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(57) ABSTRACT 

In a satellie mobile telecommunications system based on the 
GSM standard, and using a TDMA frame structure, discon 
tinuous transmission (DTX) mode is used to take advantage 
of the substantial silences Which occur during normal 
speech. In this mode, traf?c channel (TCH) data is not sent, 
but control of the link between a ground station and a user 
terminal is maintained by sending control channel data 
bursts (SACCH) together With silence descriptor (SID) 
frames. To avoid high peak to mean values of transmission 
poWer at the satellite, the emission time of the bursts is 
controlled so as to be uniform over the available sending 
opportunities. Conventional techniques for doing this cannot 
be used in a system Which includes diversity operation. 
Therefore, the burst transmission time at the ground station 
is set in dependence on a reference provided by the user 
terminal Which is a modi?ed version of the reference gen 
erated for contention resolution of random access requests. 
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DATA MULTIPLEXING FOR DIVERSITY 
OPERATION 

[0001] The present application is a continuation applica 
tion of application Ser. No. 09/959,815, ?led Feb. 28, 2002, 
Which application is based on International Application No. 
PCT/GB00/01880, ?led May 17, 2000, claiming priority to 
European Patent Application No. 993039874, ?led May 24, 
1999, the entire contents of Which are hereby incorporated 
by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to data multiplexing in a 
mobile telecommunications system, such as a satellite tele 
communications system, Which includes diversity operation, 
With particular but not exclusive application to multiplexing 
of link control data in a system Which includes discontinu 
ous transmission over diverse communication paths, 

BACKGROUND 

[0003] Terrestrial mobile telecommunications systems are 
Well knoWn and a number of different systems have devel 
oped Which operate according to different standards, both 
analog and digital. In Europe and the Far East, excluding 
Japan, and elseWhere, the digital Global System Mobile 
(GSM) netWork has become popular, Whereas in the USA, 
netWorks Which operate according to the IS-41 recommen 
dations such as the Advanced Mobile Phone System 
(AMPS) and the Digital Advanced Mobile Phone System 
(DAMPS) are used. In Japan, the Personal Handiphone 
System (PHS) and the Personal Digital Communication 
(PDC) netWork are in use. More recently, proposals have 
been made for a Universal Mobile Telecommunications 
System (UMTS). These netWorks are all cellular and land 
based but have differences in architecture and use different 
signalling protocols and transmission frequency bands. 

[0004] Mobile telecommunication systems have been pro 
posed that use satellite communication links betWeen mobile 
user terminals and conventional terrestrial netWorks such as 
public sWitched telephone netWorks (PSTNs) and public 
land mobile netWorks (PLMNs). One netWork knoWn as the 
IRIDIUMTM satellite cellular system is described in EP-A 
0365885 and US. Pat. No. 5,394,561 (Motorola), Which 
makes use of a constellation of so-called loW earth orbit 
(LEO) satellites, that have an orbital radius of 780 km. 
Mobile user terminals such as telephone handsets establish 
a link to an overhead orbiting satellite, from Which a call can 
be directed to another satellite in the constellation and then 
typically to a ground station Which is connected to conven 
tional land-based netWorks. 

[0005] Alternative schemes Which make use of so-called 
medium earth orbit (MEO) satellite constellations have been 
proposed, With an orbital radius in the range of 10-20,000 
km. Reference is directed to the ICOTM satellite cellular 
system described for example in GB-A-2 295 296. With this 
system, the satellite communications link does not permit 
communication betWeen adjacent satellites. Instead, a signal 
from a mobile user terminal such as a mobile handset is 
directed ?rstly to the satellite and then directed to a ground 
station or satellite access node (SAN), connected to con 
ventional land-based telephone netWorks. This has the 
advantage that many components of the system are compat 
ible With knoWn digital terrestrial cellular technology such 
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as GSM. Also simpler satellite communication techniques 
can be used than With a LEO netWork. Reference is directed 
to “NeW Satellites for Personal Communications”, Scienti?c 
American, April 1998, pp. 60-67, for an overvieW of LEO/ 
MEO satellite netWorks. 

[0006] Conventional GSM-based systems use a scheme 
based on a combination of time and frequency division 
multiple access to provide communication channels. The 
available bandWidth is divided into a number of carrier 
frequencies, each of Which is further divided using a TDMA 
scheme. Speech and data are carried by a number of traf?c 
channels (TCH). 
[0007] To alloW signalling messages to be conveyed along 
With the user data, each traffic channel is associated With a 
loW rate channel, knoWn as the SloW Associated Control 
Channel (SACCH). This is used mainly for link maintenance 
and control procedures, such as transmission poWer control, 
timing advance control and the transmission of information 
relating to measurement reporting procedures to be per 
formed by the user terminal. 

[0008] The TDMA frame structure for TCH/SACCH 
channels according to the GSM Speci?cations is shoWn in 
FIG. 1. The basic unit of transmission is a series of about 100 
modulated bits Which is referred to as a burst. Bursts are sent 
in time and frequency WindoWs Which are referred to as 
slots. The duration of a slot is referred to as a burst period 
or BP and in the GSM system lasts 15/26 ms (approximately 
0.577 ms). Eight burst periods are grouped into a TDMA 
frame, Which lasts 120/26 ms (approximately 4.615 ms). 
Each traf?c channel is based on one burst period per frame, 
so that eight TCH channels can be accommodated per frame. 
In a 26 frame multiframe, Which lasts 120 ms, frames 0 to 
11 and 13 to 24 each carry 8 channels of TCH data, While 
frame 12 carries SACCH data, each SACCH burst period 
providing the necessary signalling for one TCH channel. 
Frame 25 is unused. A complete SACCH message or block 
is distributed over four multiframes i.e. 480 ms so that 2 
SACCH blocks are sent approximately every second. 

[0009] Each time slot is associated With a unique number 
referred to as the Absolute Time Slot Number (ATN). For a 
26 frame multiframe With 8 slots per frame, this runs from, 
for example, 0 to 207. The GSM speci?cations de?ne the 
time slot number (TN) of a particular channel as the ATN 
mod 8, i.e. the remainder When the absolute time slot 
number is divided by the number of slots per frame. This is 
a number in the range 0 to 7 speci?c to a TCH channel. For 
example, ATN 22 (starting With slot number 0) lies in frame 
3 and represents a TCH channel With TN=6. 

[0010] The ef?ciency of a GSM system is increased by 
operating in discontinuous transmission mode (DTX), Which 
re?ects the fact that a user only speaks for a proportion of the 
time during normal conversation. During DTX operation, 
the traf?c channel TCH is not sent. HoWever, signalling is 
still required to maintain and control the link, so that the 
SACCH is still transmitted, together With frames knoWn as 
Silence Descriptor (SID) frames. The purpose of SID frames 
is to transfer the characteristics of the background noise at 
the transmitter to the receiver. This feature aims to overcome 
the disturbance to the listener Which has otherWise been 
shoWn to result from the sudden disappearance of back 
ground noise When the speaker stops speaking. 
[0011] During DTX mode, to avoid an uneven load on the 
base station transmitter, With all SACCHs being transmitted 
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at frame 12, the emission time for the SACCH bursts can be 
spread evenly over the empty frames. This can be achieved 
by multiplexing the SACCH burst according to the time slot 
number TN allocated to a particular channel. For example, 
for the frame structure described above, the SACCH burst 
can be transmitted on (ATN div 8=0) for TN=0, (ATN div 
8=l) for TN=l, and so on, Where a div b is the quotient When 
a is divided by b. Therefore, the SACCH burst associated 
With TCH channel 0 is emitted in frame 0, and that associ 
ated With channel 2 in frame 2, as shoWn in FIG. 2. 
Therefore, a single SACCH burst and a single SID burst are 
sent in each of frames 0 to 7 and nothing is emitted in any 
of the other frames. This scheme does not constrain the 
complete SACCH emission to take place during this frame 
number. For example, the SACCH to may be multiplexed 
over, for example, eight frames beginning at a speci?ed 
frame number. 

[0012] In a satellite system, the satellite constellation can 
be con?gured so that for any location of user terminal on the 
earth, more than one satellite is at an elevation of more than 
10 degrees above the horizon and hence tWo satellites are 
usually available for communication concurrently With the 
user terminal. The availability of more than one satellite 
permits so-called diversity operation in Which a traf?c 
channel can be transmitted betWeen the ground and the user 
terminal concurrently via tWo satellites, in tWo paths, to 
mitigate effects of blockage and fading. Diversity operation 
is described in GB-A-2 293 725 and EP-A-0 837 568. 

[0013] In systems Which support diversity operation, the 
separate physical paths for transmission make up a single 
logical path, so that the emissions on the diversity paths 
must correspond to identical encoded data. For dual path 
diversity, the user terminal is designed to receive tWo bursts 
per frame, for example a burst from a ?rst satellite in time 
slot TN=0 and a burst from a second satellite at time slot 
TN=4. Since the time slot number TN Will be different for 
the tWo diversity paths, multiplexing of the SACCH emis 
sions cannot be based on the time slot number TN, since the 
SACCH data Would not then arrive at the user terminal 
Within the same frame. For example, using the TN based 
multiplexing scheme explained above, the SACCH burst 
from the second satellite Would arrive at the user terminal 4 
frames after the burst from the ?rst satellite, so introducing 
signi?cant delays in processing the SACCH signals. 

[0014] In addition, a TN based multiplexing scheme can 
impair the ability of the system to use the time alignment of 
the SACCH frames as a unique reference for functions such 
as measurement reporting and burst alignment in DTX 
operation. It can also facilitate attacks on the encryption 
scheme in systems Where data in different frames is 
encrypted using different encryption keys. 

SUMMARY OF THE INVENTION 

[0015] The present invention aims to overcome the above 
problems. 
[0016] According to the present invention, there is pro 
vided a method of data multiplexing in a mobile telecom 
munications system in Which a ground station is in commu 
nication With each of a plurality of user terminals via a 
respective logical channel, each logical channel capable of 
carrying link control data to a respective user terminal over 
diverse communication paths using a multiple access 
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scheme Which includes time division, in Which a frame 
comprises a sequence of data bursts, each burst being 
associated With a logical channel, the method comprising: 
for each channel, setting the data burst transmission time 
from the ground station such that data bursts carrying link 
control data relating to the same channel and travelling over 
diverse paths to the same user terminal, arrive at the user 
terminal Within a predetermined number of frames, and 
distributing the ground station transmission time of data 
bursts carrying link control data for different channels over 
a plurality of frames. 

[0017] In accordance With this method, a user terminal is 
able to predict the arrival times of link control data for each 
of the diversity paths. The data burst transmission time can 
be set so that bursts carrying link control data relating to the 
same channel and travelling over diverse paths to the same 
user terminal, arrive at the user terminal Within the same 
frame, so that there is no delay in processing the tWo 
identical parts of the link control data. In discontinuous 
transmission mode, arrival of the link control data from 
diverse paths in the same frame minimises the number of 
frames in Which data needs to be sent. 

[0018] Advantageously, the ground station burst transmis 
sion time can be set in accordance With transmission control 
information provided by the user terminal. To avoid the need 
for additional signalling channels, this information can be 
part of the random reference used by the ground station for 
contention resolution of random access requests from a 
plurality of user terminals. Alternatively, the transmission 
control information can be generated at the ground station. 

[0019] Multiplexing the data bursts in accordance With the 
method of the invention provides a staggering of the data 
burst transmission times at the ground station, so limiting the 
peak transmission poWer required at the ground station. This 
in turn avoids high peak to mean values of transmission 
poWer, i.e. poWer ripple, at the satellite Which, in a satellite 
system, signi?cantly limits the number of traf?c channels 
capable of being supported. 

[0020] According to the invention, there is further pro 
vided a link control signal for maintaining link control 
betWeen a user terminal and a ground station in a mobile 
telecommunications system in Which a ground station is in 
communication With each of a plurality of user terminals via 
a respective logical channel, each logical channel capable of 
carrying link control data to a respective user terminal over 
diverse communication paths using a multiple access 
scheme Which includes time division, in Which a frame 
comprises a sequence of data bursts, each burst being 
associated With a logical channel, the signal being con?g 
ured such that data bursts carrying link control data relating 
to the same channel arrive at the user terminal Within a 
predetermined number of frames, and such that data bursts 
carrying link control data for different channels are distrib 
uted over a plurality of frames. 

[0021] According to the present invention, there is also 
provided a user terminal for use in a mobile telecommuni 
cations system in Which a ground station is in communica 
tion With each of a plurality of user terminals via a respective 
logical channel, each logical channel capable of carrying 
link control data to a respective user terminal over diverse 
communication paths using a multiple access scheme Which 
includes time division, in Which a frame comprises a 
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sequence of data bursts, each burst being associated With a 
logical channel, the user terminal comprising means for 
providing transmission control information to the ground 
station to control the setting of data burst transmission times 
at the ground station, in dependence on Which data burst 
transmission times are set at the ground station such that data 
bursts carrying link control data relating to the same channel 
and travelling over diverse paths to the same user terminal, 
arrive at the user terminal Within a predetermined number of 
frames, and such that the ground station transmission time of 
data bursts carrying link control data for different channels 
is distributed over a plurality of frames. 

[0022] In addition, the present invention also provides a 
ground station in a mobile telecommunications system in 
Which the ground station is in communication With each of 
a plurality of user terminals via a respective logical channel, 
each logical channel capable of carrying link control data to 
a respective user terminal over diverse communication paths 
using a multiple access scheme Which includes time divi 
sion, in Which a frame comprises a sequence of data bursts, 
each burst being associated With a logical channel, the 
ground station comprising means for setting data burst 
transmission times in dependence on transmission control 
information, such that data bursts carrying link control data 
relating to the same channel and travelling over diverse 
paths to the same user terminal, arrive at the user terminal 
Within a predetermined number of frames, and such that the 
ground station transmission time of data bursts carrying link 
control data for different channels is distributed over a 
plurality of frames. 

[0023] The transmission control information can be pro 
vided by the user terminal or generated at the ground station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Embodiments of the invention Will noW be 
described by Way of example With reference to the accom 
panying draWings, in Which: 

[0025] FIG. 1 illustrates a prior art TDMA frame structure 
for TCH/SACCH channels according to the GSM speci? 
cation. 

[0026] FIG. 2 illustrates a prior art SACCH burst for 
channel 2 in frame 2. 

[0027] FIG. 3 is a schematic diagram of a satellite tele 
communications system together With a local, land-based 
mobile telecommunications system, in accordance With the 
invention; 

[0028] FIG. 4 is a schematic diagram of the spot beam 
pattern produced by one of the satellites on the earth; 

[0029] FIG. 5 illustrates schematically different beam 
types and their associated cellular areas and Z-arcs, from the 
pattern shoWn in FIG. 4; 

[0030] FIG. 6 is a schematic frequency/time diagram 
illustrating time slots for the frequency diverse TDMA 
transmission scheme; 

[0031] FIG. 7 is a schematic diagram shoWing the TCH/ 
SACCH burst formatting; 

[0032] FIG. 8 is a schematic block diagram of the circuits 
of satellite 3a; 
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[0033] FIG. 9 is a schematic diagram of the cell pattern 
produced by the spot beams of satellites 3a, 3b; 

[0034] FIG. 10 is a schematic diagram of a mobile user 
terminal; 
[0035] FIG. 11 is a schematic block diagram of the circuits 
of the user terminal shoWn in FIG. 10; 

[0036] FIG. 12 is a schematic block diagram of SBS 1 
shoWn in FIG. 3; 

[0037] FIG. 13 is a schematic diagram of TDMA signals 
transmitted betWeen the satellites and the user terminal; 

[0038] FIG. 14 is a schematic diagram shoWing the rela 
tionship of a transmission path betWeen a user terminal and 
satellite, referenced to a Z-arc; 

[0039] FIG. 15 is a How diagram illustrating the operation 
of the SACCH multiplexing 20 scheme; and 

[0040] FIG. 16 is a schematic diagram shoWing the struc 
ture of the DTX signal in accordance With the invention. 

DETAILED DESCRIPTION 

OvervieW of NetWork 

[0041] Referring to FIG. 3, a schematic block diagram of 
a satellite mobile telecommunications netWork is shoWn 
corresponding to the ICOTM netWork. A mobile user terminal 
UT 1 in the form of a mobile telephone handset can 
communicate on a radio channel over a communication path 
1a, 211 via an earth orbiting satellite 3a With a land-based 
satellite access node SAN 1. As shoWn schematically in FIG. 
3, SAN 1 is provided With a dish antenna arrangement that 
includes antenna 411 Which can track the orbiting satellite 3a. 

[0042] Anumber of the satellite access nodes SAN 1, 2, 3, 
etc are connected together to form a backbone netWork 5, 
Which is connected through a number of gateWays GW 1, 2, 
3, etc to conventional land-based telephone netWorks. For 
example, the gateWay GW 1, is connected to a land-based 
public sWitched telephone netWork (PSTN) 6, Which permits 
connection to be made to a conventional telephone set 7. The 
gateWay GW 1 is additionally connected to a public 
sWitched data netWork (PSDN) 8 and a public land mobile 
netWork (PPAN) 9. Each of the gateWays GW 1, 2, 3 may 
comprise existing International SWitching Centres (ISCs) or 
mobile to sWitching centres (MSCs) of the type used in GSM 
mobile netWorks. 

[0043] As shoWn in FIG. 3, the handset UT 1 is a dual 
mode device Which can also communicate With the conven 
tional land-based mobile netWork PLMN 9, that is shoWn 
schematically to include a transceiver station 10 Which 
establishes a duplex link 11 With the user terminal UT 1. In 
this example, the PLMN 9 is a GSM netWork. Thus the user 
can for example roam to the satellite netWork When out of 
range of the PLMN 9. 

[0044] For a fuller understanding of GSM, reference is 
directed to the various GSM Recommendations issued by 
the European Telecommunications Institute (ETSI). Also 
reference is directed to “The GSM System for Mobile 
Communications” supra, for a more readable overvieW. 

[0045] The satellite netWork is designed to provide World 
Wide coverage and the satellite 311 forms part of a constel 
lation of satellites, Which may be arranged in several orbits. 
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The satellites may be arranged in a MEO constellation, for 
example With an orbital radius of 10,390 km, although the 
invention is not restricted to a particular orbital radius. In 
one example, tWo orbits of ?ve satellites are used, Which can 
be shoWn to provide coverage of a major part of the surface 
of the earth, in Which for a 100 satellite elevation angle, one 
satellite can be accessed by the mobile handset all of the 
time and tWo satellites can be accessed for at least 80% of 
the time, thereby providing more than one concurrent com 
munication path to the user terminal from a particular SAN. 
Additional satellites may be included in the constellation in 
order to provide redundancy. 

[0046] In this embodiment, tWo satellites 3a, 3b of the 
constellation are shoWn in a common orbit and the satellites 
are tracked by the antenna arrangement 4 of each SAN. The 
antenna arrangement 4 for each SAN may for example 
include ?ve dish antennas to track satellites individually, 
although only tWo of the dish antennas 4a, 4b for SAN 1 are 
shoWn in FIG. 3 and only one dish is shoWn for the other 
SANs, in order to simplify the draWing. The dish antennas 
permit diverse communication to paths to be established 
betWeen the SANs and an individual user terminal via 
different satellites. In this example, the ?rst communication 
path 1a, 2a is set up betWeen dish antenna 411 of SAN 1 and 
user terminal UT 1 via satellite 3a, and a second commu 
nication path 1b, 2b is set up betWeen dish antenna 4b of 
SAN 1 and user terminal UT 1 via satellite 3b, thus provid 
ing ?rst and second diverse paths for concurrent communi 
cation of signal traffic betWeen the satellite and the user 
terminal. 

[0047] The SANs are spaced around the earth in order to 
provide continuous coverage. In the example shoWn, SAN 1 
may be located in Europe Whereas SAN 2 may be located in 
Africa, SAN 3 in America and other SANs may be located 
elseWhere. 

[0048] SAN 1 consists of a satellite base station SBS 1 
Which is coupled to the dish antenna arrangement 4 for 
tracking the satellites, the SBS 1 including transmitter and 
receiver circuits With ampli?ers, multiplexers, de-multiplex 
ers and codecs, Which Will be described in more detail later. 
A mobile satellite sWitching centre MSSC 1 is coupled to 
SBS 1 and includes a satellite visitor location register 
VLRSAT 1. MSSC 1 couples communication signals to the 
backbone netWork 5 and to the SBS 1, so as to alloW 
individual telephone calls to be established through the 
backbone netWork 5 and the duplex communication link 1a, 
211 via the satellite 3a, to the mobile terminal UT 1. Also, 
MSSC 1 is connected to the gateWay GWI so as to provide 
a connection to PLMN 9, PSDN 8 and PSTN 6. It Will be 
understood that all the SANS are of similar construction 
With a respective VLRSAT to maintain a record of the 
subscribers registered. 

[0049] In FIG. 3, the SAN 2 is shoWn communicating With 
user terminal UT 2 via satellite 3b. For further details of the 
netWork, reference is directed to GB-A-2 295 296 and 
EP-A-0869628. 

[0050] The satellites 3a, 3b are in non geo-stationary 
orbits and comprise generally conventional hardWare such 
as the Hughes HS 601. They may include features disclosed 
in GB-A-2 288 913. 

[0051] Each satellite 3a, 3b is arranged to generate an 
array of radio beams each With a footprint on the earth 
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beneath the satellite, each beam including a number of 
different frequency channels and time slots as described in 
GB-A-2 293 725. The beams thus provide adjacent cellular 
areas Which correspond to the cells of a conventional 
land-based mobile telephone netWork. Referring to FIG. 4, 
in the ICOTM satellite mobile telephone system, each satel 
lite 3a, 3b produces a ?xed pattern of 163 spot beams, With 
the shapes of the spot beams varying as a result of the 
curvature of the earth to produce 19 different beam types 
(BO-B18), as shoWn in FIG. 5. 

[0052] The satellites are controlled by means of a satellite 
control centre (SCC) 12 and a telemetry tracking and control 
station (TT&C) 13, Which are connected to a netWork 
management centre (NMC) 14 through a digital netWork 15 
that is coupled to the backbone netWork 5. The SCC 12 and 
the TT&C 13 control operations of the satellites 3a, 3b, eg 
for setting the general transmission poWer levels and tran 
sponder input tuning, as directed by the NMC 14. Telemetry 
signals for the satellites 3a, 3b are received by the TT&C 13 
and processed by the SCC 12 to ensure that the satellites are 
functioning correctly. 
Channel Con?guration 

[0053] During a telephone call, each of the user terminals 
communicates With a respective SAN via the satellites. A 
full duplex communication path is provided betWeen the UT 
and the SAN. As referred to herein, communication from the 
SAN to the UT via the satellite is referred to as a “doWn 
link”, and communication directed from the UT via the 
satellite to the SAN is referred to as an “uplink”. As Will be 
explained in more detail hereinafter, the signals may travel 
over diverse paths betWeen UT 1 and SAN 1 via satellite 3a 
or 3b or both of them concurrently. 

[0054] The general con?guration of the transmitted sig 
nals is similar in some respects to those used for conven 
tional GSM transmissions in a PLMN and makes use of a 
frequency diverse time division multiple access (TDMA) 
scheme. For speech transmission, data is sent on a traf?c 
channel TCH. Each TCH is provided With an associated 
sloW-rate control channel or SACCH. The con?guration of 
these channels in the TDMA scheme Will noW be described 
in more detail. The basic unit of transmission betWeen the 
SAN and UT is a series of about 120 modulated symbols, 
Which is referred to as a burst. Bursts each have a ?nite 
duration and occupy a ?nite part of the radio spectrum. Thus, 
they are sent in time and frequency WindoWs Which are 
referred to as slots. The slots are positioned e.g. every 25 
kHZ and recur in time every 40/6 ms (6.667 ms). The 
duration of each slot is referred to as a burst period or BP. 
A graphical representation of a slot in the time and frequency 
domain is shoWn in FIG. 6. 

[0055] Referring to FIG. 7, each TCH consists of one slot 
every frame (6 BP) and comprises a cycle of 25 slots over 
a 25 frame multiframe. The SACCH is multiplexed over 12 
consecutive slots, With, for example, 16 bits of SACCH data 
per slot. TWo SACCH blocks are transmitted for every 25 
slot cycle, ie two blocks per second. One slot in the 25 slot 
cycle therefore contains no SACCH data, but only TCH data 
With an extended number of sync bits. 

[0056] It Will be appreciated that With this con?guration, 
6 TCHs can be interleaved due to the fact that each TCH 
consists of a slot every 6 BP. The resulting interleaved 
structure thus provides a 40 ms frame of 6 TCHs every 6 BP. 
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[0057] In addition to the channels TCH/SACCH for the 
individual UTs, a number of common control channels are 
de?ned generally based on a 25 time slot TDMA structure. 
A doWnlink broadcast control channel BCCH is broadcast 
from each satellite to all UTs Within a particular cell. The 
BCCH provides information Which identi?es the cell to the 
UT, Which is received by the UT in idle mode i.e. When no 
call is being made. As each cell has its oWn BCCH, the 
relative signal strengths of the BCCHs at the UT can be used 
to determine Which cell is to be used for TCH/SACCH 
communication With the UT. Other system information may 
be transmitted to the UTs of a particular cell in the BCCH 
in a similar manner to GSM. The BCCH message consists 
of, for example, one burst every 25 BP. 

[0058] A common doWnlink paging logical channel PCH 
is provided for each cell. This is used to transmit paging 
messages to a UT, for example a call announcement message 
to alert the UT to an incoming call. Also an access grant 
logical channel AGCH indicates to the UT a channel allo 
cated by the netWork, to be used by the UT for speech or data 
communication (TCH/SACCH). The PCH may consist of 1 
to 10 slots every 25 BP and the AGCH may consist of eg 
2, 4, 6, 8, 10 or 12 slots every 25 BP. 

[0059] In addition to these doWnlink common channels, 
there is an uplink common channel Which alloWs UTs Within 
a cell to transmit channel access requests to the netWork, 
When it is desired to make a call from the UT or in response 
to a call announcement message on the PCH channel. These 
requests thus occur essentially randomly in time and the 
channel is accordingly called the random access channel 
RACH. The RACH consists of eg 2 slots every 3, 4 or 5 BP. 

[0060] The SAN 1 to satellite 3a, 3b uplinks are located in 
a frequency band in the region of 5 GHZ and the corre 
sponding doWnlinks are in the region of 7 GHZ. The satellite 
3a, 3b to UT 1 doWnlinks are in the region of 2.1 GHZ and 
the corresponding uplinks are in the region of 1.9 GHZ, 
although the invention is not restricted to these frequencies. 
In this example, the individual TCH/SACCHs and BCCHs 
are assigned constant individual 25 KHZ Wide frequency 
bands to provide a TDIMA slot sequence as explained With 
reference to FIGS. 6 and 7. 

[0061] Satellite 

[0062] A schematic diagram of the major signal process 
ing components of each satellite is given in FIG. 8. Signals 
transmitted from one of the SANS are received by antenna 
16 and directed to a detector/multiplexer/de-multiplexer 
circuit 17. It Will be understood that the signal transmitted 
from the SAN to the satellite contains a large number of 
TCH/SACCHs that are to be directed to individual UTs by 
the satellite. To this end, the satellite includes an array 18 of 
a plurality (for example 163) of antennas that produce 
individual spot beams that correspond to a cellular con?gu 
ration as previously described. A beam forming processor 
circuitry con?guration 19clown receives the various TCH/ 
SACCHs that are de-multiplexed by circuit 17 and 
assembles them into multiplexed signals directed on 163 
outputs to the spot beam antennas 18. 

[0063] For signals on the uplink from the individual UTs 
to the SAN, the various transmissions are received by the 
spot beam antennas 18 and directed to processing circuitry 
19up Which combines the various channels and passes them 
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to the multiplexer con?guration in circuit 17 for transmis 
sion through the antenna 16 to the SAN. It Will be under 
stood that the foregoing description of the satellite circuitry 
is schematic and for further details, reference is directed to 
GB-A-2 288 913 supra. 

[0064] An example of cells C0-C6 produced by the foot 
prints of seven of the spot beams from antenna 18 of satellite 
3a is shoWn in FIG. 9. Also, one of the spot beams from 
satellite 3b is shoWn, Which produces cell C7. The other 
beam footprints are omitted for purposes of clarity. The 
diverse communication paths betWeen SAN 1 and UT 1 are 
shoWn. As previously explained, one path 1a, 211 extends 
betWeen antenna 411 and UT 1 via satellite 3a. The other path 
1b, 2b extends betWeen antenna 4b and UT 1 via satellite 3b. 
These diverse paths make use of cells C0 and C7 of the 
satellites 3a and 3b. 

[0065] User Terminal (UT 1) 

[0066] The mobile user terminal UT 1 is shoWn in more 
detail in FIGS. 10 and 11. It comprises a hand held device 
Which is generally similar to a mobile telephone used for 
conventional terrestrial GSM networks. It is poWered by a 
rechargeable battery and is con?gured to operate either With 
the local terrestrial cellular netWork or to roam to the 
satellite netWork. Thus, in the example shoWn in FIG. 3, the 
mobile handset UT 1 can operate either according to a 
land-based GSM protocol or according to the satellite net 
Work protocol. As shoWn in FIG. 10, the handset comprises 
a microphone 20, a speaker 21, a battery 22, a keypad 23, 
antennas 24, 24' and a display 25. The handheld unit UT 1 
also includes a subscriber identi?cation module (SIM) 
smartcard 26. The circuit con?guration of the handset UT 1 
is shoWn in block diagrammatic form in FIG. 11. The SIM 
card 26 is received in an SIM card reader 27 coupled to a 
controller 28, typically a microprocessor. The microphone 
and speaker 20, 21 are coupled to ?rst and second codecs 29, 
29' coupled to conventional radio interfaces 30, 30' con 
nected to the antennas 24, 24' so as to transmit and receive 
communication signals, in a manner Well knoWn per se. The 
handset is capable of dual mode operation, With the codec 
29, radio interface 30 and antenna 24 being used With the 
satellite netWork, and corresponding circuits 29', 30' and 24' 
being used With the GSM PLMN 9. Amongst other things, 
the controller 28 can monitor the quality of received signals 
from the satellite netWork, as Will be explained in more 
detail later. 

[0067] Satellite Base Station (SBS 1) 

[0068] The con?guration of the satellite base station SBSl 
at SAN1 Will noW be described in more detail With reference 
to FIG. 12. SBS 1 comprises a netWork interface 31 pro 
viding an interface to MSSC 1, a modulator/poWer ampli?er 
system 32, ?rst and second feed units 33a, 33b for the dish 
antennas 4a, 4b, a demultiplexer 34, a signal processing unit 
35 and a controller 36. As previously explained, SAN 1 may 
include ?ve dish antennas and the connections for only tWo 
of them are shoWn in FIG. 12 in order to simplify the 
explanation. 

[0069] The interface 31 receives communication signals 
from MSSC 1, routed from one of the various netWorks 
either through gateWay GW 1 (FIG. 3) or via the backbone 
netWork 5. The interface 31 reformats the signals for trans 
mission to the UTs. Several calls are simultaneously sup 
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plied to the modulator/poWer ampli?er system 32 and an 
interleaved TCH/SACCH is produced under the control of 
controller 36. A number of TCH/SACCHs are produced 
concurrently on different frequency bands and are fed to 
either one or both of the antennas 4a, 4b for onWard 
doWnlink transmission via the satellites to individual user 
terminals. The feed units 33a, 33b feed the signals to the 
antennas 4a, 4b. 

[0070] The antennas also receive uplink signals from the 
satellites and each feed unit 33a, 33b includes poWer com 
biners for combining the signals from the modulator/poWer 
ampli?cation system 32 and a circulator for isolating the 
demultiplexer 34 from the combined signals and directing 
the combined signals to the respective antennas 4a, 4b. 

[0071] Uplink signals received from the satellites are 
directed by the feed units 33a, 33b to the demultiplexer 34, 
Which demultiplexes received uplink TCH/SACCHs and 
feeds the resulting signals via the signal processing unit 35 
to the interface 31 for onWard transmission to MSSC 1. The 
signal processing unit 35 extracts data from the received 
signals, Which are fed to the controller 36 Which in turn 
provides control data for UT 1, Which is modulated by 
modulator 32 onto signals transmitted to the UT, as Will be 
described in more detail later. 

[0072] Service Provision 

[0073] The described netWork can provide service to sub 
scribers in a number of different 20 Ways. For example, 
communication may be provided from UT 1 to UT 2 using 
the satellite backbone netWork 5. Alternatively, telephone 
communication can be established betWeen the telephone set 
7 and UT 1 either via SAN 1 and the satellite netWork, or, 
through PLMN 9, antenna 10 and link 11. For further 
description of service options, reference is directed to EP-A 
0869628. 

[0074] In the folloWing, a telephone call established 
betWeen telephone set 7 and UT 1 through SAN 1 and 
satellites 3a, 3b Will be considered in more detail. 

[0075] Radio Link Con?guration 

[0076] Referring to FIG. 13, the TDMA frames Which 
make up the TCH/SACCH, need to achieve synchronisation 
in order to achieve a satisfactory radio link betWeen the SAN 
and UT 1. In the netWork described herein, link control is 
carried out referenced to each satellite, to ensure that integ 
rity of the TDMA frame structure is maintained at the 
satellite, notWithstanding transmission delays to and from 
the satellite and Doppler shifts in frequency due to orbital 
motion of the satellite. It can be shoWn that choosing the 
satellite as the reference position reduces the overall com 
plexity of the link control arrangements. 

[0077] The issues associated With timing delays and Dop 
pler shift Will be considered in turn. Considering timing 
delays, for a terrestrial, cellular, mobile telephone netWork, 
the signal typically takes a feW microseconds to travel from 
a base transmitter site antenna to a mobile station. Conse 
quently, the transmitted TDMA time slot pattern is generally 
retained at the mobile station. A typical round trip delay for 
a 35 km cell is of the order of % slot. HoWever, in a satellite 
mobile telephone system With the satellites 3a, 3b in a 
medium earth orbit, the time taken for signals to travel 
betWeen a satellite 3a, 3b and a UT 1 can be longer than a 
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time slot. In the case of a satellite orbiting at 10390 km, the 
one Way propagation time to the satellite’s nadir (Where the 
satellite is seen at an elevation of 900 on the Earth) is 
approximately 34.5 ms, Which is comparable With the pre 
viously described 40 ms frame duration. This situation is 
further complicated by there being a signi?cant difference 
betWeen the path length to the cell at the nadir and the path 
lengths to the cells at the edge of the satellite’s footprint. For 
a satellite orbiting at 10390 km, the one Way propagation 
time to a UT Which sees the satellite at 00 elevation is 
approximately 51.6 ms. This leads to signi?cant differences 
in the times at Which bursts arrive at UTs and in the times 
When UTs are required to transmit in order for their signals 
to ?t in With the TDMA frame structure at the satellite. 

[0078] As previously mentioned, the up and doWnlink 
tra?ic channel signals are to be nominally synchronised in 
timing and carrier frequency at the satellite. In relation to 
timing synchronisation, this means that path delay variations 
on links to individual UTs need to be compensated as Will 
noW be explained. 

[0079] Referring to FIG. 13, the transmission of succes 
sive doWnlink TDMA bursts 40, 41 from satellites 3a,b over 
paths lab, to UT 1 is shoWn together With uplink bursts 
42,43 from the UT to the satellites. The bursts in this 
example have a duration of 40/ 6 ms (6.667 ms) as previously 
discussed, and form part of the TCH/SACCH. At UT 1, each 
40 ms frame N is de?ned as tWo 20 ms diversity WindoWs 
W1, W2 for communication With the tWo satellites 3a,b. 
Considering the doWnlink burst 40 transmitted from satellite 
3a, it is transmitted at a time determined by the synchroni 
sation pattern that is maintained at satellite 3a, over path 111 
to UT 1 and received Within the 20ms reception WindoW W1. 
Atransmission delay Tp occurs over the path 111 betWeen the 
satellite 3a and UT 1. The user terminal UT 1 is con?gured 
to transmit an uplink burst 42 after a nominal, predetermined 
time delay D folloWing reception of the doWnlink burst 40. 
The uplink burst 42 also is subject to the transmission delay 
Tp as it travels to the satellite 3a. The time delay D needs to 
be selected so that the uplink burst 42 is received at the 
satellite 311 at a time Which ?ts into the periodic pattern of 
the TDMA structure at the satellite 3a, in order to maintain 
synchronisation at the satellite. In this example, the time 
delay D is nominally 30 ms but is subject to an offset at 
which may be a positive or a negative quantity, to account 
for variations in location of the UT, as Will be explained 
hereinafter. 

[0080] Communication betWeen the satellite 3b and the 
user terminal UT 1 occurs in a similar Way. The doWnlink 
TDMA burst 41 is received in diversity WindoW W2 at UT 
1 from satellite 3b over path 1b and the uplink burst 43 is 
transmitted to the satellite 3b by the UT after a delay D+et, 
so as to maintain synchronisation at the satellite 3b. Suitable 
values for at, for each satellite path are selected individually, 
as explained hereinafter. 

[0081] Compensation to achieve the necessary synchroni 
sation is carried out by referencing the timing for bursts 
transmitted on the path betWeen the satellite and the UT to 
one of a number of different individual transmission delay 
values T0 for Which a Zero offset at, is required. These 
different, individual transmission delay values map onto the 
surface of the Earth as arc-shaped contours Z as shoWn in 
FIG. 5. The location of the UT is considered in relation to 
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one of these contours. When the UT is located on the 
contour, the timing delay corresponds to the individual value 
associated With the contour and the value of the timing offset 
et, needed is Zero in order to maintain synchronisation of the 
uplink and doWnlink bursts at the satellite. When the UT is 
positioned aWay from the contour, a timing offset at, is 
needed relative to the value at the contour, to compensate for 
the shorter or longer transmission path length betWeen the 
satellite and the UT. Since the arc-shaped contours Z of 
constant time delay require, by de?nition, Zero timing offset, 
the Zero-offset arcs are referred to as Z-arcs. 

[0082] In this example, each Z-arc delay value de?nes a 
path delay class Which lies Within +/—1.4 ms of that value, 
so that 17 delay classes cover the 163 spot beams. FIG. 5 
shoWs Z-arcs Zn superimposed onto the spot beam types. 
Beam types 0 to 5, for example, have a path With delay 
variation of only 2.2 ms, and are therefore covered by a 
single Z-arc. In beam spots With more than one delay class, 
dotted arcs shoW the boundaries betWeen delay classes. 

[0083] The relationship betWeen the timing offset at, the 
path delay Tp to the UT and the delay TO associated With an 
individual Z-arc can be seen from FIG. 14 Which shoWs the 
transmission delays over the paths associated With the 
satellite 3a. It can be seen that the timing offset, When 
referenced to the Z-arc, is given by: 

€t=2(Tp_TO) (1) 

[0084] The factor of tWo deals With the fact that compen 
sation is needed for both the uplink and the doWnlink path 
betWeen the UT and the satellite. 

[0085] The offset 60 Which, in this example has a maxi 
mum value of +/—2.8 ms, can be calculated by SBS 1 and 
periodically sent to UT 1. The SBS 1 knoWs the Z-arc value 
corresponding to the delay class to Which the UT 1 has been 
allocated. It can determine the delay betWeen itself and 
satellite 311 by sending and receiving loop-back transmis 
sions. Other delays Within the system can be measured or 
details obtained from the relevant equipment manufacturer, 
for example, in the case of satellite transponder delays, from 
the satellite manufacturer, and this information supplied to 
the SBS 1. Since the SBS 1 knoWs the various offsets (i.e. 
the delay D and others) applied by the UT betWeen the 
received and transmitted bursts, it can use a received burst 
from the UT to calculate the actual path delay betWeen the 
SBS and UT 1. 

[0086] The Way in Which a UT is allocated a traf?c 
channel Will noW be described. UT 1 ?rst acquires system 
time and frequency from a BCCH. To initiate radio access, 
UT 1 sends a channel request message by transmitting a 
formatted burst in a prescribed time slot on the RACH 
carrier frequency. As part of the contention resolution pro 
cedures required as a result of the use of a random access 
channel, the UT must be able to correlate a channel assign 
ment from the netWork With its oWn request. For this 
purpose, part of the information content of the channel 
request message, for example ?ve bits, is chosen randomly 
by the UT, Which signi?cantly reduces the probability that 
tWo Uts Will send identical channel access request messages 
during the same slot. 

[0087] SBS 1 searches for and acquires the UT RACH 
burst timing. As explained above, by knowing the received 
RACH time and various ?xed offsets, the SBS can Work out 
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the actual path delay betWeen the satellite 3a and the UT and 
therefore decide Which Z-arc the UT should use, if the beam 
has more than one. The assignment of a traf?c channel 
TCH/SACCH and initial pre-corrections are sent to the UT 
on the AGCH, together With the random reference initially 
sent by the UT and the absolute time slot number (ATN) at 
Which the channel request message Was sent. The random 
reference and ATN enable each UT receiving the AGCH to 
check that the channel assignment corresponds to its request. 

[0088] During the traf?c exchange on the TCH/SACCH, 
SBS 1 pre-corrects the doWnlink frame timing of the bursts 
transmitted from the SAN 1 to the satellite so that the bursts, 
on arriving at the satellite, achieve the desired synchronisa 
tion pattern, that results in Zero frame timing offset on Earth 
along the Z-arc. The UT locks to the corresponding received 
burst timing from the satellite 3a and pre-corrects and 
transmits its uplink burst 30 ms +/— up to 2.8 ms later (D+et) 
so as to maintain nominally Zero timing error at the satellite 
3a. The SBS 1 periodically, for example, once per minute, 
sends neW timing offsets to UT 1, based on continuing 
measurement of uplink burst timing at SBS 1. Thus referring 
to FIG. 12, the signal processor 35 measures timing errors in 
the received uplink bursts and based on this information, the 
controller 36 periodically encodes updated values of et in 
SACCHdown using modulator 32 for transmission to UT 1. 

[0089] A similar process occurs for the link established 
through satellite 3b, betWeen SAN 1 and UT 1, for diversity 
operation. The bursts of the TCH/SACCH sent through 
satellite 3b are subject to a corresponding pre-compensation 
process in Which SBS 1 computes timing offsets relative to 
a Z-arc appropriate for satellite 3b. The timing offsets are 
transmitted to UT 1 and used by it to pre-compensate uplink 
bursts of to the TCH/SACCH routed through satellite 3b. 
DoWnlink bursts from the SAN to the satellite 3b are 
pre-corrected relative to the Z-arc for satellite 3b and also to 
maintain synchronism of the diversity WindoWs W1, W2 at 
UT 1 for the satellites 3a, 3b. The periodic updating process 
Will be described in more detail hereinafter. 

[0090] As previously mentioned, a Doppler shift occurs in 
the frequency of the bursts transmitted betWeen each satel 
lite 311,!) and UT 1, Which unless corrected, can result in 
bursts shifting in the frequency domain from one allocated 
slot to another. Compensation in the frequency domain is 
carried out by de?ning Z-arcs of Zero Doppler frequency 
offset and performing compensation at UT 1 and at SBS 1 
in a similar manner as described herein for timing errors, but 
in respect of errors caused by Doppler shifts. 

[0091] Diversity Operation 
[0092] As previously explained, a call established betWeen 
SAN 1 and UT 1 can be routed via satellite 3a and satellite 
3b over diverse paths 1a, 2a and 1b, 2b. The call can be 
routed over both paths concurrently to achieve diversity. 
This has the advantage that if one of the communications 
paths is subject to blockage or fading the other path can still 
provide good communication, thereby assuring a good sig 
nal quality. 

[0093] The system described herein can operate in a 
number of different diversity modes including full diversity 
and partial diversity, Which Will be considered in more detail 
hereinafter. The link control process is con?gured to alloW 
frequency .and timing compensation to be performed Which 
ever diversity mode is selected. 






