;e3ei ! f4j6<r!6! T''"HY ' REDUCED COVPUTATI ON I N JO NT DETECTI ON BACKGROUND The
nvention generally relates to wirel ess comuni cation systens. In
particular, the invention relates to joint detection of nmultiple user
signals in a wireless 5 comuni cati on syst Figure 1 is an ilrwfg%qm[on
of a wirel ess conmuni cation system 10. Thﬂmﬁmmmmm j on syste as base
stations 121 to 125 which conmmunicate wt m'rents (UES) 141 to
143. Each base station 121 has an associ at ed opadsati onal area where it
comuni cates with UEs 141 to 143 in its operational area. 10 In sone
comruni cati on syst eREDECED @OMOUT ATIONI DN OINTIDEEEaTieNs (CDVA) and
time division duplex using code division nultiple access (TDD/ CDMVA),

mul ti pl e conmuni cati ons are sent over the sane frequency spectrum These

comuni cations are typically di ffg:%%g}&i t their chip code sequences.
To nore efficiently use the frequ 9%& TDD/ CDVA communi cati on

systens 15 use p I f LMl i pk i ol ni cation.
A communi cati orF1[Ir h?eﬁﬁ'telhﬂgg Lé%%gﬁls)gg%%%g\%o I F’Elﬁgg\/sér%or@lnglﬁcr%ﬁ%fli sf}f)sggﬂg 'sodi at ed
chi p codegpapivhldr, R iRl @itPorAS Rt B8 foinPdétbctRAPEUNQRIpl s ce RNigaktifless
bandw dth. Since nultiple comuni Cations may be sént in the sane frequency
spéct r um aothmunichtorssysterni me, a receiver in such a system nust distinguish
bet ween the 20 _nul tigl,e comruni cations. One approach to detecting such
signals is sindiigigskrs dat Blustrafion |0f & witalessyeammyatestionosystem Kk e Ther
detects only the communicati.gn froma.desiyed.transmtter usi code
Rssoci at el AESTRG TR0 Rs e Rif 1, 6 iRt Roimt Ry tn oer
transmtt : ' n I [ | ORS]ad £ | i : be

bl e to derasnel(GEFIEREL PERATR) stfin EpPhad dn boERRLd BRtiAbRal

i mprove pekdowierce comeiaitategwith UEpI18, aoDaLiniigadperasorsl ad aneously is
referred to as joint detection. Some joint detectors use Chol esky

deldbrposi ti on b Jome gommuncation systems, syclaras erdeodivisivsEnultiple acoes 0 E C

2002 dete {; nd zerp-forcing block equalizers (ZF- BLES%@QT ese detectors
have a hi ShDRBADI @RAt Jie qiVifiAg GRPIHsiEg cgede, cffivisioh Mleplekacsts ot
., "A NN i: Q- - i af - ' '
Aopr oxt e LODNGTAD Bl oo Aich 8 4 RO RATRA L MR R Shoiibalit, ™
The channdghes@d@nniiicdtidns ahaRpelally et thRIMWBER AlFcomARLBEN@S. To

channel response matrix, A The recCeived data i's nodel'ed using a zero
f orci ng sahareiedficiehtly sie¢ thenfjequencpepedtruraIDDICEN Aocommuai cayisheysteaspons e

matri x AHA is required. The. . . o L
15 use repeating frames divided into time slots for communication. A communication

sent in such a system will have one or multiple associated chip codes and time slots
assigned to it based on the communication's bandwidth.
Since multiple communications may be sent in the same frequency spectrum
and at the same time, a receiver in such a system must distinguish between the
20 multiple communications. One approach to detecting such signals is single user
detection. In single user detection, a receiver detects only the communication from
a desired transmitter using a code associated with the desired transmitter, and treats
signals of other transmitters as interference.
In some situations, it is desirable to be able to detect muitiple communications
25 simultaneously in order to improve performance. Detecting multiple
communications simultaneously is referred to as joint detection. Some joint detectors

use Cholesky decomposition to perform a minimum mean square error (MMSE)
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solution is achieved using an approxi mate Chol esky factor. Accordingly, it
.1s desirable to have alternate approaches to joint detection. 100§Wﬁﬁ\l’ A
plurality of transmitted data signals are received at a receiver.

recei ver neasures a channel response associated with the transmtted data

si gnal s. r nRse: | ] 1 t [ ded
fo be pi edSy ASHEEREPaR i C0ek ERMIDESs (AATBLIN]  TRICTRPAISS e FREALS
based on idynRstekity P@l@ﬁﬁg@g@@s% sy&vemesesieesnse. BRI EF DESCRI PTI ON OF THE
DRAWNGS) Figure 1 is a wreless conmunication system Figure 2 is a
sinplified trardSaiimi eralgifd MHovelamidtfificient Sghjtmnrtd Bletlebtscavoikt-detectich i s an
illustration of a comuni cation burst. 20 Figure 4 is an illustration of

2
reduced coipig APpsexiprite Chodeskyt Fastorization’ dpchescridata drfeciomappRREEERRED
E | MVE Figure 2.illustrates a,si ified transmtter 26 and receiver
28 Dot ng. | B FhARE epith A, 1 CER oL e Ao are Syadeled 5 & hangef co
system a 1 6 S, | 4 i ansyj tting
circuits Zlégﬁsacgﬁ i négtﬁ?(m%f i%]‘feeﬂegg%ggg#ﬁis%ﬁ(}%ﬁ%béﬁg%{kﬁr@ﬁﬁh@a%éﬁ@ at mon | 21
to 125. A dohdfig Slicinodsl; hAd inwdrbioh)ifiaGykleyn feapibhseematri AHALIseoGuitdd@MBHE tti ng
circuit 26 for each actively comunicating UE 14, to 143. The joint
det ect i on sobgeinvisrach@vedysing aut approaieats tCGhdleskyifadtorUEs 141 to 143 -2 0 5
D E C 2002 or bpth. The join{ detection receiver 28 receives conmuyni cations
fromnultiple tAESHINE Soribisiss fabierta g IPHgie pRIGRetes Jg JoRh SRtecHaMs i t t er
26 sends data over a wireless communi cati on channel 30. A data generator 32
inthe transmtter 26 generates data to be communi cated over a 5 reference
chppnel to a receiver 28. Referencegd®igARyassigned to one or nultiple
codes and/or tinme slots based on the conmunicati ons bandw dth requirenents.
A spreadi ng andA pheahiynsf teengmmatiecddata simial sare devei ezl 434 reguiead THehecgieérer ence
channel data and makes the spread reference data tinme-nultiplexed with a
traini ng JBeasurrsa ¢hannphrespenssmspegiated yuithythedransmitted datg signals ol s¥sterme
resul ting sequence i,s referred. 10 to as a conmuni cati?ﬂ3

burst. The .
conmuni catFeRPSEr St SPETRREG o DB 1SS IBRCA G 13 650andedalt, B BIRFENSE an
an ant annd TG RRAf i oo d ARl eralt HOT el S aEon AU ERTPARe™ 1O

treism tt egseanragposd. i on can be any of those known to those skilled in the

art, such as direct phase shift keying (DPSK) or quadrature phase shift
keying 15 (QPSK). A typical conmunication burst 16 has a m danble 20, a

guard period 18 and t i igure 3. The

m danbl e 20 separ at es@ﬁﬁ%&ﬁ%ﬁﬁgﬁ@téﬁgﬁ?ﬁgmﬁﬁ@guard period 18
separates the i I r : the difference in arrival
ti mes of burst?%ﬁs%ﬁ%l%ﬁlgﬁqﬁ%ﬁgﬁéﬁ%g%i ansmtters. The two data
bursts 22, 24 qﬁgﬁ@i DisthngNTedtr&inhi6Br B 8 redei@M iR fbiRY detéotiircal Iy the
sane synbol |ength. The antenna 40 of the receiver 28 receives various

radi o frequencyigigrialssan illstratorbf e dorinymaikcatian budéenodul at ed by a
denodul ator 42 to produce_a baseband signal. The, baseband signal is
prdtessed, sucHiguregyisancisiation of refiiced soapytationgeintaletsrdion. j oi nt
detection device 46, in the tinme slots and with the appropriate codes
assigned to the comuni cation bursts of the corresponding transmtters 26.

The channel %ET&HLE%‘DES@RH”H@NWTHEPRWERI@ED@MB@B@MENP@)G”F in
t he baseband signal to provide channel information, such as channél inpul se

responses. The Riparen2lillustfatesratsimplifisd dsmedmittert 26 apdirateidet 28 tusing pent ce 46
to estimate the 30 transmtted data of the received comuni cation bursts as
sof t symbdletectiog ina TDD/CDMA communication system. In atypical system, a transmitter
26 is in each UE 14, to 14, and multiple transmitting circuits 26 sending multiple
25 communications are in each base station 12, to 12. A base station 12, will typically
require at least one transmitting circuit 26 for each actively communicating UE 14,

to 14,. The joint detection receiver 28 may be at a base station 12,, UEs 14, to 14,
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0 50 EC Z002 The joint detection device 46 uses the channel information
provided by the channel estimation device 44 and the known spreddibid Bbldes
used by the transmitters 26 to estimate the data of the various received

comuni cation bursts. Although joint detection is described in conjunction

wthaT i j - oach i ' le to
ot her co%n cat f@%@fg%#g?f?%ﬁ%%éeﬁ@r%c%&eg@@ﬁgégﬁﬁp Bé %@?ﬁ?ﬁ@g@gecti on
in a partigddsdittbis™ & PAnsniitdn ol EediiMAe. communi cati on systemis illustrated
in Figure 4. A nunber of commn% cation bursts are superinposed on each
other in the pddchatdmmitter®s sdndk datiupler asvitelegomuitnaaication bhamiet 30.The K
bursts may be fromK different transmtters. |If certain transmtters are 10
usi ng nul tdats gererdtes 32nint the tpamsmiitien 26 gehenatesl data ta he cknbungicstadagvaser f r om
|l ess than K.transmitters. Each d?gngg%st 22, 24 of ,the. conmuni cati.on bur st
16 has a PPEIENSERMREhie? TeReIYSE NS Ha11s asyigred 1 ORes or EXHHPIS ol
is transm i .ng: r 1 . 0f: i f i ngq code,
whi ch 15 hOeE s eE g PRB SIS D R CeHRe cRlafTb AR Aol BiodRnRat:. oA
system eagheAinseand &lalffg Jéqude 18Rrias dRvicRSHOGrad®dhe GeABhdeChanaer
mxed wwth its communi cated data. The scranbling code distinguishes the
base st at idatsarid makentheapotadae ferdyq dah tiyne-mindtigex edizithrgtrainde stogasngeot
affect the spreading factor. Al thau the terns spreadi ng code and factor

! \ h
are used H@ﬁ%ﬁmﬁpprlﬂ@r%é@?@W%@P%@@&O&lﬁbl The ressdfeng sqqyenepisdgéirmy code
foy,the 2Q follow ng.is.the comyi ned scranpli nd_spr.eadj,ng codes. Each
dol bur oo 958 ogimithic fion Sk CHhaiombibRAEph Bl RepB AR s g itor
estimates a isshel RYAS 1+ | bl jtted.
Equat i on IS fégke&d%egﬁﬂﬁecpgrgnﬂnagﬁ%rﬂlg%ﬁ%é% transm%%&gts({/%o g _&%@E%E:A d+n
Equati on Yadlio diguael 3Mtclan bhirknkadoniitee sceber C8MITHeype hif peodulatids used
product of the systemresponse, A, and the unknown transmtted synbols, d.
The term forthedpanssuitied comaenyrdtateon ¢antbeeanyi ofghesssknowin to theaaskilledimthe 0 5 0
E C Z002 For K data bursts, the,nunber ta burst synmhols to. he .
Fecover ed 4P SR sTee) Diss JUr &yt 60BSIO: e ALEHBIE 168 S JEYiEbol s
alr\§ arrang@)%{}to a colum matrix, d. The d matrix has colum bl ocks, d, to
dNs, of u owy'data symbol s. Each data synbol block, d;, has the ith
unknown transm A ks calalomduiRatior bufst 38%Has afmidagtfe d0! AghMidietiod A #hd
result, each column block, d* has K unknown transmtted synbols stacked on
top of eadooddtabursihe2p2acissshamen al Biguse acKdet midanlslel 20nseparatesntheafveeach

other, such that d,_ is on_top of dz and so on. The joint detect 'ijon devi ce
46 recei vealatabyets 82124 aadéhe euand pesiadelBseragateshe cpBRRRNASHIQMH DRSSty

conposite of all K co ni cation bursts. For.,anal ysis [ RO , th
conbos t 6 Dh a0, T8 RLEE' In Bt Clifiosn Sh R BAReRHERESR gifferkill
vajgle of eaGRNRAROTHeqwotata biisd, 24 cMiitain e CIMhBEinicAtibs bubd's UL £10
response matri x. The systemresponse matrix, A, is fornmed by convol ving the
i mpul se r esponsedlwitelsaascdymiosirtengthat i on burst chip code. The convol ved
result is rearranged to formthe systemresponse matrix, A (step 48). 15
The j oi nt det eckheo#nterng 4@ of the rassives 2 8ingeciypampouy rasio Sieqperpiosigaalsh” f or

A R T R R e
convo Veﬁg&é}ﬁl? TRERE eHaHH‘éi%ﬁ%l gsg@gegg%s&, ich s yg%O%ﬁBHHQ SRMEAINNEVRRARS ©

the K co I'cation bursts rmne the s responses, sl to sK, of
t hes K conmgadi £ pdinodetoetivh devite 46, in the time slots and with the appropriate codes

assigned to the communication bursts of the corresponding transmitters 26. The
channel estimation device 44 uses the training sequence component in the baseband
signal to provide channel information, such as channel impulse responses. The
channel information is used by the joint detection device 46 to estimate the

30 transmitted data of the received communication bursts as soft symbols.
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20 common support: sub-block, S, which is comon to all of the synbol
.responses is of |engthKx(SF+W 1). The A matrix is arranged to hayg DNec 2002
bl ocks, B 1 to BNS. Each bl ock has all of the synbol responses, s; to @
arranged to be multiplied with the correspondi ng unknown data block in the

d matri x, dI tg. dNs., For exanple, dl is nultiplied with Bl . The synbol
responses, @eis}ntf‘%Ferﬁt‘é’n A 2@ Hsesaibg ‘%‘FEE‘?‘J IHQQWWO@YOWQS‘?ﬁl h}h@er est

f the bl W nbol
SR G R N T
response ngwo balxﬁﬁertﬁéﬂaath%\ﬁﬁ{e Veltiduld Peddh Rédc stluR R aflBn bgstd Aﬁﬁ&héh o‘ﬁﬁCh

bl ock has a wwdth of K and a height of Ns x SF. Equation 2 illustrates an A

bl ock mat detectibnys dvgcxtllbmi inlcoajurpéioh mithaiIEDD/EDMA donembinicationzysiem, e Sz
o| 5 S|K |0 ga&egpg%;cﬁgg gglgl?%blet Uggt%g? goﬁ(r)nu;igatizm;y;te?ns? sgg}? gs ICDIMIAI 00
One approach to joint detection in a particular time slot in a TDD/CDMA
communication system is illustrated in Figure 4. A number of communication bursts
are superimposed on each other in the particular time slot, such as K communication
bursts. The K bursts may be from K different transmitters. If certain transmitters are
10 using multiple codes in the particular time slot, the K bursts may be from less than
K transmitters.
Each data burst 22, 24 of the communication burst 16 has a predefined number
of transmitted symbols, such as Ng. Each symbol is transmitted using a
predetermined number of chips of the spreading code, which is the spreading factor
15 (SF). In a typical TDD communication system, each base station 12, to 12, has an
associated scrambling code mixed with its communicated data. The scrambling code
distinguishes the base stations from one another. Typically, the scrambling code does
not affect the spreading factor. Although the terms spreading code and factor are
used hereafter, for systems using scrambling codes, the spreading code for the
20 following is the combined scrambling and spreading codes. Each data burst 22, 24
has N x SF chips.
The joint detection device 46 estimates the value that each data burst symbol

was originally transmitted. Equation 1 is used to determine the unknown transmitted

symbols.

25 r=Ad+n
Equation 1
In Equation 1, the known received combined chips, r, is a product of the
system response, A, and the unknown transmitted symbols, d.  The term, n,

represents the noise in the wireless radio channel.
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| ~=~B>Bz ... B~,S Equation 2 5 The n matrix has a noi se val ue
~corresponding to each received conbined chip, totaling Ns x SF chi 5 &ﬁﬁ]
anal ysis purposes, the n matrix is inplicit in the received COfTbiIQ 0 b?
matrix, r. Using the block notation, Equation 1 can be rewitten as
Equation 3. dl d2 S = ~B> Bz .. ~X d3 + ~ B~ C-,. 4+ YL ~
d Ns Equation §:d OI(S&\I %‘aﬁanﬁtsng\eﬁ}“%‘?rsqf&??%?uﬁsﬁéy mbﬂgttpilgg,refﬂ%ergg%gs%r
each unknaun ARy @ BbulSode! deTifGbwl dafd ¥ilf sURBRILR! wgn%édomedﬁ a

brute force approac ving Equation 1 requires extensive Pprocessing.
To reduce cohmpmegexsidngThe Rentiysk ¢k rcedran Wodkal i to &, oBulileavi idateoned.
Each block, B" is_divided into Ns blocks haying a width of K and a hei ght
of SF. -6 symboks. E&lciaeegnibedblocked;, bas thesi augcmME?ralwan@dakltaA&ymbolAL and
0. L is the length of the comon support S, as_divided by the height of the
new bl ockdn cagh Of the K data teysts: i Ahagesylt, egehgoluny td-drsK BIEEIRY AL t o

AL are determ ned rts, S,0.t a tthe .common5 su rt, SAO
Dokt o YHdiEcy QmbO SAREA hdop Sor chih Bfrer Ihe PECI AT 3%, AR ha

syst emhavicafrin Whabp 6 esth 8fhed GudRdhatt, lis 8h (8 b dSHaeo bR, Equati on

5. A, 000000 flfin V30 of caeh Bhel SuRRILA, s Oh 10 bP S A o Kl e A 000 — -
~0000As A4A3Az ATOM2 joint def0fiOn device A6 rédeei v avaldd fdd each chipGis@eei 0ON ASADASAZ Al
. 0000000AsAaA3Az . 00000000AsAaA3 . A100000000AsAa . AzA,_00000000A5

. A3AzA, 000080l chip Asasammeste pbAll K gempamiessiondairsismblos analysisourpesesat r i x,

' i th l.izati . h i d. .A f the.blocks B, f '
belthg L ofFURPGHI hins AL, THRFORI0 § GORGTR AT B nEnePBbEnE BEs £ VBMScks
and Orth0%?%3&%&%?6%'[@&1%%‘(&“%%%I*nngle)ﬁ re than L. Each O in the

ma n a "o

repartitione rrx rsta zero . As aresult to use a piecew se

orthogonal i zat ik thehgsRmrBdsbbifsd MmatkpaTHe dydtemeRsiéhse MARIxAATES Fortndds
expanded by padding L-1 zero blocks to the right of each block of the A
mat ri x andysionvoiving thedmpudse respanises Withwach gomyniini catiomburstrebep coddes SThe

convolved result is rearranged to form the system response matrix, A (step 48).

-1

15 The joint detection device 46 receives the channel impulse response, h,, for

each i™ one of the K communication bursts from the channel estimation device 44.

Each h, has a chip length of W. The joint detection device convolves the channel

impulse responses with the known spreading codes of the K communication bursts

to determine the symbol responses, s, to s, of the K communication bursts. A

20 common support sub-block, S, which is common to all of the symbol responses is of
length K x (SF + W - 1).

The A matrix is arranged to have Ns blocks, B, to By,. Each block has all of

the symbol responses, s, to sy, arranged to be multiplied with the corresponding

unknown data block in the d matrix, d, to dy. For example, d, is multiplied with B,.

25 The symbol responses, s, to s, form a column in each block matrix, B,, with the rest

of the block being padded with zeros. In the first block, B,, the symbol response row

starts at the first row. In the second block, the symbol response row is SF rows lower

in the block and so on. As a result, each block has a width of K and a height of Ns

x SF. Equation 2 illustrates an A block matrix showing the block partitions.



_7_
Figure 2, fou
Addi tionally,
colum (row 2

Equation 6. Aexp 5 Equation 6 To acconnDdate the expanded A matri X,
tlo dNs is expanded to a

matri x nmust a
new bl ock, de
by repeating t
bl ock row wou
the other. As
" C~exp + h
OO0OO0OA 00O
AS O ~~0 QP
0O0000O0O0OO
Ec zooi _ [Be
Bexpr dexp~ +
rewitten to
l1tol, as in

=~U 2 ...
conplexity, a
Equation 9 il

Equation 9 Due to the orthogonal
of Aexp is | ess conpl ex.
with an initial

D5 D E C 2002 one.

To illustrate for the A1
(L-1 ) zeros are inserted between A2
block A1 (as well as A2) is shifted t
-1 ). As aresult, Equation 5 after ex

r

so be expandsd dexp. nEagh 8
xp1 %o deths ch ex an ed ck dex
[ Be ®r|@|naI|bIock L tlnbs For exanpl e
d be created haqln@ L,versions of d
a result, Equatfon 1 gah be reWW|ttbn
A,OOOOO%H}OOQUAZOOOAJO
D A4 000 A0 ~g|00Asooo'A4
000 0'8 0°0 % 00000000000
00 0! 0'0 0:0 O 0: O'O 000 0 OO@
Xpl Bexp2 Be%ps "td expll d exp 2 Bexp
n~ a=1 dexPNr Equation |7§1d —2Equat§1<on 8
partition eaph BexP, orth@go&al@y Dn
Equati on 8| Y—Aexp dexpn +n: d~: d'
UL ~x d, +n=~~U~ d~ ~B~dr+n To reduce C

00
0 0

|OR Yechnpdsi 0i oh of the Bex® ndtrdx! i's
| ustrates the QR deconposition of Aexp.

partitioning of Aex
The resulting QexP and Rexp

transient 10 extendi ng over L Dbl ocks.

00

block in row 2 of

and A1 in row 2.

o the right by5@me 2002
pansi on woul d becone
the d

p, to d xpNs, is forned

for dexpl, a first

st acked one 10 bel ow

as Equation 7. Y - AexP

0 00000A3000AZ

00000O0OO0OO0OO0O0O

C-[304 0040000

0000 g 050

N ]x dexP3 + n N

5 Equation 7 can be

L partitions, U-~"~, |

L NS co c~> co c~ >

onput at i onal
perfornmed (step 52).
flexp - Qexp Rexp

P, the QR deconposition
matrices are periodic
Accordingly, QexP and

RexP can be determ ned by calculating the initial transient amjuafienperi od

of the peri odi

ic portion. Furthernore, -9

050 E C 2002

The n matrix has a noise value corresponding to each received combined chip,

totaling Ns x SF chips. For analysis purposes, the n matrix is implicit in the received

combined chip matrix, r.

5 Using the block notation, Equation 1 can be rewritten as Equation 3.
]
& N
= d; |+ ’
r=[ B B BN‘]XT3 L =3 B.di+tn
=1
EIA
Equation 3
Using a noisy version of the r matrix, the value for each unknown symbol can
be determined by solving the equation. However, a brute force approach to solving
Equation 1 requires extensive processing.
10 To reduce the processing, the system response matrix, A, is repartitioned.

Each block, B, is divided into Ns blocks having a width of K and a height of SF.



the periodic portion of the matrices is effectively determ ned by
~orthogonalizing A, to AL. One approach to QR deconposition is a

Granm Schmi dt orthogonal i zation. To orthogonalize Aexp as in Equation 6,
BeXpi is othogonalized by independently ort hogonal i zing each of 4% pEC 2[][]2

~ o~ o~

o0 na RS hWBRks i Teferted .25 £, oA lipd 03 LR Re ﬁ,%%&fa%ep?eam% .
(O = are o AORAAEY o5 SenaLF 1B ok o tciaeqsm g9 dlsionls. O

det er mi ne ~ nee s“to be orthogondllbe

Q of BeXp, foer iously. W22 , U32 and W2 only need to be
orthogonalUZQE§§EE%£I§FpeCt to only @B, 4 and (B, respectively. U52 needs
to be ortogonaliz®d to|all 10 previous Q@ and its orthogonalized result is
sinmply a shifted version of QS obtained fromorthogonalizing BeXpl. As the
ort hogonal i zi ng conti nues, beyond the initial transient, there energes a
periodicity which can be sumari zed as follows. The result of {on 4

ort hogonal i zi ng BeXp" i > 6 can be obtained sinply by a perioé%%mgg?ension
of the result of 15 orthogonalizing BeXps. The orthogonalization of BeXps,
is acconplished as follows. Its QS is obtained by orthogonalizing A5, and
then zero paddiBlgckd s t&4A, sreoddtemnmedd by thetshpponald, zb g, she tieuggamionof QS
and A4, [sup(QS) A4], and then zero paddi ng. Si nce sup(CB) is already an
or thogonalsupeert, Hniy blackisaddoelohwangeHggtsalA repdrtitianedmaapedor 8 sysem( O5)

20 and it d by art.hogonal.i p(QS) sup() A3]
and then VH‘%S@P%F/ 9%}% ainga(gg[fggﬁéas ?/WBF?%&gﬂé‘Pl zing [sup(Qs)
sup(@) sup(@) Az] and then zero padding. Its Q1 is obtained by

ort hogonal i zing [sup(@S) sup(X) sup(X@) sup(Qz) A, | and then zero

paddi ng. Apart} Arofhtte iGitDal Grahsi-ent 0 tHe ett i pd AeXp can be
efficiently orthoggnaly z y joustnorthogong i zhngpAp per Equation 10. Ap
= ~As Aa As Az“P, ‘2‘1 0 eéj g Ou Z%os quat?jon QO gy effectively

ort hogonal i zi ngtst hé pdr i dbll c0p010t| dh of- ABXp by @sifAg only AP,

conput at i onal lel |egcy 4*5 gchigevegl. .Usigg g rm@e gampact notation, QS
,for sup (Q )7, ogonallzatlon of Ap results in the orthonornal
matrix, Q, ofl 4 Eﬁwat‘ls on4211A1 ~® ~8& -4 -8 ~P ~1Q Efuation 11 The periodic
part of QeXp i|sgpe E%yatfjdon 124 Peq;mchc@artmf@xpo 0000000000 Q
0000O0Me|0 0 }éz (51~ b o 000 XBO 00000040003

0000005|dPo 4A®A40A0620/00080(b000 00~00000000
000000 .°

0 0 O 4 A¢ A 4 - 0 0 0 O
0 0 0 O A4 Ay 4 = A4 0 0 O
0 0 0 0 O As As . A 4 0 O
0 0 0 0 0 0 45 . A3 A, 4 O
0 0 0 0 0 0 0 . A A3 A A

Equation 5

To reduce the complexity of the matrix, a piecewise orthogonalization

approach is used. Any of the blocks B, for i being L or greater is non-orthogonal to

10 any of the preceding L blocks and orthogonal to any blocks preceding by more than

L. Each 0 in the repartitioned A matrix is an all zero block. As a result to use a
piecewise orthogonalization, the A matrix is expanded (step 50).

The A matrix is expanded by padding L-1 zero blocks to the right of each

block of the A matrix and shifting each row in the A matrix by its row number less

-



Equation 12 To

bl ock of size K X 10 K representing the proj
onto all the colums of Q@

represents the
col ums of

constructing the upper triangular

For exanpl e,

proj ections of the first colum of A4

ol o of o & iladtrard For'the AL Rlork it v Y ifurkdntbls

-11 0 5@

bel ongs to e

én A2 9d Pfa'ro

space Spanne %aﬁg

e OI’ 'oNnor ma

matri x ReXp,
ections of each coI umm of A;
the first columm of

ﬁ%a 1 eéi@&?ﬁll (Q?w%ﬂ ag A

vectors o

~ A ~is a

~ A5 §EC 2002

on each of the
ons of. the flrst

ﬁréegowﬁensqmdi be

@f@ét € first

k vect ors ripht @ end RbRinkh @fdw i25-19! spzs Qr lte@QEOEa{laﬁ(ﬁl s%&&%@ahsm%@m in 4

, leading to an upper triangular ~

upper tri degomarEquationr® hogonal i ze ot her bl ocks
The first block of BeXps,
1~ ~ ~5

{Q 1}, ]

second bl ock, L
, With coeffici
is formed by a
coefficients gi
formed by a lin
given by A2 ~~
Accordingly,
are sinply peri
conput ed duri ng
conput at i onfg,, &f
transient, the
shown in Equati
~A,~4 0 0 0 0 (

Vi Z.

J25 , Is formed by a |linear conbination
‘enit sOgi Pen by 6AZ0O~ 0 & 26 ~0-50 Th
|4 ne 0 nagi on ofy 1, { Yo 3~
vden’%y ® mU aé fq 0 00 % 0Theo_fou
ehr Qonﬁj naﬁl o@u of fAQ~(} 0j 944

= g fpfthy bl ck 5 is
t(h COE]QfI é4l ents |bn phe éxpgnlle%on %t s
dli cOexPendl ong of tie dbowd. 8inde th
g (L5 g heqortghoggnabi zati qp of AgXp,o no..
e needed to construct Reap. Di sre ar di

Bne?nd8 & Rexplis Operd odfc, Oand t wo
@ 1. 0120 005 B EC 29020 RexP | (OO0
0O 0 0 O 0 o0 o 0 O

)

o o O
o O O O

0 0 0 0
0 0 0 O
0 0 0 O

o O O
o o O
o o O

0 0
0 0
0 0

~~ wth
the fol |l ow ng 5 results
U S~ is forned by a linear conbination of
with coefficients given by ~ A~ ~~ | j

wi | be

1~ ~ ~5 . The

of {Q-}, j =2~ ~-5
third bl ock, U35 ,

~~5, wth

th block, Uds>
ith coefficients

ormed by @S x ~ AS ~5

bsequent BeXp~, i > 6
Reap entries are

ddi ti onal

g the initial

periods of it are

0000 O ...0CA' I's 000

is

Equation 6

To accommodate the expanded A matrix, the d matrix must also be expanded,

d

=expNs®

d

=exp*
block, d

s Zexpl
for (—iexpl ’

Each block, d, to dy, is expanded to a new block, d,,,; to Each expanded

tod

d.,ons 18 formed by repeating the original block L times. For example

a first block row would be created having L versions of d1, stacked one
10 below the other.

As a result, Equation 1 can be rewritten as Equation 7.

r= Aexp'dexp+2



0 00(Az~ sO00CA, > s0000000000000 (,qg,~30 00 00 OO0 OO0 00 00 OO0 0O0O(Az~
~4000( A, > 400000CA3~ s000(, gz~ s000 CA, >z0 00 00 OO0 OO0 00 OO0 00 00 0O~AZ~
3000( A, > 300000CA3> 4000(Az> 400 0 0 0 CAMd~ 500 05 DEC 2002

dop1 |

dexp2

=[chpl Bexp2 Bexp3 chp.’\/;]>< dCXP3 +tn=

Bexpt dexpz + n,

Pz

1l
—_

dexpN:

Equation 7

Equation 7 can be rewritten to partition each B, orthogonally in L partitions, U,

j=1to L, as in Equation 8.

r= Aexp : _dﬂ +n d_z
N, d, N, 1 N,
=Z[U§') Uy - U‘L’)]X d, +Z’-=ZZU(J‘)Q= Bid,+n
=1 . 1=1 y=1 =1
4.
Equation 8
5 To reduce computational complexity, a QR decomposition of the A,,, matrix

is performed (step 52). Equation 9 illustrates the QR decomposition of A,

Aexp = Qe Rexp
Equation 9
Due to the orthogonal partitioning of A,,,, the QR decomposition of A, is less
complex. The resulting Q,,, and R, matrices are periodic with an initial transient
10 extending over L blocks. Accordingly, Q,,, and R, can be determined by

calculating the initial transient and one period of the periodic portion. Furthermore,

-9-



0/ ( A3, SO ...000000000~Az~ z000(A, > z00000~A, ~ 3000~, gz~ 300000~A, ~
~4000( A3~ 400000CAs~ s000~A4~ s0O0000CA, >000000000( Az> z000000000( A3~
3000000000~Aa~ 40 00 00 00 00 00 00 00 00 ~As~ s O O CA 1 BQUHEC 2081
13 -13

the periodic portion of the matrices is effectively determined by orthogonalizing A,
to A;. One approach to QR decomposition is a Gramm-Schmidt orthogonalization.

To orthogonalize A,,, as in Equation 6, B, is othogonalized by

independently orthogonalizing each of its orthogonal partitions, {U\"}, j=1+-L.
5 Each{4,}, j = 1--- Lis independently orthogonalized, and the set is zero-padded

appropriately. {Q } are the orthonormal sets obtained by orthogonalizing {Uj(’)} :

To determine B, ,, its U® needs to be orthogonalized with respect to only Q, of

exp2’

B,,, formed previously. UP, UP andUP® only need to be orthogonalized with

respect to only Q,, Q, and Qg, respectively. U{? needs to be ortogonalized to all

10 previous Qs and its orthogonalized result is simply a shifted version of Q, obtained
from orthogonalizing B, ;.

As the orthogonalizing continues, beyond the initial transient, there emerges

a periodicity which can be summarized as follows. The result of orthogonalizing

B i > 6 can be obtained simply by a periodic extension of the result of

expi®

15 orthogonalizing B,, ;.

The orthogonalization of B, is accomplished as follows. Its Qs is obtained

exps?
by orthogonalizing A, and then zero padding. Its Q, is obtained by orthogonalizing
the support of Q, and A,, [sup(Q;) A,], and then zero padding. Since sup(Q;) is
already an orthogonal set, only A, needs to be othogonalized with respect to sup(Q;)
20 and itself. Its Q, is obtained by orthogonalizing [sup(Qs) sup(Q,) A,] and then zero
padding. Its Q, is obtained by orthogonalizing [sup(Q;) sup(Q,) sup(Q;) A,] and then
zeropadding. Its Q, is obtained by orthogonalizing [sup(Q;) sup(Q,) sup(Q;) sup(Q,)

A;] and then zero padding. Apart from the initial transient, the entire A,,, can be

efficiently orthogonalized, by just orthogonalizing A, per Equation 10.

14p = [/45 As Az A 141]

_10-



0 5 DE C 2002 The | east squares approach to solving Qexp and Rexp i s shown
in Equation 14. Gexp ~ Rexp ~ O~ exp - r Equation 14 By pre-mnlt' | vi.ng
both sides of Equation 14 by the transpose of QeXp , Q Xp , and éld‘@ @ZXp
" Qxp - | Lxn-S, Equation 14 becomes Equation 15. _ nT Rexp ~ C~exp -
SGexp Y 5 Equation 15 Equation 15 represents a triangular system whose
solution also solves the LS problem of Equation 14. Due to the expansion,
the nunmber of unknowns is increased by a factor of L. Since thg . ugknewns
are repeated by a factor of L, to reduce the conplexity, the repeat ed
unknowns cbRctiotlyesttReodralictld ARS PetibaicSysiRM oReXP by fsthbapsigdAusi ng L
coef fici e?]%nbl ocks, 5’CFAIE}‘?% CFL, geach(?)havi ngysa wi dt h aeﬁ’i:l[bg hei ght gf K. For
a system Q%Hiﬂyﬁgat?dhall- e‘fﬁci@ngﬁﬁs acRieGES. C@Qin%ea 4R é‘alﬂﬁgctaﬁoﬂaﬂoﬁqg‘,f&“ 16.

( + (A4>4 + CA5S>5 CF2 = ~A~~2 + ~Az~3 (A3)4 +

CHl - (Al >~ A2>2 + CA3>
~Aa~s CF3 - Al >3 + 4 + (A3>5 CF4. - ~Al~4. +,~Az~s CFs = ~A~~s uati on
162G | mosPR DR s LR AE IR 0GR (Ol e AEABT ik Be e el A e o o

factor, G (step 1 S 54). By perform ng anal ogous operations on the right
hard si de Fspatiguddi on 15 results in a banded upper triangul ar system of

hei ght and width of K x Ns as in Equation 17. -14 05 DE C 2002

Tr, TrzTrsTr @F_@@O(ggﬁ O°Tr Q@F aCFs00000CF, CFzCF3CFaCFs00000CF, CFzCF3CFaCF
s00000CF, CFZC¢F3CFa éo% .72 Z'2320 ...-Xa3=r00 0 d h's Equation 17 5 Try
to Tra are the transient terns and y' . By solving the upper triangle via
back substitution, Equation 17 can be solved to determne d (BfrpoRf)]. As a
result, the transmtted data synbols of the K data bursts is determ ned.

Usi ng t he Thiegreiddsepart ofi @qqrisaper Eguattormhd QR deconposition, the conplexity
of solving the | east square probl em when conpared with a banded Chol esky
deconposition is reduced b}l) a 6acbor 6)f (6 5.0-1% 8 50D E6: 206 CLAI M5

0 0 0 0 0 0O 0 0 0
00 0 0 0 Q0 0 0 0 0
0 0 Q5 0 0 0 O 0 0 0
0O 0 0 o 0 0 o0 O 0 o
PeriodicPartofQ,,, = o o o %4 0 0 o Q03 o o
5 4
0o 0 0 0 0 0 0 0 0 O
0 0 0 0 0 0 0 O

(0 0 0 0 0 0 0 0 0 O

Equation 12

To constructing the upper triangular matrix R, ,, <A, >, is a block of size K x

10 K representing the projections of each column of A, onto all the columns of Q] . For
example, the first column of <A4> , represents the projections of the first column of
A, on each of the K columns of Q5. Similarly, (4,), represents the projections of

the first column of A, on each of the K columns of QF . However, this block will be

-11-



What is claimed is: 1. A nmethod for use at a receiver of retrieving data
froma plug ality of data signals transmtted in a conmunication t

the nethod conprising: receiving the plurality of transmtted da@gﬁ gﬁﬂh S
at the receiv er and neasuri ng a channel response associated with the

Lhe channaPPPLLRBRLET, baganSE I ALES ”%ntﬂé%‘aﬁ;teﬁn.gﬁ R pasR s e

system response to be piec oyt hogonal (50); o et dat from
the recei wdogarmalks i"@‘ﬁﬁYssogaQ 15{1 lﬁ%tr)f \teﬁerexcﬁﬁ %z @yg\ﬁlﬁ?
(52, 54, 56). 2. The method of clai m 1 wherein each of the transmtted data

signals h m ned
by convol \?)?tr}}gg?lﬂag&%?b%q%g ﬁ%bt%ﬁ cgfg ﬁ%aﬁﬁﬁ%&ﬁ%ﬁ%??ﬁ%onseﬁﬁgl The
met hod of claim 1 wherein the system response is a systemresponse matri X,
further congi i si ngillibeigiped tiitegaxst T8 dresponalzEBtHdrbl1bEks) the BslkSwvidlg
colums prior to the expanding. 4. The nethod of claim3 wherein the
exrﬁandl ngresilisy padding zeros in the colum blocks to such that each bl ock
is orthogonal. 5. The nethod of claim3 wherein SF is a spreading factor
associ ated wi t Ahehfirstidflaclsiofridl g, =izl Wfsmfmtnq@ bergliheassambataddnvett h t he
channel response and the bl ocks cont ain L colums, where Lis L - SF + W-1

SF 6. The had urt het c in 0Si ¥panded

systemr es@r}sé "(§2'§.’ ] Oef%m%nté QR {)45)7,? TS:2 fre?ﬁgge H%I%QH%@ wher ei n
the QR deconposing is by Gramn Schm tt orthogonalization. 8 The nethod of

claim3 fuyrther i ng | aci n nts_.of_a ¢ bl ock with

sub- bl ockds %?W’Eﬁdcgﬁ 3é fiagon gf !'érgedet %odsao‘f"ltglcél IGieNIeFIEFH BYn t he

sub- bl ocks have a sane width as the col utm bl ocks and have a hei ght

assoot ateqf pi 1y 2,009t 0%, B AN 1/@N0NRERBHSHRB Lorflirhlisn syool

response. Phe “net hod' of er -conpri’sin econposi ng the
system response matrix and ort hogonal izing a perl odic portion of a Q matrix

zlﬁlgy orth nal Ié ;IQIV\Q r,goseig_ ggg)slgl%yl Azy had "lot];eﬁ)lu%ihrgl%cﬁ(,f(yﬁ,her

rising

is formed by a linear combination of {Qf}, j =4,5, with coefficients given by

5

(4),, 7 =4.5. The fifth block, U, is formed by 05 x (4, .

Accordingly, the coefficients in the expansion of subsequent B, , i > 6 are

expi’

simply periodic extensions of the above. Since the R, entries are computed during

15 the orthogonalization of A, ,, no additional computations are needed to construct R,

€xp?

Disregarding the initial transient, the remainder of R, is periodic, and two periods

of it are shown in Equation 13.

-12-
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associ ated wt

deconposing results in a Qmatrix and an R matri X,

transi ent and

R matrix based on in part the orthogonalized sub-bl ocks
h the Qmtrix. 12. The nethod of claim6 wherein b
each havi ng an

a periodic portion. 13. The nethod of claim 12 further

I

conprising collapsing the R matrix by replacing elenments in the R matrix

Wi th coefficie
with coefficie
detection devi
signals, the j
050 E C 2002
channel respor
for expandi ng
(46) for retri
t he expanded 9
transmtted dg
conpri sing: ar
channel esti ng
recei ved data
j oint detecti
channel respor
response based
response to be
data signal s &
recei ver of cl
mul tiple acces
each of the tr
transmtted in
determ ned by
response. R®=
devi ce neasur g
associated wt

int ®l ocks. 14 Thed net hbd of0 cl ailm 13 Gwhered n the R mat
nt :bl ocks is :a Chol esky-1like: factor (54). 15. A joint
ce(§46)for use in a receiver receiving a plurality of d

iRt detection device (46) conprising: neans (46) for

dt)erm ning a systemresponse based on in part a neasu
sex)fhe joint detection device characterized by: 5 nean
thq)systen1response to be piecew se orthogonal; and nea
eving data fromthe received data signals based onin p
ystlem response. 16. A receiver for receiving a pluralit
ita, S gnal s i a cgmunigati g1 system ¢ he rgceiver

nténna,(40) for receiving the transmtted data signal
iti dh dedijce flor délernﬂhinzAQ chahnel ¢ espdhse for each
si gnal (A3); ¢ he jpint glete

qf T on evi gg chagacterized S
on device (46) havjng i nput configured to receive th
sed and%{he #%cei%%d dg?a sﬁbnalépforqgeter ining a sys
Ajin gart thhe cHannelO si grhl s, ®&xparfdi ng @ he system
pi ecewi se orthogonal, and/raetrieving data fromthe rec
as€d omis)m paort thd; 10 @xpz{ﬁg)ed s%/sterﬂ resp(I)nse. 17. Th
ai g 16 foor Q§3 in@ ting disziégépupuﬁx usj ng code div
s communj catli dm system 18. The ‘r€eeiver of claim 17 wh
anhitt &dd dath sidhals(%as dh asdbci at® codk and is
gA hared frequenay spertrum and @ he dystend response i s
convol yvi ng the associ at ed ghi\p codes with the channel
Phed rezés&er‘bf cl%im 1% whdrkin & he channd! estimation
s the ctbann

zh>resgpnse(ysinq)a (g%@ivqp trqgning sequen
h the } 4 2 4
0o 0 0 <A4> o 0 0 < A3> 0
5 5
<A, 0 0 0 0 0 0 0 0
1
0 <A2>2 0 0 0 <Al>2 0 0 0
0 0 <A3> 0 0 0 <A2> 0 0
3 3
0 0 0 <A4> 0 0 0 <A3> 0
4 4
o 0 0 0 <As> o 0 0 <A4>5
5
0 0 0 0 0 <A1> 0 0 0
1
0 0 0 0 0 0 <A2> 0 0
2
0 0 0 0 0 0 0 <,43> 0
3
0 0 0 0 0 0 0 0 <A4>
4
0o 0 0 0 o 0 0 0 0 <As>5
0 0 0 0 0 0 0 0 0 0 <A,>
1

Equation 13
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data signals. -18 w0 5 D E C 2002 20. The receiver of claim 16 wherein
the systemresponse is a systemresponse matrix, further conprising

di viding the systemresponse matrix into blocks of colums priof jtiCt308
expandi ng. 21 The receiver of claim 20 wherein the expanding is by paddl ng

zeros int ol umm bl ocks ch t um ock i.s orthogonal .
The receiv %:P SIONAHS ARP etPr?ogﬁ @@ﬁ%@dﬁsrf‘ opRdn q%?é’é’&c]l%at ed WI t h
the data signals and W| s a chip Iength associated with the channel
response a(ry tge bl o contain L colums, where L is L - SF+ W-1 SF -19
. ASf . A@e Au3e. AN9?. AL, . A?. Ae. Ale. A

5fy AR A9y. AQe. Al R. Ale Al YR*5{ 6 hByc—* s w{
A} xsni d_Z] ca] ca] ca] ca] ca] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] caiqedtion] BR] ca] c
a] ca] ca] ca] ca] ca]ca] ca]ca]ca]cTa]cal O 5 Tw&\ #t t N@

"} xsni d_Z]|Bppeahndlipyinaboth] sidécal Eq]mxa]rca] ba]thalheakpedeced @]p(;a@e{iqa] &al ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! "vguUO
Lrrrnd "$% (*b+i +x+} xsni d Z] cé&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca]sa@ Qa]pcﬂeg,aﬁ EadveaFqudtier b‘h}b@@(]mae] E@]@ta}mh} al X+| ++++++++++HH+++

#,',+, = HJ, MP-W}xrmhcl]Wiid_2ZV]c

a\/] ca] ca] caj ca\/] ca] ca] ca] ca]ca]ca]caV]ca]calcalcaV]calcalcalc ajca]c aJcalc

a] ca] ca] ca\} g,a]ig(p ]Q’ aV] caV] ca

Wx-z------ [T 11?151T1V111111122*2+2F2yt ni cAXSmhc] Wi | caV] ca] caV] ca] caV
] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca
V] &*aV] ca] ca] ca] ca] ca] caV] ca] caV] ca Equation 15

UV] caV] caF2@&2I| 2444445555} 66e7{ 788888888888888899{ uoj d_YTni ] ] cal c”a] ca]c*a]c
aV] ca] c”a Equation 15 represents a triangular system whose solution also solves the LS problem

U] c”a] ca] g}g.;g"a! cag]éga] cal c(a] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca] caU] ca] ca]ca]c

a]ca\/]ca CH

Lo s QR<<" =0==35;

caU] cal call ca] ca éﬁ%&%ﬁ@*f] Jg%%@gb?@#@g%ﬁf@gq@l@lﬁ%ﬁ aksasratl.cal cal
=9>>>27?7? TIR@REEAA viat NG BORIREIEALE ), %6 Hegiod tid tethpRkety, the

a] ca] caV] ca] ca] cal] ca] ca] ca] caV] ca] ca] c(a] caV] ca] ca] ca] ca] ca] ca]j ca] ca] cal c

a] k] ca] cappedtedpokngwas can be collected to collapse the system. R, is collapsed using

cEyEEE<FAFEFFFFGNG ) GGGGGGG! HYHFHPHTH, ABHkEHEH ) 31 {vql fa[ Vni 1] caV] cal caV] c
a] ca] ca] cavpesfficaant Kpeksyi(ea] '@aQFc,a? | having 4] Wil gcaa]l@@]]é@ Akea] (%i]aca] ca]

3 f]i V!J EJ?]ng f]i !fgf %L%‘%ﬁﬁg Eﬁmﬁ“ Friestihn st Pa fersrined 4 SRR cal cav] cav]

c8a] ca] cal] ca] ca] ca] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca] ¢
aV] ca[ M MgMNEME 34 MOM- xsni d_zU] ] ca] ca] ca] ca] ca] ¢
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca cas] caj ca] caj ca\/] ca] ca] caV] ca] caV] ca] caV] ca] ca]
cal] ca] ca] ca! %

Nll\l\/\NYNeNg!\MWNmNm ﬁ%b\?’ﬁfﬂ@i] caV] ca] caV] ca] ca] cal] ca] ca] caU] ca] ca]

cal] ca] ca] ca] ca] ca] cal] caV] ca] cal] ca] caV] ca] ca] caU] ca] caV] ca] cal] caV] ca
NNNNNOOOO O= Ozt Iz P8P=PGP] PPRRRRRRzupj e_YSi dV] caV] caV] ca] caV] c
a] ca] ca] ca\/] ca] caU] g:a] ga@F %ﬁa)f] ca] ca] caU] ca] ca] ca] ca] ca] caV] ca] ca] cal] caV]
cal] ca] ca]caV]ca
RRRSSSs SST" T*Cmﬁﬁ‘m%yvr@@)yTTTTTTTUUUU! U- U UUWt oi d_ZUi dV] ] ca] ca] ca] caV] ca] ¢
aljc"aV]c"a]ca]c"a]ca]caV] ca] caV]ca] caV]ca]caV]ca] caV]ca]ca]ca]ca]calcalcalc
caV]ca]ca VWA XXX&YDYYYZPZZZ [ F[ [ [

\\\\Z\y\\\\\gﬁ/to e S[V]]]ca] ca]ca]c(a]ca] ca]caV]ca
V] cMaV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] caI 0] el ] ] oM AN

b™ "~ aSaaaabObbbchcc d3ddd" e} xsnid _Z]]] ca] ca] ca] ca] ca] c%‘]"@a‘]oéal] a] ca]

ca] cal ca al cal ca
ee]ef V% f f]g gag gg Igﬁ"‘% Il |$: ﬁ%ﬁ%&@@@n@%‘%ﬁﬁ? ajcgﬂa?%gf?il? 1‘;@&,‘? ﬁ%&%] ca] ca
V]ea 54). By performing analogous operations on the right hand side of Equation 15
V] cMaV] ca] ca] ca ]ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca*5{i K-Lm
109& () - réQiE 1@)& 82081 (1pperBbDYHRIaf )syi@dRof heighd URd(Width K (¥ Ns6as in
hi J+f #0/&001/3& (a% 17 10%&' ()-MA0%&' ()- 109%&' () -
quation
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1109 () -

* 11098 (
y8! 1098 (

T1109%& () - 109 ()- BycdE+f #940%& -!109%&' ()-,, &109%&' () -
)- (109 ()- &I0%&' ()-  WI10%R ()-=* s w aB+f #%40%S; 310%& () -
)- 114&10%&' ()-210%&' ()-Z 1 1109& ()- /!'109& ()-w x y z {05 DEC 200

AbCF #YA0%A0%VE' () - 33f 10%vE' () - 3f ! 109%v&' () - 9% 10%v&' ()- 10 10

10" <109%&

()-7O dELCK #94.0% 109K ()- 1000v& ()- ! 109V ()-

@109 ()[-AYA990ETE) - Tr,! 1OPVE ()~ *05 O wiEDCH HYACHOPVE () - & 10%E () -

Y! 1098 ()

109VE () -
&10%VE’ () -

(e oateSadle () Ghacknetey oaddbna ) - Vhaos % |-

di
10%/& (D%THEF@#W%% e Q) -~ D 108k §- (= obagg: () -
YM0NE (LF, SIEFOMEF( ) GR, t GELCE #P/&O% 8! 1My | (

1~>

O CF, CF2 CF3 CF4 CFs 0
s 0 . ' .

Equation 17
Tr, to Tr, are the transient terms and 7. By solving the upper triangle via back

substitution, Equation 17 can be solved to determine d (step 56). As a result, the
transmitted data symbols of the K data bursts is determined.

Using the piecewise orthogonalization and QR decomposition, the complexity
of solving the least square problem when compared with a banded Cholesky

decomposition is reduced by a factor of 6.5.

* * *
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6. The method of claim 1 further comprising QR decomposing the

expanded system response (52).
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channel response.
19.  The receiver of claim 17 wherein the channel estimation device

measures the channel response using areceived training sequence associated with the

data signals.
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22.  The receiver of claim 20 wherein SF is a spreading factor associated
with the data signals and W is a chip length associated with the channel response and

SF+W—1}

the blocks contain L columns, where L is {L = <
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