A Method for Using Chip Sanple Correlations with Scale Factors in a CDVA
Recei ver. BACKGROUND OF THE | NVENTI ON The present invention generally
relates to conmuni cation signal processing, and 5 particularly relates to
using chip sanple correlations in one or nore received signal processing
operations. Certain types of wireless conunication receivers inprove their
reception performance through interference suppression. For exanple, a
"Generalized" RAKE receiver (GRAKE) mnitigates interference in a received
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However, one shortcoming of this approach to noise correlation estimation, often carried
25  out by constructing a “noise covariance” matrix, stems from the relatively few number of pilot
symbols available over a given time interval. For example, the Wideband CDMA standards
define slotted transmissions of 0.667 ms duration, during which ten pilot symbols are received.
Generally, these ten symbols represent an insufficiently large base from which the receiver can
obtain a generally good estimate. Averaging these single-slot estimates over multiple slots can
30  reduce estimation etror. However, under some reception conditions, such as in certain fast
fading environments, this multi-slot averaging window simply is too wide to track rapidly
changing channet conditions.
One approach to the above tracking problem involves the use of chip sample
correfations calculated from chip samples of the received signal, rather than noise correlations
35 calculated from despread pilot symbols. This approach offers advantages in fast fading
environments because new chip samples generally are available at a much higher rate than are
new pilot symbols—the ratio may be as high as 256-to-1. More data points in a shorter period of

time means lower estimation error, while keeping the estimation window short to allow tracking
1



envi ronnments because new chip sanples generally are avail able at a nuch

hi gher rate than are new pilot synbols-the ratio may be as high as
256-to0-1. More data points in a shorter period of tine neans | ower
estimation error, while keeping the estinmati on wi ndow short to all ow
tracking 1 of rapidly changing conditions. However, the use of chip sanple

| at d. of | at t f
oi1 ot oynoBl a8 sEaE BegPigEa el S aet O T e”c%ﬁ%é?éa""?%seadio‘?ﬂ@%%ed
for pr oper carandiions agesimattatfanddspread giloat almeds “lodespsadigualingZifoimation thet er i ng,
Si gnal - {;&%e?éug%%agq 137boBe Bl Pl Gl Uk B3 vl o SRR GlertbE

| NVENTI O\I n ‘one aspec E I'nvention, oné or recei ved
si gnal proS@gglrtﬁ@teWaﬁa@ﬁ@R C%CLUﬁt'p@fP €%s communi cation receiver use chip

sanpl e gorrel ations instead of gpasiardespi-eadivegTioN se correl ations, but
are conpensated via one aor nore scali ng factors that
r

eflect a.
Cel ationship bef\iBEASHEREO Ul BeSe M eMORy $18 & TogneCalker Tona Hgpassing
correl ati Odsgﬁerat(aﬁenm wirhess o madwant @geseiadr uba&am&rt\dﬂecmreﬂﬁionedsish@nfaiost

processi ng%?s% an'g%nég %:%rpe{?at Hg b%ﬂiu% c%% JIS%'(GGQ/(PE{ 5 Ho(?@§%€f &E Qgirors tngtr}eftela{e

noi se corr I'e Corre |ons
certain faatelat@dﬂrrrgbeiwm the chip sa@sl@@pa@le@nwan%thm m@le@%eiﬁb’bﬂ p@y Of ﬂFﬁus in

one enfypdi mmagés & b%ﬁ@h%%@ce%mb%deea D¢|s eﬁ@ratwsmh e ahmlnw

configured f processing a received VI Si.on

si gnal conf¥’ i%ﬁ“ﬁ’(}ﬁ rgtheq fhap &Wc“@”@'@%l's *&ﬁﬂh%cﬂaﬁém@?ﬁﬂfg?'at'o'f‘ﬁget?eégé?iger
conpri ses @maindhstiaie dblhﬂﬁ@&sas@@mﬂbd @l WSel@ﬁrﬁbtgluy ed to determ ne one or
nore scaling i‘ tors thatI relate.c e corrg ati ong, Q% glned from
chip sanpl es ofaﬁt“ﬁ’em P%%%ﬁ“@%‘ﬁ‘“‘éﬁﬁi\aé‘”g'ﬁ%? rﬁon?) LR %e'?'el‘ atelroons det erm ned
from despremtigurad toeprooéssirige: needieacebue [swgn:aMplt%ahed\cceﬁm§ﬁ§@t) 800 COTPrisiR 2
receiv. S a Pl e
correl ﬁl oHr?gw 5t Sgg &1% %]d%'?ai %@%{1 ﬂ&%é%&eé?%ggﬁmge&‘%%{ &Breté?gﬁegag%??gil ations
and the no?og!égttf@ql fogletarnigone 19a 5OLE w'rtqféct@fﬁéh%fel%lcalp Sé@aiem@e'ﬁ%‘ﬁors At

| east one cﬂ@ﬁ%e@m&n t§hftp émlwa@@@b@@emmmlstgaaxc:@ﬁas@ s@ el Aiohadiaterhatddon
circuit confi %Sure ne the one

{
o mor o s CE FHERHEGAP OGRS Of BOAT PG oo B RO RORUREE Th" e e uil vea
si gnal pr qeesshing opgretiaiitien sdiaseslofdhe thies@bpleneraations fe saidadlativgsiiimct or s.

The pr \Q&encthé Sf'rﬂrgga':‘m&@&rpa%ﬁ%ﬂgfah@ e%%s%%orqggﬁn@ Red Bﬁ &Rk ioPBore

factor a asuring chip sanpl'e corre ations and noi se
correl atl cis8lingvfagtors gi ven interval, expressing the noise correlations as a

function of theehisforRaiotinet 6&h@b!o@é§m§(bﬁrbtﬁ@coh’ﬁérn@esfddaﬁulaﬁﬁrﬁb:rcﬂ@ fact or

d h | t | e
0l ving 1 GPTAU FLRLPGREegre Siesrie colfae b AR sia TRy Eaare e ol vi ng
in this cwohmemmo&@emmnheaee anckeastivaagigrab proBegsong cpk@Eynsdaisedibatheon,
but ? not omrﬁ[ scaﬂngﬁ%&%rscal'h%"ﬂ)'r@ctelsﬁr';jgscwcualfk 8%%9 il e8 1 EREMIRANS LAl

proce pera I ons
factor ) based on measuring chip sample correlations and noise correlations over a given

interval, expressing the noise correlations as a function of the chip sample correlations scaled
by a first scaling factor and a channel estimate product scaled by a second scaling factor, and
solving for at least one of the first and second scaling factors. Solving in this context may

30 comprise a Least Squares Error (LSE) calculation, but is not limited to such calculations.

The one or more received signal processing operations may comprise any one or more
of Generalized RAKE combining operations, chip equalization operations, and Signal-to-
Interference (SIR) estimation operations, but these operations should be understood as non-
limiting examples. For example, using the chip sample correlations for SIR estimation may

35 comprise calculating a SIR value as a function of the chip sample correlations and a channel
estimate, and then scaling the resultant SIR as a function of the one or more scaling factors.

As another example, using the chip sample correlations for generalized RAKE

combining of despread values of the data signal may comprise generating generalized RAKE
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of Generalized RAKE conbi ni ng operations, chip equalization operations, and
Signal-to- Interference (SIR) estinmation operations, but these operations
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Figs. 7 and 8 are block diagrams of two embodiments of a SIR estimation circuit that
may be used in the wireless communication receiver of Fig. 1, for example.
Figs. 9 and 10 are block diagrams of two embodiments of a chip equalization circuit that
may be used in the wireless communication receiver of Fig. 1, for example.
30 DETAILED DESCRIPTION OF THE INVENTION
Fig. 1 is a block diagram of an embodiment of a wireless communication receiver 10 that
is configured to use chip sample correlations rather than post-despreading noise correlations in
one or more of its received signal processing operations, and to compensate such operations to
preserve soft-scaling information that otherwise would be lost with the use of chip sample
35 correiations. By way of non-limiting example, the receiver 10 may comprise a cellular base
station receiver. As another example, the receiver 10 actually may comprise a portable
communication device that includes both receiver and transmitter functions, and may offer

additional user interface functions, depending on its intended purpose.
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Figs. 9 and 10 are bl ock diagrans of two enbodi nents of a chip equalization
circuit that may be used in the wireless conmunication receiver of Fig. 1,
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enbodi mentCrEHiEY ip@é@agté}ne embodxment SImIE rly, the transmltter circuit 20 may mclude a mix of
analog and digital circuits, and includes baseband digital signal processing circuitry in at least
one embodiment.
The system controller 22 may comprise a microprocessor, Digital Signal Processor
30 (DSP), Field Programmable Gate Array (FPGA), Application Specific Integrated Circuit (ASIC),
or other digital logic circuit, and may be implemented apart from the baseband processing
circuits of the receiver and transmitter circuits 16 and 20, respectively, or may be integrated with
such circuits. In either case, it should be understood that the wireless communication recsiver
10 generally includes one or more memory devices, for storing default parameters, provisioning
35 information, and program instructions for system control, signal processing, stc.
In general, the wireless communication receiver 10 uses pre-despreading chip sample
correlations rather than post-despreading noise correlations in one or more of its processing

operations involving the CDMA signal received by it. A conventional receiver generally would
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circuit 16 is configured as a chip equalizer receiver. In either case, the
receiver circuit 16 may 25 conprise a mx of analog and digital circuits,
and includes baseband digital signal processing circuitry in at |east one
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processing circuitry in at |l east one enbodi nent. The systemcontroller 22
may conprise a mcroprocessor, Digital Signal Processor 30 (DSP), Field
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be embodied as a chip sample covariance matrix measured using baseband chip samples of
the received CDMA signal.

Continuing with processing details for the illustrated embodiment of processing logic,
one or more processing circuits within the wireless communication receiver 10 determine one or

30  more scaling factors that relate the pre-despreading chip sample correlations R, as obtained

from chip samples of the received CDMA signal, to the post-despreading noise correlations R,
as obtained from despread values of the reference signal included in the received CDMA signal

(Step 100). As noted, the noise correlations R may be computed based on making short-term,
“rough” measurements using despread pilot symbols, e.¢., pilot symbol cross-correlation

35 measurements made over, for example, one slot of a received W-CDMA signal. A greater or
lesser time interval may be used as needed or desired.



20 that a set of chip sanple correlations, Rd, are avail able based on
nmeasurenments made froma set of received signal chip sanples taken over
nearly the sane received signal interval used for the short-term noise
correlations, and that correspondi ng channel estinmates, h, are avail able.
Note that the discussion herein uses the term"correlation" broadly, and
contenplates that the chip sanple and noise correl ations nmay be cal cul ated
as covari ances. exa may be 25 enbodi ed as a noi se covariance
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G RAKE enbeashiveg MDA sihhe, aMdr8dy8B8udOditcE 3t dRPrda86aind@is td Bespread a pilot
25  channel component of the received CDMA signal. Of more interest with respect o the present
discussion, the G-RAKE circuit 42 includes, or is associated with, an embodiment of the
compensation ¢ircuit 18 that is configured fo compensate G-RAKE combining operations and/or
compensate SIR estimation, for the use of chip sample correlations.
More particularly, Fig. 4 illustrates a portion of the G-RAKE circuit 16 according to one or
30 more embodiments of that circuit, wherein a chip sample correlation estimator 46 generates
chip sample correlations, R ,, a pilot despreader 48 generates despread pilot symbols and

channel estimates h, a noise correlation estimator 50 generates noise correlations R , and a
scaling factor calculation circuit 52 calculates one or more scaling factors (e.g., “a “and “ %)

thatrelate R, , R, and h. Further, one or more additional processing circuits 54 are

35  configured for G-RAKE combining, SIR estimation, etc., and include one or more scaling circuits
56, which are configured to compensate at least one received signal processing operation that
makes use of the chip sample correlations, as a function of the scaling factor(s).
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wherein its receiver circuit 16 conprises a receiver front-end 40, and a
G RAKE circuit 42. Wiile not illustrated, it wll be understood by those
skilled in the art that the GRAKE circuit 42 20 includes a plurality of
correlation "fingers" (i.e., despreader circuits) that despread chip
sanples of the received CDVA signal to obtain despread values for the
reference and traffic signals included in the received CDMA signal. For
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In other enmbodiments, one or nore of those elenents are I nplenented apart
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the follow ﬂ? ression: R'~ /iR -ahh" (Eq.
scating factor {a ), and solving for at least one of the fitst and sécond scaling factors. [n one
25 embodiment, solving for the first and second scaling factors comprises Least Squares Error
(LSE) processing, with the chip sample correlations, the noise correlations, and the channel
estimate known by measurement.
In looking at a LSE solution in more detail, it will be appreciated that Eq. 1 essentially

relates the individual elements of the involved matrices, indexed by (i, /), according to,

30 R, jy= BR(G, ) —atH (i, ], (Eq. 2)
where H=hh" . Given that these are square matrices, say N x N, there are N elements in
each matrix, resulting in up to & equations in the form of Eq. 2. There likely is no a and g that

truly makes each such equation exactly equal, but LSE processing does yield the scaling factor
values that result in the least amount of squared error among the set of ail such equations.
35 A matrix equation useful for LSE processing may be expressed as,
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15 The scaling factor/] may be thought of as a "conversion" scaling factor
relating the reference and data signals included within the recei ved CDVA
signal. In sonme enbodi nents, the scaling factor /1 nay be based on a
scaling rel ati onship known by design, and stored as a configured value
within the wirel ess communi cation receiver 10. Knowing /i sinplifies the
solution for a, which may be thought of as a "signal" scaling factor. 20
According to a natural |ang description of Eq. 1, solving for the two
scaling factors a and ,0 ¢ n%ﬁla@e &8st} ng eH(pl)sanpl e correl ati ons (Rd)
and noi se correlations (J2) [o®er2) I RN 2) nt erfyélz essing the noise
correlations as a function agf the ¢h|jp sanple cor’re)l tl}).ns scal ed(ﬁﬂys)a
first scaling factor (Q and.a chanhngl estimte prod (hh") scaled by a
second scaling factor (a ) LZ&NaV$ol WfRrd/.for -at/(Nes3t one of the first and
second sca) kiR iment, solving for the first and
second scgrll] iblﬂ%m;egg%@{r'g%%ﬁg??gg%éﬁ%%tgg’muar es Error (LSE) processing,
with the chip sanple correlations, theprobse correlations, and the(Ekshénnel
estinmate kpawn by nmeasurenent. In |looking at a LSE solution in nore detail,
it will be appreciated that Eq. 1 essentially relates the individual
el ements of the involved nagry , I n by j9, according to, 30
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, ~1(] - ecause a_ an ar ure real (not _conplex),
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| ndeed, bﬁﬁ@g@@mﬁ@&tméogaen@nbda%éatsc&ﬁﬁgg{tfca;g@tgg%gggmms%nfg'tﬁe n@lfost hal f

of the rows repeat 1n each matrix (al
lagonais.

in any case, whether or not a reduced size is used, an example |.SE solution for Eg. 4 is
15  given as,

x=(ATA)"ATp. (Eq. 6)
if A is known, the wireless communication receiver 10 may be configured to express the LSE
problem as,

AR, —R = aH, ,_ (Eq. 7)
20  which redefines A and x as,

(1,1} H{D

G(1,2 H{,2
= (, ) JA = (‘ ) cand x=[a], (Eg. 8)

G(N,N} H{N,N)
where

G=pR,-R. (Eq. 8A)

In addition to the above details for impiementing a L.SE solution in one or more
25  embodiments of the wireless communication receiver 10, it should be noted that the first and
second scaling factors might be smoothed or otherwise maintained as averages for improved



10 conjugates). Since the repeated rows do not add any information to the
solution, LSE processing may omt them thereby reducing the nunber of
conmput ati ons needed. Further, it nay be sufficient in some enbodi nents
sinply to calculate a LSE solution using the matrix diagonals. In any
case, whether or not a reduced size is used, an exanple LSE solution for
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scal i ng f aB{ oy beraxprersed ganer at ed by the scaling circuit 56, or by the

calculation circuit 52. In either l'c(as%,wlﬁenerm(/;lathhen of (Eq. 11)

15  The combining circuit 62 is configured to receive the properly scaled combining weights w , and
use them to generate combined values from despread samples of the reference signal.
Because R’ was used to generate the combining weights w , these combined values will have
substantially the same soft value information they would have if generated from property
smocthed, post-despreading noise correlations.

20 Fig. 6 partially illustrates another embodiment of the G-RAKE circuit 42, wherein non-
scaled combining weights, v, are generated from the chip sample correlations R, by a
combining weight generator 64. The non-scaled combining weights may be generated as,

v=R7h, (Eq. 12)
where it is understood that matrix inversion is not an absolute necessity, and the weights may

25  be obtained through practical means such as the Gauss-Seidel algorithm.

The scaling circuit 58 may use the scaling factors @ and £, or their averages to
compute a real-valued scaling factor f, that is used to compensate the RAKE combining
operations of the combining circuit 66. For example, f may be generated as,

1

= . Eag. 13
f ﬂnve_a,qw;hﬁv (56 19)

30 To the extent that the channel estimate h and/or the combining weights v may be noisy, such

noise can be mitigated by calculating f as,

1

"
Bivs — Aych™ v

(Eq. 14)

f:



R may be expressed as, R =/3nvcRe-anvchh". (Eq.11) 15 The conbi ni ng
circuit 62 is configured to receive the properly scal ed conbi ni ng wei ghts w
, and use themto generate conbined val ues from despread sanpl es of the
reference signal. Because R was used to generate the conbining weights w,

t hese conbi ned val ues wil | have substantially the same soft val ue
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20  signal component of it, in particular, based on using the chip sample correlations R .

In the illustrated embodiment, the SIR estimation circuit 70 receives as inputs the
channel estimates h, the chip sample correlations R, and the real-valued scaling factor f .

The SIR estimation circuit 70 is configured to use these input terms to calculate a SIR estimate
that is responsive to changing fast fading conditions, and is based on proper soft value

25  information. For example, the SIR estimation ¢arried out by the SIR estimation circuit 70 may
be expressed as,

SIR= f-h"R}h, . (Eq. 15)
Note that Fig. 8 illustrates an alternative embodiment, wherein the SIR estimation circuit 70
makes a similarly compensated SIR calculation, but uses the unscaled combining weights v,
30  the channel estimates h, and the chip sample correlations R ,, to compute the SIR estimate.

In discussion of SIR estimation as an example of one type of received signal processing
operation that may be compensated for the use of chip sample correlations, it should be noted
that the wireless communication receiver 10 may be configured to use noise sample
correlations for one or more of its received signal processing operations, and may use chip

35 sample correlations for one or more other received signal processing operations. For example,

G-RAKE processing operations may be based on noise correlations obtained from pilot
10



expression, xscuab =.f x. Athird option is to scale despread val ues prior
to conbining, while vyet a fourth option is to scale the chip sanples. In
any case, the conbining circuit 66 outputs 15 properly scal ed conbi ned

val ues suitable for further processing, such as decoding, etc. O course,

it should be understood that other received signal processing oper ati ons
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bet ween chi Sl seP&ay exanple, Fig.
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a SIR estimte fx@éudhhﬁe'h%%%e?{&ﬁ &Q’%e& @B ah; sQr’hE)Ife%ﬁdthl@e dataidls sb¥ah

conponent of it, in gartl cul ar, based on us gl he chi anple correl ations
3
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t he real .mat n CII‘ﬁLIIt 70

| i
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SIR esti naWﬁfotmeamra‘macematuse obhoiemeorteygienf recei ved si gnal processing
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it should be note W re €SS conmuni 1 on
conf i gur edBRPBsdivearisHIGreseiigs onat eperatioasi Mamorer it Biryidire ynsietstasd thette
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correlatio S % one or. nore ot recei ved HE}I’OCGSSI n"gﬁ‘g' era |ons

For ex anrplt OQNQE‘QBW%%% sF W&XB'BB'P at'f 0?1’&“% digreghofy less
correl ati mmnrmbﬁm:menbcémrnnopwh@‘emlt@ r&eRotig it MIsloenﬁLﬁceatcbmglt@a chipy be

based on cli B ARIPAEARALIE L ARS H9RLR) MRaLl e BRARDR oS ResRBR S Of

t he recei fcéerver tlme erro ver
whi ch the Qﬂuﬁlpiagmwfmee?%\mporfe!age 7¢ oanded caribining weight gakerator Aang éurdief inedvdast

wi th rz%SD%terﬁ&dﬁﬁénft ertﬁ@brervegek YRELSLIBHpRERRESRENG oPer at i ons. | ndeed,
the G 5 RAKE processi n%%ﬁera ions may use different channel estimates,

di fferent noi sé‘CEYFar stratgq embodiTRant o the reredr Fiksuit 3F e sembING WRIYMOne
factor in géeenad:r g gumhtl@eUn@amrchip@qharzarmmbwmbwsmggwabhtprxqeam angchip

convent | oranbirsedalafil beaBan iR Soph) PEcbPbBR iRl B ®fosunet her
that processledoohiiningerighist wias afustichofibe scafog fastoanpl &d Bl R asstiindivn oh may
FeeporSi vefrea TR o AonF] BYBLET: SRS G IPE o7 s uses
properly scaled combining weights, such that the filtered values of the received CDMA signal
output by it have the proper soft scaling. Of course, it should be understood that some
supporting circuits, such as channel estimators, chip sample, and noise correlation estimators,
etc., are not illustrated in Fig. 9 for brevity.
30 As an alternative to scaling the chip equalization filter combining weights, Fig. 10
iflustrates a chip equalizer architecture that disposes one or more elements of the compensation
circuit 18 on the output of the correlator 74, Thus, in this embodiment, the chip equalization
filter 72 uses the unscaled combining weights v for chip equalization of the received CDMA
signal. Proper soft scaling information is then imposed on the despread symbol values by the
35 compensation circuit 18, as a function of the scaling factors @ and £, or as a function of the

real-valued scaling factor f, as derived from them. Other alternatives, not shown, are to apply

scaling at either the input or the output of the chip equalization filter 72. Scaling applied before
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whi |l e G RAKE conbi ning may be nore tol erant of changi ng conditions, and may
performwell wth the nore traditional use of noise correlations. In any
case, it should be understood that the nethods taught herein may be
selectively applied to particular received signal operations. Mreover, it
shoul d be understood that a 15 variety of receiver architectures beyond

G RAKE enbgdi pen neln.
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according to a ¢hisPin oR8YAMbAAN épé'buél"z‘éhéﬁéﬁtgdéﬁﬁentér RUSperdAgnPRE bhébil More
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correl ator 74. [ ual i zat1 on ter 72
e e ebpE A B Ser e SRS 28 6 Fratestadh %qrw%ﬁcaﬂ'ﬂ%}#@&se. ved
CDVA  si gna} scafigqenibissafi vialuee af thagafarsigaringatd anctios of theronk mposatscaling fhators,

despr ead Sxrgcglmggﬂiysssgp%dtmeg’és8%@ BERAM L bodhfly eBordl of HAGHIRR. ©

t he scallng uncti on sca
factor f Thashlﬂéafﬁmg@l%a@mctlmﬁfhe&mnwweqaﬂmia@@s? not shown, are to

appl y pescal i ng s, %ﬁwhﬁé a&ﬂr@ chtB%EalQétl&n%d@hﬂRE Hooliftnihh Fhuﬁﬂ%gé g@fdson
filter 72. Scalnga[:z)iﬁg)r bef ore he chip equalization fi Iter 72 coul d

even be i d?JF'"L?r%H‘E” ﬁc'fltﬁéhfljﬁierf’r%?ﬁ”h@i’?f’é'ﬁ'ﬁ §F’%{'ﬁ5 q %H'dﬁia‘i‘-’r‘?é’f regiv8hat i ¢ gain
control ( mue@m@em tofa vilkerange ei meervedﬂmﬁt proteseing opéram)fse Veihile the

| i h |
rocess nd OSaPRL oo S s PORS S iaiRmhy Fag e TRef bR Rl B
used to eqxeaveezéhasle@hffee@“epmasmesaﬂgmmlaﬂ Buah \@aatcbnprachmseﬂ oreatly on the
rel atisgnsyoRerafh Sahe of 3R sdaling LB tﬁ’%@%@l’e?ﬁ Is%%%%ﬁ@bh&% tf) Rgisshi p

equal i zati'on process conprises “one of E equalization filter
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scaling not limited by the foregoing discussion, nor is it limited by the accompanying drawings. Instead,
the present invention is limited only by the following claims, and their legal equivalents.
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filtered values of the received CDVA signal as output froma chip
equalization filter as a function of the one or nore scaling factors, (c)
scal ing the despread synbol values as a function of the 10 one or nore
scaling factors, or (d) scaling the chip sanples as a function of the one
or nore scaling factors. O course, as described earlier herein,
conpensating one or nore received signéLAI ocessi ng operations nmay
conpri se conpensating a combi ni ng processwﬁé g., a RAKE comnbining process)
that is usblatiocleisifsisie despread val ues of the data signal for said 15

relationship. Bymem¥d @fprﬂ%slhzﬁ‘rédeﬂﬁd%éml\/%ﬁm GRS ASREL MRS @h‘m ni ng
process SCa I Nl Ng me|ghts as a nction of

rorse one O
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not limted I SCUSSI on, nor
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the fabl owhag cﬁhrﬂidﬂb‘stnn@@prbb\ﬁit écdima%t#hd/s?daﬁrﬁ‘d Rictor AnEhMNiNpror Whgkstiofe
clainmed is essing a received Code Divi sion Ml tiple

Access (Cﬁm)ef'éﬁtﬁﬁifecoﬂ%ﬁﬁjﬁ%rcﬁr% reference signal and a data signal, the

met hod conprising: 5 determ ning one or nore scaling factors that relate

chip sanphe COﬁ'ﬁﬂn@mo?chigiﬁ\tfgxﬂ}e%ﬁpsoixxr@ofm &héa%t ém%'tﬁe ﬂr&fﬁnh%sogng%%gmsd CDMVA

signal to noise corre I ons

ref erence %ﬁ%ﬁ‘é‘l’mpﬁﬁﬁS@‘dﬁ@)@hﬁ@tﬁeﬁ@ﬁd(ﬁ@é'“‘@rfaﬁwmthrfb%éﬁisvmlﬁm fgetat sgptoxessi ng
oper apoongoﬁf@agedmai@@ use of the chip sanple correlations for said

rel ati onship between the chip sanple 10 correl ati ons and t he noi se

correl ations, based on the one or nore scaling factors. 2. The method of
claim1, wher eTie methed mmlmga,Wheremmivorg fodt o8t d offgqeffagxtanmemﬂrmbélmgs

MEasur i nggg g{yr&&@mggﬁaﬁé f,psngngg%ong 8???“@%"%?% ﬁaﬁgﬁ 37 184 SqHargjs E?ror

i nterval eXx n0|se corre
sanpl e cof‘-ﬁé atchwgs wih 8¢ dbip sanfolerastretaions, thg rofsetcorrelations, and the channel

25  estimate known by measurement.

5. The method of claim 2, wherein the chip sample correlations reflect a first energy
component associated with desired symbols in the data signal, a second energy component
associated with interference that will be substantially cancelled by despreading, and a third

30 energy component associated with interference that will not be substantially cancelled by
despreading.

6. The method of claim 5, whersin expressing the noise correlations as a function of the
chip sample correlations scaled by a first scaling factor and a channel estimate product scaled
35 by asecond scaling factor comprises expressing the noise correlations as the difference
between the chip sample correlations scaled by the first scaling factor and the channel estimate
preduct scaled by the second scaling factor, said difference representing energy components

common to the noise correlations and to the chip sampile correlations.
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15 and a channel estimate product scaled by a second scaling factor, and
solving for at least one of the first and second scaling factors. 3. The
nmet hod of claim2, wherein solving for at | east one of the first and second
scaling factors conprises solving for the second scaling factor with the
first scaling factor set to a 20 configured value. 4. The method of claim
2, wherein solving for at |east one of the first and second scaling

factors conprises solving for the first and second scaling factors based on
Least Squares Efhomethpd SE)aiprioebasinngmpendating the cohbpmse@nptedvedaignel at i ons,

the noise Eﬂfgﬁgsijr%tqp%%zoammr s %D’ﬂ?pﬁﬂﬂtlﬂ?ﬁcgﬁﬁfn{ﬁgtp?oc%&ﬂ‘{&d%' renment .
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substantially c nceIIe despreadi n and a third 30 ener conmponent
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first scalrn mat'e uct “sca
scal i ng fa@atérde%m\ra@% agrpvnsien eigha ore mmmcsescﬁchﬂg &ctord, onks!) agglinghihe chip

di ffere@cesmﬁ]&eg@aFuh@uowyf&e%’e\%lﬁ‘queOJcamg%ét@res scaled by the first scaling
factor and the channel estimate product "scaled by the second scaling

factor, said difference representing energy conponents comon to the noise
correl ati ofs anThetrethdeofettin 15@NGIEIR copsrehiig 1BSne dBmdre rddbvedsighad of claim

Sher et enarg SRR AR A0S ol nd SETh YA RARA Hrocelt REIS kilhize
despr ead Vviakuexivefi COMA signah fos sgjd adlatiooshisai d rel ati onshl p. 5 8. The nethod

of clajgn7, wherein conpensating the combining process conprises one of

(a) scali n conbi ni nlg wei ghts as a function of the one or nore scaling
factors, - scileiTRINote efsim 8dwReasin eamenseting tﬂ%ﬁ’éﬂp§ﬂ@%é¢f’°ﬁ§r%e?%mﬁr6ﬁs of
t he one oroﬁmﬁ@a sealnghrgipfeatiiRbfon fﬂt@r)co&ibﬁdmd\ﬂeagldﬁbélaﬂﬁ@ﬁﬂrﬁﬁ%é@lm&uﬁ@ a

f t f t t hi
anc o0 o 008 ) s e A e S g DL
claim1l, whprkkatorciiepens ainctin df e @wrer otorereraiing facersy €1 ssdligg #tle deppree@ssi ng

i .
P U, BRSSO B e SO LT ASETS 3Pl |
of claim &S Wé@t@ﬁﬁf@@@ﬁ@ﬁéﬁ‘mﬁﬁga’ﬂﬂﬂéaﬁ@fﬁp equal i zati on process conprises

11. The method of claim 1, wherein compensating the one or more received signal
processing operations comprises calculating a Signal-to-Interference Ratio (SIR) for the

25  received CDMA signal based on the chip sample correlations, and scaling the SIR as a function
of the one or more scaling values.

12. A wireless communication receiver configured for processing a received Code Division
Multiple Access (CDMA) signal comprising a reference signal and a data signal, said wireless
30 communication receiver comprising one or more processing circuits configured to:
determine one or more scaling factors that relate chip sample correlations determined
from chip samples of the received CDMA signal to noise correlations determined
from despread values of the refarence signal; and
compensate one or more received signal processing operations that make use of the
35 chip sample correlations for said relationship between the chip sample
correlations and the noise correlations, based on the one or more scaling factors.
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one of (a) scaling chip equalization filter conbining weights as a function

of the one or nore scaling factors, (b) scaling filtered values of the

recei ved CDVA signal as output froma chip equalization filter as a

function of the one or nore scaling factors, (c) scaling the despread 20

synbol values as a function of the one or nore scaling factors, or (d)

scaling the,chip sa function of .t one .or nmore scaling factors.
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oper at{®nsiot fadasiBiEofuisefirdf andtBcondcilMgPactigpl e correlations for said
rel ati onship between the chip sanple correlations and the noise

correl ati ons, based on the one or nore scaling factors. 14 13, The w rel ess
conmuni catifon ri@eaviress oémmlictatod Psceivbiestelaim t havieinen tie ofd bempraresssing

clrcults SORRLY S€SorohiRh bAld BfinELail bl BILEdn L R AGHSLAL G TREnRPe OF
nmore scaling factors, and one or nore scalfng cirtcuits confirgured to
conpensat eCBlE fagier sebioed easdiaire@dnevigyalle. processi ng operations based on the
one origore scaling factors. 5 14. The wi rel ess comruni cation receiver of

claim 12, vvherjj n the one or ,m),reﬁ%r_ocessi I"l_% circuits are configure_d to
measure cHip s FPBIW olegs PUTRYRICHIEN HE8 VI SBING bfMEIeERIn BRSNS PEMOLR RIPRPEFHNY

i nterval , cexysesscdrigureoitesh@anrtad dist antSseasndschlimcihtion babed Srel efat Pausedyl e
correl ati . first scali factor and a channel estinmate

o otuct sOlRuliE) PlboBtsifh, ol i enReAkhor BBl BMoRe SARNREhs AR T (e
of the fi channphestiswtoprdded &hdwry factors. 15. The wirel ess comuni cation

recei wgr of claim 14, wherein the one or nore processing circuits are

configured_to solve for the second scaling factor as an unknown value, with

the first 17scaITr“i31tj”' flaes cAmracation epceivgiral gaine it WoREiththe &higsampls cepelatigls
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despreading, and a third energy component associated with interference that will not be

25  substantially cancelled by despreading.

18. The wireless communication receiver of claim 17, wherein the one or more processing
circuits are configured to express the noise correlations as the difierence between the chip
sample correlations scaled by the first scaling factor and the channel estimate product scaled by

30 the second scaling factor, said difference representing energy components common to the
noise correlations and to the chip sample correlations.

19. The wireless communication receiver of ¢claim 12, wherein the one or more processing

circuits are configured to compensate a combining process used to combine despread values of
35 the data signal for said relationship.
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Error (LSE) processing, with the chip sanple correlations, the noise
correlations, and the channel estimte product known. 20 17. The w rel ess
comuni cation receiver of claim 14, wherein the chip sanple correl ations
reflect a first energy conponent associated with desired synbols in the
data signal, a second energy conponent associated with interference that
w |l be supsta | |L.ed. r i t
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cancel | ed ®icuiieagresiiiureg.to ¢@npensatea aintiincppeasa ibe até offal waiiaeembaingc] ai m

17, wherei Rehhe a8 %@ur%orﬂ@frtﬁe HAGESHE BiinGlabGH ESd %ﬁbuﬁlﬁBWe%H{s%né@teQXrBﬁﬁsS
the noi se correlations as the difference between

correl ati o8 Cg@éﬁ@ﬂiet?ﬁrr?‘ﬁ‘é’”ﬁ (Pricalingtaminedyatugs Oféﬂ%i d?‘ﬁé'%ﬁ'&ﬂ?ﬁ&ﬁ”‘é’g‘f PHBE e
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data signal for sal relationsh'p. 15 20. The wi rel ess conmuni cation
receiver of claim 19, wherein the one or nore processing circuits are

confi gur ecgt 0 cm@m@se@& EorhMEniCHoR rdtisNBr cmc&ﬁ@s@ mr&@meqfne(oabnoaec@b¢e@gng
uncti on nore sca

combi ni ng _.we

conbi ni ng S SyliuBdi LS eskibenng FainrerEo bl GErHES MseelBd | ng
conbi ned VabMasigod! foismicdatatiorshipgnal as a function of the 5 one or nore
scaling factors, said conbined val ues generated by a conmbining circuit
whose conbining weights were generated fromthe chip sanple correl ations,
(c) scal i F- dat’@eddslspeermmynigalies regsiver 4 gleie 2brvhefein Hhe ovaer BReRIPeSERAI | ng

factorg, Qi rc:iﬁlg)aré Eafil ﬁ‘r@d ttmm-‘d%hé)at(@ ﬂf’féﬂihﬁﬁeqﬁ%z@tloﬁ BHBEdsk B 0RE of (B?sdén@ i p rmr e

scal ing factor q connuni cat i on receiver g'h
wherein t W@“ﬂ*ﬁ@“%f' ‘ﬁb?%”?ﬂ?'%@%‘@h*ﬁg“‘s aéﬁ"lcé?ﬂ pidhepne ¥ oS GeR'ag S@Ba'%&ﬁlﬂ Bate a
chi p equalegpaitzation ffiteocmssningedghte getprated fremttivectiesanme dorrdbitivhs, gbigralingf or

sai d r el atfﬁetgljaﬁ %iBeS gf%he re@g v&‘l éﬁhﬁ ?gn Eé?%uﬁh&%b oPlhe'ohs %¥ %ﬁ%éeu%ég@[fg&ms,zl

wherein th S are con _
conpensat @ath@ef@ﬁ |vpiuwgm1eraz%ct bso&q clinp eaesdizatioy fitgravhepe cembigivameightsotsird

equal ipgat Ig@ﬁertafebtﬁ%rn tﬁ@ eﬁab @arﬂaew@ﬂr@mo%sa@ s'{‘:afldb”tﬁé b Ofd éyh%o%ﬁje@ las BOT €
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recei ved Chdbr sbagsbliSacokuncti on of the one or nore scaling factors,
said filtered values generated by a chip equalization filter whose

conbi ni ng wei ghts were 20 generated fromthe chip sanple correlations, (c)
scal i ng t B8 deshe witlesyavhuohunicatioretsceigeraf claim 12, wherein the one or more processing

25  circuits are configured to compensate a Signal-to-Interference Ratio (SIR) calculation process
by scaling a SIR value calculated from the chip sample correlations.

24. A computer-readable medium sforing a computer program for a wirgless communication
receiver that is configured for processing a received Code Division Multiple Access (CDMA)
30  signal comprising a reference signal and a data signal, said computer program comprising:
program instructions to determine one or more scaling factors that relate chip sample
correlations determined from chip sampies of the received COMA signal to noise
correlations determined from despread values of the reference signal; and
program instructions to compensate one or more received signal processing operations
35 that make use of the chip sample correlations for said relationship between the
chip sample correlations and the noise correlations, based on the one or more
scaling factors.
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function of the one or nore scaling factors, or (d) scaling the chip
sanples as a function of the one or nore scaling factors. 23. The wrel ess
comuni cation receiver of claim12, wherein the one or nore processing 25
circuits are configured to conpensate a Signal-to-Interference Ratio (SIR
cal cul ation process by scaling a SIR value calculated fromthe chip sanple
correl atiogs. 24y, AGOMDYLE, b|e%?e%ﬂ}?4ﬁcf£‘ﬁﬂ'zh!%§e§&ﬁ ga&fr&rﬂ%%&fonﬁ ogram f or
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recei ved Codergisgiednsnr mt&rewl@dﬁweb%oqe@mmpp@@ti@sgwapﬂwa@mgugms
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chi p sanpl E0M¥gRY @P@Fﬁsé‘ﬁg’”ﬁf@f"@?PrfntH"eB”%‘Prdﬂ%ﬁ?%”%%f‘gﬁ’h&fe”tw Pd¥diRed coma
signal $o0 o@nisieing &eighelasd daamitketiennthaenip kroprdesgaend. val ues of the
reference signal; and programinstructions to conpensate one or nore

recei ved signal processing operations 35 that nmake use of the chip sanple
correl ati oBs foThesamUber@ldhbiamﬁdbmb@tcmﬁ4,tVﬁ@reilttﬁﬁepDr%wpIirtstrgfdioﬂetcati ons
and the nOjsifindihb 8habl DS eiARAd A g&t%s&ﬂ&o&émﬂmseomﬁﬁs@dra&am%&rg&m16

25. The conputer-read rogram

instructi o?ﬁ’éiof*t@e”%%@ﬁﬁ%[ﬁ@eeﬁé*‘@r (CriANEE reBBINNSPreseg R aY Siﬁ“%%@‘?“ﬂ@ values
oper at {®NSaLHMPLichedf WM@@WOF@M&IM eS8, sddcHAIMRN&Ale bainfBRdratet 766l CRAKE

(G RAKE) coRRERLAG RESSERS Mecotaling & BIKE, senbioLag, ver shts as

conbi ni ng wei ghts are determ ned fromthe chip sanple correlations. 26. The

conput er - r gadabjg c%ﬁhféme%atﬁé yemu?n%f c?M?:‘?EE'w’heH‘r‘FthB 9&jr§rﬂ‘xdsﬂ§ét(oH§’éo‘ ons to

conpensate one or e received signal processing operations conprise
program i rMEEsateARe Ot rH0Te (RRFIIGY 41082l CERABRRPR LR RAKEPT{SSPFOUEY INSERBICAT ng

processs byto%@@abéﬁlﬁte“@émb Q@Qhéfaﬂxhh@ﬁmé& tf}r%c@mblbﬂfi)téqgﬁhz@ﬁor{ m@r @dmmmﬁ WeiGBts
scaling factors % ﬁl ng % E b

conbi ni ng %e"i‘@'ﬂ‘?@”&é éﬁﬁ?ﬁéﬂ"’fer%? "tgﬁéderﬁn‘ﬁﬂ < PrﬁP'@ 'Breﬂé‘f"&? %‘H&ter%"f" I
conput er - rnesighad bre desdintnet dbmchachip 24mplebearsationg.he programinstructions to
conpensate one or nore received signal processing operations conprise
programinstructions 15 to conpensate a chip equalization process by

scal i ng cH8 edhiakcPpagteoiaiatie medigmrmdchairngt wdietin Hiemsogam insELGtons f t he one

or NDrg S%Hpegsaﬁ@@ﬁ@csﬁnorme%a s@ﬁal%r&es@nge&wéﬂoﬁ@&érﬁﬁhsfeldrégg%mﬁ@,ﬁmﬂah@g

wei ghts are determ ned fromthe ch gs l e correla rg
conput er - '@ SHARFEARET T BRIZatgR Rios W@?'@‘Eﬁ'"?rﬁ@ VRIH R SRTUNRY Y 1S BEL t o
20 conpensadre scdliag ictan® saidfiteel valdeSb@npgenaraeeseh rp epediattionrfitecamblriige

program i Ned gli'Jhtfls aété’rﬂﬁn L9 cg%ﬁgsat Ieea};(%’cr‘;{g[iag?n%(.:]uaI i zation process by scaling

filtered valtles as a unc I on nore scaling factors, said
filtered val ues being generated fromchip equalization filter conbining

25 29. The computer-readable medium of claim 24, wherein the program instructions to
compensate one or more received signal processing operations comprise program instructions
to compensate a Signal-to-interference Ratio (SIR) estimation process as a function of the one
or more scaling factors, wherein said SIR estimation process uses chip sample correlations to
compute a SIR estimate.

30
30. The computer readable medium of claim 24, wherein the program instructions to
compensate the one or more received signal processing operations comprise program
instructions to compensate a combining process used to combine despread values of the data
signal for said refationship.

35
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wei ghts determined fromthe chip sanple correlations. 25 29. The
conput er -readabl e nmedi um of claim 24, wherein the programinstructions to
conpensate one or nore received signal processing operations conprise
programinstructions to conpensate a Signal-to-Interference Ratio (SIR)
estimation process as a function of the one or nDre scaling factors,

wherei n saj,d SIR esti t|o ro ses |l e correl tlons ofo
conpute a gf st %ra eer %Q%tg '@mcogﬁ%m g(? “&‘8 P & 5T U 'Onsl ai m 24,
wherein t heormmgatama umstbrmmtnrmss tanprsewpe nkai ;@rogﬂam |0$teicmn8rtms®ler coraiinieal
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combi ni ng process used to conbi ne despread valu S|gnal f or
sai d rel at YOHRMdyaluss ofthe data sipRal ascrfgumtiep O?‘E%%PF@WEGP%JWQ@C'[Q{F dfirragiam
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co rrse o milns I ONsS ni n S as a
o or oK pRbra e B A LS e £ bR 8 2 KT ST e RS s o

scal e conbctosd val ues of the data signal as a function of the one or nore
scaling factors, (c) program5 instructions to scal e data despread val ues
as a function of the one or nore scaling factors, or (d) program

i nstructi o¥s tJhg@améu%@h@a@aﬂlq;mg@w|oé§|alas-24awmrmm@ﬁm@farm letreiiensdp nor e

scalingh faeiRhsate B- on%ﬁmgm%&@d srg%q@bée@,s;ﬁ@awamfs c6mpiidd &6grawner ein the

ro ramlnstructlons to t he or nore recelve
Pt oceos! ng ML O R ERAP A SORUREAT RIS Getd BROUTEe CoBEnea e R chi p

equal i zat i sgnaptoosas selatiseshit. 0 equal i ze the received CDMA signal for said
rel ati onship. 33. The conputer readabl e nedium of claim 32, wherein the
programinstructions to 15 conpensate the chip equalization process
conpri ses Ine dhe cappryecgedand medivinot ¢leins32 wheewl the poliam egowlipaspi on

fil ter15C0@Bhlbbﬁkgaté/\@ab%Hrb%qé’é{az@t:ofn'-ﬂﬂ&tebé’&rﬁ’ﬁrlsb?QnéD&Qa)OdroéFQﬁﬁns‘ir%ifdn@% t@gd ors,

(b) programinstruct]ons to scal iltered val ues of the received CDVA
signal as BlRtgsuezeHYhigr %WR&'"“%E{%’QW??&%“W“?'? pittee O%Ofe{“‘?fﬁﬁ%‘%ﬁﬁcws tHe one
or nore SGabgrag |ﬁs&0d§t@h§to deale fi f]ﬂér@glvalnbs dSISiﬁé m@.umom s@@aéseommﬂfrdmm@ad
symbol val gqe?hzgf namt r@sa AtioR otfh] BnR.0F mte f ctor &8 r Pa(sn m%tfucf ns(ig) 20
pr ogram i nstPEEL o tichiod o g é‘ﬁ|b & rﬁ?ﬁé@ 4<% FURCEIGh dne or
nor e scal ispgle trecdespread surBbol values as a function of the one or more scaling factors, or (d)

20 program instructions to scale the chip samples as a function of the one or more scaling factors.
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