; €3e T PPQBR@R nT6TTTak =F a n~~ ;. ~ RANDOM ACCESS IN A L3E
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conti nua and clains priority from U S. Patent Application
Seri al @ﬂm@&ﬂ @%5 to Esnail zadeh et al . , Which was filed April 30, 1997

and is i herein in its entirety. This application
. rel ated by #%ct matter to commonl y-assigned U S. Patent ’"’Mmm
Serial No. 08/733,501, which was filed Cctober 18, 199G |0 BACK

_THE I NVENTI ON Techni cal Field of the Invéntion The present invent 1oy

rel ates generally to the nobile tel econmunications field and, in
particular, to a nethod for processi ng rrul ti pI e random access nobile
originated calls. 15 Descripti ow Xhe next generation of

nobi | e conmuni cati ons systens w Be reqU| red 1?0 provi de a broad sel ection
of tel ecomuni cati ons seVM@OBIEE TELEOOMMUNIGATIONSEYSTEMI deo and data in
packet and channel circuit-switched nodes. As a result, the nunber of calls
bei ng made is expected to increase significantly, which will result 20 in
much hi gher trggf AtEda® iyAPIONSNdom access channel s (RACHs).
Unfortunately, this higher traffic density will also result in increased
col | i sions and accddis dali¢atipeis.a coprrpatioieit-papt oft and clrams greréty ditonoW.Sf nobi | e
communi cat | 0nSp a4 h3hRealtbd SerdPNB, (84385 WIBLdiRIRler AN Uiy LGy T ANCOM
access procedures, I Nncrease thelr access’success rates and
reduce their asmdss, r9§é|laa¢ts1®oﬁ)qnatabmgnngltstanm I n nost nobile

conmmuni cati on syst s, .faor e l.e ope j oi.nt devel opnent
referred to as the%@yﬁtlwgia&qrﬁlggé‘g@bj% %el’:) %{R‘??B%P'Taé sighedt | on can
gai n access t 8. BaGk Apbhdation S&yal Nol 68/73be308[ Whish Rgs tiftatoctdwer RAGHYE. S

avai |l abl e for use Then, the nobile station transmts a series of access

request ~'" 3 MCR ~nn,7 -2 preanbles (e.g., single 1023 chip synbol s)

W th inc{gasi @A@ﬁmmmy@wmemvmmmbase station detects the access
request. In response, the base station starts the process of controlling

the nobile stati on'_si_lumhgm_d.r&éhtlpﬂ@mﬁ’_nw a a downlink channel. Once the
initial "handshaki ng Ee‘:?%n‘g?n%m ﬂ%el%?h{:rféra?lg% {hggno%qgte}?e%%r%m%msc% afion has be;

, ., ,onpleted, the user tra om access nes sage. Mor e
specifically, fidd andldatfiichiaseda Cethed Dhnpredessing\iahiltiplelraddacasass mobile-
originated calls.

15 Description of Related Art

The next generation of mobile communications systems will be required to
provide a broad selection of telecommunications services including digital voice,
video and data in packet and channel circuit-switched modes. As a result, the
number of calls being made is expected to increase significantly, which will result

20 in much higher traffic density on random access channels (RACHs).
Unfortunately, this higher traffic density will also result in increased collisions and
access failures. Consequently, the new generation of mobile communications
systems will have to use much faster and flexible random access procedures, in
order to increase their access success rates and reduce their access request

25 processing times.

In most mobile communications systems, such as, for example, the
European joint development referred to as the "Code Division Testbed" (CODIT), a
mobile station can gain access to a base station by first detcrmining that the RACH

is available for use Then, the mobile station transmits a series of access request



(CDVRA) system a nobile station will attenpt to access t'pe t}?@? station
receiver by using a "power ranping" process that i ncreasesdt podkr | evel
of* each successive transmtted preanble synbol. As soon as an access
request preanble is 10 detected, the base station activates a closed | oop
power control circuit, which functions to control the nobile station's
‘transmtted power level in order to keep the received signal power fromthe
nobile station at a desired Level. The nobile station then transmts its
specific access request data. The base station's receiver "despreads” the
recei ved (spread spectrum signals using a matched filter, and z 5

di versity-conbi e 'gn§| ant.enna
diversity. In g%ﬁ@g&g?%&%%ﬁ% ?PWW%?@&‘%%%P %@%@%‘%ﬁ% %@H 'eque is
used. However, badeatativn detegts the afcessemquest db vasponst, ke E2eBbtati@andarts$h®5 process

is that the 1S-95 nohile statjon transmifs a c. | ete random access packet
i nstead of j us®rIHRE PHF f"@.ti"f?’o?lke‘“ 'Qgé%é"{‘ﬁ?‘?tggp%eéé'l% OVH&BEOV\A edge t he

access request chindgl. [ hedniblalmbiMdskaksdpd bitdieen fieoBNE Batich ddaGbagcCceSS
request packet at a higher power |evel. This process continues until the

base station asRAeWhsAgESSonRiete: diegrobile s dransmits arandsm) pcsamveAtECat i ons
systemusing a sl ot jg ﬁk%@ﬁﬁé@;ﬁ)méwe&@ﬁﬁmﬁgﬁam%cégch as the

met hod di sclosed in the above-described U'S. Patent Applfcation Serial No.
08/ 733, S01 ( he(EDNEf)tsgstem,'s hebilesatiopppll attempt dnacress shechale statixinl recesteat | on

generates and Q030 ba. A LANIOM SEEENRRGkERL 0 A AWAMAdRL 1] ustrates

a frame structudré r om access pac FI GURE 1. The

random access paksive(rangsiasspreanble sgmistdt As foonme a) aceseiwespraaniilernbl e and
a data field portion. The gﬂ;tearrbl,e con aiqﬁéﬂa uni nature (bit)

ue Si
pattern, 4fhi chdstecteq, thepsgFption agiypies pilos %P?l‘?’g%ﬁﬁ'ir‘fslé TR Vi dom y

sel ected from ;R8bns3o Corftfol RREHIIL StatidlPs trafsMittddPowtPleva 8F BRIEAbIKed
orthogonal to each other. Note that alt hougl?i t he random access request
ona

packet shown i therp@iRE signplpowesiom freomohiles tadesirggleygh Fhe mgbiled as
including a preaphl | ' %mrg £d ' gﬁger ' ' xenpl ary
and for illustrati vgle%wd%%ggtéztkonl Y, abCUCt %%Stlé]a{%e?\rc]g asgtzg ?lic%m}feg'{e?on. As
such, the uni qldespicgdsatherecepat (spraad speshub psigmadaissiniet 4 reaiched fitediahf er ent way
(e.g., nqot. within pr eanbl integrated into.the control channel, in
paral | el *With Qwﬁgfa{é'c?ﬁng’lnﬁs, tﬁgg%s.pfa 9@ %‘Dt@ﬁ{ﬁ(etaﬁ‘éa aﬁsogglgfm}ahlnéersd% que
signature pattern faadnuses CBMdeseeinbesmilmcrandon aseksitethhigae is23dd.

Application, provides a significantly higher_ throughput efficiency than
pri or random ado¥e¥ersihp rwary dﬁ@“ﬁ%@@i"'ﬁ@gthfi ﬁ:qlﬂ& angé}{- IABICPEAL ‘i%éﬁ?;et he data

fel d of the ranglos.acAessidarkehid DEIMARS r@6h Abddsd HREAMRHE BB st the
i nformation, includi nﬂfm)bl |l e (user) identity 10 information, required

servi ce nunber pfeamhisedf ¢ basestptieredoos gotrekiyrdedeg dep) accese sgnesbahe IS-95

20 mobile station re-transmits the access request packet at a higher power level. This

process continues unti] the base station acknowledges the access request.
In a mobile communications system using a slotted ALOHA (S-ALOHA)

random access scheme, such as the method disclosed in the above-described U.S.
Patent Application Serial No. 08/733,501 (hereinafter, "the ‘501 Application"), a

25 mobile station generates and transmits a random access packet. A diagram that
illustrates a frame structure for such a random access packet is shown in FIGURE
1. The random access packet ("access request data frame") comprises a preamble
and a data field portion. The preamble contains a unique signature (bit) pattern,
which is "L" symbols long. The signature pattern is randomly selected from a set

30 of patterns that are, but not necessarily, orthogonal to each other. Note that

although the random access request packet shown in FIGURE 1 is described herein



ai'r time (tine needed to conplete a nessage), short paczet gﬁpaé@ﬁssage (to
i ncrease transm ssion efficiency), and an error detecti n3r cy field

(cyclic redundancy code). For reasons el aborated in the 501 Application,
the spreading ratio (spread spectrum nodul ation) of the preanble is
selected to be longer than the 15 spreading ratio of the data lield

- portion. However, s~tuat-~ons nay be envisioned in which this is not
necessarily so. The random access packet (e.g., such as the packet shown in
FIGURE 1 ) is transmitted by the nobile3station at the begi nning of the
next available slot. A block diagramof an apparatus that can be used in a
nmobi | e st at i o#s indudjppeprgemblgndtha denatusnBelils thisidescriahoivinesanpary apd et
illustrated i j in. E _ entjally, as illustrated
by FI GURE 2, @Hg&aﬁggﬁé?gﬁ 3'?118’003{2{ Ee)atq?tlc’lé?gglggf %Fﬁlgﬁ(?%n O%C!é’cﬂéeels"gq‘beac ket are
gener at ed andsigpneeagateapanabeiransitedtin & dffeeait wae (sSg) eadiithth £pedashleand t hen
mul tipl exed and transm tted by the nobile station. xt, the random access
packet transn{eEEf B?tott%f%ﬂiqh@“ﬁ’é’”%ﬂfql é"”t% aSjaFaefE?ﬁ\?@d: avdueleMsdul at ed at
the target bagg of i irfidhetgniur pratm et dsldescriBasAfd J£%Ed Mahe ‘JOIGURE 3 is a
bl ock diagram of a detection section (for one antenna) of a base station's
r andom accessAprlicatianeproviges & #ignifieantly brehepthrovghpyt gificisnesthenarier t he ti ni ng of
the received gj@pak Ihe matched filter, which is used only during the
pr eanbl e peno%{,1 I'S tht%%)eé?etmogt he preanbl e's spreadi ng code. The mat ched
filter 3 0 i s useditdesaibedatthe Bl gppleation, thé dathEeldaf domamboessessequest , and
despread the preanble part.of the rand access cket,and feed it to the
accunul at or Jﬁaic ?é% mlcl%depcerém tandoft aceey rllé)}g]m-la 103,018%1%%1{118};)3? &Saﬁgt%ﬁtr‘%s 1-1J is
a uni queo f eatidfoemeriglregired dopviceafdinbAp@binbatdfeervives @NHEd Prvadeay Fequired hod t o
sum the signals at the output of the matched filter during the preanble's

P
(M symbol petty Hﬂ%gt“’i‘erf‘eﬁ P C?IBPIFW&’%E'&?&Q’H]&O‘T% ?‘\ﬁé@.r’?ﬁSWSl(tpt oi nterference
(S/1) pover rigtkfe rahBG&iGATRCIERS R aNEsh B GUREFrGOARLLRS Fiel (PLRUE S
signature pattern, the accumulation operation is carried out Wwth a
plurality of redundandyzode)s Forireaspns ¢lrhomatedimitha SO Mpbhcagpn titispdeadingone of t he

possi bl e si gnat i = I i e.hl ock

di agr am of arr}%{é%ésgmng?%éegw H{é)? ull(%gcr’ll{) g’gﬁ{ﬁ\sﬁg%n}btl)ér 19,[5{%@ t% %gi%néf%érh%’ar ature
det ecti p®) i rsptdading anvbaftiechadeldpirdéat. dlogect.isomtehommy baerbsidue@RE 3. A
simlar accu I.E}E gr.can be us?d for the Q channel. Refernng to FI GUREs 3
and 4, the o% 5115 BRI at or (signature 1-1) is coupled to a peak

detection unit. AtTHehghdemthcedss pdtRetie.gabIhes PRIpackt: siv@ehn PEGKREG) @Ct i on uni t
searches the output of its resge_ctive matched filter for each signal peak

that exceeds BENpPEHE DY themRedetier tibrbeeHmeny Il neebpmilglarodet ect i on unit
then regi st ergodaiidah 865SapRRdns iRk &)bctiR6d ABARGYiMdRLANE SBtaliyg Phase of
each of those peak signals, and thereby determ nes the nunber of

si gni fizgant stragsmit theapudogvarcessphekef Pusteptaton il @QYRBA 14 shomman FEGERESr . As

such, ‘the ti s@&tﬁ[lhggﬁihsi?ﬁé‘d(%ﬁcﬁﬁié ﬂﬁh@&@p@_@ugf%elg%&htegsﬁgﬁcei ver's

"Rake" paraneters e recel ver sections ock di agram
of a random awcess padietrme pinatatsd ahth sprexicepdretelywdh tap&tioe slenmithg akies)t he dat a
field portion qf the random access cket . sentially, the random access
denodul at or saé@tﬂi‘et?r{mmé@@&eg'@&ﬁ nsHHit%ﬁ?ynlﬁ‘BF‘ﬁEﬁ? %%wrnn the received data field
and checks for tr amitisSiagddbneidcds packbbfraiytiedalytiorgdiletshion andom access

apparatus and net hod descri bed above with respect to FIGQJREs |-5 has
nuner oud’ adv aiStAGESE depodiated-at thedargsh basegationavith amptehaddiltegbasedner of

problems still..exiStidiRt 35EMMbék difri o3 2¥edion s8R XRFBhEInténhAdrde nunber
of packet collisions may occur if nobile stations in all of the cells use
t he same spr exlbhsnsfatadesndhm agegsstrereiver, edndl fangsiongiprimartly ¢4 ebtipratsabs si ng
stage. As a cgnse nce,.. an_.ex i f I m S requests
wi I1 have to BAMES ﬁ‘reé%dé?%e@f‘gréaﬁ?%i £ @g{r;i@?“;%'? rt‘@ngﬁx‘é{ﬁg%ﬁo?“%’g?‘gﬁgl ity.

Mor eover, usithgptchmblegpptainsIufkdac depscaarpes giremslirgrddeareTHeadatcleg diliebed above,
since the random access requests are transmtted at tge beagi ni ng of the
next i BE sl o BSaHe ApAd R Pl DieTardoRERPo S FRUFSD and dEspread B 71 23 _
receiver is ngtarklk birZz &Gh@mn&dh héde@Pabier ad febd & @thb BecubRaddrafit! Mge mat ched
filter receiver is 1dle for the conplete period subsequent to the preanble
reception stage. Additionally, since the length of the random access packet
used with the abovedescri bed scheme is fixed, the size of the short data
packets is restricted by the



- — - ——

5 extent of use of the remainder of the packet. For all pof, tne,sg reasons, a
more flexible random access request procedure is needed to reso W8 t hese
probl enms. As described below with respect to FIGUR Es 6-8, U S. Patent
Application Serial No. 08/ 847,655 (hereinafter, the " 6ss Application")
successfully resol ves the abovedescri bed probl ens. 10 Neverthel ess, other
Tandom access problens still exist that need to be sol ved. For exanple,
FIGURE 9 is a tinme sequence diagramthat illustrates how two or nore random
access requests can collide when they ar#kve sinultaneously at a base
station receiver. In order to mnimze the nunber of collisions occurring
during re-transfussiaigsigidagenbhiis 2uyed feainleuiséd fopthe US0 Ingpplicatiq’s Ne el apsed

before 15 re-transmttin eques .can be rando sel ec fromwithin a
rel atively | onfPPHECTSt 8?@8‘5 t°~({16, &?%ﬁ‘,gm\%rt OPéP“itg} %ﬁ@‘aﬁgﬁﬁ& ﬁﬁ?ﬁdélpp%wabl e
tine delay. Theeps@ndie ANIPlyaiboVrisdd, aNerdéd tBnckdab&ihy adceled ¥R d-to-

re-transm ssions reduces the probability of collisions. However, the

aver age del ay Bwréueice(¥h pPRyFLRHY $iBse cackiseeivadyreamble pormprisas ¢ urique

transm ssi.on cg [ r : : . 2 0 random
access rret“hodsglgrrllﬁtgrﬁgg%%g’vﬂéé-%gggﬁggéedo}ﬁ%gﬁéﬁs cg};ﬁpelai%gg‘tbllt%% lug%h(ﬁ Efieghl y

advant ageous oweumphatars (ef),hwitisgach agedmpriates tuned towicldf dieqrossilglamigaatitel occur
when two or nore raqd m access requests that contain the sane signature
pattern arri vepét}emﬂ?gﬁé%ﬂg?- at the base station receiver. Neverthel ess,

as described i n detpiGURIES @ siipld iRk dRgiand 6f ahlaCuntulaké) thithean Pé 858 Tér
i nvention successfully resolves these, 2 g%?t her rel ated random access

.25 an
probl ems.  SUMVERY chgnnigh fauadernirfipteniiany in tae rapgoip agagpsaetesior septign shaym inhe

present iyRvenURIGURE Yt iAl dikBar ROSAIMBCRE BE usddabge § dMRirR] SREfkGingRs | Y- It s
anot her object of the present invention to be capable of receiving a 3 0

signi ficant|y FIGHREs hantb thegutpus atkesh accemylator évgnagire 149as counledted fi I ter
t han ~w 3 M 0 ~ cegj i i anot her
ob ect of the BkeRbendh s A itobr Sl BKER|AbA KB ik onkfi, 2100
bet ween r andomsaeshesthe bauisstts rapettiat swtchedfiltr fe endhedignal paak thdt exdesdsst i | |

anot her object of the present. ipventio 0 he.capable of selecting 5 the
length of a da?ﬁrefiFtSV'HB‘?cﬁ‘fe ecp%@ﬁﬁ‘?g%{é‘cg@i’ PF@&‘&F@ loﬁg@kg’tenf??’séqrf ow i ncreased
fl exibiligy in@&alcRGhi BEres e hagiude oid @lafhoptiasPordiet off thedeealt §ighals, yet

anot her object of the present invention to provide a rapndgmaccess packet

that can be us@ef therebyfarmynes shedimbstof|signyficanlisiengl rayoreBaiafars. 1t is still

anot her obj ect da%octuﬁﬁionﬁm@%ceﬁvav%téuaﬂ teQinfiRb BE @lch pahk! OVt an@f 10
cross-correl ati on between random access attenpts nmade from nei h&gl ng

sectors/ cel | s. ugditd bet reaedriser' s iRect popmeths (Rakegessiver pretiens o F
significantly shof{en. JaNARNY ACHASH LRLANAHRT DY RNGGM ACCESS T equest

collisions or érroneous Tandom access request arrivals a se station
recei ver 20 15 Yehodunat thedawficklgtortah df ke rprdeseartess padkat i Exserntiglly,ohe

significantly reduce the ti I ntervai, between random.access .

re-transni ssi of?é‘gﬁrﬁdc‘feﬁ%ﬁieérﬁ{;g‘a}% F%’é{g’éd?cﬁgﬁﬁg%%\ﬁmg F%?%nge. AV cor dance
wi th the invenuiamcdess chdrsfoanehsaligionreoisn the ~ 655 Application, the
foregoi ng and ot her objects are achi eved by a net hod thgcﬁjﬂassi gdns 2 0 each

sector in a cell a Datpyeaihpusnhe Bndyp actgisapruaye anthaethod desguRed 3BAY: code

\rNg 'ng Qm' ; concatsRatHe W FIEERENOS hasSRERARNE B/ HRI8 ASSREIrMREmcEds a

25 schemes, a number of problems still exist that remain to be solved. For example, a
large number of packet collisions may occur if mobile stations in all of the cells use
the same spreading codes during the preamble or data field processing stage. Asa
consequence, an excessive number of the random access requests will have to be
re-transmitted, which can lead to system instability. Moreover, using the random

30 access apparatus and method described above, since the random access requests are

transmitted at the beginning of the next time slot, the base station’s matched filter



sel ected signature, and is used to spread .the data part gs_i« ﬁg{&@ﬁ@ﬁ access
packet. The period selected for the | ong-code can be rel ati Ay g in
duration (e.g., up to hours or days in length). Al so, the widths of the
transmssion tine slots are set 2 5 equal to the length of the preanbl es.
Consequently, the nobile station's random access requests can be tined to
‘start at the beginning of the slots, and detected during the preanble
periods by the matched filter in the base station's random access receiver.
The data field of the nobile station's rsandom access request is transmtted
in the slots following the preanble and received by the rake receiver at 3
0 the base st ajckioBris HOMRNiEd aseRGEUlyRB Tt chPbd, BecaECBERRh&EA k@ TecelvBe Mat ched
filter is still enabled to receive_ the preanbl es of other random access
requests. Theisdfllsier the camplete ppriqdsubsequent fpthpgicamble reqepi@ystagsn be utili zed
cont i nuous! y adi8RAIR, Ghid it RAkhbr 1RMhBrd gl bhdBlllshy whithikhogumber of
random access request’'s can rocessed 1 n conparison wth prior random
access scheneéescmsedwhmeNﬁae(tdmmmqfatel%n@dathpmkgﬂsmutestauddbifh'eci ency of a

random acgcess eSYS ent t 5 substantially higher

t han the%t hr of %’% ? P Ui ?ﬂé‘%fe Rif rg%coef%hefpa l%T:?oirgor 4 oég}fﬁscrc?ésé’% AP enrs.

Addi tional |y, ﬂemlelramgmceéss tdqeesdpioaecfurﬁkdeddﬁd mfesmﬁSthésieCp't(ﬂﬂhmsTh% met hod of
packet - ai | ovs dreiiaghbey yih Brato i bR L adt AbelRaie SERG: r od.

Mor eover, t heog/RRTEesLhaleRddiOths Pre3adip Egcahemwc%egshmﬂ&e%é theaBvel he
resulting packet wll collide with ot random access request packets,
since the spré%ﬁﬂﬂlmjim@hl'éfé?n and/or its phase are unique. In accordance wth
the presgnt |nvent \elxntile, {REeRIoNacBM pRlb NG ARG flaFlefy AT SVed bY 2
met hod that random'y selects new si gnatu or random access 15

re-transm ssi erisedmi®nexapipld, §I®U3Et9avetxmcsequﬁm¢ diagsans thahillustratesfhoes ent

i nvention ran om zes t re-transm S|on p m access requests over a
i onat ure. dondreer e sonef SERAHERRF Rults HANIRART EonLEdER £, " he
present invenhbﬁya s&ngmefcmoantm yrdshomiginsizd A€ nidbaeMtaigesocedtiays caused by

collisions or erroneous arrivals of random access quguests at. base station
recewers, and 'éﬂ%eé’iaaﬁi“ﬁ‘%‘ﬁnwWoﬁﬂ?)“f‘té‘lﬂ]u%‘é‘ge PHPeRPhEimeriznsehbeieret ween
random 3gcessd. @antsr"nﬁﬂﬁé'll ?c'ah&ibscan bOANBE A Bkt NHERL B 4 RUSivEDGSRases random
access system t hroughput efficiency in Conparison to prior random access
appr oaches. BRMEMIPFSGR "P'iﬁl I OF: I HE IoRaprneiowatip iise delap| Breausgafier st andi ng
of the method ad by
reference to f(%ﬁﬂ/};%ﬁ%@ﬁyﬁl taé?%g%ﬁ?%@%rg%%% vﬁmﬁé tiﬂg Fegrqx?lﬁﬁcognj unction
with the acconqﬂhmymmg{cmeam ﬁlgavwh@r@am enﬂiu@ﬂf& vSLamm:g far dslaga:safmithat
illustrates a franme strtuct 2 tﬁedl eﬁﬁﬁ 21s a

bl ock di agranf%fio’aﬁc%?ﬁspéﬁné’fllfgmf’ﬁ%ﬂ can gnﬂse ﬂné ?qgg u§e W¥ation to
gener at e pand Earna&mbctesstxlﬁethmrldﬂmaasfee@acmaIpabnudpbmhmastaedmgmlyFl GURE 1, ~
MAR 2,03 8 FIGURE 3 is a block diagramof a detection sectiqgn (for one
ant enna) of ~a2PRRBEQUA LTS RVST Pehadnialdun aecepsolisipgd cangill s OER | ons
primarily to eglbimRée rariagmtab&esmq@éststm csﬁ%luyeesqnélsgﬂabrer@f&n aftV@URE 4 is a
si npl e bl ock di agram of an accumul ator that can be used for the T channel
(quadr at ur e deimadianegnyly prthe %C§@HW%We§§V@@F@% é?d%@&eﬂ@hd%bm in

FI GURE 3; FI I SJIRA HOr that
can be used %ﬁg\“’%’lg‘sﬁeg’t&e} t? e dat gbﬁ P%eﬁ%se%f){n'? f?lgﬁﬁ‘g gggglﬁlgom a%(?ggss packet ;
FI GURE @s5i s aatal mlhdxrrelamgrzmriomfac@espmnblnment section of a cellular

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to utilize random access
channcls more efficiently.

It is another object of the present invention to be capable of receiving a

30 significantly higher number of random access requests per matched filter than



10 conmuni cations system which can be used to inpl errentr:r}__?&/met?w of the
i nvention described and clainmed in the "~ 6SS Application; RE"7/"1s a
diagramthat illustrates the structure and timng of a plurality of random
access request packets that can be transmtted by different nobile
stations, in accordance with the preferred enbodi nrent of the invention 15
-described and clained in the 65S Application; FIGURE 8 is a sinple block

di agram of an apparatus that can be used to inplenent the nethod for use
with a nobile station to generate and trt@nsnmit a random access packet such
as the random access packets shown in FIGURE 7, in accordance with the
preferred enmbqedchRAby@bniehforianmediisi on described and clainmed 2 0 in the "65S
Application; FIGURE 9 is a tine sequence diagramthat illustrates how two
or nore random accdlis Yetegeibe ety thoprieabinypion i educsthqrrobahitiyofineous| y

at a base st atcbmaioh@sawﬁﬁan&ma&&sgﬁﬁpswadcﬁm hinlk-S@EYeRce diagram that
illustrates how random access 2 5 collisions and delays can be
significantly redudedstbyanotiedobrtes of thie prasem gnvenigoreto e eapablerof selecting

re-transrm ssiQns, | cecar ce.wth a preferred odi ment of .the present
| nvent 1 ort - De s e AEEEER PR Hebn Bt R R PP beiodnpoat ot of
t he present i Mgibilitpin seiedting the falyhrif agest packetlfiebl 3 0 under st ood by
referring to FI GURI;S 1-10 gf(ﬂ&)he d ﬁ%\nén s,. like numar%ls bei ng used ~ 3
MAR ~ ~-, 9  for [jIR¥CTIAMNE! }eé‘s‘ifé TRGIHIRY$EoB fo PIRKIG & FaNdam a9Festi ngs.
Essential |y, igaci¢aaf Sabesddith Quitk9 cbtibBRlIRUatke bichegdIsand clained in the

" 655 Application, the nmethod assigns each sector in a cell a unique

preanbl e spreadi nglidesid] angthgr ahiews oftha pregens vsptencte arainkgin ehow develaicat enat ed
with the data fiel s, RnRheeldhon R0k Rh BN malfdy shudadhag code. The
peri od gle ect ecddssg%éﬁtgml ong-codélle can ge riérfpatq]vel ftn] on%}%?ﬂh%ur ation (e.g.,
up to hours orsedary&ellsn | engt h). Consequently) it can be said that the data
field of the rando.access pack is transm.tted in dedi cat ed channel,
because no two rres?é@@g&@%{r?gﬁﬁtvogtﬁﬂe%mg lr%v%npl%ésg? ﬁﬁ“@éaﬁé’ﬁg‘gﬁ%{hd phase

unl ess they haumgloghRs&s déibg caade® bg rpdah bt sartdudst @lissiorsoeerréitginy pr eanbl es
at the 10 sane tine. This results in a collision of the packets, and
renders t hese "AREIAFFEE EXES! AT RIRLWSHHUROCESLT T . Honever, as described in
detail bejow Wi th ResRE@ter beedtbEiHRErebbht invahorPis Miméaﬁufpéd\a@éim@y the
present invention. Notably, 'this method of assigning sector/cell-unique
spreadi ng coddisneingriabbriwesnderdopy aso¢sd esstranssiisgions ansthereyy inesgessr obabi ity of
col lision bet ple . access random attenpts i n neighboring 15 sectors
or cells. A s‘gﬁ?ﬁg@g%ﬂp gﬁcg'e with the invention in the 655 Application,

t he met hod sets t hdn wicdtdasceofithttheinyemios iiessibehandiclremed nttie ®Gbal to t he

| ength of the preanble i nus, for practical pur es redefined guard
time). Conseqtfg“r?ﬁw’,onttﬁé%ﬁ?fqgeangtog{éf C(g%ﬁecés arrgﬁ(g‘(')eﬁ’]e gg %gnseﬂlrogdﬁagg%m%’ﬁn be
timed tox@t ar teadt sekfdeinkagiinnini@e pieatbie spleading evdd afleh esiyedlodgQodbur i Ng t he
preanbl e period by the matched filter in the base. station's random access
receiver. The veughis corepigngged ‘f’ﬁ'éa_ﬁ%ﬁpéeag’f‘éf?%?sﬁocf*%ﬁﬁ’d‘é}m aiepdalyy equest is
transmtted iRejhed sibMise SME SEREA RYptA@hcChitalpdR oPh RATB &caRgpdcRGel ved by
the rake receiver at the base station. However, with the present method)
subsequent t o Thegepedseirsicd fgrdhg lony-cedseanhe tohpsiyelyilongdp dprgtiemegd.a too recei ve
t he preanbl es . t nobi | e
stations. Therhgprg(r%é?%{%& gegg‘g’;nd%gl(gg§e\7mw{dﬁﬂté ﬁg&cﬁﬁl\ﬁse[ﬁfs %@ragglggiage:{ft and cl ai ned
in the "B55 Applalcathedemgthtdi¢heatankbde. Tohsegnertlanthbeobile $tatkends @moddm nuousl y
and eff cientl and a sigpificantly |arger. nunh of .random access
requests can tﬁ%éeﬁf‘f?%%g?é:&g P‘?II"E’S aﬁt‘%‘saéﬂ’e egwnwgiogﬁaeff;gﬁdg}f%é@ga s schenes.
As such, the mmyme%%am&eﬁbdmh@mmcmﬂﬁmid bt 6 ¥ta@lbn'a ran@bglom access

systemusing that 3 O nethod are si ggi ficantly higher than the throughput
and effi ci encyACefs Py T anesaTIgle 06 Wt‘? &lgfion’s random access request is

transmitted in the slots following the preamble and received by the rake receiver at

30 the base station. However, subsequent to the preamble period, the matched filter is

still enabled to receive the preambles of other random access requests. Therefore,



3 MAR ~~03 -10 Furthernore, in accordance with the net hpd dgﬁ? r,,i Qed and
claimed in the 65 5 Application, the length of the data ai’ % A783 not
restricted. In other words, the method of concatenated spreading of the
data field portion of the random access packet al lows a user to generate a
packet which is as long as desired. Mreover, in using this 5 concatenated
‘spreadi ng approach, there is | ess danger that the resulting packet w |l
collide with other random access request packets. In accordance with the
present invention, a nmethod for processi.ag random access requests in a

nobi | e tel ecomuni cations systemis provided that randonly selects new
si gnat ur es f ornd Safch& S S Wilﬁ%&nﬁﬁhéds@a%ﬂ%o‘i‘@é&ﬁci@ﬁtﬁlf%c%j- As such, 1 o

the present invention random zes the random access re-transm ssions over a
si gnat ur e donesignifiagstielamen nuphesof ppdem ppeesy fegwesd sambapro@eslaguent |y, t he
present inventj e [alB A - e om access. del ays caused by
t he re-transn‘icgglp %‘?ﬁ"ge%{é‘ g%ané?agg e%ﬁegsl?%rh%' oArsasg&rgﬂﬁecé)rl?énué?craﬁQ’ﬁs of random
access requesttsroaghpoasel effictrcynf a emdomercsss syngtnalsig thd grvicht Mamhbd yirer educes
the interval between. random access rels t sm ssions. Refernng now to
FGURE 6 % or AStRGa, PR T e BT bbbt AR i Br s rr okt | on. o
pertinent sectsy@em@f a cellular communications system 10 is shown, which
can be used to inplenment the nethod of the present invention. System 10

i ncl udes a base st Addsionalivafherdensth fths data Held ésmpa resticigdd The method of
transmtter/r i 1 ; I f i Lons 16
and 16, At hough Ny Sty dtine Gt B8 plrh 4F B o EaPbARe By
illustrative punserdsgsnemaie ¢ packaidvhipleisps éngnas désireé nMoravaathe bencatsatadkd t o

i nclude nore than..t i j Pri.or enerating and transmtting
an a6ces 1 aquBeriipy SaveL g GRleB waRe reshtiphpdRe G RE Rt ity 3l

synchroni zat i @mdonracssss edyuest pzoksts, sinde theaspteadige patems endedrafsipbiseragsei ver (

14). The nobile 2 5 station then determ nes the starting tinme for each sl ot
fromthe base "St%fi on's broadcast/pilot channel information. The nobile
station al so retri @yggolddfee MBS plRent IRerRlol thD &dréld Y MAREREILiELOM t he
broadcast| pil ot channel information, which is to be used by the base
station to tadrdachicyeddbioametadibiat rapdeanly spleass ngyesigrapires far randemacessot  number
Lo ensung ! hate LRRnfiids GhelBAlidifnstadd blinb£ ORI NER hliAntROUpHoTeNt . More
3 0 details for synchronizing a nobile station to a base station in a
random access rawemis thene-tresamifsonf af yardloiractdse reqBGLs oApd sigatirodomain~~~ 3 MAR
2~~3 -11 The tarte%fgt bafe s%}att.i %r}ioalasno &4 gen%f ers k9 the{\. reﬁtuesti ng mobil e
stations) (e. A QEMSEHET BEMAICARAEY SRGAREM O h IS REFT ERERUThi que random
access spr eadisipgifivant®y ofedsengratdiieacssaeiags easati tylvoRRdhs 6f ertdi@owect or s
and/or cells definped by the base stat Lon transcei ver. For exanple, these

uni que spr eadidHAIELGRAIPSHFILTHSS LA B EEFE™S apdale sighiigeidlini codes.
The nobide st @¢dueks B 8 Ttédf bSRFRAtin0em Geces RNMANLARG 08 hRafimation in a
menory storage area é1n0,t explicitly shovvn%, which is to be retrieved and
used by the nomiehéoksthyg ingisases rappemB decethwysismahionghwubefficigeqyarnfi el d of the
random access CRI%BH%%B WolTa ?&ﬁo%%@@ésé‘&ﬁgoacﬁésnm ly, the base station also

i .

transfers to the requesting nobile stations) (e.g., in an appropriate

broadcast nessage) the signature 10 patterns associated with the preanbles,

whi ch can be 1S (r}qu Regyeen different sectors and/or
cells. For ex%gg%&g}ﬁ @Ig an@ﬁ'és‘l aimed in the 501 application, in
order to enabl e thea hageompridddersandihy ef thé meiod enddppaaius\6Ethe pssiti ngui sh

between nul tiple random access requests, reanbl e bit or synbol pattern
i s used.2%Each REHLFETANEE ﬁaﬁ%ﬁﬁe C"s'f)é@i @ﬁ"@‘&ﬁ%’ﬁtl""é FrIPHRR WHEN [2KEf £ f er ent

preanbl e bit Gf cSyiRaAbn PRk iRIBSonipaki|idp 8l Wherekfi€ di fferent signature
patterns used are, but not necessarily, orthogonal to each other. At the
base station recei FGWREddendiggram thadllvpiirigs o frame sirucine fpriagandiomect a
specific signature,coypl ed fromthe output of the receiver's matched
filter. This si gna?ure’ preanble in a received signal is used by the base
station recei ver t&IQUREEfi§ zblpiivdibgranhi ftan agparais the teveenussi inud mabdous,

diff I I . de b h [ iqn, GURE 7 i
2 i agr o {nareRpF HEEREREe™t HENRU TR R e e g Br ST T | -




of ' random access request packets that can be transnitte ngy ggfm%ent
nobi |l e stations, in accordance with the preferred enbod nt of

i avention in the 655 Application. 2 5 Although only three random access
request packets are shown for illustrative purposes, that invention is not
intended to be so limted and can include the transm ssion and reception of
-nmore than three such packets. Essentially, for each of the random access
request packets shown (20, 22 and 24), the S-ALCHA procedure used with the
present nethod appl ies only to the pr eandl e portion of the random access
request process 3 0 The |length of each preamble (20, 22 and 24) is set
equal to the w dtth(fyUBﬁélwhl@clg{h@grgm(q{adﬁtpptlon Sec“Wf‘)r OHWW@@a{Pfcﬁ desi gn
purposes) a p%@é@%ﬁdn@ﬁq r%@ﬁidacéésgf'ecglge%mcmﬁﬁﬁtxonsgber%fn? to]e%tlﬂgtte tial
interference between slots. For exanpfe, in practice, a one synbol guard

ti me can be u$ledng¢ﬂth®recase@1wwhrays he I engths of the data field portions of
t he random access acke 0] a e varied cordi ng
to the desired appFl catl on a?/\Plllp Solgc%od\}?%%g%?m cfcl&m{ﬁ t Bl ‘%a‘\/Eet“ﬁ ‘ﬁ%’ém bility
in transme tti mig Idhfdrel @mhdrﬁtuie&ngfcﬁordaﬁ ﬂmefr&r&lbﬁl&ccdsﬁldaédﬂ@fseétibn&h@\lvﬁim

col l'i sions beﬁ@ﬁg‘ég\y two random access attenpts nmade by nobile stations
intw differ ors of a cell, or between two random access attenpts

made by nobile stari@mREi5Rs @shbcmag&mvoelaIrﬁxdom@cé‘ss)héxﬁwumoﬁﬁit%dwg met hod
can be used. As described earli er t he nmobil e stations maki ng the random

access 10 requaaskte demadulate thedatatield pariqreofgiranden) assessphokgtia cel | - sect or

speci fic_spreadi ngrrQRe s Poiool Ehih 07 phli Al 3o BIBPELANE,! Nt er nal - memory
area). In practlce ese codes cah be reuse ot | s which are
separ at ed by aomumﬁncauommsysmnsmmmanlﬁb @kgro Bnplement sherpétbodbditb& di agr am of
an appar at us tnhvat .san (l})%eas Lo ée t trﬁe Jret hod for use with a nobile
station to ger‘nelpg?%] and'ry A ‘f’hfna ran P_’L%) SM%8s s packet such as the
random access packBIGURBGW dxagm’&dn@aﬁﬁih%traﬂemthae@mldaaﬁEtuantgfbftahe preferred
enbodi ment of ,he invention in the %SrAgzﬁl ication. In_one enbodi nent, the

met hod can be PIHHItE AERPEY #iGERSFequsel PR Cgt DSARSRtSA Y GELEH (ot
explicitly shoywphe b Sed at&)raah@e WRRte@rétbdd bodikitet 6BRE GeAEMESS packet
generating apparatus 100 includes a si gnal m xer 104, which spreads a
"signat Se i " descoibadymd(claimged intleq (65 & Mplidationh an i nternal nenory area in the
nobi l e station 18) he

cell -sector invol ve?‘?ﬁg&pﬁﬁgo’s b(r}%o?r(? d8¥$£gﬁ??rgg9%ﬁ ge)a?ﬁoaelug%ge%nry area)
to formthe cahblememtthﬁmstpectfofrum \plrtleambbée ﬁitlmhegcr&mh)mdacan&ss apacket to be
transmtted. The data fi el( Qﬁ dom access, % 15112; 2ransmtted
i s generated WMYRTLCHST BAC ?té}“&"}j OF A4S TR K x‘é‘? ”i dls the 2 5
gener at ed dat acdokdhnek Witth fhe@raﬂmdmtmbshmrem shhendénign dedeabéd dlizlaimssoci at ed
with the "signature i". The resulting data field of the random access
packet i t hed? $r &RPRIIEH IR concat enat ed code, which can be constructed,

for exanple, by a PROYREYZ @%b%q@@nc@@agfﬂrﬁ(ﬁﬁt i3t R ibR8wo or more
si gnat ure-associ ated short code (112) wi a sector-specific |ong spreading

code 116 (e. gryndemtacasyeedudsisonm a@illiifh‘t‘/b?ﬂ'ﬁhw FEvOYubeaYsly Atedasengt h of the
3 0 resulti ngsg{;}%@re 19& 120) of the random access packet to be
transmtted can F y selected at the nobile station (e.g., hours or
days long). The | eﬁMWREﬂOlsinmeanhmcngiagram that illustrates how random access

25 collisions and delays can be significantly reduced by randomly selecting signatures
for re-transmissions, in accordance with a preferred embodiment of the present

invention.

DETAILED DESCRIPTION OF THE DRAWINGS
The preferred embodiment of the present invention and 1ts advantages are best

30 understood by referring to FIGURESs 1-10 of the drawings, like numerals being used



~~ 3 MAC zo~3 -13 data field ( 120) can be varied at th’er IMARe ~stat i on,

whi ch provides an effective and quick way to establish Io;g data or voice
calls. FIGURE 10 is a tinme sequence diagramthat illustrates how random
access collisions and delays can be significantly reduced by randomy
selecting signatures for 5 re-transm ssions, in accordance with a preferred
- enbodi nent of the present invention. In this exenplary enbodi nent, a random
access request packet is re-transmtted with a new signature inmediately
after the originating nobile station ha8- determ ned that the previously
transmtted random access attenpt was unsuccessful. For exanple, as

descri bed abofoelilt sl coersgpending parkslcBRESriduBirawimgh requesti ng nobil e station

has 1 o received froma,target .base.station.(e . g.., Ln .an.appropriate

br oadcast msssage)éséﬁﬁlale,l}f’b'}%ﬁor@?%efvgg C ISR egcé”bﬁ‘:iﬂ‘rdﬁpﬁ”f‘%ﬂai%s?énature
patterns to bRpRA&SA6H, Madetbd MsigheelRhaadth! B @l 4 lifqueaReRBIAgHESEg equest
packets to be transmtted. These si%nature patterns (bhits or synbols) can

be orthogonal cadg &k AlseEnwHquealone-spde Wwhish ippongatenptsd avith Hic dnte fiegldes ver to
di sti Lsh b - gl : 5 th
| stinguish beiWeen dh&idd) £@9@9kaala¢%q@ Pepeis @t&gﬁp@@%&ﬁ&l e

nmobi | e stations. The requesting nobiTe station rand cts (e.g., wth
an internal nbarelefyaly osgirdpration (cgarpie kouaret daysamiengthy Gonseguegly, camess

packet he.i Pl Be ane R i iGN ks NS Bl T PURAGRE, 0o

transmitted rehato)rcansso vequessigep earidevs thelRdine sgréedingRequenRAand. phdser ee of

t hese random agcess r.equest ckets (RA,, 2.0 RA2 3) have arrived

si mul t aneous| V‘(i%? _ﬂi!qa(eha %151%"53'{) iSBHe F‘%E%‘P’i?é’l“fl t%ﬂlﬁ&%ﬁé{fﬂﬁ&mlescﬁ thenese
three mppil e GhtindITh3VR1SHa@61R™N LN pAIKts Sind ReHdbhs Shesd PRAGH 28cBss t he
originating nobile stations for these three random access request packets

wi | not recedtisgpimynaisrersi. dirjraxen asdarRpedip detaidbelew with reseect et /REase
station | ndi Ca irighiBiSHEaBRRA B tRRESR ik BIPNokb D! M ARl Ring! Ne

target base stati not receive and 2 5 detect these pac ets Gue to
col I'i si ons). < otosleg]lramighey spreadingc owlesl and dong-todes hrovplee sesignifivantlyt ioen, each

of the re-transm,ttin bi | tatio t a m.signatuyre again. In
this way, t heprBE%)blé%iq?icggls'toﬁgbteaeﬁ% r%uoﬁ?lfl? E}Lc%gs %nﬁ?r{l (?g[grﬁPtse{rdglFlﬁw%m’fgeduced
(statistscall gectoppsritemdbi | € station selects a different signature and
re-transmts the orjiginal random access, reques acket, wwth the second

sel ect ed si gnat ur e‘“is‘l’llfllaﬁ‘éfé@:?nl;‘ﬁw?}hge W&%WBI‘%&I“: ﬁsﬁa@ﬂt‘i’?tﬁg’,th?%?‘n&s&ﬁpl e,

RA, ", RAZ', RASWidthésr ti@'QMmiis@ioE Iti@é@ﬁ)ts]%uali th t1eAth Ao AAS EREbIE MRinug random

access attenpt 3t 1 AR Zpp3 -14 acknow edgnent msssage has been received
by the origi nferpragtieabbirpeses taaredsfined giard tigae) o Conssauandy tthemehile tdwnpacket s

(e.g., RA", ' t et IRSSALS b lygd by the
originating ngﬁgqr)éa%c?%trf%%sﬁg%g?wg%i rd art e- ?r%nsﬂ?@o%ggﬁiﬁg&?cy%or this
exanpl e2ot he dwingehe framebls patoddry tleh matphed Migcwithebandaidet erndrhecdkessi rd re 5
transmtted packet ' e 1o its Jhsion wth the fo h._random
access reques‘iﬁcﬁyﬁfk((érfBﬁA ?ﬁ%ﬂ?ﬂ Oghﬁt%otbagg%l%na%’@ ESEY r?(hueeStslg%nsénlng%at ure.
Consequent | y, intth@slofsisgicBatingpatroihhd @esttae aaretcovedegahe ke tdeiser &t r andom

access request packets (RA3', RA4) randonjy sel ects another signature from
each of the rB@Eé‘éi‘?r\/é{‘%‘fediﬁe&"tbIt}tﬁpé?sF?tﬁ“%?ydsFLg‘ﬁ%&“ﬁ‘?té%a“eé’ﬁ‘ﬁ’“@ﬂ?‘ﬁnﬁa’sm' ts the
original requgstnaMnbdfikd}es oMo Peraive iR pkdaflbld 8Fothét random access requests

25 made by other mobile stations. Therefore, in accordance with the invention described
and claimed in the ‘655 Application, the matched filter can be utilized continuously
and efficiently, and a significantly larger numbcr of random access requests can be
processed in comparison with prior random access schemes. As such, the
communications throughput and efficiency of a random access system using that

30 method are significantly higher than the throughput and efficiency of prior random

access systems.



10 the preanble (e.g., RA. 3", RA4 ). These random accesg, requests are then
either received successfully at the target base station addMAR

acknowl edged, or the re-transm ssion process of randomy sel ecting new
signatures is continued. Notably, as shown in FI GURE 10, the time-out
duration (id) between re transm ssions for a particular nobile station can
-be reduced to the mninumtine 15 needed for that particular nobile station
to deternmine that the transmtted random access attenpt was unsuccessful.
As such, the time-out duration (id) betpeen retransm ssions can be
different for each originating nobile station. Accordingly, the present

i nvention random ﬁah&r%rér,afmwmafeeemﬁu{e%é&ﬁog@_%%sédQla%lairﬁédim%‘ bi | e

stations over the signature domain instead of just over the tine domain. 2
0 Consequent | Applicitiongthe dangth af thecdatd finld singhiepirictedt Injothérorards shetrhathadandom

qu i o _
ecaivers, - amicaftaEf R ey B A0S, AR ARbARRRY e bR daflf S orkiom

access re-traneer ssparme apadkht whichdaisebnghe desindonMarmoes s insysingefiiss

t hroughput efficiency. In_.another egbodijrent of the present invention, the
r andom at ces Lopeatanated spreping Approackh, thege 1 ﬁgs ﬁﬁﬁ?ﬁf’rl ‘éat@gf‘ﬁ'blﬂgg BRreket il n
random zed o\@[lide MathJtikd lndb@ adeaRtequdstpackérst he above enbodi ment). However,
in this exenplary enbodi ment, the nobile station attenpting to gain access

det er mi nes just whegcodanee With thenpresenhiaverdipnotmetiod Jar proessaing randetet . For
exanpl e, an aalcgéag %éqﬁ?tsefﬁeacMBﬁ% feﬁc&rﬁﬁuﬁ?&%ic{nlg ézgt@g ﬁg}ool%x%ala{ 263m

m croprocessor) can determne the el apse b en the re-transm ssi ons
3 0 (zd), whiselects akw signatutes for ogrtringerisstong whercalbsionsgeré arcnaat eAf such,or s, such
as powey control channel conditiqps, interference l.evel s at the base

rab T om0 ¢ ypdhdireseh Fafon B AR anhilh BoR NGRS v s gledgy
priority | evelomairein6tead’sf jast@Rer thb €indei dvmaiiit Caseduedtly, dlic pres@bidventihat i on can
vary according to operational conditions, In yet another epbodi nent of the

present i nverfigndficandyshopignsdbsrandame accessdelayscaunddyithsre-tragsmissian Aglnis| o

stations are jandomkidsdoL¥RnBN BrrivAR o ARG fa8odO PluBst® af ket dtffRndonai n.
Consequently, the maxi numtine-out period (i~ between transm ssions is

short er than Tpeeivsrs, apdralse iignifiqanty sedupes Be Hetervabbetweengragiemacease rf-or a
random fbccess[ra;lgggggﬁs transm ssion can be selected at randomfromthe set
of avaiTable signaturés provided by the target base station, and the

ti me-out del ay (tRefarngrovs el EEIERIE &t for addenplioroof the énvientier mahe “@35 Td}

Consequently,, the tinme-out peri.od (id 0. can be significantly,shorter than
e or art ] rasRGiiasnr patLer SRS o piopuiteh B el Al D AP o o

t hose cases Wagéecdnge Ras & Sipdnhit'the metho®bf teqirksah iavaitighaiSystes 10S
relatively small (i.e., relatively few signatures arc avail able for use).

Al t hough a prigflades aBase KB tHesRIvETcelR antARnad d andtsSisHres e Iuer settiop he present

i nvention has,Reefirhiit, YShbaiedhtions 1 68nPEC BRIV Hilly Ri@iobBSst@ls descr i bed
in the 15 foregoing Detailed Description, it wll %e under stood that the

i nvention is shown|HIGURED isdortiHestiaiporiirpasat only.gafl iaveserpinvangoregsdssl e of
hurmerous rearJandam Riude more than two mobile stations. Prior to generating and
transmitting an access request frame, a mobilc station (e.g., 16) acquires
synchronization, or synchronizes, with a target base station receiver (14). The mobile
25 station then determines the starting time for each slot from the base station’s
broadcast/pilot channel information. The mobile station also retrieves the number of
the slot being processed from the broadcast/pilot channel information, which is to be
used by the base station to tag its acknowledgment (ACK) message reply with the slot
number to ensure that the correct mobile station receives the acknowledgment. More
30 details for synchronizing a mobile station to a base station in a random access

environment can be found in the ‘501 Application.



invention as set forth and defined by the follow ng clains. 3 hi AR
~~~~ 5 WHAT IS CLAIMED IS: 16 10 1. A nethod for processing random access
requests in a nobile tel econmunications system (10)) conprising the steps
of: a nobile station (16, 18) associating a first randomly sel ected

. signature code with a signature field in a first random access request
(20,22,24); 15 a nobile station (16,18) transmtting said first random
access request (20,22,24) for receipt by-.a base station (14); said nobile
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by the mobile stations.

FIGURE 7 is a diagram that illustrates the structure and timing of a plurality
of random access request packets that can be transmitted by different mobile stations,
in accordance with the preferred embodiment of the invention in the ‘655 Application.

25 Although only three random access request packets are shown for illustrative purposes,
that invention is not intended to be so limited and can include the transmission and
reception of more than three such packets. Essentially, for each of the random access
request packets shown (20, 22 and 24), the S-ALOHA procedure used with the prescnt
method applies only to the preamble portion of the random access request process

30 The length of each preamble (20, 22 and 24) is set equal to the width of the time slots

(n, n+1,..., n+i), minus (for design purposes) a predcfined guard time to minimize
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5 re-transmissions, in accordance with a preferred embodiment of the present invention.
In this exemplary embodiment, a random access request packet is re-transmitted with
a new signature immediately after the originating mobile station has determined that
the previously transmitted random access attempt was unsuccessful. For example, as
described above with respect to FIGUREs 1-8, each requesting mobile station has
10 received from a target base station (e.g., in an appropriate broadcast message) and
stored (in local memory) a plurality of signature patterns to be associated with the
preambles of the random access request packets to be transmitted. These signature
patterns (bits or symbols) can be orthogonal to each other, and are used by the base
station receiver to distinguish between the different random access attempts made by
15 the mobile stations. The requesting mobile station randomly selects (e.g., with an
internal microprocessor) a signature and transmits a random access request packet with
the selected signature included in the preamble of the packet. As illustrated by
FIGURE 10, each of four mobile stations have transmitted random access request
packets (RA,, RA,, RA,, RA,). Three of these random access request packets (RA,,
20 RA,, RA,) have arrived simultaneously at the base station receiver. Furthermore, all
of these three mobile stations have selected the same signature. Therefore, the
originating mobile stations for these three random access request packets will not
receive an acknowledgment (ACK) message from the target base station indicating a
successful access attempt (for this example, the target base station did not receive and
25 detect these packets due to collisions). Consequently, in accordance with the present
invention, each of the re-transmitting mobile stations selects a random signature again.
In this way, the probability that the collision will occur again is reduced (statistically,
each mobile station selects a different signature and re-transmits the original random
access request packet with the second selected signature included in the preamble,
30 such as, for example, RA/", RA;, RA;').

As shown in FIGURE 10, it can be assumed that a random access attempt
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For this example, the target base station did not receive and detect the third re-
5 transmitted packet (RA;'") due to its collision with the fourth random access request
packet (RA,), since both packets used the same signature. Consequently, the
originating mobile station for each of these two random access request packets (RA,',
RA,) randomly selects another signature from each of the respective stored plurality
of signatures, and re-transmits the original request with the new signature included in
10 thepreamble (e.g., RA;",RA,"). Theserandom access requests are then either received
successfully at the target base station and thus acknowledged, or the re-transmission
process of randomly selecting new signatures is continued.

Notably, as shown in FIGURE 10, the time-out duration (t,) between re-
transmissions for a particular mobile station can be reduced to the minimum time
15 needed for that particular mobile station to determine that the transmitted random
access attempt was unsuccessful. As such, the time-out duration (t,) between re-
transmissions can be different for each originating mobile station. Accordingly, the
present invention randomizes the random access re-transmissions for the mobile
stations over the signature domain instead of just over the time domain.
20 Consequently, the present invention significantly shortens the random access delays
caused by collisions or erroneous arrivals at base station receivers, and also
significantly reduces the interval between random access re-transmissions, which

increases the random access system’s throughput efficiency.
In another embodiment of the present invention, the random access re-
25 transmissions for the mobile stations are again randomized over the signature domain
(as in the above embodiment). However, in this exemplary embodiment, the mobile
station attempting to gain access determines just when to re-transmit the random
access request packet. For example, an algorithm executed in the mobile station (by
a local microprocessor) can determine the elapsed time between the re-transmissions
30 (t,), while taking into consideration certain performance factors, such as power

control, channel conditions, interference levels at the base station, type of service
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t dd#e$eaB71 transmissions is shorter than prior time-out periods. In other words, a signature for a

random access request transmission can be selected at random from the set of available

signatures provided by the target base station, and the time-out delay (t,) can be

selected at random from the interval {0, T,}. Consequently, the time-out period (t,)

10 can be significantly shorter than prior art time-out periods. Preferably, this exemplary

embodiment is for those cases where the base station’s set of available signatures is
relatively small (i.e.:relatively few signatures arc available for use).

Although a preferred embodiment of the method and apparatus of the present

invention has been illustrated in the accompanying Drawings and described in the

15 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.
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10| o] | } Gidoyaddfdprising the steps of:
a mobile station (16,18) associating a first randomly selected signature code with a
signature field in a first random access request (20,22,24);
15 a mobile station (16,18) transmitting said first random access request (20,22,24) for receipt
by a base station (14);
said mobile station (16,18) waiting a predetermined time period for an acknowledgement
message from said base station (14) in response to said first random access request (20,22,24)
being received; and characterized in the further steps of:
20 if said mobile station (16,18) determines that said first random access request (20,22,24)
has not been received, randomly selecting a second signature code from a plurality of signature
codes, associating said second selected signature code with a signature field in said first random
access request (20,22,24), and re-transmitting said first random access request (20,22,24) with
said signature field including said second selected signature code when said predetermined time
25 period, started at the transmission of the first random access request associated with said first
randomly selected signature code, has elapsed.

2. The method of Claim 1, characterized in that said selected signature code is orthogonal to
at least one of said plurality of signature codes.

30
3. The method of Claim 1, characterized in that said predetermined time period comprises a
predetermined time-out interval.

4, The method of Claim 1, characterized in that said predetermined time period is determined
35 by at least one network performance factor.

5. The method of Claim 1, characterized in t that said predetermined time period is randomly
selected by said mobile station (16, 18).

40 6. The method of Claim 5, characterized in that said predetermined time period is randomly
selected from a time-out interval {0, Ty}.

7. The method of Claim 1, characterized in that said signature field comprises a preambie.
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comprises a Code Division Multiple Access mobile communications system.

10.

A system for processing random access requests in a mobile telecommunications system

(10), comprising:

15

a base station (14); and
a mobile station (16,18) coupled to said base station (14) by a radio air interface, said

mobile station (16,18) including:

means for associating a first randomly selected signature code with a signature field in a

first random access request (20,22,24);

20

means for transmitting said first random access request (20,22,24) for receipt by said base

station (14),

means for waiting a predetermined time period for an acknowledgement message from

said base station (14) in response to said first random access request (20,22,24) being received;

means for determining if said first random access request (20,22,24) has been received by

25  said base station (14); and characterized by:

means for randomly selecting a second signature code from a plurality of signature codes,

30

35

40

associating said second selected signature code with a signature field in said first random access
request (20,22,24), and re-transmitting said first random access request (20,22,24) with said
signature field including said second selected signature code when said predetermined time period,
started at the transmission of the first random access request associated with said first randomly
selected signature code, has elapsed, if said mobile station (16,18) determines that said first

random access request (20,22,24) has not been received.

11. The system of Claim 10, characterized in that said selected signature code is orthogonal to

at least one of said plurality of signature codes.

12. The system of Claim 10, characterized ni that said predetermined time period comprises a

predetermined time-out interval.

13. The system of Claim 10, characterized in that said predetermined time period is
determined by at least one network performance factor.
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selected by said mobile station (16,18).

10 15 The system of claim 14, characterized in that said predetermined time period is randomly
selected from a time-out interval {0, T4}

16. The system of Claim 10, characterized in that said signature field comprises a preamble.

15 17. The system of Claim 10, characterized in that said mobile telecommunications system (10)
comprises a spread spectrum mobile communications system.

18. The system of Claim 10, characterized in that said mobile telecommunications system (10)

comprises a Code Division Multiple Access mobile communications system.



