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(57) Abstract

A novel format is provided for an uplink common physxcal
whereby a mobile station (116) transmits a first packet including a

signature part of a random access request can also function as a Pilot

(34) Title: RANDOM ACCESS IN A MOBILE TELECOMMUNICATIONS SYSTEM

channel in a random access mobile communications system (100),
predetermined signature pattern (206, 210) in parallel with a second

packet including the data part (212, 216, 220) of the random access request. Consequently, in addition to its attendant advantages, the

by providing additional energy for channe! estimation during the data

part of the request, while reducing the amount of overhead signalling involved. This additional energy is especially useful for ensuring
sufficiently high quality coherent detection of the data part in a rapidly varying radio channel environment.




traffic density will also result in increased collisions and access

failures. Consequently, the new generation of mobile

comuni cat i o033 %s wi |l have to use much faster afEHESS(0RI2L
random access procedures, in order to increase their access 25 success
rates and reduce their access request processing tines. In

nost nobi | e communi cations systens, such as, for exanple, the European
joint devel opnent referred to as the "Code Division Testbed® (CODIT), and
syst ens operating in accor IRANDOMAGEESSINoS St andard (ANSI
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nobile station transnits a series of access request preanbl es (e.qg.,

single 1023 chip s nbol Wit h _increasi n% ower levels, until the base
station detects ROSS- FERENCES TO RELATED APPLICATIONS -2-

h :
control Ting Bhe - ToiE RBPRCiol s RASE, Ghla 4P uEhA gt tGd Aty

channel . Once the uhddir%draﬂes by refemnc&ﬂfedexkt&kldisclom wfeao—bb@dmgmlse Proeisional
and. base station has been conpl ete t he Ile user transmts a

random access nesdpplication for Patent SenalN%@{OQ‘{rp@MlS%Qﬁqbﬁﬁ?;}al 18 Reser vat i on

Accest schome1s used. TS RREIGLDn i deorolatdd 1Y sbjobt PP obeinthi M 6RADS,

will send a randOWMSMM’(Smﬂbbs.ﬂRt‘BBgﬁOétandﬁS/@AﬂGSﬁeﬁledOctober18&,1\1896

an acknow edgnent from the @e stat] op that the packet was received. This
S ABOHA BA MRE 30s bt s BSPRUVEYa nunber of steps that characterize
the CODIT and 10 | S-95 random access schenes (nanely, power ranping and

power control). More specifically, in a COD T-based Code
Di vi sion Ml tipl e BRCKGRQUNINOF THE INVENTION

The present invention relates generally to the mobile telecommunications field

and, in particular, to a inethod for processing multiple random access mobile-
15 6riginated calls. )

Descrintion of Related A

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

20 of calls being made is expected to increase significantly, which will result 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

25 success rates and reduce their access request processing times.

In most mobile communications systems, such as, for example, the European
joint development referred to as the “Code Division Testbed” (CODIT), and systems
operating in accordance with the IS-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

30 use. Then, the mobile station transmits a series of access request preambles (e.g.,

single 1023 chip symbols) with increasing power levels, until the base station detects



system a nobile station will attenpt to access the base station receiver

by using a "power ranping" process that increases the power |evel
of each succewsi92131Sansmitted preanbl e synbol. As SOMCHSE®01921
access request preanble is detected, the base station 3.5 activates a

cl osed | oop power control circuit, which functions to control the nobile
station's transmtted power |level in order to2eep the received signal
power fromthe nobile station at a desired | evel. The nobile

station then transgkhscdst feqaestc i tespammeahs base station starisqhiepioceit of.controlling ke
station's receiver "despreads" the received (spread spectru

signal s using a mamebidel stationes trapsmpite i \ROwST 112 o ApWRERK { spPmse the jritiak
Lo rake 2 0 advaplagtle-3Rheitl te'nbBiiciition and base station has been'boBtbidten, Whe
ar ec . ver,

CDVA system a simTar random access nrque 1's use
the primary differgobite e vassmitderan@binBceess meSsa@b. process is that the IS

95 nobile station transmts a npl et e, .rgndom access. packet i pnst. f, just
t he Preanbl e. ha§ﬂ’¥€a‘§§8"€"§@e§l? saaé@wmtgﬁiz\saﬁ&géﬂmﬁéam,
request, the |1S-95 { k€ ' = : : C :

ques a §idtted %@%@Aﬂ%&ﬂn bR hbRe I feAC AR TRe Ef‘gﬂ#ﬂ?% ofa

packet at a hi gher power process continues un
base station acknosibtagasbiltstatimcwilbsendqureasdom access packet to the basd statéomarisi then

communi cati ons system using an .S- Al r.andom access schene C
2o The. et hod di 2cPBSbHE FTPHPIEHETEGH A pacs Satopibas fhe pasbet wal Feirives, TH 5
No. 08/733, 501 (hengicih sBlieme difFenseOwith e Ruinbef bfofteps that diakicteizE i CODIT and

generates and 3 O transmts a random access packet. A diagram that
i | | ustrates nofraniS-8f ransiouy accessrschemes (namely, powergampingandposver sopizalket i s

o T | TP RRRRAAT e B e R st AR DM
- 3- _ system, a mobile station will attempt to access the base station receiver by using a
“power ramping” pi'ocess that increases the power level of each successive transmitted
preamble symbol. As soon as an access request preamble' is detected, the base station
1s activates a closed loop power control circuit, which functions to control the mobile
station’s transmitted power level in order to keep the received signal power from the
mobile station at a desired level. The mobile station then transmits its specific access
request data. The base station’s receiver “despreads” the received (spread spectrum)
signals using a matched filter, and diversity-combines the despread signals to take
20 advantage of antenna diversity.

In an IS-95 CDMA system, a similar random access technique is used.
However, the primary difference between the CODIT and IS-95 process is that the IS-
95 mobile station transmits a complete random access packet instead of just the
preamble. If the base station does not acknowledge the access request, the IS-95
25 mobile station re-transmits the access réquest packet at a higher power level. This

process continues until the base station acknowledges the access request.
 Ia mobile communications system using an S-ALOHA random access
scheme, such as the method disclosed in the above-cited U.S. Patent Application Serial
No. 08/733,501 (hereinafter, “the ‘501 Aﬁﬁlication” , a mobile station generates and
30 transmits a random access packet. A diagram that illustrates a frame structure for such
arandom 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" synbols |ong. The
signature pattern is randomy selected froma set of patterns that
are, but not weewnsasily, orthogonal to each other. As povdEsshoi2
use of this unique signature pattern feature, as descri bed and
claimed in the '501 Application, provides a significantly higher 5

t hroughput efficiency than prior random acces3-schenes. As
described in the '501 Application, the data field of the random access
packet includes cggitaing AR BISRARS Chit) Patteripivhith is FDC sydbol IBE%%I TRe Sighiftine
identity I nformation, required service nunber (nunmber of services
to be provided), peiternriedandomly selected fromen geti ofepatiemscthat ares dipnot aeeessarily,

, short ket dat ' 10 . | Ssi
CTTT e oncy) | and” SitbanonstoalE RS s i, AERER Rt Brique sl BT Reature, as
code). For reasongeghribearaideetainied e thed B01AApplictiohO Provides & Rigafltsgly’ Bigher

(spread spectrum nodul ation) of the preanble is selected to be
| onger than Bhe s pironghnw effipiensy than prior reyidophgccgsssehemes. d portion. However,

50107 T B 0 el e e I Bl
FIGURE 1) is packettichndesicettsisl raydonh accendinformatian, includingtthebibegiseridutiof
t he next available slot, A bloc ) glila ram_of an a%par at.us_t hat, can
be used in a nobi I@OQ%Q%WH%WF%P‘@’% Ymbes ofpervices to be provided), redwised air
access packet ill ' I | I 'lﬁcjﬁﬁ. :
Essentially, as i %‘é?‘?@?&g&b&g tgé%ﬁkdiﬁ nﬁﬁgﬂ%?,e%o |"e ancffag%%naesﬁggl(?%) rq[ %
random 20 10 acceammspissionieffiviency}aad ah edorndetectionaedurslapey fieldl(yyqlivi retiundancy
respective spreadi ng coges d the | ti.pl exed and transmtted
by [he mobi & 6. ot a8 For feasons elaboratéd e “50 1 Arplifhsh: e pecacii i (sbiead
transmtted by thfsgmxﬁ fhoahRtibRy bfiike ﬁr@ﬁﬁ?l&%jsebected to be GHper AR dpAdafithgdbtio

the target base station wth a matched filter-based receiver. ) o

FIGURE 3 is a bl oodf thi daja Beldgortiond dlawevien situations seay heownvisenedrinavhied) this isqot
base 25 station's ra.pdom access receiver, which functions primarily to
estimte the tinm MyeGsanty so. the received signal rays. The matched

filter, whighsis used oTherahdbim vgcéssPasket 1B such as the packet hewh in FIGUREI Y ie
t he preanble's spreading code. The matched filter is _used to detect

the presence of t Heanseidrshy:the mobile slatiensat the beginning of the nexbayailehlanlet. fhyplock

of .t he r ggﬁg < . ac( I i )
The accunul at or (2@3%“3@%@5‘58 %&H élclgsggltifkgoﬁélkggg?ﬁ%%%%&%g%?h?m
' 501 Application' sthearmdomaaceess paekedtdiiustatediim FIGURE 1 tiheshomwgnin FIGURBE2.
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pover ratio.zg access packet are generated and spread separately (with respective spreading codes)

and then multiplexed and transmitted by the mobile station.

Next, the random access packet transmitted by the mobile station is received

and demodulated at the target base station with a matched filter-based receiver.

- FIGURE 3 is a block diagram of a detection section (for one antenna) of a base

25 station’s random access receiver, which functions priiarily to estimate the timing of
the received signal rays. The matched filter, which is used only during the preamble

period, is tuned to the preamble’s spreading code. The matched filter is used to detect

' the presence_ of the random access re'quest,- and despread the preamble part of the
.random access packet and feed it to the accumulator unit. The accumulator (signatures

30 1-J) is a unique feature used for the ‘501 Application’s random access method to sum
the signals at the output of the matched filter during the preamble’s (M) symbol.

.periods, in order to increase the received signal-to-interference (S/I) power ratio.



-4- Si nce each received preanbl e conprises a unique signature
pattern, the accunul ation operation is-carried out with a plurality
of accumnul at w1315, with each accunul at or tuned t o PEE/SEPS/QINH
possi bl e signature patterns to be received. FIGURE 4 is a

si npl e bl ock diagram of an accumul ator that can be used for 5 the |
channel (quadrature detection) in the randonréecess detector section shown
in FIGURE 3. A simlar accunulator can be used for the Q channel.
Referring to Since EhéHISEved predintle cothprises b puique Sigeatote mattermyhescenmulation

(signature 1 -1) is coupled fQ a peak det egtjion [ At .t he end. of
t he preanbl e peri @961‘36%1‘40 OHE‘S;EEPPWW‘#"‘EW ﬁtﬁgs(lul? w‘the?%acﬁﬂ’f“ﬂ?f[t

of its respective %%%Ié ,g%ﬁ; defirlg, exceeds a 10
predet er mi ned det %ﬁ#gﬁ%gﬁﬁﬁ&a peat tsetgﬁelg% unit then registers
(detects and stﬂG@B@E&heamﬁnbbdedagthnefmammwhafCWQgﬂfor
Sioni f1 cant 5t gnathe Ekempaciapalipre drtectisRd BT fFepACtcctor G
As such, the tim ngehRIeacARGRNad SochRuldiBr O BEiscdsRH OQSHanhBe Referrin

receiver's paranmeters (Rake receiver sections 1-0. FlGU 5
is a bl ock di agr arFIGUREsIBand 4, thesontimofi eash ascuestiatari(signeture ) is caupled t@ 8 peak

to denodul ate the field r

Essentially, the r‘gﬁﬁ.‘l’ eé’@%&ﬁﬁ%‘é‘?%ﬁ“&B‘&Re&‘h CRBgmegeco?i‘wf%ﬁhes
data information 'tﬂeté?ﬁprte&feité/ 95peétive mathed dHikr dbeelich fighalt pedks matsexoeeds a
errors. Not abl y, "al t hough the random access apparatus and

met hod descrithed ofredeterznioed detogtion theesheld: Bech prakdirtaction s dhen Frghters (detects
S e oo P ) S RBRRE p relve s PERg or BB Pty

determines the number of significant s1gna1 rays available for demodulation lin the

receiver. As such, the timing of each peak is estimated and used to set the receiver’s
“Rake” parameters (Rake receiver sections 1-/). FIGURE 5 is a block diagram of a
15  random access demodulator that can be used to demodulate the data field portion of
the random access packet. Essentially, the random access demodulator section
decodes the data information in the received data field and checks for transmission

€ITorS.
Notably, although the random access apparatus and method described above
20 with respect to FIGUREs 1-5 have numerous advantages over prior random access
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-
25 transmitted, which can lead to system instability. Moreover, using the random access
aﬁparatus 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
receiver is not'util'ized as efﬁcienﬂy as it can be, because the matched filter receiver
is idle for the completé period sﬂbSéquent to the preamble reception stage.
30 Additionally, since the length of the random access packet used with the above-
described scheme is fixed, the size of the short data packets is restricted by the extent



| ar ge number of packet collisions may occur if nobile stations in all of

the cells use t he sanme spreadi ng codes during the preanble or data
field processwog®IRizie. As a consequence, an excessi vePOI/Shesr01921
t he random access requests will have to be re- 2 5 transmtted, which

can lead to systeminstability. Mreover, using the random access
appar atus and net hod descri bed above, since tBe random access requests are
transmtted at the beginning of the next tinme slot, the base station's

mat ched filter of use of thé femedingef of the padket) tFdriall o e edaborts, & Aidry flagibid rafiddin
be, because the matched filter receiver s idle for the conplete

peri od subsequent accessnequsstaupendure wesasedethtogesalie thesgproblemgidi ti onal | y,

since the. length of t 1 'ES'.?E h .

descri bed schene is fi@o{ﬁ{ﬁggﬁgﬁ%&apﬁgw@%r %awagg]t&%/?ta?\é%?ég?ﬂnc €a

by the extent the ““655 Application”) successfully resolved these problems. In accordance with the
reasons

of use of the renmai nder of the packet. FEqr al f these a npre

fl exible random m"ent“’“a&é@éh‘é"dr %lfneﬂrlﬁé%{ﬁsg iG3Hencthemethed gssjgns each
t hese probl ens. : ; ltkepm@é?ﬁm et E6l . uﬁﬁ#z' GAd :
Serial No. 08/ 847,s§§§§r ae‘r:%llarla ger, B i &ésg‘g@ﬂg% ca |ec%n bk which
successf ul ljy resgligedndgtmrmdmghhedn%ﬁbh’sa(signam?enmomihmﬂ)shrt:ﬁspﬁearc]ih:jg code. The
i nvention described a cl ai ip the ' 655 jcatjon, the .nethod assigns
each Sect operof sgleelefl for ihe, Jymghods PR bTeLayS R LonE ey GERRIER (S 8d URITS HOWS
uni gue | ong-code wyl length). ieo&emuﬁ,gﬁtcag r?\een'stam tHae ttPdta efd Gilf?ne random

(signature-associ ate ss}ﬂort spreadi ng code. period sel ected
for the | ongt@ode aczesstpacketistransmitted imadedicated ohatnelbecausy.no twp messages can have

or days in length), Consequentl it C said that .the data field of the
random 10 accethe spue E@’gacﬁgg géfqé‘ﬁg‘fﬁ a‘?\?é’@gﬁ“n@“afiea%ﬁﬁeﬁ?%ﬁ C%Ffﬁﬂ i sami.Sighatare
no two messages Caghd@aBmitted their phddgnbiciae tieaNagiding). sequence and phase

(unl ess they have chosen the sane signature

Also in accordance with the invention in the ‘655 Application, the method sets

the widths of the transmission time slots equal to the length of the preamble (minus,
15 for practical purposes, a predefined guard time). Consequently, the mobile station’s
random access request can be timed to start at the beginning of the slot, and detected
- during the preamble period by the matched filter in the base station’s random access .
receiver. The data field of the mobile station’s random access request is transmitted
in the slots succeeding that of the preamble and received by the rake receiver at the
20 base station. However, with that method, subsequent to the preamble period, the
matched filter is enabled to receive the preambles of other random access requests
made by other mobile stations. Therefore, the matched filter can be utilized
continuously and efficiently, and a .signiﬁdantly larger number of random access
requests can be processed in compariéon with prior random access schemes. As such,
25 the communications throughput and efficiency of a random access system using that
method are significantly higher than the throughput and efficiency of prior random

access systems. |
_ Nevertheless, other random access problems still exist that need to be solved.
For example, FIGURE 6is a diagrain that shows the channel structure for a random
30 access packet (uplink common physical channel message format), which is formatted
in accordance with the random access frame structures described earlier. In

comparison with the prior approaches, the channel format shown in FIGURE 6



and transmtted their preanbles at the same tine). Also in
accordance with the invention in the '655 Application, the nethod sets

the wi dths of WOR/28¥78nsmi ssion tinme slots equal to the | ength FHCHSESS01921
preanbl e (m nus, 15 for practical purposes, a predefined guard tine).
Consequently, the nobile station's random access request can be
timed to start at the beginning of the slot, -<d detected during
the preanble period by the matched filter in the base station's random
access r egfvamtageouslyaedizesthé nebleraf randemractbesk eeqatstcollisions thanckaioceur,

access request is transmftes ) In the slots succeeding that of the
preanbl e and recei #ukalsy s %eélgéteF%%?t&F data ﬁﬂ portipn of the randem,agesss packet.
However, with that H@E{Qd %%%Hﬁihti Rid RENA 7 t s
mat ched filter is }eina ebla%hgl recel ve I%%e pr gménblfgsﬁg?sgﬁdﬁ}eggggnﬁmgéxgggsthe
request s amomntiof overthead sighelling velvedns. Therefore, the matched

filter can be utilized . jhpousl d efficiently, and .
signi ficantlySlarger nu%@f“%wfﬁﬁW§&8 r 5 be able to ?Oz‘ﬁ{%glyéi%@&h&ﬁéiataﬁem'
processed in conpapi$igh offhicamiohPiccERTACKRIAC LB HADGTRT endgy 3/ ehhsnitted in the

t he communi cati ons” t hroughput and effici ency of a random acCess system

usi ng t hat formeofHowvar modulgted sywhels (genotedrasithe 1Ritot?)n TheRitorgap be tized
efficiency of prio

Nevert hel ess, oth e%‘“ﬁ%ﬂ%ﬁ%ﬁ: Ié?’é@'élgplﬁf‘%g ?’g%ide%i{'iﬁﬁ%?g with fhe data (actally, the type of

sol ved. FeodatfbR uSed i ot Eztiflerit o thisllis@issioh). TEke b0 MEvérhSad®hasie! of
structure for a random 3 O accessﬁgacket (upl'i nk common BhéSl cal

channel nessage f othretapdomisicesss packebisithe shaged portion shown in EEG 6.eni Rramble
| andom access 11 TEuoiH! ) EaneRRchL PRSI heuilior o g pBARREL %0,
- 6- assuming that a receiver makes a correct decision about the signature transmitted in
the Preamble. Consequently, it should be possible to achieve a relatively good radio

channel estimate during the Preamble portion of the random access request.
15 However, in a rapidly varying r;dio channel, the energy used for the channel
estimation ideally should be spread out in time over the data field, in order to achieve
a radio channel estimate of sufficient quality during that portion of the random access
request. Even.if a channel estimate of sufficient ciuality can be achieved during the
Preamble (due to the distinctive signature in the Preamble), in a rapidly varying
20 channel, this estimate might not be valid for a significant part of the Data portion of
the random access request. As such, it is important to provide enough energy in the
Preamble for the receiver to-detect the Preamble and correctly identify the channel

paths. ,

On the other hand, in a rapidly varying radio channel, it is also important to
25 provide enough energy in the Pilot to ensure proper coherent detection of the Data
portion. Unfortunately, these two important but conflicting energy requirements in an
uplink common physical channe] format result in the transmission of random access
requests with excessive overhéﬁd'sigrxalling. In other words, the ratio of “overhead”
energy (Preamble+Pilot energ.s;j"fb the “Data” energy is unnecessarily high, with its
30 attendant disadvantages. Nevertheless, as described in detail below, the present

invention successfully resolves these problems.



advant ageousl y reduces the nunber of random access request collisions that
can occur, and al so sinplifies detection of the data field portion
of the random“&%%’s@”spacket . However, a drawback of usi PgTISE8/01921
format is that it is not directed to rrinim'zing t he anount of
overhead signalling involved. 5 Referring to FIGURE 6, in
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random access packet, a certain anount of ener gy is transmtted in the
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data (actually, the ty réa% With'd} 5{(7%59 egxﬁ)oﬁl&edngghﬁ, {x}v::un?n,tadmovel
this discussion). 5&%; @41ded)f6?ﬁ1|i'ﬁﬁlﬂ1k %Wsmhpchanneltxh@rﬁﬁdmewmsﬂe
packet is the shaded portion shown I n FlI GURE e., Preanble
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Preanbl e (du® to the diAnqthes frpportany tsehmical;advantase athﬁ@rfse%tr}ngeq% & fhat
varying 20 chapy Pjtﬁonalt uffgyeéﬁfomﬁ wWihGHE rdd@bmbiRcesd kdofhedtdor éhsbiAg bﬁfﬁ%ﬁﬂﬂ?

part of the Data portion o random access request. As such

i s inportant to prhigh qesligncohgtentdetection qf therdata portion of th xeqnestan paepidlyvarying
recei ver to detect aalhe Pr eelmbl e and correctly identify the channel

pat hs. e@} hand, in a rapidly varying radio

channel, it is also i ”Wéttaihafhei fnporfant techion deatage gfthe pedsayt inveritivh iPitharby
to ensure proper coherent detection of the Data portion

Unf or t unat el35 t heansmifging thesignainre pertiop of & randemagoess é?‘lj’fs‘;r Wq‘lmﬁ‘sthf’ data
an upl i nk, GRTTRP t &R thé Q.\%Bﬁﬁ'ij of dVeffithd s ?Mﬁitng Slg rédied in gom arison

transm ssion of rafdo m access guests w tIT exc I ve over
signal ling. |n otheithpeiorispprodvhes.at i o of "over head" ener gy

16750 at tendant 4 SHpiRtier meorsas FRRR A A alRECRE meean Fhliopis et e

bel B}N the present overheadenergy'd%&&ﬁ&ﬂ&’ﬁn&ﬁéﬁfe@%fﬁbidlyﬁfﬁwglﬁﬁmﬁﬁﬁse
probl ens.

20 BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understaﬁding of the method and apparatus of the present
invention may be had by reference to the following detailed description when taken
in conjunction with the accompanying drawings wherein:
FIGURE 1 is a diagram that illustrates a frame structure for a2 random access
25 packet;
FIGURE 2 is a block diagram of an apparatus that can be used in a mobile
station to generéfe and transmit the random access packet illustrated in FIGURE 1;
FIGUﬁE 3 is a block diagram of a detection section (for one antenna) of a base
station’s random access receiver, which functions primarily to estimate the timing of

30 the received signal rays;



-7- SUMVARY OF THE | NVENTI ON I n accordance with a
preferred enbodi nent of the present invention, a novel format is
provi ded for WR%BLI’Ak common physical channel in a random accexcI/sEsisiole1
comuni cati ons system whereby a nobile station transmts a first packet

including 5 a predeterm ned signature pattern in parallel with a
second packet including the data port8-on of the random access
request. An inportant technical advantage of the present

invention is that the EIGUREuisasimple blockatiagram offan abammwlato that cawbe used for
request can al so function_ as i lqt, by.prqvidi addi tiona .
energy for chan ne‘heém ?WQEPE‘FF %5‘39?\%')(1%?1? ﬁ%&‘{qﬂ 3fces? detrgtor é?ﬁﬁ’@?ts.k‘o&’ﬁ m

Anot her inportantFltcﬁgﬁﬁiggal advantage of the present invention is that
additional energy iIs provided with the random access request for ensuring

sufficiently hFYBUREBAi$ 2 hlockdiegram of dsarsloni asnessidemioduldtor shat oart heused f
the request in a yapidl apyi ' . radi.o chapnnel enyironnent.

Yet anot her 5npor{oacfﬁm‘f%%%ﬁ%ﬁ%a%%mﬁlﬁgOg.% r &é“b?cé:gésrﬁac #vention i s that
by 15 transm tting FREUREXS G\ didprd® tHat Sove the chamdPahrase $6r 4 fademtactess

parallel with the data portion_of the request, the anount of .
over head si gnal | i packes (updinkcommen physiesl chymel message foxmpath whichis formatted in

appr oaches. invenfl%’ﬁdﬁngeF’ﬁ%ﬁﬁ%ﬁﬁg‘%&ﬁgm&g@@?‘@a &&{égni cal advant age of

t he present energy need not be
increased for rapidy FaGUREY ishdiagensthat shawd an exeiplirly fRGERrhIupinkEorhiidon

DRAW NGS : L L :
10 physical channel in a random access communications system, which is structured in
accordance with the preferred embodiment of the present invention;

FIGURE 8 is a simple block diagram of an exemplary packet generating
apparatus that can be used to implement the preferred embodiment of the present
invention; and _

15 FIGURE 9 is a block diagram of a pertinent section of a cellular
" communications system, which can be used to implement the preferred embodiment

of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
The preferred embodiment of the present invention and its advantages are best
20 understood by referring to FIGURES 1-9 of the drawings, like numerals being used for
like and corresponding parts of the various drawings.
Essentially, in accordaﬁce with a preferred embodiment of the present
invention, a novel format is provided for an uplink common physical channel in a
random access mobile communications system, whereby a mobile stétion transmits a
25 first packet including a predetermined signature pattern in parallel with a second
packet including the data portion of the random access request. Consequently, in
aciditibﬂ to its other advantages, the- signature portion of a random access request can |
also function as a Pilot by ﬁi’&\?iding additional energy for channel estimation during
the data portion of the request, while reducing the amount of overhead signalling
30 involved. This additional energy is especially useful for ensuring sufficiently high



A nore conpl ete understandi ng of the nethod and apparatus of the present

I nvention may be had by reference to the followi ng detail ed description
when taken WO9213751" conjunction with the acconpanyi ng drawi nBEST/ARS/APH:
FIGURE 1 is a diagramthat illustrates a frame structure for a random
access'2 5 packet ; "FIGURE 2 is a block diagramof an
apparatus that can be used in a nobile -9- station to generate and
transmt the random access packet illustrated in FIGURE 1, '
FIGURE 3 is a bl oquality aghenentfietactinm of theodata portiapnin( 4 sapidlyevarpingwadio clianmel
base statiqn's r?ndom access receiver, which functions primarily
to estimate the t PRI 3 0 the received signal rays;

- 8- FI Gpkéifidally; RGURBY & PdiagtantithafsivsGin eXenipiay Toiradtdor an
that can be used for the | channel (quadrature detection) in the
random access det @plink consmon physi¢ed ghanngl in a random grogsspongmunications system, which

FIGURE 5 is abl ock diagr ' . . 5
o denodul at 8 t he TR Aed i oRRRBEWAR A PR SR U eh! G nf Bl iHPEiRion
FIGURE 6 is a di ag{slbivighe sigautard prstioheihetandémubédss fequest isramfdasd agredkl
packet (uplink common physical channel nessage format), which is formatted
in accor davithethadata porionnfitlhs regusst Jronsequentlys thgsatioof theepergy.in the data
FIGURE 7 is a diagrakr - i )

100 Phyei cal o e Sfthe TR @ 14 OB ccBl Wb £ ety B R TR

structured in (signatlfs) oo és wiuth Higher thaf ther dxla ¢oroveihend eneafgyttatio of the
present invention; ) .
10 channel format shown in FIGURE 6.

FIGURE 8 is a simple block diagram of an exemplary packet generating
apparatus that can be used to implement the preferred embodiment of the present
invention. In this embodiment, the invention can be implemented as a method and
generated to be transmitted on the uplink common physical channel, under the control

i5 of a microprocessor located in a mobile station. An example. of such a mobile station
' is shown in FIGURE 9, which is a block diagram of a pertinent section of a cellular
communications systém that can be used to implement the preferred embodiment of

the present invention.

System 100 includes a base station transmit/receive antenna 112 and

20 transmitter/receiver section 114, and a plurality of mobile stations 116 and 118.
Although only two mobile stations are shown, FIGURE 9 is for illustrative purposes
only, and the present invention can be assumed to include more than two mobile
stations. Prior to generating and transmitting an access request frame, a mobile station
(e.g., 116) acquires synchronization, or synchronizes, with a target base station

25 receiver (114). The mobile 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

30 the acknowledgment. More details for synchronizing a mobile station to a base station

in a random access environment can be found in the ‘501 Application.



FIGURE 8 is a sinple block diagramof an exenplary packet generating
apparatus that can be used to inplenent the preferred enbodi nent of the

pr esent WO 991375t i on; and 15 FIGURE 9 is a bl ORRI/EEZEIMN2h
of a pertinent section of a cellular conmuni cations system which
can be used to inplenment the preferred enbodi nent of the present

i nvent i on. DETAI LED DESCRI PTI ON OF19HE DRAW NGS -
The preferred enbodi nent of. the present invention and its advantages are
best 2 0 under st 00d Thy targdt baseistatioh @lsb [t@niEss td-tke reuesting anabilengyation(s)ie.g.,
nuneral s bei ng used for . i ke, and. correspondi arts of fhe
various draw ngs: overthedomhpkbroadcqggglgqu”qc;:,m; e spreading code and
preferred embodi Mepte OlaelaiEooB &P Hith cach of the sedtdt SIS Hie. RARBY BY thobaR station

§p | a random

I s.provided for an nk conmon physical channel 1n

access nobi |l e commansceivts. Fos example,thesehmigqizspreadig dodes arat Jong-codessami hesGald2
5 first packet includi ng .a predgterm.ned signature pattern in al | el
with a secon8 es or g&é’%&wﬁﬁ%?ﬁ%ﬂ’ﬁg";}%t@?ﬁmﬁ%hq %FF‘*G%%‘"PE& -code
access request. Cgiyg lih ¥ mehfbry storage area@itickplditly Shdvind), Fhitd is 3 VS PSR,

the signature portion of a random access request can al so function
as a Pilot by proandmused bylthetmobilg staticgy tpyspread the signeture feldsand datadlieldn gf the

e et P LI ol b SNk oMb AU b5 URA Yl R SHRR  e
for ensuring suff irEdu%&ldembBiIﬂ’Station(s) (e.g., in an appropriate broadcast message) the signature
> 10 pattefns associated with the signature fields, which can be used to help distinguish
between different sectors, cells, etc. ;
Returning to FIGURE 8, the exemplary apparatus 200 for a mobile station
includes a signature generation part 202 and data generation part 204. The signature
generation part 202 includes a signal mixer 208, which spreads a “signature i” 206
15 (e.g., retrieved from thé internal memory area in the mobile station) with a specific
spreading code 210 for a cell/sector involved (e.g., also retrieved from the internal
memory area). Altemativ-ely,'the spreading code can be, for example, base station-
specific or global in the system involved. The signature generating part 202 thus
generates the cell/sector-specific signature part of a random access packet to be
20 transmitted.  The signature part’s format can be implemented, for example, by
spreading the signature field over the entire uplink common physical channel frame,
or it can be repeated a number of times within the frame. '
The data part of a corresponding random access packet to be transmitted in
- parallel with the signature part is generated with a data field generator 212. A mixer
25 214 spreads the generated data field with a unique short spreading code 216 associated
with the “signature i”. The resulting data field of the corresponding random access
packet is then spread with a concatenated code by mixer 218. This concatenated code
can be constructed, for example, by a modulo-2 addition (by mixer 218) of the
signature-associated"é{l;rt code 216 with a sector-specific long spreading code 220
30 (e.g., retrieved from internal memory). The length of the resulting data field to be
transmitted can be flexibly selected at the mobile station. For this exemplary



qual ity coherent detection of the data portion in a rapidly varying radio
channel envi ronnent . Specifically, FIGURE 7 is a

di agr am t hat wahewgsmn exenplary format for an upl i nk c®EFHFEIS/01921
physi cal channel in a random access comuni cati ons system which 5 is
structured in accordance with the preferred enbodi ment of the present

i nventi on. As shown, the signature pddti on of the random access
request is transmtted in paraIIeI _ with the data portion of the
request. Consequeghbydimet€ tHeaptead off mmmsgwadmmﬂauaanbemulﬁplpmd (@,

of the request (e.g., in the shaded area shown) ,to t ner

over head fiziegmultiplexpd)aordes fo be trapsmy E?mﬁﬁaéptf‘ ﬁgxaﬁ%stggon

over head energy ratio fcem SY\en 25861 fh t
FIGURE 8 is a sinple b%@ﬂ%ggrgertnmg na@(egfrtrg g?;m%gcketd gbeﬂrfer atin © presed

apparat us that cafnJeaties bes been ifinbteatein theecpompanying/ Deswings and destr] hetein the

| h nb h
o enent ed §s a foreging Bitnled Descripig el grindstiieod Y e Py Ei8p. 1€ pptimited
upl i nk conmon phyi @5 SH:%H&E‘B{ u&gﬁﬁsetdhemﬁofht rc%ablé of nuMerdus rearran ements

m cr opr ocessor n a rm | e station. An exanpl e of such a_ npbi
station lrﬁocﬁﬁmimns and:kﬁs%tlbns without depardinig| fourk thig spiritef be naventlon as

pertinent section of _ a_cell b ni catl ons systemthat can be
used to inpl enent sehiorthapdde %ﬂ@h%é?‘ifm‘gﬁm the present

i nvention. System 100 includes a base station
transnmit/recei ve antenna 112 and 20 transmtter/receiver section 114,
and a plurality of nobile stations 116 and 118. Al t hough only two
nobil e stations are shown, FIGURE 9 is for illustrative purposes

only, and the present invention can be assuned to include nore than two
nobi | e stations. Prior to generating and transmtting an access
request frame, a nobile station (e.g., 116) acquires

synchroni zati on, or synchronizes, with a target base station 25
receiver (114). The nobile station then determ nes the starting time for

each slot from the base station's broadcast/pil ot channel
informati on. The npbile station al so _ retrieves the nunber of the
sl ot being processed fromthe broadcast/pil ot channel i nformation,

which is to be used by the base station to tag its acknow edgnent (ACK)
nessage reply with the slot nunber to ensure that the correct nobile
station receives 3 0 t he acknow edgnment. More details for synchroni zing
a nobile station to a base station in a random access environment
can be found in the '501 Application. ’



-10- The target base station also transfers to the

channel) " cacqusmiio r anoo MR SIRHUMLI. o6 5ra”"™ ' ™ Fommesmmien
associated with each of thé séctbrs" cell*s, etc. defined by the base

station transcei ver. For exanple, these uni que spreadi ng codes and
| ong- codes can be Gold 5 codes or Kasanizcodes. The nobile station
stores the spreadi ng code and Iong code information in a nmenory
storage area (not i$ctanvey which is to be retrieved and

used by the nobile statlon to s read the signature fields and data fields
of the random hccess mﬁgm’e&r tpmsfenting data over @direqtisagyange-cofle diyasjen

station al so transf to th station(s) (e.g.,
in an appropriat e‘nﬁﬁ'@%da&&gﬁsp??g?g%lgcm eC%gﬁ’glna %&&' patterns
associated with the Sl@iiﬁhﬁftfn fd ﬁtdﬁeld/ﬂncmhmgasmmeatumek §aild dirket stigséniceguoids h
bet ween different sectors, l's, etc turning to FI GURE

8, the exenydary &ppmu%mh@%%@h&ﬂﬁﬁt‘}hﬁ@% furinga predeﬁned duratien; ads

si gnature generation par g{”@mg
generation part 202 i nt ud%lg a %‘%‘a mg'ﬁ%{%@ﬂ@\f&% eggégaﬁa%g%éﬁg{ogree
i" 206 15 ( e. givisionahultipleadcdss physidabchantelrdueing lsmdlprqdeﬁnelhdumtmmea sigrztire

station) with a specific¢ readi nq .cod 210 or ect or,

i nvol ved (e.g., aﬁ@bxdeétm ﬁ@dé&g‘ﬁ“’éﬁ% ?éé’rynaaﬁrs" pre W@rﬁﬂ‘{? spjd data

Aternatively, !Nchidel Bl dsa 1L EReA by 4 Qoo 50 BsodiREE withaidAen ature
| n the ol ve

specific or gl oba systemin The signature generating part
202 t hus generates the ceI I /sector specifi-c sighature part of a
random access packet t The rt's.f t
can be inpl éfented, for exaﬁg‘le q?[ﬁ"é aﬂg?a@ 55@[ Eﬁn«?nF?an@
over the entire ug}é%ﬁ, p@fh\nglcal channel frane, or it can be

repeated a nunber of tines W|th|n t he frane.

3. The method of Claim 1, wherein a length of said signature field is set

substantially equal to a width of a transmission slot.

4, The method of Claim 1, wherein a length of said data field is

15 selectively varied.

5. The method of Claim 1, wherein said signature field comprises at least
one of a plurality of signature patterns.

6. The method of Claim 1, wherein said direct sequence-code division

multiple access physical channel comprises an uplink common physical channel.

20 7. A sfgnal format for use in transmitting a random access request in a
mobile communications system, comprising:
. a data field; and .
a signature field transmitted in parallel with said data field, said signature field
including a signature spread by a first predetermined code, and said data field
25 including information data spread by a second code associated with said si gnatu;re



The data part of a correwss packet to be transmtted in
parallel wth the signat d with a data field generator

ar
212. A m xer wb §9/21375214 spr m\\!\g\ d data field with a'cmﬂl?q&/eml
short spreadi ng code 216 as with the "signature i". The
resulting data field of the correspondl ng random access packet is

then spread with a concatenated code by m xel3218. Thi s concat enat ed code
can be constructed, for exanple, by a nodulo-2 addition (by m xer 218) of
the si gnat ur eg assoThésigal Tomidt of Qldm?2,Gaid informasientdata- speci fi c

| ong spreading code 220 3 0 (e.g., retrieved frominternal nenory). The
l ength of the resﬁir&mg)r%lt\&lfhaéﬂtloﬂ-@s%mdlong spreading¢adsi t t ed can be .

flexibly selected at the nobile station. For this exenplary

-11 - enbodi nent, the spread signature field and spread data field
can be nultiplexed (e.g,, A methodi ofetranshiiitingedataloni 21 DS-@BMAoccdamon physical
transmtted in parallel from,a nobile station. Al t hough a

preferred enbodi melkannek CONPNFAE HSFtePIPtappar at us of the present
i nvention ha been il %@&ﬁ%@ﬁ?&tg;g Fhd9 Drawi ngs and descri bed

inthe 5 foregomg rlptl 't will be understood that the
invention is not |imn teednsmitting atsignature epaﬂcnfsanhslguahml paralic! with said d@tp&’@ﬂe

of nunerous rearrangenent, modi fi | ons d substi,t uti,ons
departing fromt héVh§EIFF?1‘316¥g"Pﬂ’é°P ?fﬁ edete E@B g5~ 3ndsad g% ; %‘éds
by -the follow ng %h@’ﬁyacode associated with said signature part.

10.  The method of Claim 9, wherein said signature part is selected from a
10 predetermined set including at least one signature.

11.  Themethod of Claim 10, wherein said predetermined set comprises an

orthogonal set.

12. The method of Claim 9, wherein said data part and said signature part

are scrambled by a predetermined scrambling code.

is5 13.  The method of Claim 9, further comprising the step of tranSrnitting said
signature part and said data part from a mobile station.

14.  The method of Claim 13, wherein said signature part further comprises
- apilot signal.

15. An apparatus for use in generating a DS-CDMA common physical
20 channel, comprising:
means for generating a signature code;
mmmeans for spreading said signature code with a spreading code associated with
a predetermined sector or cell;

means for generating a data field; and



-12 - VWHAT | S CL 1. A met hod for

transferring data over a ode di vi si on rrultisg)le

access physi WQ9%13Hnel | eps of : PCT/SE98/01921
|n

transmtting a data fleld |nclu sél d*data over said direct

sequence-code 5 division multiple access physical channel during a
predefined duration; and si nolfaneously transnitting a
signature field over said direct sequence-code division nultiple

access physical channemeanafongpreading ssidednts field it code @ssocipted yithsaidsignature
included in said suﬁpature field spread by a first predeterm ned code, and-
sai d data cluded in said data field spread by a second code
associated with said signature. 2. The net hod of C aim
1, wherein said data field and sald signature field are transmtted
in parallel. 16. eamaaratusqt?@lm hSartasr comprising megns fox trangmitting
| ength of said signhature,f. i equal to a

wi dth of a trans ngeggis%agflgﬁ# c%dé%parallel with ;ﬁdj&%ﬁf‘%&h% hod of Claim
1, wherein a length of said data field is 15 sel ectively vari ed.

5. The nethod of Claim1, wherein said signature field conprises at

| east



one of a plurality of signature-patterns. : 6. The

met hod of Caimil, wherein said direct sequence-code division

nul tipl e acc®9BRA7Si cal channel conprises an uplink comon phYSTEEPS01921
channel . 2 0 7. Asignal1 Jor mat for use in transmtting a
random access request in a nmobi | € “comruni cati ons system

conpri si ng: a data field; and a signature
field transmitted in parallel with said data field, said signature field
including a signature spread by a first predeterm ned code, and said data

field 25 i ncluding informati on data spread by a second code associ at ed
wi th said signature. Reqd Service Reqd air time

-13- 8. The sireymbbigr xat chipsCl ai m ¥ spmabelsi nfnoehips i on
dat a further spread with a sect or\s.isoci ated | ong sprkadi ng code.

9-h f" met hod of ”t Sfinble! Y ]E'?‘ta RBbife 182 Holt dbte: 1. %ﬁlg‘ art of
channel, conpri sing| mﬁl?pxsrr?chig?plxn . rapsmt{ing| g datq part o
a signal; and tran ting atsignatiire paint ol sdidisignal
in parallel with said data part, - J

Y
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wherein said signature part is spread by a predeterm ned code, and said

data part is spread by a code associated with said signhature part.
10. The et hovd 8921875 m 9, wher.ei n sai d signature part is sel eBCFSEDS/BINK
10 predet erm ned set including at EZ:‘& one si gnat ure.

11. The nethod of Cl aim 10, wherein sa predet er mi ned set corrprl ses an
orthogonal set. Antenng 1) 12. The method of Claim9, wherein said
data part and said Signature pIart are scranbled by a predeterm ned
scranbl i ng code. [T S4otched 1 The net hedhof Caim9, further

g™ { 5i)g e*part and said
n. _ The mqtd’u
re part further conp @ MKE

n g en e r athEﬁoﬁs

conprising the step [of ghians
data part from a nobile—statd
Claim 13, wherein said signat
si gnal . 15.
DS- CDVA common physi cal 20
for generating a signhature code;
signature code with a spreadi ng code
predet erm ned sector or cell;

Argigieh@eat us for use
. CO r|5|ng.

tranmet
ans for §pread| ng sal d
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-14- means for spreading said data field wwth a code associ at ed

wi th said signature code. 16. The apparatus of C ai er
conprising M@AY2}B? transnitting said spread signature code i ?‘%%%%’Fgw
with said spread data field. 3/3
202
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\ /
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