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METHODS FOR PROVI DI NG HI GH- PENETRATI ON MESSAG NG | N W RELESS NI CATI ONS
SYSTEMS Field of the Invention The present invention rel ates tieptoor

comuni cati ons systens and net hods, and nore particularly, to wireless
comuni cation systens and net hods. Background of the Invenmmmmmmmummmrss
conmuni cat | Doskey89dr®Sare comonly enpl oyed to provide vo

comuni cations to subscribers. For exanple, anal og cellul ar radi otel ephone
systens, suchAppARNCBES da¥h METEHODERD R PROGIDING-HECH-PRNENWA PRON have
been 1 ong been depiyedcRNERe WIHEYESS CoMRRUNIERSTUNS dysPrpmsal cel L ul ar

radi ot el ephone systens such as those conformng to the North Anerican
standard 1S-54 and the 10 European standard GSM have been in service since
the early 1990's. More recently, a wide variety of wreless digital
services broadly | abeled as PCS (Personal Conmmunications Services) have
been introduced, i'ncluding advanced digital cellular systens conformng to
standards such as 1S-136 and |S-95, | ower-power systens such as DECT
(Digital Enhanced Cordl ess Tel ephone) and data conmunications services 15
such as CDPD (Cellular Digital Packet Data). These and other systens are
descri bed in The Mbile Conmi cati on Handbook, edited by G bson and

publ i shed by CRC Press (1996). FIG 1 illustrates a typical terrestrial

cel lul ar radi ot el ephone comruni cati on system 20. The cel |l ul ar

radi ot el ephone system 20 may i nclude one or nore 20 radiotel ephones
(termnals) 22, conmunicating wi t Fiedd pf thedhvéntiaf cell s 24 served by base

tati 26 and bile tel eph i tching.offi MrSO), 28, Al t hough
oni'y three cel|'s D BFSLIRRATY ALt O uyARion Ve ISt iR o FRE oy
i ncl ude hundp g aedcutiRL ACRYENTs EMRudications systémP aftPRe#3d8 VWO 001 30288

cells, may include nore than one MISO, and nay serve thousands of
radi ot el ephones. PCTNS99121128 The cells 24 generally serve as nodes in the

communi cati on system 20, from whi hrl in ar nesttabl i shed between

radi ot el ephones 22 and the WSMM : base stations 26
serving tshe weleldss 24mminaiehtied dystdthstd toniayely@hifieridad ptdvidd valb@atd d4ipr e
dedi cated control channels and one or nore traffic channels. A control

channel is scoie@lpigatansihamserbyseloreampienasHee e¢lhdargadiotalenbane systems,on

and pagi ng i r I . i &L WA d

i nformation. %ﬂrag%cﬁgta ﬁséac]agﬁ %g’%g% wor’wz,&?’ %dp]}rg@ rgg%ﬁlgvggg’?ﬁj%%gati on

i nk may be edeheizpryed elosestuliywbroughohitehd Gotler Migiadl selkdaomadivedlypteonea nobil e

termnal 22 and a | apdline tel ephone &se%Z t hr.ough a gﬁ)l ic switched
GhEE

t el ephone netXWTRS PSS NPsgaoniqmaing riggrseiandazd {5a4 ged the ¢ o
handl e ragli opg $teritat QOSREhYEALkA it??érllicgéin@@filc%ﬁhgll%é’@f Witk tetdy, o 1

this capacity, base station 26 functions as a relay station for data and
voi ce si gnal widel&riasy ofl Winslessatigithl iservideSbraadlydatscitdid PER (B2somy be enpl oyed

to performsjpm|lar .functions tq those perforned . a conventi. apal
torrostrial GASENGECOENSoR Bt e e P et b Bule e A B 5B ek  on
is sparsely Qj(s@érﬁé E3HH66hiag td\thEdhrdiodieh U EIETh APBIY ARV el fiibertsoatems kRcHmake
conventional 1andline tel ephone or terrestrial cellular telephone
i nfrast r uct ureDESTh@PigH# I Enbanced(eordlest heleghonapangcdata edmmpnisatiens| services
15  such as CDPD (Cellular Digital Packet Data). These and other systems are described
in The Mobile Communications Handbook, edited by Gibson and published by CRC
Press (1996). '
FIG. 1 illustrates a typical terrestrial cellular radiotelephone communication
system 20. The cellular radiotelephone system 20 may include one or more
20  radiotelephones (terminals) 22, communicating with a plurality of cells 24 served by

base stations 26 and a mobile telephone switching office (MTSO) 28. Although only

three cells 24 are shown in FIG. 1, a typical cellular network may include hundreds of

REPLACEMENT PAGE

QT

*GO0002*



20 radi ot el ephone system 40 typically includes one or nore ?ﬂelébgtf@ 42
.that serve as relays or transponders between one or nore ea t as_ 44

and term ng ~.qne satellite conveys radiotel ephone co i i over
RS gty The Gaorips

duplex Iin termnals 23 and an earth station 44. The e tion
44 may in turn be connected to a@&ubl ic switched tel ephone network 34,
al | owi ng €elwmay deglpdmmorscthap ene XS |and gnayssepvedheyisandsfones, and

comuni cag'd%lg Jeen sat ellite radio tel ephones and conventi onal
¢ 4 1|e . ; ) .
terrestrial celtular radiotel ephones or |andline tel ephones. The satellite

radi ot el ephone mygt-lgm#%enmlmwei aaexodesiinrtgd: eommhﬁhaﬁoxbglafa_nm&,e&dmg t he
entire area_ serve t he. system or, as shown, t sat ite may be

desi gneq SUHigh nkaters FsghliShi B Rt I acpHORCh R A4 By OV T SO BY DR 45,
each servigg,di %ﬁﬂﬁéz@&%ﬁgm Gtk zgoEﬁaYE’élﬁﬂchﬂfﬁ ara%?cét@% {g oﬁécf) 8{ en s

service region. € coverage areas 50 serve a sim unction he cells
24 of t he nioze deditatedibormmi] lchamelssandtoamo? thood trhdfic. chinnels. adlicontediadhamiwhl 0g

cellul ar syste general |y | oy a, syst referred to as freguency

di vi si on M4 Sedrauecchangel %F@%ﬂwm&fép dlsmtitiratienand nesip afdanationas o
practi cal : ¥ kiR r.agliiof el ephone

D oamuni carig teftle %ﬁb@#@%%%&%ﬁ% EA 15' Ec%ﬂla'n? n‘-ﬂgmgﬁAtB%cglg‘g%t VO 00/ 30288
PCTNS99/ 2 ha@érk 26 @atsplebeidingcornmuhiattiah hiviivmbyp bereffedtgthbetadetty tvas mobile

comunj. cat ed ,oyef_. predeterm n frequ y hands.jn ectru f carrier
Frequaticr SGmiRals 52 B s RrRaR e JSTU 22060 Sgr HELTeRICEs HeHe  r equency
bands SerY?%u@?aguﬁlhli@m%}\geYﬁép%bﬁ&vﬁﬁkkl“@ﬁ‘l]? Q0TI RInBRAPHESH&RMUNI cat e

, through the I

with a cel ase station or satellite serving 5 the cell. TheQ
| i mitati osgation 26 hetohandleabtiio doneouracatipndeteteniaezdsadmalelegemhinglsal | enges

as the nunher. qf. subscrihers incr es.. I ncreasi ng the. nunber , of,

subscri be&g' ilﬂaﬁs £ %sﬁaﬁag?’é?géﬁﬁ%n%?fsat E?ﬁyrsgad’t?f’?f@%g%?%d EP¥Fci ent
utilizatiqpafs.the linted available frequency spectrumin order to provide
nore total channels while 10 maintai ning comunications quality. This

chal | dfige i s helyibustnated nekifl dea suypllits 4hmay bawpphayed e perfvrinsimilar
di stri but mn lls Ln t Syst . channel needed .f or
parti cul aﬁ%xac&olnggq %’%ﬁ% %Jf%mﬁgﬁ)gn (ioé]?%l leg{g er 810%5156855% 15%?|§rbeexram fdPties at

any given seiviBreak @i whichnjpalatidndesparsely distribotearoravhéch avghriggedncei vabl y
contain hundreds or thousands of subscribers at any one tine, easily 15
exhaust i ndopegsantyrhalterds te raakssraveniianaldpdiive felephong of ferresigial eefdar r easons,

convent | oftgleplife!itthrainHit RAn AW Wec%ﬁ&ﬂw%ngxmgggﬁ&l.t R sapfigase potent!al

channel capatity I n eac I ncrease spec efticrency. Frequency
r euse 20nvahiietlephbne systeny 40 tysjcedlydyclbdesdmetor neare kateldikds, 42vthstrsecel dss

enpl oyi ng the sane freguenci es geographically se ated to al]o

7ol of el SFRBAEE FIPBTdh Paner Sttt BoRsAah A EIN b A rtel e

frequency wdifieebniedseidiSteicpbond ddmBasibatind @ver BiSQiflQi48d0 dBINalE BPUSands

of subscribers mag be served by a system of only several hundred frequency \ .
I3

bands. Ancinden eagbistatiqnddwihe lgadh plation ¢hmayiintura s coniiegteddp aguplici ty and

spectral eff.¢i is the ofy ti.ne di visiorn | 1iple ess (TDVA). A

T syat eriispeSRTdptofe bR 54 gk et Ao et odaBiiiE b ands

enpl oysd indioeitiohédaad coriiinfatbRBetivednOsatetiteaadio &lleftofs &t S.

Commruni cati ons over a frequency bandbtgpl cally occur on a repetitive TDVA
P

frane struenyertionphterresteinlepblalay rediotelephenes or landhine telephenesexkhesatellitef

systens enployi th : f 1 . I | qital
5 545 st Andgrarhone Sdh A0 PASGIERE AL ek bl (VB ARIERL 5,
frequency feavdsyahe serh] @tlad sional, tiralelifte aelyl b duwigapdaichuhatdt groduddi vi ded

into 3 tine slots, .and systens confornmng to the GSM standard, which
di vi des ea®Hltple mipimatlyovesiapmng beampetSs gaohssaang dising eepgraPhicek s. I n these
TDVA te I; L€ | t j ' bursts of
di g1 t A eoyerER Sfbad S0 AL RicNeblon' MhEREaR: Belffh L0
similar function to the cells 24 of the terrestrial cellular system 20 of FIG. 1.
Traditional analog cellular systems generally employ a system referred to as
frequency division multiple access (FDMA) to create communications channels. Asa

practical matter well known to those skilled in the art, radiotelephone communications
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3 SUBSTI TUTE SHEET (RULE 26) WO 001 30288 2 9 aPR 200 PCTIrrgﬁgé?ﬁ(l;ﬁﬁad A
channel in a TDVA systemtypically includes at |east one ti I t
|-east .one f band. As discussed above, channels are usgd 991128
comuni cat e vol ce, .data or other information between users, for exanple,

bet di ot el.eph l.and| i | ephone. . | b i gned
Do pr edet e EHSUORTE POl Wl hEFA et Bty sRL v P dhoe or
dedi cat ed qR|LERY HahaO R spectrival fdadier &ehﬁ@xfcie)ip.lrp@{ypﬁl Fglfr\m%sﬁétsﬁt ed

control channels transmtted in a cell are forward control channels which
are used t cath ofthesesdiseremaifreghenayfhandsisarves asm channgl pvestwhiplecelhdarot el ephone

systemto radi ot el ephones whi ch ek 1o cess the syste The control
o or mat | orEPBLRL AR R e 0T bRt e slaton bt 3 lie 2GRE20
things 8s tthecdlel | 's identification, an associ ated network identification,

systemtimng informati on and other information needed to access the
r adi ot el ephone shhstlamitaticoa the availaplgdregueneyppestiaim preseniseeeralrhallamen

system may al,so be dynam ca .assi gne .t system n_and where
eeded. 1 Bt rEEePeRbeEbeY MRS et R e BT b YR BT Ts com
st andf'ir d, "d‘erl@lqyﬁid@d’tellapliﬂnetspﬁém &q@iPe%ﬂﬂ@h%fﬁdierﬁ ytili@i’tﬁiﬁgﬂ' thdBmite@quency band
on which a particular traffic channel is transmtted on a frane-by-frane

basis. Fredvailehle froppaney spearupbinrrden th@royidbmpre trta) channelstvdiiteer ence event s
bet ween chan . [ L1 kel { stations
will udd th%ﬁg{grpéng ¥%’é‘§‘g‘#§°€ﬂg‘%§ %]%ghga’?rr%% ?ﬁ%."&ﬁ?‘%‘g@?ﬂ%@e ‘f)ah\égovi de for
conmuni cat i fabscriversl mhy noteaintfdriday distriduedagmngrellssiadho©fysvmi.sMdiase
interference. Instead of or in addition to FDVA and al'DIVA t echni ques,

Wi rel ess cgfrh%ﬁﬁl%ﬁ‘ﬁy(bﬁéle%‘%ﬁgtf@ﬁﬁarﬁﬁ‘}l%%ﬁsé‘} hengiepatertially drighenlagap) e Access
(CDMA) - or 'sdﬁ%g{b%fe‘geﬁsﬂ?e%gg%ﬁg %%gﬁpﬂiegg-% exdnipl& aihn ?X%H?a@ar@a ghapnel is

defined by no atrng a ated carrier signal by a uniq spr eadi ng
code, i.e.,corcaeatdy 2bntahatiundpyde @@ shomearmais iofj sutatrilshad at-amy duk aings easilyr | er over

a wde portion of the frequen spectr, i,n which the comuni cations system
oper at &9. a‘t‘*‘t"é}ﬂég’? 1 &&gﬁé@&% ayy Pé"t‘"e?f(ﬁby a receiver unit using
the sane spreadifig 15OdGerdhs LoV diidhalCRILRE §fst e(t??‘ﬂ dlGhey PEGRYSe the
transmtted signa ﬁés)&s;%read gcrqss 21 WI[de %tan% t tHﬂCDﬁ/A (%Erruniltl?:ati ons
can be | essinvighsegraadnitial channeheapecity maiaske cebandciesreadaispbctral gffici¢geynt 30 ot her

comuni catigns signals.. The use of the unigue .spreadi cqde .al | ows sever al
channel s top rgﬂ‘f‘:@@?ir@‘éﬁe)}n‘éﬂ‘é‘ﬁsé’ﬁ?ﬁ 1ng ﬁeequﬁlécﬁ'g%naf .33#8580‘3?}? ‘feg)gof servi ce
provi ded bkrﬂpl}d&in@'tﬁ§§axﬁ@ﬂ&%ﬁbh@i@§ pedFaphicllleepaated tdl]FetddidtalepBott @5 i S
subject to environnental effects. For exanple, a cellular radiotel ephone
cal | pl#teddiffgrrat celistosimelirneausinyserhie sape Bequegey Withewt intsrisriod wdth eagh 4
SUBSTI TUTE : -~ =~ vt Pt t | evel
of conmuni CQHEE-I’IPS)( g’ggﬁ‘gg';‘ﬁnﬁfd%? u%anlsiseg F%L?bs%rti)br%g%gﬁy %enéﬁr?%dnb %?’gﬁq‘?’%ﬁg%‘@i ons
can be di srsgveatihtnydréddbieqgencyg bagidsni ng by i ntervening obj ects such as hills,

and attenuation by distapce and, by structures such as buil dings. Suych
envi ronnent al  f atpether teghmaus whichjcan futher aerense shpgael capaciand eeifalsuch a

service dis LON: : & i TeRAgNe ge
regi on of aéfggreh%’ 5S?ﬁ§g§iié%te g% 6&%@??;1&%%9&%%3&1 a rggf‘gﬂﬁ%ﬁﬁlﬁg{a de a
hol e i N2k el beimplemented dyesubdividaethe diegaencybands ampayedf indegvendiedal ecept i on
or transm sEbmw'thi n.a cell, .Siuch %s tz}e interior of a buildi n&il%r a
tunnel . We SHHBTF &P STAUGERG RO PBSe OB RUHEAURNS O VAT &Y
l'ocation, i typi@dyRecttiPd Rpbftive TDMA frame structure that includes a plurality of time

slots. Examples of systems employing TDMA are those conforming to the dual

analog/digital IS-54B standard employed in the United States, in which each of the
30  frequency bands of the traditional analog cellular spectrum are subdivided into 3 time
slots, and systems conforming to the GSM standard, which divides each of a plurality
of frequency bands into 8 time slots. In these TDMA systems, each user
communicates with the base station using bursts of digital data transmitted during the

user's assigned time slots.
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10 continue a call in progress, to receive notification of an inconn -
call, or to place an outgoing call. A wireless comunicati OnSZEQYSQRRT’Qgﬂ%ﬁ be
designed to reduce service disruptions by sinply increasing g 1 wer .
I ncr easi ng WPIV3MBE power can be problematic, however. Incre é‘?@%@/}rlé%;Mt

power can lead to increased inter-channel 1 S interference. This can be
particul arly tr&chppnetinnTDMAsKatem; typigalixincludes at lgashanaiimg sipdenahbl e to
bal ance si I di\t ;N Sj I ' s to be
mpr act | o tope HiElonch BaRE Chl URBussk A BERT L ANAR (COMRIUBRRAT, [P, 3
due to si zgoiad)datadriothiey inforiBiticn between usefsgfdriekampley bitestn a aammblthmpr oach
to reducing service outages is to increase 20 the density of cells, i.e

of base st@hd dlesdiingtelephones (hasmelsmayhs assignedbio rredstemingd slgfag€ed. This
appr oach, . [aTels 1 al ong with

i ncr eas%gd a}é?t%égflmgﬁg’@%%g‘r tb %‘gdr?agé:l@ gg? gggs% ggé\@g%%ggé\nm{ﬁﬁt‘g%‘eﬁéed for

addi ti onal Irehgied $h dieitppisal séheitdedicardoaachchaanelptransnditedyin avgulloated servi ce
to subscriber units jn 25 di sadvantaged |ocations is {o provjde a selective

hi gh- power 195WaTdepnirpkehannelp ahichare vt tgbroadsast copireldntprmation weatallRf cal | .

I n such a i .QR: i i vant aged
ini vy HeIhERleIORSG Rl ARG D fihify SR AUl o Sty AT, 20

t hen nove The aontad $nfdrsaibndnbdaipest dnocfarwand dontrol channdlongnaviade sieh page.

Al t hough thi.s approach can, prqvide high-penetratjon. notifications, this 30
appr oa&h_ gEHRS S%e %%&dSF‘EtE‘{)CGHP%aé‘ﬁ?Pg’W&ﬁWQ& B‘Fn_‘ GHIQN, YEEPY RS he hi gh
penetrati Oihféﬁﬁ%ggeagg%&& hﬁ‘gﬁﬂfaﬁoﬂfﬂeh?ﬁcﬁbﬁg&%«sﬁ %%&@kéﬁ@ﬁi‘oﬁéf ?Hﬂén IefeL T erence.

concerns descri ove. reover, y be Inpractica or a receiving '&__)
uni t typi ceddigtelephdePL ACEVENT PAGE 5 ., 2 9 APR 2003-acknow edge such

hi gh- power nessages whil e in di sadvant aged | ocati.ons. Published
International P e%\‘ﬁ‘pﬂeﬂé&% &ft%.mﬁtﬁqﬂ%ggm%@yﬁggﬁ% ‘?’8 Sthem
assi gnee OlyheA@n® WheRHeedRP! hGAHIRA, sAHRSHteRRS sithl BERE Qoo B IRONI Ng
to a hi gh-power nmessage which involves séending a sinplified acknow edgenent
conpr i ¥ ng G8M standardpffraguernyyhop” traffec channels.d. encohange the fequanknbard on However ,
the informati.gqn that the bile unit can transpit _according.to this

t echni que Bviﬁabaep?frﬁﬁ‘illf“et&fg%ﬁbmy §tt5ﬁn§[8ﬂﬁgtoé‘rﬂ f ?'%X%%f %‘%&‘to Acanpor a
descri bes &reduiicysix dah r¥diice thd prabstiilicsdfantei fareace ovapts tsdweerby using a a
first predetermned re undanc]é code and first predeterni ned signal

const el | at ichanrelsys hyuséncina the likpihqodthet the samatyosatiansyyiljvse the ame ai r
condi tions Vi i . }

cecond pr edSAehey 5 Rl Ahedion? CAIF B SFRESIRE SANMRHARGE GRUR AMEP
f r om a20 es ooineagroimbteadbmorksactie dlepiféremceceeds a built-in fade margin.

United States Patent . .95, 607, 325 Lou . describes.a wreless
systemin whi chfiHStﬁfi_n‘g?%"éG‘?q?W?’b ﬁ%%@bﬁ'&éﬁg‘“mﬁ%wpéﬁsbi ts encoded
fs ;ggﬂn; hgh ;n%ﬁg{lﬂri&ﬁéﬁithQS%%l&ﬁﬁy ShBloy T ERRMbIsRsh PUBIpIE REAASICBIA)Y 65t and

"spread spectrum" techniques. In a CDMA system, a channel is defined by

modulating a data-modulated carrier signal by a unique spreading code, i.e., a code
25  that spreads an original data-modulated carrier over a wide portion of the frequency
spectrum in which the communications system operates. The transmitted signal is
demodulated by a receiver unit using the same spreading code using signal correlation
techniques. Because the transmitted signal is spread across a wide bandwidth, CDMA
communications can be less vulnerable to coherent noise sources which might "jam"
30  other communications signals. The use of the unique spreading code allows several
channels to effectively share the same bandwidth.
The quality of service provided by a wireless communications systems such as
cellular systems is subject to environmental effects. For example, a cellular

radiotelephone call placed under system operating parameters designed to produce an
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Publ i'shed International Patent Application No. WO 95/13677 describes a
met hod and apparahis for dual denmpdul ation in which a received/radiidy 7003
trequency (RF) signal is sanpled and then denodul ated by coherent and
noncoherent denodul ators, with the preferred output of the denodul ators
sel ected according to the 20 quality of performance of the denodul ators.

Summary of aéclgﬁabﬂ:"l@ﬂll P8 uﬂcﬁﬁ&qﬁugﬁ@ﬁmfd@f £688107omidal bfvifhnfipkgCct of the

present invention to provide wire mruni cati ons systens and net hods
that can rechdittorsean be disoupited by faddtg, shadosviagiby hterveripgobjects stdheashidisent

orvers o LSRR S TR AR o HELERS A AR
service ar @asrs E&nfe%ul@ﬁ%e?ﬁ(:e@%%@ of the present invention to provide

nmore robust conmmuni cati ons systefs and nethods for comunicating with
subscriber unit A exatplaofmdh asevipedliseptioneccarserisenvd mbbild radmdglepliong

i ncreased transm t' power. or .i nc asegj@??%&lw dt h usage., REPLACENMENT PAGE 6
"2 6 APR S TR oudEYsBgion b RElIaLRaioiIRhoR YR SHth f FREBRIFER Lo pr ovi de
appar at us  gnahdef e s éé_mme{%rceverg et BAEC RS £ BRHNFAEA FEpibd 5

subscriber units 1n a wreless comuni cati ons system wt hout requiring

drasti c nodiahsmissionngthima cel suchr & the sntemormfa odldingres adysiebnWhEndése and
ot her objects,., features and advant ages, ar vi ded.according,.to the
present 1 nSHIESRTBSPRARG niER s EdrdyRutaghe rauQfh IR REHBIR® n i ch
nMessageg arc@n@ﬂf&%ﬂllﬁﬁtp?é’%@éé?fo rRedivOhotIRAGbS 8f APcehalNall sBtplReqy! ded
increased reliability w thout requiring increased transmt power or

bandwi dt h. omigoatgesdli nent s of the present invention, a base station or

subscri ber unit ] infornati n at | t 10 ope of a first
conmmuni cati ons c}r‘\g”ﬁ%@ é?m%mfl }CPg&SrS&%Ie ﬁlic glrpgy(ﬁg%?/eeqltoéﬁ 195 S€etShnd

conmmuni cat iddtaptidianbysimply ifcr8 @b adseGURARRC Indreastle teHmeditgiovicdaaim bdie first
redundancy level. In a preferred enbodi nent, the second channel provides

addi ti onal P5PRIpWGHH IOWs el Jasieasyig HasEREPOwE $an dead hainceessed mfarhannglgnal to
noi se rati t i : : t-1 QR.: Qf :

Cranamiiet | naehereRes TR, bofuto il b i SCENATOAMLG th dhidl i fperalty
conmuni cat idesisatde gniadlartdeaignabpovixe. dinradditioas eWreating tragarit power tendd tolbwi Ng
non- coher ent det.ecttj\(?on Lﬁchnj ques. A r.adio, clj)%m‘runi cations signal, is

recei ved at™Practical for MQLUR PRIty AS Bisee writs; tpicelhnare SRyrsHiiEdted gHS tesianmd s, and
i's coherentdayef cdieiziRher ent | y denodul ated based on which channel the
signal is recei'ved. The REPLACEMENT PAGE 6/1 - ~ 2 9 APR 2003 WO 00l 30288
i nf ormati on pr ef ercgbhlar systams asothet apgranek to mdntiog serfvidetoatdges Htto ammteasecond

PCT/ USQZ%{ ZJThE: dgr?'sity of cells, i.e., of base stations, so that areas falling between cells are
reduced. This approach, however, can lead to increased network complexity, along
with increased capital and operational costs associated with the need for additional
base stations.

Another approach for providing improved service to subscriber units in
25  disadvantaged locations is to provide a selective high-power paging system that can
contact such units of an incoming call. In such a system, a base station sends a paging
message to a disadvantaged unit over a specially-designated high power channel. The
paged unit can then move to a less disadvantaged location in order to answer the page.
Although this approach can provide high-penetration notifications, this
30  approach generally supports only a small number of users requiring the high-
penetration service, as the system is still constrained by the interference concerns

described above. Moreover, it may be impractical for a receiving unit typically to

REPLACEMENT PAGE 5



comuni cati ons channel s using substantially the sane anopunt S t
resource and substantially the sane anmount of power. In anot(ria mgent
short nmessages are sent over a Digital Control 5 Channel (DCCH) per an

| S-136 standard, and short nessages are also transmtted over a

hi gh- penetrati on control channel (HPCCH) utilizing a |ayered pr ot ocol
simlar to clu the addition codi ng
et ween { hEKBRIISORE Suct Bighipotmese BBy et el A P Cheng By

i nvention Bftélﬁﬁt%rﬁiw@t@ﬁﬂA AN ERS WIV--96/0YEY) hbdhidd t6 Vil REEnedléf tRecause
transmt power and bandw dth do not have to be increased to achi eve higher
si gnal penetasatnapnhqwonmmmbasattechmqm foriesponidingto shiglrpowgomiessegat i ons,

t he |nterference ?%E&E fﬁ q‘?‘ [dbed bove can be _.avo ded Because
| noreased MURSATRVpoirarmE Sigpl et agknayleddppamt Somaris g iR 6Ly
accor di fig tpster rarnaﬁﬁmt% dvret RRARN H@Web& e aefohri@idythatRe ﬁmme@ehtl n ei t her

base stations or subscri units 15 such’as nobile ternminals. The
hi gh- penet can ﬁmmrb%@&gim@tos@s\m@é%ql@aﬁnbé11iffHWIdenent ed with nini mal changes

t i sti h I t
vent ton i n-a UieSsRRE PRSP Saas gt @ﬁ]o%rdeaéri‘?ﬁga‘e’f%gys*e ntrol
& fitstapredet d d
e LB B 5 one 20
of a first aa@ﬁﬁqjmr@@tmn@d@mh@qnsw&lﬁmgfoa qppdraurg @anlm@dﬁwdu@u@n or a
d | ter th
secon r1§t m@ghggg @?ﬁ@f&e a&f‘%}{?ﬁn ﬁ&%ﬁ&g{é %%HHH%H‘% dnﬁXr?é Gggater than

the fi nnun cations ecelved on

one of the zhdastcrdprdbtaaiihang aaméllaﬁaﬂmﬁle usmg@mb a@mnsmbwad filons
channel at, for exarrpl e, a_ nobi term The, recei ved radio

conmuni catladﬁﬁo%?eg?% W%endfé%él‘iﬂﬂéﬁwe%aE‘Hltrl&féﬂ%ﬂartgﬁé rressage using a
first demodul at G AAAEIEPLENLNE. J,65) DB TRIY SRLEQMRS A sl ved. on
the first conmunications channe usi ng a secon at| n schenme if
t he radi o cwehnhaipoattiedsnfengatadn packeteandlpueciumd Ulﬂsensmiﬂdrﬁbnmdmmm cations
channel .. According to,.an aspect, of the sen nventio recei ved

radi o 36 cdﬂg"ﬁﬁ‘ﬁeg‘i PifKEr AP ﬁﬁ‘fm‘it@d(%ﬂerfe fiye ﬁ@hﬂﬂﬁ?%ﬁ’%@cff&ﬁm’? e radio

conmuni cati ons sp\@ahed ﬁtérﬁ&t?ﬂn‘éﬁﬁlateﬁ’c%ppth?!@ucfﬂ NS IWePaNyHé Lades@ises @hannel and
non- coherently denodul ated 1t the radi o communi cations signal 1s received

over the sevethdd endapparatus fomdsalmamdalatlommwhmhragemvmmef’recalsp@ct, t he
nessage i s nsmited rst co ion ann using a first
modul at i on @%ﬁéi@?f‘éﬁ%ﬂfgd A e R By A At ST T o ST
(RULE 26)  demodufat&rs AR 22057 i8Re8 0432 88hEddnbiEARo7s! deldtt IQFBbIAiERth ith'S

channel using a second nodul ation constellation representing a subset of
the firdt nomitnelpaifosmaneefithe depodulafost her embodi nents of the present
invention, a first radio comunications signal is transmtted representing
t he nessage encoded according to one of a first 5 code that is operative to
produce the first redundancy IESmhnmrvafﬂedﬁmehtﬁmﬂe that is operative to
produce the second red r}gt%cy |'evel.. The second code ma .represent a

concat enat i on of [t ighto t FE8AEEaHdS FhOReRi |&WFSCBBH’€C PARVigh
orthogonal GadRsOoAmAHRSioR sy ReARAH nfeffdfs that can reduce service outages.

25 It is another object of the present invention to provide wireless

communications systems and methods for providing communications to subscriber
units located in disadvantaged service areas.
It is another object of the present invention to provide more robust
communications systems and methods for communicating with subscriber units in
30  disadvantaged service areas without requiring increased transmit power or increased

bandwidth usage.
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In still other embodiments of the present invention, transm ssion of the 10
message,is preceded by formatting the nessage into a Data Liph§ ARRe20fBr ame
that confornms to a Data Link Layer protocol. The first Data Link Layer
frame is then encoded according to one of the first code or the second code
to generate an encoded nessage, and a radi o comruni cations signal is
generated from 3 eGQh el pect of the
present invent iIE){r.lé?ye? %g&gnﬁg);b g%géf%gfgét r angérrr%lal ?'? té%’pféﬁi%ef}%ﬁ%{ﬁﬁ%taﬁﬁ

conmmuni catmethsdscoaproiding inoge soblistreommamieations withmebdcribbr wesanrace, and
transmtted. qn the second conmuni c&tﬁi ons .channel, using a secoHd anmount of

spectral r¥SHESCOMMEIICIONS SYRLGM MLIQR] IedyIRES ¢ podifications tothe npnt  of
spectr al r\@ﬁ*&':‘és%mrﬂ_ cmgggﬁsg Hay also be transmtted on the first and
second channels at substantia ?y the sane transm ssion rate and/ or power
| evel . 520 A wi r'Bhessand otiwriobjects,ifeatares yad edwaatages stiepgoidedavobhiing tasthect of

the present invention includes neans. for transmfti a, nmessage on at | east
one of a fRP¥EAt HERAREAT RatadiheoTRRUMARIONS Z0PaTRUS 2p F@ﬁ‘% %thg’é‘rﬁg‘}es%&?él or a

second COMRLfihinRifd ovef B AIAGenBRNdhebhAnA G0R drd RsbNAAREKA kY1 cal er
than the first redundancy |evel. Means are provided for receiving radi o
conmuni cat widheutséqpiahg twersana todnstiitepdwer ot bakivddthminieshbdiormtsodfdheel and t he
second conmmuni cations channel . Means are al.so pravi.ded for denpdul ating the
ool ved r BIFGS BRI GEPOREYl O P ber Bub Pam it ee o SRR R A 11 Fot
dempduj@t i gy S BRECIhmbfiRati AlicRakRIMEiciddaRGney WR] ardSa §86fd ved on the
first conmuni cati ons channel and using a second denodul ation schene if the
radi o comeethmanicetenssihgmeel af ssacendiodundanay i¢vs! gisatonthap dmndinst cat i ons 30
channel . Th ans,for denodul ating may conpri se neans,for coherently
derodul at i fig* c?'éecvgi'ved radi o communi cations signal if the radio

comuni cations H gpriferkedl enfRiiniEret, Q¥QEconAhinred brovivrdaditiohdl @rthoghannel and

means for noncoherently denodul ating the received radi o comuni cati ons
signal if eheuashentiogosphaadingihplsns ISPpeYSIsigng] todoisevaido andihat mapsseond

| gat | I - . /30288 - -
2g APk 200 LR FREEEPyEEn ek SR bl & Bhlehy oBdutatdl 200 o
transm tti pepdatestdradid dopimanivations eihbicha cahderiemodsliated afa tédeBlingragiul at i on

constell ati on, and ans for, trapsmtting on the second ¢o ni cations
channel usiuﬁggaog-éeg%antﬁ?&&rla@ teShniGBF th Facie PIRMUB{SARARS gAY ST eetibbet  of
the first ik i : t 1 Lt i ving
appar at us for g EOREbE offh Rb comRhEhRs IR, 1h Ao PE o
conmuni cat inonsoherentsy dereodhilated bassd oh lvduich draned] tbesigndl ps teoeived. The Dr awi ngs
10 FIG 1 illustrates a conventional terrestrial cellular radiotel ephone
communi cations system FIG 2 illustrates a conventional satellite-based
cel l ul ar radiotel ephone r comruni cations system FIG 3 illustrates a
structure for an 1S-136 Digital Control Channel (DCCH). IS FIG 4
illustrates a protocol stack for generating an I S-136 DCCH FIGS. 5A-B
illustrate respective transmtter and receiver structures for an IS 136
system FIGs. 6A-6B illustrate exenplary transmtting unit and receiving
unit structures according to the present invention. 20 FIG 7 illustrates
an exenplary protocol stack for generating high penetration nmessages
according to an aspect of the present invention. FIG 8 illustrates an
exenplary frame structure for a high penetration
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messagi ng channel according to an aspect of the present inveg\tgi %rp Eb@ 9
illustrates exenplary operations for communi cating nessages e (& 5 of

a normal anRgodesdgl- penetrati on comuni cations channel accor gefgisb®z1dss
aspect of the present invention. FIGS. 10-12 are charts illustrating

si mul at ed .per f or manc f. @ commini cations Syste ccording to an enbodi nent
of the pyé@@ﬁf‘?ﬁ’%@ﬁ?ﬁr&‘w l%tﬁarﬁg’t’%‘?f.v rﬁé@%f’?@ﬁ @ﬁgﬁﬁ%ﬁ%‘b i ments " The
present | %ﬁﬂd:ﬁéhti@ﬁyvcmhlﬂ_sb@in%%ﬁ&_&ﬁxbﬁdym Saniddrhourt OF Speeahl REowtd h
reference to the acconpanyi ng drawi ngs, in which enbodi nents of the

i nvent i on aad substanially the sameareount oAPeMEE; however, be enbodied in many

different for nd..shoul d.. true | im . nbodi nent s
set forth hergﬁﬁ%“?ﬁ‘?ﬁ%‘?‘{,’g‘lﬁ’%‘e%@%@W&%ﬁ@%ﬂ %éﬁ%{é‘?%ﬁ&ﬁm 001 30288
2 9 APR 2@hannElQDASIPpef hh 18- 186RemdardNamd ot rRERYgdeee slfo trimdmitted S

di sclosure will be thorough and conplete, and will fully convey the scope

of the I nVRt # Bighkeneliases awim] chnnel (RS GHY tilizing:a Hietsd peotpealimiles | 1 ke
| ts th T | i | atk. i cat.i
channel 5 i1 it Perbbr AECERERECheBERE SORARId BYR L F R DuaLing™ O

radi ot el eghgeearkyhe PiHsicALihbDagerskilled in the art will, appreciate, terns
such as "channel" are not always consistently used in the ljterature; for

exanpl e, the | EH® mm@emmmgﬁf@ﬁawr%fadmré@ﬁeﬁom CONEERAONGbSYSHERS. o
"ch | " { icati f '
ChATB) o el e A AR AR AU O A Rk SAURBEL i 1. 2

conve ér “of Corresponds
to a 10 " gl pedetratibamnedmmanipate svittourdtsiadikadbartaged enadbes tieecupi ed by a

nodul ated cargier. Ina T syst.em %Uéh as GS a phési cal channel may
conpri se aviFisERRceand pawerprgblems dessribed abays canfiesyaidlady Besatgs ingregsedx anpl e,
t he peri odi i: 0Aar 6L : I, ocat ed
to the so%@sﬁé%@gmﬁqc ué%ﬂé*%ﬁ }Heﬁéﬁ[rgrstig)ﬁe%%g%ggﬁgg Eéhé]?h%}%r?g??h{my be a
"l ogi cal cinsentsin"caddkipnetichlly ampladeited 81 githeobastStdtioaser fubstibeasmitgnnent

chene _t hat have no.part.icul.ar correlation to the frequency or tine of
f r ansnlisssi%ﬁ‘?gaaéﬁ}"%\éﬁrtm’%gs'ohﬁg Frad né‘lﬁF‘igé%% ?%Wc?ﬁe‘fagiti’ﬁ, Kowevelr,

channel " iﬂﬁﬂl@rﬁ&t&@ﬂh‘%ﬂiﬁﬂ%ﬂiﬁﬁﬁée@@éeﬂ%ﬁg H&H%Qﬁe‘&nﬁ@)r&o@&ﬁmm cations
interface such as the air interface of a wWireless comuni cati ons system

whet her it be alm pasticulér, pdopedingio thhprasent ipwnpionsinrgwielesseapmamuyictéond, a
time slice_t ereofé or the 20 gi keé or a hgﬁi cal channgl casrari ed.by such a
physi cal chaNeE ™ %?%Cqﬁ-gn&foﬂ ﬂlom HEEDLSYON LI BYYFE B §e1af’%&uency
range over dh nfelsage Cio ifabisthieRl, fonsxamhwedrom @ cgllulapbasedistishesh &dedst ehie Si gnal ,
is distributed. This band may be, but need not necessarily be, centered
about 20 cepif# grst e%mmuetcan@r@qayh@mﬁ}.havnna@e’!r§wqiwr@an%hleﬂﬂé>rér&ecwd| appr eci at e

that the e%rﬁﬁﬁnicﬁﬁ&ﬁ%e@ﬂ%ﬁg g%é&rnhqg@ﬁ%ﬁ&lﬁr%ﬁ%t&ﬁhﬁpﬁw%st

non-overl appi ng or contiguous; for exanp carriers typically
may over | apedunddnoeileves pacadialconinsmidahions sipgsalug teheived pn onkiof thg firstaccept abl e
| evel s of interference. in some sgst ens the overéa may, be

In, fact, p
si zabl e. Tﬁ@“@%&?‘ﬂ%ﬁ@“’&ﬁléﬁﬁi%éacq{@rw rafafioRs cpannel at, fgr gxample, a

conmmuni cat p e terminal. The received radio communications signal is demodulated to

25  recover the message using a first demodulation scheme if the radio communications
signal is received on the first communications channel and using a second
demodulation scheme if the radio communications signal is received on the second
communications channel.

According to an aspect of the present invention, the received radio

30  communications signal is coherently demodulated if the radio communications signal
is received over the first communications channel and non-coherently demodulated if
the radio communications signal is received over the second communications channel.
According to another aspect, the message is transmitted on the first communications

channe! using a first modulation constellation, and transmitted on the second

7
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systemin which "short sressages,” e.g., alphanuneric nmessages ch as those .
.30 conforming to standards such a GSMor 1S-136, are transmtt OAPBtZUUB

| east one . mal " commruni cati ons channel having a firs '
codi ng thaBLBi&g/a{]}gés a first redundancy |l evel or a "high pen{é?f/g |on'1128

communi cati ons channel , havi ng.a secon hannel codi t hat pr.oduces a
SOt ¥ o ieaRRwEORAS cndtiel P a 35008 BoRRRT porfsteliands ebisaRUSEEC D oo
Those ski IsyBgktiontHersembditalion eénpteliati®t.e, however, that the apparatus 10
SUBSTTTUTE SHEET (RULE Z6) - - 2 9 APR 2003 WD 001 30288 PCTNS99121128 and

met hods of the lprashesembodiaents ofithg pecsantdaveatipn.actiust wdiaronausigatiansi cat i on

f oth , . ' data. Th
orbodi ment SRS ERRAGEBres S AP Bkl ool RE ARYRAne RN A5 %, c coos
( TDVA) 5w redlde sisat GOSFBII@Ab ipedtiucs ikt freBredintaney levelWrarsecdnd-cbad tHdpAvVPS)

systens. 5 Those skilled in the art will_ appreciate, however, that the
appar at us engeRtivette ersiuge therrecqndasdundaney/lemeli dhe spendicode mBpIrerraisnkat o ot her

P 0l DB RNALETIeRoIFhl: 43 R, 310 S o AL

Capabi | i t yquasi érthdgoshlesdeconmuni cati ons system confornming to the 1S-136
st andard, short meisa}gles re,commgi cated qver a Digital, K Control Channel
(DCCH). FIG 3 Institkethen eabogdiments oBihe Bresentinventiqn, NSERSEARAT t

confi at el &m gg@g AP ee W . § annel ,"
t hat ?llsbr alhg%ggggl rbgoergﬁigkfo g{%tgna %glef)r opag%%%glrlfl“%gégﬁf&@gtﬁefi ned in
terns of fdonforamscty adData LinkeLaliey peitocod.. Thefist Data'lliak Lagdr'frahaisnkes are
mapped onto t

e Digital Contro annel DCCH. Thesge | ogi cal channel s )
i nclude a ‘?ﬁEPBF%?“éﬁ ngiQARFRd S oyihe Oréb&ﬁqca@?c&%éa s?@fr@sﬁvéyw rmat | og
about SyStﬁ@%s%gé‘,fdnﬁ‘éﬁé&i‘o%nﬁﬂ%éﬂiﬁh@E&F%&lw‘gééxefa‘t'éoeéomqgge&oﬂw hieRlag¥ ed

poi nt-to-pol nt “short nmessage service pagli ng and access response
channel 20 SPACHccdidmgBogatamsher Ghzeehef thB@ektrit snventibmahe niessageds i nt o

| ogi cal],. channel.s. , These.l ogi cal .channels ipclude_.a, Fast Broadcast Channel
(P o)  FRRGTEEh ORI 7ot TR ER U E R LI £ Fe BOBHGY By im

i denti fi cafdsiirct, dAH tAHASMItRE! ohith@bdcBAd b&ﬁﬁfumhﬁ&ﬂ,ch%emiﬁg%dc&{doadcast
Channel (E-BCCH) E for conveying less tine critical 25 information such as

nei ghbor i ngmeentof|speatea] resaurce thasitsubstantirdrshe Bmaasdhe fisvameamH)f S, The
PR R R T R S

nmessage seFRﬁCE carrying ness % channel

(PCH) for ecliveliabgutsysitialy frgame tansmitioacne ssd/oespasidevethannel (ARCH) for
provi di ng system r.es%&nse to queries fromsuybscriber units and other 30
admi ni 8@rati on PnPieless cunmunikations sysiemraceyding tp anqtagr aspest pbtheaigsentl DCCH

frame, SUar oyt FicBERENAA i Fand WP CRYeFo PLIELFbA 5 Frirg” BCH 51 LS S

and then t pagl ng and access slots er of each type of
sl ot i n eacbtmbmmnmtioss clemeeltianing afyrssgdtetanseleugl. orAssecdridusimmatmidaticach sl ot .

8%? 38;8t8he cﬁ)lmgxleI ﬁlelwincgo 2 tscgc%lnd %h&gggcy?g/%ﬁg}e%ters%gﬁ-&g H;I;tEre ll_llrlxz a-lr-lcg' |IQg/LellE 26) VO

Means are provided for receiving a radio communications signal on one of the first

25 communications channel and the second communications channel. Means are also
provided for demodulating the received radio communications signal to recover the
message using a first demodulation scheme if the radio communications signal is
received on the first communications channel and using a second demodulation
scheme if the radio communications signal is received on the second communications

30 channel. The means for demodulating may comprise means for coherently
demodulating the received radio communications signal if the radio communications
signal is received over the first communications channel and means for non-
coherently demodulating the received radio communications signal if the radio

communications signal is received over the second communications channel. The

8
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2 9 APR 2003, PCTNS99I 21128 includes 28 synchronizatjon bits SYNC, 12
Shared Channel Feedback bits SCF bits for supporting a Randomf chBR 2003

Channel (RACH o654 data bits Data, 12 Coded Super Frane PhagerRidos, {12k P
for detecting tﬁe phase of the Super Frame, and 2 reserved bits RSVD. 5 A

DCCH Super J.ancl . DI gl . frames. \Wen
a subscri b%lér:{ngﬁﬁ t@%ﬁ%{ﬁﬁ%@ rgéj"err%bn?lﬁggrngéc# g#é?%g%%ﬁ%“ |I(r?§{‘1 qirgtDtCuCIr_ined on, the
unit's reconrtnieitids chiimes usieg a @istimddutatiofConfiyllstipadimiomedns f6SFP; i f the

CFSP i s changi ng the nmobile unit has acquired the DCCI(—iI Fruzg_the CSFP t he
mobi | e uni FansEtagaths sREONH FRMINIRINLS ghgpngl usiag aseeandimoquiaiianner  Fr ane,

which allo : LNJ : r g}g(:H conveys
informati oérll&rsgeegg?%ﬂﬁgre:sﬁrgg‘%ugn%g&tg? @%%%36&@%%%3&% CCH slots are
presents i n t he Rejaed tfansmiting hred reobiving apparatusridt usedn baseassatipag, mgbile oup
information on the E-BCCH. Once this infornation i§ recejved, the nobile
can det er niEHBINAS 2 O@A@FQ‘F%FO’E‘%‘%‘W‘@QO%@‘W@%&@ gﬁﬁsnf’?f*ornati on directed
toit. The nobile unit then reads the identified slot once per 15 Super
Frame to nonitor for the presence of an incom ng page or a short nessage.
This periodic reading allows for the creation of a sleep node cycle, i.e.,
the nobil e can conserve power, ring tinme en it is not required to be
actively nmonitoring for the ripHon,o rt message during its
assi gnggl sl ot . Al PRRsEIBIPCAREhUGRS BB BT ARBRIcpbld the second
Super Franme of a 20 Hyper Frane being a repeat of the first Super Frane. If
a subscri beymmmnicaiiensiystoine to read its slot in the SPACH in the first

S F f F , It ttel t dit. i,n duri th
Suomt Super °Fr B2 st Cebonf i Sk 6B il Re L 5
SPACH sl ot cdfimRRafibisSdysteper Frame, however, it can skip reading the

second Super Frame. 25°FIG 4 illustrates a protocol stack 400 for
generating a DCEHG. Rillvatrates & skudtergdpr (i ky 36 Digitel Gemtral (Chapngd (DdeCHR 7- bi t

header .. 102 nes e, bt a 16-bit cyclic redundan CRC) val ue, and
5 tail Mdits tha??@‘r%ﬁh@@%@ 6?”&%%’@&%‘% #%rggf’eré%ﬁ ?fb.@(lr%gﬁ%?é"bi ts of a Data
Li nk Layer franpidd.GaBdlleaaesedpativo tdhdgitttoaril readi Gerihru€0riéGbrian p81al code
and then interleaved to produce 260 bits, which are then fornatted 30 and
suppl enent 13@s¥séP a Physical Layer (Layer 1 ) slot 310. The Data Link
Layer franme 410y n s . - ssage 420

t hat incl udes angf)'i%t% §r§g{‘§%‘§y 'S rl%%%g%ﬁ‘r“l"?%\%g“ ér%d:r}égéx\gﬁg ugﬁ 6- bit nmessage
type (M) siredtakes dbvording oo thetpresent invértmnMessage Layer nessage 420 can be of

vari able length e ding on the particul ar sage being sent. If the
‘nformddion in E I§i Valsotsaperemhe rpieet se%ﬁ%ffser gprating heghypapesrgtian o
00130288 PGENGIRY 2beBn MRS PSPl he pPRETAARANIENDS beyond 102 bits,

mul ti pl e Data Link Layef frames 410 are used to transnmit the Message Layer
message 420. Ac&dGd8 mysyrates ah oxeneplagnirame striviters doren high penatiationge 420 may be
transm tted usi n%e nugber gf Ph%ﬁi caItLé%er sl ot.s 310. When information in
a Message [§jEe! @?ﬂﬂ ERQTEINE IO BB PREG! T0%9° BrBPTINVENE ressage i s typical ly
transmitted usi RIGEY @lstated exenfilAGHbretons Wrtddmnbtidatin nid3sagesaderof each
Data Link Layer frame 410 being set to a predeterm ned value to tell units
i n t he2par f sapenalpagiatyghypengration Fowugicatiors shapnd accogingie an aspecbef pagi ng
or SMS nes e n . thi.s manner, nessages can be efficiently transmtted
whi | e reduzﬁeqn%r%sbeé%fl}l‘%n{d%f'ays to units in other paging groups. 10 FIGs. 5A
-and 5B il ustratRGanl (exeaRlchrs Hlluanatig diglasdd peefornendd ¥ aanchnhicattong! ary
recei ver structure 550, respectjvely, for conmmuni cating nessages under a
convent i onabstemaseridingsoan embofimentiof thegwesens NyeRONF G 5A, a Data Li nk
Layer franme 410 is convolutionally encoded by convol uti onal codi ng neans
511, with the convolutionally encoded bit streamthen being interl eaved by
interl 8gvi ng means 512. 15DehsiledRadeigtiondfEnilegdimengd bits are then

nodul at ed by nodul ati ng neans 513, e, g a nl 4- DQPSK nodul at or.. The out put
of the nodul at orIhppgeseat inyeptignnove wilh e descripeghaere fully deramatier ith whi ch

transmts J.RQUIlE ?@%cycg&nﬁfﬂl%r% &Qw”mé@,' 03O0 EmBbdRRhts 3t he invention are

shown. This invention may, however, be embodied in many different forms and

should not be construed as limited to the embodiments set forth herein; rather, these
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Referring to FIG 5B, the radio communications signal S15 is then received -
20 and coherently denodul at ed by coherent denodul ating nmeans) S:AptRoz oduce
a denodul ag&d i‘)%al . The denodul ated signal is then de-int qu"?&ég@” ¥
de-interle %’é ans 5S2 and decoded by Viterbi decodi ng neans to

produce a Data,Link Layer, frange 410' .that re sents an estimate of the

ori gi nal | )F%%“Sﬁg?ﬁtf f"@d%@élfi%‘{ f;qnﬁ‘ﬁt %‘%Fc}l??’éﬁﬁﬁi%. W%ﬁ@é‘gﬁ&m 19,49 aspect
of the pr i i Shbghs RatHRR ski i i i

or ovi ded HR Y B e R A RS B 2. TR o

descri bed mfrvelikoelamente/timonghowt.cati on with a subscriber unit when it is in
a di sadvant aged..| ocati on, .such aﬁi?stl ocation falli n% b‘g{ vveeln.nor ITE| cel |l
coverage region ngnf&p&{cpggp{ f’%@‘?&’%‘i‘r}lﬁﬁt’r‘i’é‘o P OaRBTS &t PUEES . The

hi gh pgnet {alhMicATRMS dptdfs ARhSARKIIEIEr ia%io@él@ﬁﬂdﬁ;@‘ﬂfﬁé’mkls'A[k&h@sessﬁm%ﬂ%_e _

hi gh- penetration channel that utilizes substantially the same transm ssion
rate and ptheertwitiragpreniate, tamms sudisasichannelYare mot alavags eonsistentlyfusepicthe al

, h | j h L.. Th i.gh ti h |,
novever . JLEPTGOT FORERIS dBE THE CETRRB IR g L AL e S eSapsT TTUTE
SHEET ( RUL4ghdfhel” ashdth ARbm&fitadiofs whth @hd 8bhRISf fréfucHSigs. Oln 10N- coher ent

detection techniques. The additional coding also preferably allows the use
of common tanyasiinat EPMA systemsfonasamplecd Vabanedl'e maitrefer or castespondsdo aor mal

nessagi.ng ghannel, and t he hi.gh-penetrati on channel. ,For ex | e, as

1T ustiht ecetopor; cRimehcSiperdes SPRE! Al dafier SdBmied Pt aMeTsr e an

addi ti onal i\ TBIMAlagaerRikaclPds GSMER pBy§ibAGaRRIel Hay@aphis®i bRAGITHmecode that
i ntroduces additional redundancy. An exenplary transmtting unit 610 (:}
i ncl udes cgptsdnene on alore Gaavrpcyrbands, 51 Examale; heaeriedioitiee sles®s 512. Ina
nor mal nessagi nn o) he. it 0 i l.y, gncoded

si gnal proaatfgglg%b@&f fe |l?1né?ﬁ%agéﬁn%%ﬁg%nggﬁgo%sgﬂgﬁp%\ﬁlg)%gﬁ 8%1@%:1? 1ny 0 a

modul at i ngsdmatEntdds a ‘ehghnel "andPbe b 4tdFabthamelt| defined by ot addregmgicsi on by

transmtting nmeans 514. In a hi %gq penetration channel 620, the interleaved
and cohvol ffemghisld apsigamsaewhemg that may hayane paricnlay camelaytodhe addi t i onal

codi ng nea O, ! i : gﬁg?el;. or ot her
or t hogonal ﬁ‘g?&(}q’éyég?t}%s toﬁg‘g%na g@%d@b%@%ﬁ%?l&oﬁg%ﬁ%ﬁyﬂ;}ko e s‘Tqa’naI is
mapped by heweiend‘chmart’ Bfs tooa pomucieatiorsgetiedefmet iah chhnomistiond ns t he
signal mapping of the podulatin ans 513 into .a signal subset that
produces QP’P%f <6 Sﬂﬂ}ﬁﬁ}ﬁ? E’ét‘?tﬁﬁg&s‘;}g‘n‘é{\relﬁ&s"m‘ﬂ?‘F%“Oé‘gréﬁgpewgﬁh‘?fdhg% oher ent
denodul at i gRactfi phiybieatchahRd chRpfibify aGRquéndyasall Vi fitle 4td thERBF, foPthd €Cel Vi Ng
both nornal and hi gh penetrati on messages includes a coherent receiving

br anch2®60like@r adégigal vhanms] 681ied by sughe peysiday cmmeldul ati ng a received radio
communi cations signal 515. .,as well as op-coherent receiving pranch 660

i ncluding a de-r%‘tgﬁ’tl?%é%ﬁ%%n%s lggqhgrﬁl %f%aﬂo(:%ﬁrg ety enﬁgg’ﬁ/ ra‘fvlg'ﬁganeans 652,
e.g., a detemhmhichliahs sighal,en@end foduldéddsdariiadignal, ds diswmibaiedr Mhismdendyput  of

the either the coherent recelving brapnch 560 or the ngn-coherent receiving C}
branch 660 bartstt perdnqy Asesssrrdn bePeateredabaut 8 seRtrad carsish Fegupncy orlhose

de-inter| eggﬂl@@ nﬁ@g 8}@?2 g&;ﬁre\[iart@{hgi thd QG @Qqﬁ%?&%g?&f%&&iﬁ%ygﬂﬁ lngecpat a

Li nk Layer Trane represents an esti e origina

t ransni2$ t edobadt workoviklappiyig lor to@iphods;Gor SR IMEdlatENCTide typidllyORhB0288 2
9 APR 2D03 PCT/ US991,21128 ‘Il;Qe ,gddi ti onal codjng preferaB{qy i§ ap orthogonal
or quasi - oP¥ Raheipsngatral fHrigetops\Wathayt PEGUARE HnaGeeRIBPEE YEHRRobi nson

code. The agiditdnnalin2ad! GolR!shitehe tdbnfab ey Hedizibic 0 nof se ratio when
comuni cating wwth a unit that I's | ocated
The embodiments discussed herein relate to a wireless communications
system in which “short messages,” e.g., alphanumeric messages such as those
30  conforming to standards such a GSM or IS-136, are transmitted on at least one of a

“normal” communications channel having a first channel coding that produces a first

redundancy level or a “high penetration” communications channel having a second

channel coding that produces a second redundancy level that is greater than the first

redundancy level. Those skilled in the art will appreciate, however, that the apparatus
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maps the 5 normal Mary nodulation into a binary nodul ation s

be denodul he receiving term nal using non-coherent |
%@@ﬁé@%& 9@’&‘/%%9'/?10&8

t echni ques t and non cqherent nodul ati on techni ques are we nown
to those skiJled in e art. .Several exanples qf these nodul atio

t echni q ues?nda@e\%efiﬁf oélé‘e BrefPud dNGR A é%n?%oﬁ*%@a %QW&OM?%'@P 02 odes may

be found i&haggb&sa&f&@ﬁw;%hiageémrmné% éé’ég,i\ﬁwlice%%maiéhed by 10 MG aw Hi ||

5
(3°d ed., 199 The use” of noncoherent denodul ation can avoid the need to
per f or m channel The embedimentsalescribheddierain alsp eelateito imeadivisionanwltiplsiacbessoher ent
denodul at i n cqherent dempdul ation s appl, e opriately
modul at od. M WS eSmyini HERH, Mot i piPuee 55135 Pa BB el at e,
quasi - oy t hpgeqakliled TR @t 6l afprecite ShoWdver, thit @iedppatafustandiAdtisds of t h
significant delay spread, an appropriate denmodulator is a so-called RAKE
recei ver, the préseoninyentimneire aldo sppjivableite other tygieavETDM A Isyseb, asfwellras
nodul ati ng, sequ .g., the orthogonal, quasi-orthogonal, or other
sequences E%%‘?P‘f@@g&gﬁi‘ﬂs-t he nmodul ated signal), with different del ays that
nmodel the delay spread of the channel. This and other denodul ation
techni ques are described in the 20 aforenentioned text Digital
Cormmuni cat AsrExemplapy YYiceless Gomomunigatians Syistem withag Highi-Penetpgtianci at e t hat
t he cobpondMidssagihg Capabilityst rat ed exenplary transmitting unit 610, i.e.,
t he convol utional cading neans.511, interleavin n , dyl ating
means 513, and o ANGREE G EiALcs Rk e TEARISI R AL Sor
transni ssi g{essREPaRPDIminGitERVey alDighsl CohtR Shasicd{DCTH). BEGbi | e
termnals or other simlar comunications aE)(gﬁr atus. These conponents nay

i ncl ude, f dtustrigapndS-186Migital Gansiol Chamme cenfigurptien. Hinleigifak,

processi ng €l [ CURLS i !Ceéﬁn d.in. ' »AUL POSe . h. as, an
applicati o¢°§f§8§¢§‘?f8‘em egr é%agcp Hajig ’r%ﬁ‘lg} h%&sﬁﬁ?t lg’raniaﬁﬁfﬁg%&lggﬁgggﬁgnﬁbr pose
har dwai e spedpagstich @s@irtedeffed imterpk of G2g@ncy REPYimealivisiohs Séveeal Sinmilarly,
el ements of the receiving unit 650, t he coherent 30 depodul ati ng

i€,
means 551, “HREitebt ehanpgls ARRIPRES PN bA Rigital Ceantrobihenngl BGGH. dbeies 652,
de-inter| CU0H HEANS motade 2REhYBIER LB é‘a@ficn%ﬂaeﬁ&%ﬁﬁési%mwo%em se
conventional®recel ving conponent’s conmonly used 1 n base stations, bile
term nal s amfdrringod aboat syFlems eorf@upmivardng speymi accdss tdes, faod aexdtiplergd

conventional ,antenpas, m xers, sign d ot her .processing circuits

ol enrent e@oiTaBOT shobpees sTEA VD me sttt R e R 56) v
001 30288 2 $p PR 2003 PCT/ US99/ 21128 such as an application-specific
integrated circuit (ASIC) or in nore general purpose hardware such as a

digital signal prhedérgdeast CemnebBCHIT sdpriberadivided inaptpgi¢nd channels. Thesse
killed in,th t will i h i t i tti it
510 and ¢ na¥Euhbetl? neRRLAZE - caleliPBEChoN BT HERIAR dibbDose

anal og or diigichldhformatosiwithes sgaéhWadrti ficativt (1D) and ggiiatibn fifeResRn&l dwar e,
or conbinations thereof. Those skilled in the art wil| also appreciate that

t he struct Jixéendse Brpassastdhanne] (BB G Befor ppmsring less tipe eiideddr base

ot . . S . : . : F
axanpl & HRAREh RS s HEEHORS, A1 Bk e S R e (MR o T
confi gur ed BOCE)SMTticcainbirsd @GNS nppiapes decassrespbaseechatuad] SPACH a 10

subscriber unit, or to convey short nes owl edgenents from a
subscri ber @RANISEH2 shPLBESSAESTGHRS cmnefég\ﬁ%@lﬁ ?gf,cafrmglgﬁB?sa%ﬂeswglng

hi gh- penet rahi, o0 i Ji WagzIVA [ | and
dat a rressag@ng |rgﬁg|§i?ﬁ§|rcgg‘i/%%%§§%wg§gprbt g(?%%gggéiﬁ? ggrecgﬁ%gﬁ%égﬁ??{ r?g a
hi gh- penet rfat prvidihg systém raspamse|tGqiStesdomp agbsotiberaynéts aml bther | | ustrated in

FIG 7.. A Mssage Layer. nessage 420 is
30 adsmm%tratlio lenformatlon.g

in a disadvantaged | ocation. The use of such a code with a mazmawé aﬁéa
can

The slots of each Digital Control Channel DCCH frame start with F-BCCH
slots F, followed by E-BCCH slots E, S-BCCH slots S and then the SMS, paging and
access slots SPACH. The number of each type of slot in each frame is determined by

system setup. As illustrated, each slot 310 of the Digital Control Channel DCCH
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15 formatted into a Data Link Layer frame 410 as described in reference to
.FIG 5. In fornming a nodified high-penetration Physical Laye gl A

however, an aﬁﬁ é{?onal codi ng operation 710, here a (32,5) \é%r}”kbf rd
codi ng, I swzﬂ) 0 "to increase redundancy in transmtting the inrofrmation
in the Message Layer nessage 420. The nodifjed Physical Layer slot 310

La
i ncl udes nchyles 28 syrehprazasiondiis SYNC.ASrphased Channebbeedbadk bith $€E bty not
m st ake t Qb= 1.0 " nf r | di fferent
Super Fr atd SpRIREREnEN el (AR 20U ST A0l T
channel t guptrdirhie Phesertin dCSFP foridetectih@ttgphasesyfitbd SapdrArimeandiX h t he
transmtting station. Accordingly, as illustrated in FIG 8, 4 slots 810
are used FW@ﬁéﬁmQati on bursts in each Super Frane SF. The
synchrgni zat i on, g(@4g F‘}Qxﬂeﬁﬁc}%{?clH&e%%sz?{gith%%itgh% eldf@epsi tion and
fine synchroni zation. e synchroni zation slots may be Irregularly
spaced t hfiaugho WhenhasuBsiber tmia swch3s agnobileatdiotedephene fivst igtutedtons gre

codi ng, ” t HEISTPORVESIGHOBES AR BRE ey itk e HITRIHe CESTIS i ng o

C_O 1 ng, | 1 I n 1 ng a_

i gh- penel.h i i ABIR. liPh S ASk.OME TRYSH rdALRSESPRIREDALe gl PhYsi ca
ts tha a nel .

Layer slo In a conventio nmessagl ng chan or exanple, in the
modi fi ed k&n d&6rmsine whiahr ot ik thesfinsed etdn ithe Flpes Framemhich albovidathe uhitnk Layer

frame i s requir Physi cal r slots, j.e., a er Frame HF jncl udes
13 Suﬂ)@r @%%E%PER’QE\RC I‘Ffiﬁa&%éﬁ%veéfsé‘gjp’é@?q% ng%B’\P@rt ?15“‘!‘]%‘3 Yessage in
rel ation trOpECIE$SB6EH LANSBAECH Y0R8 F&&%‘?HEH&SIQJ&W%@%MIE””GI’ but
does not require 16 SUBSTTTI TTE SHEET FRULE /61 2 9 APR 2003 changi ng thé\,
sl eep nodemityetaivesipaging grapeinformgtiomon thedsBEH uinte #1is Inforvmtiobés -
constrained to .be active far, one slot, | Super Frame SFE G 9

i |lustrat é%ceé‘f?én@ﬁi?%}m&ﬁé?gﬁe&ﬂg’edﬁbcﬁ %I?Agm‘rﬁa%ﬁsi%é’%éé@é usi ng one

of a nor mahfoRasROdiRG a8 M efheanebik HitthePRARS fRLISHIFRSRAGhEIp&hannel
according to aspect of the present invention. A nessage is transmtted on
one ofl5norSwgkr Esmeuninsmiton g thhprespace of amingprpingopagetor atshom massagani cat i ons
channel (BLock 910). ragio_co nicati ons.signal is,recei,ved aon one of

the nor ma TGRSR e Bk & s RTRe Bra R ufdaRts hd 86 el ot ons
channel ( BlafeknRaR)powkhdufifg Bimés vhea iliio n6amifddcdtbe @R valy @ivditorifig for

denodul at ed usi ngOa 10 denpdul ation schene that is sel ected based on
whet her t HBe payRboIopARE 9T 8Tt BIsssage dwing itsassigped $¥8 on the nor nal

comuni cat i ons ; iah- & ORitfs BIENadR i I

(Bl ock 930). Th'fi)gg}is gﬁﬁ%dﬁgﬁdﬁtg}aaﬁgﬁ{aﬁkg’g&tgc| at géﬁ%'%& F ﬁrea%(t)%%ti ons

of FI @0 9 Kyper Feamerpdiegre ndpedt ofithe firsti Shper Fodmei 1ff esubstribwaysit isumchbidat

specific steps for. perfQrm 5.t hese erati.o depend on the type of
ressage baPHL TG APAGH Fhe S5 Sibe FREME ah6 SoPoLEATeo | HRslaple, o g

, Message s ¢ idhgiin GuidySthe e dhaSuptr akde0 Nf AR AuBRGEr @t £3bleAB read
information, nmay be concurrently transmtted by a base station on both a ¢ )

nor mal contaassigatd SNACHetrinlthefigt Super Frame heweuer dear skipuedding thens channel
so t hat subs%{%(jrger Fni ts can acquire the systemusi ng one of the channels.
A 20 subsctf F{™ %% enpting to acquire the systemnmight first tune to

the ngsmal chanpigl, 4angstratedid protcbOstakUDOTEF tdrleyatingGEDTEH. he DataDRK t t ed
control information on that channel, retune to the hi gh- penetration channel

to gain ackayes(Laxer 2) fiame ¢ 69 yncludgs a 7ot knaden 12 message Sifap Hybidemelikt , a

base stati ' r ' iﬁ!aﬁt? fi i I i cations
channel inlgg%mﬁg F%ﬁ%ﬁcgggﬁpéggwgg par Ilgiljt%zéatsu Lgs'g&?%r;@nﬁgﬁm %§%§lﬁl§'then
transmt tTige NEBkiagT adbath DéinklL gler hame i1 8 tarOghcodedaitoedihg W raahknnel in the
event that an acknow edgenent of the nessage transmtted on the nornal

channel i scaiyplutiepalicodeang then intgrieaved i RiPARsetp bitse Whigbiase then dpmanatisdar at us

for swgn chj I .90 I . ar scri bed

i puby sy BP L RE oS PRl e ARDE D R SR TER BRI ch e
in the artframk K416 pyenciasiderérhatMedsegailiaee (Layen8pmessape #3230 tiat idcludet @d to the
illustrat eg_benbodi ments, of FIGS. 6A-B an e net hods. and appar at us of

d. 7-9. Th
the present-bitiyeReeistiscaminatps TG anht 6-bigmessaecypatMilodicidn of ot her
content than RE?hMoﬁ'ﬁ%ell\Z(essage Layer 'me%sa%e’%&ﬁechqgg‘ of variable length,

depending on the particular message being sent. If the information in a given
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WO 001 30288 pC f1US9' ~/2112% short nessages; for exanple, simlar
techni ques could be used to comuni cate short message acknow @dpeARmYE03
voi ce.and data. Other variations also fall with the scope of

nt
i nvention. Y¥3P¥ %8} pl e, the actual data, e.g., the actual " blﬁ'slﬁsgglrezgfﬁover

the alternative normal and hi gh-penetrati on channel s need not be identical.
As used heMsissage Liayesmgesage extends beyorad 1P2zhitsumultiplé Patwlink Layerdamesnt . Thi s

content may,be re sented in nunber of different wavs,, dependi.ng on the
channel bel i fisaBRE & ERubE BT RRbene Pare EN AR By RERRRY o
Message Layp4 M@&%@gﬁy&ﬁﬁé@ﬂgé 42008V 8d transhdttEdlisifd 2 R0MbeBHPHYSIcAlEPT esent ed
in a streanlined or conpact fTormat on a hi gh-penetration channel 10 to

reduce t heLaggyalaty 31Gbf Wden infofmationdmgMersage/Layeemesdage Brighdsimyend 402 on

ch . Ap. l e of.such a techni .coul d | i t of
cont o5 1 nPUF A Psseer i SRR b BREH o KOS ACHENE PR tifianne
such as antfehehdérdeath DRAG!inKDEYER fraG N0l BePipSsetitta Fxfe@éteﬁﬁihé’@Gﬁﬁe&f sinply

mai ntai ning contact with a unit in a disadvantaged | ocation, a smaller
subset of fdlleunitstin e pastieular pagingeneup ook ataveorthenSPAGH skot forpaging t ed on

a hi gh-penet {on_channel.. Si ation of a.H gh-Penefrati sagi ng
Service A §f ﬁ,ﬁféa&e%s%g%r qﬁ I!iléls g‘éﬁ%r rﬁ%ﬁ(%%esoqané)eﬁ b‘f“lne %gﬁ%@rsglt“?%n&/ﬁ@essagi ng
servi ce sugdiueigtpgaging deldysts ahiedniothelpiging @Auppd 6B was perforned in order
to assess performance 20 under nulti-path Rayleigh fading and del ay spread

typi calOfor a DAPS ¥hend B ilustratepp exeraptsay iransmitien struchiee prlandare of

ypl ca . . S O
The'rocer veltop AL REr B8 B Y0, RERRNEL, M o SRR bl A e
e.g., the basanabdalseqdedonsh aeissl i REfeabingao FIG! $K i Dharldnit Laferdehays, the

different delays nodeling the delay spread. The correlation qQutputs are
t hen conbi #&8 1§ epryehsicaslly encoded hinsanaolytiopplecodingangang SLbgiighie. A nonl i near

opti mal confj i i i 1] s : y nci pl es
P Lo SRR ML ST o BRI o R s B
Addi sohs W Slheyenfdddmnd imhiledved hitobre elsent thedulstied bf nastihldtingmadans Si{rengat | on

about the 30 signal to jnterference |eyel at each delay, information which
may be di fﬁ%ﬂfaP%K@m Hator. A ontput A heimediaies 3 150s thenpasiedigndan t echni que

is to add ' { at g : (-Itefalylol gi ven
sequence, gs %@gg{l? bf;egm?gnl 4Cﬂ§§|(c:)}t9 Ee}?ﬁs?lﬂ%fd %}S:IQP %rfyﬁgsorr?rﬁn%{n‘lg cat %ﬁ%tﬂ%;%&nggki S.
If delay s@8ad is low with respect to synbol 18 SUBSTI TUTE SHEET ( RULE 26)

WO 00/30288 - --_~ 2.9 A 2003 PCT/ US99/ 21128 dur atj . the non- coherent
denodul ati on mﬁqu%ﬁﬁv’iﬁgﬂﬂwa RqomyBuDIctgns Fighg s endrcatid each

sequeneg, WnkREHireRtdy AdRodutREd bEolRtdAIHEMBANILRAAMERT $HASE pradue@hr el ation
output nm is produced for each sequence c;:
demodulated signal. The demodulated signal is then de-interleaved by de-interleaving
means 552 and decoded by Viterbi decoding means 553 to produce a Data Link Layer
frame 410’ that represents an estimate of the originally transmitted Data Link Layer
frame 410.
25 According to an aspect of the present invention, a “high-penetration”
messaging service is provided in addition to a conventional messaging service such as
that described above to allow communication with a subscriber unit when it is in a
disadvantaged location, such as location falling between normal cell coverage regions
or a location inside a building or other structure. The high penetration messaging
30  service is provided by using a separate high-penetration channel that utilizes
substantially the same transmission rate and power, and thus the substantially the

same amount of spectral resource, as the normal messaging channel. The high-

penetration channel, however, uses additional coding to provide higher redundancy
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S'"'m =r H~, , where r denotes the received signal and c dﬁgtmtﬁﬁaith
sequence, e.g., the ith Hadamard sequence. To generate an est €mat a
recei ved sequence, the receiver 10 identifies the sequence of the set of
nodul ati on sequences that has the greatest m: ¢ = arg nmax m . ' Each
nodul ati on sequence corresponds to a block of bits. For exanple, the (32,5}

Wl sh- Hada d code d i b b h t Jhits., A 15
Sl nple. mapBIGEGR VS Lt HE CoOR EE LT e BN BINAS BBk i ng t he
hits, e.g. coci'iﬂgaréo féf&%bly?a{llo%@h@ﬁset&%oﬁﬁmﬁl tBlnk ARt LAARNESMd rhbdigut any

reliability infornmation. is well known, however, that reliability

i nf or mat i oslevwntsifapbath themrorl myssaginzahaenet end wdiglapendratipeciaaneknce of
(e onvol o0t SSGeter ey B, ARG, SN
si gni fi cantbypR&d 4fiddiidna D WEMH Ha MR ARE bRy oAkdRhl Audsi-driMdgeRA1r el at i on

outputs m canh be ‘processed to produce bit-for-bit reliability information.
Chapter 4 o6da thet infrodunee additiona raivmdandy: i Aw ppineanyftragpmitiog Spie610 um

Conmuni cat i. 0 escribes an optinmal farnul.a far produci ng.,sqft informtion,
and descri E}E@ucg‘—sgpmqﬁltﬁﬂégf?cgﬂg B e q‘“grlﬂﬁﬁﬁa‘&%WeWc_ dg'g %TQERtI fying a
25 set SO0 es@ddingddhahhd mgmleazﬁteﬂehv%aqa@a@x%m%aﬁ?@mb@b@gighﬂ fodi®edi n the
a given bit position and set S; of all of the nodul ati on sequences

cor r espondibyghe mtexleayingimeank 8132 ismuipplied dirasHy toramosiplating apeans b3, eeacth bi t,

.g., f ' f t 5.bit the.(32,5 de, i i by: 30
o ol T ARSK Roghlafor, 3 xSy RREE gy Mt idsEe Rl (hariede) T v
00130288 2 (3nARRoARR3mel 55T, NR9 il eatdBarticorRBRBShATRL drieBdééSsghal B i mul ati ng
t he performance of theﬁ;}/stem of FIGS. 6A and 6B is: sl, =I maxm ~- Cmaxm ~.

c, ni so c, bragdit®nally encoded by additional woding mstans ol x #ig .om enapdar dmpleseEnting al so

on- how of ¢ anvapranr et R oRe TR iRt Bl bo i REREIE TR

channel i s.enf¥@daRpaPRGHASHE B HppitsiledRI613 %0 pRidant  séduefcd it enance.
These approaches can be 10 used individually or conbined, In a first
appr oad, aosgtiging the sizmahmarring pEthgrrodatingiragags §13 éntp asignal sWsetdhad| aced in

cach P! bab 18Tl ehal Sy ORI 81 kAP SRR, UBO 2 1
recei ved  demodulation.
As illustrated in FIG. 6B, a receiving unit 650 for receiving both normal and

high penetration messages includes a coherent receiving branch 560 including means

551 for coherently demodulating a received radio communications signal 515, as well

as a non-coherent receiving branch 660 including a de-rotating means 651 and a non-

coherent demodulating means 652, e.g., a detector that implements a Walsh

Hadamard transform. The output of the either the coherent receiving branch 560 or

the non-coherent receiving branch 660 are then passed on to de-interleaving means

552 for de-interleaving and then to Viterbi decoding means 553 to recover a Data

Link Layer frame 410' that represents an estimate of the originally transmitted Data

Link Layer frame 410.
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signal is correlated with the synchronization sequence. The sanpling phase
havi ng the 15 greatest carrelation with the synchroni zation u ezﬂ'ua
sel ected at_the ?sanpl ing point. A second approach to synchroﬁ?@J N 128

mai nt enance¥PAYS 2\%s denodul ati ng at every sanpling phase w e
sanpling interval. For each phase, the non-coherent detection netrics c;
are accunul at edbgmddisiopplegpdinpiselferbly inanPriiagenal of puasi-grtheganabepdgccunul at ed
metric is C ' [ Sof t I : on to the
Uiterbi deguird WaRCHladdif L KERBAOR ROWAGco®, HER sBEGoRANERT) { e
physi cal halpsno taifetheBignhto @ik datigwhéiecdrmimanicating with aynithhais kahie@n
information into the nessage ~ -'3 fields. It is believed that delay spread
rarel y exdeadisadyantagedlesation. Anepsered suph agade with gnmrnpingthaemapypagat i on
condi t Lons, i i nat nor mal
condi t?on?{ongfl%%'%g réc#ggﬁ %é?#tgfarrdgnc k‘?@%ﬁr%maﬁ%ee%%géragd%d& %?J%H& ggda

' | 0- synbolat ¢l raseidipg eathindAuising nosicohdrest detedibfotechhiquasl dCoheveratland @abanbl i ng
can i nprove perforrm[n(_:e for ,a 1-synbol del ay, but .can actually degrade

per f or manéeherentynpdilatien ghrigres atF well seewn spthepeskilled intheart fevaal ni ti al
synchroni Ze%.lln%?:s B?pfe% %ﬁﬁﬁtib&t&ﬂﬁq&&eﬁﬁ%ﬁ_ag’% AR &Yors s Walh-rERfiRlafg SPaced
correl ati ons fh four consecutive syhchroni zati on bursts are accunul at ed
non- coher entlogher aodkstrhey bofoahd inDifital Lo mmenisaniong by Brodlas, gublislieddyi s used
as the synchroni zatign pojnt. For a Rayleigh fading channel at 3 nph and a
20 SU$8Ti PdegrasyH (3 Rtsgeléé]"é?- WO 001 30288 2 9 APR 2003 PCT/ US99/ 21128
carrier to noi i 5 8 L f {

synchroni zat i oﬁﬁbe(r)l?s%t&Pé%%regg%%@&@atﬁﬁ%aa a%ﬁ%é hée?t?pf gpﬁg%}sl%}%g e ray
channel , vdseématismamd gadkingoperations assoeiapaswith crheednt hmodualytion.sNon997. For a

two-ray channel wth: /4, synbol. del ay, where sa s 0 and 2 indicate the
posi 11 ons PR atigRiS SR LPRPTOPUSEBATPULRSY SIEHE: FRoBabi || Ly of
choosi ng a4 fYRANAIRIGAIRA, HdEbndlly MBEuIERAIGS-drthogonally motdlated] 8r O- 999.
Wth '/z synbol de€lay, where sanpl€s 0 and 4 indicate the positions of the
first 1and smientignady & a ceammelowitly sigpificantedgbayoipadsidl an gppobpridie deinndulator
synchroni zati on_poigt, 4 _the range. {-1, . .. . +5 ~ | . 998. These
houlte i dapcraiehBanmiERSe! BB ateosividsiet ireormiaad Y Sarbtt B  on
channel cafodwating¥dqliencRY g | the bitBo@drRs uas-dHhofblil] dd sthétseg@dnays ddddspr ead.
Concl usi on According to the present invention, radi o comrunications

appar at us tagoduse Hasgaodylated stepplocvith diffgsentelays Satmodelthe deleyvriead eht ed
over a hi gh- j . t ] i .Gy s dreliability
o thout ' r o BFAEEL S0 ud el ARR.Ak- RS O SRANRIE] L0 ent s of
t he pradseniforementibhantexaDid@eCempiunizations, dyPseakider unit transmts

i nformation on | east .qne of a _normal c ni cati ons channel at a first
r edundancy Ieveﬁ‘?ﬁ&ﬁgleﬂi‘@ﬁle W?@F@W‘%Mﬁi%&lﬁ%%s GE&?dﬁPStﬁ‘feda second
redundancyeyle Gafiahftind (306101% of, Wcont BRNBAAREYink ks s, One 20

enbodi ment, the high-penetration channel provides additional orthogonal or
quasi ort hintpsleaving matiang) S1hanodsdatingmpany §13, apdatansoithog swansfl4 nwyd t hat
maps the M ary.nodul ati on, shared. by the naormal ¢o nj cati ons.channel and
the hi gh- pSTRRTSESOBYETLiORR ARSI FioReombanah Dby downd i psaRaioR 1 on ¢ hat
producss ambBilé RrmfHEoH Rdr stifarToti@iniédiRhs aFtardts. deRaRe ubﬁxeﬂexﬁg may
receiving unit using non 25 coherent detection techniques. radi o

communi cat inghslesfogazample, ¢opyeritional ansmittescdicyith gnignhas, precessngdirquite t wo

comruni cat | annel s, .and is .either caherently or non-goh ntl

Gomoaul ar el RERENRS e tkeiah Bkt oDk SRRLE tplieRlo SRS TRIREM, rat i on
prefer f’ib| y§iiré‘uii (ABIENof Irﬁﬂpfbvg%erﬁi pthﬁés_et}’(wd\ﬂﬁé ¥a¢h & a ailgﬁalf'dig’(h-l pridetsoat ion
comruni cati ons channel usi nﬁﬁsubst antially the sane transm ssion rate and

30 subst antP3P), gnd the likanSimierlin elestenpoidhe rechiyingusningSls iips therroheteny ¢ he
. i d
sont oup " Bebg RRGR pins S VH L BARIG3E nG ORI AR Brnoddiidg BEERINCS 7

short nessé§kslesinRriahving hicansss, hed Vawdi dacdiighmpaRedBainagRoaphise ol channel

(HPCCH) utilizing a |ayered 21 SUBSTTTU TE SHEET (RULE z6) . .
conventional receiving components commonly used in base stations, mobile terminals

and the like. These components may include, for example, conventional antennas,

mixers, signal and other processing circuits implemented in special purpose hardware
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WO 00/ 30288 2 ~ Af'R 20a3 , PCT/US99/21128 protocol -.simlar to that used
for the DCCH, but including the additional coding between t he? B)aAPRLQ[mB

Layer and e jcal Link Layer. The present invention ca
R e RinlaRuo

i nproved c Cdlions with units in disadvantaged | ocations
avoiding the interference and power problens of 5 conventional
hi gh- penetshelt #0#n saplisatipmepecidicHnicgrased cigait 4ASIC) odn aepse genaralwpasepover i s

not requir Lgh et. i i ical i enented in
it her badaryilh FRRORHERN AR Bl ADTar REcBEAEkGE b A BE ™ 2

hi gh- penetThaté skills® isthe iartovileppreciate thar) irbgenierah) thererahsadittivighining X0 andl  changes
to existi ng har dwar e .and protocols. 10, . n the drawi ngs and specification,

t here havdh®espivingswibeAmeay B¢ Haplepicated usiag spsmal BUmose analeg phdigitalvent i on
and, a thchtéggl, eclief i ] a i ric and
descri éti ve sea%g’e&on “3" gﬁ%@o@& cr)lrg%tl?? ggeegérggxﬁei %F%wgﬁ&tsﬁ%&gggpe of the
i nvention bei ndrismt skitlet fn the attheillf adéd appreviptethat 1. structures of FAGHWBRSANATUTE
SHEET (RULE 26) . .29 April. 2003 THAT WHICH IS CLAIMED IS 1. In a wireless
comuni cat@mey bgdmplamentqd igiexherRase gauonspy subssaberdermingly O%ﬁém&l@% to

serve a pl e ri ' . ' ' onpri si ng
the ot ops b ifiafns SRR FRPLIL Ihe ol PRE NN RAOIIRN Gk iing

comuni catdhamsels hapielcohfgirad) teacdmmsnicate dhortimesspgéseired adrasastatomtock

comuni cati ons,_channel havin second redundapcy | evel greater than the
first Wed MHAEHDFT FR-AT0 SHRYEY & %'itm%agaaﬂam‘@e%&ﬁm%fgﬁgaﬁ scﬁ%ﬁh‘é}“ on one
of the fi '3y &Qé@@aab&amo?@gerﬁm%vrﬁiae J{%ﬂ‘ﬂaltih% rﬁgﬁg&éuﬁﬁm@kﬁgm ons channel; .

and |10 denodul ating the recCelve o0 comuni cations signal o recover thé_}

message usthagnels friay de wdedrtodprbeide onics @héd datainfessdgeng iadiithecdingrtioncat i ons
signal is recei%ed on lt he ffj rst ,conmuni atg’eons channgl and %@i n second
denodul ati on schdeore! siagk Pripriemeing A LaRPEIRraUPy anesina S A0 on t he

second conggiafidld SRfentRaNiRlated N6 1 AdEssaELPayef ntesdREYbatd ng conpri ses
the step of coher entI\é denmpdul ating the received radi o Communications

si gnalld f formattesdinto & dayemfsame4 H) epdescribedrip ceferenes MG, Shdnf i r st

communi cat j ons chan nd non: cehegent | y; deno i,ng the recgei.ved radio
comuni cat 1°OR¥ER @Hgﬁlleldﬁngrhger}egaff%n @F#F&%F%%ﬁ’isg’ﬁ?%ﬂé’%’aﬁve‘i’E“Pg‘@é‘f’{} d over

t he secondcoupigTbtradsn Il heleanB2)s) WalshAHagined cadiag)idiapgliddaoGhatarel,

wherein said step of tran_s_m'tti,n% conprises the steps 20 of transmtting on
the first EONMEAICY # irapnidpgtheintomnatign an theMessagsdhaver measage A eilhat i on;

and transnjthidg l@s&?ﬂ%?ﬁ@%ﬁﬁ%ﬁﬁ&%@[ﬁlﬁs‘ﬁeﬁ H{&ﬁéeonk'tlﬁﬁﬂgsﬁp g(ﬁf}{a%'f'd

nodul ati on constellation representing a subset o rst nmo tion
const €20 at other ulfs d. noh misthkothedigiopetietrgtidrosiof Hi0mfdt,a mimmabDECGHhelosecond

nodul ation constel.latio rqvi des bi nar dul ation.. 4. A nmethod accordi ng
Lo ol ai m 1, - whefetifeieat Su Bt S mavtiansed s g rendFiiedy of
transm tti AQs@pfda Hankd ¥ EnAbRMME RECAin LRSI & %’i&?&yr{cﬁﬂfnﬁz’%ﬁ% Wi thbe message
encoded according to 30 one of a first code that" is operative to produce

the first treshmitmgcspaticsy ehccordingly casoHustratadan PGt 8.i4sslots 8d @ arevused dopr oduce

t he second redundancy,l evel. 5 LA hod.according to claim4 erein the
oeong. coduEBHLRRRN uftTinieath SR FrItCsEL e Yoo s ap R0 orm
code. 85 Busoll AEbOBGhARRDIBEIUIGHPa] RhdByRchohRERbD THesyadktohizanah sleade
conpri ses a code operative to produce an increased signal to nojse ratio

suf fi ci ent 81dmagdejiregulary sppsed hipygheucihaiSuperdaame SFoyo thaidhe reaceivingode. 40

7. A netho i i i addi ti onal code conprises one
of an orthgafg%ﬂdgggg]tggg?%%lcﬂ%%h?g&?%g%gﬁg@éode. 23 29 April 2003 8. A

met hod accor di ngstaoreshlabfhé inondrsed tading) ehsméanationdea dMespigedaepne of a
Wal shHadamard code and a Nordstrom Robi.nson code. 5 9. A nethod according
to cl ai m 4MeiHAge dfapsHited usings tigh-peagiaton ehangel 1s spread ewlcveny 14Ber st eps of

format {4 ng n@[sllﬁgg ' j Grunf to a Data
Li nk Lga?/er n%}rﬁgf'oco ; gcﬁ%:g%%ﬁgloﬁég? IHragéf%nt%[th alf nEgg‘E%l;&/]g?:h r arlfe?étgﬁor ding to
one of theekample, ihate nudifiddl St I3 6nmongk itlasteatedingelGRr Ated 8 Paaddakl nessage;
and

Layer frame is requires 13 Physical Layer slots, i.e., a Hyper Frame HF includes 13

Super Frames SF. This can introduce a delay in recovering the message in relation to

a message transmitted on a conventional messaging channel, but does not require
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SUBSTITUTE SHEET (RULE 26)



generating a radi o comuni€ations signal fromthe encoded nessage. 10. A
met hod according to claim1, conprising the steps of: transmtt? 8gAPRe2003
message on the first conmmuni cations channel using a first anount of
spectral 15 resource; and transmtting the nessage on the second

comuni cati ons channel using a second anmount of spectral resource that is
subst ant i al | y chhegingthe sieeptrhedefdyelstofdhmigreiviog wiees thaunitsibgarbe 11. A

met hod according to claiml. ¢ risy h transmtting the
nmessage on thecogftfzg?e ctSrR%fﬁlng%qu%Hé%ngglnéﬁéﬁSgb&;&%#%g “transm ssion rate;
and transmtting thEGrESHagMAtExERPlaSLEsIetice 0 focainBtsicatiannedsagds a
second transm ssion rate that is substantially the same as the first
transni ssi on rusing onexf amarmehwgssagios chimyg! anl &highrpenctrationpnessaging ehannst eps
of 25 transmtting.over the first myni.cat i o h | LSt power
| evel ; andsst r a%cgﬂi%ﬁ% ﬁ)gasgt\a/c rOf egrgs%@%@%%%%&%g%ﬁ%%&? %:"ﬁ%ﬁl%%l Jr{aér?ea()fgecond
power | evel thgdrniascsulsihaatib@ dhvnidier 8 Al -pmetrittor§ donSthugomtns lcBigdel 13. A
met hod according to claim1, conprising the steps of 30 transmtting the
nmessage on the(B%pﬁﬂé?lQ)omm%%ﬁm@H@C@mﬁﬁ@nalalﬁ recefvefon qugwEEhe naymial and a
first transm ssj ; I L - Of hannel
using at a seconirafeforaidpid 3P e el i AAR AR MR T PBIOGE
lever and at a93@cor@ re¢eivisitiadivi comnidticatidondsipadltis ddrhydulited sdngaas the first
transm ssion rate. 35 14. A nethod accordigq%?to claim1l, wherein said step

of transm Qi ngemedpriienschems thatdpsegctadrbasedon whelger the rafie sommugiratines
e nG-es | RS o .
communi cat 1 ons SERaREEIRRUE e RGeS COTHLEBH A bt HibRbencasion

according to clcainmuhicatias ehannslaBibcktdsdp).of transmitting-conprises the step
of concurrently transmtting the nessage on the fjrst conmunicatjons
channel and the secotpseSRHERIL ??Bﬁ‘éﬁéﬁ%rﬁﬁé?e.tﬁﬁth%PP‘?ﬁaﬁlﬁé{SWgﬁ ce6/bHhg t o
claim1: wherei; i §ifctdnk QAvE QB S E5eck fiest -
transmtting fr@ﬁ%ﬁ é%ifeﬁgailg{r?%eﬁl?ﬁalﬁg e\t/lalrt]erglg’n sallid geicep S(')félssr ercgiér\g?r%mg
conpri ses tlhe shese opbratiensinay dgpeatd om tbaitype off essagabting LemmAmmetéro dFor
according to claim11:,10 wherein,said step of transmitting c rj ses the
Step of r ansmiSETIR: PFOAFE SOHEY FRSAE A & - MR BP BT PSP (e oD
recei ving conprdngegndtinishedh RforkRE6h, \thddbeddonBuR@fE tSdndhiteid bylBbash sk@iohod
according to claim 1, wherein the nessage conprises at |east one of a 15
control messageqn bothagormakensagenicatiops ceannakasipgghnpaniralan somasuerdions 9. A
wi rel ess conmunj,cat i,on ystem ¢ risings: for.. AN

nessage on at I%hﬁ?elgﬁzh%fsuéscg}o?%&q%S%énlﬁ%rg&ﬁ %%}étec gsﬁ%é?lqig?v%%ﬁﬁa |15r‘ s‘/%
redundancy 40evesubgérilfer 18t @REMPONFOHcGaikd GieSysteamight Hay tung tatheawemdl channel

r edundancy Ievelwgre,a,ter 20 thﬁ@ the,fitht redungancy l.evel ;  nmeans for
receiving a radi¥h E5HREH sessALlY dpGhg the Hapaitisd coml infpapatigRidetat i ons
channel and the (GRTMAL GRhiRASARAMNRRNC] ANchiBARSs. | QlterARERAY it Ng
t he received racl 0 gg?rc}runl cat?o%s Pfé%lﬂgﬁlall to ré:covée]ldr1 t he Sms*ss%tge u5|’nlg a
first denodul at point-gcipeire mdssageg conthixt, adwnersiaiioraimight sragsmyih almedssagedorsi el on

the first 25 conmuni.cati ons channel and usjn second dempdul ati on schene
1 the radio colficamBHIcaiogn dranpd h b alroa g ieache: nacua suBHBT B ons
channel , whesei ngaled RS thOmeskapOEMIRH: S0 p&rReRTb:S ESmARARS 61 cHarRRE L Rld Y
denodul ating the received radi o conmuni cations signal if the radio .
communi cat i ons siemtdhatiag ackawvipdgemene et thh endspagsttragemitigdiondtd werenat khanmel isand

nmeans for noncoherently,denodul at,i ng the..recei,ved,radi o _co ni cat i,ons
Tranel 1 ThaC et Bibicka STRE bAUL AR HOP S Miafiud B B RgTE I SEEE g
comuni cati ons el nord@l arfl YIS heBrAG 61 cHangklé SreGeddribed 9n PUbINHRHEN sai d
nmeans for transmtting conprises: or transmtting on the first

neans f
comuni cat i ons dhRigmasionglsApplication NembaoW 80/38%°.const el 'ati on; and 35 neans

for transmtitiing on t secong.c ni.catl c I i.ng a.second .. .
modul ati on constel | atflg%ersgglregé%ﬁ}%gmg %’ﬁ%i - @wggr#?}r‘tslﬁve%gﬁllgf]&(}ﬁnned
constel l ation. 2%.thAilRKEhE@AeADEGNENRDIRIGE! 621-B 2, 7-MhThehittiode age appdatus of

nodul ati on constellation provides binary nodul ati on. 40 25 29 April 2003
the present invention are also applicable to the communication of other content than
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22. A systemaccording to claim19, wherein said neans for t2gnaAPRt2(099
conprises neans for transmtting a first radi o conmuni cations si gnal

representi RPohhSpRESsage encoded according to one of a firstpepeQedindy | S
operative to pr ocfuce the first .redundancy | evel or a second code that iIs

operative r : ccordin
o ol a m St BEGRUEE inlRaR RO CARMRNEY Y Bl wscd 1 SomMu G ARRE P 1
first codeneasageackrmddedgenieals, voite an®@dataA system according to claim 23,

wherein the addjfional .code c rises a co 10 operative t roduce an
i ncreased si gngﬂ}ti‘?rovaﬁﬁ?%‘és %Pcﬁ%gp‘ﬁ‘m %Fé?%oqf%e PrESnt 2B eBUN-eT¥t er i ned
codi ng gakbpahHIRMhE Atk datd, «SP ABe adtnal ‘%it?y%@M&QH@El@Eerﬁiv‘éfhog:ggfez{HdZ?"

!
wherein the a%ldl t ona]fﬂ code Conpri ses one of an orthogona and a
quasi - dr t highepeaketratictechanbel? Geedinatyetidantiaslc Gkslisad herirg [‘miessag’; refdretei n t he

second code conprises one of a Wil shHadamard code and g .Nor dstrong Robi nson
code. 27, SAUEYILAAIBREBAIPRGoTetc | LS OB EBH e ORI A fber of
formatti nﬁiﬁé}&lt%%?&ﬁ)eh%goﬁtﬁ@&%blrﬂéidﬁs‘éﬂ; fof ¥t 34 forARGGH M to a Data

Li nk 25 Layer protocol; ns for encoding the first Data Link Layer frame
accor di ng comenteontdingdio afMessage bager anessdge teosnitttd oydea hampd cbarmek an

rom t he SiRatdepiacuet R siarutE of imas Bty ST RPRIRSS thofen sai o
NMeans |§or té s ttetdepsti e RictsSiTIne SRR dy W vet f}ﬁflﬁgﬂ-?éd:%tiér%hd}ﬂéﬁwﬁ on the

first communications channel using a first anount_ o ectral resource; and
means for examprafsu¢hngtachrique sewdanwwive seadisg aoatiofenirahinarmating vigmnnel

usi ng a secan 0 amgunt of spectral resource t i stantiallly the L
sane as t %glf:?clrcﬁ?m}fﬂgffﬂrﬂedolf’a 8@?(%1”‘?‘@?85}%5&“ IggbéAﬁ g;ﬁf‘é’?‘ﬂ%&}%@i‘%i ng to
claim 19, cyhgitishdakpifél pilpores bPsiniplypmaintdi hinh Gos@EIPLiS £ Gnit ieaNs for
transmtting the nessage on the first communi cations channel at a first
transm ssidisedrantegeddpenton, aemplierfsybset s §et oficaptrerdhanasd infgematipny may second
comunicatj I é mssion rate that is substantially
t he sg?re ggqﬁéﬁpﬁg&%%@ggi%ﬁgtgﬁq%%c&%i 30. A systemaccording to claim
19, wherein said neans for transmtting conprises: neans for transmtting

over the first co nications chanpel at a _first power |evel; and 40 neans
for transmimulafene ht‘%?é'P%ﬁtGﬁﬂmbgfﬁﬁﬂﬁ‘%ﬁFWh%" channel at a second power

level that is sARghantdbt tl‘xe?ygﬁoﬁﬁd]ﬁe 8fa hi}® IﬂehééétioH%Eaéiﬁg’ &drvic€Such 29
April 2003 31. A systemaccoirding to claim 19, wherein said neans for
transm t t iasghaélystiateelsin FikGartsA and 6B van priformerhintonder ve sssagpepenforinhacd i r st
communj.cat i ons_channel, at . i,fst power |evel and.a fir ransm ssi on
rate: “And B9RERY "P%ﬁ %@Y%gﬁ%q%&%@yﬂéeﬁgd@% for bé‘i’i%%d channel using
at a secornghvpeuent evel substantially the same as the first power |ever and
at a second transm ssion rate substantially the same as the first

transni ssi on r afer degpdujationdn the nieoeanimigniocat delay soread griprKEiraepiverans for .
transmtti ver. £ QTR i nel when
comruni catﬁ%ﬁéﬁggﬁ %t% ﬁ]’g&% ?‘r‘gélcﬁé%gﬁq‘é%fl gﬁrlag l%ﬁanne%&%t}égg%gggggd. 33. A

syst em accabdilagor sequbmies) €lg, thellidamardsseigdemeadscfibed dboasswith tiffigeonpri ses

means for concurrently transmtt{ing the ness%%g n the first comunications
channéld ardflaysethsdifiergntidelays ling thegtedaycipasade The sarrelatiay euPhis6& or di ng to
claim 19: 1.R:.SAl : UL LS itioned at a base
station; atﬁgﬁmpgﬁﬁkggﬁwnggﬁggtf%{ritgr%ggﬂgﬁ\&/‘%e?%d?%&%@g?ti oned at a subscri ber
unit. 20 35. A AyshEmreaopdndi cgmbinatémtechrique wsidesceibad saChhpteahsf f or

transmtti re positioped at_a subsgriber unit; and.wherein. said neans
for recei v&%&zf'f'}éiféﬁlff Jnﬁ’de%éSR.FCH&_?e&%'F'HFF'G?{’O"zéY%‘e%&f yE‘ftgﬁB‘é‘igbr ding to
claim19, whgiEh-Wid _@99)?%&%%13&% ke J)Fzﬁﬁitio‘ﬂﬂ?in%%nﬂ%}iSQﬁB&ﬁlthéms5age’

a short nessage, a voi ce nessage and a data nessage. nawreless
comumniCcat sigma tomterferancedpypd matach detaypimfeimagion vdrichaayrbs ddfjeult teansmi t ti ng
means for transmtting. a ssage on first cammunications 30.ch el at a
(st roduptiaeynrseybfisafratot i telF e e lgue Broard OF pEeIthon
message tragedthdda Mpﬁf?%@ﬁesfp%dihé%@§ veh isffhehb€ TBSIABE fﬁrCI?ap‘i&CP&d _
communi cati ons channel at a’'second redundancy l'evel greater than the first
r edundancy Digitad |Consimrgcatione by Rdoakesd ulf delay spretidits 10w vdthf fespeshto fymdralt he fir st
nodul ati on, wherein the first nodul ati on conprises a nodul ati on suitable
for coherent denodul ation and wherein the second nodul ati on conprises a 35

nodul ati on suitable for non-coherent nodul ation. 38. An apparatus according
to claim37: 18
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Wherein said normal nessage transmtting neans conpr.ises neans for
transmtting on the first communications channel using a fira8 AbRU2HBi on

constel | at hago/s288 27 29 April 2003 wherein said hi gh- pengid¢giié®nmssage
transmtting neans.conprises neans for transmtting on the second

comuni caty| C | i | Al | representing
= subset _GPRRL R A eolikooaRRARR pib e b GIRNGC £hisels T EE

accor di ng chielation for2dch sdaeemenwitheutsietayed nodul ati on constel | ati on provides
bi nary nodul ati on. 40. An apparatus according to claim37: wherein said

nor mal nessage For Hieswngle FW‘W%WCQHWWEW sypredugsddpreachg a radi o
lo com"rurgg@%hj{é)@s signal representing the nessage encoded according to a
first code at 1's operative to produce the first redundancy |evel; and
wherei i said hi gh-penetration nessage transnmtting neans conpri ses means
for transmtting a radio communi cations signal representing the nessage
encoded according'to a second code m,hatr"ic ,operative to produce the second
redundancy | evel. 15 41. An apparatus according to claim40, wherein the
second code represents a concatenation of the first code and an additi onal

code. 42. An apparatu acc.o%(gi.n to,cl im4Jl], Mherein the addi,ti onal code
conpri ses Wheesndensiesdhereseived sighaland & fenotes theity quenfess-Ente o noi se ratio

suf fici ent j ' j b el oLode. 43,
A appar g, o e P O e b e T e
one ofl0an iderttifieg dreadequande ofitie sat ofirasdulatidrisegoerebs thadlias tRSgrédtestan;: appar at us
according to claim43, wherein the additional code conprises one of a

Wl sh- Hadanard code and a Nordstrom Robi nson code. 45. An apparat us
according to claim40, conprisi ng: s 30, for formatting the nessage into
a Data Link Layer frame that conforns=,0 a Data Link Layer protocol; means
for encoding the first Data Link Layer frame according to one of the first

code or the sedeh mestidation sgeuraca cerespnordsdo @ddookenf dalge Fomerammanthe f or

eneratin i ommuni,cati ons .si | fromthe encoded ssgage. 35 46.
%\n appar aﬁagﬁig*gﬂﬁaﬁﬁ%a%déﬁ? %Sgr?:ge‘g%’%rei a\lpﬁﬁacrpesgﬂ%ech?oégﬁﬁ'u gent ly
transnit t i figplefapResans Rtimahd rkédivdd LQuenesi Cvbres pRidading khesits, t he second
comuni cati ons channel . 47. An apparatus according to claim 37, wherein the
wirel ess cogmiird bits oponepitthamodulaion semiensss, witheut gy eeligbdity on or a
subscri ber. L. 28 . i 4 . i o claim 37,
wher ei n thlg%n?}é]tsatsl%éenésoﬁglrl ﬁﬁgé‘gh’al}%%eearéﬁ a(t)%mg? Rgr@%ﬁ%tﬁﬁ%%ﬁeggggg% a short
message, adecadikg peemgmoe uciresthegerfoanamk of theesaagatiomad decadiat af FEssage. 5

49. In a wireless comrupj cations unit, .an a ratuys conprising: radio
comuni cat@%ngorﬁ"ﬁﬁ@!‘e’ Pﬁwg%%ﬁft‘?%h‘?&cofl‘ifrm? g@i‘%‘?ieﬁéerahqf ar %Pfﬁg‘r‘tﬁrﬁhi cations
Si gnalzoonaﬁgﬁﬁgaﬁgrfgm{sgﬁgmmplbg%ﬂLgnfg Lhannehadefl @ second comuni cations

channel ; responsive’'to said radi o communications signal
recei vi ng nmeansAcdadinglyntididoatiatign thputsgueiandd prectssed ¢o prodoce bitifonkit si gnal

to recover sage ergin.th mogul ati.on r Q according to one
of a fi rstreﬁ%ﬁﬁ@df’%ﬁ%ﬁg’%cﬁb%er&ﬁQ{ﬁg 8@6?8?’&%‘3%?’0& "é?fﬁ%fr@? ‘F"Hgf’di s
sel ect ed b&&@#uﬁ@dm&&;ﬂ@&tiéﬂ&séﬂ%sQn%gﬂméﬂf&ﬁlhla%ﬁpﬁdﬂ&ﬁ%_sbﬁ recei ved on
the first conmuni cati ons channel or the second comuni cati ons channel,

wher ei n sainfiormatias, dndrdestsihesl alsanplifiratiompf thisslormularikatfintludashdansifying a
denoduati ngath eceive dig . co ni.cations signgh.if the radio
corn‘ru%siat ?eg§%°§*}‘5%€‘ﬁe frgo%};gaggpe%%xegc\:/e ° %éepofl Frgt© oﬁnﬂh{hsgtgi“(’)eﬁzblthannel and
for non- cofeiteindnd seespsuliadfithgmbeiatén segnences dorr@gbrdif® BN Tiatthons si gnal
if the radio comunications signal is,.received over the second

communi cat $a5HsPaskiom lhe sgf vang Tapeash itue gaderciagh hig of thed] bitsmappedbiyer ei n

sai d neans,f ent J. dul ati ng conprises neans for denodul ating a
20 recei Ve@egg%?f;&g{g i l‘iye(?a ions signal that is encoded according to first
code that is operative to produce a first redundancy |evel; and wherein

sai d neans for non-coherently denbdul atjing conprises neans for denodul ating
a recejyed radi o communi cati or}s;(ip 2 bzha&% e)]coded according to a
second code that is operative to \pmgduc «zecond redundancy | evel greater
than the first redundancy level. 25 51. An apparatus according to claimb50,
wherein the second code represents a concatenation of the first code and
addi tional code.
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52. An apparatus according to claimb51, wherein the.additional code
.conprises one of an 30 orthogonal code and a quasi -orthogonaQ % ohRR 2008 An
appar at us cording to claimb52, wherein the additional cod i ‘one
of a walshgébﬁﬁﬂg@d code and a Nordstrom Robi nson code. 35 gfﬁﬁﬁgggﬁ%gd of
communi cating in.a wreless conmmuni cation syste t he met conpri sing:
transmit t iAHYARRESHERHPY BseddR sipalating the ipedfprmgige 9 Ms@wﬂ‘r@{&éa 4 8Rd

channel s fsespective different first and second redundancy |evels using a
comon nodul ator, wherein the conmmon nodul at or nodul ates the nessage
transmtted on the first comuni cati ons channel according to a 40 first
nodul ation constell ation, and wherein the nessage transmtted on the second
comuni cati ons channel is encqded such }r(z%a,g};;e comon nodul ator is
constrained to nodul ate the nedsagms.29' QsApkj1 2003 transmitted on the
second _comuni cati ons channel according to a second nodul ati on

constepl ation that is a subset of the first nodul ati on constell ation. 55. A -

met hod accor di ng tﬁ@siﬁluﬂt%h?ﬁnc%%fz@ii& hgniddahsd was diss apRekkAQIMUNI cations 5
channel s conprise respectiveé first and second control channels. 56. A

met hod acSyndhregization irainterdace miag oeimay toebé iisedt depsadingtondevcolwst el | ation is
operative to produce a signal that i.s anenabl.e to coherent_ denbdul ation to
recover tH&" gglg@téoqplgﬁg%etxpga{égﬁng ﬁ8w;$?9§fs“é%%§?f8§§ PPons*thannel and
wher ei Nt NRnaRe Rt Wsed fof BykPiRGHiitiontrhANteAthde! AhSLspproathe\@h Hehat i s

anenabl e t 0" noncoher ent denodul ation to recover the nessage transmtted on
t he sd@ondisedindivideally arrrombirednel . 57. A met hod according to clai m 54,

ey st e ro! b B SRR A 9¥ud AR Rks STBORN S R el B 15 O

communi Cagp 86l i RadsHysRAP P SIc foESMbRroaRdeor ARinterfanefenathiy tihle produce
t he second redundancy | evel, and wherein the second code represents a

concat enatiptsval that frclades she entigral spmpling Beig! an Srisnecoes-sampled Aeqpiedod
according ¢ l. ai i it C i an 20
or t hogonal §1§%a ésa%dr;lq !?agedqw{a}girt@og’tn h@gé‘)ﬁgﬁb’ﬁ: %%%%Q?H%%R\;Wgo& %g%g%‘g?gtghet o]

cl ai mi38, ghseaicontlados edhtie sadaronivapion safeaceisatleatelat thieldantpling d code and
a Nordstrom Robi nson code. 25 60. A nethod according to claimb54, further
conprisingﬁ¥8?natting nmessages to be transmitted on the first and second
comuni cati ons ghanil pREERLIEHIRAIA16R MiRlerAba idvolVes bavebulhfisge: for mat .
61. A nmethod according Po claimb4, further conprising: 30 receiving a

radi o conmenery sampling phagnwithinghe emeplingnigtesved. 561 ¢doh phasen theitonewbharessages on

one of the,first connuni cati ons, channel and..lhe seco co ni cati ons
channel | SAEERTEFBREO G dreRPRire ESRIEa T ol e hoy e e LRt
demoduj@t | guffiREEmeaRas sQecth IR corRSps i OsTOVATUEY £ bhRBS of kbl | S
recei ved on the first conmuni cati ons channel or the second conmuni cati ons

channel ; aMéteds decadsriulkis faggr eppsorchcan araidrtheinesdctormedifyctie physical ilayieal

{

62. A nmet hod accor to clrarm erein I'rst denod n schene
conpri ses fiekdeherent denodul ati on schene and wherein the second

denodul ati on schenme conprises a 40 noncoheregt denmodul.ation sch

7 me. . 30
Apri| 2003 63, M ISpelaved that deray sPicad 691y SXERSA 4t TIUDQ i PANIRS: Chichl
h AR o it . :
Commngs: ot A rofh Ao QndidHiS PG 10 AL SRAEEPRRY fmBseapt Bhror rates
transm t t i ngderenaalconitioss, showingahatlpat forrganve dsmifiarallysldgiaded dee wessages to
be transmtted on the first comuni gations, channel according to a 5 first
modul at i ongﬁm?‘gldﬁgﬁ'i%ﬁ?gaﬁa ‘%‘Fsérﬁleaé ﬁ al §» aAdiyenalsgem ‘é‘ﬁs%ﬁ{‘ﬂ’flp’??@'erreans

for transmybitRtange ﬁ?%ﬁn% d@la?eﬁtﬁr&gn %WH@?E&@B&M&QH&% othera second

redundancy | evel, t penet [ ransm tting nmeans including

29

ation nessage
t he nodul adelay speadsalaesd neans for encodi ng the nessage transnitted on the

d i j .£h | . h that, th | at | i trai ned
Co noddate. the 16+ NEUEHGHER il S acEm PP e CHE A R ATRRECEE PEAR S hannol
accordi ng tredd SSHAPR-FRAE BHERR RPN Thhraloh@Ruli Bty rchrohi 4B 8hirsef ark he

first nodul ation constellation. 64. An apparatus according to claim 63,
wher ei n t hacdumglated mdn-seberentlyc endrthei lecationrns tiehmaxietwn ecompulated valupésct i ve

first and second.control .channel s. .15 85., An arat us, according to claim
65, “wher oi NOEHE F STieHRREAR POt L ERct B 5P SRBRE Bt U8R B roquce o
signal that is amenable to coherent denodul ation to recover the nessage
transmtted on the first communi cati ons channel and wherein the second
modul ati on constellation produces a si gl that is anenable to noncoherent
denodul ation to recover the S;E?ﬁssﬁﬁntﬂsaﬁﬁﬁ’l‘t(ﬁ 2gyon the second

comuni cati ons channel. 66. An apparatus according to claim®63: wherein

- o o o o o r L T

o o " o e

3
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68. An apparatus according to claim67, wherein the additional code
conprises one of a Wl sh-Hadamard code and a Nordstrom Robi ngo§ ABREII35

69. An appapgy ghzeadecording to claim63, conprising neans for pcgyumdhing
nmessages to be ransmtted on the first and second comuni cati ons channel s
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scope of the invention being set forth in the following claims.
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10% & ()-yyGlO% & ()-10% & ()- ,10% & ()- 10% & ()- 10% & ()- 7' 80888

O\ 9dEbC10 "*10% & ()-( 10% & ()-%0% & ()-#y 10% & ()-F"'F10% & () -

10% & ()-\999<:j:::dEbCLO 4 10% & () -

y2310% & ()-010% & ()-,/mO0%W & ()--10% & ()-+10% & ()-:T;e; x;y;z;{;};

; bC10S#10% U&' () - y310% p& ()-s 10/ 10/

10/ @yl0% & ()-1710% & ()-5F"10% & () -; ; 0<<<+>~>dEbC10, &10% U&' (29 apfii X690

U& ()- 10% U&' ()-FS10% U& ()-F10% U& ()- " :10% U& ()-~>>>(7?| ??AdELCL10- 10%
U& () TEEE WHICH IS)CDAIMEDYS( ) - Y 10% U& () - 10% U& ()-110%

U& () - A+tA, A- A A2AKAAALCLO# 10% U&' () - 10% U& ()-s10% U& ()-Z 10% U& ()- 10

U110 U 10 1. In a wireless communications system including at least one base station operative to

serve a plurality of subscriber units, a method of communicating comprising the steps of:

5 transmitting a message on at least one of a first communications channel having a first
redundancy level or a second communications channel having a second redundancy level greater
than the first redundancy level; and

receiving a radio communications signal on one of the first communications channel and the

second communications channel; and
10 demodulating the received radio communications signal to recover the message using a first
demodulation scheme if the radio communications signal is received on the first communications
channel and using a second demodulation scheme if the radio communications signal is received on
the second communications channel, wherein said step of demodulating comprises the step of
coherently demodulating the received radio communications signal if the radio communications

15  signal is received over the first communications channel and non-coherently demodulating the
received radio communications signal if the radio communications signal is received over the second
communications channel.

2. A method according to claim 1, wherein said step of transmitting comprises the steps
20 of:
transmitting on the first communications channel using a first modulation constellation; and
transmitting on the second communications channel using a second modulation constellation
representing a subset of the first modulation constellation.

25 3. A method according to claim 2, wherein the second modulation constellation
provides binary modulation.

4. A method according to claim 1, wherein said step of transmitting comprises the step

of transmitting a first radio communications signal representing the message encoded according to

30 one of a first code that is operative to produce the first redundancy level or a second code that is
operative to produce the second redundancy level.

5. A method according to claim 4, wherein the second code represents a concatenation
of the first code and an additional code.
35
6. A method according to claim 5, wherein the additional code comprises a code
operative to produce an increased signal to noise ratio sufficient to realize a predetermined coding
gain from the first code.

40 7. A method according to claim 5, wherein the additional code comprises one of an
orthogonal code and a quasi-orthogonal code.
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8. A method according to claim 7, wherein the second code comprises one of a Walsh-
Hadamard code and a Nordstrom-Robinson code.

5 9. A method according to claim 4:
wherein said step of transmitting is preceded by the steps of:
formatting the message into a Data Link Layer frame that conforms to a Data Link
Layer protocol;
encoding the first Data Link Layer frame according to one of the first code or the
10 second code to generate an encoded message; and
generating a radio communications signal from the encoded message.

10. A method according to claim 1, comprising the steps of:
transmitting the message on the first communications channel using a first amount of spectral
15  resource; and
transmitting the message on the second communications channel using a second amount of
spectral resource that is substantially the same as the first amount of spectral resource.

I1. A method according to claim 1, comprising the steps of:
20 transmitting the message on the first communications channel at a first transmission rate; and
transmitting the message on the second communications channel at a second transmission
rate that is substantially the same as the first transmission rate.

12. A method according to claim 1, comprising the steps of:
25 transmitting over the first communications channel at a first power level; and
transmitting over the second communications channel at a second power level that is
substantially the same as the first power level.

13. A method according to claim 1, comprising the steps of:
30 transmitting the message on the first communications channel at a first power level and a first
transmission rate; and
transmitting the message on the second channel using at a second power level substantially
the same as the first power lever and at a second transmission rate substantially the same as the first
transmission rate.
35
14. A method according to claim 1, wherein said step of transmitting comprises the step
of transmitting the message on the second communications channel when communications on the
first communications channel are degraded.

24



U, 210% U& () - @s10% U& ()-L6 10% U& () - @" 10% U& () - KL>LLLSMHENb@O0! F @
10% & ()- 1:110% & ()-Fl 10% & ()- 10% & ()-3 10% & () - 3f 10% & () -
MVVPNNOOAENb @0! Y ' 10% & () - YOLOU& () - 3@ 10% & ()-3 10% & () - F10% & () -F
10% & () - 0P QOONRRABTD@0! | x$' 940% / & () -' Y40% & () - &10% & () -, s$" 10% & ()
210% & ()-, Y 10% & () - RRESTT WAENb@o! !, >s10% & () - 96-
10% & ()-f410% & ()- . 12003
10928 ()- @, ! 10% & () -*mlo% & () -V V(V) V* VBVOWVW @LOFyMLOY& () -1 01006 f & ()
@Oo%& () - @OW&'A)neth’bG/acchdmg% ADVA SwhereiMdd 06t Braf@khittdig comprises the step

le%&'O(f) ﬁl}l}l‘ﬂéﬁ% &%s%%ﬁe( )ness;tge/ n(ﬁle Yirst communlcatlons channel and the second
z109&' H_ﬂ I 10%& dE @ | 91'gl0%& () - nmlO%& () -1

@ 0% CImpicrHY "P’)‘m\?l 109 ()-  10% ()-1Z zZZ3[ V[ [ dE_@0!
109 () - @ FLO% () -
509! () - AEOMEN(hod@eordDRMd ¢lrint 109 () - [\ 0\ ~\\\ *] dE_@L0!
L6S10%&! () -vifbkei Y4id Gtbp JkAkRitling cdndyités the step o RAEMittinSFon?alKd¥Esthtlon” had | ~ 75

e o RS s i Lo

10% & () - SH@O0%& ()-SH@ 0% & ()-110% & ()-5___auaabdEYNCLO! | %40% & ()-|
94098 () - y#70% & method accpndipgiqolaim 1004 & ()-  10% & () - bgbchidddEYNClOl
Y 168 10% & whergifh44i0%eq’ of traBnittii cn(prisesnth© $tef. of yraddidtiig(fforh ¥ Bubscriber unit;
10% & ap)i- dee<f f f gdEYNC10! 1&810% & ()-/10% & ()-Y.10% & ()-@"10% & () - +

109 & () - e vifsdid 'stgﬁ‘ggxiei:éiiri(l.é ):é)riﬁf)r‘?szmglepjo%eceiving at a base station.

18. A method according to claim 1, wherein the message comprises at least one of a
15  control message, a short message, a voice message and a data message.

19. A wireless communications system, comprising:
means for transmitting a message on at least one of a first communications channel having a
first redundancy level or a second communications channel having a second redundancy level greater
20  than the first redundancy level;
means for receiving a radio communications signal on one of the first communications
channel and the second communications channel; and
means for demodulating the received radio communications signal to recover the message
using a first demodulation scheme if the radio communications signal is received on the first
25  communications channel and using a second demodulation scheme if the radio communications
signal is received on the second communications channel, wherein said means for demodulating
comprises means for coherently demodulating the received radio communications signal if the radio
communications signal is received over the first communications channel and means for non-
coherently demodulating the received radio communications signal if the radio communications
30  signal is received over the second communications channel.

20. A system according to claim 19, wherein said means for transmitting comprises:
means for transmitting on the first communications channel using a first modulation
constellation; and
35 means for transmitting on the second communications channel using a second modulation
constellation representing a subset of the first modulation constellation.

21. A system according to claim 20, wherein the second modulation constellation

provides binary modulation.
40
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15
26. A system according to claim 25, wherein the second code comprises one of a Walsh-
Hadamard code and a Nordstrom-Robinson code.

27. A system according to claim 20, comprising;:
20 means for formatting the message into a Data Link Layer frame that conforms to a Data Link
Layer protocol,;
means for encoding the first Data Link Layer frame according to one of the first code or the
second code to generate an encoded message; and
means for generating a radio communications signal from the encoded message.
25
28. A system according to claim 19, wherein said means for transmitting comprises:
means for transmitting the message on the first communications channel using a first amount
of spectral resource; and
means for transmitting the message on the second communications channel using a second
30 amount of spectral resource that is substantially the same as the first amount of spectral resource.

29. A system according to claim 19, wherein said means for transmitting comprises:
means for transmitting the message on the first communications channel at a first
transmission rate; and
35 means for transmitting the message on the second communications channel at a second
transmission rate that is substantially the same as the first transmission rate.

30. A system according to claim 19, wherein said means for transmitting comprises:
means for transmitting over the first communications channel at a first power level; and
40 means for transmitting over the second communications channel at a second power level that
is substantially the same as the first power level.
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h& ()-L3s 10rtg{%ﬁ§‘lfc§r)tfaXsmitting the message on the first communications channel at a first power level
and a first transmission rate; and

5 means for transmitting the message on the second channel using at a second power level
substantially the same as the first power lever and at a second transmission rate substantially the

same as the first transmission rate.

32. A system according to claim 19, comprising means for transmitting the message over

10  the second communications channel when communications over the first communications channel
are degraded.

33. A system according to claim 19, wherein said means for transmitting comprises

means for concurrently transmitting the message on the first communications channel and the second
15  communications channel.

34. A system according to claim 19:
wherein said means for transmitting are positioned at a base station; and
wherein said means for receiving is positioned at a subscriber unit.

20
35. A system according to claim 19:
wherein said means for transmitting are positioned at a subscriber unit; and
wherein said means for receiving is positioned at a base station.
25 36. A system according to claim 19, wherein the message comprises at least one of a

control message, a short message, a voice message and a data message.

37. In a wireless communications unit, an apparatus comprising:
normal message transmitting means for transmitting a message on a first communications
30  channel at a first redundancy level using a first modulation; and
high-penetration message transmitting means for transmitting the message on a second
communications channel at a second redundancy level greater than the first redundancy level using a
second modulation that is different from the first modulation, wherein the first modulation comprises
a modulation suitable for coherent demodulation and wherein the second modulation comprises a
35  modulation suitable for non-coherent modulation.

38. An apparatus according to claim 37:

wherein said normal message transmitting means comprises means for transmitting on the
first communications channel using a first modulation constellation; and
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41. An apparatus according to claim 40, wherein the second code represents a

concatenation of the first code and an additional code.

42.  An apparatus according to claim 41, wherein the additional code comprises a code
20  operative to produce an increased signal to noise ratio sufficient to realize a predetermined coding
gain from the first code.

43. An apparatus according to claim 42, wherein the additional code comprises one of an
orthogonal code and a quasi-orthogonal code.
25
44, An apparatus according to claim 43, wherein the additional code comprises one of a
Walsh-Hadamard code and a Nordstrom-Robinson code.

45. An apparatus according to claim 40, comprising:
30 means for formatting the message into a Data Link Layer frame that conforms to a Data Link
Layer protocol;
means for encoding the first Data Link Layer frame according to one of the first code or the
second code to generate an encoded message; and
means for generating a radio communications signal from the encoded message.
35
46. An apparatus according to claim 37, comprising means for concurrently transmitting
the message on the first communications channel and the second communications channel.

47. An apparatus according to claim 37, wherein the wireless communications unit
40  comprises one of a base station or a subscriber unit.
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50. An apparatus according to claim 49:
wherein said means for coherently demodulating comprises means for demodulating a
20 received radio communications signal that is encoded according to first code that is operative to
produce a first redundancy level; and
wherein said means for non-coherently demodulating comprises means for demodulating a
received radio communications signal that is encoded according to a second code that is operative to
produce a second redundancy level greater than the first redundancy level.
25
51. An apparatus according to claim 50, wherein the second code represents a
concatenation of the first code and additional code.

52, An apparatus according to claim 51, wherein the additional code comprises one of an
30 orthogonal code and a quasi-orthogonal code.

53. An apparatus according to claim 52, wherein the additional code comprises one of a
Walsh-Hadamard code and a Nordstrom-Robinson code.

35 54. A method of communicating in a wireless communication system, the method
comprising:

transmitting respective messages on first and second communications channels at respective

different first and second redundancy levels using a common modulator, wherein the common

modulator modulates the message transmitted on the first communications channel according to a

40  first modulation constellation, and wherein the message transmitted on the second communications

channel is encoded such that the common modulator is constrained to modulate the message
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transmitted on the first commumcatlons channe and wherein the second modulation constellation
10  produces a signal that is amenable to noncoherent demodulation to recover the message transmitted
on the second communications channel.

57. A method according to claim 54, wherein the first communications channel employs

a first code that is operative to produce the first redundancy level and wherein the second

15 communications channel employs a second code that is operative to produce the second redundancy

level, and wherein the second code represents a concatenation of the first code and an additional
code.

58. A method according to claim 57, wherein the additional code comprises one of an
20 orthogonal code and a quasi-orthogonal code.

59. A method according to claim 58, wherein the second code comprises one of a Walsh-
Hadamard code and a Nordstrom-Robinson code.

25 60. A method according to claim 54, further comprising formatting messages to be
transmitted on the first and second communications channels according to a common Data Link
Layer frame format.

61. A method according to claim 54, further comprising:
30 receiving a radio communications signal representing one of the transmitted messages on one
of the first communications channel and the second communications channel;
selecting one of a first demodulation scheme or a second demodulation scheme based on
whether the radio communications signal is received on the first communications channel or the
second communications channel; and
35 demodulating the received radio communications signal according to the selected
demodulation scheme to recover the one message.

62. A method according to claim 61, wherein the first demodulation scheme comprises a

coherent demodulation scheme and wherein the second demodulation scheme comprises a
40  noncoherent demodulation scheme.
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operative to produce a signal that is amenable to coherent demodulation to recover the message
transmitted on the first communications channel and wherein the second modulation constellation
produces a signal that is amenable to noncoherent demodulation to recover the message transmitted

20  on the second communications channel.

66. An apparatus according to claim 63:
wherein said normal message transmitting means comprises means for transmitting messages
encoded according to a first code that is operative to produce the first redundancy level; and
25 wherein said high-penetration message transmitting means comprises means for transmitting
messages encoded according to a second code that is operative to produce the second redundancy
level, wherein the second code represents a concatenation of the first code and an additional code.

67. An apparatus according to claim 66, wherein the additional code comprises one of an
30  orthogonal code and a quasi-orthogonal code.

68. An apparatus according to claim 67, wherein the additional code comprises one of a
Walsh-Hadamard code and a Nordstrom-Robinson code.

35 69. An apparatus according to claim 63, comprising means for formatting messages to be

transmitted on the first and second communications channels according to a common Data Link
Layer format.
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