satellite timing reference point, i.e., output of satellite antenna.

» Both forward and return link signals shall be adjusted by the network to maintain a fixed frame and slot relative
timing on the satdllite timing reference point. This adjustment shall be capable of handling the worst case timing
and frequency drift caused by satellite motion and user motion.

» Forward and return link timeslots shall be assigned by the network to meet the follows: A 2,2 ms guard time
shall be left for the MES to switch between transmit and receive frequencies. A 1,6 msguard time shall be | eft
for the MES to switch between two different receive frequencies.

» Attheinitial call setup, the network shall be able to estimate the RACH signal arrival to the accuracy better than
12,6 Hz 1-sigmain frequency, 3,6 ps 1-sigmain timing, under the condition of AWGN channdl.

4.3.4 Measurement conditions

* Inthefollowing, al timing and frequency related parameters are defined under the condition of AWGN channel,
with Ey/Ng =-05dB.

* Inthefollowing, unless specifically specified, all timing and frequency related parameters are defined as 1-sigma
value,
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5 Timing synchronization, TtG/GtT call

The general requirement for MES timing synchronization is that the MES shall tranamit signalsthat are time aligned
and frame number aligned with the system timing on the satdlite reference point.

The MES timing alignment is achieved by correcting transmission timing with factors provided by a GS. RACH timing
is setup by factors provided over the BCCH. TCH or SDCCH timing is corrected with corrective factors given over the
AGCH. During acall, timing correction is provided by FACCH (TCH3) or SACCH (TCH6/TCH9).

The GS tranamits a frame number on the BCCH which isreceived and used by the MES to establish itslocal frame
numbering process.

5.1 General description

The whole system is synchronized on the satellite. The network adjusts FCCH and BCCH transmission so that each of
these channelsleaves from the satellite antenna at the predefined system timing. An MES derivesitslocal timing
reference from the signalsreceived from the satellite. By listening to the FCCH, both timing and frequency
synchronization can be achieved for CCCH channds.

From a cold start, MESsinitially search for and acquire the FCCH sent in each spot beam. The MESs frametiming is
then synchronized to system timing.

Inidle mode, after initial timing acquisition, the MES needs to track system timing continuoudly in order to compensate
the timing drift caused by its local oscillator frequency uncertainty and the rel ative motion between the satellite and the
user.

At initial access, an MES accesses the network using a RACH offset pre-calculated for the spot beam centre. This
RACH offset is distributed from the network in each spot beam and it isavailable at the MES soon after it decodes the
BCCH. Theround trip delay variation caused by the difference of MES position rel ative to the beam centre shall be
detected from the network, and this value shall be passed to the MES as a timing correction. After the RACH process,
the MES shall be able to transmit such that timing of burst arrival on the satellite isnominal.

At the beginning of a call, to achieve frame/timesl ot synchronization on the satellite, a transmission frame offset relative
to the start of downlink reference frameis provided from the network. During a call, both MES transmitter and receiver
adjust their burst timing to maintain the frame/timesl ot synchronization. The MES receiver timing is maintained by
using itsinternal timebase. Meanwhile, timing detection technique of voice or DKAB burstsis used to monitor any
possible timing drift caused by the MES oscillator, and by MES-satellite rel ative motion. For the MES transmitter, a
closed loop synchronization schemeis adopted. Any transmission timing drift at the MES shall be detected from the
network by comparing the actual burst arrival with the expected arrival, and atiming correction is passed to the MES if
the difference exceeds a threshold defined by the network.

To reduce the number of timing correction due to satellite motion, Doppler frequency received from AGCH is used to
determine the timing drift rate. During a call, thistiming drift rate is used to correct transmission timing.

The following symbolic definitions apply to therest of the sections. T : frame duration, Tg: timeslot duration, Tg; :
symbol duration, T, : propagation delay from the satellite to the beam centre, T, : propagation delay from the satellite
tothe MES.

5.2 Timing of forward link common channels

Thetiming of forward link common channelsis defined in GMR-1 05.002 [3]. An outlineis given below for
convenience.

The BCCH/CCCH bursts occupy six consecutive timeslots. In each spot beam, a set of common channd s are defined:
FCCH, BCCH, PCH, BACH and AGCH. These channels follow a fixed repetition pattern with repetition duration
equals to one superframe. Position of BCCH and FCCH between neighbouring beams shall be offset in frames as well
asin timedots to facilitate MES fast timing/frequency acquisition and satellite power spread in time.
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5.2.1 FCCH/BCCH timing
For FCCH/BCCH timing, refer to GMR-1 05.002 [3].

5.2.2 CCCH timing

Timing of PCH/BACH/AGCH channelsis similar to BCCH timing, but with a fixed distance to the BCCH position.
The distance is given in integer number of frames. Refer to GMR-1 05.002 [3].

5.3 Idle mode timing synchronization

5.3.1 Initial timing acquisition

The MES shall keep itsinternal timebase in line with the system timing derived from the BCCH control carrier. For
initia timing acquisition, the MES looks for one control carrier with the highest BCCH signal level. Through FCCH
acquisition procedure, the MES isthen locked to this carrier in both frequency and timing.

Theinitial timing acquisition procedure has been given in GMR-1 05.008 [6].

53.2 Paging mode

In entering paging mode, the timing synchronization in the MES has aready been achieved from the FCCH channél
detection. The MES shall track the system timing by listening to either PCH or BCCH channd periodically.

In case of losing synchronization, the MES shall make use of the stored information (frequency, timing) in order to
re-establish synchronization as quickly as possible. This processis described in GMR-1 05.008 [6].

In paging mode, the MES receiver timing relative to the received signal shall be accurate enough so that demodulation
performances specified by GMR-1 05.005 [5] can be achieved. The MES tracking loop shall be able to handle the worst
case timing drift rate due to MES-satellite relative motion and MES oscillator stability, their maximum values are
specified in clause 4.3.2.

5.3.3 Alerting mode

When the MES can no longer demodulate BCCH or PCH information from its serving beam or from any one of the
neighbouring beams, the MES shall enter alerting mode. To achieve alerting mode synchronization, the MES shall use
the timing information derived from the FCCH channd to estimate the timing of the BACH channd.

In alerting mode, the MES shall track the system timing by listening to the FCCH channel periodically. The derived
system timing shall be used to update its internal timebase.

The aderting message for each aerting group is transmitted over 15 bursts; each burst occupies two timedots. The
15 burgts are spread over five different frames within one superframe, 3 burstsfor each frame (see GMR-1 05.002 [ 3]
for details). Within each super frame, the frame number of the five transmission framesis given in table 5.1.

Table 5.1
Alerting Group Frame Number Alerting Group Frame Number
BACHO 1,5,17, 33, 49 BACH4 3, 15,19, 35,51
BACH1 6, 21, 22, 38, 54 BACH5 7, 23,31, 39,55
BACH2 9, 25, 37, 41, 57 BACH6 11, 27, 43, 47, 59
BACH3 14, 30, 46, 53, 62 BACHY 13, 29, 45, 61, 63

In alerting mode, the MES receiver timing relative to the received signa shall be accurate enough so that demodulation
performances specified by GMR-1 05.005 [5] can be achieved. The worst-case timing drift rate to be handled by the

MES tracking loop is the same as that for paging mode.
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54 Synchronization at initial access

54.1 Synchronization process

The synchronization process at initial access is performed according to severd different seps: RACH burst
tranamission, network measurement and return link timing correction. The timing relationship is shown in figure 5.1.
These procedures are outlined below.

* The common signalling channel leaves the satellite antenna at the system timing. This Sgnal arrives at the spot
beam centre after a propagation delay T, , and arrives at the MES after T, .

e The MES offsetsits RACH transmission relative to the start of thereceived control channel reference frame by
RACH_SYMBOL_OFFSET. RACH_SYMBOL_OFFSET iscalculated at the MES based on parameters
received from the BCCH channdl.

» Because of the difference between the MES position and the spot beam centre, the RACH signal arrives at the
satellite antennawith atiming error, 2[T, -T,] theround-trip differential delay from the user to the beam

centre.

* The GS measures the difference between the actual RACH burg arrival and the expected arrival if the MESis
located at the beam centre, 2[t, - T,]. Thisdifference isthen passed to the MES through Timing Offset of the

"IMMEDIATE ASSIGNMENT" sgnalling message via AGCH channdl.

+ TheMES offsetsits SDCCH/TCH transmission by 2[t, - T,]. Mobile uplink timing synchronization is
achieved at this point.

BCCH timing, BCCH timing,
beam center //received by MES
Sat-Tx frame N \I\ """"""""""""""" | frame N+7 |
Sat.-Rx |\ % | |
MES-Rx
MES-Tx
TO N A -~ TO \2 T~ Tol
T~ 7 I'K Zd Y 7 I'< Ll
TU AN A AN TU AN
T~ 7K 7 |'x 7
[v -t -1 -
< - >
RACH timing at beam center RACH timing before correction
T RACH timing after correction A RACH_SYMBOL_OFFSET

Figure 5.1: Initial timing synchronization process
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54.2 RACH timing pre-correction

The RACH burst hasalength of 9TS. Tofit this9TSburst into a 12 (or 18) TS RACH window,+1,5TS (or £4,5TS) is
|eft to accommodate user position variation within a spotbeam. For most of the spotbeams, propagation delay variation
isfar beyond thisrange, therefore the MES shall pre-compensate part of the delay variation to fit RACH burst into the
RACH window. The MES shall be able to estimate its differential delay relative to spotbeam centre with reasonable
accuracy and compensate this differential delay in its RACH transmission. With this compensation, the RACH window
shall be able to accommodate the whole range of delay variation. For more details on the differential delay
measurement, see GMR-1 05.008 [6].

A parameter Precorrection Indication shall be included in the RACH transmission burst. Thisishalf of the actual timing
value the MES compensates in its RACH transmission. The goal isto inform the GS about its pre-compensation so that
the measurement of absol ute propagation delay is made possible at the GS.

The parameter Precorrection Indication has 3 bits. Its coding is shown below.

Table 5.2: Coding of the parameter RACH_correction

Code Compensation Code Compensation
000 0 symbols 100 +141 symbols
001 -47 symbols 101 +94 symbols
010 -94 symbols 110 +47 symbols
011 -141 symbols 111 reserved

The value of this parameter shall be derived at the MES based on one way differential delay measurement relativeto
spotbeam centre. The differential delay measurement isfirst converted into the number of symbols, then the closest
value of Precorrection Indication is selected from al seven possible correction levels shown in above table.

If dt, isthe one-way propagation differential delay relative to beam centre measured in the unit of milli-second (see
GMR-1 05.008 [6]), then dT ,, the same differential delay but in the unit of symbol can be converted as:

dT, = round [12

! thoj

Thisdifferential delay dT,, isthen graded into the closest level of Precorrection Indication, denoted as dT, . The actual
value of MES pre-correction is 2 x dT, . Converting from dT , to dT, isbased on the following:

dT, = 47 x round dT,
47

If Timing Offset received from AGCH is dT,,, then the MES shall offset its SDCCH/TCH transmission by
2x dT, + dT, reaivetoitsRACH transmission timing.

After receiving the RACH signal, the GS shall measure the difference between the actua burst arrival and the expected
arrival, denoted as dT 2, and decode the parameter Precorrection Indication to obtain the value of dT1. The value of dT2
shall be passed to the MES via AGCH. Both dT1 and dT2 shall be used by the GSto calculate MES-satellite
propagation delay T, according to the following equation:

daT 2

T, =T, +dT, +

where T, isthe beam centre propagation delay.
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5.4.3 Description of parameters

Figure 5.2 shows the time offset between the tranamit and received frame for an MES experiencing an overall delay of
between 119,37 and 135 milliseconds. The 5-bit parameter SB_ FRAME_TS OFFSET indicatesto the MES, the off s,
in dats, between the forward link timedot 0in FN = N and the return link timeslot 0 in FN = N+7 nominally at the
centre of the spot beam. The value of this parameter varies between 6 and 28. In addition to SB_ FRAME_TS OFFSET,
a 6-bit parameter SB_SYMBOL_OFFSET indicates to the MES, an additional offset in symbol periods nominally at the
centre of the spot beam. The SB. SYMBOL_OFFSET varies between -32 to +31 symbals. The parameter

RACH_TS OFFSET indicates to the MES the start of RACH window rdative to the sart of the BCCH window, ranges
from 0 to 23. All of these parameters are broadcast from the BCCH. Based on these parameters, the MES can calculate
the offset between forward and return frames to within 1 symbol period if itis a the centre of the spot beam.

To accommodate satellite diurnal motion, the two parameters SB_FRAME_TS OFFSET and SB_SYMBOL_OFFSET
shall be calculated dynamically at the GS based on satdllite and beam centre instantaneous relative distance. These
values are periodically updated through BCCH so that the RACH burst sent by MES is aways centred a the middie of
the RACH window if the MESislocated at beam centre.

The MES shall calculate the start of the RACH burst transmission referenced to the start of timeslot 0 on the forward
channe in units of symbol periods, RACH_SYMBOL_OFFSET, using the following formula:

RACH _SYMBOL _OFFSET =

SB _SYMBOL _OFFSET +2x RACH _CORRECTION

39x (SB _FRAME _TS_OFFSET + SA_BCCH _STN + RACH _TS_OFFSET +R)

Thisisthe number of symbols that an MES shall delay the start of a RACH burst (with K timeslots) in frame number M
relative to the start of the received frame number N. This transmission shall be in thereturn link timeslot
(SA_BCCH_STN + RACH_TS OFFSET + R) mod 24. A factor R isintroduced in the calculation in order to centrethe
K timeslots RACH burst within the 12 TS RACH window. Relationship between R and K is given as R = (12-K)/2.

If thevalue of (SA_BCCH_STN + RACH_TS OFFSET + R) < 24, the MES shdl use frame number M = N+7. If the
valueof (SA_BCCH_STN + RACH_TS OFFSET + R) = 24, the MES shall use frame number M = N+8. Thereforeif
the RACH burst crosses the uplink frame boundary, the frame number used by the RACH burst is determined by the
start of RACH transmission. The range of parametersrelating to initial accessis shown in table 5.2.

During theinitial access, Timing Offset 2[T, - T,] is provided from the network via AGCH. From annex B, the value
of this correction factor varies from 0to £9,73 ms. To handle unexpected situations, in practice the designed range shall
leave enough margin and therefore 17 msis considered. This requires 15 bitsto inform the MES, with unit of T, /40

(2.075 ps), and arange from -15 912 to +15 912,

ETSI



GMR-1 05.010 19 ETSI TS 101 376-5-7 V1.1.1 (2001-03)
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Figure 5.2: RACH burst timing
Table 5.3: Range of parameters at initial access
Parameter Unit Range

SB_FRAME_TS_OFFSET TS 6 to 28
SB_SYMBOL_OFFSET Symbol -32to0 +32
SA_BCCH_STN TS 0to 23
RACH_TS_OFFSET TS 0to 23
M- N Frame 7108
RACH_SYMBOL_OFFSET Symbol (202+R*39) to (2 918+R*39)

544 Timing accuracy

From the MES, BCCH timing is used as timing reference for RACH burst transmission. The timing error is dominated
by several factors: BCCH signal timing error, BCCH timing detection error introduced by the MES, timing drift dueto
MES oscillator tahility and differential delay from the MES to beam centre. The network shall be able to measure the
overall timing error to the accuracy better than 3,6 ps 1-sigma. After receiving the timing correction from the AGCH,
the MES shall adjust its SDCCH/TCH transmission timing to the accuracy better than 4,6 us 1-sigmarelative to the
system timing.

5.5 Dedicated mode synchronization

In call, to accurately maintain the correct time alignment at the satellite, the MES advances or retards the transmission
of burgtsrelative to the gart of its reference frame to synchronize their arrival at the reference point of the satellite.

The forward and return frames are offset relative to each other at the MES. This offset is provided to meet the following
basic system requirements:

» Achieve time synchronization of the forward and return frames and dots at the satellite reference point.

* Permit alow-complexity MES implementation that eliminates the need for a frequency diplexer (an MESis not
required to transmit and receive at the same time), which also allows simple synthesizers to switch frequenciesin
the proper timeintervals.

* Allow MESsto monitor the assigned TTCH channel during a TtT call.

In dedicated mode, either voice channel or SDCCH channd is used. Synchronization scheme addressed bel ow applies
to both of these two channels.
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55.1 In-call timing relationship

Infigure5.3, AT, isthetransmission frame offset relative to the start of the received reference frame at the MES.
Ko and k aetheforward and returnlink burst positions, thevaluesof k , and k, areallocated by the network at
the beginning of the cdl, they are al numbered from 0 to 23.

The system requires that transmission burst corresponding to the received burst from frame N arrivesin frame N+7 on
the satellite. Thereforeif an MES receives a frame with frame number N, it shall offset its transmitted frame by AT,

to achieve frame synchronization on the satellite.

frameN frame N+7

Sat.-Tx I:l ——————————————————————— I:l

frameN frame N+7

Sat.-Rx I:l ----------------------- | I:l

frameN /
MES-Rx
> _ArameN+7
T, KoTs

MES-Tx |

A
Y
A
Y

Y

»l
< Lt )

ATor = DATore — 2[Tu _To]

A 4

KuTs

Figure 5.3: Frame and burst timing on the satellite and the MES

The offset between frame N+7 uplink and frame N downlink shall be calculated from:

ATor = RACH _SYMBOL _OFFSET -2[Ty -To],

where parameter RACH_SYMBOL_OFFSET iscalculated from equation given in clause 5.4.3.

After initial access, the MES shall derive theframe offset AT, based on the corrective factor 2[T, -T,] received
from the AGCH. During the call, the value of 2[T, -T,] is updated via FACCH messages (TCH3) or SACCH message
(TCH6/TCH9) to compensate any timing drift caused by MES oscillator, MES-satellite relative motion.

55.2 In-call synchronization scenario

In the downlink, an open-loop synchronization schemeis used. The MES receiver timing is still derived from its
interna timebase, but frequently corrected by timing detection of thereceived TCH or DKAB bursts during the call.
The task of receiver timing correction shall be performed often enough to handle the worst case timing drift rate
specified in clause 4.3.2. The target timing accuracy isto achieve demodulation performances specified by

GMR-1 05.005 [5].

In the uplink, a closed-loop synchronization scheme is used. The synchronization processis detailed bel ow.

» After RACH process, the MES tranamitter has already synchronized to system timing. If Taisthe expected burst
arrival time on the satellite, then the MES shall start its burst transmission at Ta- Tu.

» Sometime later, because of the user motion and its oscillator stability, the MES receiver timing is offset by

ATy =ATys + ATy grom itsorigind timing, where ATy1 isduetoitsinternal oscillator drift and timing

tracking error, AT, isdueto a change of the MES position.

» Since the MES transmitter uses receiver timing asreference, then the MES transmission timing al so offsets by
AT, =AT,, + AT,, . Burst transmission timing becomestobe T, — T, + AT, + AT,,.
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» After experiencing an uplink propagation delay T,, + AT, , the sgnal arrives on the satellite at
T, + AT, + 2AT,,, offsetsfrom thenominal timing by AT, + 2AT,,.

U2

» At theGS, difference between the actual burgt arrival and expected arrival shal be monitored. If the GShas
detected that the difference AT, + 2AT,, exceeds a predefined threshold of 10 ps, it shall pass the difference

to the MES through a Timing Correction message via FACCH3, SACCH6/9 or SDCCH.

» After receiving the Timing Correction, the MES shall offset itstransmission by AT, + 2AT,, intiming. This

timing adjustment shall be achieved gradually. The adjustment shall be made at arate of 2 ps/sec £0,2 ps/sec,
the RMS error between the actual transmission timing and the 2 us/sec profile shall be less than 0,5 ps over the
duration of adjustment. Thisrate of change shall be made in addition to the Doppler-rel ated rate-of-change
which isapplied to the MES transmission timing continuously.

* Theadjustment shall be applied to the MES transmission in such away: if the Control Hag associated with the
Timing Correction messageis 1, then this message overrides all previous messages, Otherwise, if the Control
Flag is 0, the adjustment shall be made in addition to any previous messages.

» After thisadjustment, the MES transmission timing becomes T, — T, — AT, . With an uplink propagation
dday T, + AT, , theburst arrives on the satellite at nominal timing Ta.

The task of transmission timing correction shall be performed often enough to cope with the worst-case timing drift
specified in clause 4.3.2. As the maximum timing drift rate in the mobile€'s downlink is 0,32 ps/sec, the transmission
timing drift rate can be up to 0,64us/sec. With this correction, a transmission timing accuracy relative to the system
timing specified by GMR-1 05.005 [5] shall be achieved.

In the FACCH or SACCH channd, the Timing Correction message shall be provided by the network relative to the
currently used transmission timing value, thisis different from the correction transmitted over AGCH. Therange of the
timing adjustment shall be from -32T , /40to +31T _, /40, with aunit of T, /40, which requires 6 bits. When the MES

receives anew value of Timing Correction, it shall apply the change within 80 ms after receiving the message. Suppose
this message has been successfully received and has been applied to the MES tranamitter, the GS shall be able observe
this adjustment sometime later.

When the GS instructs an MES to switch from one channel to ancther (i.e., from SDCCH to TCH), a Timing Correction
message shall be provided to the MES. Then the MES shall apply the new TC to the new channel.

5.5.3 Transmission timing drift rate

In call, to reduce the number of FACCH messages and to improve timing accuracy and stability of MES transmission,
the MES timing drift rate shall be used for transmission timing correction. Thistiming drift rate R shall be derived from
the Frequency Correction message received from AGCH channd aswell as FACCH (SACCH) according to the
following.

The drift rate of timing depends on the exact carrier frequency being used. In using the following equations, the
terminal shall presume drift_factor to be either of the following values:

e Thevalue of the current transmit frequency expressed in GHz, or

* 1,6345.
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The former choiceis preferable; however, the latter choiceis an acceptable compromise value. Thetotal error in the
determination of R (assuming the frequency adjustments are correct) should not exceed 8 nanoseconds per second from
this. Note that transmit timing is limited by the quantization of the hardware and errors in the estimators and tracking
loops. Therefore, conformance to this requirement should be tested using periods of several minutes. For example, the
error after 1 000 seconds should be less than 8 microseconds.

After the RACH process, the value of Frequency Correction message received from AGCH is AF,;, AR, istheround

trip Doppler experienced by a stationary MES located at beam centre, it is broadcast through BCCH and therefore
available by the MES prior to each call. Then thetiming drift rate Ris:

= M (ns/ Sec) .
drift_ factor

During acall, after an MES has received a Frequency Correction message AF, from the FACCH or SACCH channdl,

this message shall be used to calculate the delta value of timing drift rate, denoted as AR . This delta value shal be
calculated as:

AF
=——2 _(ns/sec).
drift _ factor

The timing drift rate R shall be adjusted as:
R=[R+AR| (ns/sec).

The accumulated frequency offset is equal to the offset being applied (in Hz) to the transmitter a any time (based on the
estimated received frequency). Therefore, the MES does not need to separately accumul ate the values it hasreceived via
the BCCH, AGCH, and control messages.

The MES shdl apply this new timing drift rate to its transmission timing within 80 ms after the Frequency Correction
message isreceived. The adjustment shal be made relative to receive timing.

554 RX/TX guard time violation

A guard time of 2,2 msisrequired by the terminal to switch from one receive frequency to another transmission
frequency. Due to MES-satdllite rdative motion, the RX burst and TX burst move relative to each other so that the
RX/TX guard time may finally violate the minimum required guard time limitation. In the worst case, therelative
moving speed between the two burstsis 0,64 ps/sec, twice the rate of propagation delay change.

From the MES, the available RX/TX guard time shall be monitored at least once every 15 seconds. If the guard timeis
found to be smaller than a predefined threshold 2 200+ Tgt ps, where Tgt isthe additional guard time left for signalling
exchange, aGUARD_TIME_VIOLATION message shall be sent from the MES to the network notifying about this
violation. Thevalue of Tgtis15 ps.

5.6 Effect of the half symbol offset

Timing of all traffic channels can be delayed by either 0 or %2 symbol relative to nomind timing. On the forward link,
this offset shall be relative to BCCH timing; On thereturn link, this offset shall be in addition to the correction factor
(i.e, thetiming offset provided by Timing Correction, see clauses 3.4.1 and 3.5.2 of the present document) used by the
MES transmission. The same offset shal be applied to both MES trangmitter and receiver. The GS shall not apply a
timing offset for any forward/return link common control channels, nor for the SDCCH and TTCH dedicated control
channels.

When the GS assigns a traffic channel to an MES, it shall pass ahalf symbol offset indicator to the MES. This
information e ement indicates to the MES the offset to be used on both the forward and return links.,
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Based on the indicator, the MES shall be able to adjust its transmitter and receiver timing to accommodate
corresponding offset. In the forward direction, the MES shall offset its signal reception of the new channel by either O
or ¥2 symbol duration relative to BCCH timing, depending on the content indicated by the half symbol offset indicator.
In thereturn direction, the timing offset applied to the new channel shall be calculated from two parameters: Timing
Correction and the haf symbol offset indicator. The MES shall offset its transmission timing by a value indicated by
Timing Correction, plus an additional 0 or %2 symbol delay determined by the indicator. The MES shall apply the same
offset to both the forward and return traffic channd links,

6 Frequency synchronization, TtG/GtT call

Both forward and return link signals are required to align their nomina frequencies on the satdllite. The task of
frequency synchronization isto precompensate the transmisson sgnal to dign the nominal frequency on the satellite
and to track thereceived signal in frequency to achieve effective demodul ation.

The MES frequency alignment is achieved by correcting transmission frequency with messages provided by a network.
RACH frequency is set up by messages provided over the BCCH. SDCCH/TCH frequency is corrected with corrective
factors given over the AGCH. During a cdll, frequency correction is provided through FACCH (TCH3) or SACCH
(TCH6/TCH9).

6.1 General description

Frequency error introduced by MES oscillator: The MES oscillator has an accuracy better than 5 ppm long term.
Without any compensation, the first order frequency error can be up to +7,5 kHz. After initial frequency acquisition,
this uncertainty can be reduced by several orders of magnitude. In this case, the MES receiver and transmitter frequency
tolerance under various environmental conditions has been defined in GMR-1 05.005 [5].

Dappler frequency introduced by satellite motion: Due to the satellite motion, a stationary user shall experience a
maximum Doppler frequency drift +264 Hz downlink, +282 Hz uplink.

Doppler frequency introduced by user motion: Due to the user mation, additional Doppler is generated. In the worst
case, thisfrequency error is+231 Hz downlink, £246 Hz uplink.

6.2 Frequency of common channels

The FCCH/BCCH/CCCH carrier leaves the satdllite with its nominal frequency. After experiencing a Doppler drift due
to user-satellite rel ative motion, frequency of the received signal can be off from itsnominal value by 495 Hz, worst
case, 264 Hz due to satellite motion, and 231 Hz due to user motion.

6.3 Idle mode frequency synchronization

6.3.1 Initial frequency acquisition
In theinitial frequency acquisition, an MES looks for one control carrier with the highest signal level. After FCCH

acquisition process described in GMR-1 05.008 [6], the MES shall use the BCCH frequency as its frequency reference
and locked to the BCCH carrier.

6.3.2 Paging mode

In paging mode, the frequency synchronization in the MES has aready been derived from the FCCH channel detection.
The MES shdll track the frequency of the control carrier by listening to either PCH channel or BCCH channdl.

ETSI



GMR-1 05.010 24 ETSI TS 101 376-5-7 V1.1.1 (2001-03)

6.3.3 Alerting mode

Based on GMR-1 05.005 [5], in aerting mode, the frequency synchronization in the MES is derived from the FCCH
channel detection. The MES shall track the control carrier frequency by listening to the FCCH channel periodically.

In both paging and alerting mode, the MES tracking loop needs to handle the worst case Doppler frequency rate of
change specified in clause 4.3.2. Thetracking loop shall be implemented in such a way that demodul ation performances
specified in GMR-1 05.005 [5] can be achieved.

6.4 Synchronization at initial access

Prior to the RACH process, the MES shall receive the RACH frequency and the round-trip L-band Doppler at the beam
centre from the BCCH channd. Theround-trip beam centre Doppler has arange from -635 to +640 Hz. Thisrequires

8 bitsto inform the MES, with stepsize better then 5 Hz. At initial access, the MES accesses the network using the beam
centre Daoppler asits Doppler precompensation. The MES round trip Doppler variation relative to the beam centreis
detected from the network, and this value is passed to the MES as a frequency correction. After the RACH process, the
MES shall be able to compensate its frequency drift and Doppler variation to the accuracy of 17,6 Hz 1-sigma (with
12,6 Hz RACH detection error and 5 Hz quantization error) relative to nominal frequency.

6.4.1  Frequency compensation strategy

In general, the frequency compensation strategy shall align the nominal frequencies for both uplink and downlink
signalson the satellite, thisis shown in figure 6.1. Nominal BCCH receiving frequency is Fg, RACH transmission

frequency is Fry , MES traffic channd Tx/Rx frequenciesare Fy and Fg, theratio between Fgy and Fg is
E=Fry /Fg =R /Fr, sothat Fgy =€Fg, Fy = Fg. Inthedownlink, Doppler frequency at beam centre due to
satellitemotion is dF,, Doppler perceived by the MESis dR; . In the uplink, Doppler received by the satelliteis
e/, . Thevalueof dR; can have two components: one isdue to satellite motion, the other is due to MES motion.

Fs +dF, Fy +dF,
BCCH signal >
Satellite <FRH + £ [, F.,, - £, MES
RACH signal
MES in beam center
Fo +dF, FotdFy
BCCH signal
o2 o, ~ ) + £ [0F, Fey + € dR, - 20F,)
. RACH signal
Satellite MES
Fr +dF, Fe *+ dFy
SDCCH/TCH signal
<FT + £ LR, F; — e LdF,
SDCCH/TCH signal
MES not in beam center
dFu: Downlink Doppler at UT dF0: Downlink Doppler at beam center E=Fp I Fg =F I Fg
FB: BCCH frequency FRH: RACH frequency
FT: MES transmission frequency FR: MES receive frequency

Figure 6.1: Frequency compensation strategy at initial access

where = represents approximately equal to.
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MES frequency compensation schemeis outlined below:

» The GS cdlculates the mobile downlink beam centre Doppler frequency dF,, broadcasts the RACH frequency
Fry andthevalueof 2[HF,, which istwice of the downlink beam centre Doppler, to the MES through the
BCCH channd.

» TheBCCH signal isreceived by the MES after experiencing a Doppler shift dfR , received frequency is then
Fg + dFy . For astationary MES located at beam centre, di; = dF,, received frequency is Fg +dF.

* The MESgeneratesits RACH transmission frequency Fgy by multiplying afactor € = Fgy / Fg fromthe
receiving frequency Fg +dF; , and pre-compensatesit RACH Tx frequency by an amount 2 [k [élF , resulting
in aradiated RACH signal transmission of Fryy +£{dR, —2dF,). The MES shall calculate £ = Fgy, / Fg in

order to apply the precorrection. (For astationary MES at beam centre, the radiated transmission frequency is
S|mp|y FRH —& mFo)

» After experiencing Doppler shift £[dR; in the uplink, the RACH signal arrives at the satellite with frequency
Fry +2edR, —drRy).

e The GS searches for and acquires the MES RACH burst, measures its frequency offset from nominal frequency
Fry » and passes ameasurement of the quantity 2¢ [{dR, —dFy) to the MES through AGCH asa
FREQUENCY OFFSET.

» The MES switchesto the allocated channel (with nominal frequencies Fy and Fg) and offsetsits transmission
signal by the FREQUENCY OFFSET (approximately 2 [{dR, —dFy)) and therefore startsits SDCCH/TCH
transmission with frequency Fr —£[diR, . After experiencing a Doppler £[dR; on the mobile uplink, the signal
arrives in the satellite with nominal frequency F .

With this frequency compensation scenario, both forward and return link nominal frequencies take place on the
reference point of the satellite.

6.4.2 Parameter description

From the MES, the BCCH carrier is used as frequency reference for RACH transmission. The accuracy of the RACH
transmission frequency isinfluenced by several factors: BCCH carrier frequency error, BCCH frequency detection error
introduced by the MES, frequency drift due to MES oscillator stability, differential Doppler from MES to beam centre
and Doppler produced by the MES motion.

The network shal be able to measure the above mentioned overall frequency error, the measurement shall be made to
the accuracy better than 12,6 Hz 1-sigma. Receiving the frequency correction from the AGCH, the MES shall adjust its
frequency of SDCCH/TCH transmission to the accuracy better than 17,6 Hz 1-sigma (with 5 Hz AGCH quantization
error) under the condition defined in GMR-1 05.005.

Beam centre Doppler 2éF : The maximum downlink beam centre Doppler diF, can be up to £264 Hz, taking place at
the centre of an edge beam. Therefore 2[R, isup to £528 Hz. To leave enough margin, arange of -640 Hz to

+635 Hz is considered, thisrequires 8 hitsto inform the MES through the BCCH, with a stepsize of 5 Hz. To
accommodate satellite diurnal motion, the beam centre Doppler shdl be calculated dynamically at the GS based on
satellite velocity relative to beam centre, the valueis periodically updated through BCCH so that the RACH burst
arrival on the satelliteis always nomind if a stationary MESis located at beam centre.
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Frequency correction factor 2¢ [{dR, - dFy): This factor has two components, oneis the user position two way
differential Doppler relative to beam centre, the other isthe two way Doppler frequency due to mobile user's motion.
From annexes A and C, the maximum value of 2¢ [{dR, — dF,) measured from the network is around +600 Hz. Again,

to leave enough margin, arange of -2 047 Hz to +2 048 Hz is considered. This frequency correction factor on the
AGCH requires 12 hits to inform the MES, with an accuracy better than 1 Hz.

6.5 Dedicated mode synchronization

In call, the accurate receiver frequency is maintained by using itsinternal frequency reference. Meanwhile, frequency
detection techniqueis used to monitor any possible frequency drift caused by the MES oscillator stability, MES
frequency tracking error and Doppler frequency due to MES-satdllite relative motion. The MESreceiver shall maintain
its frequency accuracy relative to the received signal so that demodulation performances specified in GMR-1 05.005 [5]
can be achieved.

In the uplink, a closed-loop synchronization scheme is used. The frequency correction procedure is detailed below,
figure 6.2 isused asreference.

» After RACH process, MESreceive frequency is F + dF, , transmission frequency is F, — & [dF, , sothat
both forward/return link signal frequencies seen from the satellitearenomina: F_, and F .

» Sometime later, frequency of the MESreceiver isoffset by AdF,, = AdF,, + AdF,,, where AdF;, isdue
toitsinternal oscillator drift and receiver'stracking error, AdF,, isdueto achange of downlink Doppler
frequency.

» Sincethe MES transmitter uses receive frequency as reference, then transmission frequency also offset by
AdF, = AdF,, + AdF,,,andbecomestobe F,'= F, — ¢ [dF, + AdF,, + AdF,, .

» After experiencing an uplink Doppler & E(dFU + AdF, ) the signal arrives on the satellite with frequency
F, + AdF,, + (1+ £)AdF,,, offsets from the nominal frequency by dF = AdF,, + (L+ £)AdF,,,.

» AttheGS, dF, the difference between actual signd arrival and expected arrival shall be monitored. If the GS
detects that the frequency offset dF exceeds a predefined threshold of 40 Hz, it shall pass the value of dF to the
MES as a Frequency Correction message via FACCH3, SACCH6/9 or SDCCH. This Frequency Correction shall
be relative to the currently used frequency offset, different from the Frequency Correction sent over AGCH
channd.

*  After receiving the Frequency Correction, the MES shall adjust itstransmissionto F. '~dF in frequency, so

that MES transmission frequency becomestobe F, — ¢ [{dF,, + AdF,, ). This frequency adjustment shall

be achieved gradually. The adjustment shall be made at arate of 20 Hz/sec +/-2 Hz/sec, the RMS error between
the actual transmit frequency and the 20 Hz/sec profile shall be less than 1 Hz over the duration of adjustment.

* Theadjustment shall be applied to the MES transmission in such away: if the Control Hag associated with the
Frequency Correction messageis 1, then this message overrides all previous messages; otherwise, if the Control
Flag is 0, the adjustment shall be made in addition to any previous messages.

« After experiencing an uplink Doppler £ ({dF, + AdF,, ), thesignal arrives on the satellite with nominal
frequency F; .
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AdR,, + AdFR, AdR,, + AdFR,
A A A
MES Rx/Tx FREQ. Frt dFUQl F, — LR .
AdRy, + G—"' 5)AdFu2
A
SAT. Rx/Tx FREQ. dF, ‘ £ LdR, % >l
Fr L ) F
o (5 _l)FR v
A
RX/Tx signal without frequency error ' RX/Tx signal with frequency error

Figure 6.2: In call frequency correction

With the frequency correction technique, accuracy of the MES tranamission frequency shall meet the requirement
defined in GMR-1 05.005 [5]. The same correction scheme shall be applied to both voice and DKAB transmission. The
in-call Frequency Correction message shall have arange from -2 048 Hz to +2 047 Hz, thisrequires 12 hitsto inform
the MES, with accuracy better than 1 Hz. For both uplink and downlink signals, the MES tracking loop needs to handle
the worst case Doppler frequency change. The maximum Daoppler rate of change due to the mobil€e's acceleration is
23,1 Hz/sec downlink, 49,2 Hz/sec uplink.

When the MES receives a new value of Frequency Correction, it shall apply the change within 80 ms after receiving the
message. After this message has been successfully received and has been applied to the MES transmitter, the GS shall
be able to observe this adjustment sometime later.

When the GS instructs an MES to switch from one channel to ancther (i.e., from SDCCH to TCH), a Frequency
Correction message shall be provided to the MES. The MES then shall apply the new FC to the new channel.

7 Frame and message synchronization, TtG/GtT call

7.1 Frame synchronization

7.1.1 Frame number definition

Definition of FN is based on the absol ute system timing. On the satdllite, both forward and return link frames are
aligned on the satellite reference point and the same FN is shared by the two frames in both directions. The frame
numbering is cycled in ahyperframe duration, Typ = 3h 28mn 53s 760ms, or 313 344 TDMA frames. If the absolute

system timing relative to the start of the system operation isdenoted as T in ms., then FN can be given as a function of
timeT:

FN = floor {%}

If atraffic burst wraps across the boundary between two frames, frame number applied to the burst isthe number of the
first frame, i.e., the one with smaller number.

7.1.2 Frame synchronization scenario

The MES frame numbering for both uplink and downlink is purely based on parametersreceived from the GS.
IdleMode

In entering idle mode, the MES frame number has been acquired by demodul ating parameter Superframe number,
Multiframe number and MFFN from the BCCH channd. This parameter isthe frame number relative to the start of
the hyperframe, its configuration has been introduced in GMR-1 04.008 [2].

In idle mode, the MES RX frame number is maintained by its internal frame counter.
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Initial Access
The RACH signal can be transmitted in any frame in the mobile's uplink.

At initiad access, the MESfirg looks for an Rx frame with frame number FN = N asitsreference frame. The RACH
signal transmission frame number M isthen calculated at the MES based on the parameter RACH_TS OFFSET and
SA_BCCH_STN received from the BCCH channd. Thistask is performed according to the following:

If thevalueof SA_ BCCH_STN + RACH_TS OFFSET + R < 24, the MES shall use M = N+7 asits RACH TX frame
number.

If thevalueof SA_ BCCH_STN + RACH_TS OFFSET + R = 24, the MES shall use M = N+8 asits RACH TX frame
number.

Definition of R has been given in clause 5.4.3.

To meet the frame number requirement, the MES shall offset its RACH transmission burst reletive to the gtart of the
downlink reference frame by RACH_SYMBOL_OFFSET in the unit of symbols. The parameter
RACH_SYMBOL_OFFSET iscalculated according to clause 5.4.3.

Dedicated M ode

In call, the MES Rx FN isobtained from itsinternal frame counter, the MES TX FN is calculated based on the Rx FN
and trangmission frame offset relative to the start of thereference frame, i.e., given in clause 5.5.1. For frame number
synchronization purpose, the system requires that the offset between transmission burst with FN N+7 and receive burst
with FN N equalsto. Thishas been shown in figure 5.3.

The frame number for any RX/TX burst is decided by the start time of the burst. If T(N) isthe start time of the Rx
framewith FN = N and T(N +1) isthe sart time of the Rx framewith FN = N+1, T isthe start of an Rx burs, Ty is
the start of a TX burgt, then the frame number of each burst can be given as.

The Rx burst belongs to frame number N if:
T(N)<Tr <T(N+2)
The TX burgt beongsto frame number N+7 if;

T(N)+ATO,: <Ty <T(N +1)+ATO,: .

7.2 Message synchronization

7.2.1 Power control message synchronization

During acall, each power control message takes 6 contiguous frames (240 ms) for tranamission, with the messages
being sent back-to-back (no gaps).

For message synchronization purpose, one of the two entitiesinvolved in the call functions as master and the other one
functions as dave. Both shall know their own positions. For TtG or GtT call, the GS functions as magter, the MES
functions as dave. For TtT calls, the originating MES functions as master, the terminating MES functions as dave. Two
different schemes are used to achieve the PC message synchronization. Oneis applied in the master-to-dave direction,
the other is applied to the dave-to-master direction.

Note that for theinitial PC message transmissi ons described bel ow, where PC messages have not yet been received, the
transmit PC message shall contain the appropriate value for PAN in the PAN field, and aNULL code in the PAR field.
Thisistrue for both master and dave. See GMR-1 04.008 [2] for specification.
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7.2.1.1 Synchronization in master-to-slave direction
In the master-to-dave direction, synchronization is based on the frame number. The procedure is outlined below:

e Themaster entity shall dways start its PC message tranamisson at a frame whose frame number meets:
FN mod 6 = 0.

e Themaster shall send a PC message at the first timing opportunity to do so, independent of actua PC message
reception from the dave.

» The dave entity shall always receive the PC message beginning with the frame whose frame number meets
FN mod6=L. ForaTtGor GtT cal, L = 0. For aTtT call, L isthenumber of frames dipped on the satellite,
either Oor 1.

7.2.1.2 Synchronization in slave-to-master direction

In the dave-to-master direction, synchronization is based on the detection of error-free Golay coding bits. This
procedure is outlined below:

» Save Entity:
The PC transmit position is determined at call setup as follows:

1) During call setup, the dave entity shall determine and then maintain tranamit PC message synchronization by
sdlecting one of the six possible burst positions for the beginning of the PC messages.

2) Thispogtion shall bethe earliest burst (modulo 6) that meets the following restriction: There shall be a guard
time of at least Tgt ms between the expected completion of thelast burst of the receive PC message to the
beginning of thefirst burst of the transmit PC message. (Note that this determination is dependant on the timedl ot
assignments.)

3) Thevalue of Tgt shal equal Tp+26 ms, where Tp isthe maximum allowed MES processing time for power
contral messages, such that thereisno PC "message dip" between the reception of a PC message and the
transmission of theresponse. The 26 msisused asamargin to provide for MES-satelliterelative motion. Tp
shall be 132,8 msec worst case.

4) The MES shdl send a PC message at the first timing opportunity to do so, independent of actual PC message
reception from the master.

o Master entity:
Two correctly received PC messages are required to declare PC message synchronization, as follows:

1) For initia synchronization, the master entity shall continuously observe the most recent Six bursts. It shall verify
the 24 hits obtained as being a correct Golay message. The master entity shal re-encode the first 12 bits of the
PC message, result is compared with the last 12 bits of the received PC message. Any single bit error shall cause
declaration of message decoding error. This verification of the Golay message shall be performed every 40 ms,
i.e, the 24-bit window is shifted by 4 bits each time. These comparison results are recorded on a per-burst basis
(from 7 to 13 results, depending on channel conditions).

2) For initid synchronization, the master entity shall continuously examine the previoudly recorded results. It shall
declare synchronization if it finds a sequence of DFFFFFD or DFFFFFXFFFFFD [where D corresponds to the
detection of an error-free message, F correspondsto failure of detection, and X corresponds to a failure of
detection at an expected D location].

3) Oncein synchronization, Golay Decoding shall usethis"D" position (modulo 6) asthe current timing reference
for end of the PC messages and shall decode and pass on the PC messages. This decoding shdl be done even
when the above sequences fail for thistiming reference.

4) Re-sync: During a call, the master entity may continuoudly verify the status of synchronization asin ltem 2,
above. If the one of the expected patterns appearsin a different timing position (modulo 6) than the current
reference, then thisnew position istaken asthe current timing reference - to be used for Item 3.
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7.2.2 SACCH message synchronization, TCH6/TCH9 call

For SACCH message synchronization scheme, refer to GMR-1 05.003 [4].

8 Synchronization for TtT call

The TtT call in the GMR-1 network can be established in two different modes. single-hop mode and double-hop mode.
The following clause addresses synchronization procedure in asingle-hop TtT call. For adouble-hop TtT call,
synchronization procedure for each communication link isthe same as that described for TtG/GtT call.

From a synchronization point of view, each MESinvolved in the TtT cdl performs anumber of procedures. Thisis
shown in figure 8.1.

MES(0) Synchronization Process

Idle Stage | mitial synch. _ | signaliing stage ?TTC‘;a'F'zS_tgge o as

| Rx: Synch. to GS(0) [ 2| Rx: Synch.to GS(0) [ 2| Rx:Synch.to GS(t) [ >, x: Synch. To GS(0) —>
Tx: No Synch Tx: Synch. to GS(0) Tx: Synch. to GS(Y) TCH Rx: Synch. to UT(t)
- : : : : : TCH Tx: Synch. to GS(t)

MES(t) Synchronization Process

o - - TtT Call Stage
Idle Stage Initial Synch. Signalling stage A
> Rx: Synch. to GS(1) > Rx: Synch. to GS(1) > Rx: Synch. to GS(1) > QﬁHRR_X'SSV”ﬁht' TSTGS“) >
Tx: No Synch. Tx: Synch. to GS(1) Tx: Synch. to GS(1) TR s);:zh' oY s(((:))

Figure 8.1: MES synchronization process for TtT Call

The general TtT call synchronization scenario is outlined below:

* Inidlestage, both MESs synchronize their receivers to the BCCH signal (in frequency and timing) received from
their registered GSs. For MES(0), the BCCH signal comes from the originating GS, denoted as GS(0). For
MES(t), the BCCH signal comes from the terminating GS, denoted as GS(t).

* Intheinitial synchronization stage, the originating MES(0) performsa RACH procedure with the GS(0). The
MES(0) isthen synchronized with the GS(0) in both frequency and timing.

* Inthesignalling stage, the MES(0) correctsitstranamission signal to GS(t) using frequency and timing
correctionsreceived from the GS(0) and startsits signalling transmission/reception with the GS(t) in the
allocated TtG channd. MES(0)-GS(t) synchronization is achieved at this point.

» Ontheterminating side, after receive a paging message from the GS(t), the MES(t) performs another RACH
procedure to synchronizeits transmission with the GS(t). After that a TtG channel is assigned and signalling
exchange can be performed between the MES(t) and the GS(t).

» During the signalling stage, frequency and timing synchronization follows the same scenario described for
normal TtG call.

» At gppropriate time, both MESs smultaneoudy switch from their TtG channelsto the allocated TtT channels.
Meanwhile, their transmission signals are corrected by timing and frequency corrections provided from the
network. Terminal-to-terminal voice call starts from this point.

e During the TtT cdl, both TTCH and TCH signals are used by the MES as frequency and timing reference. In the
downlink, the TTCH reception isused to control the termina's perspective of timing and frequency. This
referenceis also used for voice transmission. In addition, the received TCH burst is separately tracked using
offset relative to the TTCH-based observation. In the uplink, MES transmission is corrected by correction
messages received from the TTCH channdl.
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Asaresult, there are two transtion processes throughout a TtT call. Oneistransition from initial synchronization to
signalling stage. The other istrangtion from signalling to TtT call stage. Onetask of synchronization isto provide
smooth transition between different stages.

Two types of channd s areinvolved for each terminal: TtG channel and TtT channd. The TtG channel is used by the
MES for signalling exchange with the network, the TtT channel is used by the MES for voice message
transmission/reception. Therefore another task of synchronization isto maintain timing and frequency synchronization
accuracy in the usage of both channels.

Synchroni zation requirement addressed bel ow takes the most general case as prototype, i.e, thetwo MESs are
registered at two different GSs beforea TtT call isinitiated. The MES(0) isregistered at GS(0), the MES(t) isregistered
at GS(t). Within the GS(t), two GSCs areinvolved during a call. The GSC(t1) isthe GSC dealing with the MES(0)
during the call, the GSC(t2) isthe GSC dealing with the MES(t) during the call.

8.1 Timing synchronization

8.1.1 General description

The timing synchronization during aTtT cdl has severa tasks: synchronization at initial access, synchronization of TtG
channd, synchronization during the transition from TtG to TtT channel and synchronization of TtT channd.

Timing synchronization of the TtG channd: In the forward link, synchronization is performed at the MES by tracking
signalsreceived from the network. In the return link, the network keeps tracking signal arrivals transmitted from the
MES, any transmission timing drift isthen corrected by TC message received from the network.

Timing synchronization of the TtT channd: In the downlink, the MES maintains an independent tracking loop for both
TtT signal and TTCH signal. In the uplink, TTCH-based observation is used as reference for transmission. Meanwhile,
the network monitors signal arrivas transmitted from each MES, MES timing drift is then corrected by messages
received from the TTCH.

The following symbalic definitions apply to therest of the sections. Ty, and Ty, : propagation delay from the satellite
to the originating beam centre and terminating beam centre, T, and Ty, : mobilelink propagation delay seen from
MES(0) and MES(t). Kij1and Ky : uplink and downlink burst position alocated to MES(0), K, and Kp,: uplink
and downlink burst position allocated to MES(t). The burst positions are al ranged from 0 to 23.

8.1.2 Initial access
To synchronize terminal transmission, each terminal performs a RACH procedure to the currently registered GS. After

that, on the originating side, atiming correction messageis provided from GS(0) to MES(0). On the terminating side,
the timing correction is provided from GS(t) to MES(t). Thisis shown in figure 8.2.

satellite
RACH burst RACH burst
OBS} Timing
Timing .
. Correction

Correction A A A

(AGCH) (AGCH)

Y \ Y
v GSC(ol GSC(tl)| | GSC(t2) v
MES(o) GS(0) GS(t) MES(t)

Figure 8.2: Initial timing synchronization for a TtT call
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8.1.2.1 Synchronization procedure
Theinitia synchronization process for both MESsis outlined bel ow.

» Beforethe TtT call, both MES(0) and MES(t) shall synchronize their receiver timing to the BCCH timing
received from their registered GS. The MES(0) is synchronized to the BCCH timing received from GS(0), the
MES(t) is synchronized to the BCCH timing received from GS(t).

» To synchronize MES transmitter with the system timing, the MES(0) shall send its RACH burst to the GS(0).
Calculation of the RACH offset RACH_SYMBOL_OFFSET follows the same procedure introduced in 3.4.

+  The GS(0) detects the MES(0)'s round trip differential delay 2[T,;; —To;] relative to the originating beam centre,
and passes the value of Timing Offset to the MES(0) viathe AGCH channd of the originating beam.

» The MES(0) shal switch its TX/RX freguency to the alocated TtG channd, offset its TCH transmission by, and
start signalling exchange with the GSC(t1) of the GS(t). At this point, the MES(0) is known as synchronized
with the GS(t) using timing information obtained from GS(0).

« Sometime later, the GSC(t2) of the GS(t) gtarts to page the MES(t). The MES(t) shall perform a similar RACH
procedure and receive atiming correction factor ZFI'U 5 ‘Toz] from the GSC(t2) viathe AGCH channdl of the
terminating spot beam.

* TheMES(t) shall switch its TX/RX frequency to the dlocated TtG channd, offset its TCH transmission by
2Ty ~Top| . and start signalling exchange with the GSC(t2) of the GS(t). At this point, both MES(0) and
MES(t) are known as synchronized with the GS(t).

After initial access, the frame offset between transmission frame N+7 and receive frame N at each MESis ATggq or
AToeo , they aregiven as:

ATorr =ATorer ~ 2Ty~ Tod]
ATor2 =ATorcz ~ 2Ty ~Toa]

ATopcrand AToec, are frame offsets between transmission frame N+7 and receive frame N at originating and
terminating beam centre, these information is broadcast over BCCH channd. For details, see clause 5.4.

8.1.2.2 Basic requirement

The GS shall be able to measure the RACH burst arrival to the accuracy better than 3,6 ps 1-sigma. After receiving the
Timing Offset from the AGCH, the MES shall adjust its voice transmission timing to the accuracy better than 4,6 us
1-sigma (with 1 ps quantization error) relative to system timing. The range and format of this Timing Offset message
has been addressed in clause 5.4.2.
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8.1.3 TtG channel synchronization

Two TtG channels are established for signalling message transmission &t the beginning of a TtT call. Oneis between
MES(0) and GSC(t1), the other is between MES(t) and GSC(t2). Thisis shown in figure 8.3.

satellite
TCH TCH

Y
A

Y Y

Y GSC(o1) Gsc(t1)| | Gsc2)

MES(0) GS(0) GS(t) MES(t)

Figure 8.3: Signalling connections at the beginning of TtT call

Timing synchronization in the signalling stageis smilar to that of normal TtG call. In case of atiming drift dueto
MES-satellite relative motion or MES master oscillator drift, both MESs shall compensate their receivers by tracking
signalsreceived in the downlink. In the uplink, transmission timing is corrected by TC messages received from the
network. For MES(0), the TC message comes from GSC(t1). For MES(t), the TC message comes from GSC(t2). To
perform smooth trangition from TtG channel to TtT channel, a TC message shall be passed from the network to each
MES before the L-to-L connection is activated.

8.1.3.1 Basic Requirement

The MES tracking loop shall be implemented to accommodate the worst case timing drift shown in clause 4.3.2.
Meanwhile, the TCH channel based observation shall be used astiming reference for transamission. In the signalling
stage, timing synchronization requires the same accuracy as that required for normal TtG call. The Timing Correction
message shall have the same range and format as those described in clause 5.5.2.

8.1.4 Transition from TtG-to-TtT channel

After the Sgnalling stage, both MESs switch from their corresponding TtG channelsto the allocated TtT channels.
From synchronization point of view, the transition stage has two major tasks: oneisto setup a TtT link between the two
MESs, the other isto setup a TTCH link for each MES. For MES(0), the TTCH in useis from GS(0). For MES(t), the
TTCH in useisfrom GS(t). Thisis shown in figure 8.4.
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Figure 8.4: Two major tasks in the transition stage
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8.1.4.1 Synchronization procedure

» A Timing Correction messageis provided from the network to the MES via GtT channel. For MES(0), the TC
factor is provided by the GSC(t1). For MES(t), the TC factor is provided by the GSC(t2).

» Each MES receiver uses the time base established from the GtT channel (signalling) observation astiming
reference, switchesto the allocated TtT channel and start their TtT message reception in the downlink.

» Each MES tranamitter uses the time base established from the GtT channe (signalling) observation astiming
reference, switchesto the allocated TtT channels using the received TC factor as precorrection, and starts TtT
message transmissionsin the uplink.

8.1.4.2 Basic requirement

After transition stage, MES transmission timing error relative to system timing shall meet requirements defined in
GMR-1 05.005 [5]. The Timing Correction message shall have the same range and format as those described in
clause 5.5.2.

8.1.5 TtT channel synchronization

During the TtT call, the two terminals follow the same synchronization procedure. Various tranamission pathsare
shown in figure 8.5.
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| | \ 4 Y | |
v v GSC(ol) GSC(tl) | | Gsc(2) v v
MES(0) GS(0) GS(t) MES(t)

Figure 8.5: Transmission path during the TtT call

8.1.5.1 Synchronization procedure

In general, the MES timing reference is established using TTCH-based timing observation. Thistiming reference shall
be used as TTCH reception and TCH signal transmission. A separate tracking |oop shdl be used to track the timing
offset between TTCH signa and downlink TCH signal. In addition, any timing drift of terminal transmitter is corrected
by Timing Correction messages recelved from the TTCH channel. The timing synchronization procedure during a TtT
cal isoutlined bel ow.

» Within each MES, atiming referenceis established through TTCH channel observation. The MES keeps
monitoring thetiming of TTCH burst arrival, the derived TTCH timing shall be used to update the terminal's
interna timebase. Thistiming reference shall be used by the MES for both TTCH signal receive and TCH signd
transmission.

* For MES(0), the TTCH timing received from GS(0) shall be taken asitstiming reference. For MES(t), the
TTCH timing received from GS(t) shall be taken asitstiming reference.

* To synchronize MES receiver with downlink TCH signal, a separate tracking loop shall be provided for

downlink TCH signal observation. The TCH burst arrival is monitored and the derived timing shdl be used to
update the receive burst timing offset relative to itsinternal timebase.
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 For transmission timing synchronization purpose, the terminal uplink signal is monitored by the network. In
figure 8.5, the MES(0) transmission signd is monitored by GSC(t1), the MES(t) transmission signdl is
monitored by GSC(t2).

e On the network, the actual time of TCH burst arrival ismonitored. If thetiming error is found to be over 10 ps,
this error shall be passed to the MES as a TC message through its corresponding TTCH channd. The TC shdl be
made relative to the MES current transmission timing, same as that for normal TtG/GtT call described in
clause 5.5.2. MES(0) receives the TC message from the TTCH transmitted from the GS(0), MES(t) receives the
TC factor from the TTCH transmitted from the GS(t).

» After receiving the TC factor, the MES shdl advance/retard its burst transmission by TC pusand start
transmission according to the new timing within 80 ms after reception of the TC message. This adjustment shall
be made in the same way as that described in clause 5.5.2.

8.1.5.2 Basic requirement

Each MES shall time its burgt transmission to the accuracy specified in GMR-1 05.005 [5]. The tracking loop of the
MES receiver shall beimplemented in such away that performances for both TTCH and TCH demodulation specified
in GMR-1 05.005 [5] can be achieved. A maximum timing drift rate specified in clause 4.3.2 shall be handled for both
TTCH and TCH tracking loops. The TC message shall have the same range and format as those described in

clause 5.5.2.

8.1.6 Effect of the half symbol offset (TtT call)

During theinitial part of a TtT call when each party istaking to a GS, the half symbol offset operation isidenticd to
the one described in clause 5.6.

When the reassignment is made to the L-to-L channd, the GS shall inform each MESinvolved in the call of the offset
to be used on both the forward and return links. The GS shall assign both MESs with the same offset, so that the uplink
channel offset used by each MES s the same as the downlink channel offset used by the peer MES.

The GS shall never offset the TTCH channdl.

8.2 Frequency synchronization

8.2.1 General description
From frequency synchronization point of view, a number of procedures areinvolved during a TtT call.

e Prior totheTtT cdl, both MESs shall lock their receivers to the BCCH carriersreceived from their
corresponding spot beams.

» To synchronize MES transmission frequency, both MESs perform a RACH procedure to synchronize with their
registered GSsin frequency. The MES(0) isthen synchronized with GS(0), the MES(t) is synchronized with

GS(1).

» During signalling stage using TtG channel, the MES receiver tracks signalsreceived from the GS(t). The derived
frequency is used asreference for transmission. In the uplink, any transmission frequency drift is corrected by
messages received from the network.

* During the TtT call using L-to-L link, independent tracking loops are provided for TtT signal and TTCH signal.
In the uplink, TTCH-based observation is used as frequency reference for transmission. Meanwhile, the network
monitors signal arrivals trangmitted from each MES, MES frequency drift isthen corrected by FC factors
received from the TTCH.

The frequency synchronization during a TtT call has several tasks: synchronization at initia access, synchronization of
TtG channel, synchronization during the trangtion from TtG-to-TtT channel and synchronization of TtT channel.
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The following symbalic definitions apply to therest of the sections. MES traffic channd TX/RX frequenciesare Fr
and Fg, theratio between Fry and Fg is e=Fgry /Fg =F; /Fg, sothat Fgy =g, Fy =R, where =
represents approximately equal to. In the downlink, Doppler frequency at beam centre is dF,, Doppler received by the
MESis dR; . In the uplink, beam centre Doppler is £ [dF,, Doppler produced by the MESis iR} .

8.2.2 Synchronization at initial access

The frequency compensation strategy at initial accessisthe same asthat for normal TtG call. Both terminalsinvolved in
the TtT call shall align their RX/TX nomina frequencies on the satellite, thisis shown in figure 8.6.

< FBl + dFm + dFo FBl Fsz + dFo FB + dFo »

MES1 Satellite MES2
Fris — E10HFy, + e100F o Frizy < ez + 2[R Fri, — €2 [iFy,

MES in beam center

Fg, + dRy, +dFy, Fa Feo +dR» Fg, + dR
BCCH Signal BCCH Signal
Frun+ EL0(dFy, —2dFy)  + 18R, Foy + 26(dR)) S0Fy ) Frioff262dF, —dFy)  *+e200F. Fop + e2({dF), - 2dF;)
7 (el - \ 7
RACH Signal . RACH Signal
MES1 N Satellite 9 MES2
Fr — 10dR,, + L08R, Fry Fro +dR. Fro + dFy 5|
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J:Rl+ dFUl +dFUl FRl AFTZ + 2 MRy » F. —-£2 BjFuz
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MES not in beam center
dFu: Downlink Doppler at UT dFO: Downlink Doppler at beam center E=Fm | Fe = F | Fr
FT: MES transmission frequency FR: MES receive frequency
FB: BCCH frequency FRH: RACH frequency

Figure 8.6: Doppler compensation scenario, TtT call

To synchronize termina transmission frequency, each terminal performsaRACH procedure to the currently registered
GS. After that, on the originating side, an FC factor is provided from GS(0) to MES(0). On theterminating side, aFC is
provided from GS(t).

8.2.2.1 Synchronization procedure
Theinitia synchronization process for both MESsis outlined bel ow.

» Beforethe TtT call, both MES(0) and MES(t) lock their receivers to the BCCH carrier received from their
registered GS. The BCCH carrier used by MES(0) isreceived from the GS(0), the BCCH carrier used by MES(t)
isreceived from GS(t).

» To synchronize MES transmitter in frequency, the MES(0) sends its RACH burst to the GS(0). The transmission
frequency is generated using downlink BCCH frequency as reference, with 2 [k [8Fj; as pre-compensation. The
value of 2[#F,, istwice the downlink beam centre Doppler due to satellite motion, it isreceived from the

BCCH channd and has been detailed in clause 4.4. ¢ istheratio between RACH frequency and BCCH
frequency, and is calculated by the MES.

e The GS(0) detects the MES(0)'s round-trip differential Doppler Zs[dFUl - dFm] relative to the originating beam

centre, and passes this value to the MES(0) viathe AGCH channel of the originating beam as FREQUENCY
OFFSET. This message shall have the same range and format as those described in clause 4.4.2.
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» The MES(0) uses downlink BCCH frequency Fg; asreference, switches its Tx/Rx frequenciesto the allocated
TtG channdl, offsetsits TCH transmission by the FREQUENCY OFFSET (approximately 2¢[dR; —dFy] ),

and garts signalling exchange with the GSC(t1) of the GS(t). At this point, the MES(0) is known as
synchronized with the GS(t) in frequency using information obtained from GS(0).

» Sometime later, the GSC(t2) of the GS(t) startsto page the MES(t). The MES(t) performsa similar RACH
procedure and receives a FREQUENCY OFFSET (approximately 2¢ [JdR;, — dFy,] ) from the GSC(t2) viathe
AGCH channel of the terminating spot beam.

* The MES(t) uses downlink BCCH frequency Fg, asreference, switchesits TX/RX frequenciesto the dlocated

TtG channdl, offsetsits TCH transmission by the FREQUENCY OFFSET, and starts sgnalling exchange with
the GSC(t2) of the GS(t).

» At thispoint, both MES(0) and MES(t) are known as synchronized with the GS(t) in frequency. On the satellite
reference point, signd frequencies transmitted to both MESs are al nominal, sgna frequenciesreceived from
both MESs are a'so nominal.

8.2.2.2 Basic requirement

After the RACH process, the MES shall adjust its transmission frequency to the accuracy better than 17,6 Hz 1-sigma
(with 12,6 Hz RACH detection error and 5 Hz quantization error) relative to nominal frequency. This accuracy shall be
met under the channel conditions specified in GMR-1 05.005 [5].

8.2.3 TtG channel synchronization

Aswas shown in figure 8.3, therearetwo TtG channéls at signalling message transmission stage. Oneis between
MES(0) and GSC(t1), the other is between MES(t) and GSC(t2).

Frequency synchronization schemein the signalling stage issimilar to that of normal TtG cdll. In case of any frequency
drift dueto a change of MES-satdlliterdative velocity or MES master oscillator drift, both MESs shal compensate their
receivers by tracking the TCH signals received from the network. In the uplink, transmission frequency is corrected by
FC messages received from the network. For MES(0), the FC message comes from GSC(t1). For MES(t), the FC
message comes from GSC(t2). To perform smooth transition from TtG channel to TtT channel, a FC message shall be
passed from the network to each MES before the L-to-L connection is activated.

8.2.3.1 Basic requirement

The MES tracking loop shall be implemented to accommodate the worst case frequency drift shown in clause 4.3.2.
Meanwhile, the TCH channel based observation shall be used as frequency reference for transmission. In the signalling
stage, frequency synchronization requires the same accuracy as that required for normal TtG call. The Frequency
Correction message shall have the same range and format as those described in clause 6.4.2.

8.2.4 Transition from TtG-to-TtT channel

After the sgnalling stage, both MESs switch from their corresponding TtG channelsto the allocated TtT channels.
Again, from frequency synchronization point of view, the transition stage has two major tasks: oneisto set upa TtT
link between thetwo MESs, the other isto set upaTTCH link for each MES. For MES(0), the TTCH in useisfrom
GS(0). For MES(t), the TTCH in useisfrom GS(t). This hasbeen shown in figure 8.4.
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8.24.1 Synchronization procedure

* A Freguency Correction message shall be provided from the network to the MES via GtT channel. For MES(0),
the FC factor is provided by the GSC(t1). For MES(t), the FC factor is provided by the GSC(t2).

* Both MESrecevers shall use their downlink GtT channel asfrequency reference, switch to the allocated TtT
channel and gtart their TtT message reception in the downlink.

« Both MES transmitters shall usetheir current TtG channel downlink frequency asreference, switch to the
alocated TtT channels, use thereceived FC factors as precorrection, and start TtT message transmissions on the
new channes.

8.24.2 Basic requirement

After the L-to-L crosslink isactivated, each of thetwo MES recelversisrequired toreceive two signds, oneis TCH
signal, the other isTTCH signal. But the MES transmitter only transmits signd s to the other MES. MES transmission
frequency error shall be better than 15 Hz 1-sigmarelative to nominal frequency, under channel conditions specified in
GMR-1 05.005 [5]. The Frequency Correction message shall have the same range and format as those described in
clause 6.4.2.

8.2.5 TtT channel synchronization

During a TtT call, the two terminds follow the same synchronization procedure. Various transmission paths have been
shown in figure 8.5.

8.25.1 Synchronization procedure

In general, the MES frequency reference is established using TTCH-based frequency observation. This frequency
reference shal be used as TTCH reception and TCH signal transmission. A separate tracking loop shall be used to track
the frequency offset between TTCH signa and downlink TCH signal. In addition, any frequency drift of terminal
trangmitter shall be corrected by Frequency Correction (FC) messages received from the TTCH channd. The frequency
synchronization procedure during a TtT call isoutlined bel ow.

»  Within each MES, afrequency reference shall be established through TTCH channd observation. The MES
keeps monitoring the frequency of TTCH burst arrival, the derived TTCH frequency shall be used to update the
terminal’s internal frequency reference. Thisreference shall be used by the MES for both TTCH signal receive
and TCH signal transmission.

e For MES(0), the TTCH frequency received from GS(0) shall be taken asits frequency reference. For MES(t), the
TTCH frequency received from GS(t) shal be taken asits frequency reference.

e Tosynchronize MESreceiver with downlink TCH signal, a separate tracking loop shall be provided for
downlink TCH signal observation. The TCH burst arrival is monitored and the derived frequency shall be used
to update the TCH frequency offset relative to the TTCH-based frequency reference.

 For transmission frequency synchronization purpose, the terminal uplink signal is monitored by the network. In
figure 8.5, the MES(0) transmission signa is monitored by GSC(t1), the MES(t) transmission signal is
monitored by GSC(t2).

On the network, the actual frequency of TCH burst arrival is monitored. If the frequency error is found to be over a
predefined threshold 40 Hz, this error shall be passed to the MES as a FC factor through its corresponding TTCH
channd. MES(0) receives the FC factor from the TTCH transmitted from the GS(0), MES(t) receives the FC factor
from the TTCH tranamitted from the GS(t).

» After receiving the FC factor, the MES shall adjust its burst transmission by FC Hz and start transmission

according to the new frequency within 80 ms after reception of the Frequency Correction message. This
frequency adjustment shal be made in the same way as that described in clause 6.5.
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8.2.5.2 Basic requirement

During aTtT call, the TTCH-based frequency observation shall be used as reference for TTCH reception and TCH
trangmission. Transmission frequency accuracy relative to nominal frequency shall meet requirement defined in
GMR-1 05.005 [5]. The downlink TCH-based frequency observation shall be used as frequency reference for TCH
signal reception. The MES receiver frequency error shall be small enough so that demodulation performances specified
by GMR-1 05.005 [5] can be achieved. The Frequency Correction message shal have the same range and format as
those described in clause 6.4.2.

8.3 Frame synchronization

The frame number variation on the satellite L-to-L connection is given as follows: Lot is the frame number variation for
signal from MES(0) to MES(t), Lto is the frame number variation for sgna from MES(t) to MES(0). The value of Lot
and Ltois either 0 or 1. At the beginning of the call, the MES(t) shall be informed with the value of Lot, the MES(0)
shdl be informed with the value of Lto.

For ciphering purpose, the frame synchronization has two different stages for each MES. In thefirst stage, frame
synchronization is established between each MES and the GS(t), the channd in useis GtT channdl. In the second stage,
frame synchronization is established between the two MESs, the channd in useis TtT channdl.

Originating MES Side: MES(0)

The signalling message " Cipher Mode Command" stands for the beginning of ciphering processin the GtT channdl. If
the "Cipher Mode Command" isreceived in frame N, in the uplink, ciphering process shall be started beginning from
frame N+9. In the downlink, deciphering process shall be started beginning from frame N+3. If amessageis transmitted
in frame K, the ciphering agorithm shall use frame number K. If amessage isreceived from frame K, the deciphering
algorithm shall aso use frame number K.

The signalling message "Assignment Command 2" stands for the beginning of ciphering processin the TtT channel. If
the " Assignment Command 2" isreceived in frame M, in the uplink, ciphering process to the TtT channel shall be
started beginning from frame M+9. In the downlink, deciphering process from the TtT channd shall be started
beginning from frame M+3. If amessageis tranamitted in frame K, the ciphering agorithm shall use frame number K.
If amessageisreceived in frame K, the deciphering algorithm shall use frame number K-Lto.

Terminating Side MES(t)

The signalling message " Cipher Mode Command" stands for the beginning of ciphering processin the GtT channd. If
the "Cipher Mode Command" isreceived in frame N, in the uplink, ciphering process shall be started beginning from
frame N+9. In the downlink, deciphering process shall be started beginning from frame N+3. If amessageistransmitted
in frame K, the ciphering agorithm shall use frame number K. If amessage isreceived from frame K, the deciphering
algorithm shall aso use frame number K.

The signalling message "Assignment Command 2" stands for the beginning of ciphering processin the TtT channel. If
the " Assignment Command 2" isreceived in frame M, in the uplink, ciphering process to the TtT channel shall be
started beginning from frame M+9. In the downlink, deciphering process from the TtT channd shall be started
beginning from frame M+3. If amessageis tranamitted in frame K, the ciphering agorithm shall use frame number K.
If amessage isreceived in frame K, the deciphering algorithm shall use frame number K-Lot.
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9 Aeronautical terminal synchronization scheme

9.1 MES special features

9.1.1 Speed

Commercial aircraft fly at speeds less than about 1 000 km/hr. Thisisover six times the speed of vehicular-mounted
terminals. The timerequired for an aircraft to completely turn about istypically 1 to 2 minutes. These characteristics
imply timing, Doppler, and their rate-of-change as described in the following clauses.

9.1.2 Worst-case delay and doppler features

The following assumes that nomina frequency in the mobile uplink is 1,6605 GHz. In the mobile downlink, nominal
frequency is 1,5590 GHz. The maximum user velocity is 1 000 km/hr, moving directly to the satellite. Thetime
required for an aircraft to completely turn is 1 minute.

Time Delay Features

Iltem Value
Maximum timing drift rate (user contribution) 1,11 ps/sec
Maximum timing drift rate (satellite contribution) 0,17 ps/sec
Maximum timing drift rate (total) 1,28 us/sec

Doppler Features, User Contribution

Item Value
Maximum Doppler (uplink) 1,538 kHz
Maximum Doppler (downlink) 1,444 kHz
Maximum Doppler rate of change (uplink) 51 Hz/sec
Maximum Doppler rate of change (downlink) 48 Hz/sec

9.1.3 Frequency offset

Dueto the large Doppler and rate-of-change of Doppler, the method used in ground-based terminal s to measure and
correct Doppler shall not suffice here. Therefore, extra effort shall be made in the aircraft to combat these effects. The
principal method is to incorporate a higher stability frequency reference into the aircraft terminal that can be used to
derive the absolute frequency offset the air terminal is experiencing and compensate for it in thereturn direction. The
net effect shall be an aircraft terminal that emulates a lowly moving vehicular terminal. The degree of precision
required shall be better than 10°7. The long-term frequency drift of the oscillator shall be adjusted based on the standard
frequency control loops in the existing infrastructure.
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9.2 Frequency synchronization

9.2.1 Frequency synchronization general description

Due to the MES high speed and its variation, Doppler frequency can be very large and itsrate of change can be much
higher than that of a ground-based terminal. In the downlink, thisresultsin the Doppler rate of change being out of the
range which a ground-based terminal tracking loop can handle. In the uplink, the large Doppler variation resultsin
frequent message correction from the network to the MES. For thisreason, upgrade from a ground-based termina shall
be done in the following two aspects. First, an aeronautical terminal shall be equipped with a high stability frequency
source from which nominal frequency can be derived with high accuracy. The MES shall use this source asits
frequency reference for both transmission and receive. In addition, the MES shall be able to derive absolute Doppler
frequency caused by MES-satd lite rdlative motion. Thisis done by comparing the derived downlink carrier frequency
with itsnominal value. This Doppler frequency is then applied to MES transmitter so that MES transmission signal seen
from the satelliteis close to nominal.

The overall frequency error caused by MES oscillator and Doppler observation all together shall be better than 0,1 ppm.
9.2.2 ldle mode frequency synchronization

9.22.1 Initial frequency acquisition

At initid acquisition, the MES shall tuneitsreceiver to the BCCH nominal frequencies based onitsinternal frequency
reference. To acquire frequency synchronization to the selected control carrier, the MES frequency search range shall
cover therange of frequency offset caused by aircraft motion (£1,5 kHz) aswell as frequency offset caused by satellite
motion (£264 Hz). After frequency acquisition, the MES receiver frequency accuracy relative to therecelved signa
shall meet demodulation performances specified by GMR-1 05.005 [5].

9.2.2.2 Paging mode

In paging mode, the MES tunesiitsreceiver to the frequency of downlink control carrier based on itsinternal frequency
reference and control channel frequency offset. Similar to a ground-based terminal, to maintain synchronization, the
contral channd frequency offset is adjusted based on the sandard tracking procedure. The MES receiver frequency
tracking is based on either a PCH channel or aBCCH channdl.

9.2.2.3 Alerting mode

In derting mode, the MES again tunesitsreceiver to the frequency of downlink control carrier based on itsinternal
frequency reference and control channel frequency offset. To maintain synchronization, the control channel frequency
offset is adjusted based on the standard tracking procedure of the FCCH channdl.

In both paging and alerting mode, the MES receiver frequency tracking loop needs to handle the worst-case Doppler
frequency rate of change specified in clause 9.1.2. Thetracking loop shall be implemented in such away that
demodulation performances specified in GMR-1 05.005 [5] can be achieved.
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9.2.3 Synchronization at initial access

9.2.3.1 Frequency compensation strategy

The RACH process for an aeronautical MES differs from that of a ground-based terminal in such a way that prior tothe
RACH process, the MES aready knows the Doppler frequency caused by MES-satellite relative motion. To send a
RACH signal, the MES simply offsets its transmission by this Doppler vaue, then anomind frequency can be expected
on the satdllite.

On the network sde, an aeronautical terminal istreated in the same way as that for a ground-based terminal. The GS
measures the frequency difference between the actual burst arrival and the expected arrival, a Frequency Correction
message isthen passed to the MES via AGCH channel. Asthe MES is equipped with an accurate frequency reference,
and the uplink Doppler has already been compensated, the transmission of an aeronautical termina always behaves like
that from a stationary terminal, which islocated close to spot beam centre.

The above description can be symbolically expressed as follows. If nominal RACH transmission frequency is F,, ,
nominal BCCH carrier frequency is F , , dueto the Doppler effect, receive frequency measured by the MES s F
(therefore Doppler frequency observed by the MESis F, — F, ). Then the MES shall adjust its RACH transmission
to frequency F, , and

Fra = Frao g(FB - FBO)

After aFrequency Correction AF isreceived from the AGCH, the MES shall adjust its transmission so that
transmission frequency becomes to be:

Fei = Frio _E(FB - FBO)_AF )
Since the MES internal reference and Doppler observation are both accurate enough, the value of this correction AF is
always close to zero.
9.2.3.2 Parameter description

The aeronautical terminal shal achieve the same transmission and receive performances specified for ground-based
terminal. After the RACH process, the MES transmission frequency error seen from the satellite shall be smaller than
17,6 Hz 1-sigmardative to nominal frequency.

The Frequency Correction message in the AGCH channe shall have the same format and step size as those described
for ground-based terminal.
9.24 Dedicated mode synchronization

In call, both MES tranamitter and receiver shall useitsinternal frequency source asreference. The uplink signal shall be
corrected by downlink signal-based Doppler frequency observation. In addition, residual transmission frequency error is
compensated further by correction messages received from the GS.
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9.24.1 Frequency compensation strategy

In the downlink, the frequency tracking loop of the MES receiver shall be able to accommodate the large rate of
frequency change caused by the variation of MES-satellite rd ative speed. The maximum rate of frequency change has
been given in clause 9.1.2. Through this tracking procedure, the MES receiver shall be able to maintain its frequency
accuracy relative to the received signal to meet the demodulation performances specified in GMR-1 05.005 [5].

In the uplink, the MES usesiits internal frequency source as reference to decide the nominal transmission frequency.
Thisfrequency isthen corrected by downlink signal based frequency offset observation. Assuming nominal MES

transmission frequency is F, , nominal receive frequency is F, dueto the Doppler effect, downlink receive
frequency measured by the MESis F, (therefore Doppler frequency observed by the MESis F, - F ). Thenthe
MES shdl adjust its transmission to frequency F. , and

Fr = Fqp _S(FR - FRO)_

During the call, downlink signal frequency is constantly monitored by the MES. If the frequency of the received signd
changesfrom F, to F, + AF , this change shall be immediately applied to its transmission, so that transmission
frequency becomesto be:

FT = FTO - E(FR +AF - FRO)
Due to this adjustment, the MES shall achieve the same tranamission performances specified for a ground-based
terminal. Asaresult, from the network, the aeronautical terminal looks like anorma ground-based terminal in terms of
itstransmission frequency.

If the MES receiver frequency tracking loop cannot completely follow the frequency change of the downlink signa
without any error, afrequency error shal be introduced to the uplink transmission signal. This remaining transmission
frequency error shall be detected on the GS. A Frequency Correction message is then passed to the MES in the same
way as that used for ground-based terminal. The MES shall use this message to updateits voice or DKAB transmission
frequency.

When the GS instructs an MES to switch from one channel to ancther (i.e., from SDCCH to TCH), a Frequency
Correction message shall be provided to the MES. The MES then shall switch to the new channedl and apply the
received value to both of its transmitter and receiver.

9.24.2 Parameter description
In terms of frequency accuracy, an aeronautica terminal shall achieve the same tranamission and receive performances

specified for a ground-based terminal. The Frequency Correction message in the FACCH (TCH3) or SACCH
(TCH6/TCH9) channel shall have the same format and step size as those described for a ground-based termind.
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9.3 Timing synchronization

9.3.1 Timing synchronization general description

Timing synchronization of an aeronautical terminal differs from that of a ground-based terminal in two different ways.
Firgt, dueto the large timing drift rate caused by the aircraft motion, it is crucial to use Doppler frequency to estimate
the timing drift rate. Thistiming drift rate shall be used to adjust both receive and transmission timing. In addition, due
to the large timing drift rate, relative motion between uplink and downlink bursts at the reference point of an
aeronautical MES is much faster than that of a ground-based terminal. This makesit very difficult to separate the
RX/TX burst timing and to maintain enough guard time for dl users throughout the call, especially for TCH6 and
TCHO calls. Asaresult, an aeronautical termina shall be equipped with a diplexer, which allows simultaneous transmit
and receive.

The MES shall calculate the current timing drift rate R based on thefallowing if AF isthe one-way Doppler
frequency measured in the unit of Hz, F isthe downlink signal nominal frequency measured in the unit of GHz. Then
R shall be calculated as:

R:%(ns/sec)

For an aeronautical terminal moving with a speed up to 1 000 km/hr, therange of R can be up to £0,926 ps/sec. The
Dappler frequency shall be always calculated from the downlink signal based observation, i.e., the difference between
downlink signal frequency measurement and nomind receive frequency. In idle mode (paging or aerting mode), the
downlink signal refersto BCCH signal. During a call, the downlink signal refers to the voice signal.

Therest of the synchronization schemeissimilar to that of a ground-based terminal. In idle mode, BCCH timing is used
as MEStiming reference, i.e., thistiming is used to update MES internal time base. During a call, derived timing from
the downlink signal (voice or DKAB) is used asreference for its transmission. In addition, to maintain synchronization,
the MES transmission timing shall be corrected by the correction message received from the GS. RACH timing is ill
set up by messages provided over the BCCH. TCH or SDCCH timing is corrected by corrective messages given over
the AGCH. In acall, timing the correctionsis provided by FACCH (TCH3) or SACCH (TCH6/TCH9).

9.3.2 |ldle mode timing synchronization

9.3.21 Initial timing acquisition
Same as ground-based terminal.

9.3.2.2 Paging mode
Same as ground-based terminal.

9.3.2.3 Alerting mode
Same as ground-based terminal.

In both paging and a erting mode, the downlink signal-based Doppler frequency observation shall be used to calculate
MES timing drift rate. Thistiming drift rate is then used by the MESto adjust itsinternal time basein order to
compensate MES-satellite relative motion. The timing drift rate shal be proportionally applied to the adjustment, once
every T seconds. Then AT , the value of the adjustment each timeis AT =T [R ns.

ETSI



GMR-1 05.010 45 ETSI TS 101 376-5-7 V1.1.1 (2001-03)

9.3.3 Synchronization at initial access

At initiad access, an aeronautical terminad uses the same RACH procedure as that described for ground-based termind.
9.3.4 Dedicated mode synchronization

9.34.1 Doppler-based timing adjustment

Inacall, both MES-receive and MES-transmission timing are adjusted by the Doppler based timing drift rate R. Each
timethe MES shall apply afraction of R to the adjustment, the adjustment shall be made once every T seconds.

To aign MESreceiver with downlink signal in time, the MES internal timing reference shall beincremented by AT ns
once every T seconds. Natice AT can be either position or negative; therefore, the adjustment can be made in both
directions. Each time a change of frequency measurement of the received signal resultsin an update of the timing drift
rate R. The new value of R (and therefore new value of AT ) shall be applied to the MES timing reference in the next
update period immediately following this change.

Since the MES transmission timing uses the received timing as reference, the transmission timing drift rate is doubled
compared with therecelve direction. To correct MES transmission timing, the adjustment shall be applied to the
parameter AT , the offset between uplink frame N+7 and downlink frame N, which has been defined before. If the

MES RX timing reference is adjusted by AT nsonce every T seconds, then AT . shal beadjusted by 2 x AT nsin
the opposite direction, with T seconds as adjustment interval. This can be expressed as:

AT.. = AT, - 2xAT

9.3.4.2 Standard timing synchronization procedure

Through the Doppler-based timing adjustment procedure, the MES itself shall be able to compensate most of the timing
drift without any correction received from the network. However, if the application of timing drift rateis ill not
enough to compensate all timing error (due to Doppler measurement error), the GS shall be able to correct the
remaining timing error by providing a Timing Correction message through FACCH (TCH3) or SACCH (TCH6/TCH9)
channd. This procedureis the same as that described for a ground-based terminal.

9.34.3 Parameter description

In terms of timing accuracy, an aeronautical terminal shall achieve the same tranamission and receive performances
specified for a ground-based terminal. The Timing Correction message in the FACCH (TCH3) or SACCH
(TCH6/TCH9) channel shall have the same format and step size as those described for a ground-based termind.
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Annex A (informative):
Worst-case delay and doppler features

In calculating the worst case delay and Doppler features, the following assumptions are taken into account:

The maximum satellite inclination angleis 6,7 degrees. Both time delay and satellite motion are approximately
sinusoidal with a period of 24 hours. The worst-case user has an €evation of 20 degree when the satelliteis on equator.

The maximum user velocity is 160 km/hr, moving directly to the satellite. For accelerating user, its velocity isincreased
from 0 to 160 knvhr in 10 seconds.

In the mobile uplink, nominal frequency is 1,6605 GHz. In the mobile downlink, nominal frequency is 1,5590 GHz.

Table A.1: Time delay features

Iltem Value
Minimum Delay 129,66 ms
Maximum Delay 134,33 ms
Maximum Rate of Delay Change (satel lite contribution) 0,1696 us/sec
Maximum rate of delay change (user contribution) 0,1482 us/sec
Maximum rate of delay change (overall value) 0,3178 us/sec

Table A.2: Doppler features, satellite contribution

Iltem Value
Maximum Doppler (uplink) 282 Hz
Maximum Doppler (downlink) 264 Hz
Maximum Doppler rate of change (uplink) 0,0204 Hz/sec
Maximum Doppler rate of change (downlink) 0,0192 Hz/sec

Table A.3: Doppler features, user contribution

Item Value
Maximum Doppler (uplink) 246 Hz
Maximum Doppler (downlink) 231 Hz
Maximum Doppler rate of change (uplink) 24,6 Hz/sec
Max. Doppler rate of change (Downlink) 23,1 Hz/sec

Table A.4: Doppler features, overall values

Item Value
Maximum Doppler (uplink) 528 Hz
Maximum Doppler (downlink) 495 Hz
Maximum Doppler rate of change (uplink) 24,6 Hz/sec
Maximum Doppler rate of change (downlink) 23,1 Hz/sec
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Annex B (informative):
Range of timing correction factor

The maximum round-trip differential delay relative to beam centre 2[TU —TO] is calculated for 0,7 degree nominal
beam angle and 50% beam angle extension. Calculation results are given in figure B.1 under various elevation angles
seen from the furthest corner of the spot beam. From this graph, the value of 2[TU —TO] variesfrom0t0 9,73 ms.

Figure B.1:
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Annex C (informative):

Differential doppler frequency
The maximum beam differential Doppler frequency relative to beam centre for a stationary MES located on the beam

edgeis calculated for various spot beam elevation angles, result isgiven in figure C.1. From this graph, the differentid
Doppler islessthan £11 Hz worst case.
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Figure C.1: Maximum differential doppler, stationary MES on beam edge
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Annex D (informative):
SACCH message synchronization, TtG/GtT call

Basdline design: The MES uses a fixed SACCH message tranamission frame offset relative to the frame number of the
received SACCH message. One SACCH frame offset shall be applicable to al usersin the system.

D.1 SACCH message synchronization scenario

With a single frame offset, the available MES processing time between message receive and transmission depends on
MES position and burst position. Two extremes are considered: The smallest processing time and the largest processing
time.

The smallest processing time: MES with the lowest e evation, forward link burst in position 23, 0, 1, return link burst
position in 0, 1, 2. For minimum processing time = 120 ms, first TX frame = N+11. Seefigure D.1.

Last Rx TCCH burst
| 126,7 ms
MES Receive frame-N | | € >

(€ frameN+7 ——>T€ frameN+8 —PT€ frame N+9 —>T€ frameN+10 > frame N+1T >

| |
i

First Tx SACCH burst
(for 120ms proc. time)

6TS

A
Y

MES Transmit

Figure D.1: The Worst-case available at processing time,
MES with the lowest elevation, for SACCH message

Thelargest processing time: MES on subsatellite point, forward link burst in position 0, 1, 2, return link burst position
in 23, 0, 1. For minimum processing time =120 ms, TX frame number = N+11, there isamaximum 240 ms processing
interval. Thisisthe penalty of the SACCH transmission algorithm. See figure D.2.

last Rx burf ’ 240 ms R
MES Receive frame-N
28TS < frameN+7 — 2T€ frameN+8 — >[€ frameN+9 [ frameN+10 >[€ frameN+1i 1|
MES Transmit® > [| | [l | [l | [| |

/

First Tx SACCH burst
(for 120ms proc. time)

Figure D.2: The longest available MES processing time,
MES on subsatellite point, for SACCH message
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D.2 SACCH message-round trip delay

The round-trip SACCH message delay is defined to be the interval from the beginning of the first SACCH message
burst transmitted from the network to the arrival of the last response burst received from the MES. Seefigure D.3.

Ty : feeder link delay,: Ty servicelink delay, dT : interval between the last received frame (frame N) and thefirst
trangmitted frame (frame N+11) &t the position of MES.

< Round Trip Delay (RTD) >
GS-Tx I”““““““

«——I0 3| SACCH message
Satellite I NAS N

U5
MES.Rx Ny11 N+426
MES-Tx dr ||||||||||||||I
«—TU |
Satellite] [T
«—1n 5

GS-Rx (1IN

Figure D.3:Timing relationship for SACCH message round-trip transmission

Interval dT :
dT =10T¢ - 2T,
RTD calculation, assuming satellite ddlay is zero:
RTD =32T + 2Ty + 2Ty +dT -KpTs — (T Ky Ts—Tey )
=41Tg + 2Ty +(Ky ~Kp +X]Ts

For TCH6, X = 6. For TCH9, X = 9. L&t
W =2Ty +(Ky ~KpTs

then
RTD = 41T +W + X Og
and
Wipin €W W ok
Whnin = 2TN min —23Ts
Winax = 2T\ max +23Ts
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The RTD is calculated as a function of W, results are given in figure D.4.

Round trip SACCH message delay as a function of W
2000

| | |
1980 ‘Mm. UTQTCLQE,SS,\I'IQ,U me & 120ms.
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Round trip SACCH message delay (ms)
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| |
| |
I I
220 240 260 280 300 320
Range of W

1840
200

Figure D.4: Round-trip SACCH message transmission delay (ms)

From this graph, the earliest response message takes about 1 850 msto arrive at the GS, the latest response message
takes about 1 970 msto arrive at the GS. Thisis shown in figure D.5.

Oms 640ms 1280ms 1920ms 2 560ms

GS Transmission Tx SACCH message ] ]

70ms

. [>] 710ms
Earliest [ RXxSACCH message < >
Response Message 1 850ms
590ms

Latest X message |« »
Response M je 1 970ms

Figure D.5: SACCH message transmission/reception at the GS
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