SUPPORT OF MULTI USER DETECTI ON I N THE DOMNLI NK Thi s
application clains priority fromJ. S. Provi sional

Pat ent Application No. 601180,402, filed February 4,
2000. BACKGROUND The present invention relates
generally to wireless tinme division duplex using code
division nmultiple access (TDD/ CDMA) comruni cati on
systens. In particular, the invention relates to
determ ning channelization codes for use in multiuser
detection in the downlink for TDD/ COVA systens. A
TDD/ CDVA communi cation systemis illustrated in Figure
1 SURPGYE O UTONRERE RIBTHI B O TSIRDIOORNLINK t 0
125. Each base station 12, has an associ at ed
operating area. User equipnments (UEs) 14, to 143 in a
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downl i nk- conmuni cati.ons and communi cati ons.
transmtted froma UE 14, to a base station 12, are

referred to as upli ications. In a wireless
TDD/ CDVA communi cat i méwh@ﬂ ti pl e conmuni cati ons
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10 bipd mulktigsle bdsemibdidik 12, to 125 Each base station 12, has an associated
operating area. User equipmeats (UEs) 14, to 14, in a base station's operaling area
communicate with that base station 12,. Communications transmitted from a base
 station 12, o a UE 14, are referred fo as downlink communications and
commuaications transmitted from a UE 14, to a base station 12, are referred to as
uplink communications.

In a wireless TDD/CDMA communication system, multiple communications
are sent in a shared frequency spectrum. One such system is proposed in a third
generation wideband-CDMA (W-CDMA) standard. In CDMA systems, multiple
communications are sent in the shared spectrum and are disﬁnguished by
channclizaﬁon codes. In TDD/CDMA systems, the shared spectrum is also time
divided using rep'eaﬁng frames having a fixed number of time slots, such as fifteen
(15) time slots. Each time slot is used to transmit either only uplink or downlink
cdrmnunication_s_ As a result, the communications are distinguished by both
channelization codes and time slots. A single channelization code used in a single

time slot is referred to as a resource unit. Based on a communications bandwidth,



communi cations. As a result, the comunications are
di sti ngui shed by both channelization codes and tine
slots. A single channelization code used in a single
time slot is referred to as a resource unit. Based on
a conmmuni cati ons bandw dt h, conmuni cation may require
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e able to distinguish data from

beweat the r€eéveappd o@admiter. recover the received data is
mul ti user detection (MJD). In MID, a receiver recovers
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In MUD, a recetver recovers all communication bursts' data in a time slot,
including bursts transmitied to other UEs. To recover all the bursts’ data, the MUD
receiver needs to know all of the channelization codes used to transmit the bursts. In the
proposed TDD mode of W-CDMA, each UE {4, to 14, only knows which channelization
and midamble codes are used for carcying information intended for.it. To determine all
the channelization and midamble codes, a bank of matched filters is used to detect all
possible channelization/midamble combinations. The output pbwér from each matched
filter is compared to a threshold to determine whether a particular
channelization/midarnble combination was used. Dueto the number of requifed matched
filtecs, this approach has a high complexity. Additionally, if there is a high correlation
| between channelization codes, this approach may have poor performance.

'(GB2351422 discloses an association of training codes and chanaelization codes.

The training and channelization codes are associated so that for a given spreading factor



proposed TDD node of WCDVA, each UE 14, to 143 only

knows whi ch channelization and m danble codes are

used for carrying information intended for it. To

determne all the channelization and m danbl e codes,

a bank of matched fitters is used to detect al
eachP n |
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channel estimates derived fromtracki ng sequences to
estimate soft synbols of received communi cati ons.
Accordingly, it is desirable to have alternate
approaches for UEs 14, to 143 to be able to determne
the active channelization codes. Accordingly, it is
desirable to have alternate approaches for UEs 14, to
143 to be able to determ ne the active channelization
codes. 2a approaches for UEs 14, to 143 to be able to
determ ne the active channelization codes.
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SUMVARY A wireless tinme division duplex comrunication
system using code division nmnultiple access has a base
station and user equi pnents. The system communi cat es
usi ng comuni cation bursts. Each conmuni cati on bur st
has a uni que channelization code and a m danbl e code.
Each m danble code is mapped to a set of at |east one -
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channel i zation code is determ ned. Conmmuni cati on

bursts are generated and transmtted in the tinme slot.
Each burst has the det ' I danbl e code for its
channel i zati on code. Tﬁgjmgg‘gl&]equi prment receives the
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illustration of a sinplified base station transm Fep
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chart 8f downl i nk.channel i zati on code identification. -
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is dgsepmingd s Commypicsqndyests prsrecarrafadaadibioasmisigd emthe tine slot.
EachtRf that ARG 29 Emid BRAL EShe for its channelization code. The user
equipment receives the bursts ﬁnd determines each received midamble code. The
user equipment determines the channelization codes of the (ransmitted
communication bursts based on in part a result of the determining of each received

midamble code.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of a time division duplex/code division multiple
access communication system.

Figure 2 is an illustration of a communication burst.

Figure 3 is an illustration of a simplified base station transmitter and a user
equipment receiver.

Figure 4 1s a flow chart of downlink channelization code identification.

Figure 5 s an illustration of midambie sequence to chaanelization code
mapping. |

Figure 6 is a channelization code detection device.



Figure 6 is a channelization code detection device.

-3 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT( S)
Figure 3 illustrates a sinplified base station
transmtter 26 and a UE receiver 28 using multiuser
detection (MJD). Data to be comrunicated to the active
UEs 14, to 143 is produced by data generators 32, to
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At a UE receiver 28, radio frequency signals are received by an antenna 40.
The received signals are demodulated to a baseband signal, such as by a mixer 42.
A channel estimation device 44 is used to estimate the channel that the
communication bursts were transmitted in using the transmitted midamble codes. A A
multiuser detection (MUD) device 46 processes the baseband signal using the
estimated channel information and the acti‘ve channclizatio_n cades to produce hard
symbols.

Identifying active channelization codes is shown in the flow chart of Figure
4. One approach to aid in identifying active channelization codes at the UE 14, is
to provide a mapping between midamble codes (midamble sequences) 54, to 54, and
channelization codes 56, to 36y, 58. Each midamble sequence 54, to 54, is
associated with a set of channelization codes 56,, to 56, as illustrated in Figure 5.-
The sets may contain only a single channelization code, which is a one to one

mapping of midambles to channelization codes. A burst transmitted by the base

A4-



esti mated channel information and the active
channel i zati on codes to produce hard synbols.

I dentifying active channelization codes is shown in
the flow chart of Figure 4. One approach to aid in
identifying active channelization codes at the UE 14,
is to provide a mappi ng between m danbl e codes
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anbl e sequence detection Vi ce
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t he nudanble to channelization code mappi ng 49,
codgpmiR S Bsuse ethe dagioblogl 48 idetcominiea treathiapati-ation eddss. As
eI i.zati on _code det ﬁtl on device 50 determ nes the
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a_one to one nmappi ng, t he channel i zati on code

or
det%%ﬂ%@#%ﬁ%%ﬂ@@%@é not used The MJD device 46

us e term ne hannel j zat odes and the
e(ﬁne ann Slization corge SR detine k(? IS s%own in Figure 6. Matched

hanne
ﬁltcrs 82, to 82, are matched to the possible channelization codes and associated
channel responses as determined by the logic block 45. Since only the possible
channelization codes need to be checked, the number of matched filters 82, to 82,
is greatly reduced, reducing the complexity and improving the performance of the
receiver 28. The power of the soft symbols produced by each matched filter 82,0
82y is measured by corresponding power measurement devices 84, to 84,,. The
comparitor 80 determines the received channelization codes based on the power
measurement for each channel. If the number of transmitted channelization codes
is known, the comparitor 30 selects that number of channels with the highest
measured power. Otherwise, the comparitor 80 compares each channel's power fevel
to a threshold to deterrmne the transmitted channelization codes.

To aid in identifying channelization codes, channelization code informéation,
such as transmitted channelization codes or a number of transmitted channelization

codes, may be signaled to the UE 14,. The signaled information can be used in
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response for the m danbl e sequences associated with

the channelization codes to detect the data, from al

the bursts, 68. One channelization code detection

device 50 is shown in Figure 6. Matched filters 82,

to 82M are matched to the possible channelization

codes and assocjated channel responses as determ ned
congyugieg Wigdyrhanpelieriongnidgmbecate mapgiag posdichirapping is not
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channel i zati on/ mi danbl e code mappi ng or when mappi ng
is not wused. The additional channelization code
information will increase the accuracy in determ ning
the active channelization codes at the UE receiver 28.

One such signal would be a |layer one signal, where
the m danbl e code or m danbl e code shift is



associated with the informati on. The m danbl e

detection device 48 determ nes the received m danble

code(s) and the logic block 45 recovers the

channel i zati on code information using the determ ned

m danbl ecodes. Using the recovered information, the

channel i zati on code detection device 50 uses the

recovered information to aid in the channelization
(Hiéﬁ determ nation. Another approach signals

élization code information using a |ayer 2/3

signal. The signal is generated by the network

circuitry. The layer 2/3 signal can be used in

cohj unctA emewlivisioaydplexeode giaistoromultiplchagdess user equipment
. 1r&.dan‘ole/channelization code mapping -6 CLAIMS : 1. A
INCHGIE di vi si on dupl ex/ code division multiple access
e IR ARy JEPORmPRiCHRER A% Fapsmitted in a
timetsiotpasdlot ; and neans for determning a mdambl e code

included.in received comqunication burst; neans for .

adBeRs ity dPiEFBIRAG A ToHiEbe 6pds deekidadda a received
commuARIBLEA Bursicomruni cati on burst, wherein a mapping

bet ween channel i zati on codes and ni danbl e codes exists

-+ meansuclort datersaeingni alackdmmebizhtign mepded dfoa aideterasfiednemidamble's

channel i zati.on code and at | east one ni danbl e code
Comigusitg lﬂ"ééb‘éﬂ’to at |east two channelization codes
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- such that-each midamble being mapped to at least one channelization code and at

least one midamble code being mapped to at least two channelization codes which

may be received in communication bursts simultaneously.

2. The user equipment of claim 1, wherein each midamble code is

uniquely associated with a shift of a base midamble code.

- 3., A method in a time division duplex/code division multiple access user
- -equipment for determining a channelization code of a communication burst, the
method including:

teceiving. a plurality of communication bursts transmitted in a time slot; and

determining a midamble code included in a received communication burst, wherein a

-~ . mapping exists between channelization codes and midamble codes, each midamble

-being mapped to at least one channelization code and at least one midamble code
being mapped to at least two channelization codes which may be received in

communication bursts simultaneously.



2. The user equi pment of claim1, wherein each

m danbl e code is wuniquely associated with a shift of
a base m danble code. 3. A nethod in a tine division

dupl ex/ code division nmultiple access user equi pnent

for determning a channelization code of a

communi cation burst, the nethod including: receiving
a plurality of connunication bursts transmtted in a

| n1n| m.danbl e cqde.included .

in a r eﬁ%ﬁ% %@ ﬁ T | ogvﬁﬁl?eﬂ,eqﬂlh‘eméaﬁmglle ﬁgéﬁilﬁgumquely
assoeidtéd withed WEENo L Baahidiblerogedes and m danbl e

codes, each m danble being mapped to at |east one

channel i zati on code and at | east one m danbl e code

bei ng mapped to at | east two channelization codes

whi ch may be received in comrunication bursts

simul taneously. 7 4. The nethod of claim 3, wherein

each midanbl e code is uniquely associated with a

shift of a base m danble code. -8



