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Background s¥oe#2d82nvent i on The present invERTUSH28eMeral |y
rel ates to radi ocomruni cati on systens 5 and nore particularly relates
to a systemand nethod for reliably transmtting al phanuneric
nmessages Vi a radi ocomruni cati on signals under non-ideal condi tions.

Referring to FIG 1, a typical cellular nobile radi oconmuni cati on system
IS shown. The typical systemincludes a nunﬁaer of base stations simlar to
base 10 station 110 and a nunber of nobile units or stations simlar to
mobi | e 120. Voi ce AIGHOPENEIRATIORURARSMISSION METHOD or ned usi ng

t hese devices or their eqw val ents. The base station includes a
control and processing uni t FORARARPIDCOMMUNICATIONSYSHEM, t he NMSC
(nmobile switching center) 140 which in turn is connected to the
public swtched teI ephone netvvork (not shown). 15 The base
station 110 ser vdBacks it Iny Mes a plurality of voice channel s

handl ed by voi ce changgl L 203ehMH gehaiy ik b Ta BB AIAGHoP ysidiR
5  and more particularly relates to a system and method for reliably transmitting
alphanumeric messages via radiocommunication signals under non-ideal
conditions,
Referring to FIG. 1, a typical cellular mobile radiocommunication system

is shown. The typical system includes a number of base stations similar 1o base

10  station 110 and a number of mobile units or stations similar to mobile 120.
Voice andfor data communication can be performed using these devices or their
equivalents. The base station includes a control and processing unit 130 which is
connected to the MSC (mobile switching center) 140 which in turn is connected
to the public switched telephone network (not shown).

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

20  processing unit 130. The 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

25  control channels of base stations like base station 110 for the presence of a
paging burst addressed to the mobile 120. The paging burst informs mobile 120
which cell to lock on or camp to. The mobile 120 receives the absolute and
refative information broadcast on a control channel at its voice and control
channel transceiver 170. Then, the processing unit 180 evaluates the received



control and processing unit 130. Also, each base station includes a control
channel transceiver 160 which may be capabl e of handling nore than one

cont r ol channel. The control channel transceiver 160 is controlled
by the conty@®bimags 20 processing unit 130. The contr olpcafisodiRban
transcei ver 160 broadcasts control i nformati on over the control
channel of the base station or cell to nobiles | ocked to that

control channel. The voi ce channel transceiver broadcasts the traffic or

voi ce channel s which can include digital control channel |ocation

i nfornati on. When the nobile 120 first enters an idl e node,

It periodically scans the 25 control channels of base stations |ike base
station 110 for the presence of i ng burst, addressed to the

mobi | e 120. The $9AEPLhangel é’!fomﬁigi’ Nﬁ‘i%ﬂ‘?h?@g {heceharacteristicyof the capdigate o | ock
on or canp to. Thfs Pbidemind witdiaiGhe MoBilE4NdRIUbE RN 0rhe received Bh@bll Ve

i nformati on broadcast on a control channel at its voice and control

channel t r ansceithannel informatien not. ondy jncludessabisplute informativy cencerning the celle

recei ved . . .. \ .
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The recei ved co
control channel to determine if there is a more suitable candidate. Additional

information relating to specifics of mobile and base station implementations can
be found in U.S. Patent Application Serial No. 07/967,027 entitled "Multi-Mode

10  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 may be replaced by one or more satellites in a satellite-based
mobile radiocommunication system.

To increase radiocommunication system capacity, digital communication

15 and multiple access techniques such as Frequency Division Muitiple Access
{FDMA), Time Division Muitipie Access (TDMA), and Code Division Multiple
Access (CDMA) may be used. The objective of each of these multiple access
techniques is to combine signals from different sources onto a common
transmission medium in such a way that, at their destinations, the different

20  channels can be separated without mutual 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 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

25  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
data source, e.g., a digitally encoded portion of a voice conversation. The time
slots are grouped into successive TDMA frames having a predetermined

30  duration. The number of time slots in each TDMA frame is related to the



~channel information not only includes absolute information concerning the

“cel with which it is associated, but also contains relative
i nformati on concer ni ng 5 other cells proximate to the cell with which
the control W48 | s associ at ed. These adj acent ®EX{U§I6Z0640
periodically scanned while nonitoring the primry control channel to

determne i.f there is a nore suitable candidate. Additional

information relating to specifics of nobile and base station

i mpl enent ati ons can be found in U S Patent Application Serial No.
07/967,027 entitled "Multi-Mde 10 Si gnal3 Processing” filed on Cctober
27, 1992 to P. Dent and B. Ekelund, the entirety of which is
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radi ocommuni cati o G I

mul ti pl e access t@’@mﬁ@&‘gﬁ‘? %%n\'ggg%ﬁngof% VI Sion kﬁ?%swé eA%é}gss
(FDMA), Tine Divi gdsighedvid the pine dser.c COMA Obhinea FDM drd DDM A MaMEMiApl e
Access (CDWVW) may_ be usecl\S The ohjegtive of each of these nulti, access
techni ques | s3t o S FRCRBSET K a8siEneg R g Qfp M3 ofig I up ‘g‘lﬁ‘ﬁﬁm

transm ssion ﬂEdltmssﬁhéﬁleueﬂcMeﬂhﬁim Exainples bf CBMA Nevhhiqiés inéllide
different 20 channel S can be separated without nutual interference. In a
spread o Eroabrsy. hog

FDVA syst em PBEspectrumin the frequency
domai n. Each user is %'mbﬂdsﬁtem mesuoedwéuﬁs slobCaskipRAUB R sdaiNkeVhi Ch

i s used throughout a conversation. In a system users share
the radio spect r uwhich atmm&ﬂm@smﬂ%@mﬂ%w &ecrnaﬁmer constitute the

f t
carrier fr CIURNCY pdePs e%ﬁﬁﬁg%%%&gﬁot%‘m{fg% c&IsmE}eEl‘%o%EQ Sgicel YflarinBisyi

users are ring which the user has accgss to
the entire f requew’dile user. The asganiration @fCEDMA ¢hannals; aising dheGSMyitangaedas aNDVA)

or only 2 Part of e 3hown in FIG, £ AHE MR UAZRMD nct Rtk sl

contains a "burst ormation Iroma sour ce, e.
di gi tal | y encodedTEHrandsignalingchannels=SC.oFhe TCH chmnelﬂ'imhldemil-rateand halfs| ot s

oL SuP 0 B aRAALY Bk Tobs e BN S By iy,
1S  SC transfer signaling information between the mobile unit and the satellite (or
base station). The signaling channels SC include three types of control channels:
broadcast control channels (BCCHs), common control channels (CCCHs) shared
between multiple subscribers, and dedicated control channels (DCCHs) assigned
to a single subscriber. A BCCH typically includes a frequency correction
20  channel (FCH) and a synchronization channel (SCH), both of 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
channel (RACH). The dedicated control channels DCCH include a fast
associated control channe] (FACCH), a slow associated control channel
25 (SACCH), and a standalone dedicated control channel {SDCCH). The slow
associated control 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 frequency correction channel FCH of the broadcast control channel
30  carries information which allows the mobile unit to accurately tune to the base




WD 97/ 24827

PCT/ US96/ 20640 3

nunber of different users that can sinultaneously share the radi o channel.

| f Wasthaaot in a TDVA frame is assigned to a di ff&eibndiaf’  the
duration of a TDVA franme is the m ni num anount of tine between
successive tine slots assigned to the sane user. CDVA conbi nes FDVA
and TDVA. 'In a CDVA 5 system each user is assigned a uni que

pseudor andom user code to uniquely access the frequency tine

domai n. Exanpl es of CDMA techni ques include spread spectrum and
frequency hoppi ng. In a TDVA system the successive tine
slots assigned to the same user whi ch are usually not consecutive

tinme slots on tMﬁd.'ﬂleé&Mm%Mmhﬁ@ phthe broadcast cantrol chagng]i t al

traffic channel ,ufi&hrire SReRoRZARA channel assigned
to the user. The organi zatlon of TDVA c ann wu'gﬁdhg the GSM standard as
an exanpl e, iEhedansdom scgessclmangl RAIGH !Tmﬁd hytthe:mobilesi tnabquast traffic

fctr]?ln?re;tse and haﬁcggité&g s§§&?2'{%@%e Aa?dgg r -aggs #ﬁﬁe‘ﬁr@a@ i‘ik;ﬂﬁ} g?e
dat a signal s3 Thobamich(feom thy mobilerte tie basd StationSE satelline){ and isishared bsag
Stati on) . The. si RARP AR IR o BAGH per 8l if eBitentyg it sy ven
channel s: 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
10  number, along with the desired telephone number, on the RACH to the base
station or satellite. The MSC receives this information from the base station or
satelite and assigns an idle voice channel to the mobile station, and transmits the
channel identification to the mobile through the base station or satellite so that
the mobile station can tune itself to the new channel. All time slots on the
15  RACH uplink channel are used for mobile access requests, either on a contention
basis or on a reserved basis. Reserved-basis access is described in U.S. Patent
Application No. 08/140,467, entitled “Method of Effecting Random Access in a
Mobile Radio System", which was filed on October 25, 1993, and which is
incorporated in this application by reference. One important feature of RACH
20  operation is that reception of some downlink information is required, whereby
mobile stations receive real-time feedback for every burst they send on the
uplink. This is known as Layer 2 ARQ, or automatic repeat request, on the
RACH. The downlink information preferably comprises twenty-two bits that
may be thought of as another downlink sub-channel dedicated to carrying, in the
25  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 so0 that a mobile station can quickly determine whether any burst of
any access attempt has been successfully received. As shown in FIG. 2, this
downlink information is transmitted on channe] AGCH.



_broadcast control channels (BCCHs), common control channels (CCCHs) shared
between mul ti pl e subscribers, and dedi cated control channel s (DCCHs)

assi gned to a single subscriber. A BCCH typically includes a
frequency cowmosoesdn 20 channel (FCH) and a synchroni zaPFHHS%A84hel
(SCH), both of which are downlink channel s. The conmon control
channel s (CCCHs) i nclude downlink pagi ng (PCH) and access grant
(AGCH) channels, as well as the uplink random access channel
(RACH). The dedi cated control channels DCCH i ncl ude a fast

associ ated control channel (FACCH), a slow associated control channel 25
(SACCH), and a standal one dedi cated control Thannel (SDCCH). The sl ow

associ ated control Chamsmlifg‘g%%g‘?%iwmw gsfténglo&(ﬁgg £% }?{ff"‘g’%{é&%‘}x hannel

or to a st andal one Icaté ontrol channel - ]

channel provi des or disconlinponsetransmigsion,zmede: ciacls mobile unih transmiils op receivésoonint i on
to the mobile unit, .. . . . i . of
t he broadcast contd}"c'ﬁlg é‘ﬂgﬁ}%’?‘j u?ﬁ ﬂowglg'rtﬁ g@ﬂf&n? %P‘%n%?ﬁ ??W%hq@ﬁn%&gfﬁe
mobil e unit to acdreeénely Atk rdte fohexanmple a mobile statfith Miglit4faRsinit during slot

Ceation The oy nct Sereivsduring L2y idle dusing glot 3, transmit dprivg ok 4, recive Sygnc

provi des frame synpSoRhdRild ditingaicd 6] and then e8peat! the bytld during succeeding TDMA
frames. The mobile unit, 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.

10 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 antenna. Because of this preference, it is sometimes difficult to
provide sufficient signal strength for the exchange of communication signals

15  between typical mobile units having a small, omnidirectional antenna and a

' mobile switching center (MSC) or satellite. This problem is particularly serious
in satellite-based mobile radiocommunications.

A satellite-based mobile radiocommunication system provides
radiocommunication services 10 particular geographical areas of the earth using

20  one or more partially overlapping satellite beams. Each satellite beam has a
radius of up to about 1000 KM. Due to the power limitations of a satellite, it is
not practical to provide a high link margin in every beam simultaneously,

Because mobile satellite links are severely power limited, communication
is typically limited to line-of-sight channels with Ricean fading. Ricean fading

25  occurs from a combination of a strong line-of-sight path and a ground-reflected
wave, along with weak building-reflected waves. These channels require a
communications link margin of approximately 10 dB or more to achieve voice
communication in ideal or near-ideal conditions, such as when the mobile
radiotelephone unit antenna is properly deployed and the unit is in an

30  unobstructed location. In these near-ideal channels, the mobile unit can



.The random access channel RACH is used by the nobiles to request

access to the system The RACH | ogi cal channel is a unidirectional uplink
5 channel (fromthe nobile to the base station or satellite), and is
shared by wo9omeseparate nobile units (one RACH per cel |pdrgusesddsigci ent in
typi cal systens, even during periods of heavy use). Mbile units
continuously nonitor the status of the RACH channel to determ ne if
the channél is busy or idle. If the RACH channel is idle, a nobile
unit desiring access sends its nobile identification 10 nunber, al ong
with the desired tel ephone nunber, on the RACH to the base station
or satellite. The MSC receives thIS inform@tion fromthe base station or

satellite and assigns. an idle voice an t he nmpbi at i o and
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t he throughput capac A\CH so that a nobil e station, can
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additional power required to offer adequate service over and above the power
15  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, and anomalies in the antenna radiation pattern.
Whether transmitting voice or data, it is frequently desirable to increase
20 the signal margin to ensure reliable radiocommunication performance,
particularly in power-limited satellite applications. Known methods of increasing
the link margin of a signal inclnde expanding the channel! bandwidth to achieve
frequency selectivity or to use forward error correction coding (such as
convolutional coding), increasing signal power, and bit repetition (which can be
25  viewed as a form of forward error correction coding). Each of these methods
has significant limitations. Bandwidth 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 2 SMS application, if the expanded
30  bandwidth of the voice channel is different from (larger) the bandwidth of the
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Transm ssion of signals in a TDVA system occurs in a buffer-and-burst,

or di sconti WM@NTB48Y ansni ssi on, node: each nobile unit traRCSHUBM2PR®  ccei ves
only during its assigned tinme slots in the TDVA franes on the
nobile unit's assigned frequency. At full rate, for exanple

mobi |l e station might transnmt during slot 5 1, rece AT
idle during slot 3, transmt during slot 4, receive dur
and idle during slot 6, and then repeat the,cycle during Dy TDMA
frames. The nobile unit, which may be battery-powered, can be switched off
(or "sleep”) to SméegdUudinelwié BpatabiCarid dBMpRiPfadiotiGiit fof edch sEﬁi&eEWil}be
transmtting nor receivin 0 To increase mobility and

o1 . !
portability, radTeRuEmRhinthelnobils %gbmbe?@f’ii% its design.  Alsp,# eohgfentphi | e
units having ar ' : h&l i ; rdi ngly,
Halt recelvir ?f%ﬁeg {E‘Jdrl]ﬁ Wﬁ@xr&% Qeduce delay sft&f

| ess powerful) antenna ove | a large or
di rectional ant efuher Bomplicating thetdesign pf the anobile enit.i Bandwidtbraxpansion miayf f i cul t

to provi f'igi%ﬁ'lﬁl 'gg@! ”Wﬁ .exchange, of
conmmuni cat i on§)si %%3?? Jn e?’t\e n ?@pl ca £s%6'%?fg$elr}§@s&oﬁ%vﬁr%&a smal |,
omi directi onal amssagea However, under the nomeideal eorsliticng lof ingeresethisr méth@&)s not
satellite. This lemis pariicularly serious . _Lh satellite-based
mobi | e radi ocomr%ﬁ?‘gﬁvfi m_séaeacﬁ repeh&n&typxcahy%elow the noise hoor tks, does

not have a sufficient margin), resulting in a high error rate and preventing the

coherent integration of the repetitions.

10 Increasing signal power may also be used to provide a higher margin.
Due to the power limitations of the satellite, this is typically not a practical
approach. In addition to increasing the cost of the system, increased
transmission power also makes it more difficult to control co-channel
interference, particularly in TDMA systems with narrow re-use margins.

15 Accordingly, large power increases from the sateilite 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 sateilite, 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. Bit repetition

20  results in 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 communications, such as a SMS feature, provided that the
delay is kept to a reasonable minimum. Bit repetition is achieved by transmitting

25  individual bits or modulation symbols, or packets of bits or modulation symbols,
a plurality of times such that all repetitions are contiguous or contained within
the same time slot or slots of successive TDMA frames. The receiver integrates
the energy from each repetition to create a signal having a higher margin. As
noted above, bit repetition can cause significant delay, depending upon the length

30  of the message. To achieve a 30 dB signal margin, each bit will have to be
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A satellite-based nobile radi ocommuni cati on system provi des
radi ocomruni cati on services to particul ar geographical areas of the earth
using 20 one or nore partially overlapping satellite beans. Each

satel lite hggenpgs a radius of up to about 1000 Kpdraizserdesm t he
power limtations of a satellite, it is not practical to provide a
high link margin in every beam si nultaneously. Because
nobile satellite links are severely power |imted, commrunication S

typically limted to |ine-of-sight channels with R cean fading. Ricean
fading 25 occurs froma conbination of a strong |ine-of-sight path and a
ground-refl ected wave, along with Weak buil ding-reflected waves.
These channel s require . co ni cations |ink naggi n of

appr oxi mat el y 10THE I@rlﬁ”etso A bt gwage has betwe%ﬁﬂﬂm gﬁ?‘?%‘#‘h i deal .
or near-ideal copché GINE systenf; theBurdp&n difiti SBRdarE up to 245 chdradée e higphone
unit antenna |se§ro erly deployed and the unit is in an 30 unobstructed
location. In th éh&%f&g’@é&d@%m,c Fhaee Sespice)csystamcurrgpily used in thep

97/ 24827 United States, and up to 160 characters in the DECT (Digital E C

PCT/ US96/ 20640 oM s, and up . C 1s In the ' (Digital European ordl%ss
successf ul | ySnonTelephone)sypemi riissuming acGSMoystemdwving FRUMA fiames|of 38.64n

non-i deal ki Hﬁl@ i | e. uni ais not
depl oyed or the bl eIIS sﬁ&sper?um tﬁﬁéwgﬁgtgﬁg}%%‘% €0 l‘%’c‘%{l&;ﬁp(e. g.,

i nsi de a bui | di ng¥eiviag lactt chdracter 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.
10 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 2 communication system to allow for

1S transmission of signals with an increased signal margin without requiring
expansion of the channel bandwidth.

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

20 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.

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

25  messages.

r vention

The above-noted and other limitations of conventional communication
systems and methods are overcome by the present invention, which provides for
a high-penetration transmission method for transmitting short alphanumeric
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The 5 channels in these non-ideal conditions are characterized by flat
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formof forward error correction coding). Each of these nethods has

significant |inittenpmiting Aiphsavimericymesspeen do and fromaypebileiunit. datordsrdd by known
Teynods such 2° it rbie ARG dyer Marlls thE seAOUte DAk Yhort Ol N0

and results I1n a sSi nal I'ess sensitive to
Bandwi dt h expansirgssageds with errorsgetestioncoding todormk one of miors datecy .

o & oo 3B RO s 0 Vbbbl v o
15  having message frames. Each message frame is made up of time slots from each
TDMA frame or each set of TDMA frames. The message channel is transmitted
at a power level greater than the power level for voice transmission and greater
than the power level for control information transmission. The message channel
may be formed by slots taken from the broadcast control channel or other
20  suitable channel. The multiple transmissions are integrated and checked for
errors at the receiver.
intion wi
The foregoing objects, features and advantages of the present invention
will be more readily understood upon reading the following detailed description
25  in conjunction with the drawings in which:
FIG. 1 is a block diagram of an exemplary mobile radiocommunication
system;
FIG. 2 is a diagram showing the organization of channels in a typical
GSM digital radiocommunication system;



-7- message channel, two separate and conplete radi os (one for each

service) wll be required in the nobile unit, thereby conplicating
its design. Also, a coherent Rake receiver or equalizer is also
typically regwhsifgsh to reduce del ay spread, furt her peRO®shesas i Ng t he

design of the nobile unit. Bandw dth expansion may also 5 be i npl enent ed
by repeated transm ssions of the entire voice or data nessage.
However, under the non-ideal conditions of interest, this nmethod is not

effective because each repetition is typically bel ow the noise floor
(that is, does not have a suffici ent margl n), resulting in a high
error rate and preventing the coherent I ntegration of the

repetitions. 10 I n al.so be used to provide
a Ei gher margin. Due FIG- :p“‘ ﬂﬂﬂ?@%@lﬁ)ﬁq%wﬂ% ragiocompuaication) | tg this.

is typically not sye acwmhhmp&ﬁhmxssm memddrbfaﬁdpfemu iventioRGhHAsd Ng t he
cost of the system_  increased tran ,?égr(t) makes it nore

difficult to conimRementedinanneFlon ésr"F dﬁ‘&F‘Pﬁ"&ﬁ‘P"a‘i‘?'?miﬁﬁ‘o’Fm .
systens W th nargow .increases from
Esshg%%mrié an SAbBditeMIANthe pREAP ik

15 t he satelllte to t unit may be provided only uring periods
of relatively Fi(i;;l'ﬁt lsashasrwnrsbmg atharsh fermat plamPMS|stot aedording teeven

nore power Iim't b&ﬁ ?ﬁfvgr“ohtﬁld this technique is typically
' e |rec npi§ [ [

practi cal onlyln on satellite to the nobile

unit. rﬁeqseatdugram showing la Saniecforrsa df an SMS: serviseadcbamlingar gi n
(as described in cations 0 086 541 and 0 212
667). Bit repetl %e@%ogf&f\%%?ﬂ'le p%&?tt "198@8 error rate than nessage
repetition, partlcularly in non-ideal conditions. Bit repetition

i rall e for voice signals, for
plerred _ranbodiments

causes transm ssio ld
10 While the followmg description is directed toward a short message service
implemented in a satellite-based radiocommunication system, it will be
appreciated that the present invention may also be applied to other types of
communication systems.
In a satellite-based mobile radiocommunication system, a communication
I5  link for transmitting voice or data may be established over a satellite beam
between a mobile station and either a standard telephone or a second mobile
station through one satellite, multiple satellites, or 2 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
20  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 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 depioyed. In non-ideal
25  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 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



.Oobvi ous reasons. However, transm ssion delay nmay be acceptable for data
comuni cations, such as a SM5 feature, provided that the delay is kept to a
25 -reasonable mininum Bit repetition is achieved by transm tti n%

i ndi vi dual bWO97/24827 nodul ati on synbol s, or packets
nodul ati on synbols, a plurality of tines such t hat aI | repetitions
are contiguous or contained within the sane tine slot or sl ots of

successive TDVA franes. The receiver integrates the energy from each
repetition to create a signal having a higher margin. As noted above, bit
30 repetition can cause significant delay,; depending upon the Iength of
t he nessage. To achieve a 30 dB S|gnaﬁ margin, each bit wll have to

be VO 97/ 24eSidable to send a short alphanumeric message to the mobile station. The
PCT/-US96/ 20640

repeat ed 1000 ti nBessags mabeused.siop example, 4a dnform, thesubsqaber @ﬂdﬂ@% call.

245 -char act er s | T REEsR SRS L ARICHERARSE Crle v OREAG], o)

system current |y fosenlefficienhitechnique for igateasing ggual owrgiavdthoyt signifi®@ot ddley; act er s
D 02 LT B Oy SRR o Brace. T SPEOD) Syt e Acsum no o
and 114 data bit s/ sl otForiphrposes rof iliustratiinoonly, @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 no line of sight component and is subject to flat
10 Rayleigh fading with severe attenuation. As will be appreciated by those of skill
in the art, Rayleigh (or multipath) fading is a phenomenon which occurs when
multipath waves form standing-wave pairs due to reflection from the physical
structures in a service area. The standing-wave pairs summed together form an
irregular wave fading structure, When the mobile unit is stationary, it receives a
15 constant signal. However, when the mobile unit is moving, the fading structure
causes fading to occur which increases as the mobile unit moves faster. The
mean signal level of the non-ideal Rayleigh channel is approximately 20-30 dB
below the signal level of a near-ideal line-of-sight channel.
In order to ensure reliable transmission of a short message to the mobile
20  unit in non-ideal conditions, the signal margin must be increased. According to
the present invention, bit or message repetition and power increase can be
combined to provide an increased signal margin without significant delay.
It will be appreciated that decibels (dB) are units used to express ratios of
power, current, or voltage. Specifically, a power ratio (P2/P1) may be
25  expressed in decibels by the formula dB = 10 log (P2/P1). A signal margin of
30 dB requires a power ratio of 1000, since 10 Jog 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 82 second delay calculated above. However, to achieve a 15 dB
30  margin, the required power ratio is only 31.623, since 10 log 31.623 = 15,



.receiving a 64 character nessage, not including propagation tine, is as

fol | ows: 64 bits X 8 bits/character X 1000 repetitions/bit X
18.64 ns/slot X 1/114 slot/data bit = 84 seconds. 10 Such
a del ay i swipoghksgr undesirabl e, even for data transm ssi ORCTUS96/20640
Accordingly, it would be desirable for a radi ocommuni cati on systemto all ow
for transm ssion of signals at an increased signal nmargin wthout
significant del ay and without a significant increase in power.

It would be further desirable for a comunication systemto allow for 15
transm ssion of signals with an increased ési gnal margin wthout requiring

expansi on of the channel bandw dth. 1 It would al so be
desirable for a.JDVA £0 L cation systemt | l.ow . for tr I SSi on
of signals withIRw i“r@r@é@bﬁ ?P‘é%l d%%‘”@ﬁ“t%’(o‘&?%ﬁ"f’ PRYCL,DY 15'af i
change in the shidifepeatidg @achdsipapproxamately 31ftimdaM Udingtiisstechniqle, the bit- It
woul d be further desirable, for . a, nobile radi.o ni cat j systemto

al l ow for transfiP§¥ Y%&fé‘ﬁé@'@%’@%@“&?&e@}f @%%&%*f eFdbi | e
unit or BI edpedts/bRt e 18.64 ehsilot B8 34 15 sRE/bIR) ag»rbhinﬁw DS’ @acRs Hsgnal
mar gi n. It would be further desirable for a comunication

systemto sél ectirestltythe bit repetitiae delay, is mpjtained, Aed ressnaghl leyelnd themuni cat i on
link for the trwm&&&whs&m@&ﬁm@%&gg Seve], therchy avorHAFESY of the

| nvention _ _The above-noted an I mtations
conventional corhanneldnterference. It will by apprediated thatmamodifferentcombinationeoby t he

T L ee e sy AL ke popie el SREASH bl
in Rayleigh fading environments without significant delay. Further, rather than

10 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 the satellite to the mobile station may be provided by averaging a power
load across multiple users. That is, communication channels used by mobile
units in near-ideal conditions might have their power reduced to increase the

15  power supply 1o 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 to the mobile station
may also be achieved by other techniques known in the art.

20 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
may be necessary to send a message or acknowledge receipt of a message.
According to ene embodiment of the present invention, the power increase from

25  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 or message
repetition may also be implemented by the mobile unit to further effectively
increase the margin of the signal transmitted to the satellite. Since
acknowledgment by the mobile unit over the RACH channel may be

30  accomplished by a signal having a low information rate, a higher number of sync
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messages in which signal margin is increased by a conbination of bit or
message WO92483etition and a relatively small increas® :
According to exenplary enbodi nents, the conbination of bit or
nmessage repetition and a relatively small I ncrease in power avoids

t he unacceptabl e del ays characteristic of systems which 5 rely solely
on repetition to increase the signal margin. Likew se, the

combi nation of repetition and a relatively  gmall increase in power avoids
the co- channel interference problens of systens which rely solely

on increased poweitstafid a higher nurhit? of Bft And RARsRALORPELTORE élftive to the forward
According to an exenpl ary enbodi nent of e present ipvention, a nobile 10

h
r adi ocomuni cat i W&F’é‘rﬁq 'é‘“bf%‘?ﬂ"&?@ﬂ“ﬁ #ﬁﬂ?lgﬁ?rmmﬁﬁ‘!é‘r?ﬁtb% feature
for tr ansfibdife! v, "Tlr&@ﬁﬁlgnﬁfe' fotiRRAARsrhits t%ﬂ%cﬁﬁ%eﬁed&ﬁé bf unit.
In order to ensure rel i able transm ssion over channels having
severe attenuat i cvparate garien frequencies to degerselate the; repelitionsi c Becanserthe message
detection codkng : R RmA t - dewor d
I's transm tte(sil nﬁ%?f‘%ﬁtﬁl nesg(%l\?g?h% %s%asggngﬂ%ﬁhﬁgw%msﬁ%@?ﬁ vyr?e?ssage
franmes. Each nesswilicbefaccaptablesusingdbisspsterh. ti ne sl ot s from each TDVA
frame or each set of gr . 5 c el s .transmtted
at a power |evel grea %Wﬁ%%‘%vﬂéﬁ%@%%%&%@gﬁ U and
greater tshom nidssage asing thearanbmission methvd of therpresenminventioh [sSsh6WhSSi ON.

The nessage channgel g be forned %Sl otbs take,nta;romth_e, br oadcast
control channel Jp SPHOP. a sending party inputs a message to be transmitted to a receiving

10 subscriber. The message may be input into the communication system directly

by the sending party 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
15 encoder located at the transmitter with an error detection code, such as CRC.
The encoded message constitutes one or more codewords, each containing
codeword bits or symbols. It should be recognized that the transmitter may be
the satellite, a base station, or a mobile urit. In step 104, bit repetition can be
employed, such that each of the codeword bits or symbols output by the encoding
20  means are repeated N times to form a packet containing N bits. 1t will be
apparent that, instead of repeating individual bits or symbols, groups of two or
more bits or symbaois, or the entire codeword or codewords could also be
repeated. Packets are then transmitted such that each slot within a TDMA frame
includes one or more packets of repeated bits, error detection coding bits, and a
25  sync burst to enable the receiver to estimate the channel quality. All bits
comprising the encoded short message are transmitted in this fashion. If bit
repetition and message repetition are employed, once the entire encoded message
has been transmitted, the transmission of the message (in the form of packets of
N codeword bits) can be repeated M times to achieve the desired signal margin.
30 It will be appreciated that, since the short message may be transmitted from a



.20 sui tabl e channel. The nmultiple transm ssions are integrated and

checked for errors at the receiver. Brief Description of

t he Draw ngs The foregoing objects, features and advant ages
of the presgniugayention will be nore readily undecssssboson
reading the foll ow ng detail ed description 25 in conjunction wth the
drawi ngs i n which: FIG 1 is a block diagramof an exenplary
nobi | e radi ocomuni cati on system : FIG 2 is a diagram
showi ng the organi zati on of channels in a typical GSM di gi t al

radi ocomruni cati on system WO 97/ 24§27

PCT/ US96/ 20640

G T OO0 I R R A S, o 1,
be i mpl erowideddn each of thds&devicess lawill also bdnapprembaed:tlmblmgrdehm
transm ssion of rgplement the technique of the present invention, means are included in the
transmitter to determine the number of bit repetitions N, message repetitions M,
S  and power increase necessary to achieve the 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) sampies the received signal, including the repeated
encoded message bits, error detection bits, and channel quality estimation bits,

10  and generates a metric sum of the form

td
y ?5=§1’ frij-éjSlz

where r; is the sampled received signal corresponding to the ith repetition of the
information bit or symbol S in packet repeat j, and C; is the corresponding
estimate of channel quality. In step 110, a decoder contained in the receiving
15  device decodes each encoded bit or symbol in the TDMA slot from the metric
sums, using soft combining or majority logic voting, or other suitable decoding
methods. To implement soft combining,x the decoder adds metric sums as

Y=Y, ¥;
=1

and makes a bit or symbol decision based on the sum. To implement majority

20  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 made M preliminary decisions,
the decoder will determine that the corresponding information bit is a 1 if more
than half of the preliminary decisions were 1; otherwise, the decoder will

25  determine that the corresponding information bit is a 0. The same logic is used
to decode a bit that is a 0. To prevent an error which might result if exactly half
of the preliminary decisions are 0 and exactly half of the preliminary decisions
are 1, M is chosen to be an odd number. The decoded bits are combined



_short nessage according to an enbodi nent of the present invention; 5
FIG 5 is a diagram show ng a burst fornmat of an SMS sl ot according to

an enbodi nent of the present invention; and FIG 6 is a

di agr am shoW@872483% ane format of an SMS servi ce accor di ngPCTUS6/20640; o an
enbodi nent of the present invention. Det ai | ed Description of the
Preferred Enbodi nents 10 Wiile the foll owi ng description is
directed toward a short nessage service ’ i npl emrented in a
satellite-based radi oconmuni cati on system it will be appr eci at ed
that the present invention may also be appligd to other types of

conmuni cati on systens. In a satellite-based nobile

radi oconmuni cat i Ogohgiehilahd theGRUITPIO tminiiQions P the eéstigefabd conitamean t ti ng

voi ce or data may he established over a satellite peam . between a

mobi | e station anéPherentfto gengrale ) MesAgeTiENsh bavngqn Incecated TRRrEBh | e

station through one s i ,a,p'ﬁll“;'%%ﬁ sl : %rﬁﬁ ' f one
or nore sat el ?1?15%13 ‘gga t erIP ﬁ%ﬁ@#&?%"%cﬁeﬁl efep O%g&&@
networ k). Such a eiyess dasedzon the CRC errosdeteetionrcoring, providesdeap thectrapemittingl e t o
achieve a broad g hi ' | ¢y

stations are %?es%ﬁ’?{‘a%hdﬁg‘hél Tl %gﬁagéa%é uggﬁ%s&g}%ﬁﬁ& the rg&%ﬂg
practical, such asubssriber/s ajobile anitin fepelldo X ke enmhisrdetectedothen thei messageiions of
satellites, voice_co nicatitons |inks bet n the .l kte and the nobile
station r ‘%M‘ﬁ?ﬁ&?ﬂr‘{g‘ér@%@&%@%ﬁ%ﬂ% 'ioﬁlléﬁdtohﬁ'f eFeORYNdi ti ons
such as |ine- of - singéshge by a displapedneitonintedsage Or by b ailidie sighdl| bl the déceiver S
antenna properly deﬁl ?'&g | n.non-ideal . 25 condi tions, such ‘ai when t he
mobi | e station i sTORSHRE Fapsguter ; It mesyaee gf fig erroneous partyef the o yhen

the nobil e anfiennmetsagaintacBiraidee Withdetidieactohal rddo PRWRD] discritied I more
mar gi n requirenments for comuni cation increases significantly due to the

i ncreased att enua?‘?‘@hb?lﬂwt he channel . In such situations (shown as Mk in
gln(? st he?)e{‘ ongyl eA&ordigglio e ﬁfeﬁ&?izﬂéﬂibﬂ?@e&&f {ridsAfidsonYof GREMHR! Cati on,
may be nsed in combination with repetition of individual portions of a message.
That is, individual portions of the message may be transmitted multiple times,
15  and when the entire message has been transmitted by means of the repeated
transmissions of the message portions, the entire message may be transmitted
again.
According to an exemplary embodiment of the present invention, a high-
penetration short message service can be implemented in a satellite-based
20  telecommunications system using the above-described transmission method as
follows. On the carrier frequency that contains the broadcast controf channel
BCCH, the first slot of each (e.g., 16-slot) frame is allocated for the broadcast
control channel. The broadcast control channel is implemented over 51 frames.
The 51-frame repeating pattern contains frequency and synchronization correction
25  channels FCH and SCH, as well as broadcast and paging channels PCH. The
carrier on which the satellite-mode BCCH is transmitted is not necessarily active
in all timeslots. 1n particular, if no conversation is currently set up on the
carrier of a given beam, only the BCCH slot of the carrier may contain energy;
that is, the traffic and other slots on the carrier will not contain energy.
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desirable to send a short al phanuneric nessage to the nobile station. The
nessage naywderueed, for exanple, to informthe subscri becrafssamedonconi ng
call . The present invention ensures reliable transm ssion of the
nmessage by providing for an efficient technique for increasing
signal margin wthout significant del ay, 5 power increase, or
co-channel interference. For purposes of illustration only,
and without limting the scope of the i nvention, a satellite-based
GSM r adi ocomruni cati on system usi ng TDVA 16 channel s may be assuned to

Tne of si'ght _compondet BacH 8BSl paGpoly sappfa THL bkl kel IR Gon R0, [
severe attenuatimean dvbléfahappff&cslmadtih)catrbosé’rdémhly; tHe frequency i n the
mul {1 pat b viaves o daomeh FCRE e e Senpaiate dame ScHof e Botlae

physi cal Wskd f6rithé Sifort MestageoleiVice® MMAR embB&EnRhE AN in\RE S 1RRL T S
summed together form an . irregular wave fading structure. Wen the

mobi l e unit Ps sBEEHJImmSare;dedicated-to,ibe short messagecsspaeeanThese SME slotiopruver
when the Mobil e iiftimesS, T3y 24hd 401CThA0AG thd SHIBUBECH frame, FASHRNGAT! N

to occur which increases as e nobile unit noves faster

are spaced 12, 13, 14, 12, 12, 13 14,... slots apart, allowmg the recexver to
determine the frame timing solely by signal strength profile. The 4 SMS slots
are transmitted at a higher power level than the remaining 47 BCCH slots, which

10  are transmitted at a higher power level than the remaining TDMA channel slots
on the carrier containing the BCCH channel. It will be appreciated that this
implementation of the broadcast control channel BCCH is unlike the standard
GSM implementation in that the frequency correction channel FCH is not an
unmodulated burst.

15 Referring now to FIG. 5, the format of a burst transmitted on an SMS
slot according to an exemplary embodiment of the present invention is shown.
The burst includes beam identification bits BEAM ID which identifies the
satellite and the beam being used. If 14 bits are used for the BEAM ID, 16,384
unique identifiers are possible. This allows identification of, for example, up to

20 512 beams on each of 32 satellites may be identified. It will be appreciated that
the identifiers may be reused on separate frequencies. The receiver can
continuously average corresponding bits in each of multiple SMS bursts to
effectively increase the signal margin of the BEAM ID information, atlowing the
BEAM ID to be determined even in non-ideal environments,

25 The SMS burst further includes two 64-bit datacodes DATACODE which
form a 128-bit datacode. The 128-bit datacode can have one of between 1 and
128 mutually orthogonal values. These orthogonal values are bit patterns
resembling synchronization words, and therefore provide the functions of
frequency correction and synchronization to effectively repiace the omitted

30  channels FCH and SCH. According to an exemplary embodiment, if 128



_nmean signal |level of the non-ideal Rayleigh channel is approxi mtely 20-30
dB bel ow the signal |evel of a near-ideal I|ine-of-sight channel
In order to ensure reliable transm ssion of a short nessage to the nobile
‘20  unit WO Heal conditions, the signal margin nust $96264bsed.
According to the present invention, bit or nessage repetition and
power increase can be conbi ned to provide an increased signal margin
wi t hout significant del ay. It will be appreciated that
deci bels (dB) are units used to express ratios of power, current, or
voltage. Specifically, a power ratio (P2/PYy may be 25 expressed in
deci bels by the formula dB = 10 log (P2/P1). A signal margin of 30
dB requires a powzualgtdrmogénamﬂﬁbsasémméd) 7@ of @a¥OrFatidn arel frovided th achi eve
this signal margin soIer b .epetition, each bit st be repeated 1000
times and cafhobursty g ¢ K\’r&?"\&}ﬁ‘\‘“\"?'@ﬁ? W%W‘ﬁﬂu Hebgr at ed
at the receiver, 5 jower nmﬁxgﬂmuamw Orthdiendl Jahfes A be%ﬁme&ah&me%ﬁfi&eﬂbove
However, to achieve a he required power ratio I's only
31.623, since 10 9f esLEe Gansmissions can redum paintaindogy the same overall data

PCT/ US96/ 206 t
Thus, a 30 dé§)5| gnargh#gr glgﬁorrray %m‘i)‘rz%d\l/?gdrg%v %lg;o P?\gsregag’f ﬁgl %%es%ovexér%n by 15
dB more detail below.

A typical SMS message contains, for example, 112 bits. The 112 bits
includes information bits and CRC error detection code bits. To transmit a 112-
bit message twice, 224 message bits must be transmitted. As shown in FIG. S,

10 each SMS burst includes 156.25 bits which include 8.25 bits GUARD/RAMP for
guard and ramp up/down functions, 6 tail bits TAIL, and 142 information bits,
The 142 information bits include 14 BEAM ID bits and 128 datacode bits.
Because the 128 datacode bits correspond to 7 information bits, 7 message bits
are transmitted in each SMS burst. To deliver 224 message bits, 32 SMS bursts

15  are required. Since there are 4 SMS bursts for each 51-slot BCCH frame, 408
BCCH frames are required for each message. Based on a frame length of 9.23
mS, the 112-bit message is delivered in approximately 3.77 seconds. 1t will be
appreciated that if the satellite system includes 121 beams, the satellite can
deliver (121/3.77) approximately 32 messages per second.

20 The power required to implement an SMS system according 0 the above
exemplary embodiments can be determined as follows. The BCCH channel as
implemented above results in one BCCH burst every TDMA frame; thus, a
BCCH burst occurs once every 16th slot. The particular slot in which a given
BCCH burst may occur is preferably staggered from satellite beam to satellite

25  beam in a 16-cell pattern. Assuming the satellite has 121 beams, approximately
8 beams capabie of transmitting SMS information are active at a given time,
while the other 113 beams are transmitting traffic information. As previously
described, the SMS slots are spaced apart in slots 1, 13, 26, and 40 of a BCCH
frame. This spacing allow for 12 orthogonal staggered SMS frames in different

30  beams. Thus, the 8 beams simultaneously transmitting beams capable of



.and repeating each bit_approximately 31 tines. Using this technique, the
bit- repetition delay for a 64 character nessage is (64 characters X
8 bits/character X 31 repeats/bit X 18.64 ns/slot X 1/114 slot/bits)

appr oxi mat §gyera4gzrseconds. As 5 a result, the bit repeiiséeesde! ay i s
mai nt ai ned at a reasonable |level, and the power increase is also

mai ntai ned at a reasonable |evel, thereby avoiding co- channel
interference. It will be appreciated that nmany different conbi nations of
repetitions and power increases are possible to achieve successful
conmuni cati on i n Rayl ei gh fading environnents w thout significant
del ay. Further, rather than 10 repeatink® i ndividual bits of a digital

Feanni due. of T he BB IoRHERAS o5 cusmit S nfprmation ot bERaRE B | o
echni que o € , e
satellite to theAwSMS slotsis ansirittetbin daby Griecheamed ahime \Gesrétd MdinRinBRVE"

| oad across nultiple users. That is, co nicati on channel s used by nobile
units in near-i d@?‘a‘ﬁd?fﬁﬂﬁms”ﬁy d’r’?f's'ﬂ °F1’|‘8_$'r power reduced to increase .
the 15  power supplihetiikdnd?Bilifbcthe SMS ﬂéndl“iyéffecﬁfbéj hﬁ:&&a_-urgﬁ@' _
conditions. Power =~ =~ increase may al so be provided by ti aver agi ng,

i n which indfvi combingtien of ingreased power; signalowpraadiag frommtie, 12wit datagode; ditsni tt ed
at an increased YOO T : SRR Sk hat ower

i ncrease fromt hdeil Sa%ag%ﬁ?!@gu?%s, ?We%nﬁnldgest?gﬁi on & ﬁ%‘é{'/lng'l gt(t)'pg%g

achi eved by ot hemargiag lex¢luding coding/gain, for the abhove-descided example can Hhe power
limtations of tEE Hﬂ[@ill ' B . . power
limtations of the satel f#@%Tm‘g |tp?§9éé\?/ ﬁ&yn‘%gg%“ﬁlfézﬁs T88Mcr ease
power for comurovenan AWGN@hainek ThdSMS chenriehis transmitted using SdBadditional

conmuni cat i may, b cess to send nessa ackno e
Corar ot ot 38, o s VB ne GafhE SRRRAT, or 0, PEtbeeE R 26 S SR WG
invention, the phamieli Thé epreaiidg giin dedto thé 128 chipicode fonTtinformdtion bitet el lite
%o The et ook B e Breseongt b 0,21 (| L7
may al so be i npl MARARY, Ksbsfaye rdpetitions ube i tbhjuhdioh WithheFi detisidA idextsak

i ncrease the nmargin of the,signal transmtted to the satellite. Since

acknowl edgment  RFOYIAES aaAdditiontln 4B gy for ROl S dink Trazein Al gppreximately
acconpl i sheqsby $.6uBNindaHioR BorteckiBN/chdth P piidein hdfifonaPedih, AD&A puimber  of

Syne appreciated that an SMS system according to the present invention provides a
sufficient link margin to allow for communication even in non-ideal conditions,
such as when the mobile unit is shadowed and/or the antenna is not properly
deployed.

20 As described above, the SMS system of the present invention allows
synchronization to be achieved even though the SCH channel is used for SMS
transmission. According to the present invention, synchronization can be
achieved as follows. The receiver locates the higher power SMS bursts using a
power profile method based on average received signal strength. The receiver

25  synchronizes itself with the incoming signal to the bit level by correlation with
the orthogonal datacodes in each SMS burst. The correlations are added over the
message repeats to provide an adequate signal-to-noise ratio to reliably decode
message data. Once synchronization is achieved, the mobile unit will sleep for
47 BCCH slots and wake up for the 4 SMS slots, resulting in a duty cycle of

30  approximately 1/204. The mobile may also wake up an additional 4-8 slots over
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bits and a hi gher nunber of bit and nessage repetitions relative to the

. forward WO 9728Wannel can be used to conpensate for th 0640
transm ssi on power of the mobile unit. Preferably, the nobile unit
transmts consecutive repetitions on separate carrier frequencies
to decorrelate the repetitions. Because the nessage 5 is short, the
transmssion tine will be short and the average transmtted power

wi || be acceptable using this system 19 Referring nowto FIG
4, a flow chart describing the transm ssion of a short nessage

usi ng the transngask s raiRigeasd, dor Exdnplls, @6 GBErmify RREtheTit can RDGVE2 normal I N
step 100, a sending party_ inputs.a nmessage to pe transmtted to receiving
10  subscri ber .caling qharnghg W‘B@?W@W@‘X@“‘&m%ﬂ‘ﬁ% system

directly %ﬁmqm[\g party through a nobile unit, a standard
t el ephone, a co ter term nal, or equival ent device, or the

message may be i nput 1t will beappresizgd thatithe SMS system of the\prgseat mvemtiontmay ser vi ce
center who i gQputs, : ettt ' . : : t he

I nformati on gi ts&c%’#prl s?%ggt%ﬁépg’ﬁ%%ﬁ%ﬁg’g’gg?‘%ﬁbg‘%?gﬁgg %?aalgr?}’%%s

encoder | ocat ed exemplacy embodiments descriied abave. eThusy theciMS systam obthe presemth as

ORC ining SR by T YRR AR kg by Parilifar Yo TP B1s 5 s 2"
in a TDMA system. For example, a paging slot every fourth frame on a given
carrier frequency in each satellite beam can be used to selectively provide SMS

10  service. When SMS service is not needed or desired, these slots can be used for
voice traffic. In this embodiment, the SMS slot is transmitted using 6 dB more
power than the voice slots on the same carrier. Successive SMS slots form a 13-
slot SMS frame as shown in FIG. 6. The SMS frame in this embodiment has a
first slot used for frequency correction information and a second slot for

15  synchronization information. Slots 3-13 are used for data or paging, and are of
the format shown in FIG. 5. Each data slot carries information bits for one
receiver only. Each bit and each message in this embodiment can be transmitted
three times. For a typical message consisting of 120 data bits, the time to
deliver one message is approximately 11.5 seconds. Assuming a satellite having

20 150 beams, 13 messages can be delivered each second.

According to a further aspect of the present invention, the message
repetitions are decorrelated by, for example, transmitting the message or message
portions on different frequencies, on different polarizations, or at appropriate
time delays.

25 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 error correction code, after encoding the information bits with
an error detection code. The message is transmitted, and the received message

30  decoded, in the manner previously described. With majority logic voting, a hard



. codeword bits or synbols. It should be recognized that the transmtter may
be the satellite, a base station, or a nobile unit. In step 104,

bit repetition can be enpl oyed, such that each of the codeword bits
‘'or synbol swowtpust? by the encoding 20 means are repeatpciOsvrosas to form
a packet containing N bits. It wll be apparent that, instead of
repeating individual bits or synbols, groups of two or nore bits or
synbols, or the entire codeword or codewords could al so be

repeated. Packets are then transmtted such that each slot within a TDVA
frame I ncl udes one or nore packetgs, of repeated bits, error
detection coding bits, and a 25 sync st to enable the receiver to

estimate the ch I |t bj - LSk oded short
nessage are tr a%s%{r%ﬁ"t%g&#ehqﬁ?’é% ’%"é’sh’}"z‘r‘? © bftf mbtlhf Lo 6ﬁw§‘ea%ogﬁ ﬁ)ﬁxgcn and
nmessage repet i tvoler axe dedosora chantl decoder witle ne additienak infordmtiomgsaaagebit

has been transm’ei.tefkf the transp ssian o% t he ) i .t.he.forl of
packets of reliabijity JptezmataR 65{{‘?@?& grgpp 8(’%&& Zﬁ g 5 i%eve the -
desired signal som dicidion ddBoder ks enipldyed 16 daddide G drfor Gokrdtion cbilé) @Rd nfericshor t

nessage may be transmtted froma . 97/ 24827 .
PCT/ U%g 6/ 2%§ 40 Sums y; are added to the 'soft decision dec\é\!l%r output, and the sum is fed tojan

error correction decoder. Error correction coding will be more effective if

different outputs of the error correction encoder are interleaved by separating
consecutive output bits as far as possible in the transmission stream,
It will be appreciated that the higher the number of bit and message

10 repetitions, 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
cither 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

15  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,N,-N,2)/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

20  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

25  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

30  message was not received correctly, then the satellite can resend the packets



satellite, base station, or nobile station, encoding and transmtting

functions are provided in each of these devices. It will also be
appreciated that, in order to i npl ement the techni gg_e of the present
_invention, Weeds2re i ncluded in the transnitter FETHEWAMOne t he

nunber of bit repetitions N, nessage repetitions M 5 and power
I ncrease necessary to achieve the signal margin required for successful

transm ssi on of the nessage. In step 108, the receiving
device (i.e., the nobile unit, satellite, base station, or
equi val ent device) sanples the received signal, including the repeated

encoded nessage bits, error detection bits, and channel quality estinmation

bits, 10 and [ il 3 ere
a%g@g%ﬁ; e ErdiRbis! group MinQthistiiiné O oty paklRid With errors nedd

rlerr] is the s ecei ved signal corresponding to the ith repetition

of the i rtbderratransmitigd; ascoppasediio resending pgempletepasage. ThuydlisCerr] is
t he correspondi | : gltka!ﬂgﬁder ?elglz'&t o a
decoder cont ai n%mioﬁdtcﬁ%bgz%égir{g}o é zi evi gg ec%anedsmg%fc’)ﬁ&elﬁé‘gﬁed bit or
synbol in the Thidaysindtwasted satellite powter.i c . sums, using soft conbining
or magjority Logic voting..or.. other ' in . nmethods. To

I mpl enent 501% t conbi #“ﬁg"d‘{% °“8€‘§%‘2¢“‘%§§4§eﬁg?e‘§ﬁ‘ tg%}ﬁsprgssgm '"Ve“t"og also

[err] providessfoe advaniagés with regpdopio iling S iAo oniblisectidnad link ipeeventsia To

i mpl enent maj ori 20 | ogi c yoting,, the decoder makes .a prelimnary bit
or "symbol deci i W esss divery 162 10 R args IFE Senier P ey HeERist YR | nal
bit or synbol deginsieidehté tha MRAmbssgedbds cofreéthiereceived. THISEA SMsvice

deci sions. Thus, if the decoder has nade M@rel i m pary deci si ons,

the decoder wi | |Wiiiespidiraetionsldinkihay bepficaat i suREcribRt Hratdpeeasedi ¢ is a | if
Mol or il llbharkuﬂéﬂini&f rdid) C1rEcbrhdt] Bihikbe AMdifdcROIRI HRK Bllows LinBRE Se, the
sender or service operator to determine whethes a message was correctly
received, the service operator can provide a SMS service with a delivery fee for
each correctly received message only.
As discussed above, for longer messages, voice communications, or
15 conditions requiring a link margin of greater than 30-40 dB, unacceptably long
delays may result in the technique of the present invention. In such cases, the
message may be stored at the satellite or corresponding ceflular mobile switching
center (MSC). When the mobile unit is able to read the broadcast control
channel (BCCH) of a more favorable communication channel, the unit may be
20  alerted of the stored message by means of, for example, a flag on the broadcast
control channel.
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
25  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.



. 25 determ ne that the corresponding information bit is a 0. The sane

| ogic is used to decdde a bit that is a 0. To prevent an error which
m ght result if exactly half of the prelimnary decisions are 0 and
exactly hakjoéfughe preli m nary deci sions are 1, Wcrassémosen to be
an odd nunber. The decoded bits are conbi ned WO 97/ 24827
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coherently and the nultiple transm ssions of the nessage-are conbi ned-
coherently to generate a nessage signal having an increased nar

|
In step 112, an error detector contained in the receum “mtﬂ ‘&ﬂﬁ! etects
errors based on the CRC error detection cddi ng provi te 1 s 1tting
5 appar at us. IéL%rrors are detected, the nmessage is displayed on the
recei ving criber's nobile unit in step 114. If an error is

detected, then the misaagethod for transmittingCdatadovep b DM Aadoninhmidafiere thaintel
appar atus, the uyser iéég‘rl]lg&ifi d of an err.oneous, nessage by a

di spl ayed error ha®ag tyaﬁ@ﬂ‘céﬁﬁi ifEpme; set inplyding one g miope frames,

requests the traaairhig haviflg i Pluraity bf imEBRHEAeAnAmé N6t @4 of
the 10 rressag%g In gﬁ%r‘ﬁ%n?‘eﬁﬁi fh. ,ambi directi onr’lal radnirsgﬂgéyoﬁgggf]h?

descri bed i nS norof data bits, the mathad comprisipg the steps of:
encoding data to be transmitted with error detection coding to form one or

more data codewords; and
transmitting each data codeword a plurality of times over a message
channel, the message channel having a plurality of message frames, each
10  message frame including one or more time slots from each frame set of one or
more frames of the TDMA communication channel.

2. The method of claim !, wherein the TDMA communication channel
includes voice slots for transmitting voice information at a first power level,
control slots for transmitting control information at a second power level higher

15  than the first power level, and wherein the message channel is established at a
third power level higher than the second power level.

3. The method of claim 2, wherein the control slots include broadcast
control channel slots, the broadcast control channel slots including one or more
slots designated for use as a frequency correction channel, one or more slots

20  designated for use as a synchronization channel, and one or more slots designated
for use as a broadcast and paging channel, and wherein the message channel
comprises a portion of the slots designated for the frequency correction channel
and the synchronization channel.

4. The method of claim 3, wherein the broadcast control channel slots
25 include the first slot in each frame of the TDMA communication channel.

Jaccd THIS SHEET HAS BEEN
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JAccording to the present invention, repeated transm ssion of nessages
may be used in conmbination with repetition of individual portions of a

nessage. That is, |nd| VI dual portions of the nessage may be
transmtted WORYH8E tines, Umm tire messBRRAUSI6ESHen
transmtted by neans of the repe , m Mmcjmsm ssions of the nessage
portions, the entire message nay be Srdnstitee . agai n. .
According to an exenplary enbodinent of the present invention, a high-
penetration short nessage service can be inplenented in a satellite-based

20 t el econmuni cati ons system using the ab?ye-descri bed transm ssion
net hod as follows. On the carrier ffequency that contains the

broadcast control changefhe method of dﬁe?aﬁ h}{eSTDﬂAOEon‘P:Buﬁé’a[% Q;ﬁmﬁe], is
r oadcast

16-slot) franme is allocated for control channel. The
br oadcast control emmmgmwegamh@mmepwmmmle The
51-frane repeatl n RabinGiul 15@%9’ figns frequency and synchroni zation
correction annel's SCH, as well as broadcast and pagi ng
channel s PCH. The carrier on which the satellite-nmode BCCH is

bartioul are i no com TR oS R 5 whepein i i sib{ fF3Re elagd danpal; o,
of a given bedm e:niminiisanaaéﬁﬁﬂ%hﬁdn bifs fohidestifying ehe sarelite and suiteMlite bedmy ;

t hat |s the traffi¢c, and o e\g ts.,on the carrier V\AM‘ not contain
ener g V\O‘MW of 1 enugnng one or more portions of the one or more data
PCT/ U896/ 20640 codewords.

7. The method of claim 6, further comprising the step of spreading the
data codeword such that the datacode bits have one of a plurality of mutually
10  orthogonal values representing one or more portions of a data codeword.

8. The method of claim 7, wherein the one or more data codewords are
transmitted twice.

9. The method of claim 8, wherein the message frame includes fifty-one
time slots, and the selected ones of the one or more time slots are the first,
15  thirteenth, twenty-sixth, and fortieth time slots of each message frame.

10. The method of claim 1, wherein the message frame includes thirteen
time slots, each frame set includes four frames, and each of the thirteen time

slots corresponds to one frame set.

11. A system for transmitting data over a TDMA communication channel
20  having a plurality of frame sets, each frame set including one or more frames,
each frame having a plurality of time slots, each time slot transmitting a plurality
of data bits, comprising:
an encoder for encoding data to be transmitted with error detection coding
to form one or more data codewords; and

THIS SHEET HAS BEEN
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.16 Each BCCH slot is preferably transmtted at a higher
power |evel than the mean power |l evel of the traffic slots on the
carrier. Preferably, the frequency-————Torrection channel FCH and the

‘synchr oni zgig 9Rsgnannel SCH of the Mﬂﬂ Hﬂ"u! usedPEQﬁ, mhort

nessage service. In this enbodinenJ 1 -slot BCCH
frame are dedicated to the short hese SMVB slots occur
in frames 1, 13, 26 and 40. Thus, over the 51- slot BCCH frame, the SMS
slots are spaced 12, 13, 14, 12, 12, 13, 14,... slots apart,
allowing the receiver to determne the frame timng solely by
signal strength profile. The 4 SMS slots 24 are transmtted at a

hi gher power |evel than the remaining, CCH sl ots,. which 10 are
transnitted at a hi gﬁé?“%%"rgfé‘"ﬂﬂm‘ %@@Wﬁﬁ%l’}?{ﬂ\w ehimeeeves| ot s

on the carrier amgelcnm&h%%%mm havikg Wpliraltp oP RRAGE BLAEL t Nt

this i npl enent ation of the broadcast control channel  BCCH I's unlike
the standard  each memmfmmv@ﬁlemgweﬁr mere time slotsdram eaphclimme v of oet i on

channel FCH is thebfgiﬁ ArnflicRtidnSdhannel 10 Referring
nowto FIG 5, tﬁe OFr%gxfsg st transmtte on an SNS sl ot

according to an exenpl ary enbodi nent of the present I nvention is shown.

The burst i Iudesb ' i fi ' lEg 1dent|f|e the
satellite a% t he be 'rqeﬂee?s&%%'sdef%%‘h lg) P re us\egg}"?"gl

16, 384 undtmeevbideﬂbtsffbetrmsmimng)mse if@rmafion staaﬁfsopmerdem,l fi cat i on
of , for exanple, t 0 51 bea h o satellite be
Ctont L1 ea Tt gpitfolsios 58 sransil ipg Bl rofintion 3 o SEcoRE pove I6Fl HERT Do
reused on separ maa the ﬁgﬂﬂpﬁﬂéﬂevel e wmatlx erneaaa"ge ch%nnel is cs@blishad s | y

aver age correspon its ea mu e S ursts to

effectively |nC|ﬂE %’ée‘?}b‘ﬁﬁ? ﬁﬁ‘réf'm\é?ﬁ | D information, allow ng
t he BEAM | D to be determ ned even in non i deal environnents. 25

The SMS burst further includes two 64-bit datacodes DATACODE whi ch
forma 128-Mt dat acé@ie’rheﬁf@e@ﬂf-“!ﬂw 12a Whersingthe TRPMA cantsl slots ingludeaen 1 and

128 mutual |y or phhp@enatontd! Bifinel SRS ShbrohdRaq t8htrof Rhatfhel 618 xrﬁb‘lﬂdu&%ﬂeer ns
or more slots designated for use as a frequency correction channel, one or more
slots designated for use as a synchronization channel, and one or more slots
designated for use as a broadcast and paging channel, and wherein the message
1S  channel comprises a portion of the slots designated for the frequency correction
channel and the synchronization channel. .

14. The system of claim 13, wherein the broadcast control channel slots
include the first slot in each frame of the TDMA communication channel,

15. The system of claim 14, wherein the TDMA communication channe}
20  is established over a satellite beam between a satellite and a mobile

radiocommunication unit,

16. The system of claim 15, wherein each time slot of the message
channel contains beam identification bits for identifying the satellite and satellite
beam, and datacode bits for identifying one or more portions of the one or more

25  data codewords. - e
heet Has Been Reﬁaced THIS SHEET HAS BEEY |
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.resenbl ing synchronization words, and therefore provide the functions of

30 °"channels FCH and SCH. According to an exenpl ary eibodi nent, if 128

VD 071 24527 osTaeT LTI e

mutual |y orthogonal values are assuned, 7 bits"ofsinformation are provi ded
in each burst. In this enbodi ment, each nessage is repeated tw ce.
Al ternatively, a | ower nunber of rrut ual ly orthogonal val ues may be
assunmed and t he nunber of nessage thansni ssions can be reduced,
mai nt ai ni ng the sane overall data 5 t hroughput. Error correction

coding may al so be usegl7, B sfhtbh di"élaiiﬁslﬁrhrh&dmltﬂe transmitter spRads @etdaal bel ow.
A typi cal SM5 nmessage cont al ns for exa le, 112 bits. The 112 bits

i ncl udes i nf or mat CRAewerd such {ba a¥e on% Af & BiyERliy ?%m“t%“)t ransnit a
112- bi t ‘g%gg r&éﬁmg%gq,g ak g},ss‘t,fp ' ted. As
shown in FIG 5, Gﬁﬁ eaamh ?WS ur St |ncﬁ1de§§m56 25 |ts i ncl ude
8.25 bits GUARD/ RAMP f or guard and ranp up/down functi ons, 6 tail

bits TAIL, d 142 i f t] |
i Incisude 14 EEAM I D Ib|n ts gﬂ% s?%gxh at% lg(::xg e' B’lh?re;mﬁe &4@09 xﬂ@%;déﬁsdgﬁ %%d%%

dat acode bits Sor tresymitte tvaceZ i nfornation bits, 7 nessage bits

19. The system of claim 18, wherein the message frame includes fifty-one
time slots, and the selected ones of the one or more time slots are the first,
thirteenth, twenty-sixth, and fortieth time slots of each message frame.

20. The system of claim 1, wherein the message frame includes thirteen
10 time slots, each frame set includes four frames, and each of the thirteen time
slots corresponds to one frame set.
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are transmtted in each SM5 burst. To deliver 224 nessage bits, 32 SMS
bursts 15 are required. Since there are 4 SMS bursts for each 51-sl ot
BCCH frame, 408 BCCH frames are required for each nessage. Based on
.a frame | enaP78m829 23 NS, the 112-bit nessage i sPHEU® in
approximately 3.77 seconds. It wll be appreciated that if the
satellite systemincludes 121 beans, the satellite can del i ver
(121/3.77) approxi mately 32 nessages per seébthd. 20 The power
required to inplenment an SM5 system according to the above

exenpl ary enbodinents gan/w?ﬁt m.ned.as follows The BCCH channel as
i e

i npl emented abqgve results BCCH burst every TDVA frane; thus, a
BCCH burst occyrs once evePRf0RiAR slot. The particular slot in which a
gi ven BCCH burst may occur is preferably staggered fromsatellite
beamto satellifte 25 beamin a 16-:_eLL_pa.L.Lem__Assu.uj_n.g_L.h.e.§.a.L.€l lite
has 121 beans, Japproxi mately 8 beans capable of transmtting SMS
information arg active at a given tine, 3¢ While the ggher 113{beans
are transmttirg traffic information.} As preyiously { descri bgd, t he
SM5 slots are dpaced apart in slots 1, 37 26, anq 40{or a BCCH
frame. This spgcing allow for 12 ortHogpnal stagggqred]SMS franes jin
different 30 beans. Thus, the 8 bdanf si nultangous|y tga&?nitting bepans
capabl e of WO 97/ 24827 CHANNEL
PCT/ US96/ 20640
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18 carrying SMS information do not transmt SMS information at the
sane tine. An SMS slot is transmtted in only one beamat a tine,

t hereby naintaining a constant total phased array transmtter

| oadi ng. WO 97/24827 The link margin for the SV5 si gnafCTUS%ERM&R i vel y

i ncreased by the 5 conbi nati on of |ncreased power, signal “spreading
fromthe 128-bit datacode, bit gsage repetitions, and the gain
due to the error correction coding. The I|n mar gi n, excl udi ng

codi ng gain, for the above-described exanpl e can be determ ned as
fol | ows. The traffic channel provides a mininmum 7 dB margin over an
AWGN channel . The SMS channel is transmtted using 9 dB additional 10
power over the traffic channel, r an increased margin of 16 dB over -an
AVGN channel . The spread®ng gain due to the 128 chip code for
information bits provi de§ an additional 12.6 dB gain. fao( an §

i ncreased margin of 28.6 dB. > Finalfy, nessage repetlnj oy use(§| n
conjunction with soft decision dE’COdl ng ¥ rovi dese n EdifEionaly3 dB
gain, for a total SM5 link marglmof appr |rrate$y 15 \31 §d|§ Si n<§
error correction coding provi des®an additignal ggi n, I tg\n 1 Spe S

appreci ated that an SM5 system a®&cording ta, the resent |~nve§ @ prov?Pdes

a sufficient I'ink marginglo aIIowﬁor cormuni cafg on Q/e o
non-i deal conditions, sugh as wher@t heObil e ugt i8s dowe

and/ or the ante IS not proper ’tdepl oyed. 2 S 8 Ay
descri bed abovem SMS syst emg t he present i nveati ogy al |ENS E &
synchroni zati on 'Be achi eved e®en thougk&t he SCHiehan@I i S u%d forWSIVB
transm ssi on. Acg §| ng to the phesent i nv§nt| on, gnch%nl z§| @@ can $e
achi eved as fol I{gwss The receiv | ocat es ghe.tn gh po SWS 8rsts §sing
a power profile nethod bgsed on aEra@ re |ve SI gﬁal Xt rengeh.
The receiver 25 synchroni zes Etself Wi t§ £ si g I @o t hérbi t
| evel by correlation with ~the ortk@goﬁal d aco s ns;eash SMVEs
burst. The correlations are addef§ over thes = s tox
provi de an adequate signal -to-no&se rati o &o %Il y d odet.~ 3 S

a
nmessage data. Once synchroni zati Tn i s achi r:ve(1 thq m)bl'l e u |t will sl eep
for

’

BOCH.

(BROADCAST CONTROL CHARNEL)
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(CONNON CONTROL CHANNEL)
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(DEQICATED CONTROL CHARNEL

NS AUTHENTICATION,
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47 BCCH sl ots and wake up for the 4 SM5 slots, resulting in a duty cycle of
30 approxi mately 1/204. The nobile may al so wake up an additional 4-8
sl ots over WD 97/ 24827

19

PCT/ US96/ 20640
each 51-frandVQe¥4BY, for exanple, to determ ne whether it REAVUSOGZIGIO/E A

nor mal - calling channel. This additj,onal receiver activity results in
a duty cycle of approxi mat el y 1. 504/4 It will be

appreci ated that the SM5 system of the present invention may 5 be

i npl emented in other ways, and is not limted to thesgspecific details of

t he exenpl ary enbodi nents descri bed above. Thug)~the SM5 system of

t he present invention may be inplenented usingfany particular slot
or stots every N frames in a TDVA system For ¢xanple, a paging slot
every fourth frame on a given carrier frequency in each satellite
beam can be used to selectively provide SM5 10 3 rcg. \Wen Sk i
is not needed or desired, these slots can be used fog
I'n this enbodinment, the SMR.slot is transmitted dsin®

power than the voice slotsjon the Jsame carrier. 8 B $
13- slot SMS frane &s gpomr in FIG 6. The i n
enbodi nrent has a )
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first slot used for frequency correction informati on and a second sl ot for
15 synchroni zation information. Slots 3-13 are used for data or paging,
and are of the format shown in FIG 5. Each data slot carries

i nformati on DY®8734837 one recei ver only. Each bit andecraseszesssage in

this enbodi mrent can be transmtted t4ee tines. For a typical
bits, the tine to del i ver one nessage

nmessage consi sting of 120 dat
is approximtely 11.5 seconds.f Assunmng a satellite having_ 20 150 beans,
13 nessages can be deliver ch second. Adrding to a
further aspect of the pres¢r® |i gyention, the nmessage § r&petitions are
decorrel ated by, for exanpl{eS Jtgansnmitting the nessage pri&ngssage
portions on different freqcd igs, on different polariz §ors, or at
appropriate time del 2‘ 25 The transpigsifon system of
the present invention may furtlher include forward §rro¢;, correction
(FEC) nmeans. In such an aryandgenent, the transmtter ® |iS provided
with a second encoder for ding the information bitg he short
nmessage with an error corr code, after encoding tlhd¥i ff ormation bits
Wi th an error detecf ode. The nessage is tranﬁi tgd, and the
recei ved nessage 30 dec; , In the manner previousl y@e;c?i bed. Wth
majority logic voting, a hprd WO 97/ 24827 S '
PCT/ US96/ 20640 "$‘
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© 20 deci si on C’E)Eier i s -enpl oyed, and the bi t’t‘ the output of the

mpjority logic voter are fed to a channel décoder with no additional
. I nformation (such as bit reliapﬁlity infornmati on estimated fromthe
channel). If soft conbining is used, a soft deci sion decoder is

.enpl oyed to decode.the error correction code, and tri ) S ylerr]
are added t GREHRECCIRRIGl Y IpArals A ROMELTE Fesios (206 10%each sprvice) Pl 6o an
error corregh) : r | ' RN fective if
i eront oeBaRe BiRERlobIEGLE wERby SopRg My Meeifh |AR SRiRrdt’ U
separating Rake receiver®e @ytalizer B@Mﬁéﬁﬂﬁr&@iré@to eRupedelap kgread) t he
transm ssi on stream t wll be appreciated that the higher

the nunber dJirthencomplicating tgalesign of thegpehileynits sBandvddieaxparsiommap alspor mance
e B e A e Y7
| nfor mat i ON PEwERk Aumdef fﬂeeliﬁi'-iﬁgalg:eﬁdiﬂlﬁgjﬁf in‘%&es?,' tiﬂsrlﬁ%&? b ﬁé\ﬂ)ef{t)al?ti\?e

packet necessarily requires a reduction in e nunber of sync bits. The
metric becauseeactprepeiitionyis nypitallycsd owntiecubisehfisuratha i Idoty notdase she
channel quality depends 15 _ upon the nunmber of sync bits. If a TDVA sl ot
has N err] pufficientmeargind, resylting yme high error ratgiapd pseventing fhe oQhergnt dat a bit s

per slot, then. t i,n in signal-to-noise ratio per bit due to
repetition &ggﬁf?ﬁggg’?#ﬁ@?n? "N, -N,2)/N,. The optima) gain in signal-to-
nol Se TR i 0 tNer qheiedsifg Sithil SRR nbly shorbe L4RWRY BFovidd a Hight: REr@RPTRE at ed
ssthat t he choi égggi# t he nunbgr of esync bﬁtoglan%l c%lta bi%’ig In a given
‘slot will dapdmpowds limitgtioms of thesatellite uthisris typhcadly mx iaqpracticabapproachbe

i mpl enent ed. . ) . As described above, the link established for
conmuni cat i 1§ 2H@¥ioRJe increasing the gost RE S SAStEEY &RArFased FABSTRISHOB PP¥EER!SRi on i s

a bidirecti  J | . [fgg ﬁn% chosen
for use bet \j\’g%!ﬁs%@ seaﬁg?ﬁtﬁé%g%%dolt%éc m)ellluges a%llged _ é?ﬁﬁ-iy {o ig'ﬁ;{’hance t he
utility of tshetembavith MREGASSus Hin@Ms. cotdiagp| Rug@péwédinbreast fromr ot ocol
may be inplenented in which a nobile station recelving a nessage

woul d rEsporthe satellitectoghe atobile snitimay be pryvided only ducingtperiodsiof eelasiveliet her t he
nessage was .receiv correctly. Alternatjvely, a nore cqnplicatedq protocol
a0 S 1B B BB RS P POl BHRE VB DR B DA B Tl
identified RyteRitd! @itRettdique 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 in

20  European Patent Applications 0 086 541 and 0 212 667). Bit repetition results in
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
communications, such as a SMS feature, provided that the delay is kept to a

25  reasonable minimum. Bit repetition is achieved by transmitting individual bits or
modulation symbols, or packets of bits or modulation symbols, a plurality of times
such that all repetitions are contiguous or contained within the same time slot or
slots of successive TDMA. frames. The receiver integrates the energy from each
repetition to create a signal having a higher margin. As noted above, bit

30  repetition can cause significant delay, depending upon the.length of the message.
To achieve a 30 dB signal margin, each bit will have to be
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and protected by CRC.ror detection code. If the CROndl cates that the
30 nessage was not received correctly ‘then the satel lite can resend the
;packets 1- -21-

conprising the erroneous group. In thi% manner, only packets W|th errors

need to be retransmtted as ogqqosed to resen %{ qn{‘p

message. ThuSOmPpFsigg the erronegps,gioup; In fiis gRnnese nlypas ?tr”’ ‘a’eﬁf & 0§ r of
repeats and ghower. 5
The bi di rect?’g%ﬁ?gﬁ\émwd% 5ﬁ%os§{/g) ra%%@?@/ &ggi@ﬁﬁg&xé ?Hml’l tr@ent i on al so

provi des for pasyéican 88 uséd dpﬁmehﬁmbei bft%geaté\axmwéb@qhmnme l'i nk

prevents a short message delivery fee to be charged to the sender or
reci pi ent bedelay and weastedisatellite powemo eV| dence that the nessage was

| [ h i nk
my' b oftored 1o thedulieabllokol i s esademe rrbersnalon iy I
contrast, bepaat oLl ki Al ebbllto BbaRS 2 B glevBl 3°1 V1 02

oper at or er m ne sage was-correctly recelv e service

oper at or cansmmmedﬁga delifers Qée/t'o% chhitged o € ser@éryorf recipieat besaase thereriect | y
recei ved rne*ssa‘%i‘(ﬁal only. As di scussed above, for |onger

messages, vohe&videnen thatthe inaassage avas torrectlioregeivedn ThuecaSMSmgrvice with anar gi n

f 30 40 | h
Cechni que. of MeRUSHEBLHEL R HRATBHES i e ibes L en Hefid sRiRRUale oy
be storgg at E%&A&sa%df&haﬁamq}m@s%%&gg@%ﬁa@ escftd o ng

center (MSC). en the nobile unit I's able to rea t control
channel operator to determine whether a message was correctly received, the service

operator can provide a SMS service with a delivery fee for each correctly received
message only.

As discussed above, for longer messages, voice communications, or

15  conditions requiring a link margin of greater than 30-40 dB, unacceptably long
delays may result 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 mobile unit is able to read the broadcast control channel
(BCCH) of a more favorable communication channel, the unit may be alerted of

20  the stored message by means of, for example, a flag on the broadcast control
channel.

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

25  those of ordinary skill in the art which do not depart from the spirit of the
invention, as defined by the appended claims and their legal equivalents.

AMENDED SHEET



* (BCCH) of a nore fav‘bl e communi cation channel, t-h.;mit ma
of 20* the stored nessage by neans”of, for exanple, a fl mgﬁ\ﬁ\m“ﬂ“
; broadcast control channel . Wii'le the fio¥ 10w s *
“description has included many specifi€é3ties, the exenpl ary

_.enbodinents disclosed are for illustrative purposes only, and are not

limting of the p§.cEsnhethod ofitiainm 4, Whencintei TDMA taisuichtiordehanaelds | v
apparent to 25 _ those of ordinary skill in the art which do not depart
from t he spis€stablighed; owsr a satellitg heaahbetwgen a satgBite ardia Bbilde appended cl ai ns

and their | ex%éiocgz%ﬁiu\ﬁ?clf

£04 3ni o | .
22 : k nmet hod for transmtting a subscriber-specific
nessage to a user associated with a nobile receiver over a TDVA
comuni cati on channel having a 5 plurality of frane sets, each frame

set includi ng one6.cfhemethod oficlaim Secwhbrein eavh time slot ofthe nfegsapehansdli t y of
time slots, each tinme slot transmtting a plurality of data bits,

the methbd compAnshess ideatificatipn by for identifying the satellitecand; satgllite bgamp; erd
o e s MR PRE Sk i 3885k B o sk R Dot

codeword a plodewbidsy of times over a nessage

7. The metbod of claim 6, further comprising the step of spreading the data
codeword such that the datacode bits have one of a plurality of mutually

10  orthogonal values representing one or more portions of a data codeword.

8. The method of claim 7, wherein the one or more data codewords are

transmitted twice.

9. The method of claim 8, wherein the message frame includes fifty-one
time slots, and the one or more time slots are the first, thirteenth, twenty-sixth,
15  and fortieth time slots of each message frame.

10. The method of claim 1, wherein the message frame includes thirteen
time slots, each frame set includes four frames, and each of the thirteen time slots
corresponds to one frame set.

11. A system for transmitting data over a TDMA communication channel
20  having a plurality of frame sets, each frame set including one or more frames,
each frame having a plurality of time slots, each time slot transmitting a plurality
of data bits, comprising:
an encoder for encoding data to be transmitted with error detection coding

to form one or more data codewords; and

This Sheet Has Been Reﬂlaced
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‘channel , the rressage nnel having a plurality of ma* each
nessage frame iMcluding one of -nore tine slot ro gmﬁﬁm
of one or nore frarres of the TDVA communi cation ch

2. Thesiret hod of claim 1, wherein t3 TDVA communi cati on channel

i,ncl udés voice slots for transmttl ng voice information at a first power

I evel , cont?. d‘h@ysﬁm@ﬁﬁaimh&;swﬂm¢ﬁr@umnﬁﬁ¢répmmm&m at a

second power |evel h than_the first wer evel .. and wherein
t he nessage ‘?FH‘SWHE?S‘} ‘E%tttﬁ‘bfi? bg,ghaveoneofagl g%‘mqné{vel hi gher

t han t he sec&%hg? &@d of claim 2,
wherein the con ots rﬁ% 0388 85%Fomo§sofag%tggpg& annel slots,

t he broadcast control channel slots i ncl udi ng one or nore slots
designated for use as a frequency correction channel, one or nore slots
desi gnat ed for usk8.aBhessystencof dainy BE,i wherein shmerie, oramdreodasa cedewards aiteot s
desi gnatgd 25 for us.e as a broadcast and pagi ng channel, and wherein the

nmessage hanf&gs c?:orrpri ses a portion of the slots designated for the
frequency correction channel and the synchroni zati on channel .
4. The nethod of claim 3, wherein the broadcast control channel slots

3ﬁ i Incl ude the 19.rHie systein ofclgiacts, fwlkigin dhe inbssagnedftiudeschfty-ofe
channe
time slots, and the one or more time slots are the first, thirteenth, twenty-sixth,

and fortieth time slots of each message frame.
20. The system of claim 11, wherein the message frame includes thirteen

10 time slots, each frame set includes four frames, and each of the thirteen time slots

corresponds to one frame set.

This Sheet Has Been Rep,
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5. . -The nmethod of claim1, wherein the TDVMA conmuni cati on channel
i s established over a sateéllite beam between a satellite and a nobile

radi oconmuni cati on unit. 5 6. The met hod of cl aimb5,
wherein each tine slot of the nessage channel -cent-ai-ns beam.
identification bits for identifying the satel lite satellite

and datacode bits for identifying one or nore por“iﬂrt g{”’l mmnmor m)re
dat a codeworwWsat is cldimed is: 7. The net hod o

conprising the step of spreading the data codeword slch®that the

dat acode bits have one of a plurality of nutually or t hogonal vaI ues

representi ng one of dat a WO
The nmethod of cla m 7, Avﬂ%ﬁ@ﬁ&rfo ﬁ'@“‘ﬂﬂ@“& rﬂ'}ﬁ ﬁ’ﬁ%&&%ﬁ%ﬁ% a u%ﬁ’e
transmtted jobifted with a moblle receive? -over aﬁ‘!?MEE&ﬁHmﬁicaﬁ&ﬁbﬁ&tﬁel Mﬁhﬁgtn the

nmessage frane 1 ncludes fifty- one tinme slots, and the one or re
tinme sl dis opleralityeof frante, sets)ieathe fnatde, set imehiding oneorrmrmﬂ'amandaélnfmmet h
time slots of each The net hod, of claim

f
1, wherein tH¥O&E3 P Ssaﬂ} raﬂ@@u&@?‘ﬁ?ﬂ"ééﬁ‘i‘“ﬁm‘m“g # iphralitypfdata hith 1 rane
set i ncl “de%éﬁﬁhﬁ@dﬁm&ﬁe%%goﬁf the thirteen tine slots

encoding data bits representing the subscriber-specific message to be
transmitted to form one or more data codewords; and
-10 transmitting each data codeword a plurality of times over a message
channel, the message channel having a plurality of message frames, each message
frame including one or more time slots from each frame set of one or more frames
of the TDMA communication channel.

15 2. The method of claim 1, wherein the TDMA communication channel
includes voice slots for transmitting voice information at a first power level,
control slots for transmitting control information at a second power level higher
than the first power level, and wherein the message chanpel is established at a
third power level higher than the second power level.

20

3. The method of claim 2, wherein the control slots include broadcast
control channel slots, the broadcast control channel slots including one or more
slots designated for use as a frequency correction channel, one or more slots
designated for use as a synchronization channel, and one or more slots designated

25  for use as a broadcast and paging channel, and wherein the message channel
comprises a portion of the slots designated for the frequency correction channel
and the synchronization channel.

4. The method of claim 3, wherein the broadcast control channel slots
30 inclhude the first slot in each frame of the TDMA communication channel.

|REPLACEMENT SHEET
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corresponds to one frame set. 25 , . 11. A systemfor-— " -
transmtting a subscriber-specific nessage to a user i i th
a nobil e receiver over a TDVMA conmuni cati on channel hﬂmm@“ﬂulmj IE
plurality of frane sets, each frame set including one ,*» each
franme having a plurality of time sIOts, each tinme slot transmtting a
plurality of data bits, conpri si ng:

24 ag_ encqgen @ﬂggﬂ* ng o Fﬁp SEihichg
subscri ber-specific T r?ééggéige to be Ygglrﬁglm&?tlg) W {xﬁse’ FOT cfieg@gplelon

codi ng to foris cestablishedorevedata satellite bemtewberheenand satellite and a rmdobile
transmtter for, transmttjng each data codeword a plurality of tines over a
5 nessage clRdiorommynieatiopdiifoe channel having a plurality of nessage
frames, each nmessage frane including one or nore tinme slots from each
frame set of one or nore frames of the TDMA conmuni cati on channel .
12.  Thessystem 6f c| ahe'mdthod Wredlginh 5, "hekbiPetATHMEI 616 bP the Qnesssgaannel
i ncludes voice slots for transmtting voice information at a first power
channel contains beam identification bits for identifying the satellite and satellite

beam, and datacode bits for identifying one or more portions of the one or more
data codewords.

10 7. The method of claim 6, further comprising the step of spreading the
data codeword such that the datacode bits have one of a plurality of mutually
orthogonal values representing one or more portions of a data codeword.

8. The method of claim 7, wherein the one or more data codewords
15 are transmitted twice.

9. The method of claim 8, wherein the message frame includes fifty-
one time slots, and the one or more time slots are the first, thirteenth, twenty-
sixth, and fortieth time slots of each message frame.

20
10.  The method of claim 1, wherein the message frame includes thirteen
time slots, each frame set includes four frames, and each of the thirteen time slots
corresponds to one frame set.
25 11. A system for transmitting a subscriber-specific message to a user

associated with a mobile receiver over a TDMA communication channel having a
plurality of frame sets, each frame set including one or more frames, each frame
having a plurality of time slots, each time slot transmitting a plurality of data bits,

comprising:

REPLACEMENT SHEET
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| evel; control slots for transmtting control infornat+on—at--a—second power

| evel hi gher than the first power |evel, | n the nessage
channel is established at a third power Iq l! jml Hm he second
power | evel . 15 13. The sg‘ét em of ¢ e t he TDVA

control slots include a br oadcast<tontrol channel slots, the

br oadcast control channel slots including one or nore slots
designated for u f egtl O . .

ol ot o desi gnat edi Aads FaSERE Mk B PRoRelBE o MinREP e
slots nidesipe e bed tfafsmited with arror dededad caditly R GorRg ofid 0 Medre bl
wherei n the nessage 20 channel conprises a portion of the slots

desi gnat ed fefe sfadquency correction channel and the

synchroni zati on nne! " . The .s feglaiml13
wherein the broaggéﬁm%lf?rommp@ é?dtg codewordia@fl{eﬁbp?gémﬁ P4 0t in
each frgne giesdabe cﬁ%l,cﬁmké‘%tdhﬁﬁh& navingla pléfality of message frandés, eachlhe
system of claim 11, wherein the TDVA comruni cation channel is

est abl i shedmessage frame dndhiding loae ror moneetime slois oo ieach firatheasetuifi one ondi o

ni i on I t. ’
communi cat | gmrg rt)rla}nes of the TDMA communication channel. °

12. The system of claim 11, wherein the TDMA communication
10  channel includes voice slots for transmitting voice information at a first power
level, control slots for transmifting control information at a second power level
higher than the first power level, and wherein the message channel is established at

a third power level higher than the second power level.

15 13.  The system of claim 12, wherein the TDMA control slots include a
broadcast control channel slots, the broadcast control channel slots including one
or more slots designated for use as a frequency correction channel, one or more
slots designated for use as a synchronization channel, and one or more slots
designated for use as a broadcast and paging channel, and wherein the message

20  channel comprises a portion of the slots designated for the frequency correction
channel and the synchronization channel.

14.  The system of claim 13, wherein the broadcast control channel slots
include the first slot in each frame of the TDMA communication channel.
25
15. The system of claim 11, wherein the TDMA communication
channe] is established over a satellite beam between a satellite and a mobile radio

communication unit.
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16. . *The system of claim 15, wherein each tine_slot of the nmessage
channel contains beamidentification bits for identifying the satellite and

por i ons of the one or more - data cogevords. | IEINTNNY ARENIHNS . +oe
system of claim 16, wherein the transmitt®r spreadd the dat™a ®* * codeword

such that the dat acode bits have one of a plurality of nutually

gpMogonal vl ues §pr ofGl k0B Y wABEh 8 GheSySPLE 0USAGHL

10 18. he Sys rern t one or

codewor ds chanfglecontains bednk ddentificatton bits for identifying thé Satellitd dd ssasdliw of
cIa|m18 wherein the messageframe I ncludes fifty- one tine slots,
and t he sel echean, cdsdagscode bits for Klentitying enger Mos¢ portianstaf the opgor moye

thirteenth, and fortieth tinme slots of each nessage frane.
20. The sysﬁ‘ﬂ%@%q@m 1, wherein the nessage frame includes thirteen

time slotg, each frame set includes four franmes, and each of the thirteen

time slots corresponds to one frame set.
17. The system of claim 16, wherein the transmitter spreads the data

codeword such that the datacode bits bhave one of a plurality of mutually
orthogonal values representing one or more portions of a data codeword.

10 18.  The system of claim 17, wherein the one or more data codewords

are transmitted twice.

19.  The system of claim 18, wherein the message frame includes fifty-
one time slots, and the selected ones of the one or more time slots are the first,
16  thirteenth, twenty-sixth, and fortieth time slots of each message frame.

20.  The system of claim 1, wherein the message frame includes thirteen
time slots, each frame set includes four frames, and each of the thirteen time slots

corresponds to one frame set.
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