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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 Associatioh (TIA)/Electronic
Industries Association (EIA) "TIA/EIA-95-B Mobile Station-Base Station Compatibility
* Standard for Dual-Mode Wideband Spread Spectrum Cellular System" (the I1S-95
standard), (2) the standard offered by a consortium named "3rd Generation Paﬁnership,

Pro_;ect" (3GPP) and embodied in a set of docurments mcludmU 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 consortmm named "3rd Generation Partnershlp Project 2".
(3GPP2) and embodied in a set of documents mciudmg "C.50002-A Phys1cal Layer
- Standard for cdma2000 Spread Spectrum Systems," the "C.SOQOS,—A Upper Layer (Layer
3) Signaling Standard for cdma2000 Spread Spectrum Sysfems," 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.
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a continuously active channel or may allow for DTX. The base station 110a also
commﬁriica_tes 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 Chignnel are shown,
respectively, in the functional Block diagrarns 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 Chanriéi géneration. Forward channels may not all be generated idenﬁcally' 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
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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 ité 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 sebond 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.
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[0016] The PiTot Channel can be viewed as a special case of
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i N Fi gur esetond input 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 (1) modulated signal.

[0014]  Similarly, the output of the second modulo two adder 240 is coupled o
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‘(n'ot shown) and quadrature niodu]ato;
(not shown) for generation of the quadrature (Q) modulated Signal. ‘
| - [0015]1  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 eﬁery 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
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strength information. It is not intended to carry user data. Typi‘cai— Pilot Channel

generation is shown in Figure 3.
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au zeros a d as the input to the Pilot Channel 00.
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coupled to a first input of a nodulo two adder 310. A Wal sh code
generator- 320 is coupled to a second input of the nodulo two adder 310.
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Channel and Pil ot nnel generation allow a receiver to inplenent

di ffer ent3580nﬂhgm1mqtdﬁsthﬂdﬁ phese addetndS2 weprerentsribel I Riloy dﬁﬂlfbﬁ, whedm t he
respecti ﬁo&ﬁﬁ@@%ﬁeseh@tﬁ%1ﬁ%gfﬁg o0 extracting inforniation contained in

each chann recei ver 50 gen crate signal netrics in order to
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take various Gap{diour td BiRer TS fSherators, 352 and 354, are the same short PN
h sequences used in the forward traffic generation and are used to isolate one sector from
) another. A receiver may recover the shoi't PN offset used in Traffic Channel generation
\D 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 exiracting the desired information
from the respective channels. In addition to extracting information contained in each
channel, the receiver may also ,geﬁerate-signal metrics in order {o 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 (Ey/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 \}alue
may be calculated as part of the signal demodulation processing. However, the
' 1mplementat10n of a noise power estunator may take various configuratlons When the

receiver is 1mplemented as a rake receiver havmg a plurality of fingers, demodulated
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coherent | yWEOORMY from each of the fingers. A noise pone PCELPYPAT
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signal is @mmfvbﬁﬁﬂre@élvaﬂbpcfhﬁﬁhaﬁﬁjlﬁyﬁﬂjm conponent and no quadrature
synbol conponent, the noise estimtor nay take advantage of the Pil ot

channel configuration by denodul ati ng only.-the quadrature conponent of

the Pilot channel. The noi f]?[[@ﬁ!t. W the Pilot using .
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noi se est d;hmtm:lo ﬁn‘l’ﬁil)blﬁﬂ simaner defidnitesuha Pilog using mgasl 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 ‘D |
Link of a commumcatlon system. The method and apparatus for noise power estimation
may be 1mp1emented 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 demodulatec_l Pilot signal, then calculating



‘product of a received Pilot signal to generate a denmpdul at e§ PUUbt 28j50nalL
then cal cu%b%q__‘éo_iJUL 2606 WO 03/ 065607 PCT/ US03/ 02733 7 _an ener%3 of
" the denpdul'at ed al'gnal and accumul ating the cal cul ated enef§J/US0¥R
frame. When a receiver is inplenmented as a rake receiver, the noise
estimation method may include calculating a cross product of a received
Pilot signal in a plurality of fingers7 of the rake receiver in order to
generate denodul ated Pilot signals in each of the plurality of fingers.
The net hog, al, PG S S0k (1] _ Ts) ' f each
of the f%ngee? ioﬁ co?r%gp%lﬁfi?\éﬁgp&?glalk?;ﬁ/ngﬁ %g&%&vﬁgﬂﬁ%g;@,kﬁyh%\%?‘a
summ ng thhant.i Mheald moaider id émpldircated ds ai righateseivennhd hasalesinewob midilerds t o
generate a co site denodul ated | signal. .J00241 A communi cati on. device
navi ng. o 1161 DEREE CFIMEERE frgPos FOURkO AEHved GOl SR PR oI od
signal orofafc BRR kuceRRflf (AN gonédi RERASIRIAIPIRALEHASH Bt IRYIS Aty
estimate fromthe denodul ated “si gnal. Another enbddi nent of a nol se
est i mat orof finggrsi Ak makthorkalssinthades tine aligning theadernaginbatgsk ghads frarh each of

Gener at o B gBkR A Bneoprint pEFgik of drkeu R P RAEED Ghneliand o
esti mat or depcAflatcAChiLAARS FHRANRe deikew BBIfas| @NbaRrdtb e ¢ it depibdlagiml Sin

correspondi ng deskew buffers and neans for summing the tine aligned
denodul at®ghal.si gnals fromthe plurality of deskew buffers to generate a

conposite de ted,signal .. AnoQ [ ,enbodi t_of a noise.,estinator
may i ncl ude zrﬁgec i vef & éﬁ'tknél%a"tog %Qﬁ%&ngggea“g’%r%,al Ve &“%’i‘éﬂ& ¢ sgiglsg an
enpty \Val fahdanskinlaing aretveitsigal 6n bR bebtyochap ichshrcd agbmesmtfor alcul Mg Rut
conprising_a nqQise estipate. The nojse estimator al so includes an
accumul at®ise ssimptediom dhe demedated, signal. chnether ¢ipbadimenl) of 2 Beiss eshymatory
redeterm ' | . » r SCRIPTI TIM
P ’E’P%gg.gﬁ%ﬁérhr%%@fm%bl%ann HE{bs@ﬁrog%%; o;&&g%%gﬁgdgﬁl iR hlpihlafdy

DRAW NGS eat ures, ODjects, s of The irvention
wi | | becorfdingensrof aaplxarcesiverfto gandriwe adiemmidihiateddibat sigoal ioreasteof thofingerkel ow

when tak in.conjunction .with the draw.ngs.in which |Iike reference
char act e(raﬂ"?I Uit 'Féltf‘img?flr aﬁ% \Ah{f{éﬂdﬁl"g?“? Iﬁ?%m &\#P“m“&n‘ki‘e\ﬂff@%ﬂ F’Weﬁ [ngm
Figure 1 do?re%:oilﬂiﬂgt ARRA HIERE! A Bleards @Mﬁnﬂinmgltﬁé Finke® R CdRbiodlated

system [00271 Figure 2 is a block diagramof Forward Traffic Channel
gener at i csignals[fioon ghie plompliteofddskeva buffers ito @eregata m apinppsitederdodulatask sigtehnnel

gener atl Ofyyother embodiment of a noise estimator may include a receiver adapted to demodulate a

ot

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 ouftput 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:

[6026]  Figure 1 is a functional diagram of a CDMA wireless communication
system.

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

[6028]  Figure 3 is a block diagram of Forward Pilot Channe] generation.

[0029]  Figure 4 is a block diagram of a CDMA receiver.
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[00291 Figure 4 is a block diagramof a CDVA receiver. |- JUL Z-g)T LV\%?‘S
03/ 065607 PW(H/%Q%%-gZBP’ [0030] Figure 5 is a block diagramo I 'gna
Energy Estimator.” [0031) Figure 6 is a block diagram of a NEF TLESOR8 a3
Estimator. [0032] Figure 7 is a block diagramof a Signal Energy
Estimator. [0033] Figure 8 is a block diagramof a Pilot Noise Power
Estimator. [0034] Figure 9 is a flow chart of a noise power estimation
algorithm [0035] Figure 10 is a flow chart of a noise power estinmation

al gori thm DETAd3P DESEREBTE O dﬁ(@@ﬁf 2} %33@&] cei ver
i nmpl ement at i onﬁbrrayprrake I npl errer?ggatl no g%l;p[arjefr{e | ar Hﬁﬁ%riese power

estimator a pr &0dhbl Figivebdea bleck digrammbi/a Noise PawedBstingatoc hanges wi | |

- need to be i Inent and.th cessin a Llities. of the receiver
will not be hgﬂ}ﬁ% &Sglﬁﬁ éﬁaﬁﬁ?%{‘ﬁ&wgga%cgﬁi‘ "é’%ﬁ’i]%z’t‘w(_’rfrhe noi se

power esti mat ofouasPCr ifgtte 894 HWIoLR WRgrant bt PPAGAMINY PdS HsBRBloYe!r

structure in order to ease inplenentation of the noise power estimtor.

Addi tional |y, {M84hoi JagpeRdsa Howichart of a naisepowenestimeteualgorthm. oper at i ng
condi ti ons of ecei.ver .such.t ha N, accurate noise.power.estinmate i s
rote for a1 L0t o Bt 4l b Rhart e RGH Ber MR R AR R

di agram of a CDMVA receiver 400 inplenenting a noise power estimator. The

recei ver 400 nay represent one half of a transceiver such as may be used
in a wirel ess phone operating in a.-systemthat is conpliant with the

CDMA 2000 st andard, I ' ' receiver 400

may be inpl enented i @g@%@gh@?g@g@? @E@gggﬁ) a ??ﬁ Controller

(BSC). A data [Mi3ghal A hatives impldnieatation aiayandls inplemaoatitanciea phaitibutahe
forward |ink signal  ,standards les tra srritteq tQ ,tgﬁ receiver ﬁgﬁ An
ant enna 4B2ISaPOVHESHIBIY 2 grderable chaics becansa.anly gunimal designchauzesyall ngedhi ver )
400 to thg weH E8NIRAthE b RBsihd BEpabi I | vl | o thet :

out put of the 1%??2%26‘ 2%”51 ig%;é%‘%g?ﬂé% fk%abig{{%sadoﬁgtﬁ%\r%%b%hg{/lﬁ(nlsg)b/eaﬁr;égr%%

secti on 4badersdy thehoisapoyersstimaton ThOndise povest estimatondesctibed wda takes 400

to a speci fti c_assj gned f.reqS en%.ba% downconyert tthe rfetﬁEi ved _si gnal

to a | owet™™ ASGIERMY EFAYHISUUFRG B} oG 'S PER AP AN AR 9“PW8P8|W§5a|.
The out pugstivhatbine Addriamaliyoths effide0PowdiOedtitnatdt RS @do SicBhidk thddberlaBn@t a ..
| ow I nternedj ate Frequency OF) or at baseband. The processed anal og

si gnal i scenditionscef e aereitsr HCIAHEE 3§ acevTBiegReiss POYSeR estimate isapeyie farpalhher e
the signalifssanel ed and 3 1 JUL 2096 WO 03/ 065607 'PCUUS03/ 02733
[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 J
signal that is modulated at a BS in accordance with the forward link signal standards is
transmitted té the receiver 400. An antenna 402 at the front end of the receiver 400
interfaces the receiver 480 to the wireless communication link: The received signal at th_e
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



., 9 converted to a digital representation. The digitized output of the ADC

. 412 is coupled to a rake receiver 420. [00381 The rake rece&?}edU!ﬁ}Zﬂ}{Eets
its name f nternal structure. Wthin the rake re 420 t here

are nul ti Bf’g%?ff)%glgrs 424a-424c that track different copi ei’%gy&r“i”ﬂg”

desired signal. The different path |l engths used by the signal when it

traverses from the BS to the receiver 400 produce nmultiple copies of the

desired signal. The differing nultip@ths produce replicas of the desired

signal that- are slightly offset in time fromone another. The rake

recei vercofivéitsdap ialdagital Gsprédenthiieh. At diiiz&d odpeelIPh XD coupled to a

differentiate between small tine differences of received signals by

assi gni fakegedivendPer  424a- 424c of the rake receiver 420 to a different

time del ayed of L

constantly s aﬁ}ﬂ thghg%ﬁg?i&?{egﬁﬁ g&?lth %ﬁ%ﬁgs 1§1|Ee ﬁéﬁu&wﬁseﬁnﬁﬁ

sear cherthélfazcerregelmﬂzorth@:e srgmaltiple fngears 1244-424d dbt ﬁacmrtaffeﬂaﬂtt topied f
parti cul ar f| na 424a- 424c depend| ng on the signal strength fromthat
al )]

par ti culthe desigd signsht khe differont path lengtheyniedhysthe stgnalbwhemit dfaversespliamed as
the recegiyad tﬁ'tgé'?%ce 9&6@%@3&“&1 tﬁﬁﬁ@?ﬁlwa%e B é@%@hgﬁ% tﬁﬁrerﬂl@ed a

time offset co he sa srgna that* I's assig
fingers mrﬂhpdrthmg:fmdud:d weplitesef thd digred sidAdahadt 2be slagmlya:lﬁﬁmmtimet fremrca:iee

recei ver 4 0 t ual r of fingers var o t he
desi r es 8Age 'Pllfnr%ali’}ng’?th’é(P’h JaptpEes oo dhey abilip gfr@?oMﬁo Itﬂeal ly,
each fi r!ﬂl?éreﬁ‘t?eﬂ@bét%ﬁn bﬁaﬁ%ﬁie%ﬁ@reﬁ&s%f %ﬂeﬁx‘eﬁ%ﬁ@a&' Wk leal® fin

cor~elated to anz other multipath signal assigned to any her fi
4a 42 A24a-42del/ e ralierecaiverdd0 @@ndrffqrmmméel@yedrtepmf ﬂlﬂphsltﬁdsﬂlgmhl s

skigned, to tef ers 424 ated. . On ndrtron
Wnere mﬂtg?aﬁélaﬁq‘é?d‘ﬁgf scé)%t 3“?’\/\%1 \M&?ﬁe %}éﬁ%s ﬁg Zb may
corr el atmhel seanohé 422thgy Blsidnl Dkknl ﬂcﬁﬁlalpsrﬂmragal ulepattpto & pamigelsr fingdrhe
mul tipaths. A first frnger 4243 may be assig to.a first nmultipath

si gnal a2 depcngugcan the signal ptrengtnfram @ﬁbpﬁnﬁrlarrﬁlanal Paths niThe patht o t he
recelver C d tlaIIy
uncorr el -\ g& merﬁf fep%?nﬁnuildf‘ %fdya é%#bthgg%(creg%ﬁior@ 39? ﬁﬂrg&%eg“gﬁsg%p ﬁhgéengt h

f rom t het2ga-dd4erist dsagnécba tlkm of&emowroféeﬁé)saxfmﬁgnaifthathe assfgne@&r thediter- 424b
continu to t he respe trve | path si naI t he ar cher

422 chandésst %qug é’i“ya im e s ?é@@lfﬂeﬂve&d%ﬁrﬁﬂ?es its’
| ocat i oncEbl ndb& I FinEE2 hA g@d}ﬁdo%n waeraek’frés%fa deagh cbhAS o fRNgE

along with the correspondr ti pa h si gna concei vabl e t hat
t he pat hedearegtibs,lgmmd thus nmulti path si gnal , tracked by the first finger

4248 Y 3t S5O PP, Mhddd AR B ASDO I o hnaP RGPt

not correlated to any other multipath signal assigned to any other finger 424a-424c.

i However, there are conditions where the multipath signals assigned to separate fingers
j 4242-424¢ will be correlated.  One condition where multipath signals assigned to .two.
different fingers 424a-424ﬁ'may correlate is where the multipath s,ignals 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 uhcoxrelated multipath signal that
corresponds to a second parh 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 orientation, 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 -
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by the second finger 424b. The fingers 424a- 424b are no: |l onfger

uncor r el at 3O WkeE6a7he first and second path | engths producecansognsss
time offset that is smaller than a mninumdiscernable tinme offset. A
noi se estimator that uses signals fromthe fingers 424a.424c shoul d
account for the possibility of correl a% d signals. Wien the signals in
the fingers 424a-424c are correl ated, e noise is also correlated.

[ 0040] A noi se power FS“ mat or. i npl emenpted into the receiver 400,

b
as descr{BESPIGMEER “(?é‘ho%,gnqld?r;%é%q g)’rﬁli‘q srgonch ngerc#44be d The fingers K2A4a- t he

recei ved EidyOlre nbNGHHRE bnécﬂﬁ:?até@ whES R Hrst #dfsﬁ%dﬁ‘%r ﬂﬁ-leﬂﬁﬁ? 'r]i%&ﬂlzﬁ a sfd) t hat

may be present in some | nplenentations o erse e ol se
power est timabifset tisat s sohadler dlae armméhwmdiscébble dneoffrdu| Ateise kairRatbothat

" eir os ent W Sieae B fhectingrss Sp4aniLie v seettal Bucile aprpit i conelsied

Demodul at §ifhid heynedl fiet sigr@m?lth@ﬁn%érs b4 4 | Té&%élét@d,qﬂer}.iaﬂe i@l gys
the noise estimator to account for the possibility of correlated noise

si gnal s ic¢orreldted. pl e fingers 424a-424c. [0041) Each finger

424a- 424c- det nes the.time offset between its assigned si.' n and a
time refer _enciébwe fIArfﬁ’é?e Wfé-eﬁ%%tf’mﬁﬁ? Pﬂ@?ﬁeﬁtgaé‘ﬁpgl?ﬁ@ﬁ?gﬂad@’ as
det er m naddséribddy fre@es DeRhd, N i &ﬁm@ﬁﬁ% GRE Geciivell | IAEd uSing Bk re&ived PIBt
reference _signal. The correlation also is used to despread the signal

assi gned ¢leannpletial ay@resantain Fouvard Afinle signalsk iang thatemay the afeheni i ntome

det ot Nalfline ol WP ARRARAE FARAC THE HLSS phle dREGALS hNAL, rtBlles 10

val ues written |ntof-.~

a correspo . The despread sSigna
t he cor r420pndbnngiubitd ther Bildt2Hgnal 26 6f itepsre 2eTtaffic Whamiel .gridd desicgiutans] of

the same desired signal. Thus,, the tine aligned cqontents . of the buffers
426a- 4265 HRY) THECSEBA SOBRheqause &&Pﬁ%s oAt ’&Og‘_ﬂﬂ‘ﬁg rwx_ﬁlzéata-sizem@@gﬁag i's
gener al | ypiRRicraRre 8¢ flie@eRVPTrateCHAECHRWs thdRoisd s@iRRSH S a@s%?ﬁh%?ﬂlé Y

the fingers 424a-424c, the nol se does not coherently conbine. 1n the
sunmer 4 2®ssililite of ¢dmelaterkaoiseesigialesin rafple fiogaraddda-dldr. desired signal to

noi se ratio i,me al i.gnin d her ent summ ng. the tinme of f.set

ver si ons of tﬁéo%jési r a“gﬁfgﬁ?gl‘@ﬂa‘f‘ ‘g‘i&é?ri'”e\rémﬁgﬁ Og@etthff‘f’?eﬂé}sﬁ.SSIW%i

out put - ofsigl3@ sndka FaRErdfBlentd)US ThE PESRE MBlaai24e! haRed the i difeal alighRAR 1
The coherently conbi ned output fromthe rake receiver 420, representing
t he al i-grdetersimptian byicerreleting s assigngd guiltinat sigeal de adizwy refagencg signtler Theaver
430 perf : dej | . | Ve i ea ge
the sy nboﬁ%g-l%fagg{;%gs‘égg‘}is%fé B%s%}éaHQhé) Gighd1GisbiBe ¥°fle THITRO US4 2245 AR AN

- making the time alignment determination, the finger 424a-424c writes the despread signal

values to a corresponding buffer 426a-426c. 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 2 summer 428. Because noise is generally n.ot correlated over the various
time aligninents assigned to the fingers 424a-424c, the noise does not coherently combine
in the summer ;IZS. Thus, the rake receiver 420 increases the desired signal to noise ratio
by time aligning and coherently summing the timne offset versions of the desired si_gnals
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 deinterieaver 430. The deinterleaver 430

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




" WD 03/ 065607 PCTI US03/ 02733 order they were in prior to intﬁr.f ?gy_i pEjGat
the BS. T Oq?@g_\tg | eaved synbols are then coupled to the | @u of "a
decoder 440. 451 The synbols are decoded in a manner cdffsVE¥0aME73%i t h
the encoding process used in the BS. As noted earlier, the different
channels on the forward link may use different types of Forward Error
Correction (FEC). Sone channels, |ikelllhe F-SCH, rmay use different types
of FEC depending on the particular radio configuration. Synbols on F-SCH
may be cQpyRlihéy WBR inYprRn &6 daeidvideUdt iR B3¢ otiRdddsRasHed SyRBokNfe then
supported radio configuration. %0 44] The receiver 400 ifplenents a
convol ut icovplpd theibe inpnt ofaddsodes 440. Vi t erbi decoder, as the decoder 440

when the synb re gonvol.utionakly.encoded and the receiver 400.

i npl ements” a iﬁ‘?ﬁ de%dé&n%ig ?Weh%fég%cggf aﬂﬁ’%@ﬁnsfsﬁeé“s@b esené’f’gmgt ur bo
encoded. plieseigeade chelBS.s Ak hotedafliep the diffdrém FhirRlsdCiae §6rvAfPlifBihag! SO

I ncl ude ot her si(gnal qual ity indicators such as parity bits or Cyclic

Redundande diffessat fxprept Fgmasg Epgp $orreqtipn GEGIuScpte chpwiels dikeldhe B-86H. s

coupl ed . ' . uch
comput at PAF FAGE R, 8 PR WBen L BE R baRloRE BRUTRAARERENE STRES . 1
decoder mwaReSCHeanipbotwmvakhtibrallyehcpdadoshiinbioteyicafed @iapdndhid on thBisksporied
encoder enfails a fairly straightforward conputation. Therefore,
r e- encod®#° CeHBUEEICBded bits and conparing the re-encoded synbols to the
received symbebiaRy B rdaRe: UBIIRIAEALRS ¥ obiVoRltioR Hbépded Nfic SROHC
~ bits that are output fromthe decoder 440 are re-encoded using the sanme
_ I%?p al goMitekbrh desedtr, as thérdedd@er 44 srhen the Fembohcad eonvidationally €ocated and
copvol utional .encoding.if the decoder. 440 perfornmed Viierhi decodi ng and
Fho. e difcBaer oAl P S CPRAEEMES A A FeOLHCHL Y b e fybos &Y
per f or t n@gbo ehédded daae dedttied bRO Akl althutfia fRIME Bedecd @ 440 Adyd8so fbRide
re-encoded data to a Synbol Error, Rate (SER) check detector 470. The
SER det e®thsF signgl quadity inglicaiare skeh anpyitadits odic Redgndansy Gheck{eBERr 460
and an e%g{,zrrate of the received synbol data at the input to the decoder
440. The R detector 470 conpares the re-encoded synbols to the estimte
of the recei @53y niite alapa cfribe decodes 44hés coupledrioaf Releacrdepd6li The '

bet ween the re-encoded synbol data and the received synbol data. In
addi t i on9ePdiH, PrasessH MRy | by W@Jcéem%Pe@&umﬁwglyp%w% thaphersieadipEon of

whet her Bﬁﬁ:eésf aRis '?@Eec%[l&o{hé-de[:%ﬂak-g% QeMbfilhs. ge! b RoBARYGE oddPbmY

. also be provided to a user Interface r signa
. processi mipilstthe enqadet enshidsim Fairlyrstiatghtfoordrd cofopniation n dhetsfare kreddncod0g 6

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

used to generate an error mefric. The decoded bits that are output from the decoder 440
are re-encoded using ihe 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.

[0046]  The Re-encoder 460 provides the re-encé)ded 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 symbbls 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
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(not shown)wéﬁr %yni ch the receiver 400 is a part. The additional "décoder
440 out put P "607possi bilities are not shown for purposedCafUSOFN2BItYy.
[ 00481 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 anagl2og gain of various anplifier
stages in the RFlanal og stage 410 as part of an Automatic Gain Control
(AGO) | 0QRih; ﬁ_ﬁmr el VB : fadni:

r ef erencgglﬂagg% {éfr:]éif e ra?{éaagecelgegﬁﬂﬁtrz%gg? %ﬁgﬁﬁggﬁ?{% 49?5%1/?8(@ t he
coher ent Bienadditipriali dedoden 44 Sutpiih eouiting erossibitiies iaensotadhotvh efop porpesssosf 480
to the various stages and the correspondi ng functions of the

i nt er conf&i%ons are provi ded only as exanples and are not intended to
be an exhausti st @gf ' ' ' f .
processor 480 .mﬁ) 49] Rﬁfg@f‘sggf; P@?a rgegtfiglg tt% g?é?‘?n{yn?sm gag g%bz ufégotpot Eﬁ)\xédre
control mrEdcessisg powenodedntmoh forovariens blercks grithirethetascaiweat 4009 riEie. présessmt ed

b , i cal ' d.b . ' ' I \ trol
whoLC, 2 YRSl 555 BBl BB B BRIP4 ©
cal cul at gafof QR ATBLAHAGRRCHHRA (RGEYH WopP' T st U8B Sndy @enBriEWALQr  Of

the ratio. [00501 Figure 5 shows ag?unct i onal bl ock diagram of a signal
energy @ogemen pingoeierenises usedi indberaks gecadver d2fH axanayabe usedde gyovide the

bi s pundORed g ReeHaf b orik ARk oad B AR Reebl B e SRihoss

It may betdpesn\wedithd oiréspoading andions tofr e ipevEnnedions e phividedbesiause

they are not affected by frame rate changes. The punctured power control ¢
bits havé&xamplesapdgremppintsngded foche anrexhpusiive Histofdheiptespongegtions of fumgtionsyf f j ¢«
bit beca ds that the power control bits are defined in the
CDVA stalr{)g%eoﬁs};cm&g%%//\er control bit is punctured into the signal every
Power Control [@49lp (F@Greceifae alsbgdettrsinesr eloskels jnopapbvam ccoatrolgmettidsnint he

rake receiver. The ali.gned signals are, stor I n deskew. buffers o allow
oher ent 20UB AP ALFFERE 1R STSUPE SRAAgoAS TORREOVPoR el ABHHES PRHLRY 2 an |
deskew buyfdeBler 39 dloséiiodp RowBSRYoPI4l dneFgyalisd bﬁ&@-n@fs@_g)o‘;v@r REbYEYRS. tTHEe
aligned synbols. An output of the | deskew buffer 502 is coupled to a
first i ngeseivst mayfcalculatesennsimai roeceiyed apargyar neggniuds abdbk awnerator of ths04
fromther%&[re finger is coupled to a second input of the first surnmer
510. The dat'a fromthe deskew buffers, 502 and 504, are gated such that

only the al i grieesopoveFigasnts ahovs tas fadtiopsloblodkddiagratrhef T i rsinab wisry 510.

A controller . .
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 punétured power
control bits because they are not affected by frame rate changes. The punctured power )
control bits have an energy that is grééter 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 mﬁltip‘le fingers. Thus, for a single finger, an 1
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



"1 JUL 2096 WO 03/ 065607 PCT/ US03/ 0273.3 13 (not shown) th§ 1|,$Ubb2[§5to
“det ernine WS 0MRSéd! ON of the power control bits can be used to st

t he power control "bits out of the deskew buffers, 502 and EGE/US 360217'7%
first sunmer 510. The power control bits output fromthe,l and Q deskew
buffers, 502 and' 504, should represent the same bit, such that the sum
will reinforce the value. The output &8 the first summer 510 is coupl ed
to a first input of a second sumer 530. Simlarly sutmmed | and Q power

control Ilghdtshéwonhatibableflib deefbind 22 mEidion lof Gathovidr dentedlitginesh bé tdadide
power control bit output fromthe first summer 510._In this instance,

t he ot heftrehe e pawey %RH%IOI bitsy e of the dagkevh buferreS0%ad 304ato the dirgtispmmer | nger
t ked. t
) 56 cou daThERRRE colafbitfUiiyhy HolTht e OB e S0Band SRESESUAT 0, |

line is sipoesanicthesand bitgsuchehat denseh pillwinfomettholalbe.t Thé bmpuﬁdfeth@ﬁfser
fingers 520 to%i he second s%m’mer 530, it |s under st ood .that the pu er of
signal s Gisyrouplad fo 3 I A Obd SGCPR BpEme eSipilarly spemed £ and e

i mpl enen I qm\% t hoir e
sumed p?\/vgé‘b%gﬁotn;l%r %ggtf?n??’gr&# llscr:stzm% © %:ﬁj%g rgﬁ‘iéoat}%g (lll;gg @oﬁg%&k ?o t he
second soomted bB3Gutpwt fromt thelflretrsufmmadr 580 vim) thlscnmaha;l the oﬁmn fingdrn ¢rack

deskew buf f may .further e m t he buf

control | é’lgnﬁﬁf;r B‘!vdh ustﬂglctcﬁgqﬁﬂttbﬁ&“%?g %f%)‘:# M%‘P% BNl %ﬁé?mttp%lcked
by the fii@fersiof otee fingets bieCdlRyUduyled td ﬁ@&s%ﬂ%ﬁbcbﬁ’d han@e530 Mithough
confidence in the power control bit val ue. %0051] The out put of the

second sOMYed siBge ling is Showarconneding thd sumweg gwier contmlriyts fomdhe pther each

f Jthe f The.,qu o n 5

absol utekvg‘%%zszge@etrhgt%eggé%g&mh fé’% g gralgnl n%ligogf %gh('%hesﬁﬁ#{gs ca% gmldat ed.
The out puimmed nidceqbs al nirtbaradfuBnges) e Wiliede tﬁél@ahesreeﬂu@ Biblégead thisput  of
an accumyl ator 550. The nagnjtude qf a ‘il power control bit from

ot her cefipgers as showy Fia#@oembpdgﬁ%mr&frqu t%%mmeé PPRICH SOy Mita e 544
i f therends ghdfindd rglesﬁmter éd‘ﬂatﬁ % Og g%gef's@@ i\ otnﬂenef(ﬁaeghs% t hat

ori gi nate rom other ce e nu ute val generators’ could
equal t heouplediercaci ﬂﬁg&rgbslgwt uffep mwsfqmﬂml qualify thheutputimanlthﬂbuﬂeer Theach

f th K ' | f i f t .cell.
The “out pBPLRFLRY A5 Bin e s kpBaers Wi B Senl PG ruhahis i€/ s
coupl ed e éuﬁﬁ;@rﬁly%&oh@@ntﬂfgﬁ%h@tﬂﬁgﬁ&%ﬁd&& 0ttRepovee lcbntr@dsGlalifee val ue

generators do not contfribute when the fingers do not track signals from

other cells. [0§68D] Tihe quépuwfithe seombomuersSi s agohemat suspok the owes over
"_i peri od Bl biffrom 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 1n another cell
absolute value generator 544 if there are any fingers tracking signals difected 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 sigﬁals 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 %ﬁiﬁlﬁc?ﬂwr
is a CONIA receiver. There are sixteen power control groups Wt

si ngl e frark¥O 0FAEF607 t he WO 03/ 065607 JUL 2006 PCT/ US03/ 02 #8F/ush402733
accurnul ator 550 suns the outputs fromthe absol ute val ue generators, 540
and 544, over sixteen calculations. The output of the accunul ator 550
represents an accunul ated power cont rﬂl bit magnitude. [0053] The power
control netric energy per bit to noise power ratio (Eb/Nt) also requires

a measurenent or Sg&l mate of a nQise power. Figure 6 shows a functional
bl ock di 2A§FRPgtor 6?@%%5&/0&’“%??%‘&? @bsoljtip valpp generatpss; 544 arbpdd, gier

initial f")%l@@rf i | | ' o i

si gnal bydl i rs%ﬂﬁlhgﬁm%gggé (?i?][’ l?ceo??iﬁcgécgg%ﬁ%ﬂ?oa ﬁgg @tr %Pgsgﬁaﬁgn@%%hﬁgﬁt to
renove angonial wompgnitkde. Wi t hin the signal. Then each quadrature
conponent is: ed d sutmmed W th the other squared quadrat.ur
Component . ThUBUS3In o The pRVER cangal Mesie Fere Ber T HyRoion Bver 2o Gl 602
i's providgg Rauirddid ﬁhmi'éiﬁén{t &g%ﬁznﬁ’dté ofa 'ﬂ@islé 2’8_ tQ(‘).\ZgingP@ 6QHbRE G feﬁcﬁfogﬁ

initial finger noise estinmate IS coup I rst 1 nput . of

nul ti pl i érogkldiagial0&4d npisé pager etindator 60er pya Eigstifingew a6Gnitiab fingetenoing
' th f., th t Si I I d f the-
Pi 1 ot o1 GHATRE QA Prdp brfee MEHksPiRad P (gel 57 TEI Bh s, SR bacPnger

-~ the fingejualliahé sighArcoinpBidit iREndR4nk DC eRfFsRAM WRhiAYhe HohaAt [Thbd EAR +
PilotjilILQA2, where Pilot-filt-1 and PilotL-filt. represent,
‘respect i vaagraturg gempopetdise dquared 9ad esuaraedy ety dlkeu roghes osgyereen guadsituteh e

Pil ot si c b fd naer.. - o) f r_Pilat
ener gy eg:{aﬁ#é’ éelﬁB qlls’s%c%g}% te#g[ggg 'aé] @gﬁr@%ﬁ%ﬁe %ﬁtﬁ:ﬁ%ﬁ% 6b?rﬁ$? T‘Jg)ﬂ‘#egrasalo.
The out pwRilopfNéike PRH- Pilpl Noise6 P2 STHe dudps &f feviaitiab sihgéradotse agtitoae 602
particul ar- finger. -f[00_55] The noi se Eower estimate fromthe finger is
coupl ed tiHCoER dirgigpput ofa multipliey 649y cul at ed noi se power estinates from

guher Tingers (ofh ar g mfBH PRy SERER IR il by BithiifihE Ut Bre"

630. The summe sup a noi se power estimates at rts input.
The out pube fnainttiecsignahwempGidts @ and d@ngfabe Pdonsigsa tmoket in the tindreidealf or

t he sign i ncident, on the.recejver. The output of th umer 630.1S
coupl ed Hingeh 9B g A Rhe o ieet PHe Siekileostinad T2 o8 Bprerdigh d an
The scal ipght PP SPHot_KRYQSZalRrd PRoNAI SEnBPIRE_fRE ) fégfeeerhyregpe&wé}y i onal
val ue to reduce the magni tude of the "value that nust Dbe regresent ed. The

scal i ng Btaoé kingied imphase end geadratywe somporanty of the Pilotrsigngbtrakied by da finggt.or
600 confi-gur b @'t RE siBY: Pior! AEYPRHRERY04 s Yollfed W kR ot Iphlof the
multiplier 610. The output of the multiplier 630 is a noise power estimate in the
particular finger. "
[0055]  The noise power estimate frbm the finger is coupled to a summer 630.
Similarly calculated noise power estimates from other fingers 620 aré’ coupled to )
coﬁespon;iing 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 comﬁosite noise p_owei
estimate for the signal incident on the reéeiver; The butpﬁt of the summer 630 is coupled
to a scaling block 640 where the Valuelis' scaled by a constant. The scaling block 640
may scale the noise power estirnate 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
neise 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 iﬁplemens a larger bit width to represént the

larger signal at the output of the summer 630.



"t he, estimator. Alternativel y, the output fromthe sumrer 633 Hu]-ngg%be

scal ed but ,woiosséseed, the noi se power estimator 600 i nple er
bit wwdth to represent the |larger signal at the out put OWS@:‘%Q
630. i JUL 2006 WO 03/065607 PCTIUS03/02733 15 [0056] The out put of the
scaling block 640 i.s coupled to a filter 650 to bandlimt the noise
estimate and renove any undesirabl e frléquency' conponents that nmay result
from previous signal processing. The filter may be any type of filter
that is suitali0@56]f or Théeuipus pdsthe séaldiggb]ba]: G40| s ecoupieyl doea [ﬂit&f aisbtoe

e emen AT 6 oINS At e BORE RSSO SBR0EY JOmIOPol ot e
_I'npul se RegiopsA gﬁﬂs si@ﬁ bésslﬁgsfrhg ﬁ'ﬁe 99& a/b@@f ﬁltérttﬁit iSqftableS

coupl ed to an accunul ator accumnmu tor sums the noi se power
est i mat edfor theepurposer adedigitainfiberdmay bbanefembles&ﬂwwaﬁne naiset éstimitagn@0 sner gy

ti tor. 500. ti . ti t I t [
'cﬂzsgﬁrqp Stk sy o et e rbteseneAl R et s Bye, tatngse "
si gnal , dspeiis RITRY 61 Fifnfte Edipilse R§sp6ﬂ§e (F]I{)Q?yé HREENThe 6&9&7& thd HHE650

shows a functional block diagramof an altérnative signal energy

est i mat oris zowpledhg amaspuibelates 660 dihe apenmmdater 66fhsunaiotha dpise powr gsbimestes
control bij [ r for
sever al d %is%frca%%f%gﬁ% ?‘gggle@ie @%te %egpgpﬁﬁﬁéggﬁae%ﬁh gfaéQorruaulrbaneousI y

operat i ngspam for Fibe Wweoisk @wa’e\eeﬁmete accabfulstionC laoheden fohaoimeids- subhties t he
Forward Suppl ement al  Channel é’l%m carry_ . power control bits.
us, t hecsrppationprIiogrh @%epufﬂratbs,slgs@ioal g sych tracking s Bt RdpquGIesk the

i dekl i npl ere@T o, Figﬂpé%ghme & hgab a?rb%c%yd@ga%% Ao

Figure 7 estimates the’si ener gy |rect spread nbol S.
A cohere rdangymtnam aoe thap ey de(usyd Sirghadneld ﬂleimla hat darrgl pekvencdnfol btts 702

o b BN S bl e i el
t hat mgﬂﬂeﬁ&ﬂﬁ%ﬂb@ rﬂanfy' dhﬁﬁnél@ﬂﬂiult&ﬁeoﬁsl UPRRing 40 a ForWhidasT Revere IQREIENt | Y

conbi ned quadrature hase (Q signha rom correspondi ng Q deskew buffers
704 is cohpnst Célaanﬁls syshtasdhe Eor\mfé@unplammahﬁlémml (ESg8enayt oot cR1. The

second absol ator 14 cal cul h n|t

conbi nea vt SO HE FE0CHR Sl fikrel i Ah o ShBFa AR b S TSl pbiTe
sumrer 72fk idtfldmplenatatiéd0 adds t he conbi hed | and Q si gnal s at its

i nputs and cou Ies t he sumred output to_a first accunul ator 730.. The

first accumul d0681730Thexgaatanerer sstimato i sbpwn i Figyre,( estimass the pigrtlod of
a singl e RoWerqi&of} Fokn (feUéBpreddSymbols. ‘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 fo a first input of a summer 720. . Similarly, a coherently combined quadrature
phase (Q) signal from corresponding Q deskew buffers 704 is coﬁpléd to an input of a
secon& 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 aécumulator 730
accumulates the summer 720 output over a period of a single Power Control Group. The
number of symbols that are accumulated in a singlé Power Conirol 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 Co ﬁgl Ei'afug
may vary according to the Walsh length used to spread the s tw 0bhe
transmtteVOGHP@EEHi ng the synbols with a shorter \alsh | ®egtuUseneysss
result in a larger nunber of synbols per Power Control G oup. JUL 2006
WO 03/ 06. 5607 PCT/US03/02733 16 [00591 The output fromthe first
accunul ator 730 is coupled to a truncaggon bl ock 740. The truncation

bl ock 740 represents an optional bI ock that is not necessary but vvi |

l'i kely be incl n anou f Lces.
Truncation m nr%%g}a g‘ﬁﬁ ﬁ% aﬁrs ? éCbU%%'JéatPr Z ’5 "rﬂ“P%S t§ an T and
t hus, thebloak 40! Tk tfl;&:&ﬂiﬂhdﬁﬁcl( Mlureﬂmanwmtdpnoﬁz&gﬂﬁncemwiszzﬁ;t nmy

S ace) that are required to  support the nunber of bits. The truncation

bl ock 740bWayill rliksbabe mclpdsdin ﬁawéq&@f thet thas % figwied oy Af EEQESS. or
may truncehg, Ig@?ﬁhui’és {8k teStal %ﬁcﬁlg}éf%f %is%@%%ggkog%g&%%hp Wus, the

condi ti ons W recerver. runcatl runcéate a
nunber of arhbtist oft desdursear(e.gs bar oidth] registey sitee oo speP thaengd Fequived té o
initially spread the synpols., As di scusseg@garl i er, the nunber of

synbol s |§PP£°ﬁ6%?“1@ﬁ¥t° its. Fhsimeaion, blp BaY irRcate fixed mpmbes 19f bissie

l ength. T r Iy g_m or
730 sum nggﬁlatfl OIHI he V\a{egkllﬁlgigge Elsgt%lﬁ%ﬁé&tpk Hﬁnégﬂé& that’

the sy rrb@;indetmls gn;zltlms ﬂwppcmmrrraiheltyunchleorsblnek 749 aayl temsato fa nmﬂ)er/\af bits code

w11 b | BRGSOl Pl (s R RO el R RaR, A"

magni t udedigQstdd SarfaCd SRmbBERS AT ﬁxtppoﬁéfbomm&pgﬁﬁﬁww eﬁzﬁ.ﬁo of
synbol s. over the same Power Contr ol mg period. The tr uncat I on b'T ock D
¢ N

740 may torerthe rWakhteods leagther Tr*i'ﬂﬁsbéhe sumper of fsymbalss gt tooptripgtes ko dbgi
| engt h. A%gﬁﬁﬁﬁff%b%u txﬁkf%r &1£ou E,%Ba B8R aft Wath £8 tif‘ipﬁaars&r% !&'tﬁé

when t he ~"bo |s el ght or %emer |ps, one bi't when the
Wal sh | e ngmiﬂ)al snaigytie eppronniatuly the dan, regandibsy of the BWhaish tode leapifietheddhes h

| engt hs. e truncated output fromthe uncation bl qQck 740 is
coupl ed t aeﬁm rngPeGFmaP“&}EJFRi“ %aﬁiﬂ%epr?’@‘gwqﬁr él‘s"é%&B ea@cflmﬁator
750 aCCU”Wai’ﬁﬁﬁ)dE h@nr%l‘n &’H“@ded el‘]ﬁrlgi/ve?%dgﬂﬁﬁcﬁ: RY&Fs Bedfustahé Qecfuldord ‘7§UTE‘
Where a franme Is conposed si xteen Power Control G oups, the second

accunul at swms78@reasrsngber e)é rsymbnlsetm:t ithe sgoe |§’m«vsr Cootrok Geoupt parisdat Thm

bl ock 740, Th ted s_the si r erived

using t h%“‘bf ﬁﬁ? gf ﬁﬂ“@ C@k?e?‘li%ge&f 8’é| 6@% @%ﬁﬁﬁf’ or 1' ltﬁg fffdel'he

signal enghg. e alTeteNe, tﬁ@@uﬁlﬂﬁoﬂ Blbck FA0May EEReR WO Wien 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 si ignal )
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 11=S + ny and a signal in
a second finger be modeled as ;=S + n,. Here, S represents the signal component and n1

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



* Figures 5 and 7 provide a signal energy estimate that is c&érﬁﬁ_t 'MBB-
" conbi ned ag; frhgers. For exanple, let a signal in a fi i be
nodel ed.ag\WrBirbglgG“fbﬂj and a signal in a second finger be rrlly) é'llgeoé)agéng:S
+ n2. Here, S represents the signal conponent and ni and n2 represent
t he noi se conponents in the respective fingers- The signal energy S 1 JUL
2006 WD 03/ 065607 PCT/ US03/ 02733 17 léstimate uses a coherent
conbi nation of the two fingers. Thus, the signal energy estimate 1is
propor t i esithaté asdshecobueact@ebikalodef e tvo finger. Thus Whé Gilgndlendizo eorirhatenal
to 4S2. (0062) However, the noise estimator 600 shown in Figure 6 does
not  coh& RRPPHIORY 0 theexperted wiluge B i oniz hny MhichIig PrOPAEONal ' aden nal dng t he
noi se power f«ﬁidz t i atd | M acts I (o) . [ om
each finger are | mi 3?“81"&%‘1%Eﬁéséﬁi&?eﬁugﬁg’rsgg%&%?i glrs%tlgﬁ%e%%goﬁ 1:i ned
Wi t h si ncolerdéntlyc abmbinat the noideu s maaplé €ingoishehed imgdng .thé\avise qluaveent
noi se conbj natio[H does_not create any i1ssues in the ﬁj ority,

of
si t uat i ofEimare InqRasticulas. fheel aRdl 1) pmee pYimALTssirpm qack fingar pfs igdividually
uncorr el HOWeM 8L vri - o] {ole; oY [
pr obl errlsa{{h‘%gﬂrﬁ1 t he sa?%dng?dsspfbnﬁ [C %P1g@?ivﬁg1€$15 alsgéa%:dgﬁte gatlg{?%Alg t\lk/gs
di scussedthenfihgas., Nohgohéreni nviseudonibplagioh idneparct cofatet dny issmkeinthe eiayaity nay

be correl at.ed. .und certain, conditians. The noise jn the fingers is

Cor r el at BERRERRS Fe Sitmin o€ EPBtelc ARirs Fis MR s ralede HoRReEr
est1 mat Ohoﬁ@&lé?éntﬁbﬂﬁ !E:Bm@irﬁﬁb{n Hlﬁ?' @fe\ﬁétﬂrﬂlﬁélﬁs Wﬂ_@n tHeOd ﬁﬁlsﬁﬁ‘ﬁﬁﬂﬁﬂl@ ﬁﬂgér@e
signals in nultiple fingers are correlated. Using the sane signal nodel

pr esent edreaigpiptatechr As weas fdisehesed catdipe sigphlsdn jawldple dingersenfahe mkpregsiveri onal
t'oy Var(rl} .+ Var l )..reprgsent.s. : rL hgnal .
(9) 1 5 A oS B RS S AP

t he sum of: wever, Wher e
t he si gndlessignalstdi€céivdlattdngers are correlated and allowed to be
i dentical for_the purposes of illustration, a_coherent sum of - the_ noise

woul d give as[4863]r esthe: noigmppwen pstimasers8ll Af Fagwre afey undgiratings 16 se,
Ratio ( ShRke hoel Rferf ﬁﬁ%@{sbﬁs ROhAffpl AL a%taof{gia!téaﬂ Re) ‘f‘% ?;%ﬁsse@efﬁ%@g gNgr .

for coherent “nolse power timatio signal's I'n rr%
corr el at eapdelAptesmited) abbree Sorgtvad fingerst the féisegpower estheate depropratiorfabrto -

pur-poses_of illuystratign he,signal -enerqy estimate.is, proportional to
28 2 andVeHe i oh e 9 S OeHS G Lt Bt alet 18 PPLHORE i onal
to 2Var (fig valhbegined F&r{ﬂf’M@War 1.1 PRGRvES WhyRAhd Sightls 6F RN bt fidgeRARE
combining is proportional to 4var(n, 1. The SNR for a conbination of

i dent i caftyelated and atleded tabridenticgNEer the pprpossas | iHusivgtian, & ¢rhieRRsym 0f 5
single fh%%%ﬁm@éﬂ&ive'é@ﬂ%"x@éﬂtd%rﬁﬂ? be seen that the cal culated SNRn +
on- ' ’

f2 using
' [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 iltustration, the signal e'nergy'estimate is proportional to 48* and the non-
coheiéntly derived noise power estimate is proportional to 2Var{n;}. The noise power |

estimate derived using coherent finger combiﬁing is proportional to 4Var{n;}. The SNR:

for a combination of identically correlated fingers, SNRy1 + 2, should equal the SNR for a

single finger, SNRy;. However, it can be seen that the calculated SNRy + 2 Using non-

coherent. noise power estimation is 2SNRp. 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 signals in multiple fingers are correlated. The SNR overestimation

may have negative effects on closed loop power control and the corresponding received

. signal quality.



coherent. noi'se power estimation is 2SNRn. The SNR i s overe§t] gl e@llly a
factor of two when there are two fingers tracking identical signals. The
cal cul at ed”ONRHPT i c is thus overesti mated when signal's RGI/BEB0RHEEe
fingers are correlated. The SNR overestimati on my have negative effects
on cl osed | oop power control and the correspondi ng received signal
quality. 1 JUL 2006 WO 03/065607 PCT/ yg03/ 02733 [0065] An alternative
met hod of noise power estimation is to estimate the noise power directly
by denodul ati e . | atl n \ I de
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ool . - oh . VAT e
oF °Cont aChtrit Ao, Ao oS coB WY oddRitt hich fn il iffghed, T

CDVA 200G\ systemt anayshgvet Wilshadodgs fixewhiah Inoofhahinds awikiibeadskignathbs h Walshles .
Thus, there are n | sh_codes, for which it is guaranteed that no .
channel o cliFl Bey B oSG £ Vg iomo emist gouIGIFa BB i Redaf  Beishsca
for the ?SW&%SHH%B&@?&& P&Wa?d‘Lin%%f'C‘iﬂlMA%irél&% lﬁo\éﬁiﬁﬂué‘aﬁgﬁ s*sﬁen?d%,e&or

t he duration of the noise power calculation. wever, 1f e recelver is
i mpl enenby the TIAAERDR And/SPMA2008 stendards potentiadilylvses 2! 4fitbevavailable Waklal sh

code will _be signed to er user. . Thus, the receiver .may .be _unable

to predlcg‘?es‘t ﬁi S’gﬁeﬁ%ﬁei@%isﬁ\ﬁﬁﬁ?ﬁgﬁgwﬂﬁs llslgu?ré‘ﬂtﬁ?cg i/ﬁ?)? g/hapﬁ?ls W}zg‘énti re
dur at i on a@fgnad.n TefiPorapi®y\BipESWialthcBdes[BUfO)e iR EMEthe ndish Power RGMREon
estimator may take advantage of the manner in which the Pilot Channel IS{D

gener at e@5 1gug &hBvinWakshveodetis cenmty der theagiration of thedneise sawespalenlptipndat a

and is n PN ; . i

Channel %ﬁ%ﬁ%g%c%ﬁéﬁqég e élgés}# ‘gﬁdd@%’f‘@y’ﬁ% tgél *eg%w%}gt#ﬁg?lgg%%té%w s to
t he receiwhen a2 alsincadepvy] be\ikighediodaotibrusee Thus) thearedsi v nady, beiunabls to he
e ohanae! BRbaso0F es cotd Sl beneagohs e Sl oLE it "
estimat o6, 90Qstif@te. 1 S based on denodul ating the Pilot Channel as an

enpty Wal'sh code I's shown in Figure 8. The noise power estimator 800
recovers the 966} at Hewvavenponese pofertasempior aayChkmadiantagéof diesmamsed

lier,.in,. he, Pj| Ch | i
o o i R A B S et e M BAE  Tlr GpR BberY
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quadrature short PN codes. The ) B
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 thééuadrature 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 guadrature short PN codes. The
recovered in phase and quadrature Pilot syrﬁbols 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 ordgar

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



" recovered in phase and quadraf'ure Pilot synbols 802 froma ﬁﬂsﬂj]_f iMGer |
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recovered 1 n"phase and quadrature Pilot synbols 802 from rnger are
al so coupled to a filter 810. [0068] The filter 810 is used to band limt
the recovered Pilot signal in order to renove any undesirabl e frequency
conponents such as nmay result from saan?ing. The JUL 29HO WD ~) 3/ 065607

PCT/ US03/ 02733 19 filter 810 nay be inplenented as an anal og or digital
filter. |filierri#d0nnacke moplemested asvat atalopBR@igim] fibtpt. elffelvd wdsedpagier abtingatbt may
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820 cal cul ates a cross product recovere ot and the triltered
Pi |l ot, al theotoghptradoctreakulatori820t reat ed as a scalar and not a ,vector.

Thus, if ther red,Pilot is.represente ) I | ot, j1~1). a t he
(11 ered pit ot DB T o heusiisebrogucticafasins B2 calepfRien s prof whvlibt AE Dot pu
of the crRssvedPHGandSASFiRERY Pifot, (AiRbhgR the r&ilt is trehfelilas a SRt hndtnot 2
Ipjj.Lfjjt)- As discussed earlier, the tesult i's a scalar and not a

vect or. Twestorclbws, ipthedeevereddiilat is epresentast asnfiia, Qfucd hed theifileredRilet i§ n

the si ked by th ticular fin b t he Pilot
channel " epRBed B Wb i i GoRor b G00 PR IEPPELR (o
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the sane manner as it _does when the finger was tracking a Traffic
Channel . TRE edwdwesiliisap gtmaty ofdhie nplse pPowey i thesiznal patharacked byhe

r‘egei ved ﬁd'lﬂflﬁ‘ér I b Ml ¢ | ' I N
tracking *multi p%r%g%?}b%p |€gﬂse %g&t%{eanéggg%élt gﬁr?g 2 h\gﬁ%@? %tﬁl{da’f ?%Hrﬁs Fhe
desk- ew bpdofhent r381 is coupiadpb edleskeor uffen83er 850. [0071] OGther fingers in

t he receiver | sotrack the Pilagt - Channel. Each finger recovers
cor r espond ng WHEG o A1E SeRed bulfe 3D RGBS g MEPAeS hdgRggen
product Uthk Thger fvhd Erﬁél@ﬁ’g RifRffic GifMntll MEhedddsRES blhff@r 83 Hﬁ&v@é’ﬂae%@@ﬁ{o In a

desk-ew buffer. The signal processing of the Pilot Channel perfornmed by

‘any ot hertimg afjgn she eceivpd sigoalt fsdmi the phitioular Sanger Wik lallodtherHangershimackinignger s

out put | Lot MR BB i 5 I R B e BERE R |

conbi ne afola suhene@@epuUt s from the deskew buffers because the deskew
buffers-hold tine aligned denodul ated Pilot data. Thus, if the signal in
any of the fi n§&rH is%élaﬁrrfmgstsea,th@ ey pryal flsg track dhe Eileh Channgb nBache

finger recovers corresponding quadrature Pilot signal components, generates a cross
product using a filtered Pilot, and time é]igns the resultant signal in a deskew buffer. The .
signal processing of the Pilot Channel performed by any other fingers is represented in

3 block 840. Each of the other fingers tracking the Pilot channel couples the corresponding
deskew buffer butput to the summér 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 fnetric 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



in the sumer 850. Correl ated noi se tracked by different fi ng8rts JULI PO0R
t hus coherentl conbi ne. The output of the summer 850 i's coupled to a
noi se cal clYQfHIS@E0. [0073] The output of the summer 850 PEPUSSHRIH 3
conbi ned noi se power estimte derived fromthe Pilot Channel. As

di scussed above, the SNR netric calculated for closed | oop power control
may be incorrectly estimated when the ggatistics of the noise power
estimate do not track, the statistics of the signal energy estimate.
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t he square of the coherent sum This may be viewed as cal culating an
ener gy of SR enodul ated Pilot noise si gnal . The enbodi mrent of the
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may be used when the signal energy estimate cal culates a square of the
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- Pilot noise Slugagg:}m Cal cul ating the absol ute val ue nmay be viewed as \j
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esti mat or e may
be used vvhen%[g#ghgtlt bh%i#&ﬂ%d%%aﬁ%ts{gﬁ%ll mat e %gﬁ?éﬁl{ B%Sgg Oglngta}g ?&Fﬂ S\P?gibuie of
t he denodekeagyed signal . The signal energy estimtors, 500 and 700, use
absol ute valueg in the cal cul atjon of the signal stimate. Thus,

t he noi se esti ﬁlglt’&r 8’@) gr qraaditpet, '&Bé‘&sﬁ %“W@Pﬁgg(géll@ﬁi“ﬁ% AT aDsQUILG o
noi se cal giih,abe rth@@@mﬂ&)ﬁa@& PioH Grofsed gﬁ? @ﬂéﬂﬂl& thBalbsbRR Shat 'n%fy' Ees

that are closer to the statistics of the signal "energy estinator.
out put of viewed apéalenletingaimaguituddald thessigmabu ﬂhe eémbpdiment althe rmisatest:maﬁﬂ

o1 se ost PHLRE] CARORFE e TRt BF P oREoy Tesh PRy bR S+ S hteciis

fingers, rh?)e ByimAe ARGRRs! A0 abRiutd GarBt dfatheSdicthul £ k2hall | Jhe AFAAD
fingers. Additionally, the noise
energy estimators, 500 and 700, use absolute values in the calculation of the signal energy

estimate. Thus, the noise estimator 800 that vses 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 coﬁpled
to an accumu]aftor 870 that sums the noise estimates over a peﬁod 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 nbise
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 reéoven_ad.
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
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" statisticswefosiohsonoi se estimate closely track the stati spiggs@fozidze
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 inplenent a%’;on a conposite received signal
may be received fromwhich a Pilot sigfial would be recovered. The signal
applied to the noise_estinmator 900 represents a recovered Pil ot si %nal
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cal cul ation bl ock 920 cal cul ates a_mmgni tude of the denodul ated signal

by taki ng 2 fRergB <) the detparlvlated signsb by sbaringatheclemaegitated sigpalowinnaofie
noi se Ca'e%&hﬁhleﬁﬂ i Rk %&lzrﬁdﬁeblgélpﬁtfm&ﬁa@{ Qﬁﬁ%ﬁ@u&e"oﬁﬂe %8&88&1%@ or
e ul a ated o of a

bl ock 930 ere noi se cal c on 1S accunu ver a period ¢
frame. Theigosit pytakbig tHeealsohuenvhhkeosf thbldealodiBéedr sighas eRblBowihg thonsie

estimate. [.0Q78 i gure 10 shows, a flow chart of an_alternatjve

enbodi ron CAIGRAGE Block 95%3? rF_Q% Fharh grpcecd 4P fn REmHi %feb%%_él? ﬁmﬂaﬁrefbeo i s
provi ded @ofseeAvBhtish iElabQimiAidaler a pEied b8 & BaeieC ArHe dudbut O GRBlcchulhide
Pilot Signal that has the short PN codes renoved.. The noi se esti mator

1000 i ni t blick 93§ reprasents theanolielegtimgiegnal in bl ock 1010. The noi se
estimator 100 i ti-onal l et al a nfiltered version. of the Pil ot
STonar CThe 11 PRHG: AR 18 bR st ettt Sl R bRt EE nBlsB o
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The elenments of the_cross product are treated as if -they were
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
D ' 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 produéts from mutltiple 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 embediment the noise calculation block 1040 calculates an energy of the



scal ars rather than vector components. The flow chart next pr@ckdi Pes
bl ock 1030 where a coherent sum of cross products frommnultiple fingers
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results to block 1030 for coherent summ ng. [0079] The flow chart next
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performed previously, the noise calculation is perforned such that the
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calculated in such a.manner that the noise estimte takes int ccount
possi bl ¢ ABISF ERUTRBFAGR il arrounigRasiBle Gorrarion BRiaees sigasls m malile Sgesr [y,
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of the noise estimate track the Statistics of a signal energy estimate
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[ 0081] Thos f eﬁéidJ | ndt he -art wi Iéolunder stand that information and
signal s Depe foreloRddgoR BOWe QRO o variety of different

technol ogi es apgbsitPchnTiEie Bf skl in ¥ ARPWEL uriiREstand! thed Mesag6S and STFARLIS,
i nformation, signals, bits, synbols, and chips that nay be referenced

t hr oughoutayHe Epiateadng pry eha enctnefl diflsrans éachaelogips gud teghigues. For

Fiel do of cSaif PEEHEhAolCH i RO R RER b B S B ERL
Wl furt ey ppfaenaidethiduhoithibe vaboy© describlions izt by eeprexghied by iltagks ~
nodul es, circui t@f and al gorithm steps dlgsc:éaggepq in connection with the

enbodi menCYTES GG TRIA RS VRS AEBClGE o ORfIcA {IFlA PEPHUFIENEF e,
conput er aﬁ?f:éﬂ‘iﬁhﬁion%mﬁeﬂbi nations of both. To clearly illustrate this
i nt erchangeabi ity of ardware and software, various illustrative

conponent s, bl §82] nuthdseof skill mdllifurther agpuieciate 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

im?]ement the described functidnality in varying ways for each particular application, but

such iniplementation 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
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[0085]  The previous descnptlon of the disclosed embodiments is pfovided 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 dcpefting from
the spirit or scope of the invention. Thus, the invention is not mtended 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:
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enbodi ments wit hout departing from the spirit or scope of the invention.
Thus, the invention is not intended t elimted to the enbodinents

shown herein but'is to be accorded the W dest scope consistent with the
principles and novel features disclosed herein. WHAT IS CLAIMED I'S: i JUL
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4, The method of claim 3, wherein the communication device is a CDMA mobile
station.
5. The method of claim 3, further comprising: determining an energy of the

composite demodulated signal; and
accumulating the energy of the composite demodulated signal over a frame.

6. The method of claim 5, wherein the communication device is a CDMA mobile
station.
7. A noise estimator in a communication device comprising:

means for calculating a cross product of received Pilot signal to generate a
demodulated Pilot signal;

means for determining an energy of the demodulated Pilot signal; and

means for accumulating the determined energy over a frame to produce a received
noise estimate.

8. The noise estimator of claim 7, 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.

9. A noise estimator in a communication device comprising:



means for determ ning an energy of the denodul ated Pilot signal; and
means for accumul ating the determ ned energy over a frame to pr dugg@\_azﬁﬂﬁ
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11.  The noise estimator of claim 9, further comprising:
means for determining an energy of the composite demodulated signal; and
means for accumulating the determined energy of the composite demodulated
signal over a frame to produce a received noise estimate.

12. The noise estimator of claim 11, wherein the communication device is a CDMA
mobile station.



