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H GH, POAER SHORT MESSAGE SERVI CE USI NG TDMA FRAMES Fi el d of the Invention
The present invention generally relates to radi ocommuni cation systens and 5
nmore parti cuwaxszi4®el ates to a system and method for reli BOFAS%2843ni t ti ng
al phanunmeri c nmessages vi a radi ocommuni cati on signals under non-i deal

condi tions.. Background of the Invention Referring to Figure 1, a typical

cel lul ar nobil e radi oconmuni cati on systemis shown. The typical system

i ncl udes a nunber of base stations simlar to base 10 station 110 and a
nunber of nobile units or stations simlar to nobile 120. Voi ce and/ or data
comuni cation can be perforned using these devices or their equivalents.
The base station incl udeqys POWER SHORI'MESSAGEISERVICE UBING ch i s
connected to the MSC (nobile swtchin center) 140 which in turnis
connected to the public switched telep (not shown). 15

The base station ﬂléﬁfh o/ | and incl udes a plurality of voice
channel s handl ed %%—vm'céi@%‘rgl transcei ver 150 which is controlled by
the control and pr oces'mameaem invention genesaily relaten 1) sadiocammupisation fystemss andy

control channel transceiyv 160 h p han
one contr ol ﬁann@P’e ?ﬁ@“ﬁ&ﬂ’(r *awéhénne ﬁgr@@eﬁl\g@r 1%’6 IS C%W

the control and pﬂpmﬁﬁ;eﬁgnﬁﬁages&&hdiﬁmnﬁtﬁﬁcatiomsignﬂsumhammideahcmwmsver
160 broadcasts control information over the control channel of the base
station or cell to nDblles | ocked to that control channel. The voice
channel transcei VBj g tiptiaf fi C or voi ce channel s whi ch can

i nclude digital cont rochanne | oc tlon i, n rrratl en the b| | e 120
first enters an idle ritfferringfo W q’l@’}%\h els

of base stations i4idewhaSHe stt&ﬁendlm hhﬁnmeleeemesaﬁm mﬂmﬂwst
addressed to the nobile 120. he pagi ng burst inforns nobile 120 whjich cell
10  station 110 and a number of mobile units or stations similar to mobile 120. Voice

and/or data communication can be performed using these devices or their
equivalents. The base station includes a control and processing unit 130 which is
connected to the MSC (mobile switching center) 140 which in turn is connected to
the public switched telephone network (not shown).

15 The base station 110 serves a cell and includes a plurality of voice channels
handled by voice channel transceiver 150 which is controlled by the control and
processing unit 130. Also, each base station includes a control channel transceiver
160 which may be capable of handling more than one control channel. The control
channel transceiver 160 is controlled by the control and processing unit 130. The

20  control channel transceiver 160 broadcasts control information over the control
channel of the base station or cell to mobiles locked to that control channel. The
voice channel transceiver broadcasts the traffic or voice channels which can include
digital control channe] location information.

When the mobile 120 first enters an idle mode, it periodically scans the

25  control channels of base stations like base station 110 for the presence of a paging
burst addressed to the mobile 120. The paging burst informs mobile 120 which cell

. to lock on or camp to. The mobile 120 reccives the absolute and relative
information broadcast on a control channel at its voice and control channel
transceiver 170. Then, the processing unit 180 evaluates the received control



to lock on or canp to. The nobile 120 receives the absolute and rel ative
I nformati on broadcast on a control channel at its voice and control channel
transcei ver 170. Then, the processing unit 180 eval uates the received
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PCT/ US96/ 20162 2 channel information which includes the characteristics of
the candi date cells and determ nes which cell the nobile should I ock to.
The received control channel information not only includes absol ute

i nformati on concerning the cell with which it is associated, but also
contains relative information concerning other cells 5 proxi mate to the
cell wth which the control channel is assoki ated. These adjacent cells are
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be appreciated that the base station may be replaced by one of nore
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(FDVA), 15  Ti mdetBimins ifcthert/id ¢ motresuitable candj mmvm\ddxaml (dformation reliting to
VLBl e SRR} T Bonl i Sl i IS iobof aF Al d S il 7' ©
comon transni ssiApplicutidi Seridl Nos owas'aomqmmmulammlmummw filed ont he
O et o eutafP o8 B Dl B Bl il 6 LR B orpltata ™
herein by reference. It will be appreciated that the base station may be replaced by
one or more satellites in a satellite-based mobile radiocommunication system.
To increase radiocommunication system capacity, digital communication and
multiple access techniques such as Frequency Division Multiple Access (FDMA),
15 Time Division Multiple Access (TDMA), and Code Division Multiple Access
' (CDMA) may be used. The objective of each of these multiple access techniques
is to combine signals from different sources onto 3 common transmission medium
in such a way that, at their destinations, the different channels can be separated
without mutual interference. In a FDMA system, users share the radio spectrum
20  in the frequency domain. Each user is allocated a part of the frequency band which
is used throughout a conversation. In a TDMA system, users share the radio
spectrum in the time domain. Each radio channel or carrier frequency is divided
into a series of time slots, and individual users are allocated a time slot during
which the user has access to the entire frequency band allocated for the system
25  (wideband TDMA) or only a part of the band (narrowband TDMA). Each time slot
contains a "burst” of information from a data source, e.g., a digitally encoded
portion of a voice conversation. The time slots are grouped into successive TDMA
frames having a predetermined duration. The number of time slots in each TDMA
frame is related to the number of different users that can simultaneously share the
30  radio channel. If each slot in a TDMA frame is assigned to a different user, the



20 in the frequency domain. Each user is allocated a part of the
frequency band which is used throughout a conversation. In a TDVA system
users share the radio spectrumin the tine domain. Each radi o channel or
‘carrier freqwmen24820 divided into a series of tinme slots, X&AUSHAMNE2Jual
users are allocated a time slot during which the user has access to the
entire frequency band all ocated for the system 25 (wi deband TDMA) or only
a part of the band (narrowband TDMA). Each tine slot contains a "burst" of
i nformation froma data source, e.g., a digitally encoded portion of a

voi ce conversation. The tine slots are groupfd I nto successive TDVA franes
havi ng a predeterm ned duration. The nunber of tine slots in each TDVA

frame is related (R eoPkTBREA Rbmé i theffibii Sfiofn ol Gineativeeh Sebdsoie el ¥

share the 30 radi 0 chann each s a TDVA frame is _assigned to a
different user, tisiots assighed¥s theosge user. CDMA combines FDMA and TDMA." In a
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user code to upiquely access the frequency tinme domain. Exanples of CDVA
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standard as an 10 exanple, is shown in Fl 2. The T nnel.s .i ncl ude
traffic channels Tothewsar.siThe arsanizationof FHM Mﬁcﬁ%mﬂprﬁlaﬂde

full-rate andypal feh @b is shown in FIG. 2. The TDMA channels include traffic channels TCH

and signalling channels SC. The TCH channels include full-rate and half-rate

channels for transmitting voice and/or data signals. The signalling channels SC

transfer signalling information between the mobile unit and the satellite (or base

station). The signalling channels SC include three types of control channels:

15  broadcast control channels (BCCHs), common control channels (CCCHs) shared

' between multiple subscribers, and dedicated control channels (DCCHs) assigned to

a single subscriber. A BCCH typically includes a frequency correction channel

(FCH) and a synchronization channel (SCH), both of which are downlink channels.

The common control channels (CCCHs) include downlink paging (PCH) and access

20  grant (AGCH) channels, as well as the uplink random access channel (RACH). The

dedicated control channcls DCCH include a fast associated conmtrol channel

(FACCH), a slow associated control channel (SACCH), and a standalone dedicated

control chanmel (SDCCH). The slow associated control channel is assigned to a

traffic (voice or data) chanmel or to a standalone dedicated control channel

25 (SDCCH). The SACCH channel provides power and frame adjustment and control
information to the mobile unit.

The frequency correction channel FCH of the broadcast control channel
carries information which allows the mobile unit to accurately tune to the base
station. The synchronization channel SCH of the broadcast control channel provides

30  frame synchronization data to the mobile unit.



channels for transmtting voice and/or data signals. The signalling
channels SC transfer signalling information between the nobile unit and the
satellite (or base station). The signalling channels SC include three types
of control cheemags: 15 broadcast control channel s (BCChiormss@spign
control channels (CCCHs) shared between nultiple subscribers, and dedi cated
control channels (DCCHs) assigned to a single subscriber. A BCCH typically
i ncludes a frequency correction channel (FCH) and a synchroni zati on channel
(SCH), both of which are downlink channels. The comon control channels
(CCCHs) include downlink paging (PCH) and access 20 grant (AGCH)
channels, as well as the uplink random accebss channel (RACH). The dedi cated

control channel S ncl ast associ at ed trol c.hannel
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PCT/ US96/ 20162 4 tikei slignmeMShétwesnedifferent mobile dursesc recpived at the bdse\staties ai at ed
control channel SA@?H can be forned by dedicating every 26th TDVA frane to
carryi ng SACCH i A%81ati on. Each SACCH frame includes 8 time slots (1 SACCH
slot for each The random access channel RACH is used by the mobiles to request access

10 to the system. The RACH logical channel is a unidirectional uplink channel (from
the mobile to the base station or satellite), and is shared by separate mobile units

(one RACH per cell is sufficient in typical systems, even during periods of heavy

use). Mobile units continuously monitor the status of the RACH channel to
determine if the channel is busy or idle, If the RACH channel is idle, a mobile unit

15  desiring access sends its mobile identification number, along with the desired
telephone number, on the RACH to the base station or satellite. The MSC receives

this information from the base station or satellite and assigns an idle voice channel

to the mobile station, and transmits the channel identification to the mobile through

the base station or satellite so that the mobile station can tune itself to the new

20  channel. All time slots on the RACH uplink channel are used for mobile access
requests, either on a contention basis or on a reserved basis. Reserved-basis access

is described in U.S. Patent Application No. 08/140,467, entitled "Method of
Effecting Random Access in a Mobile Radio System”, which was filed on October

25, 1993, and which is incorporated in this application by reference. One important

25  feature of RACH operation is that reception of some downlink information is
required, whereby mobile stations receive real-time feedback for every burst they

send on the uplink. This is known as Layer 2 ARQ, or automatic repeat request,

on the RACH. The downlink information preferably comprises twenty-two bits that

may be thought of as another downlink sub-channel dedicated to carrying, in the

30  downlink, Layer 2 information specific to the uplink. This flow of information,



traffic slot in the frame), allow ng one unique SACCH channel for each
mobile 5 communi cation link. The base station or satellite sends commands
over the SACCH channel to advance or retard the transm ssion timng of the
mobi l e unit WO%MBWve tine alignment between different noROTEISHEI062S
received at the base station or satellite. The random access channel RACH
Is used by the nobiles to request access 10 to the system The RACH

| ogi cal channel is a unidirectional uplink channel (fromthe nobile to the
base station or satellite), and is shared by separate nobile units (one
RACH per cell is sufficient in typical systegs, even during periods of
heavy use). Mobile units continuously monitor the status of the RACH
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To increase mobnhty and portability, radiocommunication subscribers tend

15  to prefer mobile units having a relatively small, omnidirectional (and accordingly,
' less powerful) antenna over mobile units having a large or directional antenna.
Because of this preference, it is sometimes difficult to provide sufficient signal
strength for the exchange of communication signals between typical mobile units
having a small, omnidirectional antenna and a mobile switching center (MSC) or

20  satellite.  This problem is particularly serious in satellite-based mobile

radiocommunications.

A satellite-based mobile radiocommunication system provides
radiocommunication services to particular geographical arcas of the carth using one
or more partially overlapping satellite beams. Each satellite beam has a radius of

25  up to about 1000 KM. Due to the power limitations of a satellite, it is not practical
to provide a high link margin in every beam simultaneously.

Because mobile satellite links are severely power limited, communication is
typically limited to line-of-sight channels with Ricean fading. Ricean fading occurs
from a combination of a strong line-of-sight path and a ground-reflected wave, along

30  with weak building-reflected waves. These channels require a communications link
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5 which can be call ed shared channel feedback, enhances the throughput
capacity of the RACH so that a nobile station can quickly deternm ne whether

any burst ofyodesaecess attenpt has been successful ly rececy®sosnéfszshown in
FIG 2, this downlink information is transmtted on channel AGCH. 5

Transm ssion of signals in a TDVA system occurs in a buffer-and-burst, or
di sconti nuous-transm ssion, node: each nobile unit transmts or receives
only during its assigned tine slots in the TDVA franes on the nobile unit's
assigned frequency. At full rate, for exanple, a nobile station m ght
transmt during slot 1, receive during slot®0 2, idle during slot 3, transmt

during slot 4, receiive_durin %‘847 and.idl e dur| ng .sl.ot . 6 nd t hen
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provi des Rayleigh fading (the most severe type of fading) with severe attenuation. In such
10  channels, a link margin of as much as 30 dB or more is required to achieve reliable

voice or data communication, and the mobile unit in this case cannot monitor the

paging channel to detect incoming calls. In these non-ideal conditions, a short

message service (SMS) is desirable. Due to the power limitations of the satellite,

SMS is particularly effective when used in non-ideal conditions to alert a mobile

15  station user of an incoming call. The mobile station user may then change

locations to receive or return the call. The term "link margin® or “signal margin”
refers to the additional power required to offer adequate service over and above the
power required under ideal conditions- that is, a channel having no impairments
other than additive white Gaussian noise (AWGN). "Impairments” include fading
20  of signal amplitude, doppler shifts, phase variations, signal shadowing or blockage,
implementation losses, and anomalies in the antenna radiation pattern.

Whether transmitting voice or data, it is frequently desirable to increase the
signal margin to ensure reliable radiocommunication performance, particularly in
power-limited satellite applications. Known methods of increasing the link margin

25  of a signal include expanding the channel bandwidth to achieve frequency selectivity
or to use forward error correction coding (such as convolutional coding), increasing
signal power, and bit repetition (which may be viewed as a form of forward error
correction coding). Bach of these methods has significant limitations. Bandwidth
expansion is typically achieved by known methods such as signal spreading and low

30  bit rate error correction coding, and results in a signal which is less sensitive to



radi ocommuni cation services to particul ar geographical areas of the earth
using one or nore partially overlapping satellite beans. Each satellite
‘beam has a radius of 25 up to about 1000 KM Due to the power limtations
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Increasing signal power may also be used to provide a higher margin. Due
to the power limitations of the satellite, this is typically not a practical approach.
In addition to increasing the cost of the system, increased transmission power also
15  makes it more difficult to control co-channel interference, particularly in TDMA
systems with narrow re-use margins. Accordingly, large power increases from the
satellite to the mobile unit may be provided only during periods of relatively light
use. Further, because the mobile unit is even more power limited than the satellite,
this technique is typically practical only in one direction, from the satellite to the

20  mobile unit.
Bit repetition may also be used to increase the margin. Bit repetition results
in a lower error rate than message repetition, particularly in non-ideal conditions.
Bit repetition causes transmission delay, which is not desirable for voice signals, for
obvious reasons. However, transmission delay may be acceptable for data
25  communications, such as a SMS feature, provided that the delay is kept to a
reasonable minimum. Bit repetition is achieved by transmitting individual bits or
modulation symbols, or packets of bits or modulation symbols, a plurality of times
such that all repetitions are contiguous or contained within the same time slot or
slots of successive TDMA frames. The receiver integrates the energy from each
30  repetition to create a signal having a higher margin. As noted above, bit repetition



15 station user of _an incomng call. The nobile station user may then
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slot/data bit = 84 seconds.

Such a delay is highly undesirable, even for data transmission. Accordingly,
it would be desirable for a radiocommunication system to allow for transmission of
signals at an increased signal margin without significant delay and without a

15  significant increase in power.

' It would be further desirable for a communication system to allow for
transmission of signals with an increased signal margin without requiring expansion
of the channel bandwidth.

It would also be desirable for a TDMA communication system to allow for

20 transmission of signals with an increased signal margin without requiring a change
in the structure or organization of TDMA frames.

It would be further desirable for a mobile radiccommunication system to
allow for transmission of data messages originating from either a mobile unit or
from a satellite or base station with an increased signal margin.

25 It would be further desirable for a communication system to selectively
increase the signal margin of a communication link for the transmission of data
messages.

‘While numerous enhancements to TDMA communication systems have been
proposed, they do not adequately address the problems noted above. For example,

30 WO 95/31878 discloses a method for increasing the transmission speed of data in



may al so be inplenented by repeated transm ssions of the entire voice or
dat a. nessage. However, under the non-ideal conditions of interest, this
nmethod is not effective because each repetition is typically bel ow the

noi se floor WOPIR24828, does not 10 have a sufficient nargPRFUS6E8ILting in
a high error rate and preventing the coherent integration of the
repetitions. Increasing signal power may al so be used to provide a higher
margin. Due to the power limtations of the satellite, this is typically
not a practical approach. In addition to increasing the cost of the system
i ncreased transm ssion power also 15 makeg it nore difficult to control
co-channel interference, particularly in TDVA systens with narrow re-use

mar gi ns. Accordi nghthasgﬂ&npoﬁ%ﬁ@ﬁQﬁﬁdﬁdékﬂm , adfigh-dpebd dito sighsl is

nmobi.l e unit may be provided only durjng r el ajively |light use.
Further, because spimmmtwlmmspse@ Eﬁwﬂ Hﬁmﬁm ﬁﬁ?"@@dt“ E‘%

satel li te this tgﬁ{-}&l %%@@Mﬂb@wmmﬁhﬁ@'mﬁ%éh éﬂh@ﬂﬁeﬂkﬁe@&ﬁgﬁﬂs

fromthe satellit unit. Bit repetition maéoa so be used
to increase the mis tyansmitBidt ovee pedifferenh ope of)(thes allocated |tismg slotsy ¢ Wleﬁﬁfe@han

Canses tr anamdes Borambysel o st tf Bedyiaitn of A resfifs ot h nck AR powel

obvi ous reasons. WWWMQWﬂMMMMWOMQEQ 25
conmuni cati ons, such as ature [ OVi t hat el.a kept to a
reasonabl e m ni rruFﬁaMmf’@p‘g&{el ﬁﬁolé‘vg'dpﬁg vgﬁ@mb?sp%%mﬁ Hal
bits or nodul ati ogysgapgrbol s, or packets of bits or nodul ation synbols, a

plurality of times such that all etitions are contlguous or contal ned
Wi thin the same time sWQ 9Yi2 @PM“E?‘%W&‘&Q ‘% FERYE ver

integrates thg enghion by O%tmﬁémaﬁ slofs SR blipeﬁ'fhnidﬁ, emah:pemmegﬂﬁludhgvang a
hi gher margi n. As noted ove, bit repet Itio
plurality of paging slots. The paging slots are grouped into a plurality of paging
frames for sending messages in successive hyperframes. Each superframe can

include time slots comprising a logical paging channel. However, this document

does not address the transmission of data messages at an increased power ievel.
15  Further, this document does not address the problem of delivering a message to a
’ shadowed mobile unit in a power-limited (e.g., satellite-based) communication
system.
EP 0 671 824 Al (SIEMENS) is directed to a method for increasing
transmission speed in a digital telecommunication system. According to the method,
20  when a higher transmission speed is required, two or more channels are combined
to form a multiple channel which is assigned to the subscriber requiring increased
transmission speed. This document does not address the problem of delivering a
message to a shadowed mobile unit in a power-limited (e.g., satellite-based)
communication system.
25 Therefore, none of these documents adequately address the problems
addressed by the present invention.

Summary of the Invention
The above-noted and other limitations of conventional communication
systems and methods are overcome by the present invention, which provides for a
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8 can cause significant del ay, depending upon the |length of the nessage. To
achieve a 30 dB signal nmargin, each bit will have to be repeated 1000

tinmes. A tywodshsgaort nessage has between 32 and 64 char gﬁ.}./%;mhﬁzt he GSM
system the European digital standard, up to 245 characters in the DAMPS
(Digital Advanced Mobile 5 Phone Service) systemcurrently used in the
United States, and up to 160 characters in the DECT (Digital European

Cor dl ess Tel ephone) system Assum ng a GSM system having TDVA franes of
18.64 ns, with 16 slots per frame and 114 data bits/slot, the m ni nrum del ay
for receiving a 64 character nessage, not ¥hcluding propagation tine, is as

foll ows: 10 . 64 bits X 8 .bits/character. X 100 etitions/bit X
16, 64 s/ sl ot x DighyaePepn Taapaisgpy et 3 hictoecsfon alpbRimesle staRes
undesirabl e, evef hith Giginal idadis 18 Ston@ed BE GOLSbifdtion oft bivGepetition wl@si r abl e -
for a radi oconmunj cation systemto allow for fransm ssion of sjgnals at an

i ncreased si gnalTeltively Fmajlipergtse I ROWEF-c Aco i SYRPRKTY (rothodipents, the

si gni ficant incragsenslifn BPBR reperitioNand 4 roRtivel sHAN ikedibd BPpwdrUvords the
comuni cation systemto allow Tor transm ssion of signals Wth an increased
si gnal margi i wiunacosptablerelays eharasteristic | of rsystems tyhiclh paly, splely-oni vepgtition o

transm so on of A8t e Barkil L RO the kb oF ERebrdnd oD
change in the stsmalltincreaserinqpogeeniaveids the cotchamieh iterference problemsilofl speerhsir t her
e ! Lo oo I i K SR B o AR S b TS O
or base station w th Aoidingr cesadexcnplay embodiment 26f the present! invemiohgl He
further des iléabltgdiggmrguncxgmmgg r;iys%gnt: iis? gm%}ldse& ewrpmt :9 st%o% emcegsiageewtvioe feature for
transmitting alphanumeric messages between a control station, such as a satellite,
and a transmitter/receiver, such as a mobile unit. Selected ones of the TDMA
frames are assigned as message frames, and each message frame includes a2 number
of data slots for transmitting data messages. In order to ensure reliable transmission
15  over channpels having severe attenuation, the data message is encoded; the encoded
' message is divided into packets or groups of one or more bits each; each packet is
transmitted, at a power level greater than the power level for voice transmission,
multiple times over the data slots of the message frames, using the same time slot
or slots for each transmission to a particular subscriber; and the transmissions are
20  inmtegrated and checked for errors at the receiver to form a signal having an
increased margin.

Bri [V} Wi

The foregoing objects, features and advantages of the present invention will
be more readily understood upon reading the following detailed description in

25  conjunction with the drawings in which:

FIG. 1 is a block diagram of an exemplary mobile radiocommunication
system;

FIG. 2 is a diagram showing the organization of channels in a typical GSM
digital radiocommunication system;



increase the signal margin of a communication [ink for the transm ssion of
dat a. nessages. Wil e nunerous enhancenents to TDMA communi cation systens
.have been proposed, they do not adequately address the probl ens noted
above. For eY¥Mir4s2o WO 95/ 31878 di scl oses a method f oPCTEPRIM2ng t he
transm ssi on speed of data I n WO 97/ 24820

PCT/ US96/ 20162 9 a TDVA system According to the disclosed nethod, a

hi gh-speed data signal is split into nmultiple | ower speed signals, a nobile
station is allocated a correspondi ng nunber of time slots fromeach TDVA
frame, and each of the | ower speed signals {p transmtted over a different
one of the allocated tine slots. However, this 5 docunent does not
address the transni ssiBIG. & isdatisgrae of a gaellirtbased mobilecadioconpovnication system
Furt-her, this docunent, does npot, address the pr.ob s s sage
to a shadowed nobi® iich ¢the siggal, Hﬁﬁm‘fsf% t% 5?‘@?4 'w%(gge :
conmuni cati on syshﬁﬂgmmghﬁ5/1293l di scl oses a nethod of connunlcatlng
information to a re

station by tlme sJot
superframes, each supeﬁqaﬁ‘réslan@% d&g%%ﬁfgaaﬁ%t *xmgnesqqgg
pagi ng slots e gre Eﬁ é*}nlﬁdi?ﬁ ot 8f thk r@émﬁmﬁﬂ‘ famrres for sendi ng
yperfranes.

nmessages in succeSS|ve Each superfrane can include tjnme slots
conprising a | ogical pﬁlﬁ rfyiscahdisgram shmn&mfomm<§ ancBVB e psearding o an

address the transm oJf dﬁ' at an increased power |evel. 15
Further, this docﬁ es Nt ress he probl em of delivering a nessage
to a shadowed o b {Detaild of pire@ smoediments;at el | i t e- based)

communi cation system While the following descuptlon is directed toward a short message service

10  implemented in a satellite-based radiocommunication system incorporating satellites
and mobile radiocommunication umnits, it will be appreciated that the present
invention may also be applied to other types of communication systems which
include suitable transmitter/receiver units.

In a satellite-based mobile radiocommunication system, a communication link

15  for transmitting voice or data may be established between a mobile station and either
a standard telephone or a second mobile station through one satellite, multiple
satellites, or a combination of one or more satellites and the PSTN (public switched
telephone network). Such a system, as shown in FIG. 3, may be desirable to
achieve a broad geographical coverage in which few or no base stations are present,

20  and additional base stations are not practical, such as in rural areas. Due to the
inherent power limitations of satellites, voice communications links between the
satellite and the mobile station reguire ideal or near-ideal conditions; that is,
conditions such as line-of-sight communication with the mobile station’s antenna
properly deployed. In non-ideal conditions, such as when the mobile station is

25  shadowed (e.g., inside a building, etc.) or when the mobile antenna is not properly
deployed, the power or signal margin requirements for communication increases
significantly due to the increased attenuation in the channel. In such situations
(shown as MUz in FIG. 3), Rayleigh fading often prevents satisfactory
communication, and it is therefore desirable to send a short alphanumeric message

30 to the mobile station. The message may be used, for example, to inform the



EP 0 671 824 Al (SIEMENS) is directed to a nethod for increasing

transm ssion speed in a digital telecommunication system According to the
nethod, 20 when a higher transm ssion speed is required, two or nore
channel s arwoo®@tdsesred to forma nultiple channel which isreseswned2to the
subscriber requiring increased transm ssion speed. This docunent does not
address the problem of delivering a nessage to a shadowed nobile unit in a
power-limted (e.g., satellite-based) conmunication system 25

Therefore, none of these docunents adequately address the problens
addressed by the present invention. Sunmmary of the Invention The
above-noted and other Iimtations of convemional comunication systens and
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10 hi gh- penet r at QRe iresiage by plovidingefon alefficient techmie fori incressigy signal marghuner i c

messages in which signal margin is increased by coiwbl nation of bit

repetition and awithoussignificyat delay, P‘?‘Yﬂ‘fr‘@&%’ée'i‘ﬂ'cﬁﬁ’aﬁ?"e. M%F%g to exenplary .

enbodi ments, the COW%?J.@&Q& lﬁidstritﬁﬁeéﬂl%,iﬂﬂ iR linfitiag ithes kaops IoF the
the 5 unaccept a

I ncrease in power avol | e del ays characteristic of

systems whi cB r einyentiongs satellite-bagsd GSM mdiocommyBicEing &Y %‘%“%FQMW‘? .
sover avoi ds-t hetitt 5 ey to bR b Olbuiat cialions IKE lnblicugdn thails | | "
sol ely on i ncr eahschopiineof sighticompenestandhis subjgwtap flatRayieigh fading with gevase an
Syatem i 5 provi CEEHEER. aASHEN Do aeereCEL b dhese e skt i 8 . Bl Yok
multipath) fading is a phenomenon which occurs when multipath waves form
10  standing-wave pairs due to reflection from the physical structures in a service area.
The standing-wave pairs summed together form an irregular wave fading structure.
When the mobile unit is stationary, it receives a constant signal. However, when
the mobile unit is moving, the fading structure causes fading to occur which
increases as the mobile unit moves faster. The mean signal level of the non-ideal
15  Rayleigh channel is approximately 20-30 dB below the signal level of a near-ideal
' line-of-sight channel.
In order to ensure reliable transmission of a short message to the mobile unit
in non-ideal conditions, the signal margin must be increased. According to the
present invention, bit repetition and power increase can be combined to provide an
20  increased signal margin without significant delay.
It will be appreciated that decibels (dB) are units used to express ratios of
power, current, or voltage. Specifically, a power ratio (P2/P1) may be expressed
in decibels by the formula dB = 10 log (P2/P1). A signal margin of 30 dB requires
a power ratio of 1000, since 10 log 1000 = 30. Thus, to achieve this signal margin
25  solely by bit repetition, each bit must be repeated 1000 times and the signal margin
from each repetition must be integrated at the receiver, resulting in the 82 second
delay calculated above. However, to achieve a 15 dB margin, the required power
ratio is only 31.623, since 10 log 31.623 = 15. Thus, a 30 dB signal margin may
be provided by increasing the power by 15 dB and repeating each bit approximately
30 31 times. Using this technigue, the bit-repetition delay for a 64 character message



transm tting al phanuneri c nmessages between a control station, such as a
satellite, and a transmtter/receiver, such as a nobile unit. Sel ected ones
of the TDVA franes are assigned as nessage franes, and each nessage frane

i ncl udes a nOVEY248P0 data slots for transmitting data nmessFGTUSVMIGr der to
ensure reliable transm ssion 15 over channel s having severe attenuation,
the data nessage i s encoded; the encoded nessage is divided into packets or
groups of one or nore bits each; each packet is transmtted, at a power

| evel greater than the power |evel for voice transm ssion, nmultiple tines
over the data slots of the nessage franes, yging the sane tinme slot or
slots for each transm ssion to a particul ar subscriber; and the

transm ssions are i?@4 chafdcRd Xt s%:mﬂarﬁ&tacxeﬂ ivepeatgbmcsxsm insilot eCarMer to

forma signal having an increased mar Brief Descri on of the awl ngs
The foregoi ng obj SKEAits) pproxpaely 4> aghs %Fesf‘“'eng‘rh‘ée'ﬁ?etﬁ“%

wi |1 be nore readiganciREeASS ?éiﬁ)ddﬂ@'lefe?aﬂidnlﬁetpbﬁelf Ricteaii iaquséemﬁhiaﬁﬂa ata
descrlptlonln 25 conjunction wt h the drawings in which: FIG 1 s a

bl ock di agram of aensenabledevel.ythersby pvoiding co-cbannel inicHesenss- sitayillhe appreciatedi 5 o
di h t
| agram show %@@g@}&%Wg@&m Gnd pobet HoréRlY £ Possidle to
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PCT/ US96/ 20162 11 aBhiére 3udcessful déomymunicatibn ains Rayleight fadings enviropirients without

et e T e il ek i GF4 il
groups of bits may be repeated.
To implement the technique of the present invention, the power increase
10  from the satellite to the mobile station may be provided by averaging a power load
across multiple users. That is, communication channels used by mobile units in
near-ideal conditions might have their power reduced to increase the power supply
to a mobile unit or units in the non-ideal conditions. Power increase may also be
provided by time averaging, in which individuat slots in consecutive TDMA frames
15  are transmitted at an increased power level. It will be appreciated that the power
' increase from the satellite to the mobile station may also be achieved by other
techniques known in the art.
The power limitations of the mobile unit are even more severe than the
power limitations of the satellite. Thus, it is even more difficult to increase power
20  for communication from the mobile to the satellite. Such communication is
necessary to send a message or acknowledge receipt of a message. According to
one embodiment of the present invention, the power increase from the mobile unit
to the sateilite may be achieved by allowing the mobile unit to transmit on all time
slots of the random access channel RACH. Bit repetition may also be implemented
25 by the mobile unit to further effectively increase the margin of the signal transmitted
to the satellite. Since acknowledgement by the mobile unit over the RACH channel
may be accomplished by a signal having a low information rate, a higher number
of sync bits and a higher nmumber of bit and message repetitions relative to the
forward channel can be used to compensate for the lower transmission power of the
30 mobile unit. Preferably, the mobile unit transmits consecutive repetitions on



FIG 4 is a flow chart describing the transm ssion of a short nessage 5
according to an enbodi nent of the present invention; and FIG 5 is a

di agram showi ng the format of an SMs franme according to an enbodi nent of
the present wigwggapon. Detail ed Description of the Prefer rpegnsidesizment s
VWhile the follow ng description is directed toward a short nessage service
10 I npl emented in a satellite-based radi oconmuni cation system

i ncorporating satellites and nobile radi ocormuni cation units, it will be
appreciated that the present invention may al so be applied to other types
of communi cation systens which include suitable transmtter/receiver units.
In a satellite-based nobile radi ocommuni calfon system a conmunication |ink

15 for transmtting voice, or data tabl i. hed a nobile
station and eit héﬁpagg%?aéﬁﬂaﬁ'ﬁ“@“?ﬁﬂﬁé’rﬁft%a&e $?° fngffagﬁhpough
one satellite, 6rt RheSriiiinfikion tifie wifl be Shei0 ki mahveaagleanm@pomrvﬁu be
satellites and t PSTN (public switched tel ephone network). Such a system
as shown in FIG ae:epmlpus@gd@sprsmme to achieve a broad geographi cal

coverage in which fewgppg W@I@Gah'é)ﬂéw%ﬂt&!s@mﬁﬁ Hansmisdish sXiinbitonal
base stations are not practical, such as in rural areas. Due to the

i nherent powey |mmemnsﬂnuamsiqmm@%odqmmmmmmmwmms
bet ween t he sat eI [ tegﬁg% scﬁfnﬁ;hﬁmaﬁgﬂig% oféjﬁlﬁh ﬂlgal
ions suc I ne- of - Si

condi tions; t hat ™ t communi cat | on Wth
the nobile stati &amesﬂdmﬂhodmfcthepﬂe;endmpmads shbwnndnnsteldw a@mdmgpa:tns

such as when the_nobile station.is shadawed a bUI l.di ng,
etc.) or when thiPPYHA MEssage %ﬁé@ﬁgﬁﬁ Beﬁgmsébesﬁ\q%?etﬁg r
signal margin reﬁhyu{Bﬂ@ﬂxb%oﬁxﬁdhnﬂaimsmmﬁireﬂlylhyahesmémggmgylﬁ&mughmtrhgbxﬂue to
t he |ncreased attenuatlon |ri t he channel n. uch SJt# t! ons é ovvn as MJkiz

in FIG 3), delen ﬁafﬁ’@%ﬁ 5 and
it is therefore By ea#ab ﬁ:@ir&ﬁyl%yahaﬂ grah Wwwmmgmoaﬁpmm t he
mobi | e station. Thé nessage be_use for ex to infqQrmthe

message into sy em. In step 102, the mfgxl;rlpauon bits comprising the short
message are encoded by an encoder located at the transmitter with an error detection
code, such as CRC. The encoded message constitutes one or more codewords, each
15  containing codeword bits or symbols. 1t should be recognized that the transmitter
may be the satellite, a base station, or a mobile unit. In step 104, bit repetition can
be employed, such that each of the codeword bits or symbols output by the encoding
means are repeated N times to form a packet containing N bits. It will be apparent
that, instead of repeating individual bits or symbols, groups of two or more bits or
20  symbols, or the entire codeword or codewords could also be repeated. Packets are
then transmitted such that each slot within 8 TDMA frame includes one or more
packets of repeated bits, error detection coding bits, and a sync burst to enable the
receiver to estimate the channel quality. All bits comprising the encoded short
message are transmitted in this fashion. If bit repetition and message repetition are
25  employed, once the entire encoded message has been transmitted, the transmission
of the message (in the form of packets of N codeword bits) can be repeated M times
to achieve the desired signal margin. It will be appreciated that, since the short
message may be transmitted from a satellite, base station, or mobile station, encoding
and transmitting functions are provided in each of these devices. It will also be
30  appreciated that, in order to implement the technique of the present invention, means
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12 subscriber of an incomng call. The present invention ensures reliable
transm ssion of the nessage by providing for an efficient technique for

i ncreasi ng swEyak4sa@mr gi n wi t hout significant delay, power PEHP8$201620r
co-channel interference. For purposes of illustration only, and w thout
limting the scope of the 5 I nvention, a satellite-based GSM

radi ocomruni cati on system usi ng TDVA channel s nay be assuned to exhibit the
foll owi ng conditions. The comuni cation channel has no Iine of sight
conponent and is subject to flat Rayleigh fading with severe attenuation.
As wi |l be appreciated by those of skill in™the art, Rayleigh (or

mul tipath) fadi ngad Jﬁ&@%ﬂ%ﬂ&'t&hﬁ&%ﬁh@ﬁeﬂ&ﬁ&rwmkﬁﬁﬁbﬁ/ﬁ/ﬁﬁ% 10
standi ng-wave pairs due to reflection fromthe physical structures in

servi ce area. Therepetamswgané\pewgainmasmméfg ¢ theorignah margin exgyired
wave fading strucgur Fﬁkstaﬁ s stationary, it receives a
constant signal. #ﬂoﬁsgc\?géréﬁﬁ%ﬁ ?sﬁump ¢ i's nmoving, the fading
structure causes fadi rigsteplowwmdem@&sé@mgblkh@ﬂnﬁmm%mmyes
faster. The an signal f I

appr oxi mat el y~20- %‘o‘gﬁ‘fé’“t?@%w‘fﬁ?‘%@ n&?%? s'(égamnear ge%gg?%e Jofi Si ght

channel . In ordermbgaguuurmdbbe&dmwmd&hamlm:qm&mﬁwmwwm t he
nmobile unit in non- |deal ions, th nal ~1@g gi n st be incre
According to the $ 9?3'3 % Tg L t,8h and rrufsn‘h éarig@

be conbined to prﬁ&éldﬁlﬁghaﬂ uomfmnnmmmwusomh{bbpant
delay. It will be_appreciated t é C|bels are u its l}engégress
rati os of power, St ‘E‘”RS’*F‘JVB‘?"( dJit ‘?s9m”8° Bmerqﬁ QS‘ 1)

nmay be expregged 110, a decoder contained in the receiving device decodes each encoded bit or symbol
in the TDMA slot from the metric sums, using soft combining or majority logic

voting, or other suitable decoding methods. To implement soft combining, the

decoder adds metric sums as Y-f \7 and makes a bit or symbol decision

based on the sum. To implemenflmajomy logic voting, the decoder makes a

15  preliminary bit or symbol decision for each metric y; and then a makes a final bit or

' symbol decision by comparing all of the preliminary decisions. Thus, if the decoder

has made M preliminary decisions, the decoder will determine that the corresponding

information bit is a 1 if more than half of the preliminary decisions were 1;

otherwise, the decoder will determine that the corresponding information bit is a 0.

20  The same logic is used to decode a bit that is a 0. To prevent an error which might
result if exactly half of the preliminary decisions are 0 and exactly half of the
preliminary decisions are 1, M is chosen to be an odd number. The decoded bits are
combined coherently and the multiple transmissions of the message are combined
coherently to generate a message signal having an increased margin.

25 In step 112, an error detector contained in the receiving apparatus detects
errors based on the CRC error detection coding provided at the transmitting
apparatus. If no errors are detected, the message is displayed on the receiving
subscriber’s mobile unit in step 114. If an error is detected, then the message is not
displayed at the receiving apparatus, the user is notified of an erroneous message by

30  a displayed error message or by an audio signal, and the receiver requests the



I.n decibels by the fornula dB = 10 log (P2/Pl1). A signal margin of 30 dB
requi.res a power ratio of 1000, since 10 | og 1000 = 30. Thus, to achieve
this signal nmargin 25 solely by bit repetition, each bit nust be repeated

1000 tines sysleAdigesi gnal margin from each repetition ”“Strdiﬁrsﬂ?ioﬁgr ated at
the receiver, resulting in the 82 second del ay cal cul at ed above. wever,

to achieve a 15 dB margin, the required power ratio is only 31.623, since
10 log 31.623 = 15. Thus, a 30 dB signal margin nay be provided by

i ncreasing the power by 15 dB and repeating each bit approxi mtely 30 31
times. Using this technique, the bit-repetition delay for a 64 character
nessage WO 97/ 24820 16
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the transmitter can assign every 8th frame of the SACCH channel for use as a
message frame to carry SMS information; this implementation would provide one
SMS frame for each 104 regular TDMA frames, or one SMS frame approximately
every 1.92 seconds. It will be appreciated that by using every eighth SACCH
15  frame, the SACCH date rate is reduced by one-eighth, which does not adversely
' affect the system. In the SMS channel, an exemplary frame format is shown in
FIG. 5, and includes two forward correction channe] (FCH) slots, two idle slots,
two synchronization channel (SCH) slots, two additional idle slots, and 24 data
slots, for a total of 32 slots for each SMS frame. The 24 data slots are used to
20  transmit message information. Each one of the 24 data slots is assigned to a
corresponding mobile unit, such that each subscriber receives one data slot per SMS
frame. Thus, the data slot or slots in each message frame which are assigned to a
particular subscriber’s mobile unit constitute a message channel for that subscriber.
It will be appreciated that alternate frame formats may be used, and that multiple
25  data slots may be assigned to each mobile unit. Further, frames other than the
SACCH frames may be used as message frames.

An encoder in the sateilite suitably encodes message data. Bit and/or
message repetition, in combination with increased transmission power, can also be
implemented by the transmitter, as described above. Preferably, in this SMS

30  implementation, each bit is transmitted three times, each message or portions thereof



15 are transmtted at an increased power level. It wll be appreciated
that -t he power increase fromthe satellite to the nobile station nay al so
be achi eved by other techniques known in the art. The power |imtations of
t he mobi | e unVP%R#B2@ven nore severe than the power |intatPEHYssR0t6he
satellite. Thus, it is even nore difficult to increase power 20 for
comuni cation fromthe nobile to the satellite. Such conmunication is
necessary to send a nessage or acknow edge recei pt of a message. According
to one enbodi nent of the present invention, the power increase fromthe
nmobile unit to the satellite may be achievedqby allowi ng the mobile unit to
transmt on all time slots of the random access channel RACH. Bit
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acconpl i shed by a. itgfies f&\abmxfmmw ion saoil hﬁr}eq.ﬁwfor%ymwmimaﬂms of

sync bits and a higher number of bit rressage repetitions relative to
the forward channembedimest §9@€I0%3Q§Uﬁ]§é’¥% each M THMAs frames ion

power of the 3¢ l&Hb M{}hlt %@%kéﬂﬁ%ﬂwi%e unit transmts

consecuti ve repet I | ONsS oOn
PCT/ US96/ 20162 14 sepamﬂlershen message sexviceds imoplamensed by asiag tthee relatively

repetitions. Becaus a he .tr tinme wll .be

short and the averﬂ%@#ﬁaﬁﬁﬁq ?'e?%“\i‘gg°m‘§‘°‘oé‘ %@Q%ﬁpgk%s%‘g“‘? ﬁ?“éﬂg

system Referring oreeihilar systein id notcsigrificantlyh affécteddn an iadverg wiye transmi ssion

of a short 5 nmessage i he traps Si on t hod of resent. ..

i nvention is shown. Re@*e{}ﬁ'g}oﬁmo‘pm 0 e ?ﬁ'ﬁ%‘&ﬂ‘ar"%&ﬁégﬁmﬁgﬂ'ﬁﬁe

transm ssion 06 a isi3es be Gkivfsbdd thif ktitge 418 fnerely illustrative of the features and principles
of the present invention, and are not to be construed as limitations. Many
modifications will be readily apparent to those of ordinary skill in the art which do
not depart from the spirit and scope of the invention, as defined by the following
claims and their legal equivalents.



transm ssion nethod of the present invention is showm. In step 100, a
sendi-ng party inputs a nessage to be transmtted to a receiving subscriber.
The nessage nmay be input into the communication systemdirectly by the
sendi ng parwodriasmeigh a nobile 10 unit, a standard tel eplomgesgiegOMPUt €1
term nal, or equivalent device, or the nessage may be input indirectly by
calling an operator at a service center who inputs the nessage into the
system In step 102, the information bits conprising the short message are
encoded by an encoder | ocated at the transmtter with

code, such as CRC. The encoded nessage constitutes onHml mﬂm ﬂ;ﬁm
each 15 cont ai ni ng codeword bits or synb&s. It shourd be v emody

the transmtter gw.the satellite, a base station, a nobile unit. In
step 104, bit re i-tton can be enpl oyed, such that each of the codeword

bits or symbols outpuf, Ryneied foNERbnfifingRafifa MéBagediRnficAd dinfrolsitioh@ndor m a
packet containing Nbits. It will be aBRarent that, instead of repeating

i ndi vi dual bits ér"W’W‘Q?foﬂb§ WW@%PX’M@Z‘E‘“ Sy EkPMA  or
the entire codewy ?ﬁmﬁﬂ &hﬁbﬁs&h bﬁ?{ I‘Ea% t hen
transm tted such ({xﬂm eacﬂ sl ot W|t %VA g&e grfgegéﬁr?%re
packets of r@peastatibnindshe mmewmmmmﬁand a sync burst to
enabl e the receiver t ﬁ‘nkmﬂl ng

t he encoded short rres%a e re transm ed?'{oﬁg?% ashion. '}a?iogii# !d'%
repetition and nmsagpefnmﬁeuohlms@em mcladlpge)pdm'alitprofdamlsbtsemndre
encoded nessage has begen_t m sni of the e (in
the form of packets o‘F“’R}“ %Fém 3%#@%%%%‘.%@@&@ i eve
the desired si gnrielligt@t ﬂmntﬁe mmmammoﬁacma&wmam BEeaphof t
nmessage may he transmttg froma satellite, base station, or nobile
station, encuodi n tting functions are provided in each of these

devices. It will also be 30 appreciated that, in order to inplenment the

t echni que of the present invention
a P 2. The method of clmm 1 wherem each message frame further includes

forward correction channel slots, synchronization channel slots, and idle slots.

3. The method of claim 1, wherein each message frame is a slow associated
channel frame of the TDMA communication system.

15 4. The method of claim 1, wherein the step of transmitting is performed a
plurality of times.

5. The method of claim 4, wherein the step of transmitting is performed
three times.

6. The method of claim 1, wherein each data slot in each message frame is
20  assigned to a different transmitter/receiver.

7. The method of claim 1, wherein each data slot includes a plurality of data
bits, the data codeword includes message bits, and each message bit is specified by
a plurality of data bits.
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MO 97/ 24820 PCT/ US96/ 20162
15 are included in the transmtter to determ ne the nunber of bit
.repetitions N, nessage repetitions M—and-pewer increase necessary to

achi eve t he WiogWass2bar gi n req cessful transm sBCHHSH2016R e
message. In step 108, the rec E@mﬁm % e., the nobile unit,
satellite, .base station, | ce) sanples the received
signal, including the repeated encoded nessage bits, error detection bits,
and channel quality estimation bits, and generates a nmetric sumof the form
[err] , Where r[err] is the sarrpl ed recejgred signal corresponding to the
ith repetition of the information bit or symbol S in packet repeat j, and
Clerr] is the correspogciyemeidd ofalamaf, fﬁhﬁﬁb@hpm@mémpbﬂeﬁoﬂiﬁgmdam 110,
a decoder contained in the receiving device decodes each encoded bit or
symbol in the TDmesamwnhmnWMFW%Hﬁwﬁ%%’ JFRUSRURE- ni ng or
mejority logic voting, or other suitable decoding nethods. To inplenent

soft conbi ni ng, the decoder adds nmetric suns as [err] and makes a
bit or synbol decisi orf.b5IOMA communicaion syStem, SOBRRRAE: maj ority | ogic

voting, the decoder AY, Jﬁh{m

each netric y[err] aﬁ e?oéér?gkg{s'%hfl na |t o'?&gaﬁboﬁme@f%?%ﬁ W
conparing all 50f lehel betweeni nammcusnnmnsanﬂmsmnsmmrleecdmdéke h'&BMfade M

i or i on bt commtatongiagc ot o0 ok Bt s Ba i RERE RS,

1, otherw se, theTpDhO®@mesyi || determ ne that the correspondl ng i nformation

bit is a 0. 20 The sanme logic.is us abltthati a 0. To

prevent an error whi cﬁn?ﬂnﬁkff)’graé"éﬁﬂ”fg iS¢ eh@?gvﬁ]@xhg?‘? nael"§h

deci sions are O apdsfeifime ind nng plifaBty[f Ghdsshigd slols; dm:l Si ons are 1, Mis
The

chosen to be an odd nunber. ecoded bits are _conbi ned,coherently and

the nul tipl e ransm sm fos trapsRitting AdataINessage o the IHaRIMIRE REpeiYRr |at a

generate a messag PR ik (RO fitsD povRG IE81 SRk Bhélor Mre of the message'kicid €P
112, an error det ctor co alned 1n the receiving apparatus detects
in each message frame.

10. The system of claim 9, wherein each message frame further includes
forward correction channel slots, synchronization channel slots, and idie slots.

15 11. The system of claim 9, wherein each selected message frame is a slow
associated channel frame.

12. The system of claim 9, wherein the data message is transmitted a
plurality of times.

13. The system of claim 12, wherein the data message is transmitted three

20 times.

14. The system of claim 9, wherein each data slot in each message frame is
assigned to a different transmitter/receiver. '

15. The system of claim 9, wherein each data siot includes a plurality of data

L 3 THIS SHEFT HAS BEEN
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errors based on the CRC.error detection coding provided at the transmtting
apparatus. If no errors are detected, the nmessage is.displayed on the
recei ving subscriber's nobile unit Ln—stepTl’J’ If an error is detected,

t hen t he nesseg®dssm not di spl ayed at the r gmgar at pepudobBorgser 1S
notified of an erroneous nessage by m rror nmessage or by an
audi o signal, and the receiver reque L nV\G 977 24820

PCT/ US96/ 20162 16 transmitter to retransmt nessage or the erroneous parts
of the message in accordance with a bidirectional radio protocol described
in nore detail below According to the present I nvention, repeated

transm ssi on of messages may be used in con®f nation with repetition of

i ndi vi dual pgrtiﬁs ﬁ}et‘f nessa lpﬂggqst gei’ﬁﬁ ‘Wﬁ |ﬁ)§§a OIF %'8?;8@ by Ee
nmessage may be tr Ks “@d”’ﬁﬁfﬁ% ’Pﬁﬁd as
been transm tted Dymfalinef &ita bife repeated transm ssions of the message

portions, the entire nmessage may be transmtted again. To inplenent a
satellite-based nobil e conmuni cati on having a SMS feature accordi ng to the

present invention, a %S%QWGF@IM‘j WRSrERGhddata ffe ﬁ@éé

borrow ng frames fromthe sl'ow associ ated control channel SACCH For
exanple, the trasmtter can assign every 8th frame of the SACCH channel for

o7 ovi de one. SWB 11 amp. Vor e ekt ey WBHIHE pidlntsndh SEMLGAERE T

appr oxi mat el ySeveersor e@tioeendings. |t will be appreciated that by using
every eighth SACCH 15 frame, the SACCH date rate is reduced by
one-ei ghth, which does not adversely affect the system In the SM5 channel,
an exenplary franme forisatA methol dontransmiftig data messhgeshin a1 THMA wombhmnivatich
correction channel émdép, ls?rtngsﬁ:esneps ogll e slots,
assigning a plurafity of TDMA frames as message frames, each message
frame including a plurality of data slots, wherein one or more of the data slots from
10  each message frame are assigned as a separate communication channel for each of
a plurality of transmitter/receivers, and wherein the remainder of data slots from
each frame carry communication information transmitted at first power level; and
transmitting a data message over each separate communication channel at a

second power level higher than the first power level.

15 19. The method of claim 18, wherein each message frame further includes
forward correction channel slots, synchronization channel slots, and idle slots.

20. The method of claim 18, wherein each message frame is a slow
associated channel frame.

21. The method of claim 18, wherein the step of transmitting is performed
20  a plurality of times.

22. The method of claim 21, wherein the step of transmitting is performed
three times.
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two synchroni zati on channel (SCH) slots, two additional idle slots, and 24
data.slots, for a total of 32 slots for each SMS frane. The 24 data slots
are used to 20 transnit message information—Each one of the 24 data
slots is assiYREH482L o correspom such t hat PEEUSPsROSS Cr i ber
recei ves one data slot per SMS MIWMdeata slot or slots in each
message frame which are assigned*tc atpals subscri ber's nobile unit
constitute a nmessage channel for that subscriber. It will be appreciated
that alternate frame formats may be used, and that multiple 25 data slots
may be assigned to each nobile unit. Furthery franes other than the SACCH
frames may be used as nessage franmes. An encoder in the satellite suitably
encodes nessage data. [B3! ThOfhefbd GEEISIRG 68, wiikedih bachriata sfotdn edthnAdssape frinid)

i ncreased transm ssi on ovver an al so be inplenmented by the transmtter,
as described abovdS ae;s F"a’bp’ff ”%WB"IEEG‘ i npl enent ation, each bit
is transmtted three tinmes, each nessage or portions thereof WO 97/ 24820

PCT/ US96/ 20162 17 are transmtted three tinmes, and the SMS franes are
transmitted at approxi @4t &hemethadofiglaim 48, wberein gach dasz s!emelnﬂqsmgmandof

slots of the TDWMVA n “kgé g g%
seconds, are reqwdrifeh OFE?&{RC I’%FI ;nzgtl onmlgn hi's enbogpment |r§c one

active SMB frabe dycaplurdigr ofatatabits0O4 TDVA frames in 5 t hi s enbodi nent,
the duty cycle is approximately 1% Because the short nessage service is

i npl enented by using the relatively infrequent stealing or borrow ng of
frames, it wll be appR25cThd method af clhime 18,afurthér domprising ehd sitpnof enesdifgneach not

significantly affegted in an_ adver Wnletheforegomg description
i ncl udes numer ous ‘ﬁét’&?ﬁsﬁg e ?ﬁééﬁﬁ%ﬂ‘{
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10 it is to be understood that these are nerely illustrative of the
features and principles of the present invention, and are not to be

construed as limtations. Many nodifications will be readily apparent to
‘those of ordwee?R4®&ill in the art which do not depart froRCTKS628162i t and
scope of the invention, as defined by the followng clainms and their |egal
equi val ent s. REPLACEMENT SHEET CLAIMS. 1. A nethod for transmtting a

data nessage between a control station abf a transmitter/receiver in a
comuni cation systemin w??ﬁgeg &fnnunication channel is established at a
n 0

first power |evlel bet wee rol station and the transmtter/receivern,
conprising the jsteps of: aggpggemg one or nore portions of the
comuni cati on channel as nessage portions; and transmtting the data A
nmessage to the gransmtter/receiver at a second power |evel higher than the
first power |evel over the one or norfe nessage portions. 2. The et hod
of claim1, whefein the communicatiorf syste ds a TDMA co i cati or
system the porftions of the comrunicgti on chghnel are fra havi ng |sl ot s,
t he nessage porfions and nmessage frares ep ef—tranrsattf i g
performed over jone or nore slots of tjhe|nessage frjaney. 3. Thel mgt h§d of
claim 2, whereijn each nmessage franme fjuryher includes florward corrgectio
channel slots, ynchroni zation channgl §lots, and § dl g sl oM#E 4. Th
net hod of clain2, wherein each nessdgelframe is astqw_M#lat ep—gtremne
frame of the TOVA commidd cati on systgm 5. The fret HodPMRSCENVER 1) 2,
wherein the step of trabsnitting is dgerfornmed a plurallity of tinep.
‘?ﬁﬁ?ﬂ 160
| A4 PROCESSING {
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6. The nethod of claim5, wherein the step of transmitting is perfornmed
three tines. 7. The nethod of claim 2, wherein each data slot in each
nessage frane is assigned to a different transmitter/receiver. 8. The
‘met hod of cl wom724820herei n each data slot includes a pl uralPCrigseszotat a
bits, the 19 data codeword includes nessage bits, and each nessage bit
is specified by a plurality of data bits. 9. The nmethod of claim 2,
further conprising the step of encoding ©2#/& data message with error
detection coding prior to the step of transmtting. 10. A conmmuni cati on
system conprising: nmeans for establishing a conmunication channel at a
first power level between a contrd station and a transmtter/receiver, sthe
conmmuni cati on channel including of® or nore channel portion; neans for §
asst-gni ng sel ected channel porti or§ as message portions; and ngans\for §
transmtting a data nessage to the%transm'tt{er/recei ver at a sgcol@ powsy

| evel higher than the first power [evel ove|§one R nore of trﬁ n%sage\,
portions. 11.  The systemof clai@h 10, whei®in R conm@ catXonFhann
is a TDVA comruni cati on channel, tHe channelgportg)ns ar et i rre:"sl ls wi
t he TDMA comruni cati on channel , ar§ the nmessage pgtions are Bssgye
frames, each conprising a pluralitgg of messg;e slots. 12.§ Ttg s@tem
claim 11, wherein each nessage fr furthe®inctldss for¥ard or Rectiofg
channel sl ots, sym“dwroni zation chdgnel slot& and idle sI§t s. %3-5 The§

in

2 CONTRO

EQICH,

system of claim 11, &her ei n each §I ect ed r’r§sage frame ig a QOV\Q P
associ at ed channﬁg @me. 14. Tﬁ£ system cl ai m§1, vﬁere@ t@ dat &
message i s transm gjapluralit)gof N S R S 3 S
W < S S s 8 &8 I3 §
S T 0 < S S b x
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times. 15. The system of claim 14, wherein the data nessage is
transmtted three tines 16. The system of claim 11, wherein each data
slot in each nmessage franme i s assigned to a different
transmtter/WOOFR4RL . 17. The system of claim 11, wherei RCEHN2082 a S| ot
includes a plurality of data bits, the data nessage includes nessage bhits,
and each nessage bit is specified by a.pghyajity of data bits. 18. The
system of claim 11, wherein the data nessage is encoded. 19. The system of
claim 18, wherein the data nessage is encoded with CRC error detection
codi ng. 20. A nmethod for transmtting data nessages {n a TDVA

communi cati on system conprising the steps of: assignin plurality of
TDVA franes as nessage franes, each nessage frame including a plurality of
data slots, wherein one or nore of the data slots fromgach nessage frane
are assigned as a separate communi cati on channel for eadgh of a plurality of

transmtter/receivers, and wherein the renmi nder of d ots fr Qre-each
frame carry comunication information transmtted at |f{rst jpowe[, llevel ; fand
transmtting a data nessage over portions of each sef e jcommT|cay &1
channel at a second power | e\ r than the fi&4 [/el AN
The nmet hod of claim 20, wherdin each} nessage frane fu udes&@ward
correction channel slots, syrlchreani zgti on channel sl g il e |sl ot's.
22. The net hod of clai m 20, each nmessage fr 5| oW
associ ated channel franme. 23. t hod of claim 20, Twhereip the $tep of
transmtting is performedaf R
4
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of tines. 24. The met hod of claim 23, wherein the step of transmtting
is perfornmed three tinmes. 25. The nmet hod of claim 20, wherein each data
slot in each nessage frane is assigned to a different transmtter/receiver.
26. The MeEWPO®2482¢ cl ai m 20, wherei n each data sl ot incl uBEL/US6EPIeRAl ity
of data bits, the data nessage includes néfsage bits, and each nessage bit
is specified by a plurality of data bits. 27. The nmet hod of claim 20,
further conprising the step of encodi ng each data nessage with error
detection coding. 18 CLAI M. 1. “Anecngd for transmtting a data
message between a control station and & Trahdmitter/receiver in a

communi cation systemin which a conmups i channel is established at a
first power |evel between the control and the transmtter/receiver,
conprising the steps of: assigning on Qﬁ?“ﬁﬁ e portions of the

communi cation channel as nmessage portj @gi@fd transmtting the data
nmessage to the transmtter/recei ver agF—ea—seegnd power | evel higher than the
first power |evel over the one or norgSeSShge portions. 2. The net hod
of claim1, wherein the connunicationligisg" is a TDMA communi cati on
system the portions of the communi ca+er—ehRfnnel are franes having slots,
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nmessage portions and nmessage frames, and the step of transmtting is
performed over one or nore slots of the nessage frames. 3. The net hod of
claim 2, wherei’n-each nessage franme further inclu e PrTECti on
channel slots, synchronization channel slots, a1dﬁ€f§1A E@ %Fﬁigf The
met hod of cl ai [ message “frane i h sl ow associ af ed channel
frame of the 4%’%4@!@‘1 systent 5. The] M2 JYN19991 aj m 2,
wherein the step 6f tramsmtising is perforned ajpturality of tijre 6

The nethod of claimb5, wherein the step of trangmtting 1s perTorrréd ihree
times. 7. Cslﬁ%{% met hod of claim2, wherein each._data slof in eadh nessage
a d

o

frame is to a different transmtter/receiver. 8. The net hod of
claim2, wherejn eagch da | ot .ihcludes a plurality of data bits, the

19 data cod_'emgfr'd i%ﬁ%@?@%@%?@?%ﬁ%%ﬁ%@&é@%@“ﬂ Epeci fi ed
by a pl ur ddstoytenk ccdbzwf‘ hJcbﬁlmuﬁxcad_, i ﬁorr]zsfi(}&nﬁ&ﬁhﬁda@&mﬁhﬂiﬁiﬂqﬁ,chiﬂfedfﬁﬁmbﬁshed
conpri sing the step, of .encodjng t ata nessage wWith error detection

codi ng pr%(fré}f‘td’%leg?lé’ﬁtwﬁfn #‘F MWWH% Rl eReI AT ccompEising e e m
conpri si ngepsrgfans for establishing a comunication channel at a first power
.l evel between a .caontrol station a% a transm t,'ter/reegei ver, the_

communi cat i on 3SHERHE PTG HIQFEPIHHORS AL thecopmgrumncation rhatnel a5 messagc nogions: aod,

assi gni ng sel W@Eﬁa&%ﬁﬁ%%ﬁ&nﬁﬁﬁﬂ&@éﬁ&%i%ﬁféﬂrw&r
transmtting a data nessage to the transmtter/receiver at a second power

| evel hi gWaR therfirst POWEr leyel Svertha pe Of WO MBHRBE PO nore of the nessage
portions. 11. The system of claim 10, wherein the comunication channel

is a TDVA
2.  Themethod of claim 1, wherein the communicatiou system is a TDMA

communication system, the portions of the communication channel are frames having slots, the
message portions and wessage frames, and the step of transmitting is performed over one or
more slots of the message frames.

3.  The method of claim 2, wherein each message frame further includes forward
correction channel slots, synchronization channel slots, and idle slots.

4, The method of claim 2, wherein each message frame is a slow associated channel
frame of the TDMA communication system, '

5.  Themethod of claim 2, wherein the step of transmitting is perfoumed a plurality
of times.

6. The method of claim S, wherein the step of transmitting is performed thrée times.

7. The method of claim 2, wherein each data slot in each message frame is assigned
to a different transmitter/receiver.

8. The method of claim 2, wherein each data slot includes a plurality of data bits, the



communi cati on channel, the channel portions are ti b

communi cati on channel, and the nmessage portions arje REPEAGEMENTr SHES,

conpri $i ng -a-plural ity of-message slots. 12. The mof—ctarnril,

wherein each nessage frane further includes forwar{d [cogtect| hdgnnel
b5 Stk 8ed

slots, synchmmnﬁmmmﬂgm slots, and idle slots| stlem of
claim1l, wh 3 d nessade® franme is dhannel
frame. 14. The Syst efh of claimi1l, wherein the data nessage i s
transmtted a plurality of tinmes. 15. The syste ' ; ein the
data nessage is transmtted three tines. 16. The system of claim 11,

wher ei n .edath codewirdintludésnessph bit; a60€ch nesage bitis 3p&ifitddy 2 plurdiy oPdaia bits.
different transmitter/receiver. 17. The system of claim1l, wherein each
data slot includes a plurality of data bits, the data nessage incl udes

nmessage bits, and eReméMSEFCRIR 2] fultherThRpH{ihEie Bi¥p 8f &icbding iHellaRimdaize

bits, 18. . The systemof claim11l, wherein the data nessage i s encoded.
19.  The“ds&e R sodingmsior {gfbe Semok FAEsHHINE- nessage i s encoded with CRC
error detection coding. 20. A method for transmtting data nessages in a

TDVA conmuni cation system conprising the steps of: assigning a plurality
of TDMA framesl®s ndSempunicaionsystern LOMPHEBSage frane including a plurality

of data sl ot s, nbhiieed deaBliins dRiAmRbridd halfel & SRl ponlef RUMTRGRCHE SO
frame are assigned as a sepdrate comrunication channel for each of a
pl ur al i t y st@ton angdasrusmiticy/reoeiusr the eommypication channel including one or more channel
portion; ' _ |
means for assigning selected charel portions as message portions; and
means for transmitting a data message to the transmitter/receiver at a second power level
bigher than the first power level over one or mote of the message pottions.

11.  The system of claim 10, wherein the communication channel is a TDMA
communication channel, the chanmel portions are time slots within the TDMA communication
channel, and the message portions are message frames, each comprising a plurality of message
slots.

12.  The system of claim 11, wherein each message frame further includes forward
correction channel slots, synchronization channel slots, and idle slots.

13. The system of claim 11, wherein each selected message frame is a slow associated
channel frame. '

14.  The system of claim 11, whercin the data message is transwitted a plurality of
times.

15. Thc. system of claim 14, wherein the data message i$ transmitted three times.

16.  The system of claim 11, wherein each data slot in cach message frame is assigned



wherein the remai nder of data slots fromeach franme carry comuni cation
information transmtted at first power level; and transgtting a data

rressage'over parate comruni cati on c appml C

power |evel mmm!lﬂm !Mt power |evel. 21. RE G@ME&;{S@- 0§
20, wherein ea urt her includes forwar orrection chahngl
sl ots, synchronization channel slots, a#® idl e slots. P2 SkkiN9990d] of

cl ai m 20, wherein each nessage frane is a sl ow associ afefl channel frang.

23. The nethod of claim 20, wherein the step of trangmtting 1's pertorjred
a plurality of tinmes. 21 24. The nmethod of claim wherein the stiep

of transm &4 & Bfchett PRIShRfIRLeilr €€ times. 25. The met hod of claim 20,
wherein each data slot in each nessage frane is assigned to a different

transmtter/recei ver. 26.
I ncl udes a pluragli tYTlEbfsyQ@;h%f

and each nessage bit iIs ecl

met hod of ‘!_1?553$l!mﬂ measngqumgeadhmmsagpbnﬁs spaﬁﬁeﬁﬁygaga&hqﬁa‘t@m
message W ﬁ,p‘s error detection codi ng

18. The system of claim 11, wherein the dafimgssage is encoded.

19. The system of claim 18, whuem the data message is- enooded with CRC error
detection coding.

20.

A method for transmitting data messages in a TDMA communication system,
comprising the steps of:

assigning a phurality of TDMA frames as message frames, each message frame including
a plurality of data sfots, wherein one or more of the data slots from each message frame are

assigned asa separate communication channel for each of a plurality of transnutterlrecewers, and

whereiu the remainder of data slots from each fmne caxry communication information
transmitted at first power level; and

transmitting a data message over portions of each scparate communication channel ata
second power level higher than the first power level.

21.  Themethod of claiin 20, wherein cach message frame further includes forward
cortection channel slots, synchronizatioh channel slots, and idle slots.

22,
channel frame,

.The method of claim 20, wherein each message frame is a slow associated

23,
of times.

The method of claim 20, wherein the step of transmitting is performed a plurality

The nmet hod of claim?20, wherein each data sl ot

| ed 16 gmgl ur aﬁé&gﬁm&%l u&%mésamgms?h;s
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24.  The method of claim 23, wherein the step of transmitting is performed three
times. '

25.  The method of claim 20, wherein each data slot in each mnssagé frame is assigned
to a different transmitter/receiver.

26. The method of claim 20, whcfein cach data slot includes a plurality of data bits,
the data message includes message bits, and each message bit is specified by a plurality of data
bits. - |

27.  The method of claim 20, fiugther comprising the step of ericoding each data
message with error detection coding.



