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The present invention relates to data transm ssion for nobile satellite
conmmuni cati onsywdd¥sRasticul ar, the present invention provi desscusemmsyed

nmet hod for transmtting random access signals used for call initiation
or call paging acknow edgenent in nobile satellite. communication
systens. 10 Background of the Invention Referring to FIG
1, a typical nobile radi ocommunication systemis shown. . The typical

system i ncl udes a nunber of base ASRANDM ACOESS'SCREMESe station 110 and
FOR MOBILE SATELLITE COMMUNICATIONS

Field of t . tio

5 The present invention relates to data transmission for mobile satellite
communications. In particular, the present invention provides an improved method
for transmitting random access signals used for call initiation or call paging
acknowledgement in mobile satellite communication systems.

10 B ft venti

Referring to FIG. 1, a typical mobile radiocommunication system is shown.
The typical system includes a number of base stations similar to base station 110 and
a number of mobile units or stations similar to mobile 120. Voice and/or data
communication can be performed using these devices or their equivalents. The base

15  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).

The base station 110 serves a limited geographic coverage area, and includes a
plurality of voice channels handled by voice channel transceiver 150 which is

20  controlled by the control and processing unit 130. Also, each base station includes a
control channel transceiver 160 which may be capable of handling more than one
control channel. The control channel transceiver 160 is controlled by the control and
processing unit 130. The control channel transceiver 160 broadcasts control
information over the control channel of the base station to mobiles locked to that

25 control channel. The voice channel transceiver broadcasts the traffic or voice
channels which can include digital control channel location information. _

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

30 to lock on or camp to. The mobile 120 receives the absolute and relative information

broadcast on a control channel at its voice and control channel transceiver 170. Then,
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a nunber of nobile units or stations simlar to nobile 120. Voi ce and/ or
dat a communi cation can be perforned using these devices or their

equi val ent's. The base 15 station includes a control and processing unit
130 which is connected to the MsSC (rmobil e switching center) 140 which
in turnis cwggﬁgl to the public sw tched t el ephonepgpsoi1sf NOt
shown) . - pase-station 110 serves a |imted geographic

coverage area, and |nclud:snas H Pk of voi ce channel s handl ed by
voi ce channel transceiver/{150 i N pontrolled by the control and

processing unit 130. Al so, --:-—:w DA I ncludes a . control
channel {1 anSe bigesdhd it/ bviiieD e RN L R rol GliAdl 1HFoRRition! DREH One
control channe?by#ﬁs gor?tr %6 channel transcel ve? 160 is (?ont rg‘f}}g y the
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station to rm%&’ﬁ ktoke’g*ﬁwﬂ%éo%gow@%ﬂl gﬁogﬂﬁ%nnetghwga\b%%cagg@ annel

transcei ver bxlnfmxiamt mnt:d:muﬂgrthé base station ovithewhich it is assaciated s butialsohcaptains

i ncl ude d ita control nn . When t he
mobi l e 12 flV' ' P%@%egpc%@kgg I'cal “s'lflslglﬁéh tcf?g control

channel s of baﬁnnes ﬁmmim«:d R‘hmbeaﬁmmtabvemge]ﬂreasfm peimm:nlbrssemued ovhila
P20 19 DU onsHE SRR g Rl e H R0 MMt 01
recei ves the ecindidhtet e\ddiiﬁbnabimmaﬂon ndlatingetoi specifics of mddnleamidame siation cont r ol
channel at it it \{grﬁgn?au%gg cfnot?et ound i ﬁngelL nrt %ppﬁgﬂu\cl)ﬁ rSenZl%o T@ﬁéﬁ? 027
10  entitled "Multi-Mode Signal Processing" filed on October 27, 1992 to P. Dent and B.
Ekelund, the entirety of which is incorporated herein by reference. It will be
appreciated that the base station may be replaced by one or more satellites in a
“satellite-based mobile radiocommunication system.

To increase communication syétem capacity, digital communication and
15 multiple access techniques such as Frequency Division Multiple Access (FDMA),
Time Division Multiple Access (TDMA), and Code Division Multiple Access
(CDMA) may be used. The objective of each of these multiple access techniques is to
combine signals from different sources onto a common transmission medium in such a
way that, at their destinations, the different channels can be separated without mutual
20 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 allocated a time slot during which the user has access to the
25  entire frequency band allocated for the system (wideband TDMA) or only a part of
' the band (narrowband TDMA). Each time slot coritains 2 "burst® of informatioq from
. a data source, e.g., a digitally encoded portion of a voice conversation. The time
slots are grouped into sucéessive TDMA frames having a predetermined duration.
The number of time slots in each TDMA frame is related to the number of different
30  users that can simultaneously share the radio channel. If each slot in a TDMA frame

is assigned to a different user, the duration of a TDMA frame is the minimum amount
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the processing unit |1SO eval uates the received control channel information

whi ch i ncl udes the characteristics of the candidate cells and
det erm nes which cell the nobile shoul d lock to. The received control
channel information not only includes absol ute i nf ormati on concer ni ng

the base stati Qpyvshigswhich it is associated, but al so cont ai PET/5597/02189
relative informati on concerning adj acent coverage areas wth which the

cont rol channel is associated. These adjacent coverage areas are
periodically scanned while nmonitoring the primary control channel to
determne if there is a nore suitable candi dat e. Addi ti onal

i nformation rel 8t tif@ bétvesd Qikkéssive tinte SIHO assizned tb e $8msé usdri WA a CDMA system,
i mpl enent ati ons cgn be found in U 'S. Patent Application Serial No.
07/ 967,027 JO S3CH{User| I8 3ssigee @; unigng psedgraifomyussrLode (o uniqyely agcess the

appreci at ed t hafre§uidfcyPMme ddainl OExamples TRODMIA feBiiqies shchide 3fRa® spetRuf and
satellites in a _satellite-based nobile radi ocomuni cati on system
To i ncrease confragieaek POPRINgy st em capacity, digital communication and

mul tiple access tecmyafumssion 6 s gl inSOFDREA %%‘\ﬁé‘ obcuirs 1M birRirandbufE Sor
(FDMA), 15 Tine Division Multiple Access ( ), and Code Di vi sion

Mul ti pl e Access discontinuqueiygpymissign, yaodes ceach mobile uiit transmits g recrives only dusing
nul i pl e access ik SahRkIUAR siok inthe TOMACR the fOBhS uiif'e a;s.@ns{s] Hehéncy.
sources onto a comon transm ssion nmediumin such a way that,” at
their destinati &tdull rie; fon exampleata mekilerstation grightiseansmis ncing dlobd ; tegeive duting: |
7o nce: ! Qofs ARG T, bakely RIS ANCUTREIS 8T B
whi ch is usd@ t Bleb6gandthen repeat the cycle 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.
In 2 TDMA system, the successive time slots assigned to the same user, which
are usually not consecutive time slots on the radio carrier, constitute the user’s digital
15 taffic channel, which is considered to be a logical channel assigned to the user. The
organization of TDMA channels, using the GSM standard as an example, is shown in
FIG. 2. The TDMA channels include traffic channels TCH and signalling channels
SC. The TCH channels include full-rate and half-rate channels for transmitting voice
and/or data signals. The signalling channels SC transfer signalling information
20  between the mobile unit and the satellite (or base station). The signalling channels SC
include three types of control channels: broadcast control channel (BCCHs), common
control channels (CCCHs) shared between multiple subscribers, and dedicated control.
channels (DCCHs) assigned to a single subscriber. A BCCH typically includes a
frequency correction channel (FCH) and a synchronization channel (SCH), both of
25  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 channel (FACCH), 2 slow associated control channel
(SACCH), and a standalone dedicated control channel (SDCCH). The slow

30  associated control channel is assigned to a traffic (voice or data) channel or to a
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VO g.ﬁg, Rhdom access channel RACH is used by the mobiles to request access to

the system. The RACH logical channel is a unidirectional uplink channel (from the
mobile to the base station or satellite), and is shared by separate mobile units (one
RACH per cell is sufficient in typical systems, even during periods of heavy use).
Mobile units continuously monitor the status of the RACH channel to determine if the
channel is busy or idle. If the RACH channel is idle, a mobile unit desiring access
sends access data, such as the mobile’s identification number, call established cause,

. and the desired telephone number, on the RACH to the base station or satellite. The

MSC receives this information from the base station or satellite and assigns an idle
. voice channel to the mobile station, and transmits the channel identification to the

mobile through the base station or satellite over the access grant channel AGCH so

that the mobile station can tune itself to the new channel. All time slots on the

RACH uplink channel are used for mobile access requests, either on a contention
basis or on a reserved basis. Contention-basis access schemes include ALOHA,
CSMA, CSMA-CD, and other access protocols. 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
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 downlink, Layer 2 information
specific to the uplink. This flow of information, which can be called shared channel
feedback, enhances the throughput capacity of the RACH so that a mobile station can
quickly determine whether any burst of any access attempt has been successfully

received.

In conventional terrestrial cellular communications systems such as GSN!, a
random access channel (RACH) burst includes 68.25 bits as a guard time to prevent
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of time between successive tinme slots assigned to the sane user. In a CDVA

system each user is assigned a uni que pseudorandom user code to
uni quel y access the frequency tinme donain. Exanples of CDMA techniques
i ncl ude spread spectrum and frequency hopping. 5 Transm ssi on

of signals in wobBbsssystem occurs in a buffer-and-burst, or PCI/USS7/02189
di sconti nuous-transm ssion, node: each nmobile unit transmts or receives

only during its assigned time slots in the TDVA frames on the nobile
unit's assigned frequency. At full rate, for exanple, a nobile station
m ght transmt during slot 1, receive during slot 2, idle during slot

3, transmt durcatlipiensovithitraffie barstconl adjacegt Ginetslols. Tmxiguadd bitslallowtherf@ndomt ot

6, and then repg t | e _durin cceeding_ . f . Th bile

i £ i o o B fesplye ARIR A B b mREE il 3 R,
to save power dmobilegstation withie 35iKm of Ithe assodiated bdse istatioei Spexifidallpthginidbilag
nor receiving. . | n a. TDVA _syst t he successive tine slots
assigned to t hePRORRACqHTSS FY'wﬁmle" %%&ﬂ?ﬂkl %;'am?f' e 8% theoroadesst e
slhot S IOrl ;[Nhhﬁ Laﬁn&ol?aiahh_ 'déir(BdCGH)S ':)‘I"ﬁdhhlﬁbilehﬁerrﬁ'gﬂfshﬁtsdji@rhﬁbn ﬂlﬁdRACHfdhhﬁnel
channel , ich is considered to.,be a.logjcal, channg] ass ed to t user.
The or gani ¥h¢ 18 Hot S?W“E’r?&ﬁﬂg?g’?%{?ﬁ f%ﬂt‘%&ﬁ%@?ﬁ%ﬁag- gﬁ“"
eﬁarml Ie ITa s hogﬂfse't for transmitlidg thé RACH sigablca RN @hdorh dEsatdR atspadified fixed
channel s an

sigpal li ng .channel .SC. The TCH channel s include
full-rate and _h%qf?es‘r_ %"@ﬂ‘g‘ﬂﬂﬁmb?ﬁ“%\?{m% FecPRyed, & the base statign, ayitin thet 5
signals. The si gragictel HineCat TR eheSdistande! RESER theSb438 Matibignd AE MobRE PR 20
bet ween t he 6mb| le unit and the satellite (or base station). The signalling

channel s S0  sperified abpye; hFhecgyad,bits a8 neerssary becatiseihe IRACH byt is.sent beforer ol
channel ( BCCHS) the Gubie has received a time advance command from the base station.

In mobile satellite communications the beams from a single satellite are _
coverage areas analogous to cells in a terrestrial system. Typically each satellite will

have 140 beams, each beam providing a coverage area of about 500 Km or more in

15 diameter. Because of the size of a beam, there is an end-to-end delay within a beam
of about 6 ms, resulting in a time ambiguity within a beam of +3ms. Therefore, the
use of guard bits as in a conventional system does not resolve collision and ambiguity
problems, since a slotted RACH in a satellite system would require a very long guard
time. '

20
Summary of the Invention

The present invention provides a method for transmitting random access
information in a satellite mobile communication system. According to the method,
the mobile unit acquires synchronization from a satellite or other control station,

25  based on the high power short message service (HP-SMS) burst or other suitable
signal. After some fixed or random time offset, the mobile unit transmits the .
necessary random access information, including a desired frame and slot number, on a
dedicated RACH carrier. Based on the information received from the mobile, the
satellite or control station calculates the differential delay between users and send

30 appropriate time advance or retard information to the particular users.



control channels (CCCHs) shared between nultiple subscribers, and dedi cated
control ~ channels (DCCHs) assigned to a single subscriber. A BCCH
typically includes a frequency correction channel (FCH) and a
synchroni zati on channel (SCH), both of 25 whi ch are downl i nk channel s.
The common cgfg s¥ssgshannel s (CCCHs) include downl i nk pegieéieideH) and
access. grant (A(I}ﬁﬁchannels, as well as the uplink random access
channel (RACH). The dedi cated control channels DCCH i nclude a f ast
associ ated control channel (FACCH), a slow associated control channel
(SACCH), and a standal one dedi cated control channel (SDCCH). The slow 30
associ at ed CORb#PDedchs Se BaSiaged to a traffic (v0|ce or data) channel
or to a

st andal one dedi cat"é‘lf @mspmlobmanmwanm Osmemameﬂnqarmw ks
pover anghotd RARIAEHIERIITE UpoR Mehdaf the RiowidLddRied Hasdriptibh §n MObI 1 € uni t.

conjunction with the drawings in which:

1}

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

system;

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

FIG. 3 is a diagram of a satellite-based mobile radiocommunication system in

10 - which the signal transmission method of the present invention may be implemented;

FIG. 4 is a flow chart describing a random access method according to an

embodiment of the present invention; and

FIG. 5 is a flow chart describing a random access method according to an

alternate embodiment of the present invention.

15
While the followmg descnptmn 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
20  systems. '

Referring now to FIG. 3, a satellite-based mobile communication system in
which the method of the present invention may be implemented.is shown. The system
includes one or more satellites 10, a mobile switching center MSC which exchanges
communication signals with one or more satellites and is connected to the PSTN

25  (public switched telephone network; not shown), and any number of mobile units
MU,. In such a system, communication links for exchanging voice or data can be
established between a mobile unit and either a standard telephone or a second mobile
unit through one satellite, multiple satellites, or a combination of one or more
satellites and the PSTN. Such a system may be desirable to achieve a broad

30 geographical coverage in which few or no base stations are present, and additional

base stations are not practical, such as in rural areas.
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The random access channel RACH is used by the nobiles to request access to
the system The RACH | ogical channnel is a unidirectional uplink channel
(fromthe 5 nobile to the base station or satellite), and is shared by

separate nobile units (one RACH per cell is sufficient in typical
systens, even g@ionagsperi ods of heavy use). Mobi | e uni t ECEURYVAIBOUS] v
nonitor the status of the RACH channel to determne if the channel is

busy or idle. If the RACH channel is idle, a nobile unit desiring access
sends access data, such as the uobile's identification nunber, call

establ i shed cause, 10 and the desired tel ephone nunber, on the RACH to

t he base station or Reféringinb@.toHIG. 4, aﬂowl\dﬁﬁi'trdesmbmgsthtktbpsd:ﬂﬁmmplw from
t he base station tellite and. assi

Lhe o ot o Peftoa B IHe prisedt inpention 3 SHowmaoThe idksss begingar sfep 100 pawhict °

nobi te through theendbile @it tadduies spichfonization inforMddn from the selliteg'Biet  channel
AGCH so t hat t he pobi statio can %ﬁg}% itself t t he new,channel .
Al time slots W"?‘H@‘W“ﬁ’&“‘a m, A Yariety § WM’G access

requests, ei$ hetrafimitedsyine Bitelate inals as fo eXafhple, a mgtapdveaeshmehdaﬁge Service
Contentlon basi s acces%uscherres i ncl ude AL CHA, CD. and

ot her access prFOEHN! %Q%M@%&W%QNWWM Pat ent

No. 5.420, 864, giplichdonchg/3¥e|evademitiel Heg Pengirdfivn ciainsAi GRMSMethod FOPRAI | €
Radi o System " One i nportant feature of RACH operation is that

reception of soﬁéd‘QQPmm‘HB%HP‘P ARSI o (i ateR 407, the mabily yratther, transmuts angthe| o

stations receivg liMACH%aﬂtﬂ?%@&‘ﬁnom RACH®urs®/®hikh préferhblyisdfudeend on the
uplink. This is known as Layer 2 ARQ or automatic répeat request, on

the RACH. THe duermatien sychas ﬁa#qddne%g@f@mh}chdms%fgnmm anfl\m\msmcm

bits that nmay bﬁlt%hmtfraﬁ{e iRROrAAnI8EntFANEA pREficRd Ty o VnicHaRe ﬁﬁbﬁéiuﬁxp
carrying, in the downl nk mmelngﬂ_z|nformat|on specific to the uplink. This

flow of 25 i nflesireniq ms appdore numbercof framess and sadedcslotinformation.
enhances the th{qg prwmedsl%PBEWch%e%Sn%éﬁe&MmQﬁé& station

can qui ckly determ et er any
random number of slots). In step 104, the satellite calculates the time adjustment

15  necessary from the coded frame mfonnauon and coded slot information using any
suitable method for calculating time adjustments.

Alternatively, the mobile unit may transmit only a single frame bit to indicate
whether the frame number is to be an odd-numbered frame or an even-numbered
frame. This single bit information is sufficient to enable the satellite to determine the

20  necessary time adjustment for differential delays less than twice the length of a
TDMA frame, a characteristic of most regional mobile satellite systems.

However, for a satellite beam having a relatively small size and small
differential delay, this scheme will result in high collision probability. To avoid this,
a mobile unit may choose a particular time slot to transmit the RACH burst based on

25  the mobile’s own identification number, e.g., the temporary mobile station identifier
(TMSI) or the intemnational mobile station identifier (IMSI). In this way, the RACH
traffic can be evenly distributed over the duration of a frame to reduce the collision
probability. Since the mobile unit’s identification number is known to the base
station, the satellite or base station knows which time slot the mobile unit is

30 transmitting the RACH burst on, and can determine the necessary time adjustment for

the mobile unit.



burst of any access attenpt has been successfully received. In
“conventional terrestrial cellular conmmunications systens such as GSM a
random access channel (RACH) burst includes 68.25 bits as a guard tine to
prevent 4
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slots. The guard bits allowt e ran®&RLACED accgss burst to be received at
t he base station V\nthlnaprelc ra

In the case where the maximum differential delay within a beam of the entire
system is always less than a frame, the mobile unit need not indicate the predicted
frame or slot number on which it desires to transmit.

The random access transmission scheme can be further simplified by

5  predetermining that all transmissions from a particular mobile unit will occur in a
given slot of a given frame. By predetermining the transmission slot and frame
number, the random access channel information need not include coded time slot .
information, further reducing the information required in the RACH bursts. By
transmitting only the even or odd status of the desired frame and preassigning a slot

10  number to each mobile unit, the random access channel information (coded frame and
slot numbers) can be reduced to a single information bit. Accordingly, the need for
guard bits is unnecessary and is substantially reduced by the method of the present
invention, thereby increasing transmission efficiency. '

Referring now to FIG. S, a flow chart describing the steps of an alternate

15 embodiment of the method of the present invention. The embodiment of FIG. 5
differs from that of FIG. 4 in that the FIG. 5 embodiment includes a step 101 for
receiving a page signal prior to transmitting the random access information to the

. satellite in step 102.

While the foregoing description mcludes numerous details and specificities, it

20 is to be understood that these are for purposes of explanation only, and are not to be

' construed as limitations of the invention. Numerous modifications to the described
examples will be readily apparent to one of ordinary skill in the art which do not
depart from the spirit and scope of the invention, as defined by the following claims
and their legal equivalents.
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nobile station within 35 Km of the associated base station

the nobil e phone acqui res synchroni zati on from a downlmm llkmu"m l““l
such-as the broadcast 5 control channel (BCCH). he nobile thent ™
transmts a signal on the RAGH—charR+Ed E t| me sl ot sonme nunber of

time slots aftwosbisssei ni Lial [byhtHSHEESFAGBERN (The of fREAUSIHP2189
transmtting the RACH signal {tan beREPYAGTd M o et or a specified fixed
offset. The transmtted RACH TSt W11 be received at the base station
within the predicted time slot if the distance between the base
station and the nobile is as 10 speci fied above. The guard bits are
necessary becauSHATIS BAAIMEDJS: i s sent before t he nobi |l e has
received a tinme advange_c nd framthe base sta . I'n
nobil e satellite co 8‘§m T LCARDDP AGHES ¥6ms'§‘?‘§’3f?‘§3‘t‘é’|ﬂ?8‘%re
coverage areas conmiuntation $ystens; Icomptising theestépsifs i al system Typically each
satellite wll haye 140 Feam;h egach g@ m pI’OVI di ng a coverage area of
about 500 Km or mor &SeHMEs synghropization signal from.a gentiql R80%:. of 5 peam there

is an end-tg-end deluaﬁsmﬁaﬂgiaace%s GRaiiel data froﬁfthélhﬁhﬂmﬁeﬂiboexwhhé B6htioh 2

time anbiguity V\nthlnabea of .3 refor th use of uard bits
as in a conventSai9n; the ‘ﬁét‘dF@? T&M g?‘Bﬁ for pmmyp

probl ens, si nC%eﬁn&hQﬁé&ﬂmﬁi&Qﬂrb&n@r%ﬁd ﬁiddoheolss@ioﬁﬂwul d requi re a very
| ong guard tinme. 20 Sunmmar ¥ of the Invention The

present invention pIdEtETRIBing o at ke GERIrg1 FaﬁSWFtaﬂluﬁ'g‘q“&ﬁﬁﬁ?ﬁﬁ%&!ss
i nformation in @nminfalibd GerWod ihe tansmidel/ feddive and)hé Eoftrolcafbn bakdd lod thd1e

nmet hod, the nobile unit acquires synchronization froma satellite or
ot her contri® <Acggss ghanneldata. hased on the hi gh power short message service
(HP- SVM5) burst or other suitable signal. After sone fixed or random

time offset, the nobile unit transmts the L.
The method of claim I, wherein the access channel data identifies the

predicted TDMA frame using a single data bit indicative of the even-numbered or

odd-numbered status of the predicted TDMA frame.
15 '

3. The method of claim 1, wherein a slot number on which the
transmitter/receiver will transmit is preassigned.

_ 4, The method of claim 1, wherein the transmitter/receiver is a mobile station
20  and the control station is a satellite.

5. The method of claim 1, wherein the synchronization signal is a message
signal containing coded message data.

25 6. The method of claim 1, wherein a transmission delay between the
transmitter/receiver and the control station is less than twice the length of a TDMA

frame.

7. The method of claim 4, wherein the transmitter/receiver transmits the access

30  channel data over a random access channel on a dedicated carrier frequency.

9
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necessary random access information, including a desired fra
nunber, on a dedi cated RACH carrier. Based on the infor glﬂ!ﬂ"ﬂll IIII
received fromthe nobile, the satellite or control stat

the differential delay between users ang appropriate time advance

or retard i n{ygy¢9IBiigdn to t he PMREsHregs 3 _
PCT/ US97/ 02189 Bri ef aw ngs The

f oregoi ng objects, features an ages—ptthe present invention will be
nore readily understood upon re&adi ng t he foI | ow ng detail ed description in
conjunction with the drawings in which: 5 FIG 1 is a block

di agram of an exegpiThé ynelfivdi df AR, FaMENebinpAdingdthe step of ¥SGHE

FIG 2 is a djiagram show ng.the organi zation of channels in a tﬁcal GSM
signal from the control station prior to the step of transmitting.

9. The method of claim 1, wherein the slot number on which the
5  transmitter/receiver will transmit is determined by the transmitter/receiver based on a
identification value known to the control station.

10. A method for acquiring access by a transmitter/receiver to a TDMA
communication system, comprising the steps of:
10 receiving a synchronization signal from a control station; _
transmitting access channel data form the transmitter/receiver to the control
station; and
determining, at the control station, a time adjustment necessary for
communication between the transmitter/receiver and the control station based on the
15 = access channel data, _
wherein 2 maximum transmission delay between the transmitter/receiver and
the control station is less than the length of a TDMA frame.

11. The method of claim 10, wherein a slot number on which the
20 transmitter/receiver will transmit is preassigned.

12. The method of claim 10, wherein the transmitter/receiver is a mobile
station and the control station is a satellite.

25 " 13. The method of claim 10, wherein the synchronization signal is a message
signal containing coded message data.

14. The method of claim 10, wherein the transmitter/receiver transmits the |

access channel data over a random access channel on a dedicated carrier frequency.
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catel | e based mobi | o radi obommuni cation systemin 10 - w d'clmllllélﬂlllﬂlalll|||lllll

transm ssi'on met hod of the present invention may be inplenented; ¢

FIG 4 is a flowchart describing a random a met hod accor di ng to an
enbodi ment of woo7pssEsent invej H_fﬁg HAS BEEN FIG 5 iCTASTRASY hart
describing a random access net fjod "dcLeh A@QDtO an al ternate enbodi nent
of the present invention. 15 tion of Preferred

Enbodi ment s Wil e the foI | owi ng description is directed toward
a short nessage service inpl emented in a satellite-based

radi ocomruni cat i on sl)ssﬂmmmdthod\/bﬂdlailael(hﬁmﬂmicamm:ng the stepaif redeiving & pagitg

i nvention may al.s e applied.to .other es. 0 ation 20 systens.
Ref erri ng now t% %""b‘?‘gé"%‘&?‘e‘%‘ﬁ%‘é’!‘ﬁéi‘y@' ﬂfi‘ﬂ%r cation systemin
whi ch the nmethod of the present invention may be inplenented is shown. The
system i ncl ude e m)re satgllites 10, il e S i ng center
MSC whi ch exchanges i6. %‘ ﬁ*\ ?’?s&ﬂttﬂﬁ b w\‘fh? e satellites
and i's connext edmtsﬁlttdﬂﬂedBS'ENwiiﬁ traﬁmibhs dbtéi'miﬂeﬂ thé ghesplitsifedidlenBided oiQh

shown), and any, er. of nopile MJerr]. In such a system
conmmuni cat i on Hd cpfien ﬂ%g’fﬁ)’f%@ SFE@“’&F%a can be est abl i shed

between a nobile unit and either a standard t el ephone or a second nobile

unit through one sat I|te mul t ] atel lites, or_ a corrbl nati on of one or
nor e satellite M '“S Yihezein Jhe Eansmifterirecelyst i 2,mphils station

achi eve a broadmﬁpmec&mrsaﬁmesaibm\/saruaﬂefhr&emmrmm&ﬁom@s&aﬁe stations
are present, and additional base stations are not practl cal, such as

in rural aré&as.

* 18. The method of claim 10, wherein the transmitter/receiver is a mobile
station and the control station is a base station of a cellular communication system.
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6 WD 97/ 33383 '
PCT/ US97/ 02189 Referring nowto FIG 4, a flow chart

describing the steps of an exenplary nmet hod of the present invention
i s shown. The process begins at step 100, in which the mobile unit

acqui res synchre¥@ozaisgon i nformation fromthe satellite. The pcT/wUsITD2189
synchroni zati on informati on can be acquired froma variety of source
~signals ‘5 transmtted by the satellite sugp as, for exanple, a high

power short nessage service (HP-SVB) b 3t transnitted as described
I n copendi ng, commonly assigned - application 08/559,692, entitled
"Hi gh Penetration Transm ssion Method For A Radi oconmuni cat i on
Systent. In step 102, t bi be unit then transmts on the upl i nk
RACH channel ome or nn/gﬁﬁzgiiZursts whi ch preferaply 1nclude
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i nformati on such as coded nessage data (which includes information and

10
r edundancy . bits), coded frane information identifying a predicted
desires to transmt (after a random

frame on which the nobile unit
i nformation identifying a predicted

nunber of franes b and coded sl ot
sl ot on which th®¥OM®% unit desires to transnit (after a POTAR

. , FH02189
nunber of slots). In step 104, the satellite calculates the tine adjustnent
necessary fromthe coded frame informatigm and coded slot information

15

usi ng any sui table nmethod for calculating tine adjustnents.

Alternatively, the nobile unit may transmt only a single frane bit to

i ndi cate whet her the frame nunber is to be an odd-nunbered frane or
frame. This single bit information is sufficient to

an even- nunber ed
enable the satellite to determ ne the 20
differential delays less than twice the length of a
characteristic of nost regional nobile satellite systens.
However, for a satellite beamhaving a relatively small size and snall
differential delay, this schene wil¥ result in high collision probability.
To avoid this, a nobile unit Jay choose a particular tine slot to

transmt the RACH burst based on 2§ the nobite's own identificay o
nunber, e.g., the tenporary nobileStation i@ntifier -\(Tl\/(’é&j a the
international mobile station identigier (IMSy. In his vvaE the&RA(EI
traffic can be evenly distributed @er the dgatiorﬁof a frane t§ r éuce
bile Wlit's i d@ntifgcatgon

the collision - probability. Sishce the ng} ]
ation, the sateRlite ofbasdsSst aLion

necessary tinme adjustnent for
TDVA frane, a

CHANNEL )
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In the case where the maxinumdifferential delay wthin a beam of the
entire . systemis always |less than a frane, the nobile unit need not

i ndi cate the predi ct ed frame or slot number on which it desires to
transmt. The random access transni ssion scheme can be further
sinplified by WO 9T 8det ermi ning that all transnissions fronfG /PRI ar
nobile unit wll occur in a given slot of a given frame. By
predeternmining the transm ssion slot and fran¥3 nunber, the random
access channel information need not include coded tine slot

information, further reducing the informati d required in the RACH bursts.

By transmtting only the even or o ,g:g?ﬁé of the desired franme and
preassigning a slot 10 nunber to each i Init, the random access
chanpel information (coded frame and ,’ H f\nunbers) can be reduced to
a single information bit. Accor di ngl y,~ 1 f OK guard bits is

unnecessary and is substantially rﬁducgﬁ by:the thod of the present
i nvention, thereby |ncrea5|ng t rehsmi, $si on eff|C|ency S
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Ref erriingyvnoew.t.0 -FH G 5, -a f bow chart ‘describing the steps of aw at’f’t-e’t“ﬁéi’tte’ #i
150y ‘enhodi:nent [of the method of the présent. inveniizn:. The: Jerrﬁodprrmwof -2

FIG 5 differs fromthat of FIG 4 in that the FIG 5 enbodi nent
i ncludes a step 101 for _ receiving a page signal prior to transmtting
t he random access information to the satellite in step 102.

Wil e the fore |n‘g descri ptlon I ncl udes nunerous details and
8 s

speci fi ci t'rhéspt “mtllé Ealpates, igseeqivcshconizol channebinformatign Wiich oses of
‘expl anat i ofhcAfky theddhdraRfeRisAY of e Rndidare ce dlmt&&ﬁﬂllﬁe% whifh k@l tl'fér]:ﬁolﬂfe the

I nvention. Nunerous nodifications to the describ exanples wll be
readi |y apghoulthiockdo.oddeaecedvedi agagrobtiankeli inforation notwrly inclides gbsolute

depart 1 Ol e iy b B0 ViR R ROSud o s Wl 21
5  relative information concerning adjacent coverage areas with which the control
channe! is associated. These adjacent coverage areas are periodically scanned while
monitoring the primary 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

10 cntifled "Multi-Mode Signal Processing. " It will be appreciated that the base station
may be replaced by one or more satellites in a satellite-based mobile
radiocommupication syster. _

To increase communication system capacity, digital communicatjon and
multiple access techniques such as Frequency Divisiun Multipie Access (FDMA),

15  Time Division Multiple Access (TDMA), and Code Division Multiple Access
(CDMA) may be used. The objective of each of these multiple access techuiques is to
combine signals from different sources coto 4 common transmission medium in such a
way that, at their destinations, the different channels can be separated without mutual
interference. In a FDMA system, users share the radio spectrum in the frequency

20  domain. Each user is allocated a part of the frequency band which is used throughout
a conversation. In a TDMA system, users share the radic spectrum in the time
domain. Each radio chanmel or carrier frequency is divided into a series of time slots,
and individual users are allocated a time slot during which the user has access to the
entire frequency band allocated for the system (wideband TDMA) or oply a part of the’

25  band (narrowband TDMA). Each time slot contains a "burst” of information from a
data sourge, e.g., a digitaily encoded portion of a voice conversation. The time slots
arc grouped into successive TDMA frames having a predetermined duration. The '
number of time slots in each TDMA frame is related to the number of different users
that can simultaneously share the radio channel. If each slot in a TDMA frame is

30  assigned to a different user, the duration of a TDMA frame is the minimum amount
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accessshyia tansni tter/receiver to a T’DMA 732125 ‘commini-Bation’ 's'yistem*
conpri si ng the st eps of: recei ving a synchronization .
signal froma control sration; 5 transmtting access channel
data fromthe transmtter/receiver to the control station, the

access cha tfid t oI CRTR
comruni cat %A%&%V\een éo%%gg%%ﬂ?ﬁégﬂt?}gl Vglg\@mgbm&hﬁﬁfw%‘] ldestpa VYC(SI’];
det er m ni nghd fhmb RajusMNEnt @hd Sdritéo] @iformatidn® BCinabileBAlk. necessary for

conmmuni cati on between the transmtter/receiver and the control station
based on t he The rangdom iceesscohangel RAGH dxpsgd by the mobiles to request aceess to

the system The RACH logical charmel is a unidirectional uplink channel {from the

mobiie t¢ the base station or satellite}, and is shared by separate mobile units (one

Ch

RACH per cell is sufficient in typical sysiems. even during periods of heavy use).
Mobile units continuously monitor the starus of the RACH channel to detarmine if the
channel is husy or idle. If the RACH channel is idle, a mobile unit desiring access
sends access data, such as the mobile's identification number, call established cause,
10 and the desired telephone gumber, on the RACH to the base station or satellite. The
MSC recei.ves this information from the base station or satellite and assigns an idle
voice channel to the mobile station, and transmits the chaonel identification to the
mobile through the base station or satellite over the access grant channel AGCH so
that the mobile station can tune itselt to the new channel. All time slots on the- RACH
15 uplink channel are used for mobile access requests, either on a contention basis or on
a reserved basis. Contention-basis acc'ess- schemes include ALOHA, CSMA, CSMA-
CD. and other access protocols. Reserved-basis access is described in U.S. Patent
No. 5.420,864, entitled "Method of Effecting Random Access in a Mobile Radio
Systemn.” One important feature of RACH operation is that reception of some
20  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 dowanlink information preferably comprises
twenty-two bits that may be thought of as another downlink sub-channel. dedicated to
carrying, in the downlink, Layer 2 information specific to the uplink. This flow of
25  information, which can be called shared channel feedback, enbances the throughput
capacity of the RACH so that a mobile statio’n can quickly determine whether any
burst of any access attempt has been successfully received.
Ih qonventional terrestrial cellular communications systems such as GSM, a

random access channel (RACH) burst includes 68.25 bits as a guard time to prevent

1V EMNTH QHEET



2., Jhemeihodief @l ai m 1 wherej n thesaccess channel data.identpfdesydN@urm:. .
predi ct:ed; TDMy frame using a single dagg-bif ' ngi cative of :anyeypn- nugber ed

or odd-" T 7 """ nunbered status of the predicted TDVA frame. =~ ~~"f5 " °°
3. The method of claim1l1l, wherein a slot nunber on which the
transmtter/receiver wll transmt is preassigned. ] 4.
The nmethod of claiml, wherein the transmtter/receiver is a nobile station
20 and the coht thelcast whéronthe maximmm differémial delay within a beam! of the enfire The

met hod of claiml1,  whereipn the synchronjzation signal.is nessage
si gnal confya?&t’ﬁ‘ ﬁgﬁlg@ﬂ%{?“h@é%& l‘hac.md’ﬁe unit gepd bt indicate g‘.‘“’fﬁ%‘”ﬁ‘ét hod of
claiml, WignRi? sfortnbaiberbs Whif ifl§siés ROLURG:. t he

transmtter/receiver and the control station Is less than twice the |length
of a TDMVA The randofry sugess transmission scheme can be further simplified by

5  predetermining that all transmissions from a particular mobile unit will occur in a
given slot of a given frame. By predetermining the transmission slot and trame
number, the random access channel information need not include coded. time slot
information, further reducing the information required in the RACH bursts, . By
transmitting only the even or 6dd status of the desired frame and preassigning a siot

10 number 1o each mobile unit, the random access channel information (coded frame and

slot numbers) can be reduced to a single information bit. Accordingly, the need for
guard bits is unnecessary and is substantially reduced by the method of the present
inventicn, thereby increasing transmission efﬁciency.

Referring now to FIG. 5, a flow chart describing the steps of an altcrnate

15  embodiment of the method of the present invention. The embodimer: of FIG. 5

differs from that of FIG. 4 in that the FIG. 5 embodiment includes a step 101 for
receiving a page signal prior to transmitting the random access information to the
sateflite in step 102.

While the foregoing description incindes numerous details and specificities, it

20 is to be understood that these are for purposes of explanation only, and are not to be

construed as limitations of the invention. Nuﬁcrom modifications to the described
exaraples will be readily apparent to one of ordinary skill in the art whi:ch do not

depart from the scope of the invention, as defined by the following claims.



VN

7 The~ﬁet-hod of-. clal m 4, V\,herel n the tr,,ansmtter/recel ver traansmgs -fhe - .
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carrier frequency.
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“30° ““éhannel data over a random acce’Ss ‘channel on a aed’l Ca‘t‘ed

v
LS} |

8. The nethod of claim1,

: further conprising the step of re
-signal fromthe control station prior to the step of transm ﬂ!mmﬂ"i“ ﬁﬂ”“,

9. The net %Hﬂlﬁlﬁmrel n a sl ot nunber on V\/m ch the=

transmitter/receivbfP

ansnit is determ ned by

transmitter/recej ver emf!;jlef&rﬁ?ﬂ"é’mg access %ﬁf@%‘%’&?ﬂmﬁ’ﬁ ta [{.l?d\(m to the

control st &bir#funication system, comprising the steps of:

Ln

10

15

30

receiving a synchronization signal from a control station:

transminting access channel data from the transmitter/receiver to the control
station, the access channel data identifving a predicted TDMA frame for
communication between the transmitter/receiver and the control station; and

determining, at the control station, a time adjustment necessary for
communication between the transmitter/receiver and the control station based on the
access channel data.

2. The method of claim 1, wherein the access channel data identifies the
predicted TDMA frame using a siagle data bit indicative of an even-numbered or odd-

numbered status of the predicted TDMA frame.

3. The method of claim 1 wherein a slot number on which the

transmitter/receiver will transmit is preassigned.

4. The method of claim 1, wherein the transmitter/receiver is a mobile station

and the control station is a satellite.

5. The method of claim 1, wherein the synchronization signal is a message
signal containing coded message data.

6. The methed of claim 1, wherein a transmission delay between the
transmitter/veceiver and the control station is less than twice the length of a TDMA
frame.

7. The method of claim 4, wherein the transmitter/receiver transmits the access

channe! data over a random access channel on a dedicated carrier frequency.
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11) A«met—hed ff04r -acqw ri ng access—by—a t,r.artsm t¥er/ ceced ver t\cr awTDMﬂg D%

cc)r*h*runl cation syste steps of ¢ 10 “recet Vi ng a
synchroni zati on si g%ﬂﬂiﬂﬁﬂ , l station; transmtti.ng
access channel data ter/recei ver to the control

station, the access channel data identifying a predicted frame and sl ot
nunmber usi ng a 8. The methoglof clawhdy, fexthercobiptisingribe step of receiving a pageer mi ni ng,

at the cont.rol stat,i a.tine a nt necessary for 15 conmuni cati on
bet ween thﬂa’eélmlﬁwpb%ﬁl%mé{ tﬂ?geeaﬁ i;lgtl on based on the
access channel dat a, wherein a maxi mum transm ssi on del ay
between ,the transmtter/recei ver and ‘the control station is |less than

the | engt h of a%TEhmkthadef claipd, whereinaslctlnl;mbihen milsidhatie of cl ai m 10,

101 1 2, SRS Wbl o L S PR bty 27
transmtterdéﬁ@ﬁ@tiéﬁrmlu‘él&o%bb'ﬂﬁ:comrolsﬁﬁ&i'On and the control station is a

satellite. 25 13. The method of claim 10, wherein the
synchronlzatlon signal is a nessage si gnal containing coded nessage
dat a.

10. A method for acquiring access by a wransmitter/receiver to a TDMA
commuuication system, comprising the steps of:
10 receiving a synchronization signal from a control station;
transmitting access channel data from the transmittsr/receiver to the control
station, the access channel data identifying a predicted frame and slot number using a
single information bit; and '
| determining, at the control stativn, a4 time adjusunent necessary for
15 communication between the transmitter/receiver and the control station based on the
access channel data,
wherein a maximum transmission delay between the transmitter/receiver and
the control station is less than the length of a TDMA frame.

20 1i. The method of claim 10, wherein a slot number on which the

transmitter/recejver will transmit is preassigned.

12. The method of claim 10, wherein the transmitter/receiver is a mobile

starion and the control station is a satellite.

13. The method of claim 10, wherein the synchronization signal is a message
signal containing coded message data.

14, The method of claim 10, wherein the transmitter/receiver transmits the -

30  access channel data over a random access channel on a dedicated carrier frequency.

10
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wel.

f?egﬁgﬁii channel zﬂm"”m“ln"r"m“““ access channel on a dedi catlgd carrier

15. The method of cla m¢10t ftrther corrprl sing the step of receiving a

pagi ng Si fro t he control station prior to the step of
transm tti ng. ?ga‘h‘e method of clpgm 19y, farpher AP I$i0g Fhe; SKP1QS reGHiving 2 paging s| ot

nunber Rerdmhd & ‘M&ﬁ@ﬁéﬁ&%&ﬁ@& Hxa%{rﬁﬁﬁ@t is determ ned by the

transm i tte recei ver based on I cation val ue known to the
control station. 17. The net hod of claim1, wherein the

transmtter/receiv, ta
?k ﬂe mcthodmg l Iﬁ erem *he slot aumber on which a
5  transmitter/receiver will transmit is determined by the fransmitter/receiver based on an

identification value known to the comtrol station.

17. The method of claim 1, wherein the transmirter/receiver is a mobile station
and the control station is a base station of a cellular communication system.
10 o
18. The method of' claim 10, wherein the transmitter/receiver is a mobile
station and the control station is a base station of a cellular communication system.

19. A method for acquiring access by a transmitter/receiver to a TDMA
15 communication system, comprising the steps of:
receiving a synchronization signal from a confrol station;
transmitting access déta from the transmitter/receiver 1o the control station on a
predetermined time slot; '
determining, at the control station, a time adjustment necessary for
20 communication between the transmitter/receiver and the control station based on the
access data; and |
granting access to the transmitter/receiver.

20. The method of claim 19, wherein the access data identifies a predicted

o]
Lh

frame and time slot using 2 single information bit.
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A method for transmitting random access signals from a mobile unit to a satellite or other control station which requires the transmission
of less information than in conventional terrestrial cellular or proposed mobile satellite systems. According to the method, the mobile unit
acquires synchronization from the satellite and transmits reduced random access information to the satellite, and the satellite calculates time
adjustment information for the mobile units based on the reduced random access information, The random access information is reduced
bnzo‘n)el;;resenung a slot number to cach mobile unit, and by tmnsmnung only the odd or even status of the frame number desired by the

ile unit.




