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for Patent is d by subject matter to commonl y-assigned U-Q APR 2003
Appl i ca 'mﬁ\\\\\%\\\\went Serial Nos. 08/733,501, 08/847,655, and 09/148, 224,
filed \“\ , 1996, April 30, 1997, and Septenber 4, 1998,
respecti vel yeootd®’d Provi si onal Application Serial No. 60/063,024, filed
COct ober 23, 1997. The above-cited Applica-i ons are useful for illustrating
certain inmportant prem ses and the st of the art 1 o for the present
Application, and are hereby i ncowgﬁé\g*’tﬁ}cptggé}‘e‘hce herein in their
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conmuni cat i oendiretyst ens. | n ot her words, the new generation systens will
have to use nuch faster and nore flexi ble random access procedures, in
order to increase their access success rates and reduce their access
request procBASKLROUMNL OFJA IEVENILON j oi nt devel opnent nobil e
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25 Consequently, the ability to support faster and more efficient random access is a key

requirement in the development of the new generation of mobile communications
systems. In other words, the new generation systems will have to use much faster and
more flexible random access procedures, in order to increase their access success rates
and reduce their access request processing times.

30 A European joint development mobile communications system is referred
to as the “Code Division Testbed” (CODIT). In a CODIT-based Code Division
Multiple Access (CDMA) system, a mobile station can gain access to a base station
by first determining that the RACH is available for use. Then, the mobile station
transmits a series of access request preambles (e.g., single 1023 chip symbols) with

35 increasing power levels, until the base station detects the access request. As such,
the mobile station uses a “power ramping” process that increases the power level of
each successive transmitted preamble symbol. As soon as an access request
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- 'I'n many nobil e comruni cation systens, a slotted-A T OHA (S-ALOHA) random
access schenme is used. For exanple, systens operating in accordance v Afn 2003
o the 1S-95 standard (ANSI J-STD-008) use an S-ALOHA random access schene.
The main difference between the CODIT and |1 S-95 processes is that the CODIT
process does not use an S-ALCHA random access schene. Al so, another
difference is that the 1S-95 nobile stat?on transnits a conplete random
access packePrepmBledsdetegted, (kg baspstapipraghyries aclosed 0op pewes eantiobpireidles not

acknow edge Whﬁhﬁ_&l@l@ﬁﬁﬁﬁco&tﬁﬂ%EhobﬁlB@tah& 'QPrafi 0kt etvext I'e%] 1ﬁ SrcfeF gnsmits

the entire acces uest. cket her Qmer veI rocess
conti nues uﬂlfqep ﬁ%@%&%@“gﬁ?%ﬁr W’gﬁ’ 1f’i’éata?i: esirgd | eé’& e;r In the
above- ci t ed Wppilé statiornthen a'mhrrtlh&tsls&&ﬁc Mﬁe@@dﬁﬂdnal TRobspetatibn eat i ons,

di fferent ran ces ased an ALO—IA rand m.acces mes have
been d§scr| begew?:rss ‘?vml IEPLPSSte recelvﬁfi@gﬂﬁp SHEUSY nefamggam c

S- ALOHA schemEAHEt@pevarqswmilartytﬁanEQhesmg ants in tinme (tine sI ots) at

whi ch random access transm ssions are allowed to begin. Typically, a nobile
station (user) randomy selects a tine slot in which the transm ssion of a
random access burmay mobilosmupunicgionsysters,fedptied-AbRE e(S-ALREA) me sl ot s

ta[] e 3015 f pr e-@hidfa at@gs meﬁ@e@tg‘eaCFuﬁetaﬁxtpl@@ys&eﬁy@;s&étmg lﬁ(alzédt;ﬁé.désswllh&[g wetaz)
e differen sis ¢c et yeen

In a sifeci fli1 ﬁ%ghstgn W@?@@%g/gﬁ%ﬁ @ﬁétféﬁ&&é‘ga@ #Qgt“%o random
access schernfhe mainhlifiarendecemeddnaie GODITané dS96 ptdnessab(s/thatahé E€DDITS.

Appl i cation 73 h i i cation',

nobi | e st at |p§8£ésgﬁg%oeg§%nd§t"r§géléﬂﬁ‘t ?%n%g&f%:%ggrs#}é céss ﬁ;ané‘&rgl- A di agram
that illust rrhffe@neta isthatshesiSe Acmabide Statforstrasismits a zampleteraoden asgeséet i s shown
in FI GURE 2. a'Ei@ét 1ﬁ§t@d&%1“ ek gt ﬁr@d?x%’l@ %ﬁ@@ée@é@igﬁﬁo& R GESRDWISPLeRd data

framea or "burst" 35 corrprlses pr eanb (10) a message past (12).
Typi caldl y, t3Feessredseh e thrdes® %Pbﬂﬁiltméetﬁaé?m}tmb@reﬁﬁ{q SRS REAYCE used in
t he base stqialcladst at e hipheepovpdrilent.i This proctatdohtitnddsaintibthe bsestativin t he presence
of the rando acces esl%ﬁ'e cSasnd de{lve certain timng information (e.qg.,
di fferent transm Ssh ‘tﬁ cfe‘ﬂlh)%) Note that, as -2~ ~ 1~~ 203
-3illustrated in FI GURE 2, there can be an idl e period (14) between the
Py eant) @ and mesSadf. ARE-olud hagiibLald B 14 B DN Beubians T si on.
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However, using another tec as described in ove-cited U S

Provi si0onal SRBHAFONSo rﬁh@%fﬁmafﬂnfl@ aggssgBcthodapbaseter STREQHA randeqa acegsy,
Appl i cat i on"sché@fih Havk Bed @ds@gbddn Eibéadaﬁy Jas ﬂthgrdtedtmt ubmg st does not

i nclude a pr uen h 9 t he .bas st random
access det ed? a.ngg%agf& eé"te?lehad Sh 472@“? ts B Sme ﬁo )r'?e?i’é&e part
only. In orcremdotrmacvoeshjmmstmmqnsstc aﬂowcdltcb bmnEyﬂuetheemQHﬂe stagind useBiccess
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the concept "'si_gnat ur es Been | niroduced. For exa
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access burs th@eq&dtly adoflthioMstbatvreeH fhedi fefeh it kdaat 4RER buiitSenn debr
nessage part, i s,S g{wﬁ“a a code associated with the signature pattern
used. The si§Sat§ °eB ¥ is randomy 15 selected froma set of patterns
that can be, but are not necessarily, orthogonal to each other. Since a

co |1 7on can oocy GBLHEHIEER o U WAL stApbra U 1a e
conpar¥dson \mcipna)@mss sheme. sugh axthe methodadisolesed in thgaboacitsd WS s uni que
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i cation,  provi a ifica e U i ci.enc an
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transmts a feingnsttucture for suttea Andomractesspadkienistshewmirs BHGERB&: tThef t he bur st .
Slgnature 1 364#19%“?3?3%@? e L REerEcE Bl B B2 Dot the
col | i SiSon caomprises a piehm be(ﬂot)e@ld amershge Mﬁ?’ﬂbn’éy‘plmlﬂ% presabledessysi ng the

same si gnat Yug iR JRed lﬁparmaa&m{&@%e&h tﬁétease@eéﬁbn H&:‘élv‘éf x%'nﬁﬁ'@ttb”es in
general ), the risk of random access_col i sion | red uc&ﬂ; n _canpari son

with ot her éﬁ?‘&'t"‘i‘%@et%’l‘?éﬁégw PIESCRER 2fifhe randpmiaGeRsA t‘ﬁéa‘F‘h MCEBss systens
and met hods tiemgrinfoedation (e, @ifferat Ghisadssippdte delagd)s Noavthar)asrer ous

advant ages over prior random access schenes, a nunber of problens still
exist that remain to be solved. For exanple, regardl ess of the random
access nethod used, a nobile station has to decide just how nuch random
access transm ssion power to use. ldeally, a nobile station 35 should

sel ect a transm ssion power |evel such that the random access burst is
recel ved at the base statl on W|th preC| seI Yy the power needed for correct
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"2 At R ZOCS -4For exanple, the power of the received burst as required at

the base station is not constant but can vary (e.g., due to variatiq 'AK’SO

the radi o channel characteristics and the speed of the nobile stati 02‘? FAs 2003

such, these variations are to 5 sone extent unpredictable and thus unknown

to the nobile station. Al so, there can be significant errors in estinmating

t he upI i nk pat h-1o0oss. Furthernore, even-3f a nobile station can determ ne

the "correct " illustisdrirsBIGIR P Gyere cau bk ah ddleperiobeidhbisteveen de prgdnsile agd

hardware |im i : r n power
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level to precise ue nee nsequenti

above- descr i beeghpigus emdescribed ia th@ akpvsicifad U. & o visiosil AMtcaEiOIR aerdMNoaccess
burst will begtBeLbYLthepindRE %s‘@z@ gh@ﬂlow )te{aldtlﬁ%mnﬂ@m Jhhs

condi tion causes excessjve |nterf eren for other users, and thus reduces
the capatity Bdpmacesshpus]dqcs et inglude gereaabic. r onssaentlypaythisicaseathey arj sk
that a 15 ranp@esaees’s saddeiticowds!detdlot itNefingt@matibihiso Heibatddeonaver .
This condition nakes i npossi ble for the base station to detect and
decode the raﬂl&%sﬁg%eaétg%l Yourst. In order to reduce the risk of transmtting
with toe much power, in the afore nmentioned 1S-95 CDVA system the initial

random acc es ST eq uﬁxsc;rflér%o Eécﬁ:@é He rfsﬁq)f %thﬁfgﬁlpbﬁtg'egrg BHelrh aa:%gsalsdréf? oPOVer

of fset (i. require transm power

| evel ekopect emo ma@l%ﬁafmmth]athmﬂkc@dthawéwnﬁgsm the cRyREPERL BUFE nobi | e
station then « ﬁ&éh@rﬂaweénhﬁusmd@m P&Ram izeuassaesmémm@cmed hegative

Cor ot fysgtecéa@éatlwté?ﬁeeaﬁg@%ﬁe PRGNS { oA PCtiah DR RL s P dpbied

acknow edgnenwithieuaige sigmaﬂusmpattﬁeﬁﬂ)AIsa’Mne ﬁﬁbdage parloés dpael eitiad calt s

acknow edgnen ) e ul at| cli undan check
(CRC) over t héesg?cziatg‘ﬁ1 %’ltgé@e%lémfe%rg é e si g% ﬁ%@laraﬁggvm@gt i mat e of
the reqlfired selesteslifrasiaset qua&cmsrﬁyttcﬁnbm)bun@!te rioé necessamily toathogenal toogsh
re-transm ssiQfer, CRIRRAUBNIsioN) cahlockiit oA B!et%v@é‘n 86 &ty {%%r&f befts thdtate | S

reduced for each re-transm ssion., 30 A’s I cant that exists with
t he above- dest¥3&:%8 S%&g@%%ﬂngssﬁéaé%r@ﬁgsachsst%l@l%léf@uicgf@n obvi ous
trade- of f betmm‘tsdstewith ehedl €kigting deherhe€ dA slsieh] e b€ oMbl wriqud sigriaqite

re-transmttin rando ess bur.sts.unti. e e station's

acknowl edgrren?agtﬁﬁ’sgg g%sfggécfcﬁaé’t&i,clf%af’h@eah%t‘gppﬁ?a%ﬁoﬂt%rwlgf thce caused
by the 20andomlgmﬁm1yﬂnm threughpnt effisiencicthan piibhranddmragesss sggatesve initi al
35 power offset, on the average, nore re-transm ssions will be needed
before the random access burst is received at the base station with
sufficient power. lothe {24Anplicating, a mahilestagion transmaits 3 sigpature adBald ve power

of f set, OIt her ebﬁaﬁchamﬂmmﬁmmdgdpﬁ%ﬂthabmtshe[nrpaépiﬁﬁga@xoms Sratdhiissionyithd be
recei ved at t

average, this® &EﬁﬁéStatéﬁ@P’W%ﬁ ?rBﬁgBatfl?ﬁfé?l?@rsgh%fé)r%@? rBFlﬁ%V\etszerog tEgr

reasonalsl y | avigratures)adgain, qnmmarcoﬂisicse&as,occlkr@ndtebetyveanmobﬂt stationsk hunatsedgment
of a correctl grﬁ%ﬁ SESHL be
significant, aétgagﬁ ?H{e&%&sg}g@%{gégh Ql?gddklg%téé ve anhéﬁétilugég&r andom
access bur st %@W§ ingenerdl); thatish of arprdone ReFeH wllisithis Tadcsd gbcomparison
described in \dﬁﬁathlgraggtmgschaﬁespr esent invention successfully resolves the
above-descri bed problens. U S. Pat. No. 5,673,259 to Quick, Jr. generally
descri bes a nethod and system for sw tching between dedi cated channel s and
random #ccess chanXetablybagwdgh thetramddma acbesstyktedsraad dnethods described in the

above-cited Applications have numerous advantages over prior random access

schemes, a number of problems still exist that remain to be solved. For example,
regardless of the random access method used, a mobile station has to decide just
how much random access transmission power to use. Ideally, a mobile station

35 should select a transmission power level such that the randea access burst is
received at the base station with precisely the power needed for correct decoding of
the random access message. However, for numerous reasons, it is virtually
impossible to ensure that this will be the case.



lo European Patent Application No. 0,633,671 to Mal kanaki generally

descri bes a nobile comunication systemthat reduces the tine requir&®Rta803
setup a random access request using an array of matched filters each tuned
to a signature pattern. WD 98/18280 to Esnuil zadeh generally describes a
method in a TDVA ~ 5 nobile comuni cati on system wherein the nobile station
comuni cates with the base station using bits that are in the sane tine
slot and nutually orthogonal. This avoidg_any collision between the
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i ndi cator signal, which indjcates that the base %tatlo,n hgfsyd tected the
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presence of H}emﬁ@g@{’l@@é Uissmkpvn feghe fnbile stalipp nent ,
the acqui si themsigrificing afr6xs i Sst@eItRE Aiccthl i $ach-06s. t atirimomr] eveh ifner gy
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del ay —bet weef ekisting beridwarerlgnitdtionb,e it iamupossivdewsst theansai taisomsséond t he
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shorter tharPOM%gI%ﬁgﬁ%%emgbgggfgﬁhﬁﬁakggﬁgh acknow edgnent transm ssion
based ¥n the reception of a correctly decoded random access nessage. If a

nobi | e station da@snsBfienfl a6t the aBoROEdstibed rkfons, Otieré {sl igrliRglng aikler . t he
nobi |l e statipon shou|d i nterrupt ]g_?lpresent transm ssion,and start to
re-transnit PHe? TAMPIhASESLS pyitkhe repetyqeat thnkase sator pyh QR modi fyi ng
t he transm gewen Phiseondigoetauaesexcedsingl intdrferanee fiort dikersisers @sd thos reduces
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invention i 5t HaksilelBr @B bRRRARISE dEt@&ttigﬁ lieBs008he RhfiISHackdls BlrsS- ALOHA

random access schene, the random access delay can be significantly reduced,
whi ch inproves the system 20 performance. Yet another inportant technical

advant age of t he Iplogdegnto retiveithée Ak 6 Strdrb@ittih@ivithiieo SRAGE poRbQIn teAfdreai nt s
S ALGHA T andBABELLEo MR B e B il B B FLne i BBty "
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25 acknowledgment message transmitted). Typically, the base station’s
acknowledgment is based on the calculation of a cyclic redundancy check (CRC)
over the random access message. However, note that a new estimate of the required
transmission power may or may not be calculated for each re-transmission.
Consequently, it is only the negative offset that is reduced for each re-transmission.
30 A significant problem that exists with the above-described power ramping
approaches is that there is an obvious trade-off between the time delay incurred due
to the mobile station re-transmitting the random access bursts until the base
station’s acknowledgment message is received, and the amount of interference
caused by the random access transmission. As such, with a larger negative initial
35 power offset, on the average, more re-transmissions will be needed before the
random access burst is received at the base station with sufficient power. On the )
other hand, with a smaller initial negative power offset, there is an increased risk
that the random access burst will be received at the base station with too much



access packet in an S-ALOHA random access schene; FIGURE 3 is a di é’g?aﬁ?ﬁ 2003
that illustrates a random access burst that does not 3s include a preanble;
FIGURE 4 is a diagramthat illustrates a preanble of a random access burst
nodul ated with a uni que signature pattern, and a message part spread with a
code associated with the signature pattegn used; "2 ~a ~' 2003 FIGURE
5is adlagramth |IIustrate%ﬁ]1§arandom £eess tran ssmg h an
initial negatpl Wgr {}\é}}e BFr&Er IPENRETE VS 8“5?851{681 Pr offie exerrpl ary
detection seclscrsan(nfmasomlﬁyaﬂgena@)nvtbaWexocszsetsethcsiethylmtlaﬂiease station's
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recei vi Bg anbaeat Shi hmrﬂlﬂﬁtb%a&rwwlé@ﬁ@k nféb's’ egAaraeédﬂibedBﬁaetﬂﬁbémwa random
access burst, in accordance wt

nt. of the present
i nvention; afff ATESeR} EVREIR %ugceéS@slngfSa 8 PY?‘H%CFE%EETOQ lemShi | e station
recei ving an acqui Sl ti QDSIMIN@'E%B&SQH&QUM: Jr. gyadrelly ddetibesa rﬁethdd)m access
burst has been,tr tted u ccaordance with
preferred enBadF (W? fswftﬁ@nﬁﬁ’ggﬁ %lﬁ‘\%tﬁ&blbar?heff@%ﬁ%ﬂ?&% f%m%ﬁnﬁ | ON OF
THE DRAW NGSbded oprtbf kandsddtbrdendndent of the present invention and its
advant gges are beﬁh&é@ﬁ?ﬁ?{&xﬂoﬁ %aﬁ&IﬁBrO Bsh ER Ib@ﬂlﬁgﬁ s& ?rfal he draw ngs,
| i ke nuneral s bei ng used and correépon ing part e various
drawi ngs. Es9estibes Wobﬂmccaemmawmetmthat Tefeges thectime raquiPdimictyra t he
present 20 i @Bkl RBess FediRitiRFhel A arflyQF afabdhed filletsidabh Rinkd RSP BeARKERS S
requests is I‘OVI ded wher eby a base Station transmts an acquisition
i ndi cat or S|8 “which indicates that the base station has detected the
presence of a rand‘m%ﬂ(semtommlmd&hguneraﬂpldcﬂdnibss enmﬁpddanymmmdl rrent
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decoded. rand a nobile station does not receive a
posi ti \g)e acqwmm bile station should interrupt the
present transm sshmrccal_rddnmmth apoefclﬁed¢mbnﬂm¢nttdféh¢mmt1ma/@n@®s aburst in
the next tingegloQifor %bés gglgh{l TeMhdoRfadcb e e?.é'lg’ﬁro%ﬁ’éﬁ wHefetSa base

accordi ngly between e su ve re-transm Ssi ons




FIGURE 6 i s a block diagram of an exenplary detection section (for~oheP5 2003
antenna) that can be used in a base station's (204) receiver to detect the
presence of a random access transm ssion froma nobile station (202), in
accordance with a preferred enbodi nent of the present invention. The

exenpl ary detection section 200 includes a matched filter 206 (e.g., used
during the preanble period) which is t un@d "2 ~n~~ cCtJ3 _g_(matched)
to a preanbl satsonstpanemds ay acpustiorFndicktor sigealanwhieh indieatessthatiteelbdsel ter i s
used to det : 5@9 .S .ead the
preanbl e pa?ﬁ%ugﬂgspgg%sgﬁgﬂﬁégpgi%g_sL%ﬁg?&%gégﬁggggé%hﬁﬁgpégsection of an
accumul at or XgBIplasy gebodizent, thaasnvisidiopriedipdiviis gareratad bawed oa thmirgeiat

si gnat ure padfle@efpy rbdt®RAGAUAM AL 28885 Shdnd6l (96 %s @PFosddkd theuned to one of
t he possible si atterns, (1-1) that can be received, The output of

ature (
each ac?currul%ggﬁﬁ?rfe%B%C(Ofl“ﬁ)"fia§artd§ﬁbi“‘é?asstr8“éage s pertsayentivh tecsbvg
det ect i gn urﬂetwie“rﬂg&bégipniﬂfgefﬁ@ﬁaﬂmhﬁio@ésisufmbmﬁgﬁnaﬁﬁ ltﬁaﬁegirmsx}gtdfeheneg gy f
recel ve over t .duratiron of t e prea e. rin t a € period, |
a threshol d a&@?‘égppdﬂ&&aﬁ?ﬁtr BSOS 8‘5?‘%15?%tlygﬁ$of8‘gﬁhﬁ‘bg‘}epée?agglthﬁ hat exceeds
-a pr edet er nibregthnited eGhiackndwiedghait ttandnhiagict based boltie Bee¢pivhiofa conedtlyout put s
a signal. TR, i Bhons hGRal méégggé. q?ﬁhﬂ)%il@@faﬁ% BQ& Rt recdfvelaGloSiive €NEr gy
froma received random access TSt) 1S coupled to a respective acquisition
i ndi calfor geAsavisttion ledipater, tthomppile stationsghionld ipterynt the PresartdrANSIISFIGR
i ndi cator sigdatar( t0)rer@hsrhit AxrEh o MHeeburfien BRIRxBliREIsRA while For the case

where a burst i.s.trgnsmtted w thout reanbl e, .the tched.filter 206 in
FloRe 6 1 s Thedibriub R PnaRSio oy B dlel U teabE SIREFOIVesSr ¢ of 1 he
burst (i.e. tranbmissioas.si gnature is |located). However, in this case, the
accurnul ati on perf 0 - [ r a specified
period of tine (e/%g‘},Elgi (ir@s{l{ tt%ﬁ%“%éﬁ%ntgéﬁ%ftéggl\(/e%ﬂék%&églg%%e%& mat e, whet her
or notlst he bageficatlyfastirpowenmampingtands sshiesedimrana-Ad I Huasiom aggetsabl y,
the present dogygntion provides a solution that is applicable for those
cases where fhe random access burst both does or does not, include a
preanbl e. Speci f i2gathef impogtant techaicaladyantage ofithe preseniknvERHORY R WD

transm ssi onndingbarged sligalpower bifeet @EOSIATEOH AGhnddnBel¥esy/schetethose cases

where a pre e | s _Us i.f.the idle.25 perjod.i,n _the burs tween the
preanbl e (P%an;gdno&n ﬁécg %Sa%gayp%aptbeis hciaf"il%feéiﬁf ¥ wﬁéc}wp s fi%yggs ation can
recei V@ an gerformsinceon i ndicator (A) transnmitted by the base station during
that idle period. é—%ﬁ@% o 1 i BLENGRP! e of
this exenplary er%o Imﬁ{@}{ﬁ%ﬁ‘t&%ﬁ%@&ﬁlﬁ% ?gmpﬁh}é%ﬂ%%ﬁtﬁ%g%ﬁ?%hﬂg nmessage
part (M) offoF the spmpdelay serstmntpigyelved; qtlageninitiad gawer effshoanbrwsad &r (A ) s
recei ved (N@ndG@eétiifiahiSONLORIA natic@a0est syt whicBRediesiiRaisR@fby "NA").

| nstead of transm ttti p thefme sal%%‘ part of the burst if no acquisition

i ndi cat or i S*FECEPVEFITENY 10T RIAST WEB: t he nobile station will continue to
transmist a new preanble (e.g., P2, P3). As illustrated by the uplink and
downl i nk tr%@ﬁﬁﬁ?@@ﬂ@ﬁ@gﬁﬂ‘@%@% 8, in those cases where a

preanble is not used In a random access burst_ (or, 35 for exanple, the idle
period between t Hemrecemplstedmdensianding of figrmethed andbapmyratys ofthepresatt on), a
mobi | e st at iigventioh mdyafediad dylrbRrdpos® the &liowing déthidetbddstigtibnawiedal takdn on
indicator (A,) during the.nobile station's trﬁnsm.sa on of a nessage part
{M) of the 1%8?@?9“]93\/%@%5}1,3 aCePmpapying dravings WACEHL b i nciples of this
exenplary enbodi MIGURE 1 is a diagramr-thR il tRiteschownonlbsions dtweandiffatntat or i s
recei ved (e. » INAY E 1), N, 1l ' . mobi | e
station wil 1] ﬁ@?ﬂ“@%@%ﬁ%ﬁ?@?&%?%@%%ﬁé a%é@fg%“f‘kﬁgw) of the
random access burBGURHY iy @diagrans nthat iyetratenai Gama stueiyredfor s randpmt he next

time slot unkidss ACIREMUNSS-ATHA REHdeoa RcedsAchenhs received. s In a different
aspect of the pr I pvention, for. those cases where sSi tures are used
in the random ac?‘ggi}%ﬂcﬂésrﬁala adljusteatss a&ﬁﬂ?%?&%ﬁﬁ%lﬂé&ﬁﬁ% S Ped by a
base s®sati orindade & prtambles recepti on of a correspondi ng signature
(transmtted fro iy J: fation). A i , i

signatures can shr?alﬁ;gmggn)!é I%%élﬁg}saﬂﬁ'ﬁétnxllflsr%aa?%:saa%#? XIS#’% otf%irglldégg{é%&%ér@}%ase
station's tmaedulited with agmiquessignabué pattengrand adnesaagsrpattpreadivilit &epdehat  at

| east one ofyq &?atg@@fﬁﬁ&qggﬂa@&egﬁt@?ﬁhwd?s (transmitted froma nobile
station) has been received. In another aspect of the present invention, a
nobil e station can al so select (randomy or non-randomy) a new signature
and/ or a new RACH for each burst re-transm ssion (until an acquisition
indicator is received). A base station can transmt an acquisition

i ndi cator signal on a downlink 15 physical channel. Such a physical channel
can be dedi cated and used only for transm ssions of acquisition indicator

r o o - - - .



In anot her aspect of the present invention, a base station can tradsdiPR 2093
acquisition indicator as a type of "on-off' signal. In other words, the
base station transmts the signal only if the base station has detected a
random access burst, and 25 does not transmt the signal if a random access
burst has not been detected. For exanple, the base station can transmt
acquisition indicator _signals as di ffere?}‘t‘ ort hogonal code words for

di fferent signat url@&URRSinadiagmaethatifustpiese gqr@ﬁ@swaﬁgmsmwhof a

speci fic codeanwgitil M\@g&hdeb&dém’fg@ t he base statl on's acquisition of a
random access sig corre ndi ture Alterngtively, a
plurality 30 of s&gﬁéﬁ%ﬁg gé Cléﬂlé ‘P]rga“a%‘ﬁ thﬁcqmeEté?rb&or I this
case, the basmishalthanian benassin atisOstaidn’s rezeivesi detdct the prevdhezedfar
indicates th

receive %@og%ggc%%%% gglrl %o? N n%%%g E’t%%%ftlg?hlg r%‘re(gﬁg}f% %‘ %rp%?r%? us of

t he present i emiadithen off the fyessnt invéntionr at ed i n t he acconpanyi ng Draw ngs and
descriped in the SGAILON NliobahAhhGHLORSET] BbbMbtudd Mhdlin snUnder st ood

that the invention is no e enb ose but is
capabl e of nAsBYisitien indicaterrignabAuring anddlernesiad inazandam @G%tbi’{%t‘llons Wi t hout

departing frcmcsrh@lc%mlm fhe pleférhé drﬁbtﬂﬂhéxﬂfbf@&pﬁ'@%nf RivEMticwendlef i ned by the
followlﬁg cl ai ns. A et hod for

i mprovitlg the per f%ﬁ%ﬂ?é %% dlﬁgrﬁg‘nthﬁtdﬁgﬁ@g%? ‘HB%@I %/I_:[l:"é‘rﬁ‘?‘ﬁﬁwl@&tapons system
havi ng a nobiacquisitiat imticat@GPPnahinch systeasehat atraraion{ 2@43s, burstdlasbeant eri zed by

the steps of i, (2 gﬁm ggﬁﬁ
request; andt E&ﬂi)ase gfb?&g{ %HA)&?C%%@@L%%IEH&@&%%%%{]O chxl(ﬁ random
access reque§heP@%Ff&FﬂW an indicator signal indicating said presence of
sai d random access request, and transmtting said indicator signal (NA1,
NA2, A) befor 0 212) of said random access
request @fm&bﬂﬁgﬁﬁ% ﬁﬁ@ﬁﬁ%“éﬁ?‘% transmtting step conprises
transm tt| ng sai d Thedprefetred epibgdmhendtof ah pedeitemmenida andsitaatvatages age 15
3. The met ho er.ei n Ldnkndi cakqr. signal [l n
portion of ag)e%\‘ﬁrgéﬁkmd a%@:@er&ngﬁgﬁ?ﬁgﬁgg-%ﬁ%ea %%irfgs’f ﬁ%nﬁ%xpér% r%%l}%l ng
the steps of uséd balile mbcdrmSpmmhmg)deimogadmwm cator signal, said
mobi | & station 20 genidaliyl Nfh SalofishbARH bl bt éﬁbgd,ﬁﬁﬂpgmscpmm

request and .if said | e station does not receive said I ndicator sjgnal
by a pr@deter‘%’fqﬁ‘gﬂnu adnethed £or professingmyltipli, randory 3gGest reAusHs it iRl sai d

\tNL ansmtti ng viferebgi acba'saetdﬁm BAGAHR ahediEsition &ﬁx&atoerﬁghauEWhm indic&tbsathan 1,
erein sai t n resence an acLcess
o e s ot Bt SaOREs it e R PERERSC o R o8 AEER TR ARRERE, EFTAES,
threshol d | emtmpbry i) omhbdhmcq@lsmqm mdlcammgmesacdjbmddmnﬂla@mgst
mobi | e 30 Comﬁéx%?tré&%df(xikﬁ&&g "zg£ ﬁx‘é%m%rféi%@é‘ e°r Col R ARk Sccess

§

communi cati ons sy aim1l | n sal d random access
nobi | e 28 onmusheie! 658 sagssqr@ﬁﬁ@owpfhes@greaﬂmca@%r@c Ofst gppdom aggess

message). Consequently, the delay between the beginning of the random access

transmission and the beginning of the acquisition indicator transmission is

significantly shorter than the delay to the beginning of an acknowledgment signal

transmission based on the reception of a correctly decoded random access message.

30 If a mobile station does not receive a positive acquisition indicator, the mobile

station should interrupt the present transmission and start to re-transmit the random

access burst in the next time slot, while modifying the transmission power level
accordingly between the successive re-transmissions.

FIGURE 6 is a block diagram of an exemplary detection section (for one

35 antenna) that can be used in a base station’s (204) receiver to detect the presence of a

random access transmission from a mobile station (202), in accordance with a

preferred embodiment of the present invention. The exemplary detection section 200

includes a matched filter 206 (e.g., used during the preamble period) which is tuned



~~" ~2z~~3 8. The nmethod of Gaiml, wherein said indicator signal_ 9
conprises an acquisition indicator signal. 9. The nethod of Caim1l, APR 2003
wherein said indicator signal is transmtted 5 on a physical channel. 10.

The met hod of Claim4, wherein said step of discontinuing said transmtting
of said random access request further conprises the step of retransmtting
sai d random access request in a subsequeﬁ‘t time slot. 10 . 11. The nethod

of O ai m 10, (mateled) to aipseastiis spreading cade niFot thig examples tedvatelaxichiée is equest

i ncludes re-{4.an8 Wefeki ﬁ]lg ?es@xi{;.admh@ rani8m J&@ss%&ogct:s?f‘eagtﬁé P}g%ble% ein

the step of retransm rises re-transim e wth
a different ¥pkes FPngeémf@ sigrpl tornreapmpmﬁeéﬁct@naqfr@pmcurMéﬁOéﬂ 8.t figcet ep of

re-transmitt ea&g réRRAIps&ble- dhaRaHAd 4 iu'ﬁqué SioHlatBregRRBe thel dcBurduidiot heg ent

si gnat ur e. é‘ﬁ The net hod of C &1 further co “SIE*?)dthe st of
sai d ntr‘blle DelydeoAng weh dineg 18 et 9@05%9\1&51%\@%&? s {hibythab LAY access
request pri orec¢iveds allte oetput af satht dcctguitor unitlZ08(THeisnetubizd tofa fdspdctive,

Lo ot her *doviTe Rt ROEIRE LA AR TRY b FREARE ookl Gne GhBE7 ™
sai d physi caﬂecﬁhahmthesduaatdmwﬂthermemlylm cal channel that is non- grthogonal
to other downli nkDQxlﬁ%( Site reéhﬂﬁé‘gsﬁcgi 1§9ﬂi!r@shoﬂ‘8et€@&cfh°ﬁu9§lﬂf¥j &é&t&:ﬁ%ere' n

said indicator signal” |'s assocl uni que si gnature, met hod

of O aldm 1, WARY &ignak fhay ¢m¢<@a@opre§¢t@mme¢s ehection; threshold, + thaty thrgshold
uni que si gnaddﬂédﬁ%n ugh oltﬁ;utsthﬁFﬁ@t Ik Sftpiéel sigria Qiﬁdlcmmg @etébti%aldr shffidiemart or
C

Z: 82:![ u(r:grrpr | B &n o Lhe %cgglgxdor%dgzcg\sgrb%m ?sogdu%Ie% toa respec%ve acqulg{J 10n
mdlcator generator circuit 212(1-1), which outputs an acquisition indicator signal (A)
for transmission by the base station.

15 For the case where a burst is transmitted without a preamble, the matched
filter 206 in FIGURE 6 is matched to the spreading code used on the control part
of the burst (i.e., where a signature is located). However, in this case, the
accumulation performed by the accumulator 208(1-1) occurs for a specified period of
time (e.g., just enough time to provide a good estimate, whether or not the base

20 station has received a random access burst).

Notably, the present invention provides a solution that is applicable for those
cases where the random access burst both does or does not include a preamble.
Specifically, a s illustrated by the uplink and downlink transmission diagram shown
in the embodiment of FIGURE 7, in those cases where a preamble is used, if the idle

25 period in the burst between the preamble (P) and message part is sufficiently large, a
mobile station can receive an acquisition indicator (A) transmitted by the base station
during that idle period. However, in accordance with an underlying principle of this
exemplary embodiment, the mobile station will not transmit the message part (M,) of
the random access burst until an acquisition indicator (A,) is received (no acquisition

30 indicator transmission is denoted by “NA”). Instead of transmitting the message part
of the burst if no acquisition indicator is received (e.g., NA,, NA,), the mobile station
will continue to transmit a new preamble (e.g., P,, P;).

As illustrated by the uplink and downlink transmission diagram shown in
FIGURE 8, in those cases where a preamble is not used in a random access burst (or,

35 for example, the idle period between the preamble and message part is too short in
duration), a mobile station will receive the base station’s transmitted acquisition
indicator (A,) during the mobile station’s transmission of a message part (M,) of the
burst. However, in accordance with the principles of this exemplary embodiment, if



-1220. The nethod of Claim 17 or 18, wherein said indicator si gnal; APR 2003
conprises an ON part of an ON-OFF signal. 21. A random access T
comuni cations system having a nobile station 5 (202) and a base station
(204), characterized by: the nobile station (202) including neans for
transmtting a random access request; d9the base station (204) coupled to
said nobile station via an air interface,” said base station including neans
for detecti ngraaquéisitenc mdishtos db deqemﬁddmgad&éssNAécﬂueaspredqtomgeﬂbmitalnhgf an

i ndi cat or si aNest .,
and transm t?t F}ﬁé tggﬁ{é)%% @ggﬁg‘{lﬁs}?&ﬁﬁ ?setr?r{snﬁNA%cql 6@%2@0%% F\gf F@i of
processi ng ( 2fdborantonracesss ('?Ufsér?@éﬁ?"é}@&&%t coigndarn acgess btPﬁbmst%Pé’thﬁlﬁe Caim

21, wherein smtdmﬁpa{lgc fug[tldnrlﬁﬂh%gfo{-(Al)ggﬂg@cﬁ&ﬁprl ses nmeans for transmtting
sai d |nd| cat or SI ng}ltn%rede m hed | nstant _of tinme. 2 The syst em of

Saim2f further B pect o therRsBienbIY P e fPTithRse Gat o § BN A G s
recei vi ng saiate mpedi maherrm&iognabces:aMe&& dmheaidqumtm@ inflica@ir drann’mtﬂeé bgtati on

has recei ved | Il

Cont | nui ng. sargt ReBELECHAleaR M0Bon W74 doineSfnal SolRR: FoliilRons |
mobi | e st at i gnokilsestatiomy). r!’eltcematlefeb’al a plmht}aoﬁmgmhgnak:albyhaae pnedequeifivmed
instant of tijfBicats@l th 'Efﬁp'cll& ?r{eaﬂdsgr};tﬂﬂoﬁ%oﬁidsﬁﬁk sﬁﬂl SIS dcbfBRiSh lihaiB&oPT

sai d random gccess request The syst em of aim 2 wherein said
means f8r detBEEMRYthat gf é“éé‘n‘&? %ﬁﬂ@aﬁoareﬁ%ﬂvémﬁ as%aé%@Sreqzréasﬂﬁm&&ﬁﬁipﬁ?@@s
means for detraéHilengation) Oey bécvikei®edialIn tapodier @xpeeedf M Prefune deteation,ned

o o ndom dadile statign caf alsa sl Clonay s Bt Shresirdutt e aonl | o

conmmuni cat i omswsBACEnfior 248h blinst reyrensamissién (ingil am 2dquisiiver milivawaisdecavmdm

access communi cat | Qbal SUSHPELCYIRERASH AqlAFhARGERMASHILET ddimiidhe

system of Cdaim rern sal cator €S an acqul Sition
i ndi catlér si gwamcal apgel. THechs g phwsical cl@anaplnpmbemeweﬁeﬁ apdli wsed reply: feor

signal is transghistieds T chmﬁyt%rpaﬁmséi&n@ﬁgnals%r foheetnsile MRl aéduvaition?3,

further conbiy &g, EaNSCL YL £8: W ARNIL WHH o8 Seh AN a0 20Eess LEguept 1

or on a plurality of different physical channels. As such, a physical channel used for

transmission of an acquisition indicator signal can be either orthogonal or non-
20 orthogonal to other downlink physical channels used by the mobile communication
system. '

In another aspect of the present invention, a base station can transmit an
acquisition indicator as a type of “on-off” signal. In other words, the base station
transmits the signal only if the base station has detected a random access burst, and

25 does not transmit the signal if a random access burst has not been detected. For
example, the base station can transmit acquisition indicator signals as different
orthogonal code words for different signatures. In that case, the base station’s
transmission of a specific code word would indicate the base station’s acquisition of
a random access signal with the corresponding signature. Alternatively, a plurality

30 of signatures can share one acquisition indicator. In this case, the base station’s
transmission of the acquisition indicator indicates that at least one of the
corresponding signatures has been received.

Although a preferred embodiment of the method and apparatus of the present
invention has been illustrated in the accompanying Drawings and described in the

35 foregoing Detailed Description, it will be understood that the invention is not limited
to the embodiment disclosed, but is capable of numerous rearrangements,
modifications and substitutions without departing from the spirit of the invention as
set forth and defined by the following claims.



15 30. The system of Caim 29, wherein said neans for re- transmtt—lmgg‘]s;alzgm
random access request includes nmeans for re-transmtting a preanble. .
The system of Cl aim 30, wherein said neans for re-transmtting 2o corrprl ses
means for re-transmtting said preanble with a different spreadi ng code.

32. The systemof C aim 30, wherein said neans for re-transmtting
conprises neans for re-transmtting said preanble with a different
signature. 25 33. The systemof Caim 29a0further conpri sing nmeans for
reducing a n o) set for said random access request prior to
sai d re-trang‘?h&}t\ ﬁéﬁ‘wEﬁﬁ% system of Cl aim 28, wherein said physical
channel is a downlh nk Ahmethed erHatprd)\g'ng)mdmfgfmalanqeoofcn nedoxdcamdsis mob]iihysi cal
channel s. 30, S [ is a
downl i nk phys caumﬁﬁaﬁﬁeﬁtﬁ%%aﬁgﬁgﬁgflﬁ \]gghglon ({20?)‘8‘%1:2% %era%%] @Baﬁyy cal
channel 3. 36¢ a‘]‘?fée”s?% ¥icottensiodi m 21, wherein said indicator 5| gnaI is

associ ated 35 w tmeandmleq%oﬁl(mmamu%? amaoﬁmséam@heg &ldn 21, wherein
sai d i ndi cator m%% i's gss gqﬁtrffg W a set off u |%H§ nat ur es. - 2
fa.~' 1~ ~ ~JLsl 1 S $13 0%3 COTPURE & PRCEBCh P $H P18 F°S5 TSI cat or
si gnal conpr gsestag aﬂihd)eatcbr signahind{dating-Faid pgisalic.e of said randorn access request,

.AY. A 9. Al f ALy
N~ytoj e [\/] db\ a’ﬁ‘s gig:ﬁd?]ﬁogzgﬁl ﬁta] ]]Qca] c %Qfo({! %gﬂl}]ﬁ ca] chalc
a] c"a] &) ca] pr@F@ﬁa]nca(]! |od a3id a a]mass'mqqe.sn NERN ####F$$‘VQ&C p, ... 1-0%1
F1111156zupkf [ V] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] caj ca
] ca] ca] ca] ca] cal] ca] cal ca] cal)] cal ca] ca] ca] ca! 6\ 66Q77b8e88829995

; <=>" 2k? @\ B" DsBHFWF ddofz]Jéaé’]ﬂc &) wheren 3 d%al’éﬁq%lagééﬁpc%%l}%a] cajca
] ca] ¢ a] ca] cafraghfifing 34idandiedtsedi gl aed prRlieeitiasdikaai sfma] ca! PH qJJ(LXLM R=
RI]~_!" " " abbNccdTd\ dhddde+eef f gg} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ghhhfi
iij21j41gjjijk: k| kkkl n&n&mp@ﬂpdcpfc@ahﬂ/d( santdix saiddndpataj sighalajonairsad em] cal ca
] ca] ca] ca] C%%O%W,\ﬁéf&]aéﬁ jca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

]cal Ntt zuvvvy) m&noppOPpp- qnqCrr %s(ssNt } xsni d_Z] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]caV]ca]ca]ca]ca]ca
]mcig] /dcgl (0361980!1 5_/%4(()% &rﬁamiaa@%igc/}%m 3}%%&66 znéﬂgfﬂx% steps BE10% & () - &
0 0 0 0 0
458109 () -#) 10% & %ﬂ “}é’f@ﬁ?‘i&% 10 fece’éﬂ%*"wéi‘é‘o g&‘?f(ﬁlgnql'lé%}&‘&{ﬂf"?ﬂ% station
yWs- ! a$)\10%+¢?qn(1humg[sax$mu@eﬁ#a§§ﬁﬂwﬁ!ae¢bﬁé (e)qué&t\énlﬁlof%;l & ()- #.I + $10% / &
(O-# + S10% () - gEETIQRES dhiors dHWBRY (loeives i Endidarks - P&y )a 107/
predetermined instant of time, said mobile station discontinuing said transmitting of
said random access request.

25 5. The method of Claim 1, wherein said step of detecting a presence of
said random access request comprises detecting a power level equal to or exceeding
a predetermined threshold level.

6. The method of Claim 1, wherein said random access mobile

30 communications system comprises a spread spectrum mobile communications
system.

7. The method of Claim 1, wherein said random access mobile

communications system comprises a wideband CDMA system.
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11.  The method of Claim 10, wherein the step of re-transmitting said

random access request includes re-transmitting a preamble.

12. The method of Claim 11, wherein the step of re-transmitting

15 comprises re-transmitting said preamble with a different spreading code.

13.  The method of Claim 11, wherein the step of re-transmitting
comprises re-transmitting said preamble with a different signature.

20 14.  The method of Claim 12, further comprising the step of said mobile
station reducing a negative power offset for said random access request prior to said
re-transmitting step.

15.  The method of Claim 9, wherein said physical channel is a downlink
25 channel that is orthogonal to other downlink physical channels.

16.  The method of Claim 9, wherein said physical channel is a downlink
physical channel that is non-orthogonal to other downlink physical channels.

30 17. The method of Claim 1, wherein said indicator signal is associated
with a unique signature.

18.  The method of Claim 1, wherein said indicator signal is associated
with a set of unique signatures.
35
19.  The method of Claim 17, wherein said indicator signal comprises an
orthogonal code word associated with said unique signature.
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request; and
the base station (204) counled to said mobile station via an air interface, said
base station including means for detecting a presence of said random access request,
10 generating an indicator signal indicating said presence of said random access request,
and transmitting said indicator signal (Nal, NA2, A) before completion of
processing (206-212) of said random access request.

22.  The system of Claim 21, wherein said means for transmitting
15 comprises means for transmitting said indicator signal at a predetermined instant of
time.

23.  The system of Claim 21, further comprising:
said mobile station including means for receiving said indicator signal, and
20 determining if said mobile station has received said indicator signal, and if so, said
mobile station continuing said transmitting of said random access request; and
if said mobile station does not receive said indicator signal by a
predetermined instant of time, said mobile station discontinuing said transmitting of
said random access request.
25
24.  The system of Claim 21, wherein said means for detecting a presence
of said random access request comprises means for detecting a power level equal to

or exceeding a predetermined threshold level.
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f 27.  The system of Claim 21, wherein said indicator signal comprises an

acquisition indicator signal. ‘ -

10 28.  The system of Claim 21, wherein said indicator signal is transmitted
on a physical channel.

29.  The system of Claim 23, further comprising means for re-transmitting
said random access request in a subsequent time slot.
15
30. The system of Claim 29, wherein said means for re-transmitting said
random access request includes means for re-transmitting a preamble.

31.  The system of Claim 30, wherein said means for re-transmitting
20 comprises means for re-transmitting said preamble with a different spreading code.

32.  The system of Claim 30, wherein said means for re-transmitting
comprises means for re-transmitting said preamble with a different signature.

25 33. The system of Claim 29, further comprising means for reducing a
negative power offset for said random access request prior to said re-transmitting.

34.  The system of Claim 28, wherein said physical channel is a downlink
channel that is orthogonal to other downlink physical channels.
30
35.  The system of Claim 28, wherein said physical channel is a downlink
physical channel that is non-orthogonal to other downlink physical channels.

36.  The system of Claim 21, wherein said indicator signal is associated
35 with a unique signature.

37.  The system of Claim 21, wherein said indicator signal is associated
with a set of unique signatures.
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