[ 0001] SUB- CHANNELS FOR THE RANDOM ACCESS CHANNEL I N
TIME DI VI SION DUPLEX [0002] This application clains
priority fromU.S. Provisional Patent Application No.
60/ 256, 621, filed on Decenber 19, 2000. [0003]
BACKGROUND [ 0004] The invention generally relates to
wreless tine division duplex (TDD) conmmrunication
systens using code division nultiple access. In
particular, the invention relates to sub-channels for
t he physical random access channel (PRACH) for such
systens. [0005]1n code division nultiple access (CDWVA)
comuni cation systens using frequency division duplex
(FDD), such as proposed for the third generation
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[0006] In a 3GPP FDD/CDMA system, the PRACH is divided into ten (10)
millisecond radio frames 22, to 22, (22) having fifteen (15) timeslots 24, as shown in
Figure 1. The radio frames 22 are sequentially numbered, such as numbered from 0
fo 255, as a system frame number. The system frame numbers are sequentially
repeated, The random access transmission starts at the beginning of a number of well-
defined time intervals, denoted access slots 26. The random access transmissions 28,
to 28, (28) from the users are begun in a particular access slot 26 and continue for one
ormultiple slots 26. These transmissions are sent using a randormly selected signature
associated with an access service class (ASC) assigned by a radio resource controller

of the network to the user.




i nformati on and the network uses sub-channels of the

PRACH for futher separation of UEs and access service

cl asses. In the 3GPP FDD/ CDVA system each sub-

channel is associated with a subset of the total

upl'ink access slots 26, described as follows. [0008]

Two sequential radio frames 22 are conbined into one

access frame 20. The access franme is divided into 15

access slots 26. Each access slot 26 has a duration

of two radio frame tinmeslots 24 as shown in Figure 1.
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prédifible signatures and available sub-channels.

[0010] Figure 2 is one example of an iflustration of such an association. RACH
0 30, is paired with PRACH 0 32, through a coding block 31,. The data received over
PRACH 0 32, is recovered using the preamble scrambling code 0 34, and the
appropriate preamble signature 38 that the data was sent. o

0011} PRACH 0 32, is uniquely associated with preamble scrambhng code 0
34, and has three access service classes (ASCs), ASC0 40,, ASC1 40, and ASC2 40,.
Although the number of ASCs shown in this example are three, the maximum number

- of ASCs is eight (8). Each ASC 40 has a number of available sub-channels, available

preamble signatures and a persistence factor. The persistence factor represents the
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-2 persistence in retransmtting the preanble

signature after a failed access attenpt. In 3GPP

FDD/ CDMA, the maxi mum avail abl e sub-channels 36 is 12
~and the maxi mum avail abl e preanble signatures 38 is

16. [0012] RACH 1 301 is paired with PRACH 1 321.

PRACH 1 321 is uniquely associated w thpreanble

scranbl i ng code 1341 and its sub-channels 36 and

preanble signatures 38 are partitioned into four ASCs

40, ASCO 403, ASC1404, ASC2 405 and ASC3 406. RACH 2
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reanble -scranbling code 2 342, which is also used

36DP PRAYADM 42 the muximam A%aiablgsubr-channels 36 di2ant dhe mrpoym

2..322,  ASCO 407, ASGL408.and ASC2 409. Because PRACH
avfﬂgﬁlalpﬁ%g@f’gggﬁtgfeggéﬁ%%'rean‘pl e scranbling code, a
J01gHp of RpATHiiti® BﬁgaifbhfwiﬂﬂPRNC&Phgzl. PRACH 1 32, is uniquely

sub- channel s/ avai'l abl e preanbl e si gnature conbi nati ons

asap@aing withgeeanitde scrapiilg @dg 2 24, Fddisgubchainstist apflpreamble

s i feh 3 eor Sasoa AGaAY 8 LBy ARCY A2 AST2 40, ana

ARCsanb| gABH @5‘@2' is ?eré‘(P&Jﬁh PRMY Q@ié UPRA PSR IR p?é&ﬁable
ASC14B11. ASCO 4010 and ASC140i1

ontain the
sceanablirpbécalesd) B4.¢ ndrichels/addogusad (byePRACHN 8 132415 BtirdeyA FEA@H are

vl foBRA N h Vo ASSRA @5@%?5@358@2& , 3 PRACH
g e e R A SR e
avagistsle isab-2tamidldiavatickle peshnRAGignaateacombiga@orisese hbt uset eor

recei ved PRACH data is sent to_the appropriate RACH
PRAGHED 82+ Therpastieoned Aff Heissed by PBFM%% 33 s

o7 2REPD A0 pERAMA AR 35, PEAEEPS o e
pré@fiblobEARBIAR YA 30484 esOC0 8020AEA BT 40k 0000 40,y and

Anot her conmuini cation system proposed to use PRA |
ASCTHO contyint theravailahly sub-whamdielV/sighanrecaphas usgdtDHRACHCh32,.

C e h T ORI
cddb BASEHS 4VaN9b1dSizbamble signatures set and sub-channels, the Node-B can
" determine which PRACH 32 and ASC 40 is associated with received PRACH data.
As a result, the received PRACH data is sent to the appropriate RACH transport
channel. Although each PRACH 32 is illustrated in this example by having the ASCs

40 partitioned by available preamble signatures, the pattitions may also be by sub-

channel 36.

[0015] Another communication system proposed to use PRACHs is a CDMA
system using time division duplex (TDD), such as the proposed 3GPP TDD/CDMA
system. In TDD, radio frames are divided into timeslots used for transferring user
data. Each timeslot is used to transfer only uplink or downlink data. By contrast, an
FDD/CDMA system divides the uplink and downlink by frequency spectrum.
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data. Each tineslot is used to transfer only uplink or
downl ink data. By contrast, an FDD/ CDVA system

di vides the uplink and downlink by frequency spectrum

3 Although the air interface, physical |ayer, between
FDD and TDD systens are quite different, it is
desirable to have simlarities between the two systens
to reduce the conplexity at the network |ayers, such
as layer 2 and 3. [0016] Accordingly, it is desirable
to have sub-channels for the RACH for TDD. [0017]
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[0019] BRIEF DESCRIPTION OF THE DRAWING(S)

_ [0020] Figure 1 is an illustration of access slots and sub-channels for a
FDD/CDMA system,
[0021] Figure 2 is an illustration of PRACH configurations in a FDD/CDMA
system.
[0022] Figure 3 is an illustration of sub-channels in a time division duplex
(TDD)/CDMA system.
[0023] Figure 4 is an illustration of PRACH configurations in a TDD/CDMA
system.
[0024] Figure 5 is a simplified diagram of a Node-B/base station and a user

equipment using a TDD/CDMA PRACH.

[0025] DETAILED DESCRIPTION

OF THE PREFERRED EMBODIMENT(S)
[0026] Although the following discussion uses a 3GPP system for illustration,

sub-channels for a TDD PRACH is applicable to other systers.
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OF THE PREFERRED EMBODI MENT(S) [0026] Al though the
foll ow ng discussion uses a 3GPP system for
illustration, sub-channels for a TDD PRACH is
~applicable to other systens. 4 [0027] Figure 3
illustrates a preferred inplenentation of sub-channels
for tinmeslot 3 for PRACHs of a TDD/ CDVA system Each
PRACH 48 is associated with one tineslot nunber 56
and a set of sub-channels 50 and channeli zati on codes
as shown in Figure 4. For a particular tinesl|ot

52,

. ) _ . A ] , 3
s AP e e o PR A sl
foAPRAEHSs bfi adlPDATIRM e dystannp [Baok FRACHMYS Busbodisted iwdthnone
.in_Figure each sub-channel 50 is _sequentially

ot JERer 5o L QS §BRRels 39ra3d shamne Bzt s 58, a5
sh I ERREEY. For SpeSaE ARl ey 56, o I Shte TR S filery
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nunber of the next (j + 10i) radio frame, such as

impiesesntgtionmsndh ag gopg] ipFigwe 3. eadi suli-ekanasl 59 it sepmentigly

f.ranes are igned the,s sub- channel s 50, Far .
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a timesIiGRndRr of Airfdib FAAR, dhch BEOFadio Rakb 0%@13?':1:6 4."ef-Sannel
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r%ﬂi frames. A preferred schene uses a nodulo -
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chéeld 50.uFbr Aistanoe, sabehanmed Ouk asgrdadrtotradio fraameh +5i$ syodr as
Equation 2. SFN npd 8 =i Equation_ 2 As_a result, as
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scheme uses a modulo function of the system frame number (SFN) for n sub-channels.

For sub-channel i, Equation 1 is used.
SFN modn =i Equation 1

‘mod n is a modulo n function. One illustration uses a modulo 8 function, such as per

Equation 2.

SFN mod8 =i Equation 2
As aresult, as shown in Figure 3, in a fixst frame 44, in timeslot 3, sub-channel 0 is
assigned. In a second frame 44,, sub-channel 1 is assigned and so on until an eighth

frame 44, where sub-channel 7 is assigned, Preferably, the number of sub-channels
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frame 447 where sub-channel 7 is assigned. Preferably,
t he nunber of sub-channels -5 ----------- ----------
is 8 4, 2 or 1. Although Figure 3 only illustrates
sub-channel assignnents for tineslot 3, the sane
schenme is used on any tineslot nunber. [0029] In a
FDD/ CDVA system each PRACH 32 is associated with a
uni que conbinati on of preanble scranbling code 34,
avai | abl e sub-channel s 36 and avail able preanble
signatures 38. One exanple of a potenti al

is g 36 E, ARG Rut 2R sies HRRH iR ot i Ror dppestor
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ener al onf| uration for the Each P
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annel i zation codes 52. This allows the base station

prohoprnyipFigwed. The ehasnelizgtipnpodss fhaerised by thesers kpansmit

tb"f B gAlE, SRR i TRATPRACH 16 AOpERCERI0PE RISCH 4
traﬁﬁ rPERAEIRRA ¥ ch@nEBIbcR 7P Figirk UQIHhdHhteR aldhbial bbrEiguration

CH s avail abl e sub-channel s 50 and channel i zatl on
for:ﬂad FRACHs #gpikach RRAGH 485 assosiatedt witlop timeslot AGshd @ seff of

o gl PRIRHRDGoS S U eIE bR A an Pty AaseioT i Figure
e e
52aitisciiaws did tmat stathorcPRIASCHR2 ceiver to distinguish between the different
PRACHS 48 by knowing the channelization codes 52 used to recover the received
PRACH data.
[0031] ASCs 54 are preferably formed by partitioning a particular PRACH's
available sub-channels 50 and channelization codes 52. Typically, alimitis set for the
- number of ASCs 54, such as eight (8). RACH 046, receives data over PRACH 048,
by decoding data transmitted in timeslot O 56, with the appropriate channelization
codes of PRACH 0 48,. The available sub-channels 50 and channelization codes 52
are partitioned into three ASCs 54, ASCO 54,, ASC1 54, and ASC2 54,. As shown,

‘each partition is set by channelization codes 52, although, in another implementation,

the partitions may be by sub-channels 36 or a unique set of channelization code/sub-

channel combinations. As a result in the present example, each ASC 54 has a unique
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are partitioned into three ASCs 54, ASCO 540, ASCl 541
and ASC2 542. As shown, each partition is set by
channel i zati on codes 52, although, in another

i npl enentation, the partitions may be by sub-channel s
36 or a unique set of channelization code/ sub- channe
conbinations. As a result in the present exanple, each
ASC 54 has a unique 6 set of channelization codes 52
for that PRACH 48. The ASC 54 associated with

recei ved PRACH data is determ ned using the
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recei Vo8 PRIVCH@a05 B€tedi@inad udifi @0e BhidneHzatdnldode S ated tofekover

using PRACH | 's channelization codes 52. The avail abl e
th%melﬁﬁéBRélcg{Qmaand channel i zati on codes 52 are
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O
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trafsibibed mmgslm-luﬁng PRAGTH 2 Clzainelirationdedess2. Thtevailable
avai | abl e sub-channels 50 and channel i z tlon codes 52

sub@ha&nelﬁe’éﬂ and phawelizgtionnedes §2 grropartifo ASCs 54,
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'34% SRAGM e,BJﬁ@élwsedlata et PRICH BUS, by@edddifg iintsBansitiAsdin

182 and 3 483, b hannellzatlon codes 52. As a
ttme@kwﬁ@ ysing FRAE hannelization eadss §3dThe availpbls sulyehannels

S 0 R T BT 0 A .
ASE0 %ga%&mscm@nﬁm{ uﬁﬁailﬁﬂegwubﬁrﬁsed P PRACHDIAR). As

sub-chhannels 36 or channeli zation
shmninﬂégﬁredhﬂmﬂdbt a6yl &fﬁcnmi_s,; d1v1cﬂe(dﬁﬁt¢]twA§’Rs”c{aHm48 PRAECH

i mpl ement ati on of Figure 4, the_exa
2 48 and 3 425:?133( channelgzatlon codes Sg Asa resu}t n th?s ex ggmp?c glata received

in timeslot 2 56, is sent to the appropriate PRACH 48 based on the channelization
codes used to transmit the data. Alternately in another implementation, the partition
* may be by sub-channels 36 or channelization code/sub-channel combinations.
[0034] As shown in the PRACH implementation of Figure 4, the example of
- the TDD PRACH configuration is analogous to the example FDD PRACH
‘configuration of Figure 2. In TDD, each PRACH is associated with a timeslot 56. In
FDD, each PRACH is associated with a preamble scrambling code 34. TDD ASCs
54 are preferably partitioned by available channelization codes 52 and FDD ASCs 40
by available preamble signatures 38. These similarities for these examples allow for
the higher layers to operate similarly between TDD and FDD.
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the TDD PRACH configuration is anal ogous to the
exanpl e FDD PRACH configuration of Figure 2. In TDD,
each PRACH is associated with a tineslot 56. In FDD
each~PRACH i s associated with a preanble scranbling
code 34. TDD ASCs 54 are preferably partitioned by
avai | abl e channel i zati on codes 52 and FDD ASCs 40 by
avai |l abl e preanbl e signatures 38. These simlarities
for these exanples allow for the higher layers to
operate simlarly between TDD and FDD. -7 [0035]
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-8 CLAAIMS 1. A nethod for defining one or nore

- sub-channel s for a physical random access channel s of
a wreless time division dupl ex comruni cati on system
using code division multiple access, the nethod

conpri sing: providing am of rad| o franes, each
havi ng a sequence of ti ; for a partl cul ar

ti gesl At motHHeefor el SRAVEMGre bl A5 48 b tfichl Fandom

or each of the one or nore sub-channels o
' accep&chamlmf a iwiwessttimej dbdsiohyduphex caminunication systémting code
di 'guﬂ E-é The f claimZI, wherein the nunber
vngfm Ul AcFesSs 0 ﬁ@lmpﬂélnﬂés for N incl ude 1, 2,
ein radi o
¢ Blttiding 35%552?%3@ s, o B fing ¥ it hel S asfots

cl form partivhiar ghitsRASNmbeP UE ARNSRMuchée, %ﬁj&!}eﬂeﬁﬁngttﬁe or each

one radio frame-by a nodulo N counting of th
of therenesommotsesub-ghanaelsifshe pharticutatdimesloessmberayn ehe radio frame
of PRACH, of a wireless tinme division duplex '
th€ ﬁﬂ’%l cation system using code division multiple
access, the PRACH conprising: a timeslot nunber of a
sequence of tineslots uniquely associated with the

PF?ACH Thoehetiwd of chahnel swherha e hambeh of Gubhafingd is N, and
one or. nore sub-channel s bei ng uni quely defined
valu oaiﬁ%mcau#eol,f%é@ &% a series of radio frames the
timesl ot nunber. 6. The PRACH of claim5, wherein the
nunber of the one or nore sub- channels is N, and

vad uesried indthdd)of Eml2, %heﬂelﬁ‘%cﬁ radio ﬁ'ﬁﬁeﬁ%c{'sg&em frame

cl'aim6, wherein each radio frane has a system
numbernber .

4.  The method of c¢laim 3, wherein each sub-channel is assigned to its one

radio frame by a modulo N counting of the system frame number.

5. A physical random access channel, PRACH, of a wireless time division
duplex communication system using code division multiple access, the PRACH
comprising:

a timeslot number of a sequence of timeslots uniquely associated with the
PRACH; and ‘

one or more sub-channels, the or each of the one or more sub-channels being

uniquely defined by one radio frame of a series of radio frames the timeslot number.

6. The PRACH of claim 5, wherein the number of the one or more sub-

channels is N, and values for N include 1, 2, 4 and 8.

7. The PRACH of claim 6, wherein each radio frame has a system frame

number.




~9-. 8. The PRACH of claim7, wherein each sub-channel
is assigned to its one radio frame by a nodulo N
counting of the systemframe nunber. 9. A wireless
time division duplex communi cation system using code -
ccess, .the system conpri Sing;

T on ¢ |
nebvor the SRAGH: ¢ Pigh- 7o BdieERN RECH Rab-shains) & assigned to ifs one

: - ' j.cal nnel s,
radi A8 Y ool NXHRHE pr B3 BREEIRNETIT e ¢
bei ng uniquely defined by one radio frane of a series
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The system of claim9 wherein the nunber of
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val ues f?r N.include 1,. 2, 4 and 8. 15, The system of
acceyy SHIMICE £ 125%h &t tipn 4 diser SIHIDNSEIS, %‘éﬁ#i’r pefivice class
assoQEAShich &8skt e BBIBhndba M 15, vherein each

sub- channel "1s "assi gne O Its one radio franme by a

nodul o N counting of the systemframe nunber. -10

I1. The system of claim 10, further comprising the user equipments for

receiving the signaled ASC information.

12, The system of claim I1, wherein the user equipments uses the ASC

information for PRACH transmissions.

- 13.. The system of claim 12, wherein the ASC information indicates

channelization codes for the PRACH transmissions.

_ 14. The system of claim 9 wherein the number of sub-channels associated
with one PRACH is N, and values for N include 1, 2, 4 and 8.

15. The system of claim 14, wherein each radio frame has a system frame

~ number.

16. The system of claim 15, wherein each sub-channel is assigned to its one

~ radio frame by a modulo N counting of the system frame number.
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