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HI GH PENETRATI ON TRANSM SSI ON METHOD , FOR A
RADI OCOVMUNI CATI ON SYSTEM Background of the Invention 5

The present iwoemisésn general ly relates to radi oconmuni cat POTYUSYs8T86E and
nore particularly relates to a systemand nethod for reliably transmtting
radi ocomruni cati on signals under non-ideal conditions.

Referring to Figure 1, a typical cellular nobile radi oconmuni cati on system

IS shown. The typical systemincludesja nunber of base stations
simlar to base station 10 110 and a nunber of nobile units or stations
simlar to nobile 120. Voice and/or data conmuni cati on can be
performed using these devHGH-RENETRATION TRANSMISSIONMETHRD station
I ncludes a control and proc [ ' iﬁq “{LB ed to the MsC
(nobile swtching center) 1&@%%@%@3’1 gé m&%& the public
swi t ched t el ephone network (not shown).
Backeround of the Invention
5 The present invention generally relates to radiocommunication systems and

more particularly relates to a system and method for reliably transmitting
radiocommunication signals under non-ideal conditions.

Referring to Figure 1, a typical cellular mobile radiocommunication system is
shown. The typical system includes a number of base stations similar to base station

10 110 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 contro} channel transceiver 160
which may be capable of handling more than one control channel. The control
channel transceiver 160 is controlied 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
channel location information.

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

25  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 receives 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 channel information which

30  includes the characteristics of the candidate cells and determines which cell the mobile
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15 The base station 110 serves a cell and includes a plurality of

voi ce channel s handl ed by voice channel transceiver 150 which is
controlled by the control and processing unit 130. Al so, each base
station includes a control channel transceiver 160 whi ch may be

capabl e of Ranéisgyg nore than one control channel. The copd¥desnnnigse Channel
transcei ver 160 is controlled by the control and processing unit 130. The
20- control channel transceiver 160 broadcasts control information over

t he control channel of the base station or cell to nobiles |ocked to
t hat control channel. The voi ce channel transcei ver broadcasts the
traffic or voice channels which can incluyge digital control channel

| ocation infornation. When the nobile 120 first enters an idle

node, it peri eitbuihiokly tcs Chirsretdieedaontrolatharitie] inforfatiomatos onlfy iheiades abslitons | i ke
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broadcast on a control channel at |ts voi.ce and control channel transceiver

170. Then, s assqoiateds Hheassadiangnt sfls areqoriedieally aeapaed while memilopimg theont r ol
channel I nkor KRR oARbIChardit! td mérﬂﬁmfmé@e S BHGE shifabRlchfddRE. hWhGHGHPdI date

cells and determnes which cell the nob
SUBSTI TUTE SHEE'qm(mpjl Eelg@g to specifics of moblle and base station implementations can be
found in U.S. Patent Application Serial No. 07/967,027 entitled "Multi-Mode Signal
Processing" filed on October 27, 1992 to P. Dent and B. Ekelund, the entirety of
which is incorporated herein by reference. It will be appreciated that the base station
10  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), Time
Division Multiple Access (TDMA), and Code Division Multiple Access (CDMA) may

15 be used. The objective of each of these multiple access techniques is to combine
signals from different sources onto a common transmission medium in such a way that,
at their destinations, the different channels can be separated without murual
interference. In a FDMA system, users share the radio spectrum in the frequency
domain. Each user is allocated a part of the frequency band which is used throughout

20  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 (wideband TDMA) or only a part of the
band (narrowband TDMA). Each time slot contains a "burst” of information from a

. 25 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 radio channel. If each slot in a TDMA frame is
assigned to a different user, the duration of 2 TDMA frame is Ehe minimum amount of

30 time between successive time slots assigned to the same user. CDMA combines
FDMA and TDMA-.. In a CDMA system, each user is assigned a unique
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shoul d | ock to. The received control channel information not only includes
absolute i nformati on concerning the cell with which it is associated,
but al so contyph oHisksel at i ve i nformati on concerni ng ot he€T/USHGI1 2186
proximate to the cell with which the control channel I S associ at ed.

These adj acent cells are periodically scanned while nonitoring the 5
primary control channel to determne if there is a nore suitable candi date.

Addi‘ti onal information relating to specifics of nobile and base
station inplenentations can be found ig U S Patent Application Serial
No. 07/967,027 entitled "Milti-Mde Signal Processing” filed on

Qctober 27, 199%séwdoRdnddse Rberadde &. uniduelylsockss the Erequehey iny doinain. Examplechf i s
I ncorporated herein by reference. It wll be@g%greci ated.that the base
station 10  mayCRMA/emiques)inglpde, spread sppcium and HeARNEL 80RRNE, satel | i t e- based

nobi | e _radi oconmglR TN APsténi Sthe Riccessive time slots assigheli N6 HRA3Me user, which
radi oconmruni cati on system capacity, digital comunication and mul tiple

access techni queee swelly net EpsequiBisdymesion gn g rdio earmiere constistesthe pyoRRigion e

Di vi si on Ml ip@ﬁ:&&ﬁg&( | 1 kiSd | dski Geaser, (VA

may 15 be ugsed. e 0 Jé’c%rﬁ\%}so?&gelg%rﬁpgﬁ gﬂ]lé%gdl%u t pzfsg%e?cté\ss ter(':hn[ gues
is to conbine organizagembSTPMAvchinhdls psing the (iEM standard as an exomplsnis shown in

transm ssi on nmedi [ Lﬁﬁ!g Wﬁ%f %% t 164 | .0 he

di fferent chann%é%‘a:}h’ge sepzfra gg%‘ﬂ%‘u i ugFeI‘(ngx?f%#%?lﬁd r%ﬁ%%?s In a

FDVA system use8& ThaTEHtdhenmeldnciudepfatiirate and imifiie chaeglsefor ransmittingleoied n.

Each user is allocat a. part .of the.fregue band which is.used

t hr oughout 20 a&%ﬁﬁ%@?@ﬁ@?’oﬁe PR l“‘?ﬁ%’%[}gée'ﬁ?‘s 5?5&"&@}% gor?lﬁtéonr adi o

spectrum i n ohe Yetwden the mobile unit and the satellite (or base station). The signalling channels SC
include three types of control channels: broadcast control channel (BCCHs), common

contro} 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

13  which are downlink channels. The common control channels (CCCHs) include
downlink paging (PCH) and access grant (AGCH) channels, as well as the uplink
random access channe! (RACH). The dedicated control channels DCCH include a fast
associated control channel (FACCH), a slow associated control channel (SACCH), and
a standalone dedicated control channel (SDCCH). The slow associated control

20  channel is assigned to a traffic (voice or data) channel or to a standalone dedicated
control channel (SDCCH). The SACCH channel provides power and frame adjustment

. and control information to the mobile unit.
The random access channel RACH is used by the mobiles to request access to

the system. The RACH logical channel is a unidirectional uplink channet (from the

25  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 desiring access
sends its mobile .identiﬁcation number, along with the desired telephone number. on

30  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



domai n. Each radi o channel or carrier frequency is divided into a series of

tinme slots, and individual users are allocated a tinme slot during
whi ch the user has access to the entire frequency band all ocated for
t he. system (w deband TDMA) or only a part of the band (narrowband

TDWVA) . Each %v'b'y?n g(pt contains a "burst" of information fpegingsadiss data
source, e.g., a digitally encoded portion of a voice conversation. The tine

slots are grouped into successive TDVA franes having a predeterm ned
duration. The nunber of tinme slots in each TDVA frane is related to

t he nunber of different users that can sinmultaneously share the radio
channel. If each slot in a TDVA frane is assigned to a different

user, the duration of a TDVA franme is the #ni mum amount of 30 tine

bet ween successj . . ; t , r :
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97/ 18650 that the mobile station can tune itself to the new channel. All time slots on the RACH
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pseudor andorn v BPink SERReh s e foF mobile access spquests. sithe on 2 SPpigatio,hegis pF on 2
Exanpl es of reserved basis. Reserved-basis access is described in U.S. Patent Application No.

5 08/140,467, entitled "Method of Effecting Random Access in a Mobife Radio System”,
which was filed on October 25, 1993, and which is incorporated in this application by
reference. One important feature of RACH operation is that reception of some
downlink information is required, whereby mobile stations receive rea.~time feedback
for every burst they send on the uplink. This is known as Layer 2 ARQ, or automatic

10  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 downlink, Layer 2 information specific to the uplink. This flow of information,
which can be called shared channel feedback, enhances the throughput capacity of the
RACH so that a mobile station can quickly determine whether any burst of any access

15  attempt has been successfully received. As shown in FIG. 2, this downlink
information is transmitted on channel AGCH.

Transmission of signals in a TDMA system occurs in a buffer-and-burst, or
discontinuous-transmission, mode: each mobile unit transmits or receives only during
its assigned time slots in the TDMA frames on the mobile unit’s assigned frequency.

20 At full rate, for example, a mobile station might transmit during slot 1, receive during
slot 2, idle during slot 3, transmit during slot 4, receive during slot 5, and idle during
slot 6, and then repeat the cycle during succeeding TDMA frames. The mobile umnit,
which may be battery-powered, can be switched off (or "sleep™) to save power during
the time slots when it is neither transmitting nor receiving.

25 To increase mobility and portability, radiocommunication subscribers tend to
prefer mobile units having a relatively small, omnidirectional (and accordingly, less
powerful) antenna over mobile units having a large or directional anterna. 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,

30  omnidirectional antenna and a mobile switching center (MSC) or satellite. This

problem is particularly serious in satellite-based mobile radiocommunications.



CDVA t echni ques include spread spectrum and frequency hoppi ng.
In a TDVA system the successive tinme slots assigned to the sanme user,

whi ch are usually not consecutive tine slots on the radio carrier,
constitute the user's digital 5 traffic channel, which is considered to
be a | ogi cal eoleymedsoassigned to the user. The or gani ZGIEA6/BE6T DVA
channel s, using the GSM standard as an exanple, is shown in FIG 2.

The "TDMA channel s include traffic channels TCH and signalling channels
SC. The TCH channels include full-rate and hal f-rate channels for

transmtting voice and/ or data signals. The signalling channels SC
transfer signalling information 10 bet weeps.t he nobile unit and the
satellite (or base station). The signalling channels SC i nclude three

types of control channeitellitelsasaitmalsiie radivtammhunidadmngistetBicoiridds, conmmon
control channels (,CCCHs) .,shared between.nultiple subscrihers, and dedi cated
control e SR R Bles SeRRp RS o s S BooRE &
typically incl udggredpartially ovERippiigCiitellitd beafk] BAcHCIARNNAE bedni hdd)a ABRLs 8f up to
synchroni zati on channel (S , both of 15 whi ch are downl i nk channel s.

The conmmon cont r #out HQ wecierig o lignitations of a satglhin, itk nefayadgtigal(tPCH) and
access grant fA%dGQmmml&e@%m%w&ﬁsl random access

channel (RACH). The dedicated control channels DCCH ?".nc.l ude a fast
associ ated control cH3gsause ngabiesppllitedinks ang sgeerely powerdinitedt eammurtication is

(SACCH), and . ﬁ-m%@ - ed eln: ; sl ow
associ at ed cont rB’P“%S C a{r?glgﬁ %%ggﬁ%é%&%@eﬁgﬁﬁgb R(“\g/e(%;)c%?m (‘i’frc’cgg}? a)
channel or to a fbvmrdambieatioedf ¢ atrag line-of-sighopeth aid « pranmbtefle@RO@)e, albhe
SACCH channel prgoyid adj ust . nd. ¢ tol ..
information to tﬁ'gil H’%%l( P@@‘Eﬁ’%ﬂgﬂ&f fidbes. %&% c%lf & g?nagg'gxens?gﬂ Eé‘hog‘ﬁ lé’"( RACH
IS used by tbhe¢ mubigiresf dpprox@ateigtd dB oekess tb @chieve voidelvtemtynsication ihlideaR&Ghéar-
| ogi cal channel js_.a unidirectional | i channel (fram the 25 bile to
the base star onide cebHifts figh s 3en HB bl GBS Ehone, bl whiiibn o5 eronftBr s ( one
RACH per cel | i sdepidyed ehdihe unfl i§ 0AC@obsiigics Idcaticy €lf thise nexg-idal tliefielq)fthe
heavy use). bile units %ﬁpti nyously nonitor the status of the RACH
channel to det er RPRe jmit qanesuccesstully smaniior theinaging changel tp dpiect ipqomipgcalizclp

channel is idl e, ngh.jdefichRiitidts! sudB Bt WherD the HEBHES unit antenna is not deployed or the

15 mobile unit is in an obstructed location (e.g., inside a building) reflected waves,

including ground-reflected and building-reflected waves, become dominant. The
channels in these non-ideal conditions are characterized by flat Rayleigh fading (the
most severe type of fading) with severe attenuation. In such channels, a link margin
of as much as 30 dB or more is required to achieve voice communication, and the

20  mobile unit may have difficulty monitoring the paging channel to detect incoming
calls. In these non-ideal conditions where voice communication is made difficult, 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
station user of an incoming call. The mobile station user may then change locations

25  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 of signal amplitude,
doppler shifts, phase variations, signal shadowing or blockage, implementation losses.

30  and anomalies in the antenna radiation pattern.



sends its nobile identification nunber, along with the desired tel ephone
nunber. on 30 the RACH to the base station or satellite. The MSC receives

this information fromthe base station or satellite and assigns an
idl e voice channel to the nobile station, and WD 97/ 18650
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transmts the channel identification fqstd4EEroimd getNprough the base station
or- satellite so that the nobil g statpp tunelitself to the new
channel. Al tinme slots on the RACH! | 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. 5
08/140, 467, entitled "Method of Effecti ng‘GRandom Access in a Mbile Radio

%zz)regg’r ated i \rIIVhIt ﬁ%%ﬁ?@g V%L Qp%a’%tgi‘se&r]égg%gy %%%5 e:%‘g?ﬂ“'lf%fﬁ e eature
of RACH oper atsigpal ingrgithtatenswe egliable madidcomnmmication pefomtidnte) ipattiviuasyad i on i s
bur'st ¢ hey ser8Veripe Fi shiRdss Rebirn mirtiads pEperessmenbe ik masg OFt | ¢
signal include expanding the channel bandwidth, increasing signal power, and bit
5 repetition. Each of these methods has significant limitations. Bandwicth expansion is
typically achieved by known methods such as signal spreading and low bit rate error
correction coding, and results in a signal which is less sensitive to fading. Bandwidth
expansion reduces spectrum allocation efficiency. Further, in a SMS application, if the
expanded bandwidth of the voice channel is different from the bandwidth of the

10 message channel, two separate and complete radios (one for each service) will be
required in the mobile unit, thereby complicating its design. Also, a coherent Rake
receiver or equalizer is also typically required to reduce delay spread, further
complicating the design of the mobile unit. Bandwidth expansion may also be
implemented by repeated transmissions of the entire voice or data message. However,

15  under the non-ideal conditions of interest, this method is not effective because each
repetition is typically below the noise floor (that is, does not have a sufficient margin),
resulting in 2 high error rate and preventing the coherent integration of the repetitions.

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

20  addition to increasing the cost of the system, increased transmission power also 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

25  typically practical only in one direction, from the satellite to the mobile unit.

Bit repetition may also be used to increase the margin. Bit repetition may be
accomplished with 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

30  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
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10 repeat request, on the RACH The downlink information preferably

conpri ses twenty- two bits that nay be thought of as another downlink
sub- channel dedicated to carrying, in the downlink, Layer 2

i nformati on specific to the uplink. This flow of |nforrrat|1;Q1 n 186which
can be cal | ewootresssnd channel feedback, enhances the throu& BHFg pacity of
t he RACH so that a nobile station can qui ckly determ ne whet her any-
burst of any access 15 attenpt has been successfully received. As shown
in FIG 2, this downlink information is transmtted on channel AGCH.
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16 slots per frame and 114 data bits/stot, the minimum delay for receiving a 64
character message, not including propagation time, is as follows:

64 bits X 8 bits/character X 1000 repetitions/bit X 18.64 ms/slot X 1/114
slot/data bit = 84 seconds.

15 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 significant
increase in power.

It would be further desirable for a communication system to allow for

20 transmission of signals with an increased signal margin without requiring expansion of
the channel bandwidth.

It would also be desirable for 2 TDMA communication system to allow for
transmission of signals with an increased signal margin without requiring a change in
the structure or organization of TDMA frames.

25 It would be further desirable for a mobile radiocommunication 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.

1t would be further desirable for a communication system to selectively increase
the signal margin of a communication link for the wransmission of data messages.

30
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A satellite-based nobil e radi oconmuni cation system provi des

radi oconmuni cati on services to particul ar geographi cal areas of the earth
usi ng one orwoo9nsesonore partially overlapping satellite beagifesoskagd

satellite beamhas a radius of up to about 1000 KM Due to the power
limtations of a satellite, it is not practical to 5 provide a high link
margin in every beam sinultaneously. Because nobile satellite
| inks are severely power limted, comrunication is typically limted

to line-of-sight channels with R cean fadi8ag. R cean fadi ng occurs

froma conbination of a strong |ine-of-sight path and a ground-reflected

wave, al ong __me_hg&u&_aguslmm b € di ng-refl ected waves. These channel s

require a comuni Ca# L ' X1 ss to
Tt QBvelobll ahd othel iaflhfbn bt ERREANhAITLRITalli GheehnE

achi eve voi ce communication in | dea near - conditrons, such
as when the nmoinidimethodsiarstoyerspine b thenpreseaninwentian,i whigh prpeides/for a high- depl oyed

o Uhe UL | kB0 RIS AR R4 S Wk B3 ol S

t he mobi HS8 AT CaN SUCCESS

i ncomi ng c&l | sof bitrepetition ambareladively semali didréass i, powes. h AdSordiig fo &xlempEBpi | € uni t
antenna i s not dqeﬁj o%ed or the 15 fbm)bi | e ug‘i,é i@'iaj n an ghstructed

| ocati on (e. g.SmaoAiTIelis. the 5ompigatan of bik repctino agg g gelatively smalljinczeaseyinppwer
ground-r ef | ectaveida b dauiceptalilg delays chataCerishia\of Sy stdaRCWHED fon repefition

channels in these non-ideal conditions are character] zeg_ by ?I at Ray] ei gh
fading (the t increasethe sigpal margip, Likgwise, the fgmbination ofsopstidon pedaplatively, | 'n

such channel s, gnidlllihdase PSSR avoids the co-channel interference problems of systems which
10  rely solely on a power increase to increase the signal margin.

According to an exemplary embodiment of the present invention, a mobile
radiocommunication system is provided with a short message service feature for
transmitting alphanumeric messages to and from a mobile unit. In order to ensure
reliable transmission over channels having severe attenuation, the communication

15  system, a short message is encoded with error detection coding; the 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 a TDMA
communication channel, using the same time slot or slots for each transmission; and
the transmissions are integrated and checked for errors at the receiver to form a signal

20  having an increased margin.

Brief Description of the Drawings

The foregoing objects, features and advantages of the present invention will be
more readily understood upon reading the following detailed description in conjunction
25  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;
FIG. 3 is a diagram of a satellite-based mobile radiocommunication system in
30 which the signal transmission method of the present invention may be implemented;

and



of as much as 30 dB or nore is required to achi eve voice comuni cati on, and
the 20 nobile unit nmay have difficulty nonitoring the pagi ng channel to
detect incom ng calls. In these non-ideal conditions where voice
conmuni cation is made difficult, a short nessage service (SMS) is
desi rabl e. DuwOBYI&ssHe power |imtations of the satellite, PCT/USIANAS6| s
particularly effective when used in non-ideal conditions to alert a nobile
station user of an incomng call. The nobile station user nay then change
| ocations 25 to receive or return the call. The term"link margin" or
“signal margin" refers to the addi tignal power required to offer
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for transmitting voice or data may be established between a mobile station and either a
10  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, and additional base
stations are not practical, such as in rural areas. Due to the inherent power limitations
15 of satellites, voice communications links between the satellite and the mobile station |
require 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 shadowed (e.g., inside a building, etc.)
or when the mobile antenna is not properly deployed, the power or signal margin
20  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 to the mobile station. The message may be used, for example,
to inform the subscribér of an incoming call. The present invention ensures reliable
25 transmission of the message by providing for an efficient techxﬁquc for increasing
signal margin without significant delay, power increase, or co-channel interference.

For purposes of illustration only, and without limiting the scope of the
invention, a satellite-based GSM radiocommunication system using TDMA channels
may be assumed to exhibit the following conditions. The communication channel has

30  no line of sight component and is subject to flat Rayleigh fading with severe

attenuation. As will be appreciated by those of skill in the art, Rayleigh (or multipath)



results in a signal which is |less sensitive to fading. Bandw dt h expansi on
reduces .spectrum al | ocation efficiency. Further, in-a SM5
application, if the expanded bandw dth of the voice channel is
different fromthe bandw dth of the nessage channel, two separate 10 and
conpl et e rackowngssae for each service) will be required ipcrndmeimiy | € unit,
t her eby conplicating its design. Al so, a coherent Rake receiver or
equalizer is also typically required to reduce del ay spread, further
conplicating the design of the nobile unit. Bandw dt h expansi on may
al so be inplenented by repeated transm ssions of the entire voi ce or
dat a nessage. However, under the non-ideal0-conditions of interest, this
met hod 15 is not effective because each repetition is typically below the
noi se floor (t#HRg iss phepergenqyywhich occuns when multipeth; waven formestagiding-wave pairst i ng
in a high err ' rent.: it i of the
repetitions. Uae PRt “‘ﬁmﬂﬁ%ﬁt&p&t‘gﬁﬁ ap%%/"\écre aﬁ%ay a ssgag'gghh"%g% to
provi de a hi glpeirs srumméditogethercform iah étigular wave fading stxentgre.e Whien tikomobsitentnit\\0O

81/00034. Due. i ' f LI 0 . this.is
typical ly not 1%%&%0 Fg\g?&é‘%oe% rqlcfgg%%n? Piﬁnag.dglltopz ?%eﬁ’%geﬁ %’%%@3@? WYt B8 8s ¢ of
the systenp the fadingcstrecteredatses fislmgse iocour phivhrinatases ssahemobite wAd Mo f i cul t
to control co-channel . interference ticylagrly . in TDVA systens with
narrow re- use f?ﬁ?g?ﬁf.meﬂﬁé}?ﬂaﬁﬁ‘éﬁl 3??['” m“'ide?]%iel%b\%@?&ﬁl r‘FcarPQ%H%at% éﬁ‘u t he
satellite to 0eiBTBoW ehesigral bRyl dfa ivaoMel ifle-0ntiyhtAHsnaD periods of
relatively light use. Further, hecause the nobile unit is even_pnore power

25 limted than $herdshioufnsyre deliapls; teansmission of acshpe messsee 1 thy moble ppiti onl y

i n one direct ingRidehl Ediditions, thd Hifna® MafPid Mu YeGndri8edTOREdoRIing Holthe present
Bit repetition may al so be used to increase the margin as described, for

exanpl e, 10  inveptions bilrrepatitigpoand peyrry durreasy may be)eqrabinedifo pegyidscandpereased i shed

with a |over eghQl miiCwithout sighifidsht dBgpage repetition, particularly in
non-ideal conditions. Bit repetition causes 30 transm ssion delay, which

i s not desirabl e f&rwillopecapprrcigted|that deeibelsoldB) ergmite usedrig express ratiosiofiever
transm ssion ¢ghay HR¥:DS: AN SREBIN a Bkd SRR By WSxprilied'is?S @ SMB
decibels by the formula dB = 10 log (P2/P1). A signal margin of 30 dB requires a

15  power ratio of 1000, since 10 log 1000 = 30. Thus, to achieve this signal margin
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 32 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

20 by increasing the power by 15 dB and repeating each bit approximately 31 times.

Using' this technique, the bit-repetition delay for a 64 character message is (64
characters X 8 bits/character X 31 repeats/bit X 18.64 ms/slot X 1/114 slot/bits)
approximately 2.5 seconds. As a result, the bit repetition delay is maintained at a
reasonable level, and the power increase is also maintained at a reasonanle level,

25  thereby avoiding co-channel interference. It will be apprcciated that many different
combinations of repetitions and power increases are possible to achieve successful
communication in Rayleigh fading environments without significant delay. Further,
rather than repeating individual bits of a digital signal, groups of bits may be repeated.

To implement the technique of the present invention, the power increase from

30 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



- 6A- feature, provided that the delay is kept to a reasonable m ni num
Bit repetition is achieved by transmtting individual bits or nodul ation
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synbol's, or MEXRE8S8of bits or nodul ati on synbols, a pl ur AT G nes
such that all repetitions are contained wthin the sane tine slot or -
sl ots of successive TDVA frames. The receiver integrates the energy
fromeach repetition to create a signal '
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conditions might have their power reduced 1o 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 individual slots in consecutive TDMA frames are transmitted at an

increased power level. It will be appreciated that the power increase from the satellite

wn

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 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
10 of the present invention, the power increase from the mobile unit to the satellite 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 by the mobile unit to
further effectively increase the margin of the signal transmitted to the sateilite. Since
acknowledgement by the mobile unit over the RACH channel may be accomplished by
15  a signal having a low information rate, a higher number of sync bits and a higher
number of bit and message repetitions relative to the forward channel can be used to
compensate for the Iowér transmission power of the mobile unit. Preferably, the
mobile unit transmits consecutive repetitions on separate carrier frequencies to
decorrelate the repetitions. Because the message is short, the transmission time will be
20  short and the average transmitted power will be acceptable using this system.
Referring now to FIG. 4, a flow chart describing the transmission of a short
message using the transmission method of the present invention is shown. In step 100,
a sending party inputs a message to be transmitted to a receiving subscriber. The
message may be input into the communication system directly by the sending party
25  through a mobile unit, a standard telephone, a computer terminal, or equivalent device,
or the message may be input indirectly by calling an operator at a service center who
inputs the message into the system. In step 102, the information 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 a codeword of some
30 number X of codeword bits or symbols. It should be recognized that the transmitter

may be the satellite, a base station, or a mobile unit. In step 104, each of the X



havi ng a higher margin. As noted above, bit repetition can cause
significant delay, 5 dependi ng upon the I ength of the nessage. To achieve
a 30 dB signal margin, each bit w |l have to be repeated 1000 times. A
typi cal short message has between 32 and 64 characters in the GSM
system thewguf/pean di gital standard, up to 245 charact etpubkdtsinise the
DAMPS (Di gital Advanced Mobil e Phone Service) systemcurrently used in the
United States, and up to 160 characters in the DECT (Digital European

Cordl ess 10 Tel ephone) system Assuming a GSM system havi ng TDVA framnes
of 18.64 nms, with 16 slots per frame and 114 data bits/slot, the

m ni mum del ay for receiving a 64 Qggyacter message, not including
propagation tine, is as follows: 64 bits X 8 bits/character X

1000 repetiti codemvbid bid¥ of 8yBKolsButphtQy tie dcadifl means 484 ﬁ:éﬂ@éﬁ d%e} G f
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messages. 30 devices. It will also be appreciated that, in order to implement the technique of the
present invention, means are included in the transmitter to determine the number of bit
repetitions N, message repetitions M, and power'increase necessary to achieve the
15  signal margin required for successful transmission of the message.

In step 108, the receiving device (i.e., the mobile unit, satellite, base station, or
equivalent device) samples the received signal, including the repeated encoded message
bits, error detection bits;v and channel quality estimation bits, and generates a metric
sum of the form Y; = E iy - C‘Js 2, where r; is the sampled received signal

20  corresponding to the ittf'rlcpetition of the infbrmation bit or symbol S in packet repeat
J» and G; is the corresponding estimate of channel quality. In step 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 decoging methods. To implement soft combining, the decoder adds metric

25 sumsas y =E Y and makes a bit or symbol decision based on the sum. To
implement ani}ority logic voting, the decoder makes a 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 mads M
preliminary decisions, the decoder will determine that the corresponding information

30  bitisa 1 if more than half of the preliminary decisions were 1; otherwise, the decoder

will determine that the corresponding information bit is a 0. The same logic is used to
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I ncreased by a conbination 5 of bit repetition and a relatively small -

i ncrease in power. According to exenplary enbodi ments, the conbination
of bit repetition and a relatively snmall increase in power avoi ds the
unaccept abl e del ays characteristic of systems which rely solely on
repetition to increase the signal nahgln Li kewi se, the conbLnation of
repetition and Lvely snmal | _increase r.avoi ds t he
copchannel i nt‘?rc? raeﬁﬁg’abﬁsc?bq ehd PESYCIE P8 FERAE W E'!‘Bq"ige V\Eéf exactly half offhe 5
power i ncr easepréleminigTdRsisions 4€ 0Hing RAACtFREID ofthe prefiminary decisioffGFLI Mg L0 an

exenpl ary enbodi nent _of t prese i nventi on,
radlrrgcoerunl cé’gpﬁﬁ %95@%95&%?%. & despred, bits ashmbmﬂéscgbgentbrewutb@ feature

for multiple transmissions of the message are combined coherently to generate 2 message
5  signal having an increased margin.

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

10 apparatus, the user is notified of an erroneous message by a displayed error message or
by an audio signal, and the receiver requests the transmitter to retransmit message or
the erroneous parts of the message in accordance with a bidirectional radio protocol
described in more detail below.

According to the present invention, repeated transmission of messages may be

15  used in combination with repetition of individual portions of 2 message. That s,
individual portions of the message may be transmitted multiple times, and when the
entire message has been transmitted by means of the répeated transmissions of the
message portions, the entire message may be transmitted again.

According to a further aspect of the present invention, the message repetitions

20  are decorrelated by, for example, transmitting the message or message portions-on
different frequencies, on different polarizations, or at appropriate time delays.

The transmission system of the present invention may further include forward
error correction (FEC) means. In such an arrangement, the transmitter is provided
with a second encoder for encoding the information bits of the short message with an

25  error correction code, after encoding the information bits with an error detection code
in step 102. The message is transmitted, and the received message decoded, in the
manner indicated above. With majority logic voting, a hard decision decoder is
employed, and the bits at the output of the majority logic voter are fed to a channel
decoder with no additional information (such as bit reliability information estimated

30  from the channel). If soft combining is used, a soft decision decoder is employed to

decode the error correction code, and metric sums y; are added to the soft decision
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the better the performance of the system will be, but the longer the delay will be. A
TDMA slot has a finite number of bits which may be used as either sync information
or data. Increasing the number of bit repeats (N) in a packet necessarily requires a
reduction in the number of sync bits. The metric sum depends upon the estimated
channel quality, and the channel quality depends upon the number of sync bits. If a
TDMA slot has N, bits, there are N, sync bits/slot, and N-N, data bits per slot, then the
gain in signal-to-noise ratio per bit due to repetition is approximately (N,NS-N,Z)/N,.
The optimal gain in signal-to-noise ratio therefore occurs when N=N/2. However, it
will be appreciated that the choice of the number of sync bits and data bits in a given
slot will depend upon the particular transmission scheme to be implemented.

As described above, the link established for communicating messages between a
satellite and a mobile station is a bidirectional link. Accordingly, a radio protocol may
be chosen for use between the satellite and the mobile station to enhance the utility of
the short message system. For example, a simple protocol may be implemented in
which a mobile station receiving a message would respond to the satellite with a
"YES" or "NO" to indicate whether the message was received correctly. Alternatively,
a more complicated protocol can be implemented in which a packet or group of
packets is identified by a group ID and protected by CRC error detection code. If the
CRC indicates that the message was not received correctly, then the satellite can resend
the packets comprising the erroneous group. In this manner, only packets with errors
need to be retransmitted, as opposed to resending a complete message. Thus, this
protocol can be used to optimize the number of repeats and thereby minimize delay
and wasted satellite power.

The bidirectional link of the SMS according to the present invention also
provides for advantages with respect to billing. A unidirectional link prevents a short

message delivery fee to be charged to the sender or recipient because there is no
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transm ssion of a short nmessage according to the present invention.
Detai |l ed Description of the Preferred Enbodi nents 5 Wil e the
foll owi ng deswoisptsés;n is directed toward a short nessage s@®CcVAUSW/17186

I npl emented in a satellite-based radi ocommuni cation system it wll be
appreci at ed t hat the present invention may al so be applied to other
types of communication systens. In a satellite-based nobile
radi oconmuni cati on system a conmmunication |ink for transmtting

voice or data may be established between alfobile station and either a 10

standard tel ephone or a second nobile station through _one satellite,
mul tipl e sat el | $¥idegce that the msssage WasAoReHY Beeivsd. Jhus, @ SMP servisa a3 t es and

the PSTN (publi ei@iitGREnd BkfBO6Ered to a sutl)ﬁ‘i‘-ibwt'ﬁ}x-incﬂb%& sabSfiptiG{ Fate2 SInS NOWN

in FIG 3, may be desirable to achieve a broad geogr aphi cal coverage
i n which few orconiashcheeause abidiretionaldinkraliows e message seadertar Geralce jonerator to

over 11 mtat | ouepa e o BiEed 3ad Sk leedlnhe oSN KBeiF ekl MBLECS
the satelli te aSM_Stshwic:rmbilhl qadatilvavifmfor each.corremﬂuircgei\dedlembsam oulgar - i deal
COMI 1 ons . {1t 2 S ol i i ki ST O
condi tions, suclkquifinghdink nfaeginodglestersthai 3640 4B, Wwhcdprablyl 165 delays imnyiresita
bui ding, etc. )in the technique of the present invention. 'In such cases, the message may be stored at
the satellite or corresponding cellular mobile switching center (MSC). When the
10  mobile unit is able to read the broadcast control channel (BCCH) of a more favorable
. communication channel, the unit may be alerted of the stored message by means of,
for example, a flag on the broadcast control channel.
Using the iechnique of the present invention, increased signal margin may be
provided without bandwidth expansion, thereby avoiding complicated mobile station
15  design. Further, there is no change required in the TDMA frame structure or
| organization, other than message content. The method of the present invention allows
signals to be transmitted to or from the mobile station. Since the method is
bidirectional, it will be appreciated by those of ordinary skill in the art that the system
can be implemented as part of a signal control channel in a TDMA system.
20 While the foregoing description has included many specificities, the exemplary
embodiments disclosed are for illustrative purposes only, and are not limiting of the
_ present invention. 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 appended claims and their legal equivalents.



or when the nobile antenna is not properly deployed, the power or signal
mar gi n 20 requi rements for comrunication increases significantly due to
the increased attenuation in the channel. In such situations (shown
as Mlz in FIG 3), Rayleigh fading often prevents satisfactory
conmuni cati‘ga,”ﬁ& it is therefore desirable to send a shefriusssi17186

al phanuneri ¢ nessage to the nobile staty y be used, for.

exanpl e, to informthe subscrl ber 'ﬂilSa&HEEﬁdlbq&[ﬁhg EN2I 1. The present

i nvention ensures sm ski on REPLAGEDhessade by providing for
an efficient tec |Wummlﬁm M’ STgMATTErgT N Wi t hout
significant delay, * pdwert i ficr das®, coyghannel interference.

For purposes of illustration only, and without Iimting the scope of the

i nvention, a mll'st@tmu I&SM r adi ocommuni cati on system usi ng TDVA
channel s e assuned to exhibit the follow ng copditions. The
conmmuni cati on chanhé“ﬁﬁ@ Aor incrazsing; the margins ol AeMMUBIFALANS Mk FHIPPASING b ect to
flat Rayleigh fadigg 2 Eotfnication 1ini@ btGEhod ﬂrﬁﬁmtéﬁaﬂ& A Lecaee:a&raﬁem at ed
by those of skill |n t art, Rayleigh (or nultipath) WO 97/ 18650
PCT/ US96/ 171 8#itial margin level the commumcatxon link having a plurality of time slots, each timg)_
5 slot including a plurality of information bits;
transmitting an information signal in groups of one or more information bits
from the transmitter to the receiver over the communication link a plurality of times,
each transmission of each group occurring within the same time slot and at an
intermediate margin level between the initial margin level and an increased margin
10 level; and
integrating the transmissions of each grdup at the receiver to form a signal

having the increased margin level.

2. The method of claim 1, further comprising the step of encoding each
15 transmission with error detection coding information prior to the step of transmitting.

3. The method of claim 2, further comprising the step of decoding the

information bits by soft combining prior to the step of integrating.

20 4. The method of claim 1, further comprising the steps of determining whether
the transmission of the information signal is successful, and storing the information
bits of the information signal for later transmission to the receiver if the transmission

of the information signal is unsuccessful.

25 5. The method of claim 1, wherein the transmitter is a satellite ard the receiver

is a mobile telephone unit.

6. The method of claim 1, wherein the transmitter is a mobile telephone unit

and the receiver is a satellite.
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fading is a phenonenon which omeTrmﬁf*pa{—h waves form standi ng-wave

pairs due to reflection f i structures in a service
area. The standi ng-wave pym"mmm@g 'hﬁer forman irregular wave
fading structure. When the nobile upitL » s stationary, it receives a
constant si gwab9rnseseever, when the mobile unit is noving, PE/USIHA’K adi ng

structure causes fading to occur which -m,ggs tRe—obi | € unit noves -
faster. The nean signal |evel of the ni—sl BéEN hannel is

approxi mately 20- 30 dB below th i gnaFPL of near - i deal

| i ne-of -si ght channel . In order to ensuré reliable

transm ssion of a short message to the nobidTe unit in "~ non-ideal
condi tions, the signal rgin t. be i.ncrease Accor di to the present’
10 invention, bit P@pﬁ?’%ﬁd %ﬁ%&%ﬁ%&@éé‘%&%ﬂﬁ‘@“@gw ned to provide
an increased acknowledgeilent@g@l.n W t hout significant del ay. It
w Il be appreciated that decibels (dB) are units used to express ratios of
power, current, or voltage. Specifically, a power ratio (P2/P1l) nay be
expressed in G CTREMShEY of ¢l&im| BrwWhétein B8 acknb®ddgémdnbdighiil )is trahsiitebaal

margin of 30 dB requires a 15 power ratio of 1000, since 10 |og 1000 =
30. Thus, to° actn thesandemsacgesyghannelf gimobile radiocgmmupicatign links 1 epeti ti on,
each bit must be repeated 1000 tinmes and the signal nmargin from each
‘repetition nust be integrated at the receiver, resulting in the 32 second
del ay cal cul at%dThsmsthod ploeleivel, whersinithe infornagion 5igna isran giphanumieric

requi red power {nggsL IS only 31.623, since 10 |l og 31.623 = 15. Thus,
a 30 dB signal gééh may be provided 20 by increasing the power by 15 dB
and repeating each bit approximately 31 tines. Using this technique,
the bit-repegtition | fa character .nessage.i s (64 . ... characters
X 8 bits/character %3?‘?5}32’3@3?%&%%?Wcﬁ%%ﬁglb&lfeﬁ&saf
approxi mat el y 2lifk.seconds. As a result, the bit repetition delay is

mai nt ai ned at a reasonabl e | evel, and the power increase is also

mai nt ai ned at a reasonable level, 25 thereby avoi di ng co-channel

interference. It w11, T8e afefhodof dkidel 1] Wikrei@it)codtinfun®atdH link is a Rayleigh nat i ons
of repetitions and ower increases are possible to achieve successful

15
12. The method of claim 4, further comprising the step of notifying the receiver
that the information signal is being stored.

13. A communication system, comprising:
20 a transmitter for transmitting information signals at a first power level, the
transmitter including means for transmitting portions of one of the information signals
a plurality of times at a second power level;
a receiver for recetving the portions and integrating the received portions to
form an integrated information signal.
25
14. The communication system of claim 13, wherein the transmitter further
includes an encoder for encoding the information signals with error detection coding,

and wherein the receiver includes a decoder for decoding the received portions.

30 15. The communication system of claim 14, wherein each portion includes one

or more bits of an information signal. e
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comuni cation in Raylei gh fading—envitoenrents—w-thout significant delay.
Furt her, rat her than repe I vidual bits of a digital signal,
gr oups of bits may be repeat ed. m J’ '”mumu npl erent the techni que of
t he present invention, the povve 0. the satellite to the
nobi | e stat%rb., o be provided by averaging "a power | oad preRRSEGI1MI86

mul tiple users. at i s, comunication_channels used by nobile units in
near - i deal VO 97/ 18650 - .
PCT/ US96/ 17186 THIS SHEET HAS BEEN -11-

condi tions m ght have their power redéfeed-iQ RLACEBase t he power supply to a
nobi | e unit or units in the non-ideajg.conditi ONST—Power increase may
al so be provided by tine averagi ng, 1 n which i ndi vi dual slots in
consecutive TDVA f iGfhe cammunicatismsystemcbf alaimn3, wherein tigy @as@ttep@er | evel .

It will be appregiated, that. t he power ingrease fromthe satellite 5 to
the nobil e S{)g?e@h: afpgjhedfeggv&g sgm\gﬁeg&pg d®Her techni ques, known in the
art. The power |imtations of the nobile unit are even nore

severe than the pox\i limtations of the_ satellite. Thus, it is even
more difficult to FhcHSSOmmypication gystem of claim 13, wherein the transmitter is a mobile

5  telephone unit and the receiver is a satellite.

18. The communication system of claim 17, wherein the information signals are

transmitted on the random access channel of a mobile radiocommunication link.

10 19. The communication system of claim 14, wherein the transmitter and
receiver communicate to determine whether the transmission of the information signal
is successful, and a storage means stores the information bits of the information signal
for later transmission to the receiver if the transmission of the information signal is

unsuccessful.

20. The communication system of claim 19, wherein the transmitter notifies the

receiver that the information bits are being stored by the storage means.

21. The communication system of claim 14, wherein the information signal is

20  an alphanumeric message.

22. The communication system of claim 14, wherein the portions transmitted by

the transmitter are decorrelated.

25 23. The communication system of claim 14, wherein the transmitrer further
includes an error correction encoder for encoding the information signals with error
correction coding, and the receiver further includes an error correction decoder for

decoding the received portions.
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comuni cation fromthe nobile to the satelliTe. h conmuni cation is
necessary to send a nessage ﬂl cei pt of a nessage.
Accordi ng to one enbodi nent 10 l‘ﬂﬁm"mgﬂmu!ﬂvent i on, the power
increase fromthe nobile unit to the Sattel i te nmay be achi eved by
al l owi ng t hewghiideg@o unit to transmt on all tinme slots of PCTASPETIREM
access channel RACH. Bit repetition may 3 ' i by the nobile
unit to further effectively increag he signal
transmtted to the satellite. Since Py the nobile

unit over the RACH channel may be acconplished by 15 a signal having a
| ow i nformation rate, a higher number of -83nc bits and a hi gher

nunber of bit and ngssage, repetitions relative to.the fopward channel can
be used to cggpéfgﬁk"é‘?g’émsr‘f@m%\ﬂﬂ?’ PrRHIRE the sﬁgwer of the nobile
unit. Preferably, tefi€ding data 08 thasriited with 36 ddtdeti6d Bt ol fofm bdaAL i ti ONs

on separate carrier frequencies to decorrelate the repetitions.
Because the me®d8Wedi s short, the transmission time will be 20 short and

the average transmig;&dg R Vaa ¥dbword Sntd packels P ofie HSIBR datll BitsS4d; oM
Referring nowto FIG 4, a flow chart describing the transm ssion of a

short 5 messagdransmniftingteaeh packetAwlurality of menate Brst sigeal mageip Averimvent i on
is shown. In s{eh8ion chmnel%séﬁ&&%d?&h}_?%étaymﬁﬂi‘dﬁrsaﬁ ﬂ%ﬁé@é}e# o be

transmitted to a recelving subscri nmessage nmy be input into

t he conmuni cat ¢opmanjcationrchiinnel casrying yoich signadaat iarsgeopd isignal xgarging the sergind a
nobile unit, a_st .d; 1. EBQP rmnal, or equival ent
devi ce, %émfﬁlg?g:ruggés%e nagﬁBéﬁﬁ %S{J?gﬁtaﬁ%‘?‘llgglét ly by calling an operator

at a service cent ersampling the packetsatithe redsyemessage into the system |In step
102, the ipformation bits,.conmprising the short nessage are encoded by
an encoder[qocat ed J&delﬂgeﬂlflpg%g% ?'{&er wth an error det ecti on code,
such as CRC. The erinwegatindnhs slagpded patkéts tofoRti aalatifmablia¥ingfa thirdsigall nunber
X of codeword bits qr .sygbols. It, shoul d be recognized .that.the transmtter
Ty bo i he_sat Bre, e G 3gu ki JARE biebe i e S Aferl FAED o0 104 omch
of the X

25. The method of claim 24, wherein the step of decoding is performed by soft

15 combining.

26. The method of claim 24, wherein the step of decoding is performed by hard

decision decoding.

20 27. The method of claim 24, wherein the data sigpal is an alphanumeric

message.

28. The method of claim 24, wherein the transmitter is a satellite and the
receiver is a mobile telephone unit.
25
29. The method of claim 24, wherein the transmitter is a mobile telephone unit

and the receiver is a satellite.

30. The method of claim 29, wherein the data signal is an acknowledgement

30 signal for acknowledging the receipt of 2 message.

[
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codeword bits or synbols output by the encoding neans are repeated N tines
to form a packet containing N bits. It will be apparent that, instead
of repeating individual bits or synbols, groups of JbWRsRh7{kRr € bits
or synbol s @83%“%‘1 S0 be repeated. P n i

Hen transmtted such
that each slot within a TDVA frame in HAS BrF?%'?e 5 packets of
repeated bits, error detection codinglbits, syhedburst to enabl e the
receiver to estimate the channel quality. Al bits conprising the encoded
short message are transmtted in thys fashion. Once the entire
encoded nessage has been transmtted, the transm ssion of the nessage
(in the form of p&dkEhesmethodlof cldiand0,dvherein the ackmowledgemenpsighatds M ti nes to
achi eve the desired.si gnal rgin. Lt wll be .appreciated 10 that, since
the short rreggﬂ'@‘@s'ﬁﬁ)?“ W% %‘f"ﬁse%‘“f’%’o?ﬁ %mggfleg%hﬁ%?m‘b“é‘?&%%“bn, or
nobi |l e station, encoding and transmitting functions are provided in each of
t hese devices. Jt wl | .S0 reciated fhat, in order to
i npl enent the tec iaﬁ"emﬁ?m‘% chlaxm 9%: f@ﬁ@smms g 588% °freans are i ncl uded
in the transm tt erdefeBniighit MeRcdivie whethi@athe flbhdineric messagecittaidsianps N
nmessage repetitions M and power increase necessary to achieve the 15
signal rmargi fTP¥¥ui red for successful transm ssion of the nmessage.

Instep 108, the ragRiiipNotaieissin bF oft or che pHERES ek RiphanRHE lndsdage base

station, or

contains errors; and .
displaying the alphanumeric message at the receiver if the alphanumeric

10  message does not contain errors.

33. The miethod of claim 24, wherein the transmissions of each packet are

decorrelated.

15 34, The method of claim 24, further comprising the step of encoding the

codeword with error correction coding prior to the step of wansmitting.

-

W

-
eet Has Been Replaced

T



equi val ent devi ce) sanples the received signal

encoded nessag
estimation bit

[ert] where r[err]

e

s, and generates a netric
is the sanpl ed received signa

bits,

ith repetiti owoefngsse i nformation bit or synbol

and (err]
decoder
synbol
majority |ogi c.woting .
i npl ement soft
sunms as [err]
To i npl e
bit or synbol
final bit or s
deci sions. Thu
decoder will d
if nore than h
decoder

The sane | ogic
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is the corresponding estimte 3
contained in the receivinglﬁ vi ce decodes each encoded bit or
slot fromthe nmetric suns,

______suLLabLe_decndLng_ne
conblnldﬁr/qﬁheg;coder adds netric

= [err] ar#

in the TDVA

Ued@ds a bit or synbol

error detection bits,
sum of the form

channel

i ncluding the repeated
and channel quality
[err] =

20

S i n packepctepsatiss
quality.

usi ng soft conbining
thods._To

In step 110,

corresponding to the

i
a

or

deC|S|on based on the su

3
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PROCESSING YNIT 180
NOBILF
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120

M 25

nent majority logic voti €S a nary
deci sion for each trlc gerr] and theq g nakes a
ynbol deci si on by onparlﬁ all of the pp | i m nafy
, I f the decoder has nade prelipnary dé0|sﬂohs, he
Eternine that the corres o1d|ng |nforTat|on 30 bi t all
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CONTROL
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- 13- decode a bit that is a 0. To prevent an error which mght result
if exactly half of the prelimnary decisions are 0 -and exactly half
of the prelimnary decisions are 1, Mis chosen to be an odd number.
The decoded bits are conbi ned coherently and the mul tiple
transm ssi onsw@br/iges nessage are conbi ned coherently to geper/asssnaseoessage
5 signal having an increased margin. In step 112, an error
detector contained in the receiving apff us detects errors based on
the CRC error detection coding provided at the transmtting apparatus. |If
_nho errors are detected, the nessage is displayed on the receiving
- subscriber's nobile unit in step 114. If an error is detected, then
the nessage is not displayed at the receiving 10 apparatus, the user is
notified of an erroneous nessage by a displayed error nmessage or by
an audio signal, and the receiver requests the transmtter to retransmt
nmessage or the erroneous pagts of the nmessage in accordance with-s
bi di rectional radio protocol $ described in nore detail bel oy
According to the present inventi c§ repeated trangm ssi o of mes&hges Ry
be 15 used in conbination with ¥epetitiongof i glivi dua§ porki ofs of
nmessage. That is, i ndi vi du porti ons%of t messade may bé‘,
transmtted nmultiple tinmes, and v@en the = edire mag;sagéha& been
transmtted by msegi of the repeaked transr®ssi oi® of tHg ssag

[

h
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0

D

FOICATED CON

portions, the ent ~TEssage may e transm t ey N. = IS <
According to a fu aspect of §he presen% i nvention, &he m@ss

repetitions 20 Ylecorrel atedgby, for eganpl e, Rransi®ittiVg
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25 error correction code, after encoding the information bits with an

error detection code in step 102. The nessage is transmtted, and the
recei ved nessage decoded, in the manner indi cated above. Wth
maj-ority logic voting, a hard decision decoder is enpl oyed, and the

bits at the qugpurissl the majority logic voter are fed to BCTUSMMTIBG
decoder with no additi onal informationq? h as bit reliability information
esti mated 30 fromthe channel). If so conbining is used, a soft

deci si on decoder is enployed to decode the error correction code, and
metric suns y[err] are added to the soft decision WO 97/ 18650
PCT/ US96/ 17186 -14-
decoder output, and the sumis fed to an error corrediN on decoder. Error
correction coding will be nore effective if dif|lferent outputs of the
error correction encoder are interl eaved by segarating consecutlve
output bits as far as possible in the transm ssion strea

It will be appreciated that the higher the nunber

I it andeﬁwssage
repetitions, -
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the better the performance of the systemw || be, but the |onger the del ay
will be. A TDVA sl ot has a finite nunber of bits which nay be used as
ei't her sync information or data. Increasing the nunber of bit repeats
(N) in a packet necessarily requires a _. reduction in the nunber of
sync bits. The netric sum depends upon the estinmated 10 channel quality,

and t he channel L YrafSRRGGS . : it Re si
TDMVA sl ot has N[erri eg?ﬁ;[ s, thewr_:‘é&gggrﬂfg’r]{r# sgﬁ?ﬂ%i@g%lgﬁﬁgﬁgge e signal
N[ err] - N er targift@ensutesrelishle sadidbconiamnication performar@a) particul &ilpipover-limitar
ratio per bit due to repetition is approxi mat

|
(N[ er r] N[ er sgteliitesanpliegtians.e Knpwn metho ﬂofén@pasmegstﬁe ljnk margin of g:5ignal ischide s e
tio theref when N =N[err]/2, Ho i o Wil b
hopr oci at cdeXHneEe SrApebaBkidth Tireae Senal phEes pad blsspesiion Bpen o,
. 1 . . o > d
Db ermpr: eqHHese Hethods GRFAENARAT 1nllaaat. Batdvits, kSRS M6 el by ©
comuni cat i kgowie ardRds sixh ahspreading & loW bif tedifbr 2offedtionccodingf ad) i s a

bidirectional |ink. Accordingly, a radio protocol r_ra% . be chosen for
use bet weentreshlés in signal whichyig less senpitivel te fading. | Bandwadtarexpanséon tedueesi | ity of

20 i SR AR effiPlonSy SRR i 2 MR aiRASHS of te Fidandra bEBHAE
satel lite Wyffhedoice cﬁmeyg%lﬁgfgrxgl ﬁ@n tﬁé’béﬂm&tﬁto?tﬁ’gf}ﬁﬁggget %‘QE%W% be

received correctly. ternati a nore conp

i npl enex®t edandcorhiplefe radipe(dnetfoosact savicepivill be requidédinethe niobile aaitf thédebg by a
group I D and protected by CRC error detection code. If the .CRC .
i ndi cat es t templi¢atingits desjgn.Adson a colerersiRake reseiveron dqpalizen énalshepicatlyl | i t e

can resend 25 .t cke conpr, Si t he .err.oneous .groun. In.this manner, |
only packet® FE?%’%?B?%&T&Y W@%%cwq@%&ﬁ%&#ﬂ&@%ifb‘%ﬁ to
resendi ng a gﬂ&(ﬁi W

optim ze thg nu déﬁrég]{ rgigggy sJ%lr%lt ér e%?edn?ynﬁeﬁéagée&%%sggé%&%fﬂzeﬁ%&ﬁgsted
satel | ite poviee or data message. HowERer, hhdérnkendnsidaal conditiond of interésk/Bhizsanethed ng

to the present invention also 30 provides for advantages with respect to
bi I'1ingtS A ismatieffectiviedisesuse each rgpetitionis typically below the noise floay@hatds.idpes yotf ee

to be char gﬁgvet oY s&fgceler?tenqgrgn),o ges&l?ucxlg ey Hitghbeler%l{?1 T3 eeax}dhpex'g\?enlti%g ‘5 coherent
integration of the repetitions.

Increasing signal power may also be used to provide a higher margin as described,

for example, in document WO 81/00034. Due to the power limitations of the satellite,

20 this is typically not a practical approach. In addition to increasing the cost of the system,
increased transmission power also makes it more difficuit 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

25  limited than the satellite, this technique is typically practical only in one direction, from
the satellite to the mobile unit. ' '

Bit repetition may also be used to increase the margin as described, for example,
in document WO 81/00034. Bit repetition may be accomplished with a lower error rate
than message repetition, particularly in non-ideal conditions. Bit repetition causes

30 transmission delay, which is not desirable for voice signals, for obvious reasons.

However, transmission delay may be acceptable for data communications, such as a SMS
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- 16- CLAI M5 - 1. A
met hod for increasing the margin of a,comrunications |ink, conprising the
st eps of: establ i shing:a cofmuni cation |ink between a
transmitter and a nobile receiver at againitial power |evel, the

comuni cation |ink having a plurality of tine slots, each tine slot.

i ncl udi ng : I: ! } | {eSie minimum. Bi ségtfgnist ti ng an
informatio a@%%ﬁ&%ﬂn@t‘%?gg%gﬁ%eﬁﬁg%%egfmﬁaglgl udi nlgnaBrlrterggage i nt ended

speci fi cal {chidved by tensmitinEindiidiat bits onmodulaghen of one or more information
bits fromthe transmtter to the nobile receiver over the conmmuni cation

link at an increased power |evel; and integrating the
transmtted groups at the nobile receiver to forman information signal
havi ng an i ncreased nmargin | evel. 2. The nethod of claim1,

further conprising the step of encoding each transm ssion with error
detection coding information prior to the step of transmtting.

AMENDED SHEET,;
- IPEAEP ~



3. The nethod of claim 2, further conpri si ng the step of decoding the
I nformation bits by soft conbr ning prior to the step of integrating.

4: The nmethod of claim1, further conprising the steps of deternini ng
whet her the traﬁWhe—r—atorrratron signal_is successful, and

storing the infor e information s I's

transm ssion to t,m,"ﬁmnm, m”mp i f the trans gg'rsoﬁ %% B gr mat i on
signal is unsuccesstul. fE wherein the
transmtter is a satel Irte and the mobi | recer ver is a nobile tel ephone

unit. ﬂi hod of claim1l, wherein the transmitter is a
nobi |l e tel o W Ul: npbi e receiver is a satellite
17 - 1. A method for increasing the margin of a mobile communications link,

comprising the steps of:

establishing a mobile communication link between a transmitter and a receiver

5  atan initial power level, the communication link having a plurality of time slots, each

time slot including a plurality of information bits;

transmitting an information signal, the information signal including an
alphanumeric message in groups of one or more information bits from the transmitter
to the receiver over the communication link a plurality of times, each transmission of

10  each group occurring within the same time slot and at an increased power level; and
integrating transmitted groups at the receiver to form an information signal

baving an increased margin level.

2. The method of claim 1, further comprising the step of encoding each

15 transmission with error detection coding information prior to the step of transmitting.

3. The method of claim 2, further comprising the step of decoding the
information bits by soft combining prior to the step of integrating.

20 4. The method of claim 1, further comprising the steps of determining whether
" the transmission of the information signal is successful, and storing the information bits
of the information signal for later transmission to the receiver if the transmission of the

information signal is unsuccessful.

25 5. "The method of claim 1, wherein the transmitter is a satellite and the' receiver

is a mobile telephone unit.

6. The method of claim 1, wherein the transmitter is a mobile telephone unit
and the receiver is a satellite. -

wevco e TR
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7 The nmethod of claipmrgf wherein the information signal is-an
acknow edgenent signal . 8. The nmethod of claim7, wherein the

acknow edgenent mW on the random.access channel of a
mobi | e radi ocommuni cat i on : The | TRIS'SHERf HAL 3
wherein the system IS perforrred by trans‘;fE’jL E@ each| group
a plurality of ti m;l I" myjﬂm! i The met hod of Wherein It he
conmmuni cation link i*s & 11. The met hod of
claim1, wherein the comunication | | nk r-ls7-a Rayl ei gh channel . 12.
The rrethod of claim4, further conprising the step of notifying the nobile

recei ver that thd. |memﬁmdmmmmlwmmdimigfmﬁedsigmlisan 13. A
comuni cat i gcrh%mefm corrprl si ng:

8. The method of claim 7, wherein the acknowledgement signal is transmitted
S on the random access channel of a mobile radiocommunication link.

10. The method of claim 1, wherein the communication link is a bidirectional

10 11. The method of claim 1, wherein the communication link is a Rayleigh
channel. -

12. The method of claim 4, further comprising the step of notifying the
receiver that the information signal is being stored.
15 | '
13. A communication system, comprising:
a transmitter for transmitting information signals at a first power lever, the
information signals including one or more alphanumeric messages, and the transmitter
 including means for transmitting portions of one of the information signals & plurality
20 of times at a second power level;
a receiver for receiving the portions and integrating the received portions to for
an integrated information signal.

14. The communication system of claim 13, wherein the transmitter further
25  includes an encoder for encoding the information signals with error detecting coding,
* and wherein the receiver includes a decoder for decoding the received portions.

This Sheet Has Been R.
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a nobile receiver, and BN'M a trausmtter for transnittihg |
I nformation signals at a first power level, the information signals
i icl udi ng one or nore nessages intended specifically for the nobile

receiver, and thetransm i i ng neans for trans %EP
the information si d power |evclL m$ gﬁéﬁg‘ t‘ég eL
nobi | e recei ver rjﬂ@ aﬂ!‘ﬁlﬂjﬂmtns and integrates the_rec portiont
to forman integr cl ignal ._ 14. The conmuni cati on
system of claim 13, wherein the transm ttép’f urther includes an encoder for
encoding the info Lon signals wth error.detection coding, and erein
Che mobil e recel vil- EHEFRMOUSIFalaR SYAirn Of FBiFD ddu WOSTLR o RS e
-18-- : ' pon system of claim 14, wherein each
orebits ofgiﬁnﬁﬂ'@ﬁl tﬂgﬁ

: : orc}n S . : .
portion includes one or nore an information signal.

16. The communication system of ciaim 13, wherein the transmitter is a
5  satellite and the receiver is 2 mobile telephone unit.

17. The communication system of claim 13, wherein the transmitter is a mobile
~ telephone unit and the receiver is a satellite.

10 18. The communication system of claim 17, wherein the information signals
are transmitted on the random access channel of a mobile radiocommunication link,
19. The communication system of claim 14, wherein the transmitter and
receiver communicate to determine whether the transmission of the information signal
15  is successful, and a storage means stores the information bits of the information signal
for later transmission to the receiver if the transmission of the information signal is

20. The communiéati_on system of claim 19, wherein the transmitter notifies the
20  receiver that the information bits are being stored by the storage means.

~ 22. The communication system of claim 14, wherein the portions transmitted
by the transmitter are decorrelated.

25 - 23, The communication system of claim 14, wherein the transmitter further
includes an error correction encoder for encoding the information signals with error
correction coding, and the receiver further includes an error correction decoder to

decoding the received portions. .
_

= il
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16. The conmmuni cation system of claim13, wherein the transmtter is a

satellite and the nobile receiver is.asnobi | e tel ephone unid 1Z
The communi cation system of claim 13 ¢«spherein the transni t{tBHISISHEETTHAS BEEN
t el ephone unit and the nobile receiver:isi% satellite. REPBLACEDThe
communi cation systemof claim 17, wherein the infornationrstogmats—are

transmtted on tR4. Aarstiod foc trensmittiveyunediploinumerio data enessapiepcomprising thiei on
l'ink. 19. The conmuni cati on system of claim 14, wherein the
transm tterSt&PﬁjO%bl | e recei ver comruni cate to determ ne whether the

Stores the i nf or RO TR dbR iR sRbiREGRGR spaspfo Prpirhdtd® "1

transm ssi opodevdrie Mobil e receiver if the transm ssion of the informtion

signal is unsuccessful. 20. The conmuni cation system of claim
19, wherskin the timdmgthetchtamﬂeinbtcbmtdpakaasbfbneomerachxahtwémh,he
i nformation bits are being stored b he storage neans. The

system of cl ai m {ransmitting-gagh packet 2 5 WP@W atrasfirst poweerdevel gvern ?b!ﬁlohlle

plurality of b} E&ation channel established between a transmitter and a receiver, the

communication channel carrying voice signals at a second power level, the second power

level being lower than the first power level;

10 sampling the packets at the receiver;
decoding the packets; and
integrating the decoded packets to form a data signal having an increased signal
margin. .
15 25. The method of claim 24, wherein the step of decoding is performed by soft
combining.

26. The method of claim 24, wherein the step of decoding is performed by hard
decision decoding.
20 .
27. Th_e method of claim 24, wherein the transmitter is a satellite and the receiver

is a mobile telephone unit.

28. The method of claim 24, wherein the transmitter is a mobile telephone unit

25  and the receiver is a satellite.

- 29. The method of claim 28, wherein the data signal is an acknowledgement

signal for acknowledging the receipt of a message.

— |
+ This Sheet 4

[T v

AMENDED SHEET
IPEA/EP

30



aTvRLT

The corrrrunl M& system of claim 14, wherein the portlons
n

transm““m“m smtter are decorrel at ed.
comu

claim 14, wherein the transmtter férﬂiﬁegﬁ'“?ﬁﬁd'fﬂﬁjBEEN

an errdor cforrectlon encoder for encodi ng2€he infornation sijgnal sSREPLACESr r or

correction coding, and the nobile receiver further includes an error
correction decodsy. Themethedof ¢lgini 29, witeeein Hethcknowledgement sighal s it@nsmitted

24. A method for transmitting data, conprising the steps of:
encodi ng denethe gansom aceasse _enaobslp ifGommunicationrsysteimver with error
detection coding to forma data codeword, di viding the data

codeword into packets of one or nore data bits each;
31. The method of claim 24, further comprising the steps of:

5 determining at the receiver whethér the alphanumeric message contains any
errors;
requesting retransmission of one or more packets if the alphanumeric messhge
contains errors; and
displaying the alphanumeric message at the receiver if the alphanumeric message

10  does not contain errors.

32. The method of claim 24, wherein the transmissions of each packet are

decorrelated.

15 33. The method of claim 24, further comprising the step of encoding the
codeword with error correction coding prior to the step of transmitting.

— _ _
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AnenDED Coy
transmtting each packet a plurality of tinmes at a first signal margin over
a c@muni cation channel established between a transmtter and the nobile
recei ver, the conmunication channel carrying voice si gnas—at—a-secand

Si gnal margin__the second signal margin being |ower th 'REHLAOEME‘JTS‘-EE‘
I|n t he packets at;ghe nobile receijver; '
decodl ng t mﬁmﬂgiﬁ u ll i ntegrating the decode p &Ky mn a
data si gna ” |5| gnal margin, the third signgl ﬁﬁ’rg’%ﬁ %g?
had_ of clailm

hi gher than"the first S|gnal nar gi n. 25. The

24, wherein the step of decoding is md by soft donbi ni ng.

26. The met hod of claim 24, wherei ep’ of . decodt ' y
hard deci si on decodl ng. nmet hod, of, clajm 24, wherein the
data signal islan afphethasie W‘W&%@E‘a‘gm“a“mm““%mns COMPOSBE S ¢l ai m

24, 'V\,herel %] transmtter is a satellite and the nobile receiver is a
m)blle t el eB one unit. . - 29. . The nethod of .cl.aim 24, wherein the
transmtter is a rmbstdbdishmg aapdmmmmmnn lmhhetwcmmmimra@@anolule reeeiver at

satellite. an imt;al power. level, the communication link having a plu_mhty of time slots, each time slot.
including a plurality of information bits; .
transmitting an information signal, the information signal including a message
intended specifically for the mobilc rocciirct in groups of one or more information ﬁits from the
transmmer to the mobllc receiver over the commmnca.tlon link at an mcrcascd power level; and
integrating the transmitted groups at the mobile receiver to form an mformatlon

signal having an increased margin level.

2. The method of claim 1, further comprising the step of encoding each transmission

with error detection coding information prior to the step of transmitting.

3. The method of claim 2, further comprising the step of decoding the information

bits by soft combining prior to the step of integrating.

4. The method of claim 1, further comprising the steps of determining whether the
transmission of the information signal is successful, and storing the information bits of the
information signal for later transmission to the mobile receiver if the transmission of the

information signal is unsuccessful.

S, The mcthod of claim 1, wherein the transmitter is a satellite and the mobile

receiver.is a mobile telephone unit.

6. The method of claim 1, wherein the transmitter is a mobile telephone unit and the

mobile receiver is a satellite.



30. The nethod of claim29, wherein the data signal is paR-acknaw edgenent
si gnal *for acknow edging—the—receipt of a message. REPBACEMEN’[@SHEET

met hod of claim30, wherein
t he random ac
32. The net

contai ns any errors;

packets if the alphanuneric
t he al phanuneri
does not contai

" signal.

err

R

determining at the mobile receiver whethé

& Jecioa

acknow edgenent signal i 9
nobi | e radi ocommuni cati on
urther conprising the ste
T 4 he al phanune
requestlng_retransnission of
nmessage contains errors; and

t he. mpbi |l e .recei ver
of claim wherem

9 rarTsSTTttedt—on
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p npqqagp
one or nore _
tsphayhg

S
S

S

f the,al phanu message
cmlormanlon sxgnﬁ Is. anpacgn wqugement d

8. ‘The method of claim 1, wherem the acknowledgement signal is transnntted on the

random access channel of a mobile radlocommumcanon lmk

9.
- transm1tt1ng ‘each group a plurality of times.

The method of claim 1, whercin the system of transmlttmg is performed by

10.

The method of clalm 1, wherein the communication link is a bidirectional link.
11. The method of claim 1, wherein the communication link is a Rayleigh channel.
12. ° The method of claim 4, further coraprising the step of notifying thc mobile

. receiver that the information signal is being stored.
13. A communication system, comprising:
a mobilc recciver; and
a trausmitter for transmitting information signals at a first power level, the
information signals including one or more messages intended specifically for the mobile
receiver, and the transmitter including means for transmitting portions of the infortnation signals
at a second power level,
wherein the mobile receiver receives thc portions and mtegratcs the received

portions to-form an mtcgratcd information signal.

14, The communication system of claim 13, wherein the transmitter further includes
an encoder for encoding the information signals with error detection coding, and wherein the

mobile receiver includes a decoder for decoding the received portions.



33. The nmet hod of claim?24, wherein the transm ssions

decorrel at ed. 34. The nmet hod of claim 24, fmﬁEBfKéEkﬁNTs\SHBFT

step of encoding the codeword with error correction codi

Sonbut cat o RIERATIE R 75 o vt “.°SOLSF. Sing {nd s] a9
transmtting signhald nd i Mfofnmation i nt]e%de for a specifi

by the transmitter at a second nmargin |level not equal t¢ the first margin
| evel ; and exchangi ng .communi cation signals over The conmumtcart ol

i nk between the transmitter and the r}D Ie4 ehcel ver
| evel based onl¥he TheFPRITYIHFARNAR Bist qLsRam 14, W

erein cacg gortlon

nq prlor 1o the

v MmooyriT o LI v -y

the first margin
L‘" des e as

Feobtt-e—i-aaail ef

- )

e

recited i L infORSARh 8 e step of transmitting further conprises the
step of t?'acﬁs%ﬁgt]atfl%ﬁg S|gna |lr%n| nforrratlon by the transmtter at the second

margi n .

thc mobile receiver is a mobﬂe telephone umt

16. Thc commmucauon system of claim 13, wherein the transmitter is a satellite and

17.  Thec commurication éy_stern of claim 13, wherein the transmitter is a mobile

telephone unit and the mq_bilé receiver is a satellite.

18. The cemmurﬁcatiqn system of claim 17, wherein' the information signals are

transmitted on the random access channél of a mobile radiocommunication link.

19. The commuﬁication system of claim 14, wherein the transmitter and mobile

receiver communicate to determine whether the transmission of the information signal is

successful, and a storage means stores the information bits of the information signal for l_ater

transmission to the mobile receiver if the transmission of the information

signal is unsuccessful.

20. The communication systcm of claim 19, wherein the transmitter notifies the

mobile receiver that the information bits are being stored by the storage means.

21. The system of claim 13, wherein the transmitter transmits
of tines.

each portion a plurality

22.  The communication system of claim 14, wherein the portions transmitted by the

transmitter are decorrelated.

23.  The communication system of claim 14, wherein the transmitter further includes

an error correction encoder for encoding the information signals with error correction coding,

and the mobile receiver further includes an crror correction decoder for decoding the received



- 21- level greater than the first margin |evel.
met.hod- as recited in clai'm 36 wherein the step of trans ﬂW
conprises the step of transmttlng t he signaling inform

margi n | evel llu “ﬂ IﬂmLom mately 10db greater thanlthe first nmarpip -
| evel . rml ?Iﬂﬂl || d as recpted in claim 35, The‘lllMAYt A9%t kp

of transmttlng f drt bher" co i ses the~ g?ep of encodi ng tHhe

si gnal i ng.
informati on with error detection coding information. 39. A
met hod for communicating between.a transnmitter and a nobille receiver
conprising the steps of: _ transmtting, to the nobile
recei ver, PPF@NS.i c information at a first margin.level by the transmitter;
and transmtting, to the nobile receiver, control

information intended specifically for the nobile receiver at a second
nmargin | evel bg4t heAtmétlimhﬁottmtsmntm@dsacmnphsmytgutepsaﬁel bei ng not equal to

the first margin | e\éneclodmg data to be transmitled to a specific mobile receiver with error detection
codmg to form a data codeword;
dividing the data codeword into packets of one or more data bits each;
transmitting each packeta plurality of times at a first signal margin over a
communication channel established between a transmitter and the mobile receiver, the
communicalion. channel ‘carrying voice signals at a sccond si ignal margin, the second slgna[
margin being lobi(er than the first signal margin;
sampling the packets-at_tlie mobiie receiver;
decoding the packets; and '
integrating the decoded packets to form a data signal having a third signal margin, the
third signal margin beiog higher thau the first signal margin.

25.  The method of claim 24, wherein the step of decoding is perfouned by soft

combining.

26. The method of claim 24, whercin the siep of decoding is performed by hard

decision decoding.
27.  The method of claim 24, wherein the data signal is an alphanumeric message.

28.  The method of claim- 24, wherein the transmitter is a satellite and the mobilc

receiver is.a mobilc telephone unit.

29.  The method of claim 24, wherein the transmitter is a mobile telephone unit and

the mobile receiver is a satellite.



40. The method as recited in claim39, wherein the step of transmtting,

to.the nobile Wformtion at a second nmj A@MEN'BMT

further conprises the step of transmtting, to the nobile

information at t ﬁ[mmﬁnulevel greater than the fifsf margin Teve
41. The met hod“mmm aim40Q, wherein the step pf{ t MghMuayt 199909,
to the nobile receiver,*cdhtrol "infor Pl on at a second g[ n | evel

further conprises the step of transmtting, to the nobile |ecerver;—comttsol
i nformation at -a second margi n Ievel not |ess than approximat el y 10db

greater than the f| od as.recited
in claim 39, re| %ﬁ‘%‘?%f{}l%‘f‘ r%*gﬂﬁ' theidata s‘(gﬁalt‘ﬁﬂ‘ ??EB‘?W%E‘? ement signal for 22-
receiver, g{,vgéag Qﬁ%&@ﬁtlo@ﬁ!nﬁ&sage second margin level further conprises

the step o enco I ng .the control Tnformation with error detection coding
i nformation. _ :

3L Thc mcthod of claun 30, wherem the acknowlcdgement sxgnal is: tranSmxtted on

thc random access channel ofa moblle radlocommumcatxon system.

32.  The method of claim 27, furthcr comprising the steps of:

determining at the mobile receiver whether the alphaﬁumeric message contains any
CIIOTS;

requesting retransmission of one or more packets if the alphanumeric message contains
errots; and _

displaying the alphanumeric messagc at the mobile receiver if the alphanumeric message

does not contain errors.

33.  The method 6f claim 24, wherein the trinsmissions of each packet are

decorrelated.

34. The method of claim 24, furthcr comprising the step of encoding the codeword

with error correction coding prior to the step of transmitting.

35. A method for éstablishing a communication link at a first margin level,
comprising the steps oft

transmitting signaling informatioﬁ mtended for a specific mobile receiver by the -
transmitter at a second margin level not equal' to the first macgin level; and

exchanging communication signals over the communication link between the transmitter

and the mobile receiver at the first margin level bascd on the signaling information.

36. The method as recited in claim 35, wherein the step of transmitting further

coruprises the step of transmilting signaling information by the transmitter at the second margin



43. The met hod of claim 1, wherein the systemof transmtting is

perfornmed by transmtting each group a plurality of tines. |, 44,

The system of clraim 13, wherein—the transnmtter transmts e PMEL
plurality of tj In a cellular system i ncl uddg 'hggg{EET
a base station ,m,%mum,aiﬂtlon a Jrethod for establishyng a -

conmmuni cati.on | & nKe s base stdtlon and the nobil e [stlat IGMAY 1999
conpri sing:- - transmtting a nornmal paging burst fromijtHe base stati of
to the nobile station at a first signal margi-n; and responstve to
failure by, the nobile station 1q detect the normal paging S
transmttl}?ﬁcmmm' [Jeg'ete ((SMVB) message to the nobile station a

a second signal margin higher that the first signal margin. 46.

The method of claim45, wherein-a portion of the.second signal nmargin is
obt ai ned by tra¥km tThenqpthdde!SBWBedm@mgéﬁavhmin thestep af gahsmitting firfhepover .
47. The net hod f cla rein

i s obt ai nefPIRISELHF lGP Ph@”%ﬂ%‘% 5’&5315% f'ﬂ fag?\}\)ét tl’ié %E?@e e r'%’lé"? {‘]%lr]less

codi ng. tha.n approxunately 10db greater than the first rnargm level.

rgin

38. The method as recited in claim 35, whezein thc step of transmitting further
‘compnses the step of encodmg the s1gna1mg mfonnatmn with error detection coding

mformation.

3‘9. 'A method for commlmicating'b_etwccn a transmitter and a mobile receiver
comprising the steps of: |
transmitting, to the mobile receiver, traffic information at a first margin level by
the transmitter; and '
transmitting, to the mobile receiver, control information intended specifically for
the mobile receiver at a second margin level by the transmitter, the second margin level being not

equal to the first margin level.

40.  The method as recited in claim 39, wherein the step of transmiitting, to the mobilc
receiver, control infonnation at a second margin level further comprises the step of transmitting,

to the mobile receiver, control information at the second margin level greater than the first
margin level.

41.  The method as recited in claim 40, wherein the step of transmitting, to the mobile
receiver, control information at a second margin level further comprises the step of transmitting,
to the mobile receiver, control information at a second margin level not less than approximately

10db greater than the first mafgin level.

42.  The mcthod as recited in claim 39, wherein the step of transmitting to the mobile



48. The nmethod of claim45, wherein a portion of the se@-ﬁ-ﬁa\-ﬁ-i-gna-l—uu.gi_n.
is ebtained by transmttiag—the tran ' SM5 message at “an i ncr easqREPLACEMENT SHEET

and by mcreﬁéed co SM5 nessage. 49. ; € nethod—o

cl ai m 45, wher Nﬂ‘aﬁnt he second signal margin ig ;MAY 19

- 23- obt ai n e SM5 ne age into a pluralji pack Df

one or nore bits, fra‘hsmttlng each pac a plurality of t|

integrating the transm ssions of each packet at the nobil ¢ stat i on.

50. The et hod of claim 45, wherein the SI\/S nmessage contarns tmformation-

alerting the .nobil Pm?tlontothe rese f an incom ng call . :
reccwer, control information at a secon margin vel urther comprises the step of encodmg the

control information with error detectmn coding infonmation.

43." Themethod of claim 1, wherein the system of transmitting is performed by
transmitting each group a plurality of times.

4. The_ system of claim 13, wherein the fransmitter transmits esich portion a plurality -

of times.

45. In a cellular system mcludm;, at least a base station and a mobile station, a
method for cstabhshmg a communication link between the base statmn and the mobile station,
compnsmg

transmitting a normal paging burst from the base station to the mobile station at a first
signal margin; and -

'respor-lsivé'to a failure by the mobile station to detect the normal paging burst, .
transmitting a short ml:ssagc scrvice (SMS) message tc‘the mobile station at a second signal

margin higher that the first signal margin.

46.  The method of claim 45, wherein a portion of the second signal margin is

obtained by transmifting the SMS message at an incrcased transmit power.

47.  The method of claim 45, wherein a portion of the second signal margin is
obtained by coding the SMS message using forward error correction coding.

48.  The method of claim 45, wherein a portion of the second signal margin is
obtained by transmitting the SMS message at an increased transmit power and by increased

coding of the SMS mcssage.

49.  The method of claim 45, wherein a portion of the second signal margin is



51. A nmet.hod of establishing a comunication path between.a base station
and-a nobil e stat—l—m'r——comaﬁ—sr—ﬁg*-— transmtting a

service (SM5) ness station fromthe bag RE?%CEE@H?S EET
first signal rrargl m MHH;'W bile station of an | rq]ggh aII hd
establishing a co etweeg t he base stati OJ] a e
station at ‘a second signal margin Iower fan the first $ignal mar gi n.

52. A commruni cati on system conpri sing: - a base gtation for
transmtting a nonnal pagi ng burst at a first signal makgih—and
nmobi | e recei ver for, recejvi t he nor mal ?gi burst, wherein if the
nobi | e r ecebt3igsd pydivdmgihe |"9"ésatgﬁ§‘t‘hbl’h‘ﬁl y#ﬁ%?‘ﬂ‘g“ (i PRg Of eFE bissse st ati on
transmts f(tﬂ\% e Em ﬁﬁg: gat a
second si gﬁa[?m&lh ?%iﬁc an t he )rst Sl gn mar glﬁgbﬁéo%eﬁ %%

The systemmﬁnubilasmﬁﬂ \/\herel n a portion of the second signal margin is
obtained by transmtting the SM5 nessage at an increased transmt power.

54.  The system-of claim52, wherein a portion of the second signal nmargin
i s obtained by Stpd' “ﬂxe%&hoﬁ'@cﬁﬁﬁw%ek&m 1h8 SME e £he @bAteihs MPSTRAL ﬂgrung
codi ng. he system of claim52, wherein a portion of th

second si gﬂehwwqbdcgnmnbmrasmfbylmmmutl ng the SMS nessage at an
i ncreased transmt power and by increased coding of the :

5. Amethod of establishing a Qommu_nicaliOn path between a base station and a
mobile station, compn'siﬁg _ | .
transmitting a short message service (SMS) message to the mobile station from.the base
station at a first signal margin noufymg the mobilc station of an incoming call; and
_ establishing a communication link between the base station and the mobile station at a

second signal margin lower than the first signal margin.

52. A communication Systgm cormprising:

a basc station for transmitting a normal paging burst at a first signal margin; and

a mobile receiver for receiving the normal paging burst, wherein if the mobile receiver
fails to receive the normal paging burst, the base station transmits a short message service (SMS)

message to the mobile receiver at a second signal margin higher than the first signal margin.

53, The system of claim 52, wherein a portion of the second signal margin is obtatned
by transitting the SMS message at an increased transmit power.

S4.  The system of claim 52, wherein a portion of the second signal margin is obtained

by coding the SMS message using forward error correction coding.

55.  The system of claim 52, wherein a portion of the second signal margin is obtained
by transmitting the SMS message at an increased transmit power and by increased coding of the

SMS message.



SMS nessage. - 24-

56..

The -system of claim 52 __wherein a portion of the second g - '
tCEMENToSHEET

obt ai ned by dividi nﬁ the SM5 nessage into a plurality of

the. trpngir 551 ang ¢ |ﬂﬂlmﬂﬁﬂllﬁm‘lﬂlllf‘h2' qobi &’ station. | | 13MATH999 Th

the transm ssions o
system of cl aim 52, whefein t"he SSM5 nesé ge: contains infprjmtion alerting

the nobile station to the presence of an inconing call. '
conmmuni cati on system conpri sing: a base station f rahsnitti ng a

(s

short nessage service (SMS) nessage at ‘a first signal margin; and
nobi | e receiver S6or Tbu::s;r’stcinmj claig 52, SNB)eimepatigreofithe écbgndmﬂhmangnhslobtamed
recelver Qf by v1dmg the SMS message into a plurality of packets of one or morc bits, transmlttmg each

packet a plurality of times, and integrating the transmissions.of egch_ packet at the mobile station.

57. - The system of claim 52, wherein the SMS message contains information alerting

the mobile station to the presence of an incoming call.

58. A communication System comprising:

a base station for transmitting a short message service (SMS) message at a first signal
margin; and

a mobile receiver for receiving the (SMS) message notifying the mobile receiver of an
incoming call, wherein a communication link is established between the mobile receiver and the

-base station at a second signal margin lower than said first signal margin.

a



I ncomng call, wherein a communication link is established between %7— -¢
nobi | e'recei ver and the base station at a second signal margin Iowe&ccb aré
said first signal margin. <Py
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