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Fiel d of theWMMh¥98on The present invention rel aPEIUSI7TAI987
transm ssion of control channel 5 information in a tel ecommuni cations
system and in particular to a nmethod for transmtting fast

associ ated control channel (FACCH) information by reducing speech
error protection during the fast associated control channel transm ssion.
Background of the Invention The, GSM st andard (d obal System

for Mobile Comunication) is a 10 w del y d]epl oyed wireless cellular

t el ephone standard using digital s C t . SSI been
adapted to provide wr 5%332\559@#% EQNT%PL &ﬁ&mgﬁsfﬁgﬁg‘h circul ar
orbit satellite systems as weldo@s A8 L8E EOMMUNIEA TIONS net wor ks.

Signals within the systemare transmtted using Tinme D vision

Mul tiple Access (TDMA) frames and superfranes. A superfrane structure in 15
the GSM "full rate" form%t in a terrestrial systemconsists of 4 x 26 TDVA
frames as il | ustigldof thelnyention | each row, frames 1-12 and 14-25 each

contain eight traffi q L dﬁi&% Ex?en@ﬁfé?at@ t&%%ﬂg@ﬁﬁgﬁﬁ%ﬁ&ﬂﬂo '&ﬁaﬂd&%a GSM

system are not e sync roni zed, a conplete frane (frane
13 in FIG ¥) I$nformatlon| mfattel«:ﬂomxﬁmxgmmnarsyﬁant hmd int particolar ke acaethod four e

and decode a broadcast control neI ( I, burst froma
nei ghbori ng bas&aBHBIHLE 3|%§§PHPE§§§°8F’° &MEWP@% ggé’f‘d‘lfé?&veen
the base statioggeech erro I;])rotectlon theaadt dsfﬁc@.ftéﬂi&édifbld:%ﬁﬁneﬁ SHEmAsidnax or

conput er dat a) e not on I nformati on comuni cated during a
phone call. In satelli te and term nat ed systens, control signals are

typical ly exchanged bet \geen a control station (base 25 station or
satellite) and ﬁﬁhﬁ%—ﬁe&é—h&%a t el ephone conversation. The
conty o) =1 Gnal s 21O KL RGREGES L B oS COnERASH R,
provi des cdalt r olwidely deplohetmitedest celiuianteiéphane saodrrd aisingndigitatespeeth bet ween
a mbile unit art]rgnéntnsssmn It has been adapted to provide wireless communication for
geostationary circular orbit satellite systems as well as for terrestrial cellular
networks. Signals within the system are transmitted using Time Division
Multiple Access (TDMA) frames and superframes. A superframe structure in
15 the GSM "full rate” format in a terrestrial system consists of 4 x 26 TDMA
frames as illustrated in FIG. 1. In each row, frames 1-12 and 14-25 each
contain eight traffic timeslots. Since neighboring base stations in a GSM system
are not required to be synchronized, a complete frame (frame 13 in FIG. 1) is
left idle to guarantee that the mobile can capture and decode a broadcast control
20 channel (BCCH) signal burst from a neighboring base station regardless of the
frame time offset between the base stations.

Speech and information data (such as fax or computer data) are not the
only information communicated during a phone call. In satellite and terminated
systems, control signals are typically exchanged between a control station (base
25  station or satellite) and a mobile phone during a telephone conversation. The

control signals allow the mobile phone and the network to monitor and control

the communication link. When a call is in progress, GSM provides control

channels to communicate control information between a mobile unit and its
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associ ated network. Each traffic channel is associated with a sl ow

associ at ewo9s/09391cont rol channel (SACCH), which typically cpepiRendhput two

nmessages per second in each direction with a transm ssion delay of
approxi mately 0.5 seconds pl us propagati on del ay. The SACCH channel
typically conmuni cates non-urgent 5 i nformati on such as neasurenent data
used for handoff decisions. In FIG 1, every 26th frame in the
superframe structure contains SACCH i nformati on. Each SACCH nessage
Is interleaved over 4 SACCH bursts in each superfrane. Each SACCH
frame conprises 8 tineslots allow ng one %nique SACCH channel for

C o e aors. ach BaEE SRR AHRCE R o SRR "
conver sati on el diafndiBACCHE NABER bypically carfibl b6t twb Bl 1o call ed
I (FACCH) and rg

the fast assocl ated control channe carrie ent
messages suchkeamddneachidiréctivanwithad tinemassidreddiay ef approkimately 0.5 seasddsuct s

t he nobil e phone to sw tch to .anoth requency .or_tinmeslot. The fast 15
associated ¢ Bﬁfrﬂsppwﬂﬁ delay, nﬁ%ﬁ Séﬁ&:ﬁ ngtb“e? 63}/ p&ﬁﬁ’ﬁg‘iﬂ‘?@ﬁf"éaﬁs JaBdEETHer .
Each nobisl e %ﬁnét%@ﬁh%%eﬁui&%n@ﬁbta%@@ T8¢ n&RIGPH 8ddidtonLf HAFRG i cul ar

one out of the 8 tineslots in each TDVA frame used for traffic | nfolmation.
Accor di ng t oevéry 288Mframendathe supgrérasie strushirs candingceSACEHehfermeatipn20
mlliseconds ch coder.. Wth speec | rate of 13 Kbps, this
20 corres pgﬁé'é gﬁﬁd"ﬁﬁg\? ‘ﬁé?te%a‘f?slq 23 écg?\égg*)g\g‘éﬁ 10,6368 SUMTEaEeech
bits are  paoredetCHRrdfe A9BphidsS (HRess ARRR) yiEes kg
groups of 57 Sicts each. If’hen, the 57 %itsﬁ%kﬁgﬁg@ge%%ﬁeﬁr%ne g’?e
i nterl eaved #@n¢achmaohiteslimd. anot her speech frane. To these 114 bits,
a 26 bit,.sync word, twa,1 hit, FA f ast . ... associated control, K channel)
flags, t\Wo sets o% gectogii ICOBII'I?ISC}?%%_{&E§°‘5’i“i“’§“‘fabmﬁ§°mr8€’@ﬁﬁﬁ?§85a{°e%/ down
ranpi ng and giéat 8 rhobTR phoRe ARiERE o R1dpAbRe BorNeAtidh Qses the traffie MRAkm NI

156. 25 bits. Each 20nS bl ock of "coded data representing a segment of
t he speech wdhif emtiol shameb isdcabied the fagh associated annirob ciidpinel (FAGEH )ianda

process known_as bl ock diagaopal .interl eaving. Each .eight frane jnterl eaved
bl ock is hal FARUEPFEHHEIFSHRTS Siehand mcﬁofhc%ﬂr?ﬂé %}fergglﬁngﬁfz S{4%005dj acent
speech 30  histeks the nwbilerphbae td bwitcn e atidthBStreduenty Br Biniesidthatheh@ye cone

half fromone )
15 associated control channel can also be used to authenticate a subscriber.

Each mobile unit is assigned a logical channel consisting of a particular
one out of the 8 timeslots in each TDMA frame used for traffic information.
According to the GSM standard, speech frames are generated every 20
milliseconds by a speech coder. With a speech coding rate of 13 Kbps, this

20  corresponds to 260 bits per 20 millisecond speech frame. The speech bits are
coded up to 456 bits. These 456 bits are divided into 8 groups of 57 bits each.
Then, the 57 bits of one speech frame are interleaved with 57 bits of another
_s-fpeech frame. To these 114 bits, a 26 bit sync word, two 1 bit FACCH (fast
associated control channel) flags, two sets of 3 tail bits and 8.25 bits to

25  accommodate up/down ramping and guard time are added to form a TDMA slot
tomprising 156.25 bits. Each 20mS block of coded data representing a segment
of the speech waveform is spread over eight consecutive TDMA frames in a
process known as block diagonal interleaving. Each eight frame interleaved
block is half overlapped and merged with 4 frames of each of the adjacent speech

30 blocks in order to fill each timeslot with bits that have come half from one
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speech frane ﬁ)d hal f from another speech frame. Each TDVA frame is then
transmitted BF B9 erent frequency using frequency hopping t 8CE8ISAT/RR9A e -
benefi t known as interference averaging or interferer diversity.

The format of each GSM burst is illustrated in FIG 2. An 8.25-bit guard 5
and up/down ranping tinme is left between each burst. The up/down ranpi ng of
one burst may overlap with that of the adjacent burst but nay not overlap

W th Its other bits. The up/down ranping on the uplink (nobile)
transm ssion is usual ly 4.25 bit peri8ds, leaving a 4 bit period
margin for tinme alignment errors bet ween different nobile bursts as

recei ved at the spesch frameiand halffromzanother apéash fione. Fanh TMACRamenzalas t o

d d mobi |
funct i on. Gov bcmsanted oha ditith iPnidisy Meinsoirdiehiy hopripg 4S BB ticpepeh
hence can use thg Wisem&r?ée&aetaveﬁrgwd& {rérfatBf @RARIfyANDI NG.

The 3 tail bits allow the 1 nmpul se response to the channel and nodul ati on
filter to terninate wihfommahef beehsGS huIrSé_rssxlﬁnetrath@unﬂG andAbl&ES-bnguard

denodul ated 15 ith.the sane error | it bi t e mddl.e of
t he burst. and udeown-rmpr,ng Poi% @ﬂ%&g h%ud'%t %&Wlﬂg of

i ndi cat e whet hergreNRiritr @YY @Yérlap with tRdt GTURE @facal) Hﬁ\rétluus SRRAEH Wil e
contai ns speech or FACCH 1 nformation. e conplete 20 mllisecond

speech frame hadtsgothesbits. aflad upl c&gvmmr@mgm Ondh%lllplmk (mobxéﬁ)ltmnsmgsstdmels

i abl h
FAGOH | i or mt | Gioaly 435 61 OGS e il s G Ber¥ Rk 43R B 21k g

to determ ne th%eﬁbé’énadiffféférﬁtm&ﬁ]e bursts a@fredeh@dtart aﬁtsaas%sszmbnc heRE 8hseafttidd
enhance denodul ation. The sync word of 26 bits all ows determ nation

of five coelfi cisendssSHCCH sompands fradvancsor eqsandwgbﬂ@ﬂmt transmzshmnaunmgsuote
channel inmpul se r co sin nsmt _.an receLve ilteri. n

and physi cal ché{’ﬁﬁ%’g Fhésgﬁ%f:{ﬂ g:hslcbﬂ%ﬁﬁ? Slptions hﬁ%‘h apgs W’ _
addi tional i nforagatieare t4PE3ePthe WIS 81 it PeriBBC I UD/ddien eﬁﬂﬁs@gt eristics of
a physi cal channel are dynamic, the sync word is ideally |ocated in

the m ddl e of tFhe Buaikbits éu‘t\ﬁéhe mﬂsperespmgeghmbaqnebgnd m@éugptm
affect the sync f‘ﬁ@erqo tt@r%ﬂn%t@%vlthm the blﬂ'fse ra%téngﬁel}bﬁt the end bits are demodulated

15  with the same error probability as bits in the middle of the burst.

The flag bits on either side of a sync word indicate whether the previous
or current 20 millisecond speech frame contains speech or FACCH information.
One complete 20 millisecond speech frame has 8 associated flag bits in total,
allowing the receiver to reliably decide whether the frame contains speech or
20 FACCH information. |
The sync word is a known bit pattern used to determine the characteristics
of the transmission channel and to enhance demodulation. The sync word of 26
bits allows determination of five coefficients of a symbol-spaced, 5-tap model of
the composite channel impulse response comprising transmit and receive filtering
25  and physical channel. This allows each burst to be demodulated with no
«  additional information from previous bursts. Because the characteristics of a
physical channel are dynamic, the sync word is ideally located in the middle of
the burst so that channel changes are less likely to affect the sync word than the

information bits.



4 During FACCH transm ssion in conventional systens, speech
or I nformation data frames are not transmtted by the base station.
That is, speech frames are "stolen" and repl aced by the FACCH

i nf or mat i omo 98lod®1i s descri bed, This SheetfHoy BexBeppkdl, i N EP A Q~68de7hdd7 !
t he speech interruption is or. the m mlliseconds (i.e., a .
rel atively short FACCH nessage), a iHElYy to noti ce the
m ssing speech frane(s). However, for |onger delays (i.e., relatively

| engt hy FACCH nessages), the degradation due to speech repl acenent becones
noticeable. It would be desirable to transmt FACCH i nformation, including
relatively | engthy FACCH nessages, w thou# noticeabl e degradation. 10

GB A 2 259 633 describes using different coding rates, depending on

whet her speech or DRunitg &ACLE3H aransmissiongntconventionglesystennsS spémwhent No.
5,712, 868 . desqgri bes usin i fferent .coding faor.speech data,

dependi ng on W&?@f‘ﬁ%‘?“fﬁiﬁﬁa sare%o?tragsfxpl&ea(pgr %(Pg'?eoﬂa[i’ t fﬁ‘ﬂb‘%ﬁﬁfﬁ?#‘t ed.
Nei t her of t T3 3 G SRS Ve educi ng
speech degra at|ggﬁghg%mgorﬁyéﬁb%gﬁbfgherIéﬁgicrl-leéiﬁgw ’ messg%é‘r%h:y of the
| nventi on interruption is on The arder 0HAR miliisecdndys éi. ¢l screlativelypshurt EACOHt h t he
prior art, the present . ... nvent.ion provides a t hod.in,which eech
error prot ect“i"??gagei’ ? USRTAS FolikEY 381 B3tice the m{sﬁ‘é‘gtsPE?@%%‘EFGH 3?0%5‘%’( i‘ﬁ
(e.g., FACCHpoAgM QAeliti(RE., réafiodlfliloshhP FACID e&eaesy Ghe depMEHR6A @ke tvhen
FACCH i nformation i s"'needed, speech 1nformation i s sent using sone
portion (e.g.spesshacplactthent heneneshotideablE DN wauldvbe desirabée tdhrafsnaitH

nessage i s sent i ng the remainj.ng frames. The ' rotectiop is
pref erabl y FACCH 'r“g‘b'mi‘and U}c:hf#éng F":i‘?fév%?% 5“5&‘3’01? R&h@g E%&ﬂﬂeﬂa‘tvggwﬁhe
i nformation fpgRRdedegradation. Speech frames can be combined to reconstruct

the transmtted speech information. 25 Simlarly, the FACCH control
nmessage can be reconstructed by conbining the remai ni ng franes. The

net hod af theS present0 I NV n‘;i n_all ows control i nformation,
i ncl udi (r)ilg? rel-é!%%%&'yﬂ&géaﬁ nmessages, to be transnitted

To overcome the above-described problems with the prior art, the present

invention provides a method in which speech error protection is reduced during
the transmission of control (e.g., FACCH) information. According to the
present invention, when FACCH information is needed, speech information is
15  sent using some portion (e.g., every other one) of the TDMA frames while the
FACCH message is sent using the remaining frames. The coding protection is
preferably reduced during transmission of the FACCH data. The information
from the speech frames can be combined to reconstruct the transmitted speech
information. Similarly, the FACCH control message can be reconstructed by
20  combining the remaining frames. The method of the present invention allows
control information, including relatively lengthy FACCH messages, to be
transmitted without noticeable speech degradation, and is particularly effective in

systems which have air interfaces with two possible modes of operation.

Brief Description of the Drawings
25 These and other features and advantages of the present invention will be

readily apparent to one of ordinary skill in the art upon reading the following

written description, in conjunction with the attached drawings, in which:

THIS SHEET HAS BEEN
REPLACED




4a wi t hout noticeabl e speech degradation, and is particularly
effective in systens whi ch have air interfaces wwth two possible
nodes of op ' Brief Description of the Draw ngs

These and o%dﬁaﬂlur es and advantages of the present inventigﬁrﬁsﬂ’lﬂ’é”
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FIG 1 illustrates a standard superframe stgucture in a conventional GSM
conmuni cati ons system FIG 2 illustrates the format of a
burst in a conventiqug 1GpMsgaies @tandard superframe stridrére i d &ér&b%hfi@ﬁﬂs(}ﬁM
satellite comunication systemsuitable for 5 i mpl enenting the nmethod of
the present i nvommunigations system; FIG 4 illustrates a superfrane

structure for the f ST satellifte d ._accordin e
enbodi ment of the p%gber?? hﬁlm%ﬁf thntfo.rxga.ﬁofea burst in a conve p%alt %SSE S¥Stemg
chart describing a rmghodifuiaces 8181t chGimRRiALIBAdystem suithBeFar TESSages

wi thin a communication system according to one enbodi nent 10 of the
present i nent iimplementing the Methad efdthBpsesentinventiost t he Preferred

Enbodi nent s St will be reci at ed. by, o skilled,.in the art
that the present inJant i%ﬂfusuwes e L ssg‘?f% egg{@ft {}ﬁgga@dﬁﬂﬁihﬁe&ﬁq%n
systems as vel lac@srdingntd-diRSe@sbddadibm of the present invention; and
FIG. 5 is a flow chart describing a method for transmitting data and
FACCH messages within a communication system according to one embodiment

10 of the present invention.

Detailed Description of the Preferred Embodiments

It will be appreciated by one skilled in the art that the present invention
can be used in satellite communication systems as well as land-based radio
communication systems or in systems which support both land-based and satellite

15  modes of operation.

According to one embodiment of the present invention, different frames
within each transmission burst can be used for the transmission of speech and
FACCH messages. For example, speech information can be transmitted using
odd numbered frames while FACCH méssages can be sent using even numbered

20  frames, or vice versa. This is possible because combining the information from
the odd numbered frames will in many cases be sufficient to reconstruct the
. speech frame. Similarly, the FACCH control message can be reconstructed
using the even numbered frames. This method is particularly effective in air
interfaces where two modes of operation, such as satellite and terrestrial
25  communication modes, are possible. |

An exemplary robust operation mode of a satellite or terrestrial TDMA
communication system uses, for example, 16-timeslot TDMA frames with rate
1/3 coding. It will be appreciated that the rate 1/3 code can be separated into

two rate 2/3 codes, each in a separate burst. Thus when control information



comuni cation systens or in systens which support both |and-based and
satellite 15 nodes of operation. According to one enbodi nent
of the present invention, different franes Wi t hin each transm ssion
burst can bwowssedssior the transm ssion of speech and FA5E¥G§g§ﬁg S.
For exanpl e, speech information can be transmtted using 0 nunber ed
frames whil e FACCH nessages can be sent using even nunbered 20 frames, or
vice versa. This is possible because conbining the information from

the odd nunbered franmes will in many cases be suffici enthiy$e B edt he
speech frane. Simlarly, the FACCH control nessage can bﬂ] ﬂ t
using the even nunbered frames. This nethog is particula n

air i nterfaces where two nodes of operation, such as satellite and

terrestrial 2%uch aoATRACCH! inessag® erequired, the<airnhimication data (e.g., spléch)
exenpl ary robust operation node of a satellite or terrestrial TDVA

communi cat i on c3% $ESFANSIREIDG uSingLneof e rag-3/3 rpdesoinstead af ratgié3 cpde.nandat e
1/ 3 ding. | | | . ted
Fvo 0 ERCOH AERAERY e Bloniif 18hE uld AnEPHRe A1 B SRR

i nformati on the FACCH message is being transmitted, it may be desirable to increase 6
such as a FACCH nessage is requjred, the co%ation data_(e.g., speech)
can be tr@nsmitlNFRSieR pAyvesfer gisadyantaesd aisorss Besause tha drapamission, of evep/ 3

code, and . ' ' . er
rate 2/3 code.re%%érﬁ 15%4%@%@%%%%@%&8%%%%@%&%%@?& ?‘E‘%&Jgf 't ray
be desirabl e tsocH 8@poeasdndrease is ptovddahforsa retativelyeshokodurdiiom damind@gatbtuser s.

Because the transm ssi gn of even a relatively, | engthy FACCH nessage
occurs over a SIEMERANHY UNPaYSIeRL PESQIRALCE jOFpOWer TeqUIreBIgBIS.- 3 power i ncrease
s provided for a r&J ghdchiBed i? 008! PakihApBHeati®l N AR SEE5T3 entitied “Dual
significantly inpact system performance power requiréenents.

As descrilfed iMode SatelPt/€rtiulbo TebmbtB," Worate &3 c¢ddeardn Houmrtifibmgtel ihéb two
Satellite/Cellular_Termnal .,"_a rate 11/3, czlgqe7 can_be fa,rt,itioned into two
rate 2/3 rate g codes. U.S. Patent Applieation e, Q8/ 8k 873 his dnersmeragsd baseimat i on
can be used inp g’.e&% J i te-based systemw th satellite diversity to
provi de i rrprovg pertormance when the signal fromeach satellite

f ades i ndependent | yThesahpivealesartbed mbde ofeperativmeanhbe usedad aasadellite-based hadows
the signal fromone tellite.but not from.the other. Furthe I nce_the
Systemin th YOV sneiHs Srveiior Goiol e gt P toraRhea 1Bin e HESAL ot o

2/3 15  from each satellite fades independently, such as when the user turns his head and

shadows the signal from one satellite but not from the other. Further, since the
system in this mode transmits and receives control information with a rate 2/3
code using every 32nd slot when signal quality allows, this mode can be useful in
certain non-uniform traffic distributions to increase capacity in a given service

20  area when neighboring service areas are operating below capacity. When
neighboring service areas do not need the same frequency channel due to a low
traffic demand in those service areas, the carrier-to-interface ratio C/1 is
improved, allowing rate 2/3 coding and the 32nd timeslot format to effectively
double the capacity in a service area with a high traffic demand.

25 According to one aspect of the invention, the transmission of control
infonnation (e.g., FACCH) in a first mode (e.g., every 32nd slot using rate 2/3
coding) or a second mode (e.g., or every 16th slot using rate 1/3 coding) may be
selected by the satellite system at any time, even dynamically (i.e., without
forewarning the mobile phone of the mode change). According to the present

30  invention, a mobile unit always receives every 16th slot, and determines whether

e 2
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code using every 32nd sl ot when signal quality allows, this node can be
useful in certain non-uniformtraffic distributions to increase
capacity in gé(yﬁg service area when nei ghboring ser ViggagéSaSo@ €
operating bel ow capacity. When 20 nei ghbori ng service areas do not need
t he same frequency channel due to a | ow traffic demand in those
service areas, the carrier-to-interface ratio C1 is FhlsShebtrmEQééﬁﬂeplaced ]
allowing rate 2/ 3 coding and the 32nd tinmeslot format to

doubl e the capacity in a service area with a high trafflimgwm’ "
According to one aspect of the invention, the transm ssi

i nformation (e.g., FACCH in a first node (& g., every 32nd slot using rate
2/ 3 codi ng) or a second node (e.g., or every 16th slot using rate
1/3 coding) mayedok 16th slot comaine coanlobinfdrnmticatintehdd¢doforythe arobile wmily Hase® on

even transparently or dynam call gh thout e ni ng t he
mobi | e phone ofux%lﬁ'éc Wew%i‘ﬁ@}"}/s includedim, et'gDMXA Illégﬁﬁ &ﬁ ot does

! e |
Lvention. 2.0 t| Gntith bofth SRk rREAEH HiEndRELoY tﬂa@tﬁanféu% m&5ik unit, the

7 det ermobids univdatieds theanissifif thits ab erasurestoxizeso quality vahies fao tite tripan

I ntended for the nobi | e n|t ﬁﬁed on uni que nc word t;)atterns
i ncl uded i n t hePfTHRETION COFECHIN decoder. sueaq“esrmwog@%e&ﬁrefera IKe 16th

sl ot does not (ﬁ{ﬁ%r? ﬁﬁ?{sh@ to'ﬁ{:ﬂi’iﬂ@fdis@; itdtfoRdR the mobile &i3F

particul ar nobi mobi e unit | abels the mssing tglts as erasures
5 or zero quaimvbz;samads&mnhawmrtmﬂnlerqmiomfareMplace usingem oddh afdd eveer .

Th f, b) t.h | t :
faci ITtate di scHomatar i B3mehdetbectivels b, ath AIEPLe soiich  Lohalt sat i ons
Wi th two mobil g &#ﬁﬁ‘/é&f‘@ltﬂrtﬁe btk \%Hﬂbalﬁ&h user is ﬁ!é%'t Q?;rrb?ﬁnﬂgg B pRY

slots of 16- slo{1 rames, respecti gets a §2nd
sl ot i nteri@aveburng the $ikenot,he FAGIH Imsswottaml@esem o sid mmbﬂ&ﬁlmt every 16th

approximately half the tine. ri.ng t.he silence FA ssage can be
ot ! o e thifcpioiiding TOUE Foling pRoiFli o iy 635 B T e gfcpaes
codi ng prot eCtIIHB fiotnid. | east half the time to both nobile units.

FIG 3 illustrates a plurality of nobile radio tel ephones 120 in
comuni cation vi a saFKk.l3 tldustra®s i plhraith of mobile iradio 16lphofiee 120knst ation is

15 connect ed for .exa v 10 e publi.c switch
t el ephone commppiGato r%@?’ﬁaﬁ}a(gq 1@ @};\?%é‘gts t%& Wbactge Bﬁ‘? REEAR e
portabl e ppwnes,aReciadYfor example, via a local exchange, to the public switch telephone

network PSTN to allow calls to be placed between the portable phones and any

telephone subscriber worldwide, as well as between the satellite phones.
The superframe structure for a "full rate” satellite format is illustrated in
FIG. 4. In FIG. 4, the first 12 frames, F1 through F12, contain 16 traffic slots
20  each and the thirteenth frame contains 16 SACCH slots. Each SACCH slot is
associated with a corresponding traffic slot. To provide one SACCH per each
traffic slot, the SACCH frame is combined with the idle frame to make a 16-slot
~ SACCH frame. SACCH messages are, as in GSM, interleaved over four
successive SACCH frames. As before, 20 milliseconds of speech data may be
25 interleaved using diagonal interleaving but only over four frames. Alternatively,
. 40 millisecond speech frames may be diagonally interleaved over 8 traffic
frames.
According to one embodiment of the present invention, the speech coding
rate, the error correction coding, and the slot and superframe structure are the

30 same as the 16-slot structure defined in FIG. 4, except that when a FACCH
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t el ephone subscriber worldw de, as well as between the satellite phones.

The superframe structure for a "full rate" satellite format is illustrated
in FIG 4. In FIG 4, the first 12 franes, F1 through F12, contain
L6 traffiwosdsmnssi20 each and the thirteenth frane cont aP@¥US$7/8ACCH
slots. Each SACCH slot is associated with a corresponding traffic
slot. To provide one SACCH per each traffic slot, the SACCH frane
is conbined with the idle frame to nake a 16-sl ot SACCH frane.
SACCH nessages are, as in GSM interleaved over four successi ve

SACCH franmes. As before, 20 mlliseconds of speech data may be 25
I nterl eaved using diagonal interleaving bgt only over four franes.
Al ternatively, 40 mllisecond speech frames may be diagonally

i nterl eaved over 0_one

enbodi nent of F‘cﬁ@g é‘;ét #ﬂg&?& osucc lé'esﬁf)aené% cont@q%%éye&gmtfom?%"g t he
error correcteqn qﬁdév’d:ﬂ franes ¢ditaisilcolnmiifcatiopalatd aiethet dddCtrivhes ebfatnn®
same as the 16-slot structure defined in FIG 4, except that when a FACCH
WO 98/ 09391 control data).

PCT/ US97/ 12917 . "

nmessage is being tT%%g}f?MISt argu%%% Sseic’ € l%leav %18?1 ai nfsgle?@e%[(eacg

i nformati®n plock rdpeesenting b@mespeec}f Segftieatsy ovtoeighcMiliiatd Gaied udiag evaRnd t he
odd franmes contain control data) The GSM st andard

di scl oses i nt&h|sig\avagan §-izare.: 645log mt@alnl ddhe speagkblogks are giagonally

th oi ot overnaneares ayks MR tFhaiPLPY prbbls SELE o HTRR: £ AEmEY Y
diagonal Iy and hﬂlf‘bﬁﬁ'sﬂmeﬂbmmcknhumesmavfahr fatks hal f Of a previ ous

block in the first_four fra and hal f of a subsequent block in the
second four franesinthe 16-5I6t frame fomttqfézl‘ﬁe 4 |the same ipterlenvig pasiodr| G 4,

trame, Ko QUBiteaSnbEhalr I lopabrFRRLS 5o tlek e fHo Mol BlBer ) ot

contain dat a Esvh friv@e Ssayeomnmby met uevithin dRkefofthe @ame mobile@ntl) Th&refdreUni t
receives both an odd and an even frane slot and the nobile unit

det er mi nes i feachanobileainjerecaivey betdrnapdisantadm eysn EAmE dlat ndithemabilsi yrit
unit. The 01 S: : 0 gqﬁ&la to
obt ai n coded %ﬁt?@lﬂﬁlgqgg%gwggéggQgﬁaghsa#gﬁaﬁ?gﬁna}%{ g}d%?l dggﬁgjm ons"
t hat conpri sesloaleetyd o Eontamt i'nmnded data are demedulated tth @bsig waded bitnolThe
ratio of the bit., Bits re elved rresponding to a | ot deened not to
Cont ai n Fht orGRdest 35S afk B BEJONB ot Reft MBDSI0ES it <dpriss guAlt information

related to the signal to noise ratio of the bit. Bits received corresponding to a

slot deemed not to contain information intended for the mobile unit are given a
quality or soft value of zero, corresponding to a symbol erasure. Bits having the
erasure indication are said to have been "punctured” out, and the subsequent

20 error correction decoding can save resources by ignoring "punctured” or deleted
code bits in its decoding process. After deinterleaving, "punctured” bits are
dispersed between bits of non-zero quality. Thus, the error correction decoder
receives a sufficient number of good bits in any section of coded data to enable
proper decoding.

25 In any speech block, two slots will contain valid data, giving three coded
bits per two information bits (six coded bits for four information bits), while half
of the other two slots will also contain intended data, giving a further three bits
on average representing the same four data bits. Thus, the average coding rate
obtained is nine coded bits per four data bits, or better than rate 1/2 coding. The

30 lowest level of coding obtained is rate 2/3, while the highest level of coding



quality or soft value of zero, corresponding to a synbol erasure. Bits
havi ng t he erasure indication are said to have been "punctured" out,
and the SUbSﬁ@ﬂﬁn%ﬂﬁo error correction decoding can save resources by

i gnoring "pu f or del eted code bits in its decodi RETHIS8YEEL7
After deinterleaving, "punctured" bits are di spersed between bits of
non-zero quality. Thus, the error correction decoder recei ves a
sufficient nunber of good bits in any section of coded data to enable
proper decoding. 25 In any speech block, two slots will contain
valid data, giving three coded bits per two information bits (six
coded bits for four information bits), whil @& half of the other two
sloots will also contain intended data, giving a further three bits on
aver age repr esegptitaingd i eats 4/ when alldatastucessiveTdlots ar¢ Hreard tage ol mabilat €
obtained is nine coded bits per four data bits, or better than rate 1/2
codi ng. The 30 statiqry,d8¢ rapdpm varatiqn ol epding Ity berwesn rate2/3y mte .| and; rage

hi ghest | evel o | ; : i

9 ot ai Hadroln he,speschframe to appther is not of partcular significance as e,
to the same nobpdreeived speechs gaalityris rdlbted nanhomeam speech diookf eresrdiatey usahily
between rate 2/3, rate speech franme to

1/ 2, d 1/3 f
another is hot GHledihg fr@mea‘?rgé]’irﬁ %‘?‘% ﬁgg&e,c%ecf HE‘EOCHPDgogf a speech; Rleek mexden
lity i |
ol ed”the fr aniriicdy BEIES's TYERE Reouthcs (CHREK(ERE) 8L T e bEK: 1 1y

be ver i f Bledkdyetermined with the @y bf theRERONctaieay hahe dker( d&¥oded Galerion t he
bl ock. Bl ocks geterm' necg g&}(h t he ai.d of. the CRC cgrg@ﬁto have been
decoded in errcdte erased. An grased blagk, epresentnga gomsisesmept tSPR%FMa 20ns

segment of the gpR&&HN, is preventil E)ﬁlééﬂfgfnﬁ ﬂrﬁmﬁg%ggsl%k‘ypn%?s'és&d?& @Athe

annoyi ng click or noise rst in earp y replacing 1t with a

previ ousl| y10 ec etarpltbnedryr replacinggirewith a Préwiously received chrrecusegoient. b Jiisf r ame

repl acenent” is disclos in U S Patent No..4,532,636. Fl G
5is a flow chdft %%%f&??@i TEYmE Heplacrment !\%rfila‘?m%aén%o&aﬁéhi\‘%f‘*,?%“@ |
present inventiQpich o —%Jiql@}éil?%gsﬂf%@ﬂ&-( base station, nobile swtching

center, satellite, etc...) first trahsmts to a particular nobile unit in a
15 conventi onal nElifhed i a flomephas] Dustrating the siperatiopenfainecambeiiment of the
affected by the . nmethod.of the present jnvention.until.contraol. data
needs 1o be t r AIEHRE FYEIHGR e commuiialion ystey (basefeuon, mebds syiing” |
det er m nesyshetpter COMINIR, At fRQOESsiNsRE aSiMicular mobilé @nft ke anobi | e uni t
in step S102. If no control data needs to be 'sent, the process

returns to stepcodyemional maonarripl stetad 0hedlie sysiemenperaiioans notaffeded by thebi | e

uni t,

method of the present invention until control data needs to be transmitted to the
mobile unit. Thus, the system determines whether control data needs to be sent
to the mobile unit in step S102. If no control data needs to be sent, the process
20  returns to step S100. If control data needs to be transmitted to the mobile unit,
the system enters a control data mode in step S104. In step S106, the system
transmits control data to the mobile station using a first set (e.g., the odd-
" numbered ones) of TDMA frames within the transmission burst, and transmits
the communication data on a second set (e.g., the even numbered ones) of
25 TDMA frames. As discussed above, the level of coding protection in the control
. data mode is preferably less than the level of coding protection in Step S100.
After the control data transmission is completed in step S108, the process returns
to step S100, and the system transmits communication data in the conventional

manner.
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20 . the systementers a control data node in step S104. In step S106, the
system transmts control data to the nobile station using a first
set (e.g., the odd- nunbered ones) of TDVA franes within the

transm sswn9sdnesst , and transmts t he communi cati on #arassemimisecond
set (e.g., the even nunbered ones) of TDVA franes. As di scussed
above, the |l evel of coding protection in the control 25 data node is
preferably | ess than the | evel of coding protection in Step S100.

After the control data transm ssion is conpleted in step S108, the process

returns to step S100, and the systemtransmts conmuni cati on data
in the conventional manner . WO 98/ 09391
PCT/ US97/ 12917 10 10

It will be appreciate t hose of ordin skill .in the art that the
present i nvenf}i %ﬂl @‘ya?mféc‘%‘ﬁ%&’éﬁ éﬁsei ‘?f%‘f’fpéfy§ dritpe thei RTREsRE
departing frovékifon can b Bnbbdie®in BfRE Bpdcific fdiaisamikiut tdlagmg-ﬁ&mf\
presently disclosed enbodi nents are therefore considered In a f
respects to bepidil buetsential \chamottr thereofesThé presently dibedosed emsmbimensfare he

invention is | ndicated hy the appended cl ains rather, than the
f or egoi ng des‘bFfeﬁ?lieo‘i?f’s’élﬁEfdéPIa?]c‘%%gsto WYSTERIYE ARdant festRistive afiléy and

e S of scB gl iof e HventidiLisaRdicae® by the AFRAdE® chtme Fhthac ainther ei n.

foregoing description, and all changes which come within the meaning and range

of equivalence thereof are intended to be embraced therein.



1. Anethod for transmtting control data and conmuni cati on data

between a control station (110) and a transmitter/receiver (120) ina b5
comuni cati on _system conprising the steps of: transmttin
comuni cat i 8P BPPbvery aspbiiiabidhRegiced ranes using a first FCTUSIRMT of

codi ng protection when n I's required; and when
control data is requiredﬁm plurality of fra into first
and second frane sets, t nmuni cati on data U;Eﬂwmmmﬂ)mll

el
of 10 codi ng protection over the first frame set, and 4 mﬂ
control data over the second frame set. 2" The *
met hod of claim1, wherein the first frameqget includes even-
nunbered ones of the plurality of franmes and the second frane set includes
odd- nuq?ggﬁqspnes of the plurality of franes. 15 3.
The nethod of claim1, wherein the first frame set includes odd-
nunbered ones of the plurality of frames and the second frame set includes

even- nunbered ones, of .t he plur.al it f,frames. .
The method of cl ai mll,‘gm%c{ fPrttﬁaég@_étEBﬁ&°¥% e@%@%ﬁ%‘?ﬂ’d‘nﬁ?&?’é@?ﬁon
i s |over than thgydehlSEodtfd Ylatioh 0% tli‘ﬂ:sﬁﬁ@érgﬁ‘ékéi%- in a ésmmunication syster; tThg

met hod of claim1, wherein the control data is transmtted using h
second | evel ofcompdising the steps ofon. 6. A nethod for

LT 4100 €O Ol by AT R Bl s of LSRR R SRHGY

system conpri gig 4 Afst $RPof @bding protection; and
in a second mode, dividing the plurality of frames into first and second
frame sets, transmitting communication data using a second level of coding

protection over the first frame set, and transmitting the control information over

10 the second frame set.

2. The method of claim 1, wherein the first frame set includes even-
numbered ones of the plurality of frames and the second frame set includes odd-

numbered ones of the plurality of frames.

3. The method of claim 1, wherein the first frame set includes odd-
15 numbered ones of the plurality of frames and the second frame set includes even-

numbered ones of the plurality of frames.

4. The method of claim 1, wherein the second level of coding protection

is lower than the first level of coding protection.

5. The method of claim 1, wherein the control data is transmitted using

20 the second level of coding protection.

6. A method for transmitting control data and communication data
between a control station and a transmitter/receiver in a communication system,
comprising the steps of;

e
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12 transmtting comruni cation data over a plurality of
frames, at a first transm ssion power |evel when no control data is
requi red; and when control data is required, dividing the

pl ural i t ywofogfoossres i nto fi rsi eenReplacapd second frane set spct ﬁH} Jing
conmmuni cation data at ﬁmm ssion 5 power | evel over

first frame set, and tr
frame set.

control data over the second
hod of claim®6, e| n the second

transm ssi on power | evel S h| gher than the fi r ’@i"” mnmmower

| evel . 8. The method of claiml, V\,her

of coding protection is 10 rate 1/ 3 coding and t he secon | Bvel

coding protection is rate 2. 3 coding. 12 9. The net hod of

claim1, wherein the control station is a satellite, and t he
transmitter/recei (@PSKIRE ﬁ%tgmvéuqagpeﬂn@r@fegmnlurahty of frames, at a first10. The

nmet hod of cl ?ﬂaﬂgxélrrisx%}%ro%'ep %]Jg toﬁmﬁlgta?xd' s FACCH I nformati on.

15 Wherein the comuni cati on system
is a GSM sy® hgstond mode, dwxdmg the pldrality o REMES ife tHroNay sdcbha f oF
transmtting control data and communi cati on data between a control
station ( 110ff3§¥¢cﬁeé§ ftyansmitting communicationidatacat/a m@rd/eans(mxzﬂpn powepiével ng:

20 f Lcation data qver

ol ural i 1§ of over t Trs Rl SEE a0d cRlpshiiRy Be bork) SRR By Shdunen
no control déftamelset.r equired, and second node neans
for, when control data is required, dividing the plurality of
frames into first and second frane sets, transmtting conmuni cation

7. The method of claim 6, wherein the second transmission power level is

higher than the first transmission power level.

8. The method of claim 1, wherein the first level of coding protection is

10 rate 1/3 coding and the second level of coding protection is rate 2/3 coding.

9. The method of claim 1, wherein the control station is a satellite, and

the transmitter/receiver is a mobile telephone unit.

10. The method of claim 1, wherein the control data is FACCH

information.

15 11. The method of claim 1, wherein the communication system is a GSM

system.

12. A communication system for transmitting control data and
communication data between a control station and a first transmitter/receiver,
comprising:

20 y first mode means for transmitting communication data over a plurality of
frames using a first level of coding protection in a first mode; and

second mode means for, in a second mode, dividing the plurality of

frames into first and second frame sets, transmitting communication data over the

[ THIS SHEET HAS BEEN
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13 ' data over the first frame set using a second | evel of coding

protection, and transmtting the control data over the second frane
set. WO98/09391 13. The systemof claim 12, wherein the first frame
set includes even- numbered ones of the plurality of frBFEYSEHESIhe
second franme set includes odd- 5 nunbered ones of the plurality of
franes. 14. The systemof claim 12, ein the first
frame set includes odd- nunber ed ones of the pWQZh ’Nmu"lf and
t he second franme set includes even- nunbered on m

of franes. 15. The system._qgf claim 12, wheret n % he s ond
| evel of coding protection 10 is |ower than the fi rst | evel of coding

protection

control data i STt IHERSELUSHE & F?fé’ngqeve{ o cﬂgﬁ%é’%étﬁﬂ%\%@fi%er Bl ﬂggt%

protection. contro! information o¥ér th® se6sRRftamelston system for transmitting
control data and communi cation data between a control station (110)

and a first 15 transrn'tter/recei ver (120), conprising;

frames ot a firat {MAndRpSLEh GoR! T ufekhe iRt EoeC iidieF e

required; and pumbered ones of theSpaedfly TP dameand the secontl Frans® Bétr iatluded 8dd-s

required, dividing the plurality of franmes into first and second
frame setsS tranmbctedum:gsoﬁmmpﬂmadtty%mes data over the first franme set
at second transm ssion power |evel, and transmtting t he control
data over the second set. 18. The systemof claim 17,

wherein the second tnamagisgsieofRMIRT 12, ewhtrein the first ﬁr&nblsehﬁ{cldd&él@d&he
first transm ssion power |evel.
numbered ones of the plurality of frames and the second frame set includes even-

numbered ones of the plurality of frames.

15. The system of claim 12, wherein the second level of coding protection

10 is lower than the first level of coding protection.

16. The system of claim 12, wherein the control data is transmitted using

the second level of coding protection.

17. A communication system for transmitting control data and
communication data between a control station and a first transmitter/receiver,
15 comprising;
first mode means for transmitting communication data in a first mode
over a plurality of frames at a first transmission power level; and
second mode means for, in a second mode, dividing the plurality of
frames into first and second frame sets, trapsmitting communication data over the
20  first frame set at second transmission power level, and transmitting the control

information over the second set.

18. The system of claim 17, wherein the second transmission power level

is bigher than the first transmission power level.
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14 19. The systemof claim 12, wherein the first |evel of

coding protection is rate 1/3 coding and the second | evel of coding
protection is rate 2/3 coding. 20. The system of claim 12,
wher ei n t HEOO%PEWHl station is a satellite, and t he fplmzmsg-,mgn
transmtter/receiver is a nobile tel ephone unit. 5

system of claim 12, wherein the control data is FACCH | nformat | on .
22. The system of claim 12, wherein the conmuni cation w’ﬂ

system 23. The systemof claim 12, fo l'm’w
transparent selection 10 means for selecting between the fifsts

nmeans and the second nbde neans trpnsparently to the
transmtter/receiver. 24. The system of claim 23, wherein

the transparent sel%®cThesysterans claim 12, vﬂmbadshmﬁrsqmemxaﬁ«:bdmglpmtccﬁmmr ds
into a signal to indicate whether the si I S |ntended for the

first transmimtekBreodingand te sgcand:level Qfg"é’l‘}% protecripr derape /3 coding.

20. The system of claim 12, wherein the control station is a satellite, and

the first transmitter/receiver is a mobile telephone unit.

5 21. The system of claim 12, wherein the control data is FACCH

information.

22. The system of claim 12, wherein the TDMA communication system is

a GSM system.

23. The system of claim 12, further comprising transparent selection
10  means for selecting between the first mode means and the second mode means

transparently to the transmitter/receiver.

24. The system of claim 23, wherein the transparent selection means
embeds unique synchronization words into a TDMA signal to indicate whether
the TDMA signal is intended for the first transmitter/receiver or a second

15 transmitter/receiver.
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