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| NVENTION Field of the Invention [0001] The invention relates to digital
conmuni cawioas®esevbr e particularly, the invention rel ates PCa/Usos/8x33
estimation in a conmunication receiver. Description of the Related Art

[ 0002] Wrel ess comruni cation systens are w dely depl oyed to provide
various types of communi cation such as voice, data, and so on. These
systens may be based on code division multiple access (CDMVA), tine
division multiple access (TDI\/%), or sone ot her nodul ati on techni ques. A
CDMA system provi des cdREGCEINBRNQISE ESITIMATREIN ypes of systems. For
exanpl e, a CDMA system provi des increased system capacity. [0003] A CDVA
system may be designed to support one or nore CDVA standards such as (1)

t he Tel econmuni cations Industry Association (TIA)/Electronic Industries
Associ ation (EIA) "TI A BW-RERDIND OF TIRINVENERONSt at i on Conpatibility
Standard for Dual - Mode W deband Spread Spectrum Cel lular Systemi (the IS-95
standard), (2) the standard offered by a consortium naned "3rd Generation
Par t ner shi Praject” (3GPP) and enbodied in a set of docunents including
mcumnt—ﬂaﬁ@%@&%. 211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214
(the W CDVA gpheedar dihe (Blentibh eelateand aligt0ichbamagidayions. c Meergartivulabiyed " 3rd
Ceneration Partnership Project 2" (3GPP2) and enbodied in a set of
docurnentthe inyehtieh 1lgtes 8000 estimaippdn @EPMIMPEGALIOBIGRYSEF-d f or cdna2000 Spread
Spectrum Systens,"” the "C. SO005-A Upper Layer (Layer 3) Signaling Standard
for cdm2000 Spread Spectrum Systens,"” and the "C S0024 c¢dna2000 Hi gh Rate
Packet [Bésariplion dmheRERed Apeci fi cation” (the cdma2000 standard), and (4)
sone ot her standards. [0Q004] A communication syste 1%2 is shown in Figure
1 as a CDOMA P02| s Witlers cCarpappiction, YRt e cXidelyn E/‘Qi’%fnt‘idﬁoﬂgg one or
nore basg .. I . b 0 nt ¥si<SBy by pi cal
o & wi T R B co e S DS B T e D Ol y
two basebas¢con omte ditiGimn mdlfiplesaceess {GRMVIA), timesdivistharsultipte achess (TRMA),
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other types of systems. For example, a CDMA system provides increased system

capacity.

[0003] A CDMA system may be designed to support one or more CDMA
standards such as (1) the Telecommunications Industry Association (TIA)/Electronic
Industries Association (EIA) "TIA/EIA-95-B Mobile Station-Base Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular System" (the IS-95
standard), (2) the standard offered by a consortium named "3rd Generation Partnership
Project” (3GPP) and embodied in a set of documents including Document Nos. 3G TS
25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214 (the W-CDMA standard), (3)
the standard offered by a consortium named "3rd Generation Partnership Project 2"
(3GPP2) and embodied in a set of documents including "C.S0002-A Physical Layer
Standard for cdma2000 Spread Spectrum Systems,” the "C.S0005-A Upper Layer (Layer
3) Signaling Standard for cdma2000 Spread Spectrum Systems,” and the "C.S0024
cdma2000 High Rate Packet Data Air Interface Specification” (the cdma2000 standard),
and (4) some other standards.

[0004] A communication system 100 is shown in Figure 1 as a CDMA
wireless phone system. The communication system 100 has one or more base stations,

110a and 110b, here shown as antenna systems typical of a wireless phone system.



110a, 110b provides coverage for a corresponding cell 120a, 120b. The
coverage areas or cells 120a, 120b supported by the two base stations
110a, 1l10Wwoasmemhpwn to be overl apping. However, it is umdernsosei3s hat
where nore than one base station is supported in the comunication system
100, the cells supported by each base station nmay or may' not overl ap.
Additionally, the cells of any three qg nore base stations may have sone
common coverage areas or nay be nutually exclusive. [0005] Since the
operation of the comrunication system 100 within each cell is
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respectively, in the functional block diagrans of Fi lil’ 2 ,ana Fi gure 3.
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Al ter natthv% & StB%IOHL![ Bg V<P ge%rersg?%k channel. The communication links may be over

a continuously active channel or may allow for DTX. The base station 110a also
communicates with a Base Station Controller (BSC) 150 that provides the communication
link to a Public Switched Telephone Network (PSTN) not shown.

[0006] The CDMA standards provide specific details concerning the
generation of the various channels supported on each of the forward and reverse links.
Typical generation of a forward traffic channel and a forward pilot channel are shown,
respectively, in the functional block diagrams of Figure 2 and Figure 3.

[0007] Forward traffic channel generation is shown in the functional block
diagram of Figure 2. The figure shows a generalized functional depiction of Forward
Traffic channel generation. Forward channels may not all be generated identically with
the block diagram shown in Figure 2. Data to be transmitted on the forward traffic
channel is coupled to a convolutional encoder 204. The convolutional encoder 204 is
used to provide Forward Error Correction (FEC). The constraint length and rate of the

convolutional encoder 204 may vary according to the particular standard and



substitute for the convol utional encoder 204 in systens that provide for
turbo encodi ng. [0008] The output of the encoder 204, whether

convol ut iwpaB/06e¥60T ur bo, is coupled to an interleaver 208. PChash®o2was d | i nk
signal is interleaved at the BSin order to |essen the effects of a burst
of errors that may be caused, for exanple, by a fast signal fade due to
destructively conbining nultipaths at,a receiver front end. Interleaving
the synbols before transm ssion and %ei nterl eaving after reception causes
bursts of errors to be spread out in tine and to appear to the decoder as
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used W thpad&rehgsed power control to instruct the M5 to increase or
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PCT/ USO3#t82a:3@r 208. The output of the first decimator 232 is coupled to a second input of the
first modulo two adder 210. The output of the first modulo two adder 210 represents the
interleaved data scrambled by the PN sequence. The scrambled output of the first modulo
two adder 210 is then coupled to a first input of a multiplexer (MUX) 220.

[0010] A single bit output from a Power Control section 224 is provided as a
second input to the MUX 220. The power control bit is punctured onto the scrambled
data symbols and is used within a closed power control to instruct the MS to increase or
decrease its transmit power. The location of the punctured bit is pseudo randomly
determined using the long PN sequence.

[0011]  The pseudo random sequence output from the first decimator 232 is
coupled to an input of a second decimator 234. The second decimator 234 further reduces
the rate of the PN sequence to a desired power control puncture rate. The PN sequence
output from the second decimator 234 is coupled to a control input of the MUX 220.
Thus, the PN sequence provided at the control input to the MUX 220 directs the MUX

220 to puncture the power control bit into the scrambled data symbols in a pseudo

random location.



[0012] The out put of the MJX 220 is coupled to an input of a second nodul o
two adder 240 used in the direct spreading of the data synbols. A Wl sh
code genewetos6s6842 provi des a single Wal sh code sequencePCrhasn3/hz3assi gned
to the particular Traffic Channel, to a second input of the second nodul o
two adder 240. The second nodulo two adder 240 directly spreads each input
synbol with the provided Wal sh code. If the Walsh code length is
sixty-four, the second nodul o two addér 240 out puts a sequence of sixty

four chips for each input synbol. The output fromthe second nodul @ two
adder 240 is [0013 nodhe eutpboisthenMP X8 19guplediode ipputipiasscangipedulangd

t hus, sixty f i re. s i i S i ynbol .
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adder 252. The output of the in phase adder 252 represents the in phase

dat a si gnaputieddn the tivargpan@f eginglefsymbek. (not shown) and a nodul at or ( not

shown) for g tiop,of the in e I lyaq k ]
Simlarly tH905E podhSseen oGP AR N bdeo R B ANE 40T 240 gsg‘g‘%’lﬁedﬁdt o an
i nput oftoawdyatiliel pitBs e afe Wed to Atndoitt siet inQHARE gonad auadraitel(Qssigmlpl ed to
a second input of the quadrature adder 254. The qutput of the quadrature

adder 25@mpeperseisrnatigely.asdn samg radio serdiguragiens ohfdNLle %pgptlhééylfl Ol filter
ot S LR PRAE TP O 5 AR B, oy
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phase, and si gnzﬁ gt r eng'?h information. It is not intended to carry user
dat a. Tympéspeal toRinyespedfiaphate of geneigaali dm OEsesHRMN gemerftpy 262 isToupled 082065607
PCT/USO 3s,/e(c)gn7d3 i%put of the in phase adder 252. The output of the in phase adder 252 represents
the in phase data signal and is coupled to a filter (not shown) and a modulator (not
shown) for generation of the in phase (I) modulated signal.

[0014] Similarly, the output of the second modulo two adder 240 is coupled to
an input of a quadrature adder 254. An Offset Q PN generator 264 is coupled to a second
input of the quadrature adder 254. The output of the quadrature adder 254 represents the
quadrature data signal and is coupled to a filter (not shown) and quadrature modulator
(not shown) for generation of the quadrature (Q) modulated signal.

[0015] The Offset I and Q PN generators, 262 and 264, are short PN
sequences used to isolate one cell or sector from another. The offset enables reuse of the
Walsh codes in every sector.

[0016] The Pilot Channel can be viewed as a special case of Traffic Channel
generation. The Pilot Channel is used to provide a receiver with time, phase, and signal

strength information. It is not intended to carry user data. Typical Pilot Channel

generation is shown in Figure 3.



5 [0017] Referring to Figure 3, all zeros are provided as the input to the
Pilot Channel Generator 300. The Pilot Channel carries no information on
it. The awb 03®6387 input is coupled to a first input of aPeodisodoz7d® adder
310. A Wl sh code generator 320 is coupled to a second input of the nodulo
two adder 310. The nodulo two adder 310 normally operates to spread the

i nput signal by the Wal sh code. Howevgr, the Walsh code used for the Pil ot
Channel is the zero Wal sh code. Thus,” the output of the nodulo two adder
310 still represents all zeros. The synbols used in the Pilot Ch qnel are
Bi - Phase Shit®l7keydRefemineke Kigeread.tadh rraes dePravided abihe inpyt thP?\%F Qttraffic

gener at |-Qn. i I I . CO i epr al |
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[0019] The Offset I and Q generators, 352 and 354, are the same short PN
sequences used in the forward traffic generation and are used to isolate one sector from
another. A receiver may recover the short PN offset used in Traffic Channel generation
by recovering the short PN offset from the Pilot Channel.

[0020] The differences in Traffic Channel and Pilot Channel generation allow
a receiver to implement different configurations for extracting the desired information
from the respective channels. In addition to extracting information contained in each
channel, the receiver may also generate signal metrics in order to assist in closed loop
power control. A typical metric used by a receiver in closed loop power control is energy
per bit to noise power ratio (Ex/Ny). The receiver measures or estimates an energy per bit
value as well as a noise power value in order to calculate the ratio. A signal energy value
may be calculated as part of the signal demodulation processing. However, the
implementation of a noise power estimator may take various configurations. When the

receiver is implemented as a rake receiver having a plurality of fingers, demodulated



WO 03/ 065607 PCT/ US03/02733 6 signals are coherently conbi ned from each of
the fingers. A noise power estimate needs to take into account the

stati sti c&omB/063s@7 pr ocessi ng of the received signals. |de&CTysSos/mas33
statistics of the noise estimte processing track the statistics of the
recei ved signal processing. Wen the statistics of the noise estinmate
processing do not track those of the (signal processing erroneous signal
nmetrics may result. What is needed is a noise power estination

i npl ement.ati on that provides an accuyate npasurenent of the received noise
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usi ng signal processing stages that statistically track the signal
processing perfornmed on traffic channels. The statistics of the processing
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al so include calculating a cross product of a received Pilot signal to

gener at echanepd nesafiistragian By demeflgatng onbie the guadmpare wgmponent of the Pilot

channel. The noise estimator demodulates the Pilot using signal processing stages that
statistically track the signal processing performed on traffic channels. The statistics of the
processing performed in the noise estimate closely track the statistics of the signal
processing performed on the traffic channels.

[0022]  The receiver may be implemented on the Forward Link or the Reverse
Link of a communication system. The method and apparatus for noise power estimation
may be implemented in a mobile station, base station, or base station controller. Where
the receiver calculates a signal magnitude as part of a signal metric, the noise estimator
may be configured to calculate a noise magnitude. Where the receiver calculates a signal
energy as part of a signal metric, the noise estimator may be configured to calculate a
noise energy.

[0023] A method of noise estimation may include demodulating a received
signal on an empty code channel and calculating a noise estimate from the resulting
demodulated signal. A method of noise estimation may also include calculating a cross

product of a received Pilot signal to generate a demodulated Pilot signal, then calculating



WO 03/ 065607 PCT/ US03/02733 7 an energy of the denodul ated signal and
accunmul ating the cal cul ated energy over a frane. Wen a receiver is

i npl enentwo 1@963®0T ake recei ver, the noise estinati on net hedT/usayoi7ael ude
calculating a cross product of a received Pilot signal in a plurality of
fingers of the rake receiver in order to generate denodul ated Pil ot
signals in each of the plurality of fingers. The nethod al so includes tine
al i gning the denodul ated signals fromeach of the fingers in correspondi ng
plurality of deskew buffers, then summng the tine aligned denodul ated
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nmeans f QRayCiablodé ailbwlgtisk a BQ)sS prodatt ofat recdivanPildtesiglaiinda phiraily of fingdrs

Anot her enbodi nent of a noise estimator = may_include nmeans for cal cul ating
a cross 9ithsoake reseivar nerdenegeppipgrdesiogrlated Rilof sigmals i gpgh of ghe plu s of a
rake recei: t - P | j ' f

i nger o.01 fpges dE SRR Sy ERTREHS il R aohoiiicd RERAC IRt RSt e
denodul ahefingdrg iat@rdsponding prsgin o deskdeshufery théressnming the sgine dligned unmmi ng

the time aligned dempdul at e ignals fromthe plurality .of .des uffers
to generdsmedalated figals ér%ﬁgﬂtﬂ%élg% bé‘ffjﬁﬁa?o. 2o hzérCOJéWé%‘gq ﬂgﬂ?&ﬁ%‘%g noi se
esti mat UerdRY i nclude a receiver adapted to denodul ate a received signal
usi ng an enpty Wal sh code and a noi se cal cul ator adapted to ?enerate an

out put conpril8024) a AcimEmestativatdevicthavingi sseoissestimatesy may eludadrea@es an

accunul at or, ted to.sum.t he output of the noi I a

or cdot e SRRPIERTGA TreiThen o dn P oR pde e AT AR A R
DRAW NG30f$8Q38hatbh@orhaBé We@sduleRiiagingl. Andthet¢mbbdigest of atrdoiseiest@atoron wil |
becone nore apparent fromthe detalled description_set forth bel qw when

t aken i rmaspoinclude meens fogicelsulatiag @rcaass mepsiucholghressived REOL Sgnal Ehd BIUEHYY act er s
identify rres L nal y. Q ta dSh B i - loekS @

functi onoglCfl &lergé)? %9‘%‘?%5&&% %%ng%réeas% corlrlf\ir\gl}ﬁcli gialtat;'tl Scl)%% Q%gisatcgr%g egf(l) e]kss' Fi gure
2 is a bitechoish egingooilséandtaded mheak ffoc tiieanligning) éreedahodutated pigodslinFi gur e

?SI Z g| gg%%éogéggﬁeg]kg\g Qgﬁgpglzor Wa;ng% grzle{;lgs: f(%h s?unrrrllr%gnggt rc]aetrir%gla?i%hed [dgn(%(z)glllatlezzldgur e 4

signals from the plurality of deskew buffers to generate a composite demodulated signal.

Another embodiment of a noise estimator may include a receiver adapted to demodulate a
received signal using an empty Walsh code and a noise calculator adapted to generate an
output comprising a noise estimate. The noise estimator also includes an accumulator
adapted to sum the output of the noise calculator over a prédetermined period of time,

such as a frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The features, objects, and advantages of the invention will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify correspondingly throughout
and wherein:

[0026] Figure 1 is a functional diagram of a CDMA wireless communication
system.

[0027] Figure 2 is a block diagram of Forward Traffic Channel generation.

[0028] Figure 3 is a block diagram of Forward Pilot Channel generation.

[0029]  Figure 4 is a block diagram of a CDMA receiver.



WO 03/ 065607 PCT/ US03/02733 8 [0030] Figure 5 is a block diagramof Signal
Energy Estimator. [0031] Figure 6 is a block diagram of a Noi se Power
Esti mat orwO 0B8R8] Figure 7 is a block diagram of a Si gnalPCENES0892733
Estimator. [0033] Figure 8 is a block diagramof a Pilot Noise Power
Estimator. [0034] Figure 9 is a flow chart of a noise power estinmation
algorithm [0035] Figure 10 is a flow chart of a noise power estimation
al gorithm DETAI LED DESCRI PTI ON OF EMBODI MENTS [ 0036] A receiver
i npl ement ati on may make inpl enentation ofsglga%Fartl cul ar noi se power

I

estimtor a P& apFigureruis @dloskchipgramey knergy FSERE changes wi |l need
to be inple %i gﬁgﬁlt%eﬁhlg Q&R aﬁao?%t}lléléé Pﬁer@sﬁhﬁﬁ)ﬂ ecei ver w |l not
ur ned By t

be heavily noi se est | mat or € nol se power
estimator deg6032jed Bghew itsalh‘beck dmlgmmaﬁcacﬂlgnalﬁhergyﬁsﬁimmr structure in

order to ease_ inplenentation oi Addi tionally,
the noise pol@e3 rgstlﬁlﬂt“iﬁ’r 88 & lﬁ%?%a@é%&fﬁ’mﬁﬁge%ﬁgﬁggﬁmam&ond| tions of
the receiver [g%yq] Elalgui%@@ @EW%lWer%ﬁhhmealg&tﬂﬁde for all

condi ti ons. ure 4 shows a functional block diagram of a CDVA
recei ver 400 [0038)| enBighienld) ia afmivschaponf@modsstiomgt estimation algasidhmer 400 may
represent one half of a transceiver such as nay be used in a wrel ess
phone operating in a systemthat is conpliant with the CDVMA 2000 standard.
Al'ternatively, all or portions of the receiver 400 may be inplenented in a
Base Station (BS) or Base Station Controller BSD)I A data signal that is
nodul ated at a BS m%%mrﬂammwmma Nm(N'ESgnal standards is

transmtted t[@%ﬁﬁ © rgcrecel I 141(1) %méﬂat%t » Oaﬂé[g gﬂ)\t}ﬁlﬁ fat]dn nﬁu%cﬁfart he

recei ver 400 erfac ecelver 4 rel ess co nication

l'i nk.  Theise§oicy edinsit re&tatﬂélehmmhemwhseafnl}t énimat desipm c#ﬁﬁgassmﬁmapcﬂ ed to a
Radi o Fre e]?& (RF)/anal og section 410.. The_ RF/ anal og\e ecti o is used
to tunet® aneed aud theProcessing sapabilisies Of dbe Feostge ﬁ noﬁah‘? divi y

downcon t he
onal oot OBy IEGRAHWE Slithab The MRS p&Jﬁ&gﬁ*ﬁg%?%ﬁﬁﬁidgb%%‘ﬁ?%% 410 i's

an anal dgosaogamit théadceiver atructarel invoriet tr easdiisipententgios mfyth¢ mpise owsr
D1 g tal SEHRRIBF eRouADEsYs 120 P errS e reSoHf et drerasBs o7
PCT/ USO3/,Q4ifi8Rs of the receiver such that an accurate noise power estimate is made for all :
conditions. ‘
[0037] Figure 4 shows a functional block diagram of a CDMA receiver 400
implementing a noise power estimator. The receiver 400 may represent one half of a
transceiver such as may be used in a wireless phone operating in a system that is
compliant with the CDMA 2000 standard. Alternatively, all or portions of the receiver
400 may be implemented in a Base Station (BS) or Base Station Controller (BSC). A data
signal that is modulated at a BS in accordance with the forward link signal standards is
transmitted to the receiver 400. An antenna 402 at the front end of the receiver 400
interfaces the receiver 400 to the wireless communication link. The received signal at the
output of the antenna 402 is coupled to a Radio Frequency (RF)/analog section 410. The
RF/analog section 410 is used to tune the receiver 400 to a specific assigned frequency
band, downconvert the received signal to a lower frequency signal, filter the signal, and
amplify the signal. The output of the RF/analog section 410 is an analog signal that is at
a low Intermediate Frequency (IF) or at baseband. The processed analog signal is then

coupled to an Analog to Digital Converter (ADC) 412 where the signal is sampled and



converted to a digital representation. The digitized output of the ADC 412
is coupled to a rake receiver 420. [0038] The rake receiver 420 gets its
name fromvotes/ob3sber nal structure. Wthin the rake recei veCTAR03/03183 e are
mul tiple fingers 424a-424c that track different copies of the desired
signal. The different path | engths used by the signal when it traverses
from the BSto the receiver 400 prodyce nultiple copies of the desired
signal. The differing nultipaths produce replicas of the desired signal
that are slightly offset in tine fromone another. The rake receiver 420
capi t al conertethtor hdighiwirepresengtion. Ebrudisitizadannus of HerARE-Heiis e PG Rden snal |
time dif erences426 recei ved signals by assigning each finger 424a-424c of
the rakB*PEEETWEr“420 to a different tine del ayed copy of the desired
signal . A spm3gher HZaksradsiect 420 geonit anhé frosedy mkertdl etrdétyiet | Wighlinsi gnal
for strong signal paths. The searcher 4 assign.a,.signal froma

par t i cuthgrrake gregivend2t thege aregaylipleyfingers 5%@9%404§a5§%§ﬂ§8%%ﬁ%1 g°'on t he

si gnal ter(%ggécpsi B@U"Pﬁ&ﬁff%ﬁf jgaﬁﬂllg{gtl% lﬁ'bg%& Rigndh@hfRithravased fBAENtS are

continually updafed as the recelived signa hanges. Thus, each finger
424a- 4246 BS tass goederad0 predadef meltipkopypiesf oft the desirasl signphalThe [daffering
assigned to the other fingers.. Althau |y three fingers 4 -424Cc are
shown i Hluﬂtﬂ@ﬂ}sﬂedlic&%i’]%‘@ﬁ %E% def’ﬁ%‘PSI @%]Jg{lp[ %‘h yo(}f%SF lIglﬁlgtlemP‘:'i‘ i"’r%rrﬁlymgaa_r y
accor di ngotﬁ t g 0Bk RSP0 496 TaPial R0 I Riehbili®f dfhe CDRIReisysemdasi gner .
[0039] Ideally, each finger 424a-424c is assigned to a nultipath signal

that | sdiffentntiater beswegnesimald timeyditeranees mf reqepepdrsignalimby assiepingragh dweghy ot her

finger da- 424c¢ wever., there gy ki h

i nal s EEEAHET e FRETE R s AT G Ao IEhG AR B Wi d BB
condi t i ansaAR@ee 422k LAl ®hgaalssass tvaligiticed vignaldof Steoredigial pgtss
424a-424b may correlate is where the nultipath signals nerge galgg.to
changes The sedrehend22imait assignm sigpal from ﬁd’éﬁlcﬁ?ﬁélgﬁgpﬁ t%ésﬂﬂg%?é B8E first
nul ti payh,si Ofik | {cBial SR@AINpAtK.ONh8 path
transni??%?4?§?bﬂ§%§@%éﬁbg$%%8%fg%ﬂggégﬁ ﬁ%?ﬁg@%bhz4%ﬁn2% be asé?gned to a
second h¥igringdnity areneatinedlbt eutlated| dsi thetrécesvegnagnal ivhenges.orhws,psabl Jinger a
second path | ength fromthe téansm'tte[1 to the receiver .40 ":rﬁ‘ézgthgf t he

h, .
fi nger s 224ard24oEpssigngd & HBe qifet copyiofithe samae sepel DA Ky eIsaeR T §WSl s unti |
the seapghar @%uﬁﬂ%ﬂgﬁ&r&hﬁng&ﬁgﬁfa-mi FORESWn N8RS recaivet 420, 1tReei ver

400 noves”its localion’or antenna 402 orientation, the nultiple path

| engt hs acthalngentadr i gingetshmasheary eceadingridithmydesivas e aesiensapsiEpiats qfithe g
conceivabl e that the path length, and thus nultipath signal, tracked by
the fir3ECHehEeY8W54a may at some point nerge with the path length and WO

03/ 065607 PCT00$993/ ORiéaiPy, each finger 424a-424c is assigned to a multipath signal that is
not correlated to any other multipath signal assigned to any other finger 424a-424c.
However, there are conditions where the multipath signals assigned to separate fingers
424a-424¢ will be correlated. One condition where multipath signals assigned to two
different fingers 424a-424b may correlate is where the multipath signals merge due to
changes in the multipaths. A first finger 424a may be assigned to a first multipath signal
that corresponds to a first path length from a transmitter to the receiver 400. A second
finger 424b may be assigned to a second initially uncorrelated multipath signal that
corresponds to a second path length from the transmitter to the receiver 400. Each of the
fingers 424a-424b continues to track the respective multipath signals until the searcher
422 changes the finger assignment. However, as the receiver 400 moves its location or
antenna 402 orentation, the multiple path lengths change along with the corresponding
multipath signals. It is conceivable that the path length, and thus multipath signal,
tracked by the first finger 424a may at some point merge with the path length and



10 corresponding multipath signal tracked by the second finger 424b. The
fingers 424a- 424b are no | onger uncorrel ated when the first and second
pat h | engwb3fpsssduce a signal time offset that is small ePCrhan3/ee7as ni num
di scernable time offset. A noise estimator that wuses signals fromthe
fingers 424a-424c should account for the possibility of correl ated
signals. When the signals in the fi ngers 424a-424c are correl ated, the
noise is also correlated. [0040] A noise power estimator my be

i mpl emented into the receiver 400, as _ descrijbed f r@?er bel ow, 4{2#
est i mat cogespreding saylipah mégnab taekedgby Hie seeerd fagerA beniﬁﬁ%qs & is
{inE . . | . ; .

presen 4?@[{ aﬁrwfoﬂg%fh@&&gbﬁ&ﬂ W enﬁlﬁe f#{%aahd @Eé'onla;'paﬂ{ feﬁgﬁ’lﬁ Proéiue®dRignal

i mpl enen ions 0O erse Li € nol se power estinator uses the
rake recigieVdfset thalistsmatienmhedn b atiainhire dRtérnbbls tigradffses Afmoise eswmetonthigt af f i ¢

Channel . The denpdul ated signal, represents noise because, t Pilot,is not
modul at #8esHgHITEPR. hodingam ‘&?‘?rfk}“ﬁ E_émﬁgiamunbﬁ%rnth% pOSEDifty ?tfcq;;;eehage%
Traffi ¢ (Ohannelviah! AUSIR AOURCHARE BILI2ACRCEGMHe] Ohet e BOBSI DI I ty

of correlfated noi'se sighals in multiple fingers 424a-474c. [0041] Each
finger 4adeladdc determnes the tinme offset between its assigned signal

and a tinme reference, The finger. 424a-424c. makes e ti al.ign

det er i nat i oi&b‘{p cor‘%@oéPFiRﬁ’&'e?Fglrﬁégﬁ DAL e Hﬂnﬁfwg{eﬁl tf)éﬂ%fec 1(\)/9ra4f@r5rse

r ef er encRrs¢ihedFhrthe BeloG rfbﬁ'e@ﬁﬂn@ﬁhﬁk}&o récived efbit® udiag pheattcsihel Filpoal
assigned to the finger 424a-424c. \fter nmeking the tinme alignment

det er ni tanns , thathis piesersringPamvang Jdnkysignals, tipd el pla¥akf PrgeEl 0 ¥Mees to a
correspondin ffer. 4264 o h i V, i fnto the
corres pd’ﬁlaleﬁ%n%ﬁf) ?Se?fsélf g%ééégg‘cmge EP ‘g géﬁ% %t% g’ﬁ%é%ﬂl?égt%re%e\yl gt?esflMé% gécg?]e% he same
desi r ed 4201 gnRnodiats thet Pidottsigrl ak ihedere enTeaffis @fantdle Bhef demedaéd- 426¢
may be coherently conbined in a_sunmmer 428. Because noi.se i enerally not
cor r el atsegmabigpreseiie nokse ibseause theRilef i @ﬁh@ﬁ@%la§§swlglh gﬁfat ‘?rﬂ%isuﬂ‘?%t‘i‘ééﬁg

#24a- 424610 ElEIPhe (006% IRLHFOCRIRRE LlowsGHDhBRe clifindBiCtoSibamRA (dtafle THUS,
the rake receiver 420 | Rcreases the desired signal to noise ratio by tine
al i gni ngoasibiligodfenentated musesiggpls inendlfipte fiogésdl4ad24¢.ons of the desired

signals that praodyced by nmul 1| path. .The, out put..of. t he rake receiver
thus repr eser“)@‘{ljn_ aﬁf‘%‘r@a@“ é%?fﬂ%cp‘?eém‘?esfh%Hgghoéfsgwﬁtye ﬁ%flsﬁleg&e ut put
fromt h%i%n%i(eanﬁeﬁeﬁl\ﬁ%r rééRnce. CAHESERd NGR4NE2 R ngHkesl e ghak, alighntempl ed to
a deinterfeaver 430. The deinterleaver 430 perforns bl ock deinterl eaving
on the rdeteeininetios Prrisofrelating ite assigned enultipatls ighal te a time FicpEsRgEé5809

PCT/ USO?E:/OIQré?a%gn also is used to despread the signal assigned to the finger 424a-424¢c. After

making the time alignment determination, the finger 424a-424c writes the despread signal
values to a corresponding buffer 426a-426¢. The despread signal values written into the
corresponding buffers 426a-426¢ represent time aligned versions of the same desired
signal. Thus, the time aligned contents of the buffers 426a-426¢ may be coherently
combined in a summer 428. Because noise is generally not correlated over the various
time alignments assigned to the fingers 424a-424c, the noise does not coherently combine
in the summer 428. Thus, the rake receiver 420 increases the desired signal to noise ratio
by time aligning and coherently summing the time offset versions of the desired signals
that are produced by multipath. The output of the rake receiver thus represents an aligned
signal.

[0042] The coherently combined output from the rake receiver 420,
representing the aligned signal, is coupled to a deinterleaver 430. The deinterleaver 430

performs block deinterleaving on the received symbols to rearrange the symbols to the



11 order they were in prior to interleaving at the BS. The deinterl eaved
synbols are then coupled to the input of a decoder 440. [0043] The synbol s
are decodwo oBfemoTaNner consi stent with the encoding pro®esgSoyexi3i n t he
BS. As noted earlier, the different channels on the forward |link may use
different types of Forward Error Correction (FEC). Some channels, like the
F-SCH, may use different types of F dependi ng on the particular radio
configuration. Synmbols on F-SCH may be convol utionally encoded or turbo

encoded depending on the supparted radio configuration 0044] The
r ecei verRrdCheeEBNRIOr 40 dBTEAVIRS Btn'g‘ﬁ lg%cg@iﬁ Cnderlaaveds ngb‘@? ]laéerﬂﬁen
decoder . a4 heid e the synbol s are convol utionally encoded

SRA8E a d
and the receiver 400 fzrirp ements a turbo decoder as the decoder 440 when
the synbol s §0@43]t ur Bhe eymboledue Thepddd dode thabindrscankistenh mathole pancodingm t he

decoder 440 may .al so jpclude ther sig lity indicators ch_as
parity 5%?%$%P%@yeﬁh%b§@£ﬁdﬁﬁﬁgvﬂ e§W‘£§§E§Haﬁ?Pé?OPgbﬁgf“?ﬁ%ﬁ@%Fﬁﬁt of
the decqdetiftidbhtit$pes Ut HoBHar ErforReo Bt €i0f RFEGH 05 orhb @hariRRO ik thelF-SCRES NMBY
be much nore conputationally intensive than the encoding process. This is

because miyeusdaliffetent typdsed i€t ierieoding @5 thopatieulpr igionfigyragpn.e SEmbOIs t
while th t ail fairl i ght f tati fore,
e encodiSCrEny BE sy patt ol sRhG CRiolel Sk TR A b0 RunbRelc' Pc

recei veda@ykbfigur@dh. be used to generate an error netric. The decoded bits

that are output fromthe decoder 440 are re-encoded usiqr;)% the sane FEC
al gorit hm usd80441 t h&hegeceitisd00 pmpleacatic ddemvabionye ¢t 5B 8t i onal

encodi ngyidnt (i2AGC AR ddbad b ARENYI S\ iobls HECOfIINdidAfly ERcodclramgnCoder

460 perforns o’ encoding 1 f the deco 0 perfornmed turbo decodi ng.
[ 0046] The rdeeivend0@l émpkhilnisraouirble seddder pe thendooddat 48t whemthe sSybotdl arer r or

Rate (SER) check detector 470. The SER detector 470 r ives .t he - encoded
sy rrbol( s c?_r’i‘F‘t)cFFéL ?@‘-%4‘?68% bli?égataﬂa o4fpub i‘i‘)?"’n@f’ dleggder ﬁg& e eQIWe@C@@ﬁbo I
data at d&tﬂflﬁ di%%wquﬁlﬁytiﬁ&catg%cﬁféﬁras";ﬂa@ity the é@@cﬁ@%@hﬁdwﬂ? CHeerRRares t he

re-encoded synbol's t0 the estimate of "~ the recei ved synbol data and counts
t he nuntkets. of di screpanci es between the re-encoded synbol data and the

ool ved Sy oy BB AL R RS e D SRR mOTL P
of the Qﬁ_@@&iﬁ% & siBYayRIbsOmbeh PheMi 8aphtatienallyeinténdiver fhas ethe (eRbdimgown) ,
another £l gna T%I: Ois ebseiglur;eg tfslet %gc%dgp g}akgshgggi]s)ibnsoars Eoothgn?'ct)lg]a%glitf lg)rf]%gclzl? %ﬁl bl ock

process. is is p y

while the encoder entails a fairly straightforward computation. Therefore, re-encoding

the decoded bits and comparing the re-encoded symbols to the received symbols may be

used to generate an error metric. The decoded bits that are output from the decoder 440

are re-encoded using the same FEC algorithm used in the BS. Thus, the Re-encoder 460

performs convolutional encoding if the decoder 440 performed Viterbi decoding and the

Re-encoder 460 performs turbo encoding if the decoder 440 performed turbo decoding.

[00406] The Re-encoder 460 provides the re-encoded data to a Symbol Error

Rate (SER) check detector 470. The SER detector 470 receives the re-encoded symbols

from the re-encoder 460 and an estimate of the received symbol data at the input to the

decoder 440. The SER detector 470 compares the re-encoded symbols to the estimate of

the received symbol data and counts the number of discrepancies between the re-encoded

symbol data and the received symbol data. In addition to any CRC bits, the SER values

help provide a determination of whether the frame has errors.

[0047]  The output of the decoder 440 may also be provided to a user interface

(not shown), another signal processing stage (not shown), or to another functional block



WO 03/ 065607 PCT/US03/02733 12 within the receiver 400 or a transceiver
(not shown) for which the receiver 400 is a part. The additional decoder
440 out puworodisiony possibilities are not shown for purpos@€TafSos/el7azity.

[ 0048] A processor 480 coupled to nenory 490 may be used to provide
processi ng power or control for various blocks within the receiver 400. The
processor 480 may control the anal ongai n of various anplifier stages in
the RF/ anal og stage 410 as part of an Automatic Gain Control (AGC) | oop.
The processor 480 may generate Walsh codes_or timng references used in

t he rakwithiscibe vegeivgp 608 (OT FéiANERE1 NgE £RPLSBOYWRLIAT Feigh the rE‘E?h\éGrréﬁ 158 rPﬁﬁng
function, 428...The i C 1008, REOCERSA%t AB8Rnt@r bidfhokey bPus

st ages Eh%l a& 18"%%rdfegzs’%‘%n‘gﬂg‘&?‘?}n@?f@%gb%?t"t 1e ?%tserconngcti tgn? are provided
only asclaganpl es and are not intended to be an exhaustive list of the

i nterconnections or functions, of the processor 0. [0049], The receiver

al so det er ni H{48E| ps’é&rP%WfpﬁﬂeFo‘H{iﬁ‘ﬂ (O MR %%Zi?my edﬂjlis‘%q 691 p{%w&e

recover i;)&gestsnﬁ O}g(ﬁiérrcﬁcl:o%rgp?dr'vaﬁ%ug‘ﬁfo‘éﬂs ARAVE theArebf PrCAU0. MER pocesesl by a
receivef 1nc ed | oop power control is energy per bit to nol seb‘g)ower

rati o (&80 May.coffibel the exaoy gain whyarniaiscmiifier segessinitraRB/apalpg sae 410 aher gy or

magni tude as the nunerator_of th ti 0. 0050] Fi cudr

funct i oR&I Ob PR WM @W&Onérol ﬁgﬁ&ﬁ ?%C}?er pig %%Sls%%grrg%g éé]ﬂ%?% @?l} nat or
500 det grddsNEsirAing SRR eLhsed i R fdke eéavdrel20ty mepbe ubal iongoridsalmi t ude
based on the power control bits punctured intg the data jn the Traffic

Channel cofement atinoring functier 428.t Thesiptaseonnsetians o e Bracaseqs 48040 Bisn@igred powver
trol bits b t hey .. f
punct ur SaEoaR o grerargne o il o Bk Ciu¥onnE AR 8L Iibuaadaly Ihe o oy

of a fukkah@b&atd @k hotinkindedecRugeexhabistivbdisvafthe haerconrecpowenr fomttons| bi t s
are defined in the CDVA standards. One power <control bit is punctured into
t he si gehthe@resopsapd@iB®r Control Group (PCG). The signals are despread and

al tgned in 1 lGdoRke FREGIERIr JHBCIALRIRET RECNTS) PoRersEHiRA hélrideskew

buffers to al coherent conbining fromnultiple ngers. Thus, for a
si ngl e hildigen to aecdverinie sheedesivad fseanab 0 Asamded alp e skigpiciluintiaic 504 bire used

to hold the tine aljgned synbols.. An output, of the | deske f 502 is

coupl ed HeGheT 1 Flgged ARBPOBP 8ol & epinit @ nOifk P B L0l ek

buf f er g&%ixfefr&myyaﬁ:uﬁl% dstifR 2 feeitQUENREY blomﬂ%rﬁﬁﬁ@ Al thederabr dfhge fir st
10. e 5

sunmer ata fromthe deskew buffers, 2 and 504, are gated such
t hat ratio.

[0050] Figure 5 shows a functional block diagram of a signal energy
estimator 500. The estimator 500 determines an energy of a Traffic channel by
calculating a magnitude based on the power control bits punctured into the data in the
Traffic Channel generation process. It may be convenient to use the punctured power
control bits because they are not affected by frame rate changes. The punctured power
control bits have an energy that is greater than an energy of a full rate traffic bit because
of the way that the power control bits are defined in the CDMA standards. One power
control bit is punctured into the signal every Power Control Group (PCG). The signals
are despread and aligned in the rake receiver. The aligned signals are stored in deskew
buffers to allow coherent combining from multiple fingers. Thus, for a single finger, an I
deskew buffer 502 and a Q deskew buffer 504 are used to hold the time aligned symbols.
An output of the I deskew buffer 502 is coupled to a first input of a first summer 510. An
output of a Q deskew buffer 504 from the same finger is coupled to a second input of the
first summer 510. The data from the deskew buffers, 502 and 504, are gated such that

only the aligned power control bits are provided to the first summer 510. A controller



only the aligned power control bits are provided to the first sumer 510. A
controller WD 03/065607 PCT/US03/02733 13 (not shown) that is able to

det er m newDhg/ops8i t i on of the power control bits can be u®ed/iso3/0x83 obe t he
power control bits out of the deskew buffers, 502 and 504, to the first
summer 510. The power control bits output fromthe I and Q deskew buffers,
502 and 504, should represent the s bit, such that the sumwl|
reinforce the value. The output of the first sunmmer 510 is coupled to a

first input of a second summer 530. Sim | ?&llg sumed 1. and Spo%ir control
bits frewtshavey thatrgabls tederempiae erposipnal (e BYWEFORUQRL RIF G2R & JEtk°
control _bit outpu r - [ f : Ad564, itH HeSEsunth ot her
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bits from two other fingers could b oupl.ed.t o the,se . 30. A
cont r ol PR OWREWPM @SJHF%WI’PIBereglc(ﬁ ﬁ) e pmsiane E’e%%bﬁﬁ%}gf}l%%%@écﬁ t her
qual i fythe. eidbile dhRRedingalme fiREt finbde traci@at r'Tied spettye exphisdeon fiee out put s
fromfingers where the signal tracked by the finger is r}%épsglfhy ciently

strong ewomgts dfotheafimgersargiise eorleddadeputnon Hie spernd SUEBRE &t ue.

[ 0051] The out put..of .the secq r i E biner powner
control OByt%SWE%nll%eab%s SV g%rﬂ]??t?] PS> iﬁee og?‘gﬁltc 0 Ofﬁrgs?eag%%e summer 530
i s coupk@ger 5202t @sedche sualnike F/ONdr &t andGdDodvibatetha megr tafddgesds t he sum
is calculated. The output _of the absol yte valu enerat.or .540 i s coupl ed
to an i Apumedfman eaed harEbet Of\')@@gel’?hewﬂ‘ﬁﬁg%etﬁ%% 8‘?6%?%18}%%%6%30@75?6 cont r ol
bit fromg L i ' [ BRY sur@hbd paRedtetu@] bak Be

gener at g}rnggi%sisﬁg{vh}r}éﬁ%r&gbgﬁgﬁkﬁgggﬁ?%?ﬁe{Sng Si ggal s directed ténthe

r ecei velwb bter Sinkerk katilel Herampletitte theceekbmd sufmendithef contralies peitshowal ue
generators could _equal .the nupgber o i nger 0 COor i

si t uat | 6AURIARIOCaEh dWEry ﬁlFﬁg‘?w %H‘%%W e ‘é%@?/ @%erouﬁgﬁﬁ%%ﬁ%gb‘ﬂffeh e

tracking a 'signal from

a di 17 ergatoehlay JRAURPHIBL TR higg bitee alsigrabsalkel by thafinger is

generators e also coupled to inputs on the accunul ator 550. The ot her
cel | ambsotuificienty steongemenglt orisvee hight confidencetinthe Roes COMEIPItHGRIes do not

track s gnal gufagm BLASL: Ge e b ORARmHIS S36GHTUALRE: HFPoP#TpoRe: of he

i nput val ues
control bits from each of the fingers. The output of the second summer 530 is coupled to

an absolute value generator 540 where a magnitude of the sum is calculated. The output
of the absolute value generator 540 is coupled to an input of an accumulator 550. The
magnitude of a summed power control bit from other cells is calculated in another cell
absolute value generator 544 if there are any fingers tracking signals directed to the
receiver that originate from other cells. The number of absolute value generators could
equal the number of fingers to correspond with the situation where each finger in the rake
receiver is tracking a signal from a different cell. The outputs from the other cell absolute
value generators 544 are also coupled to inputs on the accumulator 550. The other cell
absolute value generators do not contribute when the fingers do not track signals from
other cells.

[0052]  The accumulator 550 sums all of the input values over a period of time.
It is convenient to use the time span of a single frame when the receiver is a CDMA

receiver. There are sixteen power control groups within a single frame. Thus, the



It is convenient to use the tine span of a single frame when the receiver
is a COMA receiver. There are sixteen power control groups wthin a single
frame. Thwe,036w00 03/ 065607 PCT/ US03/ 02733 14 accunul areT/15890263s t he
outputs fromthe absol ute val ue generators, 540 and 544, over sixteen

cal cul ati ons. The output of the accunul ator 550 represents an accumul at ed
power control bit nmagnitude. [0053] {fhe power control netric energy per
bit to noise power ratio (Eb/Nt) also requires a measurenment or estimte

of a noise power. Figure 6 shows a functjonal bl ock di S‘ﬁf%ﬁg@ a_noi se
pover esschpaHater F@oumsrhe optppisfrem egepbsolie yalug penleraipriy ¢t i mat e
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respectl vely, band limted in phase and quadrature conponent S@Cﬁ'f the Pil ot
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a noi se power estimate in the particular

fi nger. plg0BR]seTiMe NpilseNpieeQ s tTHeedupdtrofnhd iéid ifmger ndise etiopietl2 o a
summer 630. Simlarly calcul ated ni se power estinmates from other fingers
620 arelwupleédoﬁélmé’éﬂqt@gﬁgﬂﬂ‘ilﬂ&rﬁ {%ts on the sumer 630. The sunmmer 630

adds up al | i&%@o' SK Y \—’:‘Fpllotee?ﬁ:f BaRl 60418 2P BY suhi@n® tHeldbarks M t he
sumer 630 i onposi e noi se power estimate for the si i nci dent on

t he receie/quadrifive sigttaudmpénentse(IsndfRy of6Be Rilot exgupu teatked dn g‘esl@élVildVQI bl ock
640 wh th | | ed |
B G etos Theh J5 h TeS Bheit L AP PR Pl SR oA B B ™

magni tugﬂof’fﬁnt e 4 pAbUEI O3, WS PRE:_HRPT aRemid dil Theepsesahi, Rgpitiaely, 640 may
not be inplfenented inallT ~ noi se power estimator 600 configurations or may

be i ncobpud Hinited implotstend ghasieatgrevgonipopents of the Pilot signal tracked by the finger.
The output of the finger Pilot energy estimate 604 is coupled to a second input of the

multiplier 610. The output of the multiplier 630 is a noise power estimate in the
particular finger.

[0055] The noise power estimate from the finger is coupled to a summer 630.
Similarly calculated noise power estimates from other fingers 620 are coupled to
corresponding inputs on the summer 630. The summer 630 adds up all the noise power
estimates at its input. The output from the summer 630 is a composite noise power
estimate for the signal incident on the receiver. The output of the summer 630 is coupled
to a scaling block 640 where the value[is scaled by a constant. The scaling block 640
may scale the noise power estimate by a fractional value to reduce the magnitude of the
value that must be represented. The scaling block 640 may not be implemented in all
noise power estimator 600 configurations or may be incorporated in other blocks within
the estimator. Alternatively, the output from the summer 630 may not be scaled but,
instead, the noise power estimator 600 implements a larger bit width to represent the

larger signal at the output of the summer 630.



the estimator. Alternatively, the output fromthe summer 630 may not be
scal ed but, instead, the noise power estimator 600 inplenments a |arger bit
width to wopsmesnt the |arger signal at the output of thecTurs®027680. WO
03/ 065607 PCT/ US03/02733 15 [0056] The output of the scaling block 640 is
coupled to a filter 650 to bandlimt the noise estimate and renove any
undesirabl e frequency conponents that.may result from previous signal
processing. The filter may be any type of filter that is suitable for the

urpose. Adigital filter may be preferable ere the  noi se.estj or 600
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Figure 5 may.not be .the jde L:apl.e O, b tener gy
esti mat 8 Cu%&%&ﬁﬁlofl ﬁ&ﬁegg?rgh% ng}s?%li égngr{e’iielgﬁ tk % %*{Cg%%?l nggr}agrreg?/lgéc}%nect ly from
t he despread[gosTiol Figdre Phbestd functotil ridock diapfaas ef @h)alermtiae signabm t he |

deskew buffers 702 is coupled to a_first absol ute val ue generatagr,.712. The
first epsey gstemaiar (¥ dehmanbds NS%?I&QP%‘EHT%%@%H‘% pet “r?ﬁfarﬁ‘}%ﬁ(?& ‘SO@&M‘@ si gnal

and cou lsecﬁschE%H e Nk WEBMA 2@0(?‘| kfafdark HPBvs Thr SeveriMRIio CoRfigudhtiddsar |y, a

coherentl’y conbl ned quadrature phase (Q signal from corresponding Q
deskew Wutdeansy BO4ndny chemrplesimuitaseouslymperatingan astarwan! ebBeyaiieeTiphli¢e

t 714. Th d | ut | t 7 h
o TuakarpL; GEnEsT s e Pt ShabRoTRRE LRI (hber®l ik ApElami N°
i nput o, @er bitd 2Phus] iR SeHiBRerdy Ostafslsr S0UeshoMitih Tagute Ridy Qosbgnal s at

its inputs an coupl es the sunmed output to a first accunul ator 730. The
first adeudedlampien®dftioaccunul ates the summer 720 out put over a period of a

single Pover [&%%T] rol T}%r s?glgjrg)al er-ll_er}gy estimator 700 shown in Figure 7 estimates the signal
energy directly from the despread symbols. A coherently combined in phase (I) signal

from the I deskew buffers 702 is coupled to a first absolute value generator 712. The first
absolute value generator 712 calculates the magnitude of the signal and couples that
magnitude to a first input of a summer 720. Similarly, a coherently combined quadrature
phase (Q) signal from corresponding Q deskew buffers 704 is coupled to an input of a
second absolute value generator 714. The second absolute value generator 714 calculates
the magnitude of the combined Q signal and couples that magnitude to a second input of a
summer 720. The summer 720 adds the combined I and Q signals at its inputs and
couples the summed output to a first accumulator 730. The first accumulator 730
accumulates the summer 720 output over a period of a single Power Control Group. The
number of symbols that are accumulated in a single Power Control Group may vary
according to the Walsh length used to spread the symbol at the transmitter. Spreading the
symbols with a shorter Walsh length may result in a larger number of symbols per Power

Control Group.



nunber of synbols that are accunulated in a single Power Control G oup may
vary according to the Wal sh |l ength used to spread the synbol at the
transm t two.038pFcendi ng the synbols with a shorter Wl sh IPemgtSa3/mag3 r esul t
in a larger nunber of synbols per Power Control G oup. WO 03/065607

PCT/ US03/ 02733 16 [0059] The output fromthe first accurmulator 730 is
coupled to a truncation block 740. The truncation bl ock 740 represents an
optional block that is not necessary ut will likely be included in any
design that has_a limted anpunt of resourc Iruncat | gn mnimzes the

i S.
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di scussed earlier, the nunmber of synbols in a Power Control Goup may vary
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regar dl @efdifibnd WethMidhs Recende. B GHURCatideBlotIn@40 FrRgRIindste Ofiurhiiee of bits out put
fromthe accumul ator 730 will be |arger when a shorter _\al sh cgde | engt h

i s used thataries pepording ¢h theuWelshcode dengvrsadste piially spigad the ym Aguns a
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runca ger bits
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| onger \len%gl %ﬁéf‘% RSappk S8 Qte1y e stafﬂé%%érﬁﬁsQHf et WhisRBoHE erlofH) Mgt ihen bl ock
coupled tO an

740 is I nput of a second accunul ator 750. The second
accunul ahagniti8e of dloa surh atuggsit titven she pedumwater dJ0 eallihealtaeges\wdent hehqstari od of

a frame. re.afrgme is.c sed of sixteen ,Power nt.r.ol t he
Second. SVERSDLE et Wide WPdrieen Ausnti RO R e o4 i Y S0
truncat isgfhsbl gfdaref 4RmbER@f 39Y¥OM| e dhdBiRs Power (RG] GRakp ARSIy Thst | mat e
derived using the guadrature si gnal conponents of received §S),yqlns,1i10¢|o%é [ 0061]

The si grimincatiney lpcle 49 may dhen tremRteah trgaoumies @ bite £g5 ccthoyier
length. As an example, the truncation block 740 may truncate two bits when the Walsh
¢code length is eight or fewer chips, one bit when the Walsh length is sixteen or thirty two,
and zero bits for longer Walsh lengths.

[0060] The truncated output from the truncation block 740 is coupled to an
input of a second accumulator 750. The second accumulator 750 accumulates the signal
energy estimate over the period of a frame. Where a frame is composed of sixteen Power
Control Groups, the second accumulator 750 sums sixteen consecutive outputs from the
truncation block 740. The accumulated output is the signal energy estimate derived using
the quadrature signal components of received symbols.

[0061]  The signal energy estimators, 500 and 700, shown respectively in
Figures 5 and 7 provide a signal energy estimate that is coherently combined among
fingers. For example, let a signal in a first finger be modeled as ;=S + n; and a signal in
a second finger be modeled as r,=S + n,. Here, S represents the signal component and n;

and n, represent the noise components in the respective fingers. The signal energy



Figures 5 and 7 provide a signal energy estimate that is coherently

conbi ned anong fingers. For exanple, let a signal in a first finger be
nodel ed aworo3e&687 n1 and a signal in a second finger be modalsesioxssr2=S +
n2. Here, S represents the signal conponent and nl and n2 represent the
noi se conponents in the respective fingers. The signal energy WO 03/ 065607
PCT/ US03/ 02733 17 estimate uses a c01h7erent conbi nation of the two fingers.
Thus, the signal energy estimate 1is proportional to the expected val ue,
E{r(err) + r(err)}(err), whjch |sfpro ortional to 4S2. [0062] However, the
noi se eStTRRE gsesgnephsrairombingiion ofdhetwr Eesint Thes therdgnal gnesayestingte he
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as the F}g nalsiape comelater [0064] A cal cul ated Signal to Noise Ratio
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fa usi ng non-
the noise would give as the result 4Var{n,}.

[0064] A calculated Signal to Noise Ratio (SNR) for non-coherent noise
power estimation differs from a SNR for coherent noise power estimation when signals in
multiple fingers are correlated. Allowing the signals in two fingers to be identical for
purposes of illustration, the signal energy estimate is proportional to 45> and the non-
coherently derived noise power estimate is proportional to 2Var{n;}. The noise power
estimate derived using coherent finger combining is proportional to 4Var{n;}. The SNR
for a combination of identically correlated fingers, SNRy1 + 12, should equal the SNR for a
single finger, SNRy;. However, it can be seen that the calculated SNRy; + ¢, using non-
coherent noise power estimation is 2SNRy;. The SNR is overestimated by a factor of two
when there are two fingers tracking identical signals. The calculated SNR metric is thus
overestimated when s)ignals in multiple fingers are correlated. The SNR overestimation
may have negative effects on closed loop power control and the corresponding received

signal quality.



coherent noise power estimation is 2SNRf1. The SNR is overestimated by a
factor of two when there are two fingers tracking identical signals. The
cal cul at e@oSBIBsIeRIric i s thus overestimted when signal sPCa/usos/oi7ps e
fingers are correlated. The SNR overestimati on my have negative effects
on cl osed | oop power control and the correspondi ng received signal
quality. WO 03/065607 PCT/US03/ 02733 818 [0065] An alternative nethod of
noi se power estimation is to estlnate the noise power directly by
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that is an enpty VMl sh code channel. [0067] A functional blfock diagramof a
noi se pgowaslict ehauamt)cul&owaﬂdhatoda vill permeia aonptyl domidha leatiienduratien ¢ 4 oois€hannel
as an enp | sh code is shown in Figure 8. The noi se power estimator 800
recover ® fvﬁre ature conponent of the Pilot Channel. As discussed
earlier, in @dds]200808¥edredoisk BRwel bRtmAbamastak¥eaivistage Beiatshndsi Ng

only in phase (I) synbols and an enpty quadrature (Q synbol conponent. A
r ecei vedn which the Pilot Channel is generated. As shown above, the P(llot Channel is modulated

with no data and is not scrambled by the long PN code. Thus, although the Pilot Channel
has a fixed Walsh code assignment, the Pilot Channel appears to the receiver as an empty
Walsh code channel. In particular, it is the quadrature symbol component of the Pilot
Channel that is an empty Walsh code channel.

[0067] A functional block diagram of a noise power estimator 800 that is
based on demodulating the Pilot Channel as an empty Walsh code is shown in Figure 8.
The noise power estimator 800 recovers the quadrature component of the Pilot Channel.
As discussed earlier, in CDMA 2000 systems, the Pilot Channel may be generated using
only in phase (I) symbols and an empty quadrature (Q) symbol component. A received
pilot signal is recovered by removing the in phase and quadrature short PN codes. The
recovered in phase and quadrature Pilot symbols 802 from a first finger are coupled to a
first input of a cross product calculator 820. The recovered in phase and quadrature Pilot
symbols 802 from the finger are also coupled to a filter 810.

[0068] The filter 810 is used to band limit the recovered Pilot signal in order

to remove any undesirable frequency components such as may result from sampling. The



pilot signal is recovered by renoving the in phase and quadrature short PN
codes. The recovered in phase and quadrature Pilot synbols 802 froma
first fimngerodasworoupled to a first input of a cross prodeatusoadzes at or
820. The recovered in phase and quadrature Pilot synbols 802 fromthe
finger are also coupled to a filter 810. [0068] The filter 810 is used to
band limt the recovered Pilot signal (4n order to renpve any undesirable
frequency conponents such as may result from sanpling. The WD 03/ 065607
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FIR filter. The output of the filter 810 is coupled to a second input of
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cal cul atﬁ% a croqsﬂs tprgq#(%t the recovered Pilot and the filtered Pilot,
al t hough"™PIESP BRIV 33 Y944 as a scalar and not a vector. Thus, if the

recovered Pil@o6op I emheeson pebdast tdibihief 820FdlidteBderbiieplodhéteseehePi | ot
is represented as (IPilot filt, QPilot filt) then the output of the cross
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any data. The cross _ product result is coupled to a deskew buffer 830.
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finger to align the recelived signal fromthe cular finger with

al | ot heparficuigrefisgearrteckisaghe Rilbt Chanriel isepdti medulaibd twith smyndatsi gl crosshe
out put fromthe deskew buffe 30,1 pled to a summer 850. [0071] O her
fingers P’i‘?mt‘%éesrugtdﬁfwe#@f ‘iﬂsg WPP@?,I%}ph_e Pil ot Channel. Each finger
recovers corrgRpendi MheQREALUTEr 830 Bperfied N theCARROMBMEE as FEHRI VIS a
cross product using a filtered Pilot, and tinme aligns the resultant signal

in a desthevingef fap trathiag asTighig Chamneks dhaglesievt beffer §36 allowerihe fingery foor nmed

by any ot.her .fingers. is.represent Ln. 0, fe. t r
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hol d ti n¥® ayAEP@enodul at ed Pil ot dat a.
[0071] Other fingers in the receiver may also track the Pilot Channel. Each

finger recovers corresponding quadrature Pilot signal components, generates a cross
product using a filtered Pilot, and time aligns the resultant signal in a deskew buffer. The
signal processing of the Pilot Channel performed by any other fingers is represented in
block 840. Each of the other fingers tracking the Pilot channel couples the corresponding
deskew buffer output to the summer 850.

[0072]  The summer 850 operates to coherently combine all the outputs from
the deskew buffers because the deskew buffers hold time aligned demodulated Pilot data.
Thus, if the signal in any of the fingers is correlated, the signals will coherently combine
in the summer 850. Correlated noise tracked by different fingers will thus coherently
combine. The output of the summer 850 is coupled to a noise calculator 860.

[0073] The output of the summer 850 represents a combined noise power
estimate derived from the Pilot Channel. As discussed above, the SNR rhetn'c calculated
for closed loop power control may be incorrectly estimated when the statistics of the

noise power estimate do not track the statistics of the signal energy estimate. Coherently



Thus, if the signal in any of the fingers is correlated, the signals wll
coherently conbine in the sumer 850. Correl ated noi se tracked by

di f f erentwbiongeses7 wi | | t hus coherently conbi ne. The out peCTafSos/bg3sunmer
850 is coupled to a noise calculator 860. [0073] The output of the sunmer
850 represents a conbi ned noi se power estinmate derived fromthe Pil ot
Channel . As di scussed above, the SNR getric calculated for closed | oop
power control may be incorrectly estimated when the statistics of the
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[0074] In one enbodi nent, the noise calculator 860 cal cul ates the square of

t he cohessamatesum This nmay be viewed as cal cul ati ng an energy of the
denodul at ed PRj noi se signal . The enbodi ne th i sg _estimator 800
that cal cul at[@%{]he Erhg}lﬁﬁmﬁf)g"frf?@t’qg%%ﬁﬁlc ]tcgfé%%icg‘sgtcaﬁ%@ﬁ%se%ﬁssgaarﬁhogn t he
si gnal emeteher&f shfttEhi€ Blag bk didrednsaldalatin® bn thergy @€ fdddnaddathia] Bil@l as an

energy. An exanple of a signal energy estimate that cal culates the square
of the dwisdignat-etheeghedimest efitheseisaativrater S0 thefcalcutatesdhe swrsay of ol

ener gy. 7 . i t i S8: i ates an
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absol ut edenaddulntetiegigiind as wh enerdy.aAncxbhmpleadfi anggral RAEEY testii@atofthatlvelcsiagsal . The
enbodi nent of the noise esg&rjrim,or 800 that calculates the ni tulg(g of the
denpdul aPedaRe R ‘ili‘ﬁyffegé’dﬂ Sisa Smn eityPaPT bRsedr ¢ 2etrsnerd drell at es
an absol Y.fwal ue of the denodul ated signal. The signal energy estimtors,

500 and 700 use absolute values in the calculation of the signal energy
estimate. ThU8073lhe hoasshesmbrainent30e nofsatestimetr 8@ caloslotes tap absdluie

calculation as th noi.se ul at or. 860 rovi,de a i se, estimte that
has st at Yaith 8€ tl}%g?m‘&&gat&ﬁl g@é’? o5t %%r’a?st(g?ﬁ}¥l§1??rb% G atfslﬁ’gu(% ivalrlilglm%ng’F gy
esti mat ofiewddgs QiAIngOf mab@tRI sFehsakrdll ahelenfR@irhdint of EPhSREE estithattt
accunmul ator 870 that suns the noise estinmates over a period of one frane.

Thus,  t$ thaii apdcudates thamergngode phthasieaodelatedfilos mayybesised tthen s s8nglr om
mil ti pl eelfe}g'}ggsrtﬁnaté r<]:§1rcSB¥es an absolute value of the demodulated signal. The signal

energy estimators, 500 and 700, use absolute values in the calculation of the signal energy
estimate. Thus, the noise estimator 800 that uses the absolute value calculation as the
noise calculator 860 may provide a noise estimate that has statistics that are closer to the
statistics of the signal energy estimator. The output of the noise calculator 860 is coupled
to an accumulator 870 that sums the noise estimates over a period of one frame. Thus,
the noise estimator 800 is able to coherently sum the noise from multiple fingers, thereby
compensating for potential signal correlation among fingers. Additionally, the noise
estimator 800 calculates a noise estimate in a manner such that the statistics of the noise
estimate closely track the statistics of the signal energy estimate.

[0076]  Figure 9 shows a generalized flow chart of a noise estimator 900. A
received Pilot signal is provided to the noise estimator 900. In an actual implementation a
composite received signal may be received from which a Pilot signal would be recovered.
The signal applied to the noise estimator 900 represents a recovered Pilot signal following

removal of the short PN codes. The noise estimator 900 is able to discern the Pilot



conpensating for potential signal correlation anong fingers. Additionally,
the noise estimator 800 cal cul ates a noise estimate in a manner such that
t he statiwDi0d®essh7t he noi se estimte closely track the swraTiesns/es3df the
signal energy estimate. [0076] Figure 9 shows a generalized flow chart of a
noi se estimator 900. A received Pilot signal is provided to the noise
estimator 900. In an actual inplenmentafion a conposite received signal may
be recei ved fromwhich a Pilot signal would be recovered. The signal
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estimator 1000. Again, the noise estimator 1000 is provided a recovered Pilot signal.
The recovered Pilot signal is the Pilot Signal that has the short PN codes removed. The
noise estimator 1000 initially filters the Pilot signal in block 1010. The noise estimator
1000 additionally retains an unfiltered version of the Pilot signal. The flow chart next
proceeds to block 1020 where a cross product is performed using the unfiltered Pilot and
the filtered Pilot signal. The elements of the cross product are treated as if they were
scalars rather than vector components. The flow chart next proceeds to block 1030 where
a coherent sum of cross products from multiple fingers is calculated. The noise estimator
1000 may include multiple fingers each performing the steps of blocks 1010 and 1020
and providing the results to block 1030 for coherent summing.

[0079] The flow chart next proceeds to block 1040 where a noise calculation
is performed. As was performed previously, the noise calculation is performed such that
the statistics of the noise estimate will further track the statistics of the signal energy

estimate. In one embodiment the noise calculation block 1040 calculates an energy of the



the filtered Pilot signal. The elenents of the cross product are treated as
if they were scalars rather than vector conponents. The flow chart next
proceeds WO 0Bloessk7 1030 where a coherent sum of cross prodaatiEsos/ o3
multiple fingers is cal culated. The noise estimator 1000 may i ncl ude
multiple fingers each perform ng the steps of blocks 1010 and 1020 and
providing the results to block 1030 fop coherent summ ng. [0079] The fl ow
chart next proceeds to block 1040 where a noise calculation is perforned.
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modul es, circuits, and algorithm steps deScri onnection w

embodi metEnyi eedtoranhae wianesympgheic fighdseorgnttedesa spidad Cields o parttialeslvar e,
conputer__ s war.e, Or nmbi nati ons of both. To clearly illustrate this
i nt erchaar?ge(%%‘:bma%l?néqere ardware and software, various illustrative

conponents, HDO8XsS, MR EfskilPwile Hirthr appiétiate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled persons may
implement the described functionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as causing a departure from the
scope of the present invention.
[0083] The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application specific

integrated circuit (ASIC), a field programmable gate array (FPGA) or other



steps have been descri bed above generally in ternms of their functionality.
Whet her such functionality is inplenmented as hardware or software depends
upon t he wearosiocishar application and design constraints i Poedsd3/er3s he
overall system Skilled persons may inplenment the described functionality
in varying ways for each particular application, but such inplenentation
deci sions should not be interpreted ag3causing a departure fromthe scope
of the present invention. [0083] The various illustrative |ogical blocks,
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and the storage medium may reside as discrete components in a mobile station, base
station, or base station controller.

[0085] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the invention. Various modifications
to these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the invention is not intended to be limited to
the embodiments shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



to these enbodinents will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other

enbodi merwe ogiot3sout departing from the spirit or scope ofPcrhsos/mrent i on.
Thus, the invention is not intended to be limted to the enbodi nents shown
herein butt is to be accorded the w dest scope consistent with the
principles and novel features disclosed herein. WHAT IS CLAIMED I S: WD

03/ 065607 PCT/ US03/02733 24 CLAIMS 1. A devoice for noise estimation in a
conmuni cati on devi ce conpri sing: ”Eﬂﬁg%sor denodul ati ng a received signal
on an enpty code channel to produce™a dul ated signal; and nmeans for
determ ning a noise estimate fromthe denodul ated signal. 2. The device of
Claima1l, vvher(fl n the enpty code channel is an enpty Wal sh code channel. 3.
The devi ce of 'd aj ﬁdfvow% Tdoiser i mation i acoamenasing device gopprigingval sh
code channel .yl d&ﬁéfdtﬁﬁn‘g a fcava %?gna fi'afr' mpg}?godg%ﬂgﬁnfl? Ggimdul ating
the received S|gna conpri se€s neans r deno Ing q Rire phase
synbol s démodhdatedsignaleahdPi | ot signal. 5. The device of daim1, wherein

t he means for detﬁrn%edemg t he noi se estl mat e rrprlses rreans for

det er ni ni ng a™f#Y PINZANQIRG RS HERLe TEMm & odulaged signal.gevi ce of O aim
5, wherein the neans for determ ning the noise estimate further conprises
means for accurul ating the magni tude of the denodul ated signal over a
frame. 7. TheZdevi the &Vi@l ofi Ghain 1ywilereinthe ¢reptyeads cliannelde te emiptyi Wglshhe

noi se g(;d rgggnnei:orrprl ses neans for determning an energy of the

denodul at &d i gndl . 8. The device of Caim7 wherein the neans for

determ ning the noise estinate further conprises nmeans for accunul ating

t he energy of the denpdul ated signal over a frame. WO 03/065607

PCT/ US03/ 02733 251l deplie of&dlpige Iovharpiaiths ampitiepde phannel is e MiohWedshi on
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4. The device of Claim 3, wherein the means for demodulating the received
signal comprises means for demodulating quadrature phase symbols of the received Pilot

signal.

5. The device of Claim 1, wherein the means for determining the noise

estimate comprises means for determining a magnitude of the demodulated signal.

6. The device of Claim 5, wherein the means for determining the noise
estimate further comprises means for accumulating the magnitude of the demodulated

signal over a frame.

7. The device of Claim 1, wherein the means for determining the noise

estimate comprises means for determining an energy of the demodulated signal.

8. The device of Claim 7 wherein the means for determining the noise
estimate further comprises means for accumulating the energy of the demodulated signal

over a frame.



nobil e station. 10. The device of Claim1l wherein the comunication device
is a CDVA base station. 11. A device for noise estimation in a

conmuni cawD@R/06sUT ce conprising: neans for cal cul ati ng apcrass3/m7eziuct of
a received Pilot signal to generate a denodul ated Pil ot signal; neans for
determ ning an energy of the denodul ated Pilot signal; and neans for
accunul ating the determ ned energy oves a frame to produce a received

noi se estimate. 12. The device of Claim1l1l, wherein the neans for

cal cul ating tdhe cr O(#t@l j a f. Qr.- | . ti cro
pr odﬂct Iof gt h% recg?%/%ed&fg‘l ot Elglgg%fevﬁfﬁﬁ%gwﬁql‘?agpégmﬁg%%td(glﬁ%l. ig A

devi ce imollechamimi cati on device conprising: nmeans for calculating a cross
product of a received Pilot signal in a plurality of fingers of a rake
receiver to generate a denodul ated Pilot signal in each of the plurality of
fingers; meang forrid d&i@! drahiff1 WhsreHEMRAuhat aﬁbﬁ?@b'ée{(sra%q%@fgas%f the
plurality of fingers in a corresponding plurality o eskew burfers; and
means f ditatonmi ng the tine aligned denodul ated signals fromthe plurality
of deskew buffers to generate a conposite denodul ated signal. 14. The
device of Claim 13, further conprising: nmeans for determ ning a magnitude
of the conpositte dgrfedidé alrafbissictiahtiorAint cofgARScdin c?c@fc%wngﬁbiﬂ . the
determ ned nmagni tude of the conposite denodul ated signal over frame to
produce a redB¢apsdorrsilaiatings Gragserodnct ofd B6esiEed PROTHLBD 8 G288 a 26 15. The
devi ce i in the conmunication device is a CODMA nobile
stati ongefgdai?gggjiﬁ}ao\;i glalgf Claim 13, further conprising: nmeans for

det er mi ni ng ancaséogiet@miting a6 engagsp bf he denddulagidadlos kighal andand neans for
accurul ati ng the determ ned ener of the conposite denodul ated signal
over a frane ntl??nﬁ[f%ﬂfé‘érnalaF@%me\F%éYW&egénWi%t eframg to produeteyfegeived O ai m
16, wherngidd kfi§aeommuni cation device is a CDVA

12. The device of Claim 11, wherein the means for calculating the cross
product comprises means for calculating a cross product of the received Pilot signal with

a filtered Pilot signal.

13. A device in a communication device comprising:

means for calculating a cross product of a received Pilot signal in a plurality of
fingers of a rake receiver to generate a demodulated Pilot signal in each of the plurality of
fingers;

means for time aligning the demodulated signals from each of the plurality of
fingers in a corresponding plurality of deskew buffers; and

means for summing the time aligned demodulated signals from the plurality of

deskew buffers to generate a composite demodulated signal.

14. The device of Claim 13, further comprising:
means for determining a magnitude of the composite demodulated signal; and
means for accumulating the determined magnitude of the composite demodulated

signal over a frame to produce a received noise estimate.



nobil e station 18. A device for noise estimation in a conmmuni cati on device
conprising: a receiver adapted to denpdul ate a received signal using an
enpty Walwboswe®p7 a noi se cal cul ator coupled to the receipcerusasiegised to
generate an output conprising a noise estimte that is based in part on
the denodul ated received signal; and an accumul ator adapted to sumthe
out put of the noise cal cul ator over azgpredeterm ned period. 19. The device
of Claim 18 wherein the receiver conprises: a plurali tydof_ fingers, IeachOI
finger adapt to gempdul : ' : epl | .Of - esire nal an
to gr ovi depoﬁ?jput sﬁcomrleﬁf%%ﬂ%é‘%ﬁg%ﬁé% %g%%’ﬁg%{og;deglﬁalsaagHMr adapt ed
t o cohermobilesstatiom.t he out puts from each of the plurality of fingers. - 20.
The device of Claim 19 wherein each of the plurality of fingers conpri ses:
a cross product generator adapted to calculate a cross product of signals
provided at g fi r?ﬁe&%tofﬁgnﬁhﬁmcbﬁpﬂgin f the cross product
generator to produce a cross product output; aRd a deskew buffer adapted to
store tinme almepnsdordetermipingdnehergy bfthiesofupositd deenmlubmad sipiabcindt gener at or .

means for accumulating the determined energy of the composite demodulated

signal over a frame to produce a received noise estimate.

17. The device of Claim 16, wherein the communication device is a CDMA

mobile station

18. A device for noise estimation in a communication device comprising:

a receiver adapted to demodulate a received signal using an empty Walsh code;

a noise calculator coupled to the receiver adapted to generate an output
comprising a noise estimate that is based in part on the demodulated received signal; and

an accumulator adapted to sum therutput of the noise calculator over a

predetermined period.

19.  The device of Claim 18 wherein the receiver comprises:

a plurality of fingers, each finger adapted to demodulate a multipath replica of a
desired signal and to provide outputs comprising finger noise components; and

a summer adapted to coherently sum the outputs from each of the plurality of

fingers.

20.  The device of Claim 19 wherein each of the plurality of fingers comprises:

a cross product generator adapted to calculate a cross product of signals provided
at a first input and a second input of the cross product generator to produce a cross
product output; and

a deskew buffer adapted to store time aligned cross product outputs from the cross

product generator.



