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PCT/ SE97/ 01722 RANDOM ACCESS IN A

MOBI LE TELECOMMUNI CATI ONS SYSTEM BACKGROUND OF THE | NVENTI C]\l 5
Technical Field of the Invention The pres

rel ates gen®PMPP 5 the field of nobile tel econnyrﬁﬂés%ﬁ@ and in
particular, to a systemfor processing nmultiple random access

nobi | e-ori gi nated cal | s. Description of Related Art 10

The next generation of nobile conmunications systens will be required to
provi de a broad sel ection of tel econmunications services including digital
VOoi ce, vi deo and data i RANDOM ATCESSBAEl - swit ched nodes. As a
result, the nunber of calls being nade is expected to increase
significantly, which wi IMOBIEEEELEC CATION, ﬁ.%\ESFEMrafflc density on
random access channels (RACHs). Unfortunately, this 15 hi gher traffic
density will also result in increased collisions and access failures.
Consequent |y, BREKGR@UND@P&THEFIWENWN e communi cations systems w |l have
to use much faster, ingﬁm access procedures, in order to increase
their acc®ss succe educe their access request
processing tines. The present inventibf! P@iﬁ&s Nk afly C Bl ¢Rid oS LEemns,
such as, for exanple, the European 2 ol nt” devel opnent referred to as
t he "Code Di vitslecomniigications' ar(icm)arrl)qulanm ssysteanfor processing nuybtipletandemi n
accordance with the i)? 95 Sttcnd d (ANSI J-STD-008), a nobile

station can ga?cﬁesé&o gopgmg% *station by first determining that the
RACH i s av nfdfRelaged. Affhen, the npbile station transmts a
series of access re est . r eanbl es (e.qg., single_127 chip synbols)
with inct@asing po neéw&qnsrauemt)f obijgccopmmunicatipassystema Wilbhe aRiERt 18 t he
access request 62 6mitui ocess of
controlling th%ro'v{hg eb;rBﬁs’{‘ge?elcgﬁﬂgf %ér ansm 1 ﬂfch%éﬁi&i}ngﬁgmégvﬁal v?g&r

channel . Once tideo andldatsampaﬁ@namwanm}wbdtcdﬂmﬂes hAsmd:nultethsm\mbmfand base
station .t he nobil.e dom

| { t
access messag ecalg%emg miade 1 Ckpee rtg increase pERIgcy y, ﬁ'céa%f“f* tb‘gs"ré"?frﬁCOde

Di vi si on Ml t i gpRerAG4TIS Yemdity on rafddalVAdcessychafiils (ths)l EUﬁt*oﬁﬁxha@dly Vils|
attenpt to access the base station receiver by sing a "power

ranpi ng" 1pr oc ebighemuatfic densityswidl alsperesstvin lm@as,en collisions nn% aecewsigiiyes.
Consequently, the new generation of mobile communications systems will have to

use much faster random access procedures, in order to increase their access success
rates and reduce their access request processing times.

In most mobile communications systems, such as, for example, the European
20 joint development referred to as the “Code Division Testbed” (CODIT), and systems
operating in accordance with the 1S-95 Standard (ANSI J-STD-008), 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 127 chip symbols) with increasing power levels, until the
- 25 base station detects the access request. In response, the base station starts the
process of controlling the mobile station’s transmitted power via a downlink
channel. Once the initial “handshaking” between the mobile station and base station

has been completed, the mobile user transmits a random access message.
More specifically, in a CODIT-based Code Division Multiple Access
30 (CDMA) system, a mobile station will attempt to access the base station receiver by

using a "power ramping” process that increases the power level of each successive
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transmtted preanble synbol. As soon as an access request preanble is

det ect ed, the base station activates a closed |oop power control
circuit, whi"Cr®488tions to control the nobile st w1722
transmtted power level in order to keep the received si gnal power

fromthe nobile station at a desired |level. The nobile station then 5
transmts its specific access request data The base station's receiver
"despreads” the recelved (spread spectrun) signal s using a matched
filter, and d|verS|ty co he despread signhals to take

advant age of clafi§mated rﬁﬁ?at‘rf Wi“b(?? Vésgpqryas an access request preample iy detpstedys Cpva
system a sim §yan, @&ﬁﬁﬁ‘&ﬁ%sa El@é“eh% wet CoRte IHENVRY t he
primry di fferencg bet ween t he ﬂydﬁo | S-95 6r]locérensns v|VIsucltlhat t%

| S-95 nobil e s¢cmtmbthetmmg istatien’ atremmpttert powexdd\cchuamdasm keep ertreceli\fedt he base

station es _notL ackno e.th ce quest, .the 1S-95 nobile
station re-tra$igM tpgw%tro © m%i‘age% Eir“ ‘&ﬁ‘é‘;‘fleﬁé lkllg}e rg‘?bg SRHgR &R oner
level . Th§s preasmis Ropedificbessifighdst dde TRIRse station’s resdivek “@3prasdsnmel edges
t he access request. In the Spread Spectrum Sl ot Reservati on

Mul tipl e AccesEceivsi Gpipad spestrum) signajsusing a matshest fikier, apdaiirersitshenmhingscess
schene is used I t ts and
re-transmts t eﬁra;?%g sigéglgg%gﬁgg%@g?g%%ﬁcqanﬁghgt fﬂtrheé:lt%}gi[p reception
of the random acceda gmalS®% CWAcs}ysttmi edgaﬂhrb;anddm ahzcsaateslnxﬁqueois usddie

transm ssions gre s ed. a ar1 ndo However, the

Sl ot t ed Boie el e ciriepinct v e Voot g Siebimolein dit e
Consequeng | y, m&are%a& transmitd cdnBifelh aomQR s Picketd af tH%'FHaﬁ‘enﬁ{Ho%d to
stabilize such a system Furthernore, no provision is nade to

di stingui sh bedeeeant aeknawledge the neess requesty thed - %MQWC Station restransmits the an
I ncreasi ng nu s A and

t hus V”\gc?ésg gé u é:«lcl ns?@@g@?&owgf% aI‘hlJ ﬁi'mes?cdn%ﬁu %@n?lsékg ﬁﬁ‘dﬁb

significant prﬂhximrmkmwledgemliehcctebercqhawe descrl bed random 25 access

t echni ques. For in a CODIT m a, base station receiver can
detect only one ra?ﬁgm e aSReeads Spactrum gPi‘/?fe eparvatipy Mplstplec Agtess (SHSRMAdns i t

their acgess gystem, a SRELEALOHA rdddSmSRERs stihe iShuldie" GERRaly\a HBRRAJES
will collide and be destroyed, or one nessage W || bé recognized

and the ot her $tagiqy @ransmlmemmm;ts théhgandom accesst packetghmsilt thefdormectency of
such a systemis r.el at low, 11S II| and
the nean tine {q;faqudx%ofltge(gag\d?rg s B g 48 gﬁ%’c? ES??ﬂ gyaglge??gﬁ%o@xc’g?sl vel y
| ong. trénsmiSdicis alrd) qtacamﬁaek byefmdom thad inteiv06S Howebés e sokkd

effectively process multiple WO 98/ 18280
PCT/ SE97/ 01722ALOHA random access process is inherently unstable. Consequently, some fogm

20 of feedback loop must be implemented to stabilize such a system. Furthermore, no
provision is made to distinguish between multiple signal arrivals, which results in
an increasing number of collisions and, necessarily, re-transmissions, and thus
worsens the instability problem.

A number of significant problems exist with the above-described random

25 access techniques. For example, in a CODIT system, a base station receiver can
detect only one random access at a time. If two mobile stations transmit their access
requests at the same time, either the two messages will collide and be destroyed, or
one message will be recognized and the other ignored. Consequently, the
throughput efficiency of such a system is relatively low, its collision ratio is high,

30 and the mean time that it takes to achieve a successful access is excessively long.

A system that would resolve collisions problems and effectively process multiple



random requests is desirable, but to increase the throughput of the

exi sting systens woul d require an increase in the nunber of access
codes used (which are typically limted in nunber), and a
correspondin nu%er of additional matched filters would pepepor01BS.
required atW ‘? se station receiver. 5 Althou '?1 exli sting

| S-95 and SS- SRVA docunents indicate that their base station CDVA
receivers can denodul ate nmultiple random access nessages arriving

in the sane slot, these docunments do not, specify how this process can be
I mpl enented. Furthernore, the IS-95 docifents do not indicate how to

U gnals. 1o raodom el R etban i) e e votehot P B eitnsbeind” oo T

random access RuRFR§si&San increase in BeSnunflePbf 26¢s¥ coded Wsed@hthSee HYIEBRNPUS powver
ranpi ng i ncrenents have to occur until an access request can be

det ect ed and dimiedin wuehe), andracPorrespordingsnimabst efadditipnaljeatehsd filters would SRy
system cause t it is arelatively difficult process
to n&?r%eﬁ{eag @es%4 nfécggﬁr receive nmultiple random access
requests sand contr mllthbii@ éisting Is-pﬁ\and SESRMA clocweaenits indidate itithy sheir ageie st

nmessage. Consequen for, all descri bed reasons, the
usage effici erfE’F‘%%Eb}(’Uf FrRECTv e Fap E@%“’dﬂﬂ“@gr access MEsSageRBHVIBZ ¢ very

low, and traf fi, Cpk Nafifef ﬁb@r\ﬁ&eed&ﬁﬁxbﬂgctﬁdn&ysﬁé‘é%o@f tﬂm@s&egys&,ess

is excessive due to this inefficient use of CH and 't he nunmerous re-
transm ssi ons implgoentedi. Faxthermore, the IS-95 dogamengdn nasindicagshhawtogonrok these CDVA
systens is that they are basi.cally. . hgned to resol ve packet
oot on pr oneiael REul L iR miale gessay AR Chese syet ems
is furthgy reduced AsdRiHdR, Hk abiveRleRtibed 18i95a6d COMID fFandor as@ssirbeenges S

and further related inefficiencies. 25 SUWARY COF THE | N\/EI\FI'J ON

A robi | e conmA Ekively §l0w, Bacale Pumerpus ROYERTAMPINE RCRTMGNISaNE 19, 0GR ng t he
time required ol el BHQPBIARE SRoWRMYel Card'rb GaR@hiSGors 3h the $UT I NG
call setup, o t%nIBééI station transmts a rar?don‘1 access packet that
i ncl udes a pr SRMAssystemi cause intolerable dellays alAlsoy itd$ a iré¢lativgly. diffieultiprdcossitat i on

Tore ef 1 ci ontMBEMERCL DB IR} PN PN S aciess Tt ohuof ! 1 71€ @

resour cegs wer level of ¥foh ItfivididBRquest message Consequently, for all of the above—
PCT/ SE9Q7/ 0172290

A nobi | e commutiserdhed orasonssthe isags efficiengiesood Be COBET.JBr ¥ anch §5- SI%'[ i fyi ng

d I
ransi s ong TtcHs Bty AR el RO B by s OB o 1 o s

i n a random aciseexzessivgudigt to this inefficient use of the RACH and the numerous re-

transmissions required.

20 Yet another problem with these CDMA systems is that they are basically not
designed to resolve packet collision problems. Consequently, the throughput of
these systems is further reduced because of numerous failed random access attempts

and further related inefficiencies.

25 SUMMARY OF THE INVENTION
A mobile communications system is provided for significantly reducing the
time required to process a random access mobile-originated call. During call setup,
a mobile station transmits a random access packet that includes a preamble and a
plurality of fields. The information provided in these fields is used by the base
30 station to facilitate a more efficient call setup and more quickly allocate channel

resources.



packet. The base station receiver includes a plurality of accunul ators,
each of 5 which is tuned to a different preanble synbol pattern.
Consequently, the base station receiver can distinguish between and

process Ssi s random access requests. This pre symnbol
arrangerren?w(?a?ﬁﬂgqggo be used in conjunction with p@ﬁ%
processes, such as those used in IS-95 and CODI T systens,

provi de individual power control for nobile stations naki ng mJI tiple random
access 10 attenpts. BRI EF DESCRI PTI ON OF THE DRAW NGS

A rmore conpl ete understanding of the method and apparatus of the present

I nvention may be had by reference to the follow ng detailed description

when taken 15 i/ OB GOMOMRIsAHORS Sy sty is alsoqupyided) for detesting WeRifymEr ei n:
FIGURE 1 is a :ﬂid%&fcﬁ‘?ﬁgt Ratiple! rhdioh] KCER réqhe@s C Each hEMIESHio MafenbilsHFE: 1N

accordance with a Eﬁ: erred enbodi ment of the present invention;
FIGURE 2 is a @fchphumlity ofdiffarentipzegmln syfmbel pattarnd b a calldnmmccess rayuest

T Tustfat as o BEKTY ol B AR b RENGEPY ol o PR BRb AL oo

recei ver,5in owhiohdammed v hldxffdilaltﬂiréafnﬁﬂd e;dnbol pattern. m‘ehu thd biske
present invention; GURE 4 is a schematic bI ock di agram
that illustrat®aI08 reegivgryran d'csﬂ%&msé‘d??tw““ and prqgess sifagitaneoys ypndemeacecess net hod

O aeoOu B! gl ! TRls eI BEL EShab RE S3h 8158 Be wsed 1 BchifHcRBn BERY! O 1O

power control oce55|n re u in accor
second enbodi npmterframping poocesses t suclm‘ae rﬂtqst lused inFAISASRMASCODIT sgétenay, aon t hat

shows ei ght exe . Sl gnat ur e tter t hat can.be used as, random access
Fequest oS R R ol e B oms A kines R Fgom sccess

FI GURE 610s a sghpmati c bl ock diagramthat illustrates how nultiple 30
random access requests can be correctly received and denodul ated, in

accor dance wi th anot her enbodi ment of the present invention; and
WO 98/ 18280
PCT/ SE97/ 0172 2BRIEF DESCRIPTION OF THE DRAWINGS s

FIGURE 7 is a scherfatrior dompiete whdastanding fof tHeemethddand appdratub of tha peesaitat i on
recei ver shown, i n .Fl GU

5 SRS BALP B o TP PO RS ARaeh AR VI B8 (1S

advant ages ar ejn conjunction e the! REtSmPhiB/ sk MwiRs Vhedeftd to FIGUREs 1-7 of the
draw ngs, |ike numelglal s bei ng

GURE 1 is a diagram that illustrates an access request data frame, in

accordance with a preferred embodiment of the present invention;
FIGURE 2 is a schematic block diagram of a cellular communications
system;

20 FIGURE 3 is a schematic block diagram that illustrates a pertinent section
of a basc station random access receiver, in accordance with the preferred
embodiment of the present invention;

FIGURE 4 is a schematic block diagram that illustrates a receiver that can
be used to implement a method of demodulating multiple random access requests
25 and also providing power control processing for each request, in accordance with
a second embodiment of the present invention;  FIGURE 5 is a diagram that
shows eight exemplary signature patterns that can be used as random access request
preambles by a plurality of mobile stations;
FIGURE 6 is a schematic block diagram that illustrates how muitiple
30 random access requests can be correctly received and demodulated, in accordance

with another embodiment of the present invention; and



used for like and corresponding parts of the various draw ngs.
Essentially, during the access request phase of a nobile-originated call,
t he nobile station that is preparing to request access to the base

station reggl 0 generates an access request data % ge
transm tte&%iﬁfc?lz%ogram that illustrates such an a %@gﬁgﬁpg’a est data

frame is shown in FIGURE 1. For the preferred enbodi nent of the
present invention, the access request data frame is conposed of a
preanbl e, and forward-error-correction (FEC) coded information about the
nobi | e station's identity, the 'tEVpe of service required, the

air-tinme required, t, .dat 5 nd err.o et.ection synbqls. Each
access request fraﬁéépgi:‘tz/bgl %ﬁ?’?glfoblﬂ'g‘e%awﬁﬁgqf the Gefaifs of A bash stoR| y, a
shorter frame reefvgt khowninRGURES®. (€. 9., 5 nmsec long). The access

request frane described herein can be referred to broadly as a
"facilitating"” random access request frane. Prior to

generati ng theb%cm ﬁﬁg@ﬁﬁi’l‘léﬁté‘F&?ﬁTﬁRAiWIﬁ assuned that the 20
ra

nobi | e station has alréady obtained ne synchroni zation information from

t he bases s The ipreférsedoenstvdingesit of the paesent(iBdrlion asd ehdvaakgdSikd Mat i ng
shadowi ng and,di st ance , at ion wWth respect to the transm ssion
channel (the tbF‘ﬁHE‘%'sé%qdd’H rﬁfg{tﬁgﬁgﬁé.ﬂﬁ.ﬁs 1-7 "f_the f“l’}@’l‘fﬁﬁbwe_enwlbh@& _
stations). Talkkdfor fikOamCéoRtésfonliil PartSOMEPARS drdwifiesTObi | € station

transmts the access r(_acluest_ dat a packet at the beginning of the next
random 25 acc panduring tee agcesy request pbape & @ mubile-origbmted cslh thonpensat e

for shadow ng . di s e attenuation. At _.the intended base
station, the éxg@glg sStation, by isf rgﬂpé'mggto fefhedl acc&?rr@dﬁ‘f’;‘faé% SRR TSGCHET o
mat ched 10i | t ergelefaieschnrateesy request dafa fidife RARARAsHIBEMEC Al dii%‘:&ﬁﬁhat illustrates | S
properly received and denodul ated, the base station acknow edges the

request and Such an ageasy rrguest dafac igshpwnoin FIGURE; 11 hEorniheiprefemedit i on' s

|Sa g_?_/s ggg %”B L '7 gfze%mﬂrbf 32 present ihveaBSAESLRBR ‘request data frame M@ox%gésw _%g?

Speci fical | y, apedamblel, aggl foowaEd-Gubttcoprection (EET) qodedt infommationabohit the awbilell ar
conmuni cati ons stem 10 i.,s sho whi ch .i ncl.udes.a base statig
transmt/r eceisffgxn Fu g}?tt%en‘\g}fﬁn%?rfﬁq‘l‘}: n 154 EPG Feapice e?l’%gf“?on 14,

and a plusral i tayd efror@eRRitich syiibbisOEacH Becess request fRdsk ik JypidMIly 1OUAKR: Ripgy t WO

nobile stations are shown, FIGURE 2 is for illustrative 5 purposes and
the present i dVierativaly, ashomer frame Jepgih may iba esedds. oY msecang): \Theraoesss e
stations. Pri 1 r Fhd | . est . frame, a
nobi | e q@%%tﬁlggﬁ Ee. %éag"‘"’%@?‘;%‘c‘%{}? res g@%ggﬂ%%lgggf?ﬁgg{ﬂ,ggbrr%dom
synchroni zes, acges$ireguest frameded base station receiver (14). The

nobi | e station thﬁﬁ;{.determ’ nes the start i&g é}ﬁm;‘ for,each random
access frame, fromtPRE M,geneTaling tic,access fequet: BMeoit 18 asyome thatth? nat i on.
10 70 t he dEe stifichitia®frdady m&mﬁ&&ﬁwiﬁg&a%&m&ﬂ%&sé he total

anount of traffic present at its”receiver .g., representing
mul ti-user i ntstatipe’s breadyast chaaneh(BCHD, ax well anestimating shadewing\and distadiceiet ect s

this informatighaith witfisgett t e Rt cME%' tranbRASHH ﬁgt{l%gtween

the mobile and base stations). Taking into account this information, the mobile

station transmits the access request data packet at the beginning of the next random
25 access frame, and with an adequate power level to compensate for shadowing and
distance attenuation. At the intended base station, the access request frame is
demodulated utilizing a matched filter-based receiver. If the access request frame
is properly received and demodulated, the base station acknowledges the request and
schedules accordingly to process the mobile station’s subsequent information

30 transmissions.



| evel that is needed to overcone the interference. By neasuring the |evel
and rate of change of the received broadcast/pilot signals, the
nobil e station estimates the 15 Doppl er fading rate and nunber of
significant_"rays" existing in the transm ssion ct}%ﬂ_ e mobile
station thel© '\lﬁfzﬁ%lt es the shadow ng and di stance attenuati Rﬁ mm of
the transm ssion channel, by neasuring the path |oss over a sufficient

nunber of fadi ng periods. Taking into account the degree of
transm ssion diversity required y the system the nobile station
t hen cal cul ates the transm ssion power [ével 20 required for the access

request franme to be,received at.the tion, with g
predet er mi ned si gnalPeFige 1}\3'1’ &%gf@n&ﬁém. » @ pertinent section of g eellar, g again
to FIGURE 1, t§afnrmefc@fcnsspise 0 issheWik WiehchiBss 41688 stition transmit/redefvgandl e of

L unnodul ated synbols. Preferably, for this enbodinent, each synbol
i s 1023 chi ps mienga 12 prl tansraisten/neepives section 14 + and apluralityl of nicdile statiansdd t o be

Lo have o bet 8P o AR S bMndte hichs sle) g B rGme 4 b AfBent ot o

the base st at i putposERandttie siesefitdnvention af b6 assumed to includé MPRABAT W MediRyS, and

because t he base_staté{on has to, receive the first synbol Wthin a
pre-defined wi SRRDS: T IP SEPRSRLNE SMULng 3eesy Teqyes dTangs, gapohilean t he
system s nmaxi (@ RANR) hQireetyR¥hrodidRion! tais Laue
signature 30 ”Hﬁﬂoﬂéﬁ? ter?l,éq\%hi céh W P@%&%ﬁ%‘%@ﬁh etagilﬁ“elglgpg\%vg

WO 98/ 18280  station receiver (14). The mobile station then determines the starting time for each
PCT/ SE9Q7/ 01722 m fr fr tion’ i1 . - -7
The access r eqR2dem AFSERIrame from te bass station.s brogdgastipilot channe] informationst | engt h

N 10 Sy bl ke badd Qtativh i doafigured toMiealiitd dadTbivadabtahd mtdl BMoent P kffict hat
make up the ID field. The use _of a longer user ID w || decrease the

probabi | ity t hBfesea} ghits fecpiXes (§-8.» representing sl daterference)y, fhe mobile gatianno
o2 . _ e . . | D.
hobi 1 e statl On&c@fzegand &;ﬁegﬁ%s Jiﬁ))?ili\ﬂgoh a\i}m@ lﬁ%éégftgtéﬂﬁ:ula& a sn%na? ﬁ'gﬁnﬁ&qunom

However, using a |l onger entity 0 I ncreas
overal | frane lezeighat js needeshtoiovercome thecaterferences aBe medssring thedevel aml rateat e

e
field injshe appppier ERMMESSte dnd3iihbes of AnifiGMt AR exRfiNg HAhE WAk lissidh) - 10

The length of the required service nunbéer is determ ned by the number of
possi bl e channgd; \the mebiltsation then estimatep the\shafieving andikistange atenuations hor t
data nessage Q ‘o I A r ] [ h andom
access request Oi;ac et Lo r ﬁ%%%ﬁ@ng]ﬁgﬁymghé%aﬁﬁ) %n@?négé%%g%f'ﬂfntgﬁg%{:y. For
exanpl e, a shofddingegepiode sTaking intcarsonm sheodegeaerof ausmiksion diversity refjiiieedneed t o
conpl ete the ng{égﬁé call setup i?roces's and reduce the ot her overhead 15

messages requi SYSHEL (thfeFgbHS, staticR fign (cpigplatey) thenwansmission paysr ieyele
transm tpgd.  required for the acces¢ regB&ht iffaRft B/be febdiFed  dtGhé bak Mk Rahs IS al so

i ncluded in the Tandom access request frame. For this enbodi nent,
"required air predetermigedisignaltatiniesferanee radioal ti e the nobile station

w [l need in order izé’feh%&”fg'lix} m%‘l&?ﬁ@ F,tt'ﬁe 'I&%?sax%&estT &gmé 5 \G%Jn iggludes a
preamble of L unmodulated symbols. Preferably, for this embodiment, each symbol
is 1023 chips long. The spreading ratio of the preamble is selected to be longer than

25 the spreading ratio of the rest of the frame, in order to have a better spreading gain
and also to reduce uncertainty at the base station. Due to different users’
propagation delays, and because the base station has to receive the first symbol
within a pre-defined window, the preamble symbols are chosen to be longer than the
system’s maximum propagation delay. The preamble can contain a unique signature

30 pattern, which will be described in detail below.



detail to be included in this field is a design preference, which depends

primarily on 20 the extent that the FER will be affected. An error
detection redundancy field (cyclic redundancy code of P synbols
long) is a uded as a design preference, which peTISESSRERSS on the

overall frame l'ength desired. Except for the preanble, the
I nformation included in the random access request franme is forward error

correction (FEC) coded using a known codi ng techni que. Although the |
enbodi nent shown in 25 FIGURE 1 i n(_:_l71_1des specific information in each
FEC coded field, the invention is not intended to be so limted in

scope. For exanpl any information t.hat.can be.. . . b base
station receiver to ésffﬁ?%ﬁ%;ﬁeaaﬁ%? ‘Ef?lP?eéiae%FW"w @B f%fﬂf‘gtﬂﬁ'l%‘?ﬁ

access call cCayinbsls.i IThe witdile 3atién fandbmly seleclRand sfaﬁwﬂaauﬁhw@p feapn. Al so,
t he I nformation included in these fields does not have to be FEC

coded in or deficldo The uspof a longeruseicld Bl deraease theamebabilipe tat simuliansewspt .

WD 98/ 18280 . . .
PCT/ SE97/ 017 2Eandom access requests from two mobile stations (e.g., 16 and 18) will include ttge i

The randém acsamsrandoudPr  Howener stsingna ilonget (ehiity ifidld will efso rindréage the
transmtted at t egi nni pg qf .the next s)Jot. The bile stati (16) sets
t he t Péﬁgﬁi tlg"sq?% ﬂmﬁ%‘méﬁ“‘ih_e%wr?’o?an; W@%a@ﬁéjg;i%ﬁ N B (FERr opri at e
to conpensat egfdﬁibility. So, the RA@H 6/¥ha ID el sHinid B8 sQedid PR IS cERaRNE!
attenuation. For this enbodinent, the 5 Rayl ei gh fading factor can be

assurmed to bein®indel y conpensated for by enpl oyi ng diversity

recepti on and conbipi | L | |V .
FIGURE 3 is a schejf.fgédl?% ffg@ﬁ%‘ﬂk | agsr[géﬁe%t%?i?ﬁﬁ?%&tg{eggmgﬁ%E‘F‘E’E%e(ﬁ' section
of a bade st aTholkngthofitheramired serviee minftet isldeteritined byathel Aurtiser \Of possibie
preferred . _enbodi megé of ,the present invention. As shown in Fl GURE
3, the front &§Fyices thatare 1g)be provided 3?&%%}'#'5}?- r 8BTS data Fressage |Q, gaabols

plurality of gdsehaalsd B trAnsmifi& 'the Hind6th 28E58 request packefdliREtERe e COUP! ed
to a respective matched filter 13a-n. The output of each matched

filter is couphesthisionsfficiengye didrexanple; arshortdasa meBagertrangthissiomicamabviate each

accunul at or -0 S.C to a respect,yv ak .signal detector
(not explicit Ia§f %%\R?E?&n&aﬁil?ce&%heg“ sEwR r?ﬁ? sear\dergcgchgtfe qs‘i?ft vgrhe Il be
descri bad i n gekapes reqlifed, sitde there is a very limiled afjoahtdfidan, 1o ®a anskakedred filter
13a-n is tuned initially to the base statiagn specific preanble

spreadi ng code. Thé reidair gme fsldof i evahols it ’f‘lg‘! wluged indhe, Fandom ageess
accunul at ed O%e&l Fﬁfﬁ.yﬁpﬂhis%%&ﬂem-r ifed afrtmd" REadHhERbd @P rt]&%l Cﬁmcpr eanbl e

synbol s. e preanble I ncludés a signature patter escri bed
bel ow), the atheunchilasiaton will need in ordentodomshit alveniplese messagg. lHedenel of

accunul ators, with .eac cunulatar tuned to one 20 of t.he signature
ot terno. The dPihib iachdeR FLEH EBG% o e e RreBE e demtrilsprimiagly o e
ei ther qoher eitie ekfeni AN WREFER Wil PseCaffettbdt AR BrotRRefich Reurfandyfeld (rgﬂﬁdm Ssion
channel 's fadlré]dg rate. Preferably, coherent accunulation i s used because it
is nore  redundaney ode af P syrbatrionghis pise inchided as adesignprefsesngs evhietven at
moderately hi g,dadi fi0the overall frafkS8ngth desired. Except for the preamble, the
information included in the random access request frame is forward error correction
(FEC) coded using a known coding technique. Although the embodiment shown in
25 FIGURE 1 includes specific information in each FEC coded field, the invention is

not intended to be so limited in scope. For example, any information that can be

used by a base station receiver to more quickly and efficiently set up a random
access call can be included as a field in the frame structure shown. Also, the
information included in these fields does not have to be FEC coded in order to be

30 covered by the present inventive concept.



25 At the end of the preanble period, each accumul ator 15a-n

I n the base station recei ver section 14 searches the output of the
respective matched filter 13a-n for each signal peak that exceeds
a predeterm ned tection threshold. Each accumyl n

regi sters (‘ﬁgt’ﬂs? ¥ and stores) the magnitude and rel ati v?ﬁ%@%’mﬁ}g

each of those peak signals, and thereby determ nes the nunber of
significant signal 30 rays avail able for denodul ation in the receiver.
A rake receiver section (not eg)l icitly shown) denodul ates the
data portion of the random access request” frane, WD 98/ 18280
PCT/ SE97/ 01722 ) A - 9-

by using one of a JBF crapdosm acesss Apaugst ﬁ?m’f)rs_hﬂ’ﬁ&ilﬁam%é Eo%fqﬁ?% _
denodul ati on  ransmittedS4RBEBEgindifY oP BR AP L. TARE mdbile &lafibh i(FY) £RMTRE Ni NY
denodul ation schene is preferred, because it facilitates nultiple
random access trasgmissipn poyen leval fercdrisopackatjat a level appropriate twronipensatenfondi ment

an equal gain [ . Lati |_ni dul at ion.5 sch may be
used when an isgéjﬁg'?éiagg.li‘bﬂr o&%@gﬁéﬁr&%ﬁ%{é‘éﬁ&%bﬁgmﬁﬁﬂqﬂm "g’niﬁe
possi bl e.5 The Rigleipifhding factosahdeasuned tdbsiafpEhosbnipendatedifbl byl @fplbyih@t e t he

operation ., .of nohile statiqns at .| ower transm ssion signal power
| evel s. Recei viyersiyaesepHon and combining teghniques af the hasestation recgiven . dat a

recei ved. As shown giguREGRG skhert q;loclﬁ)(icq?%?axﬁrﬂﬁt illustratcs 3 géc}??%n? gé[iéib{,‘ht he

random access request packet at t & o station, e 10
coher ent denpadlabaserstasioocesdoms acdebrereotivar 14 nid. acddrdamte nwituthet prefected a i s

t hen decoded and checked for errors. . | f andom
access request"%ﬁ%ﬂ?f‘“?_r} W‘é&’?‘@“@ec‘éﬁ @8&“&%?%’8&%%{“ ‘h&‘i‘e _
base statg on Ihasd sialibh feckiveIl MEKOQVH SRS aiREARA2a 0 THRduipabbt &ckt ation
16, and schedul es the user's call to proceed if aPpropri at e channel

resour ces ar e 4atgana i§spupled fo;a respeciivgy majehed filteryl3aay  TherQutpuopt eachaaiched st at i on
needs only tr ' ed%‘ﬁ'?&%:cﬁ Rk _ | f
no channel re?g%{r:qgtgg@gre ava agge V\nltdﬁtloﬁl?%g' g@ﬁé‘g‘gﬁ%&a‘f‘}a&éﬁ”?‘é‘%‘é’f t he
base station tiISandsicdupled td' brespettiverpeaiosignat detdctoménot expdicitlycshotvhe Awmiork e
station when to . transmt, ew request .. |If the base station does
not transmt é??“’&%ff\ﬁf'&?fg‘@m%%e escr%@‘gg‘a%&m{el?é”'rmbi le station can
assune tfmt the reqyesdratvh! &iPhalthd filRF ¥3L8 55thhkd initially to the base station’8y havi ng
a nobile station ge.g., 16, 18) transmt a random access request

frame such as Sperific preameble spreasdingcode; iThe Pyt each mateheddiigr iscrdcussively ce ti me

(K), r £aul L 'nd IR t t fields can be used
advant ageousl yae [0 15&90%1‘ th‘%gm °|i P%rtioéfl It:iEfef%Fg%r%g%%ggioé?pﬁaqmeesyﬁ%@ et dat a
that follows tifithepreaarie inclqdessisignliune pattdin (describbEbetow), Bhetcamilativh is

predet ermi ned and t hat inf,org?;}_igoqr} can be provided, a priori, t

\ 0
t he base statimlﬁs@@é’y\}’é‘ln,g _ Qemplators o With gach aaeumpigtertupgd to age; ckly
and 20  SSfth€Lighinkré phitéfs. PTheypS ¥iebiBive accumulation technique WedBhpod 1S
al so provided for regulating acces$ request arrivals at t

recei ver 14 i fbeceither sioberentheryingoheyeny acenmuligion) depanding nn the steansmissionn

br oadcast an ”31Qi Ly

s fading rate. Preferably, coherent accumulation is used because it is more
beneficial for CDMA demodulation and can be used even at moderately high fading
rates. '

25 At the end of the preamble period, each accumulator 15a-n in the base station
receiver section 14 searches the output of the respective matched filter 13a-n for
each signal peak that exceeds a predetermined detection threshold. Each
accumulator then registers (detects and stores) the magnitude and relative phase of
each of those peak signals, and thereby determines the number of significant signal

30 rays available for demodulation in the receiver. A rake receiver section (not

explicitly shown) demodulates the data portion of the random access request frame,



30 busy flag for use by the nobile stations. For exanple, the val ue of

m can be determ ned by the nunber of collisions the base station
has detected. The base WD 98/ 18280

PCT/ SE97/ 0 -
station cayqzﬁﬂgmpegul ate the rate of the access request ??Ta{snF’sg'r’ﬁms.’%?ons (and
arrivals) by choosing one of 2[err] levels and transmtting that

i nformation for allocation purposes to the nobile stations in the
net wor k. FIGURE 4 is a sghemat i ¢ bl ock diagramthat
illustrates a receiver 14 that can 5 ~°  be used to inplenent a nethod of

i dentifying apd denodulating.nultiple random . ccess r ests. In
order to enabPLSIES A SERiN el vy Sk gtimel rtig prufinipe drmalation

nul ti pl e randgifeaes.e For od efibbdiment, A0KREtGH Saitihing Wefno@ilatfor RRmRL t€rn can
be used. Each requesting nobile station can transmt one of L

di ff erent pr eprefsiried drecause it facilitates multipie, sAndera aceeshrecqmtion édisrussed belowd.erred to

as "signatureg’ A . . tors is
tuned to det e??l) %°§§E§'F€%§@g§a%aﬂ’?‘é‘r lr"ﬁlﬁ"éloﬁgﬁ 38‘9 iurn l@%a(%ﬁlémﬂhﬁm

out put of thescheiehmaly bé htedrwhehhinsidaitification of ¢atke dndividuab ac@BORERPt is

(descri bed bel o .al so be ysed faqr po -ranpi ng, such as used
in1S-95 and Eﬁ%‘? SQ’QFE"H%AE’%‘/‘B“S&"’“CS“ %‘P‘?“Hﬁ%ﬁnéwﬁ{)@ﬁ%mﬁﬂﬁrﬁ?ﬂ”e access
attenpts and gf AgbillestsfRs atloWePRARMIGAAighal power levelsDIREESH de6tidnOl4

I ndi vi dual nobile stations maki ng randomaccess attenpts. 15

FI GURE 5 is aceliceegilydemagylates hg\datageesivede dsshown in FIGURE J; pilgtaonesares t hat

chown in- o insBhERTEhnde ded et ookl FRE mBiR oBOEE e Bl 1 0
each other. Atokdréntldzam@dulation process at thenothexCedidV €The densodalatedrdatanisQhen S

provi ded for each signature pattern. Each accunul ator suns the
si gnal s out puf’@ﬁiﬁﬂﬁ‘l"r@eﬁ’ ‘lter. 20 In operation, a

mobi | e station (165f,)8ndofl decess e s Oﬂaékd?is%fé&t@greéé?vewaﬁﬂﬁ%&lﬂated, the

random access request nessage, omy selects one of the L signatures
from an baseistatian Wetransmitoanacknavdedgoent Messagmtoi themebikt stationtléeand r ansnit s
a preanble in accordance with.the selected.signature's.pattern.
When the out patbepies the Bser's calt o5 Brofeed f aphipotiayschatine] Fesdiiges are p¥altley 11 ¢ e
sel ect edssi gnFor §Rdrtl €&t Q)Y R Haseafimnedds only triismit dnoikERiWIaeRes Si gnal
at peak detector 128, a correspondi ng denodul ator (not explicitly

shown) is actiMes$28&. A nmaxinal ratio conbining nmethod can be used to

conbi ne all of theyfays, 13@%@@%@9&&&%%9 }rﬁsgﬁ%h@?ge‘tm&?{mé,%é

enbodi nent , accumnu preferably r nenory device,
wher ei n t he mbhselyadod trarismits a "busy” messagé that maypinstred tieShebile] statnaevhenitd t en i nto

the rows of an array 126'. The_w déh of .t hﬁ 30 arra iu? n(F synbol | ong
(N, and the HERERIL AW st Lyhe basg sfaion flogs mot (st tapknowledsaiehy) oot s
are addeg ovenndfige, 186 aoBUE RhtRin dih AskANe! A hd reqlest fetippwaumdcessful.
By having a mobile station (e.g., 16, 18) transmit a random access request
frame such as the frame illustrated in FIGURE 1, the required service time (K),
required air time (M), and short data (Q) fields can be used advantageously to

(D

3

facilitate the transmission of the packet data that follows the access request. Since

25 these fields can be predetermined and that information can be provided, a priori, to

the base station’s receiver, the receiver can be configured more quickly and
efficiently than prior systems.

A method is also provided for regulating access request arrivals at the

receiver 14 if collisions begin to occur, by having the base station broadcast an m-bit

30 busy flag for use by the mobile stations. For example, the value of m can be

determined by the number of collisions the base station has detected. The base
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PCT/ SEQ7/ 01722 explicitly shown, a separate accunul ator is
used in each of the | and Q branches in receiver 14, so that the
received si n be coherently accunul ated by a known

t echni que. éﬁﬁ%@g%g by thls exenplary illustration, accuqug%wwqfﬁ I's used
in the receiver's | branch. Using the structure and nethod
illustrated by FIGURE 4, the 5 receiver's signal-to-interference power
rati o can be increased by L tines over ﬁhior systens.

Specifically, the signals S[err], are miltiplied by m xers 136(a-[err])
and sumred nunber of signatures used,( err]) S

pref erably basgéa&oﬁﬁaq ngs regufateltﬁe %Bﬁ?’eafceﬁsrﬁﬂ‘?qsb MisgiongYapd, arrivais)
probabi lity that cHobBingTdte! 6F Zt BivbleNthd WedrkmitGig aﬁt inforr®ftofi for li6catiBh®
signature during the sane preanble period, and the packet size
constraints i rAYERses tg the Mebilysations in theneswerkbodi ment, 8 si gnatures and

correspondi ng accu ?iz?r gg QY dB sigpal gain for
each nmobi | ?&si | f)i%&ls Fr angjrln g@l "%ga%%’c?a?‘ﬁ%‘ qP"f trated
by FI GURE 3 albeused to implemensa siethuetaf n&nnﬁ;hﬁgadiml demrodilatisg mdRiple fafidoin
respective mxer 1l7a-n to faél ljtat denodul ati on of the

plurality of Fﬁ?ﬁfﬁﬁ?%’&%s bplc aq)ase station receiver tq qhstmgugp,bgweg%cur s in
denodul ati ng tﬂi\ﬂn%l@@ﬂidéﬂﬁadé@ds&eq@st@U§)i6\fe|l PeaRibRCKE bF Eymbol pa poe used.
For exanple, the base station can acknowl edge the recelp o a random

access packet Webnfachgpauestingemohilsistation can fransmitidna of chhﬁﬁsmttprmhhk: Bipecific

signature QN _can ct t ile
station to utiTize ai parée(%lerlear iaggﬁ%“'&%o es'lgB?%@ﬂJBszﬁﬁ YR si ons,
and bar & her 4yedwhlof Lacainmulatcrs fsmmied tsdengt 4 Srtific signature (Bldo 9?@& famagee.
Consequent | vy, erro&eous dat unsuyccessful access attenpts can
}“tﬁ"r-e

be
detected and feg matehed IEK‘WP Q#@“ﬁ%@eﬁqﬂb?dmloﬂﬂdl ti onal
errors | O YSowet-
FIGURE 6 is ans%\aé&rra%tk:ugeabl ocl?e%l#dgl E% lee?ﬁﬂgét'.rygt"a gdsjéﬁ m‘ﬁt?m
random access distipgoish betwgen pwitiphy am&slaytempvs @ng prbvidecseplrate oivat emhtrol n
accor dance proges stmqv\f’o;' ﬂldwﬁu%f%r& e sg}l)()dl ne I of d%?fﬁfoéfggﬁ%}ﬂg%nvem i on. The

preferred nmet ace diversity

recepti oys al ong w FIGBRE@isIaCdiagQﬁﬁmaﬂhlﬂﬂvs exght exemplér?%ﬁﬂhtﬂféeﬁattcm%ﬁ?r ally,
diversity selectjon conbining nmethods are used t i ndi vi dual 'y

anal yze and dé:ﬂ%%?s&@éswm"é@élaﬁﬁﬂit&%ﬂmﬂ%ﬁatm Zreferebly, &0shown in
predet er m ned giaRES)! e s sg{;m&l% % sed lafe &'t Hﬁa{likd H(:h%?h ?ﬁ?\??l?e fagguests

arrive at recer v esarre é requg\%ts wil |
be processed es&gﬂahlryc;exm,doﬁmcumulator is provided for each signature pattern. Each

accumulator sums the signals output from the matched filter.

20 In operation, a mobile station (16, 18, etc.) that is preparing to transmit a
random access request message, randomly selects one of the L signatures from an
internal memory location. The mobile station then transmits a preamble in
accordance with the selected signature’s pattern. When the output of the
accumulator 126 (1-/) associated with the selected signature indicates the presence

25 of a random access signal at peak detector 128, a corresponding demodulator (not
explicitly shown) is activated. A maximal ratio combining method can be used to
combine all of the rays detected from that mobile station. For this embodiment,
accumulator 126 is preferably a buffer memory device, wherein the matched filter
output samples (S;) are written into the rows of an array 126'. The width of the

30 array is one symbol long (N), and the height of the array is equal to L. The array

elements are added over the “accumulator window length” L. Although not
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probability will thereby be increased that all of the nobile stations'
requests w correctly received and denDduIat

The selectléﬁmﬁgﬁglning met hod utilizes both multipath di %V%??@l %

denodul ating multiple nunbers of rays) and space diversity (e.g. nultlple
5 antennas). In this way, as shown in FIGURE 6, a plurality of access
requests can be correctly receiyed and denodul ated, because the
Rayl ei gh fading process in the ansm ssi on channel conbined with

the effects of se, diversity rec on net.hods |taI|ze on
Lhe Tact t has cxRpEy Snovin, &isdberate AGSERIRTs Ui 18 6 of e Lana §F Prafides
one di versity rgeafvél 14050 thaitthORgEVed Sigralk®ah B coiRidhtly hecumulated by aknovﬁi GURE 7
Is a schematic bl ock diagramof the details of the base station

recei ver 114 mepaﬁqqhywnhyﬂmmﬁepbry ilusteation.cascwaulgion 424 is usescinithee and

e RPN, DGR R o M Tl i 81 SRORES. T T o

Recei ver 5114 receiver’s sigmabklotinteferanceqpoeier ratig can be incseadedbydo timectd et ptior an i nput
of a matched filter 124. 15 During a preanble period (L synbols |ong),
t he out put of SY#®hed filter 124 is accurul ated in accunmul ator 126

over the L synbol BRdirRelsy, e digHalse 83 ird ﬂﬁltij)ﬁ&?b}vﬂﬂ(ers 136(a-l) and summed

signal -to-interference power ratio. “For this erbodi ment, accumulator 126 is

preferably a itisemmendadr yTheewimber ofsignatires used thhiscpreférably based outthait

i dtn of the AP otmgtc Sh T RACL hd Hofrhlay el o oo ufidrlbpit 61 - 0°

array isioequalseleet the sdme signatmy: diringethé Same preasiblecheriod, and the ket Sige

"accunul ator wi ndow |l ength" L. Alt hOligh not explicjtly shown, a separate
accumul at or | $ORSiaNtS Amposed, QS‘f then RACH; n o Iny this mbodiment, § cyignatuses andi 5o
t hat the ﬁﬁhé‘ GRB4 a known
t echni que. Ascsﬁgﬁ g&uﬁhoy tams excta}g:hrrpl ﬁg%%?tratﬁéﬂgg%u% ator 126
is used in thenobﬂaahﬁmwtmnsmimamchtmwbodmwmmgsttaltﬂdls'tFIGdIRE&am met hod
illustrated by El RE 7 Lecei v rf erence
power ratio cZn“BEYEH g‘%@e Py m?et\n‘@s Wg‘?‘%ﬁ? jpes §/7§t‘éﬁ%fa°‘lﬂate thé

The out pist of demediltichl ofithelpitrality sfoaiiont stedsqequasts.nput of peak detection
circuit 128. Wen a signal 1s detected fromaccunul ator 126, the_ output of

peak det e &k ansEroE pecugs in depgdylating the recgived,d ﬁa(ﬂi&ﬁ)‘/@% BECPGHEE or uni t

130. Channel Egr@ste&) &ﬁ{ah%;}n&? @[{gﬂp tude of
t he detected peak si gnaﬁpexglpk%wmn uralit le&%f sl gn pceirg

det ect ed fr omarcass patkat fromiP§ecifib enabide elaum (thazsragsmltteraa lspecific signature WO

gg{l-/l gégg / 0172 Preamble). The base station can instruct that mobile station to utilize a particulan _

20 code for subsequent transmissions, and bar other mobile stations from using that
allocated code. Consequently, erroneous data or unsuccessful access attempts can
be detected and re-transmitted more quickly, and the probability of additional errors
or collisions will be significantly reduced.

FIGURE 6 is a schematic block diagram that illustrates how multiple

25 random access requests can be correctly received and demodulated, in accordance
with a second embodiment of the present invention. The preferred method utilizes

a form of multipath and space diversity reception along with selection combining
techniques. Generally, diversity selection combining methods are used to
individually analyze and demodulate all received rays which are above a

30 predetermined threshold. Consequently, if a plurality of access requests arrive at
receiver 114 at the same time, all of the requests will be processed equally, and the



such-signal to a separate denodul ator 132a-n. Subsequently, each separate

si gnal from denodul ators 132a-n is treated as if it is incomng
froma different nobi | e station. The duration of a
random access est transmssion is relatively small. quent |y,
no si gnlfly%?m gitional interference is deened to be exer¥BE3;@B§;
traffic user signals by these requests. However, the base station's

recei ver can use an interference cancellation unit 134 to renove
any existing high interference ready exerted on traffic users of
the system Interference cancellation ¢ readily inpl enented
during the preaghl.e R& I,od ecause t Sg .an d polarit

the incomng & gﬁﬁll ]5 %%]mcgggsegﬁ}@tt gﬁggﬁ\ (5185? f’r’égsgé%‘%“ﬁéllébq s
received, correctly Récel@8 enddctiddantddecei ver can continue the interference
cancel | ati on process Al 't hough a preferred enbodi nrent of the
met hod and appar at GBe §#legtion Gombining method utxlm@%b@&m@ﬁpmmﬁm (Eig-ust r at ed

in the acconp f or
Det ai | ed DESC?IE%P ont?{g?mu\i}mq% %glglb%ﬁ Eﬁg)oah{hg{k% ‘é’eﬁs‘rﬁ’(/ée |o§ﬁ|R ot
limted 35 amtemahhelnahlsad’ymsrﬁswd |11$EICGI§EE6 aplurality @ﬂmtbés&e@festﬁwifﬁr ous

rearr angenent ti,0 subst s Wi t hout departing
fromthe spi r?’?"?ﬁmilﬁé"cf"l’fﬁ‘g lgted a“seélé"ck?yg‘?‘ agﬂ’é IRAEFSBdDy t he
fol l owing cl a'u'ﬁ&mlssmn channel combmed w1ththe effects of these diversity reception method¢?

CLAI MS: A signal format for use in transmtting a random

access requesfan wpaalmgbmﬂ@ faetithat gexdain acness requesis maydgripeakeri than others in - a
preanbl e, sai t ne of a plurality of signature
patterns; and% gd%ﬂgs?e as tﬂ%@@ﬁng&ﬁﬁ?&gﬁl ty of facilitating fields,
said plupality of FIGURE!Ais m@hﬁnaimoamhgr&nrtg ﬂimdwtdxs dfdmma'sé xtaﬁdnel d, a
service field, a short data field, _and an air tine fie The

si gnal fornmat TeReiNSF diihghewn @aﬁb’m‘n FIGURE & Whichj@n ke P%ﬁs‘? 'GPFé"’-‘an%al d
plurality of geBadies: LRSS +eaue£st RAWOBRla é}emﬂ@ow%b@@emns, in_ 3

The signal format according to Gaim1l, whereih sai’d at [east one of a
plurality of feesirdancewithghe sesond ewbedimentenS the prgsentinventionor Ressiverdi4 on coded

field. qi%%eg élglggel%iléﬁp FIu?a.rl &‘mlné]cte%etgoaqluilngﬁ Ior}ga z@ﬁé&r d t1)54Of random

access request?
15 During a preamble period (L symbols long), the output of matched filter 124 is

accumulated in accumulator 126 over the L symbol periods to increase the received

signal-to-interference power ratio. For this embodiment, accumulator 126 is

preferably a buffer memory device, wherein the matched filter output samples (S;)

are written into the rows of an array 126'. The width of the array is one symbol

20 long (N), and the height of the array is equal to L. The array elements are added

over the “accumulator window length” L. Although not explicitly shown, a separate

accumulator is used in each of the I and Q branches in receiver 114, so that the

received signals can be coherently accumulated by a known technique. As shown

by this exemplary illustration, accumulator 126 is used in the receiver’s I branch.

25 Using the structure and method illustrated by FIGURE 7, the receiver’s signal-to-
interference power ratio can be increased by L times over prior systems.

The output of accumulator 126 is connected to an input of peak detection
circuit 128. When a signal is detected from accumulator 126, the output of peak
detection circuit 128 is coupled to a channel estimator unit 130. Channel estimator

30 unit 130 estimates the phase and amplitude of the detected peak signal. As a
plurality of signal peaks is detected from accumulator 126, the receiver assigns each



at |-ease one matched filter, said at | ease one matched filter adapted to
despread an input thereto; a first accunul ator, a despread out put of
said at | ease one matched filter connected to an input of said first
accunul at first accunul ator associated with a fi i, ure
pattern; Q“;Vm‘;’?‘%g“second accunul ator, said despread out put OF égﬁ at | east
one matched filter connected to an |nput of said second accumul ator, said
second accumul ator associated with a second signature pattern; and
wherein said flrst signature pattern differs fromsaid second signature
pattern. . The system acc&?dlng to claim4, wherein, said

first accumul at.or, sai d _second C Iat rise an ac urrul tor bank.
6! The sysselglmlga{fg%mfw Gefoue 11 B, Sofeliiv s fhep ferafeie ol 1 ot
accunmul at or i forfi Qiéflogalatoss B32R90K tidale@@$ @ it is incoming from a different mobile

15 7. The system according to claim4, wherein an output of at

| ease one rec¥dtiPdng antenna is coupled to said out put of said at | east one
mat ched filter. hERE plurality
of random access re&udéls%ﬂ%nrreost:sﬁaes Iag&gs kgﬁesyﬁﬁmmsgﬂ@%tﬁkwg §| | ter
means f of des@omeqilemj;y ao slgmﬁcammddmbnat amtcl‘fq:rbneeak idegmetf tor teneh@redones s
reguest nessa an accunul at meang for summjng a despread said
at | ease one ‘%‘éﬂeﬂs‘W%ﬂ these rsqueptan%meggcgggaa 08 T V§‘é§%b“seeach
accunul at or ofy fdrfbréice WaldeRhiin HRANI4 OYRhERE i@ Sitstinp IR iérftéicd Mat ched
filter means, said accunul at or nmeans i ncl udi ngu pl urali of signature
patterns, ac dleady emdsmgmfﬁgmeerwm@rsys@m S qqumnqcmcp tigh can deat ur e

roans, - et ipteed nffig WEIPARMIIGE WA O iRl RIRET, o o

sai d peak si gdsfaheﬂedmng signabsrme Rnofwm Akahenhdmgaaeﬁrmﬁﬁgemmaﬁemwmal at a
respective out resPectl ve achFu egto of sal .accunul at or neans;

a channel est ecﬁfmﬁﬁé?% VELFanSoptinne the, iterterence eancellalion BROCESSy r esponse t o
an output signal fARSuSiPa Prefefek eibciiiAént SEHE fle@bd BRP{PParafs Of the presentd

denodul ati on nmeans for denodul ating said despread said ac | east one of said
plurality o[ einvéntionhdsbeendliestrated du thesaccompaoyige Hrawings and described in the

foregoing Detailed Description, it will be understood that the invention is not limited

15 to the embodiments 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.



9. - The receiver accor|{di ngrEeLECEDIMSBERMSer ei $Gsali dl accunul ator neans
conprises an L by narrgy. . . 10 ,Tr;ewrpgqei’ve according to C aim8,
further conprising an | a%o%ﬁ%{ﬂ)f“ﬁ‘f'%\#‘j Q;de_fr?tfqu aLor 11. The
recei ver accordj to QLA FeEK ur tHeF® conp? ’%‘“ﬂg:‘a““tg porptd.rgﬁ' of17an | Q
denodul at on&%’"M‘g 1P Dwdosgl{dc ef et ~AacCOPH* g t'o}Cl aim 8, ?‘Lrt her
conprising an interfer eiﬁﬁg/‘;bﬁt;‘zlcl spoeed L pagetd

16 canceller. 4-3—A--fret-hod  f-or-controlting a ] ower | evel
of a nobile station in a nultiple random access communi }ﬂﬂi&ﬂﬂam H m,
conprising the steps of: det ecti'n"&'at | east one of & i n
random access S S; accunul ating a detected said at

| east: one ofﬁ%qﬂ?%#ﬁmg&of random access request nessages.

defecting a predetgerm neggmt finmht fof s ihitRABsrhift@iy sSRhdbnR &&di¥LtbqileltNl aSt €P;
selecting a traffic channel in response to sai [ predeterm ned signal; and
control | i ng ampbilgrommunicaiions System) CUMPIESingshbi | e st ation associated with said

at | east one of saggm&?ﬂgpmdaccess request mnessages. 14. A net hod
with a nobile station r*1rnplenmenting a random access procedure in a

mobi | e t &l econmuni stagdspore of\aspleralityd fgoilitalingOfiélds; said hralith of facilitatingcqui ri ng
synchroni zatign with_an i n&i?ng%% b@?@ st at.i oa; sel ecti ng a signature
pattern from Helfy clading 3 mgprejdent seryigs Held, a short daafield. ARl AR alfccess

request frameghisigag said signature pattern; spreadi ng said access
request franme wth a spreadi ng code; and transmtting said access
(request frame that was spread in said step of spreading co said intended
base station. .. The .met hod accordi t aiml4 wherein said
step of selecting ?(.5t j'll':he s1gna? format according to Clgm ?, vcahercm said preami;)%
10 comprises one of a plurality of signature patterns.
3. The signal format according to Claim 1, wherein said at least one of

a plurality of facilitating fields comprises a forward error correction coded field.

15 4. The signal format according to Claim 2, wherein said one of said

plurality of signature patterns is orthogonal to another.

5. A system for use in demodulating a plurality of random access request
messages, comprising:
20 a first plurality of matched filters; and
a second plurality of accumulators, an output of each of said first plurality
of matched filters connected to a respective input of said second plurality of

accumulators.

25 6. The receiver section according to Claim 5, wherein a unique signature

pattern is coupled to a second input of each of said second plurality of accumulators.

7. The receiver section according to Claim 5, wherein an output of a
third plurality of receiving antennas is coupled to a respective input of said first
30 plurality of matched filters. 8. A receiver for use in demodulating a plurality

of random access request messages; comprising:
This Sheet Has Been R

e



signature pattern further conprises the step of randomy selecting said
signature pattern from ms:maae{amaen rR®Ydy | ocation of the nobile station.

16. The nethod accordin vvherel n said step of formng an
access requestydk@n®e usi re pattern furtherpcgREPidisas t he
step of inserting said S|gna ure pattern into a preanble of said access

request frane. : A nethod in a base station for denodul ating a
plurality of random access requests, conprising the ”ﬂmmﬂf

receiving a first random access requestls_sai d first mﬂm,sf{ guest
17 including a first signature pattern; appl y| ng® sai dfiss andom

access request to v Gaale MDBIRLENE fall bk s LAY SF chagARERR resul ¢

accurul ati ng sai d desprea resu sing a plura Si gnat ure
patterns to peqastafessages;ural ity of accunul ation resul ts; and
detecting at least a first: ﬁ}‘} ak signal fromsaid pl ural i ty of accunul ation

results. A8 acHYTRLIAF MSANS,EOE SREMTHRE p sleteeted isaid 12F IE%SP%P’?]S%% d first
random acces B banG Rdck oS sai d
first randomspac@ggs request %?%#%tmae\%?%%%sr %ggéeggﬁngl e th%a?gl fu es sa| d
first sifnat wupupaef said filter means; 19. The met hod according to daim17.

wherein said step of .applyi sai d . ando cC Je uest o.at | east
one matched fil te?%%ﬁéﬁ%ménﬁg&g? m%nﬁi g i he step
of applyi ng Setl selidfacéihulstanmedspccess request to said at Iease one mat ched
filter using a specific preanble spreading code. 20. The met hod
according co O ai rachannelpitimation maang fax -‘i@b’%ﬂg 3 Haffigshennehig respoasede 8pr ead
result: usin I f reqpatterns to produce a
plurality of %lg"c‘ﬂn%m#aorxnmﬁag&;kS@F&Elﬁgdr&g%hrr%ralﬁ%es the step of

accunul 83 i ng sai d aldsydadon eeanst for demoduilating \said detected at Rast one Bfisaidet hod
according to urther co nsmgsthe step of: receiving a

Cfl aLim 7,
second randonPUENE TARAOMLACEess Lequast random access

9. The receiver according to Claim 8, wherein said accumulator means
comprises an L by n array.
15
10.  The receiver according to Claim 8, further comprising an I portion
of an IQ demodulator.

11.  The receiver according to Claim 8, further comprising the Q portion
20 of an IQ demodulator.

12.  The receiver according to Claim 8, further comprising an interference

canceller.

25 13. A method for controlling a transmit power level of a mobile station
in a multiple random access communications system, comprising the steps of:
detecting at least one of a plurality of random access request messages;
accumulating a detected said at least one of said plurality of random access
request messages;
30 detecting a predetermined signal resulting from said accumulating step;
selecting a traffic channel in response to said predetermined signal; and



request including a second signature pattern, said first signature pattern
being different fromsaid second signature pattern; and wherei n

said step of applying said first random access request to at |east one

mat ched fil \Ryogheespr oduce a despread result further conprimsg;)ﬁ& tep of
appl yi ng said second random access request to said at |east 0On ched
filter to produce said despread result; and said step of detecting at
| east a first peak signal fromsaid plurality of

18 accumul ation results further corrpri_ﬁgs the step of detecting a second
peak signal fromsaid plurality of accumilation results. 22. The

nmet hod according t in said steps of receiving a first
random access requgg§ ang "r%;e%‘%’%ﬁ‘%‘g"‘é"" g%%h Oﬁgfrfa%‘r?f‘éﬁe‘é%@d Jaidat occur
substanti al | y Ieastrohe afrsaiduahdom access requedtInessagdfle et hod according to daim
21. wherein said at least a first peak signal and said second peak signal
are detected fromsaid plurality of accumulation results substantially
si mul t aneousl y. 24. The nethod according to Claim21, further
conprising the step of differentiating said first ran ccess request
fromsaid second random access request based, at Ieasﬁ F/WMIH id at
| east a first peak signal and said second peak signal.s "¢ ; m”ﬁﬂl

s *
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