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recei ved on each antenna may inclm@mf i nstances of the
transmtted signal. If nultipler s are used to provide
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[1002] In a wireless communication system, an RF modulated signal from a
transmitter may reach a receiver via a number of propagation paths (e.g., a line-of-sight
path and/or reflected paths). The characteristics of the propagation paths typically vary
over time due to a number of factors such as fading and multipath. To provide diversity
against deleterious path effects and improve performance, multiple antennas may be
used to receive the transmitted signal. If the propagation paths between the transmit
antenna and the multiple receive antennas are linearly independent to at least an extent,
then the likelihood of correctly receiving a data transmission increases with the use of
additional receive antennas.

[1003] In a multipath environment, the signal received on each antenna may include
a number of instances of the transmitted signal. If multiple receive antennas are used to
provide receive diversity, then each propagation path results in a signal instance
appearing at each of the multiple receive antennas. If these antennas are located within
close proximity to one another, then the multiple signal instances received on these
antennas for any given propagation path will be closely aligned in time but may have
different (and possibly wide ranging) amplitudes and phases depending on the specific
channel gains for the receive antennas.

[1004] At the receiver, each received signal is conditioned and digitized to provide a

respective stream of data samples. A rake receiver may then be used to process one or



nore signal instances in each received signal. |nproved performnce may be
achieved if the various signal instances in the nultiple received signals
can be prwoagsessand conbined in a manner such that norePpofi/ushzospynal
energy is collected for a given data transm ssion. [1005] One key
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[1007] There is therefore a need in the art for techniques to provide proper sample

timing for receive diversity and/or high SINR operating environments.

SUMMARY

[1008] Techniques are provided herein to derive the sample timing to be used for
multiple signal instances received on multiple antennas for a given propagation path
when receive diversity is employed at the receiver. In one receive diversity delay lock
loop (DLL) scheme, a DLL is maintained for each propagation path, and each DLL
tracks the timing of the best signal instance for the assigned propagation path. The best
signal instance may be the one achieving the highest signal-to-noise-and-interference
ratio (SINR) among the multiple signal instances received for the propagation path. In
another receive diversity DLL scheme, a DLL is maintained for each propagation path,
and each DLL tracks the average timing of multiple signal instances for the assigﬁed
propagation path. The average timing for a given propagation path may be derived by

(1) deriving an error metric indicative of the error in the sampling timing for each signal



(1) deriving an error metric indicative of the error in the sanpling timng
for each signal WO 02/071647 PCT/US02/ 01793 3 instance, (2) weighting the
error nmetwpaeg/ofwr7the multiple signal instances, (3) conbiPrirngo2/oties

wei ghted error netrics for each | oop update period to derive a conposite
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[ 1010] Various aspects and enbodinents of thé invention are described in

further debannkr basedwn aherrémmeinici denivéd fernibe signolvindescarelfhodwmngp(agr, o
codes, digital signal. processaors. (\DSPs eceiver uni.ts. termnals, .base
ctat ons. SPEBTROR Thip B e thgprin By foks ol TP wesl Brtne eEpils iR
various aspRfecfed, 8BRAEE BBIR For Bthelveftind 'offetOfs colnplred Ty €S SINR f@ISth@;?mfl bed
in further detail below BRI EF DESCRI PTI ON OF THE DRAW NGS [1011 he

features, riaueidsetalbie agvdivpagiset é thepased s dhi sample Hminghifhe PINeéerthe nor e
apparent fr

con; uncti o btk PRs?dp S HCRoEn BT &0 e e SIRE BY BRI ERE difighe o
cor r espondiQnrwisel, irtae SMORtfoamed netveie Bifset is not better, then the prior time offset is
retained and used for the sample timing. Again, various details of these techniques are
described below.
[1010] Various aspects and embodiments of the invention are described in further
detail below. The invention further provides methods, program codes, digital signal
processors (DSPs), receiver units, terminals, base stations, systems, and other

apparatuses and elements that implement various aspects, embodiments, and features of

the invention, as described in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[1011] The features, nature, and advantages of the present 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:

[1012] FIG. 1 is a block diagram of an embodiment of a receiver unit capable of
implementing various aspects and embodiments of the invention;

[1013] FIG. 2 is a diagram of a transmission (or slot) format defined by IS-856 for

the forward link;



[1012] FIG 1 is a block diagramof an enbodi ment of a receiver unit

capabl e of inplenenting various aspects and enbodi nents of the invention;

[ 1013] FI@0 02/07w4m di agram of a transm ssion (or slot) foreatusdeéizaed by

| S-856 for the forward |ink; WO 02/071647 PCT/US02/ 01793 4 [1014] FIG 3
graphically illustrates an enbodi nent of4the resanpling performed on the
data sanples to achieve higher time resolution; [1015] FIG 4A is a block
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of a DSP t ' Ld.ot processor and two slave pil ot
processorsI’iﬁ(}stztiaﬂd:@'?ilg)éil e l}géhi@rf}&pﬁgoofg%g%ﬂng jitter; [1018] FIGS. 5A and 5B are
bl ock di agrfaéms]of BIG.e#Bdsianblotk aiagaarhiofsdn embedindeappf af DEP ehataindludes a

second-order |l oop_fjlter, respegtivel for. a delay |ock | oop; [1019] FIGS.
5C and 5D dW&5T BRI RIGFesARTS gnd ynaddenm Blstler tpdng rhestemmgo@lraﬂ Figr)

filter thatin&ﬁ%e?@fé‘g n&)g) ﬁﬁ}ﬁ(}}aﬁ-ﬁ average timng of nultiple signal
i nstances for a givéen p o&ggati n path; [1020] FIGS. 6A and 6B are flow

di agranms of[1014 enbKai #Eris s bibcla degraesd fnoembodimient nfj asRfP| thatt inndudes or a
gi ven propagation. path based on the tim of the best i gnal _i.nstance;
D051 P gt i steraigranpis S alipbdresbriopsed b, soadt e e ng

sanpl e tinjeg for a given propagation path based on the average timng of
the signal “instances; and [1022] FIG 6D is a flow diagramof an
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[1019] FIGS. 5C and 5D are block diagrams of two embodiments of a first-order
loop filter that may be used to track the average timing of multiple signal instances for a
given propagation path; ‘
[1020] FIGS. 6A and 6B are flow diagrams of two embodiments of a process for
deriving sample timing for a given propagation path based on the timing of the best
signal instance;
[1021]  FIG. 6C is flow diagram of an embodiment of a process for deriving sample
timing for a given propagation path based on the average timing of the signal instances;
and

[1022] FIG. 6D is a flow diagram of an embodiment of a process for deriving

sample timing with reduced jitter for a received signal instance.

DETAILED DESCRIPTION
[1023]  FIG. 1is a block diagram of an embodiment of a receiver unit 100 capable of

implementing various aspects and embodiments of the invention. Receiver unit 100
may be implemented within a terminal (e.g., a cellular phone) or a base station. A
terminal may also be referred to as a mobile station, a remote terminal, an access
terminal, or some other terminology, and a base station may also be referred to as an
access point, UTRAN, or some other terminology. Receiver unit 100 may also be used
in various wireless communication systems such as, for example, IS-95, cdma2000, IS-

856, and W-CDMA systems. For clarity, various aspects and embodiments are



I mpl enenting various aspects and enbodi nents of the invention. Receiver
unit 100 nmay be inplenented within a termnal (e.g., a cellular phone) or
a base stwbioen71647 term nal may al so be referred to as a mobiuse2/st7ai i on, a
renmote termnal, an access termnal, or sone other term nol ogy, and a base
station may also be referred to as an afcess point, UTRAN, or sone other
term nol ogy. Receiver unit 100 may al so be used in various wreless
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and Q sanplbasebahd camppmemit forcherebeiedreigngl. ADCs 116 provide | and Q sanples

t tw t [ t hi,px2), wi.th th hip. bei . 2288 M
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of ADC sanpl’es Tromeach pair of ADCs 116 is provided to a respective
sanpl e buf flepmpley) drad L sewgles. [Inopsjeciicdpgbedimest, ghalCs Jléduevide I(@dr) 120

ecelves { NGy o ATRE S AL, 3VEL Ry MR 28 iRl
such as fi lsbfiel COMA 8$a¢ms.i MYe pdieradduindt® @Amplie dodéded, chipi2tbagpldperiddSE 120
TRY A1S0 T Dl Raa to horein 2 an ADC samplo oF a dita sample. " The siream of ADC samples
from each pair of ADCs 116 is provided to a respective sample buffer 118 and stored.
[1026] A digital signal processor (DSP) 120 receives the ADC samples stored in
sample buffers 118a through 118n and further processes the samples. DSP 120 may
perform a number of functions such as filtering, resampling, demodulation, decoding,
and so on. DSP 120 may also implement various control loops used to provide the
proper sample timing for each received signal, as described in further detail below. A
memory 122 may be used to provide storage for data and/or codes used by DSP 120.
[1027] Clock circuits 124 provide the clock signals used by various elements of
receiver unit 100. For example, clock circuits 124 may be designed to provide the local
oscillator (ILO) signals for receivers 114a through 114n, and the sampling clocks for
ADCs 116a through 116n. The frequency and/or phase of these various clock signals
may be adjusted by one or more loop controls from DSP 120.
[1028] FIG. 2 is a diagram of a transmission (or slot) format defined by IS-856 for
the forward link. Each active slot is divided into two half-slots, with each half-slot

including two data partitions 212 separated by a pilot burst 214. Data partitions 212

may be used to transmit user-specific data and signaling, and pilot bursts 214 may be



proper sanple timng for each received signal, as described in further
detail below. A nenory 122 nmay be used to provide storage for data and/or
codes usewoOlw/omsPr 120. [1027] Cock circuits 124 provi dePCih@set/ook3 si gnal s
used by various elenents of receiver unit 100. For exanple, clock circuits
124 may be designed to provide the local6 oscillator (LO signals for
receivers 114a through 114n, and the sanpling clocks for ADCs 116a through
116n. The fiseddertpsaias gilophae left haibset inalidsasiae peritiengRdPs anddi2be
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The pilot bursts for the idle slot are intended to be essenti %
i ndi sti nguit8 He#pheor be near its steady state value for the duration of the (e.g., 9

I-clhxllp) pilot
burst. The pilot bursts for the idle slot are intended to be essentially indistinguishable
from the pilot bursts for the active slot.

[1031] FIG. 3 graphically illustrates an embodiment of the resampling performed on
the ADC samples to achieve higher time resolution. The received signal from a
particular antenna is typically oversampled at an initial sample rate that is multiple (e.g.,
2, 4, or 8) times the chip rate to provide higher time resolution. The ADC samples may
then be decimated down to twice the chip rate (i.e., chipx2) and stored to sample buffer
118. Storing chipx2 samples instead of higher rate (e.g., chipx8) samples reduces the
buffer requirement.

[1032] To demodulate a particular signal instance in the received signal, the ADC
samples are retrieved from the sample buffer and resampled to obtain interpolated
samples at possibly the same sample rate (e.g., chipx2) but at a specific time offset
corresponding to the arrival time of the signal instance at the receiver unit. This time
offset is an approximation of the “optimum” sample timing that provides the highest
signal-to-noise-and-interference ratio (SINR) for the signal instance. A delay lock loop

(DLL) may be maintained for each signal instance being processed to provide the



fromthe pilot bursts for the active slot. [1031] FIG 3 graphically
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i nstances, which are represented by the square boxes between the solid
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opt i mum sanpl i ag 408 L AMES pl el b @BR nd REIARES: B, IBNRhEeARe O 11
| interpolated samples for the signal instance, which are represented by the shaded square

boxes.
[1035] FIG. 4A is a block diagram of an embodiment of a DSP 120a that may be
used to process the pilots in N received signals from N antennas. As shown in FIG. 1,
the ADC samples for each received signal are provided to a respective sample buffer
118 and stored. N sample buffers may thus be used to store the ADC samples for N
different received signals from N antennas. The ADC samples from each sample buffer
may thereafter be retrieved and provided to one or more pilot processors 410, with each
pilot processor being assigned to process a specific signal instance. Each pilot
processor processes the pilot for its assigned signal instance to recover the timing and
other information (e.g., the SINR) for that signal instance, as described below.
[1036] As noted above, each propagation path results in a signal instance appearing
in each of the N received signals. For a given propagation path, N pilot processors 410a -
through 410n may thus be assigned to process the N signal instances in N different
received signals corresponding to the propagation path. For simplicity, FIG. 4A shows

the pilot processors assigned to process the signal instances for one propagation path.



However, this value is quantized to chipx8 time resolution and results in a
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i nstance, which are represented by the shaded square boxes. [1035] FIG 4A
is a block diagramof an enbodi nent of agDSP 120a that may be wused to
process the pilots in N received signals fromN antennas. As shown in FIG
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410, the ADC sarTFI es are provided to an interpolator 420 and_ resanpled (as
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el enent 422a; a "late terpol ated sanpl'e to a despread | & D el enent
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di ff er encesgeh@siofe43uc/ 2E40RY dadpssadd® &SP element 422 then despreads its received

interpolated samples with the PN sequence to provide despread samples, and further

- decovers the despread samples with the channelization code used for the pilot. For
many CDMA systems, the channelization code for the pilot is a sequence of zeros (e.g.,
Walsh code zero), in which case the decovering may be omitted. For the pilot structure
shown in FIG. 2, each despread I & D element 422 further accumulates (i.e., integrates)
the despread samples over a 96-chip period for each pilot burst to provide a pilot sample
for the pilot burst (i.e., one pilot sample for each half-slot).

[1039] The pilot samples from despread I & D elements 422a and 422b are provided
to magnitude squarers 424a and 424b, respectively. Each magnitude squarer 424
computes the energy of each pilot sample (which is a complex value denoted as

P, + jFy ), as follows:

E,=PB’+PR} . Eq (1)



and are within the scope of the invention. [1038] A PN generator 434 al so
provides to each despread | & D elenent 422 a PN sequence having a
speci fi c WNogbatee? (or PN phase) corresponding to the arriwalr/usozel7ed the

signal instance being processed. This PN state nay be determ ned by a
searcher in its search for strong signa$ instances in the received signal
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sampling time instances and the optimum sampling time instances for this signal
instance. Timing generator 432 then receives and quantizes the loop output to provide

the (coarse-grain) time offset, 7, , to be used for resampiing the ADC samples. Timing

adj ?
generator 432 then provides to interpolator 420 the timing control indicative of the time

offset, Pagi > and further provides to sample buffer 118 an address indicative of the

specific ADC samples to be retrieved from the sample buffer.

[1042] The on-time pilot samples from despread I & D element 422c are provided
to a pilot filter 436 and filtered based on a particular lowpass filter response to provide a
filtered pilot. The filtered pilot is then provided to a controller 440 and may further be
processed to provide an estimate of the pilot SINR. In much of the following
description, the pilot SINR is used as an estimate of the signal quality of the signal
instance. However, other metrics may also be used to estimate the signal quality of the
signal instance, and this is within the scope of the invention. Despread I & D element
422c and pilot filter 436 are parts of a signal quality estimator used to estimate the SINR
of a signal instance.

[1043] FIG. 4B is a block diagram of an embodiment of a DSP 120b wherein a

single loop filter is provided for the delay lock loop for all N signal instances of a given



based on early/late pilot energies and is indicative of the instantaneous
error, At, in the sanple timng for the signal instance. This error netric
is filterwooby7ieepp filter 430 to provide a | oop output Padiusar/owves of the
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N sample bus];lrfn%{igg 1t111r?e' instances, and may have any number of bits of resolution. In an
embodiment, the loop output is quantized to chipx8 time resolution by a quantizer 532
within timing generator 432a to provide the timing control (which is indicative of the

coarse-grain time offset, ¢, ) for interpolator 420.

adj
[1045] FIG. 5B is a block diagram of an embodiment of a second-order loop filter
430b for a delay lock loop. Loop filter 430b may also be used for loop filter 430 in
FIG. 4A, but includes two accumulators. The first accumulator is implemented with a
register 512a and a summer 514a, and the second accumulator is implemented with a
register 512b and a summer 514b. The loop filter input is scaled with a scaling factor,
c1, by a multiplier 516a, and also scaled with a scaling factor, ¢o, by a multiplier 516b.
The scaled value from multiplier 516a is accumulated by the first accumulator. The
output from the first accumulator and the scaled value from multiplier 516b are summed
by a summer 518, and the summed value is further accumulated by the second

accumulator. The output from the second accumulator comprises the loop output,



[1044] FIG 5A is a block diagramof an enbodinment of a first-order | oop
filter 430a for a delay lock |loop. Loop filter 430a nay be used for |oop
filter 43@0im/oFe@& 4A, and includes a single accunul at or PCapiSererwed with
a register 512 and a sunmer 514. The loop filter input (which is the error
metric, EM from sumer 426) is initial I1>1 scaled with a scaling factor,

cl, by a |tiplier 516 nd . the.scaled va i.s the ccunmul at ed t he
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out put, WD 02/071647 PCT/US02/01793 11 LFout, which is provided to timng

generator 432b. The first and second accunul ators nay each have any nunber
of bits of resolution. [1046] In ge |l oop filter may be viewed as

it
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430a, the le@fveacLUNuhahass 00 Bghi Iﬁe?agatioﬁbd&b] €f 186 edtblilcain@hnas’ite Idcatedtine
second-order loop filter 430b, the |oop accumul ator conprises the first
and second %eseuripxiztby . ofer guptherTHen jhese giighah dstagces Wik bayclossbkaligsd i t h

an ear| yf ! q}lﬁe.dh%We-\/ép, ﬂﬂ'té)éivgr? Bﬁﬂ)agation path, each receive antenna may be associated
with different fading and multipath effects. Thus, these N signal instances may be
associated with different (possibly wide ranging) amplitudes and phases.
[1049]  Various schemes are provided herein to derive the “proper” sample timing
for each propagation path when receive diversity is employed. Some of these schemes
are described below.
[1050] In a first diversity DLL scheme, a DLL is maintained for each propagation
path, and each DLL is operated to track the timing of the “best” signal instance for the
assigned propagation path. For each propagation path, the sample timing for the
remaining signal instances are “slaved” to the sample timing of the best signal instance.
The best signal instance may be defined as the one with the best signal quality (i.e., the
highest SINR) or the strongest signal strength. The SINR of a particular signal instance
may be estimated based on the SINR of the pilot, which may in turn be estimated based
on the pilot samples from despread I & D element 422c¢ or the filtered pilot from pilot
filter 436.
[1051]  The first DLL scheme may be implemented using the pilot processor design
shown in FIG. 4A whereby one loop filter 430 is included in each pilot processor 410.



as that shown in FIG 4A) and with a first or second-order loop filter is
described in various references available in the art. One such reference

i s a bookwby2®71547 Viterbi, entitled "Principles of SpreadCHisor/owns
Mul ti pl e Access Communi cations,” 2nd Ed., MGaw Hll, 1977, which is

I ncorporated herein by reference. Diverdity DLL [1048] As noted above, when
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for derivin
with the best SINR is then identified as the best signal instance, and the loop filter value

for this signal instance is then retrieved (step 620). The loop filter value is denoted as
Lfout in FIG. 4A and comprises the value(s) for register(s) 512 used to implement the
loop accumulator. The loop filter value for the best signal instance (denoted as LFoutx
in FIG. 4A) is then provided to the loop filters for the other (N-1) signal instances and
loaded onto register(s) 512 of these loop filters (step 622). The process may be repeated
each time a new error metric is derived, which may be every half-slot for the pilot
structure shown in FIG. 2.

[1054] The first DLL scheme may also be implemented using the pilot processor
design shown in FIG. 4B whereby one loop filter 430 is provided for N pilot processors
411. The loop filter is then updated based on the error metric, EM, derived for the best
signal instance.

[1055] FIG. 5C is a block diagram of an embodiment of a first-order loop filter
430x that may be used to track the timing of the best signal instance for a given
multipath. Loop filter 430x may be used for loop filter 430 in FIG. 4B and includes a
single accumulator implemented with register 512 and summer 514. The error metrics,
EM1 through EMn, from N pilot processors 411 assigned to the N signal instances for

the propagation path are provided to a multiplexer 520. Each error metric, EMi, is



the sanple timng for a given propagati on path based on the timng of the
best signal instance. For this enbodi nent, one loop filter is assigned to
each of tweoplogiegnal instances for the propagation path [perrugopooeessed
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- signal instance is selected (step 638). - The selected error metric, EMx, for the best signal

instance is then provided to the loop filter and used to update the loop accumulator (step
640). The process may be repeated for each loop update period.

[1058] For the first DLL scheme, the timing of the best signal instance is used for
the remaining signal instances. This scheme may provide improved performance if
there is a large disparity in the SINRs of the N signal instances for a given propagation
path, which may be the case in a multipath environment whereby signals may add
constructively at one antenna and destructively at another antenna. As each of the
signal instances received on the N antennas individually fades in and out, the timing of
the best signal instance is retained and used for any new signal instance that becomes
better.

[1059] In a second diversity DLL scheme, one DLL is maintained for each
propagation path, and each DLL is operated to track the average timing of a set of signal
instances for the assigned propagation path. This set may include all N signal instances
or a subset of the N signal instances for the assigned propagation path. The second
DLL scheme may be implemented using DSP 120b shown in FIG. 4B whereby one loop

filter is maintained for all N signal instances of a given propagation path, with the loop



sanpl es for the assigned signal instance. Miltiplexer 520 al so receives a
control signal, Select, indicative of the best signal instance, selects
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above. [1056] FIG 6B is a flow diagram of anot her enbodi nent of a process

630 for ddilievibaiggtupdated bpsed ani the sryof metries gievived for deaspdadteshsignal instamsesd on
the tim f th t i |_inst . F t hi di t..t desi
shown i n i SEnd T <E iy HoRRR bl Shrif SBRE T bsink B 3R 2 ned

for all N sh@fad frbMshAAERSiGal IBRNEISARAGALIFGist thASRt &aﬁmmswn@@.essed- [ 1057]
For each Ioo&update period (e.g., each half-slot), the pilot processor for

each signdlV¢Mst aHKe #arip rellogk diagrany of gt ernleodimpat off ¢ dirstrdiderelapp yiiliest e

ilot energj r i I i i i_bed
Phove (ot en B2 8 il BepRBIGARER ol HRRiec MBS 1 of SABY SERIRSRIGERPS, ¢
634). The SbNRgiveh milltipdths il @bplfilienss@nmes bamnesed fof ésbpcitgrar3edn FRGO4B ahy
controller 440) (step 636). The signal instance with the best SINR is then
i denti fi ed iBgludgsea piagle %chmiatwrn%@ﬁ%@}te%mtht weistsr 2 ansk synpmerepdd. I thi s
signal inst k SncS ) . L &5 o , for
the best i gR preeet BARCHRC TN, RO N pl0FpS RSP AL S ipfe B e R oGl
updat e t he ihgageadouthid ptopagdtmnepnth GADprovided torNamsisiphery 392a rtkgpagh &A24 or

each | oop updat erjod. [105 For the first .DLL sch , the timng of the
best si gnal"gﬁgﬂgﬁa&&_gﬂ% ‘ﬁ’b@éd %%‘fh °'Re I’?eé‘ﬁ‘éi ﬂm’glssp%@%ng}ﬁsat %Biifé‘.ve'ﬂﬁloé .
schene nay Ii%&\éédilell'l THAEéH/&SjaF?@srpts&'i\}@é%ﬁﬁ‘ech of tATSC Bamnpled fb@!hg%sﬁgl%%asri%r}]a}' I'n

the SINRs of the N signal instances for a given propagation path, ich
may be the1ggig®ein a nultipath environnment whereby signals may add

constructi at gne antenna d destructively at ano r _aptenna. ..As each
of "the " si daudr s Ea BURRRES TE Sk b ek i einP no B ROF ol RS
and out, tReeightMi)hn@fpro¥ies BRSdcalel @Rdl nidhsd BNE Quintnek S MBishradtd524s@en f or.
any new signal Instance that becones better. [1059] In a second diversity
DLL schene,supséhancalederionimetagsferall b signad Mstapeespagareydesthie hompedtession DLL
is operate t k th ver timg f S Lgn Lhst.anc for
t he assi gngﬁétgg’o%tatt?oﬁlugg?ﬁggﬁﬁi srﬂseggs te:’%m)Sl?zl’ n@-{‘f?}ﬁé’f ?ﬁg %i%ﬁ%&’ﬁ%ng %nces

or a subsetimplenidne Y fikgsrder loop filtsg as désotibéduboassi gned propagati on pat h.

The second DLL schene ma){l be 1 npl enment ed usi n% DSP 120b shown in FIG 4B
wher eby ond19@dp Various schemes may be used to weigh the N error metrics for all N signal

instances to derive the composite error metric, EMz. In a first weighting scheme, the N

error metrics are weighted by the signal quality of the signal instances (i.e., w; o< SINRi

for the i-th signal instance, where i€ {1, ..., N}). The composite error metric may then

be expressed as:

N
EM: =) w,-EMi . Eq (2)
i=l
This weighting scheme results in the delay lock loop tracking more of the timing of the
better signal instances.
[1063] In a second weighting scheme, the error metrics for the N signal instances

are linearly combined (i.e., the same weight for all signal instances, or w, =1.0), as

follows:

N
EM: = )'EMi . Eq (3)

i=1



filter is maintained for all N signal instances of a given propagation
path, with the | oop WD 02/071647 PCT/US02/ 01793 14 filter being updated
based on wbhe2errer netrics derived for the sel ected signalPCirnsvanoes. The
second DLL schene may provide inproved sanple timng by using the error
metrics fromnultiple signal instances ildstead of just the best signal
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signal instance is also estimated and may be used to derive a weight for the signal
instance (step 654). The error metrics for the selected signal instances are weighted by
their respective weights (step 656), and the weighted error metrics are combined to
derive the composite error metric, EM¢, for the current loop update period (step 658).
The composite error metric, EMt, is then provided to the loop filter and used to update
the loop accumulator (step 660). The process may be repeated for each loop update
period.

[1067] In a third diversity DLL scheme, one DLL is maintained for each signal
instance being processed, and each DLL is operated to track the individual tinﬂﬁg of the
assigned signal instance. This may be achieved by operating one loop filter for each
signal instance, with each loop filter being operated independently and updated based
solely on the error metric derived for its assigned signal instance. This DLL scheme
may be implemented using the pilot processor design shown in FIG. 4A whereby one
loop filter 430 is included in each pilot processor 410 and is used to track the timing of
the assigned signal instance. However, the register(s) within each loop filter are not
loaded with the loop filter value from another loop filter, as is the case for the first DLL
scheme.

[1068]  The third scheme may provide improved performance in certain operating

scenarios, such as if there is a larger difference in the timing of the N signal instances
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schene nmay provide inproved performance in certain operating scenarios,
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DLL for Signals with hich SINR

[1071] Some communication systems are designed to support high data rates for

packet data and/or other services. One such communication system is the IS-856
system, which supports data rates ranging from 38.4 Kbps to 2.4576 Mbps on the
forward link. Increasingly higher data rates require correspondingly higher SINR to
achieve the target packet error rate (PER).

[1072] For a system designed to operate at high SINRs, such as the IS-856 system,
errors or jitter in the sample timing may result in noticeable degradation in the signal
SINR, which may then degrade demodulation and decoding performance. The timing
errors or jitter may be exacerbated if the fine-grain timing difference, 14, , between the
ADC and optimum sampling time instances, as determined by the loop filter, is
subsequently quantized to a coarse (e.g., chipx8) time resolution to obtain the time
offset, L used for resampling. In fact, it can be shown that quantization of the

resample timing is one of the main reasons for DLL jitter, and the resulting performance

degradation.



|l oop filter 430 is included in each pilot processor 410 and is used to
track the timng of the assigned signal instance. However, the register(s)
within eawbokoop4filter are not |oaded with the |oop fil rem/usat/uEgos rom
another loop filter, as is the case for the first DLL schene. [1068] The
third scheme may provide inproved perforliffance in certain operating
scenarios, such as_if there is a larger difference_in the timng of the N
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errors or jitter 1nthe sanple timng may result in noticeabl e degradation

in the sigrdd075] In an embodiment, a delay lock loop may be designed to support multiple
operating modes, including a normal mode and an enhanced mode. If receive diversity
is employed, then the enhanced mode may be entered, for example, if the SINR of any
one of the N signal instances exceeds a particular threshold (e.g., 6 dB). In the
enhanced mode, various techniques may be used to monitor the jitter of the loop filter
and to adjust the sample timing only if it would result in better SINR for the signal
instance.
[1076] The policy used to determine whether or not the DLL operates in the
enhanced mode can be generalized. For example, the DLL may transition from the
normal mode to the enhanced mode if the SINR exceeds a first threshold, Tyse. While in
the enhanced mode, the DLL would transition back to the normal mode only if the
SINR drops below a (usually lower) second threshold, Teay, (i-€., Tran < Trise), and would
remain in the enhanced mode otherwise. With this scheme, the transitions between the
DLL operating modes are governed by SINR hysterisis, which prevents frequent
toggling from one mode to another. Hysterisis may similarly be applied if more than
two operating modes are used for the DLL.
(1077} FIG. 4C is a block diagram of an embodiment of a DSP 120c that may be
used to reduce sample timing jitter for a received signal with high SINR. DSP 120c



SINR, which may then degrade denodul ati on and decodi ng performance. The
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samples based on the modified time offset, 7,, ;. Despread I & D element 422 then (1)

despreads the interpolated samples with the PN sequence (the same PN sequence is
provided to the master and slave pilot processors assigned to process a given signal
instance), (2) accumulates the despread samples over each pilot burst, and (3) provides a
pilot sample for the pilot burst based on the interpolated samples at the modified time
offset. The pilot samples from despread I & D element 422 are then filtered by pilot
filter 436 to provide a filtered pilot for the modified time offset. The filtered pilots from
slave pilot processors 412a and 414b are provided to controller 440 and may further be
processed to provide an estimate of the pilot SINRs for the modified time offsets of

t

et and 2,4 o . Slave pilot processor 412a and 412b are thus used to determine the pilot

SINRs at + 1 chipx8 unit from the time offset, 7., determined by the master pilot

Processor.

[1080] FIG. 6D is a flow diagram of a specific embodiment of a process 670 for
deriving sample timing with reduced jitter for a received signal instance. Initially, a
determination is made whether or not the pilot SINR for the signal instance is greater

than a particular threshold (step 672). If the answer is no, then the process returns to
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t he nodi fi eble tlane plbtf metessérachiespondagpioane nbw&irh effestasnideddifled (686).( The

despr eads the interpol ated sanples with the PN se uence (the same PN
sequence i Pilops B\&Mé&wt@a%tﬁfepliﬁﬂ@@%@ﬁ& félplavemaaqe REypYdhe BRtSINEspighed t o

process a QHééﬁﬁleﬁ'sgnglpllot processor, which was previously assigned with the new time offset
(step 688). |
[1082]  If the pilot SINR of the identified slave pilot processor is deemed to be better
than the pilot SINR of the master pilot processor (step 692), then the sample timing for
the signal instance is allowed to be updated in the normal manner. In an embodiment,
the new time offset is deemed to be better if the pilot SINR of the identified slave pilot
processor is greater than the pilot SINR of the master pilot processor by a particular
delta amount (e.g., by y dB). This delta amount is used to provide hysteresis so that the
“better” time offset is not continually toggled between two offset values and to provide
some level of immunity to measurement noise. New modified time offsets are then
determined for the slave pilot processors based on the new nominal time offset (step
694). The pilot SINRs of the slave pilot processors are also initialized to reflect their
assignments with the new modified time offsets.
[1083] Otherwise, if the new time offset is deemed to not be better (e.g., does not
provide the requisite amount of improvement in the pilot SINR) (step 692), then the

sample timing for the signal instance is not allowed to be updated. The former loop



I nstance), (2) accumul ates the despread sanpl es over each pilot burst, and
(3) provides a pilot sanple for the pilot burst based on the interpol ated
sanpl es awotoke7wedi fied time offset. The pil ot sanpl es fPomuseym7end | & D
el ement 422 are then filtered by pilot filter 436 to provide a filtered
pilot for the nodified tinme offset. TheXiltered pilots from slave pilot

processors 412a and 414b e provided to control|er 440 a f .h b
processed tfﬁteﬁ M @ﬁpd%re%ngg{ei%&yeremrspﬁég%pp% u%#‘f@l‘«tg theyfoop Eﬂte%dftﬁé ni%lr nee
of fsets of I+ Sl | ' e el re
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of fset, tadj et ' | processor. [1080] FIG 6D is
%ﬁ@?ﬁ%h@&ﬁ@@m&ﬁe h é%ﬁdﬂateﬁ%eh%ﬁ.

a flow dia pecific e a process 670 for deriving
sanpl e ti m[h@344 t hIm EiicdY the PLbrenfars the enbamied eubdeiifjthelpilionSININ erceeds the
Initially, determ nation.is. mde et her or npt the pilot Sl fqr the
S gnal | ot Biseeolt s DLpR RO Re T (AR ) ST oo FHRASEL O DSEdron | pe
answer i s n@meldigy chl?éio%r(ﬁ%.e,s_ﬁhirgﬁéwa?asra&& MO 0F 484 traR$ehisbisky/ Pie/BB1. 19
step 672. Oherwse, if the pilot SINRis greater than the threshold, then
t he del ay Imak alsboegp opereiedsint the nemmah pragle gatithingvac@lisitien gnd ghereafter
processors ar.e,assigned to the signal, instance (674). The nodified tine
of fsets fors“?ﬁgicgtsostﬂ%l\?@.‘%c?%?m ?8%&%%?%“%@ then determ ned, and the

pi | ot SI NRy108$5]t he Tt @¥Baritkd Glioder @BESISQ Sboveanay $6 uséd twhatheZ ©F nOs t&@Rive676) .

Because neasurenent noi se coul d cause the pilot SINR of a slave pil ot
processor diverEy abreEprlayad y If gieerive tdiwesithds @rplpyed, nher dhe pb of the

processor, ' . i Bl |$ﬁﬂ2 t it er ' t he
sl ave pil otp%;éa ctéé@é?tgqﬁéiyaﬁéagle ec?ulg?%%u%éﬁe&%ﬁefﬁ&p%w %fo %’ Ejg%ﬁcglfé Ter
pi | ot pr oceahksemhantedimode.pAh¢ pathISANRaetrunto. the BUSR]of Theecdmibiped blitper ofadll Whe

mast er pil ot processor is,upaat ed for each | oop update period (e.g., every
hal f- sl ot) eRFOEHsPe 2BHFSE  Hutthe cNd&tgngk dnpiynaeh e Iaga hey propagation “path.

di sor i i nat gfeffivelle ABYIRR BE MY b ASERD gﬁsé&fcfggxgagi%@oébcl e Ridfer@fnet he

loop filter is nori'tore or jitter. r output 1nplies
retenti on ofhdthee oc uot terenter itheeenbfficedtmodet ads , (step 684), then no

addi ti onal essing is required and th rocess re ns to ste 682.

& hervi se, [PSGine. L BpYE Sronbigut Prahs DEEh FdPyBLAr: oHe PheEr%fiter
taal , 10 gecdppli éi%ddl'?s shiRdled BasRl RS safplRiy cldckChivingBart BibktrAY@iynihg phasehe
prior value (step 684), then the slave pi [got processor corresponding to

the new ti rfse.offithetespest itelée pptiretm( B8@)lingTnae). pRessmBingRs dhert herformedeto
pilot pr OC Cttath ilnéquoantgd Cs%q}l))?erse% &%al‘cpp%ltm&mh’e sgrlnlpﬁag %nll\lg ir?s],ctar;[cgse, which are

determined by the delay lock loop for the signal instance being processed.

[1087] In another DLL design, the phase of the sampling clock is adjusted by the
delay lock loop for a selected signal instance in the received signal (e.g., the strongest
signal instance). For this DLL design, the selected signal instance would then be
sampled at or near its optimum sampling time, and resampling would not be needed for
this signal instance. This DLL design can reduce the amount of jitter in the sample
timing for the selected signal instance, which may improve the SINR of the
demodulated data. Resampling may be used for the other signal instances in the
received signal.

[1088] Any one of the diversity DLL schemes described above may also be used in
conjunction with this alternative DLL design. For example, the sampling clocks for all
N received signals may be adjusted based on the optimum sample timing for the best
signal instance from among all signal instances in the N received signals (i.e., the first

diversity DLL scheme). Resampling is then not needed for the N signal instances



identified slave pilot processor, which was previously assigned with the
new tine offset (step 688). [1082] If the pilot SINR of the identified

sl ave pi IwWD poowessor i s deemed to be better than the pilPer/UShMR763 t he
master pilot processor (step 692), then the sanple timng for the signal
instance is allowed to be updated in thé&lnormal manner. In an enbodi ment,
the newtine offset is deened tg be hetter if the pilot SINK of the .
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filter value is retained (e.g., by reversg;)? the prior update to the |oop
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mode if theongidrohoisl Afplieximesircifiseintelghutas bintwdts (ABIGR0 dixgral eighaldprvesssorst he

DLL is operated in the enhanced node based on one other criterion (e.qg.,
i f .hi gher d&SKshatigyaly siengk duoqestng a4ey1qes af23R12 idmgramﬁglbfﬂoglﬁa VifeSo be

operated i n %p‘gﬁg i t A P9 QO TR PANYS i d ft _

swi t ched tgPtL?g)v’eﬁﬁlgﬁklé o gMgugg%gArfﬂlygc&i ng. )[ f%%%%o%ecinﬁg%’e %{)Ode
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all N pilot processors assigned to the N signal ‘instances for the
pr opagat i ormpléiplexed AIDEY meaninerel y, the SINR of the best signal instance may

also be us‘e[‘i(ﬁ(ﬂ de%,grr sSeware implementation, all or portions of the delay lock loops and/or

certain timing recovery techniques may be implemented with modules (e.g., procedures,
‘functions, and so on) that perform the functions described herein. The software codes
may be stored in a memory unit (e.g., memory 122 in FIG. 1) and executed by a
processor (e.g., DSP 120). The memory unit may be implemented within the processor
or external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art. A

[1091] The delay lock loops may also be implemented with a combination of
hardware and software. For example, hardware may be used to derive the error metrics
and generate the timing controls, and software may be used to implement the loop
filters.

[1092] Headings are included herein for reference and to aid in locating certain
sections. These headings are not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout
the entire specification.

[1093]  The previous description of the disclosed embodiments is provided to enable

any person skilled in the art to make or use the present invention. Various



whet her or not to enter the enhanced node. [1086] In the above descri ption,
a specific design for the DLL is used whereby each received signal is
sanpl ed baeaedoowsn sanpling cl ock having an arbitrary ti mpPeg/yshzes93 (i.e

Wi th respect to the optinun1sanp|ing time). Resanpling is then perforned to
obtain interpol ated sanples at the "opti28unt sanpling tinme instances, which
are determned by the delay_ | ock |oop for the signal instance being

processed. a@igeqtion, t%ﬁ@ﬁ%émbgmea@sw@hbe feRdihppRaEEns o those skiflpt i”th’ecﬁrbck is
adj usted by, I

obervea Srplife LBt 004 e B8} BE LR 000 oA o
design, t heiepahagtfmdn shegspait ornsﬁopaoé tlvmmivehttdnerﬂ“lms t}feagrpsleadnszbntmm Beat its

opti mum sanpl i d resa woul d ed for i s S|gna
instance. ¥ feui b bR e 4T RRRUROR het BFEITR F3 110G acrord e
timng for ¢ &)?lgl%hﬁgltﬁlt nch éslzﬁﬁ'a%fvel"@btﬁfés NBY1dsBPRQ¥R. T he SINR Of the

denodul at ed data. Resanpling may be used for the other signal instances in
the received signal. [1088] Any one of the diversity DLL schenmes descri bed
above nmay be ' ' Lon with this alternative DLL design

For exanpliﬁ&gﬂe sgﬁﬁgﬂkﬁ;€£§@§§ﬁ§3$-a|| N recei ved signals may be

adj usted based on the optinumsanple timng for the best signal instance
fromanong all signal instances in the N received signals (i.e., the first
diversity DLL schene). Resanpling is then not needed for the N signal

i nstances WO 02/071647 PCT/ US02/01793 21 corresponding to the propagation
path with the best signal instance. The sanpling clocks may al so be

adj ust ed based on the average sanple timng of the N signal instances for
t he propagation path with the best signal instance (i.e., the second
diversity DLL schene). The sanpling clock for each received signal may

al so be individually adjusted based on the sanple timng for the best
signal instance on that received signal (i.e., the third diversity DLL
schene). [1089] The delay | ock-1oops and tim ng recovery techniques
described herein may be inplenented by various neans. For exanple, a delay
| ock | oop may be inplenmented in hardware, software, or a conbination
thereof. For a hardware inplenmentation, the elenments used to inplenent one
or nore delay |ock |oops nay be inplenented within one or nore application
specific integrated circuits (ASICs), digital signal processors



(DSPs), digital signal processing devices (DSPDs), progranmmble |ogic
devices (PLDs), field progranmabl e gate arrays (FPGAs), processors,
control | ewe,0207®#D- controllers, mcroprocessors, other elPeTtuUsondCIznits
designed to performthe functions descrlbed herein, or a conbi nation
thereof. A DSP may al so be desi gned wi t B3t he capabllity to i npl enent
multiple pilot processors in parallel a time division- nultiplexed
(TDM manner. [1090] For a software Qgﬁémgtation, all or portions of the
delay lock | oops and/or <certain timng recovery techni ques nay be

i npl enented with nodules (e.g., procedures, functions, and so on) that
performthe fungti on geskdd b dleHer AmpEhemsnf forar Suetidest s@ﬁaa iheasdepr ed
ina menory unit (e.g., nmenory 122 in FIG 1) and execut ed by a processor
(e.g., Bspraceiyed qma phfadity ofirfinfenray 2ba JeRgVEEME de auviIsless CREIBIEAEER or
or external t ssor, in which case it can be communicatively
coupl ed toSY%tQm %o@‘ﬁs(?& r via various neans as is known in the art. [1091]
The del gy | ock Ie@@@ﬁtlm@ys@hzﬂmblayldmhcﬂmﬂnheﬁlumlithomlgmibmsnatcesgn of
hardware and software. For exanple, hardware may be used to .derive the
error metrics &ﬁHlPQB%F%eétIWH@dtS}%WWa@B?& ‘Pfdb%Pl%Hy §g¥150\%{ﬂ%9t?ﬁ”é’95'be used

to inpl gment th%efe?%% r?fnieléfeﬂl% %ﬁl @floffﬁgﬁmgaaeaeg BAAEd Ltﬁ'neg SHEIOR her

reference and to a ocatin aln “sections. These headi ngs are not
i nt ended t @olipatibg;t he scope of the concepts descrl bed therein under and

t hese cgncepts may have a Lty in other tio ough the
entire gpeci fi cAPHane f‘i@‘gg% tqraﬁas&i é’él El?u‘érr?fe’glﬁ?"ic qné’ﬁEZ?r p’ﬁese% I%%‘@(‘i
enbodi ment gpdescBl shd ded to enable any person Skl Iled in the art to make or
use the present invention. Various WO 02/071647 PCT/ US02/ 01793 22

nmodi fi dati ons t eletivimgethe rdsoplartiming Wpr thebluradisiciiof ysigmph drstances baseH owe an

skilled in t the generic principles defined herein may be
applied to SFH% £§1ﬁﬂ% ﬁjeef{ts wi thout departing fromthe spirit or scope of

the invention. Thus, the present invention is not intended to be |imted
to the enbodi nents shown herein but is to be accorded the w dest scope
consi stent with?2he priedesthpdef daign hdveherfcogptis@g: di scl osed herein. [1094]

VHAT 1 5,LAI MED cfe§V1n§\Qh92ér907rll§éthng HZS,OS%{CQIEB ggignal instance with an early/late

discriminator and based on data samples for the selected signal instance.

3. The method of claim 1, further comprising:
2 deriving an error metric for each of the plurality of signal instances; and

selecting the error metric for the selected signal instance to update the loop filter.

4. The method of claim 1, wherein the error metric for the selected signal
2  instance is indicative of an instantaneous error in the sample timing for the selected

signal instance.

5. The method of claim 1, wherein the loop filter is part of a delay lock loop

2 used to derive the sample timing for the plurality of signal instances.

6. The method of claim 1, wherein the signal quality is quantified by a
2 signal-to-noise-and-interference ratio (SINR), and wherein the selected signal instance

has a highest SINR among the plurality of signal instances.



23 CLAIMS 1. A nethod for deriving sanple timng for a plurality of signal
instances 2 received on a plurality of antennas at a receiver unit in a

Wi rel ess wormmieeat i on system conprising: 4 estinmating &CIIupnad17opial ity
of each of the plurality of signal instances; conparing the estinmted
signal qualities of the plurality of sigaal instances; 6 selecting one of
the plurality of signal instances based on a result of the conparing; 8
updating a | oop %il t efhebmstwwdoof elpinerl, ovhereinrthe pdenalityedf fignalt instagedseaeed
signal ,instance;,a 10 deriving the,sanple timng for the plurality of

si gnal iznstaé?f’(‘féagé%‘é{ggﬂSBW?%WOP‘&#B&W% the loop filter. 2. The method of
claim1, further conprising: 2 deriving the error netric for the selected
signal instance with an early/late discrimnator and based on data sanples
for the sel ected.si gndic mabpd o€ elairg. 1, Whereire thesuiraesscogimypmication system is a
conpri si ng: %ﬂ\eristéinpg an error nmetric for each of the plurality of signal

i nst ance€s; TEIrect i ng the error netric for the selected signal instance
to update the loop filter. 4. The nethod of claim1, wherein the error
metric for the selected si %nal 2 instance is indicative of an instantaneous
error in the safpl e tTheimehedpf ¢laian 4 ewbereindhe wirgless comy@unisaléon systemyis afet hod
of cl ai m 1,yeWhaerahirat op filter is part of a delay lock loop 2 used to
derive ?he Ig%l@wmgﬁgr@or the plurality of signal instances. 6. The

met hod of claim11, wherein the signal quality is quantified by a 2

signal -to-noi se-and-ipterference ratio (SINK)., and erein_the sel ected
si gnal instance 1bhas mﬁtéj‘i‘f{egqr ‘%PNF@%??HW} flﬁé“%)&ﬁraap Pafityf siggplainstances
| nstances. rXQ[i\%%/ { 26810 def/ IBSARMNES 9B 2 ABeifer THE ilBE RRRIQE hdhiidation

wherein the plurality of signal instances are 2 associated wth a single
propagat i orsygathcomBprisiigs net hod of claim 1, wherein the wrel ess
communi iat hon Syu%%lgt?ﬁé 3 lgop filter for each of the plurality of signal instances based on an
error metric derived for the signal instance;
6 estimating a signal quality of each of the plurality of signal instances;

comparing the estimated signal qualities of the plurality of signal instances;

8 selecting one of the plurality of signal instances based on a result of the
comparing;
10 loading loop filter value for the selected signal instance onto the loop filter for

each remaining one of the plurality of signal instances; and
12 deriving the sample timing for each signal instance based on an output of the

loop filter for the signal instance.

11.  The method of claim 10, further comprising:
2 deriving an error metric for each signal instance with an early/late discriminator

and based on data samples for the signal instance.

12. A method for deriving sample timing for a plurality of signal instances
2 received on a plurality of antennas and corresponding to a single propagation path at a
terminal in a CDMA communication system, comprising:
4 deriving an error metric for each of the plurality of signal instances with an
early/late discriminator and based on data samples for the signal instance;
6 estimating a signal-to-noise-and-interference ratio (SINR) of each of the

plurality of signal instances;



2 CDMA system 9. The nmethod of claim1l, wherein the wirel ess conmuni cation
systemis an 2 1S-856 CDMA system 10. A nethod for deriving sanple timng
for a pl uwalwwyleaf signal instances 2 received on a pl ur &Crtusom617ant ennas
at a receiver unit in a wireless comunication system conprising: 4
updating a loop filter for each of the pkurality of signal instances based
on an error netric derived for the signal instance; 6 estimating a signal
qual i t y8of each cofnpatieg feuastinated SINRs iof) theel plimabityarfesegnal inst@angear i ng t he
estimated signal gualities aof the plurali gnal instances; 8

sel ecting one of® ﬁtén%)f‘ﬁllgﬁ?lIPVaWthvﬁﬁﬁlhlg%ﬁél@s based on a result of the

conparijpg; 10 | qpd hﬁ‘ﬂ% ha8¢h fﬂt!nt Bdsed 3hUBe £Rbr hﬁﬁi@@éﬁféﬁeﬂr %ld)&‘l’éctédnﬁgﬁdl'ce

onto the loop filt each remai ning one of the plurality of signal
i nst ances; ingtahcéRamderi ving the sanple timing for each signal instance based

f the |oop f i hod of
cl'a m 18, "1 ur e nelr S PESrpte Sming ot I BRIy of Nl it Al Fanar

i nst ance vvi(;utp@@fg@rlbyljﬁﬁ@@ di scrimnator and based on data sanples for
the signal instance. 12. A nmethod for deriving sanple timng for a
plurality of signal instances 2 received on a plurality of antennas and

correspondl ng toBa Slﬂ%llﬁet%&)gﬁ‘g%%?%efﬁﬁ%%}ﬁg}n %Sm ermnal in a CDVA

comuni cation system ™ conpri ror nmetric for each of
the plupality ofresingpimly thesdAancempestior aach @@iayllﬂmztrﬁedbﬁed Io[m that derived d
based on data sanples for .the si ginal i nstance; 6 estimating

si gnal - t o- ridmple AW tA PEids BifEROIptgE symples f(ﬂié)thfb?g@éérﬁt%e’tqli‘é plurality of

Signal ynst ances, W2 07166 2y AOTHARORELIPies 35 SR ATRA IEnkNe @A e

SINRs of the pl sl gna nces selecting a signal 1nstance
havi ng a hltgdnasmrrﬁttlﬁléfoﬂmemgdaltmstgnc& | oop filter based on the error netric
derived for the selected signal instance; and

14.  The method of claim 13, further comprising:

2 processing on-time interpolated samples for each signal instance to derive the

estimated SINR of the signal instance.

15. A method for deriving sample timing for a plurality of signal instances

2 received on a plurality of antennas at a receiver unit in a wireless communication
system, comprising:

4 deriving an error metric for each of the plurality of signal instances;

combining error metrics for the plurality of signal instances for each update
6 period to provide a composite error metric for the update period;

updating a loop filter based on the composite error metric; and
8 deriving the sample timing for the plurality of signal instances based on an

output of the loop filter.

16.  The method of claim 15, further comprising:
2 scaling the error metric for each signal instance with a respective weight, and
wherein scaled error metrics for the plurality of signal instances are combined to

4  provide the composite error metric.

17.  The method of claim 16, wherein the weight for each signal instance is

2 determined based on an estimated signal quality of the signal instance.



12 deriving the sanple timng for the plurality of signal instances based
on an output of the loop filter. 13. The nethod of claim 12, further

conpri si g0 02/07wemnpl i ng the data sanples for each signal pcagisazieIbased on
the derived sanple timng to provide interpolated sanples for the signa

i nstance; and 4 processing |ate and earRg interpol ated sanpl es for each
signal instance to derive the error netric for the signal instance. 14.
The nethod of claim 13, further conprising: 2 processing on-tine

i nt erpol at ed sanpl es .f.0r C i,gnal - i.nst ance t.o. derive the estimted SINK
of he signal | bt anchlt meRSEofBREls (G S RphReBs e timing for o
pluralipy of siggg@hatinsthagses qualiteericdetl ofrhé phirdliyl of Yigahl aRtagrasnat a
receiver unit in a wireless comunication system conprising: 4 deriving
an error methereinfesrorgaeticofon pigng| inptanges yhagingsesgimated pignalngeaditiey ghpyenrng
error ngtri%&kLPrt&Qsm&igg%lhhﬁwaf signal instances for each update 6
period to Foviide “a corrposif)e error netric for the update period; updating

a loop filter based on the conposite error netric; and 8 deriving the
sanple timng for the plurality of signal_ instances bhased on an _out put of

the | oop filter.1916. Hisemethododf skim| bd.nheyeint ther pignalc @ity Of nepch 2signad) i ng
the errer I G I NSt ance: | wei ght, and
wher ei ancgﬁget{ljdcgrlgr@%anﬁgi%@Pilgg%%l {to@p %@aﬁ%rﬁ%&g@%ﬁ(gw&tances are
conbined to 4 provide the conposite error netric. 17. The nethod of claim

16, wherein the ight for each.signal _instance is 2 determ ned based on
an estimated si g2\rlc>gl c%% F’fef}"og‘f of I‘fiea%g‘i éﬁrai"v?‘FWért e STTORGNBIBIF otPY epph signa
PCT/ US03/ 03{Qhce48 dbfved Wah MRl a09/18E ddcRinthdidy ahd! bAde8TonCRIPSARPIBE fordthe
estimating a signal quality of each of the plurality of signal iInstances,
and wher eisignelingtangeet ri cs for signal instances having estinmated signal
qualities above a 4 particular threshold are conbined. 19. The nethod of
claim 18, wherein the signal quality of each signal

21. A method for deriving sample timing for a plurality of signal instances

2 received on a plurality of antennas at a receiver unit in a wireless communication
system, comprising:
4 deriving an error metric for each of the plurality of signal instances;
estimating a signal quality of each of the plurality of signal instances;
6 selecting one of a plurality of possible loop modes for a delay lock loop based
on the estimated signal qualities of the plurality of signal instances;
8 updating a loop filter for the delay lock loop based on one or more error metrics
for one or more selected signal instances and in accordance with the selected loop
10 mode; and
deriving the sample timing for the plurality of signal instances based on an

12 output of the loop filter.

22. The method of claim 21, wherein the plurality of possible loop modes
2 includes a first loop mode wherein the sample timing for the plurality of signal instances
is derived based on the error metric for the signal instance having a best estimated

4  signal quality.

23.  The method of claim 21, wherein the plurality of possible loop modes
2 includes a second loop mode wherein the sample timing for the plurality of signal

instances is derived based on error metrics for the plurality of signal instances.



2 instance is quantified by a signal-to-noise-and-interference ratio
(SINR). 20. The nethod of claim 15, wherein the error netric for each
signal 2wprgware®r is derived with an early/late discrim mararsoanddbased on
data sanmples for the signal instance. 21. A nethod for deriving sanple
timng for a plurality of signal instan@gs, 2 received on a plurality of
antennas at~ a receiver unit in a wreless comrunication system
conprising: 4 deriving an error netric for each of t he pl urality of signal
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del ay I gck réé@@rlaaﬁ@damruetsbeolﬁﬁﬁmfmﬁ@dsﬁte@mbn@ﬁamﬁtl es of the plurality
of signal instances; 8 updating a loop filter for the delay |ock Ioop based

on one or nore ESHBARGErsiERal qualitoek tey sigapkinstanee tfer e@ﬁgﬁfala PhEldn@és and

in accopdang er\é/h th i p&@?' Tl eLcﬁqotﬁ’me %%s&%%ﬁg a;?olﬁg goeﬁ hﬁfe@%%g}ﬁgl@ﬂ%hg t he

timng for i P SI gnal i nstances

| oop fil terforﬂlamg]iblang’taﬁ&wd of claim 21, wherein the pI urality of possi bl e
| oop nodes 2 includes a first |oop node wherein the sanple timng for the
pluralify of sidwdptingrsiognddisr ba%deeran\ff‘@ar B@@@cﬂwe@ﬁg@? pigpal dstances f or t he

signal instance Vb hod
of claim 21, vvhedrggel n tﬂ% gﬁuﬁr aaF ?@f%ggtgsbésél%k@ﬁﬁg%%% J%gm‘?f"ﬁﬁ@%g%
second Boopnstare bateelram an dutputodithe leop fitremg for the pl ur ality of signal
i nst ances |s der ved based.on error nmetrics for the ralltéfgof si gnal

i nst ances. EPPHR POTBERA Hiaerorcuriept aud 2 prigrRqgal pe REsety | ng sanpl e

timngjpor a reqﬁhlﬂ% §'119ﬂ1%|nohﬂ1§atl%%éeof?§etﬁde?ecfeﬁce' ver unit in a wreless
conmuni cati on system corrprl sing: estimating a signal quality of the signal

i nstance for each of canmaunglthet wsiohated sigrial epuelity farntheo¢yrsant somvipadr iéging each

time offset corr ffe ent.. s nal
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sanple timng for the signal

14 for the current nominal time offset is better than the estimated signal quality for

the prior nominal time offset.

25. The method of claim 24, further comprising:
2 if a change in the nominal time offset is detected,
retaining the prior nominal time offset if the estimated signal quality for
4 the current nominal time offset is not better than the estimated signal quality for

the prior nominal time offset.

26.  The method of claim 24, wherein the signal quality of the signal instance
2 is estimated for three different time offsets that include the nominal time offset, a
second time offset that is +1 time unit from the nominal time offset, and a third time

4  offset that is -1 time unit from the nominal time offset.

27.  The method of claim 24, wherein a change is detected if a difference

2 between the current and prior nominal time offsets is one or more time units.

28.  The method of claim 26, wherein one time unit corresponds to 1/8 of a

2 chip period.



8 instance based on an output of the loop filter; detecting for a change
between a current and a prior nomnal tine offset; 10 if a change in the
nom nal twow20ffeset i s detected, conparing the estimted Pcgrzb2/oual ity for
the current nomnal tine 12 offset to the estimated signal quality for the
prior nomnal tine offset, and retaini@§ the current nom nal tinme offset
if the estimted signal quallt 14 for the current nomnal tine offset is
better than the 29ti rﬁteeﬁethp‘éﬂéﬂa@m&ﬁft»lsihffr(wmpﬂﬁlélgpri or nomnal tine

of f set. 25 The 2 har. r ng: i, f in

t he nom naI ti rredggi&r %dtp Qlegr%{j eg:: ﬁaé tﬂé’gl aﬁﬁ?#gwhe?%?gg?ﬂﬁgrtﬁ %%f&?&‘a%ef

of fset if tdad basdd dmethedomirgnamepitaki. ty for 4 the current nom nal tine
offset is not better than the estinmated signal quality for the prior
nomnal time offset. 26. The nethod of claim 24, wherein the signal quality
of the signal i an e 2 e t S

t hat i ncl ude th(ra%rrom(}ﬁlgl %[e’:h%d &télgigﬁ Qqaméléey(;% Sq{ngaft&* ?gh?l (Iill%?ltt}pifﬁ;srs@l tinme
uni t fram tdneenondminkl timeeoftdet, SSINR aa il déentiddl todbd beseer tharo tesetintalal sipsal - 1
time unit fromthe nomnal tipe offset, 27. The npethod of cIa|m24 wher ein
a change i SUabblefarctie Pror BB} dRe Offsety SINBEN it PENRar ¢xeRedsaiENIRR ity @

nom nal 4 one or nore tinme units. 28. The nethod of claim 26,
wherein ongﬁnﬁ;ﬁgﬁﬁﬁﬁphgorresponds to 1/8 of a 2 chip period. WO 02/ 071647
PCT/ US02/ 01793 28 29. The nethod of claim 24, further conprising: 2

deriving the err r rrerrcfor t he si. |nst evvrt early/late
di scri m nat or i rem ety Rl Sart dghl gl dernGtisne

clai m 24, %@fc@'(DSPD?c@ﬁtbldﬂﬁﬁt@rp%ﬂf%& Ffamhﬂohﬁati&rtot he 2 current nom nal

time offset, SINRa, is deened to b ter than the estimted signal
qual ity for the estingic ngignalgualityned eorh o plEplNRS signabingrRacesxcesivesd S RRb - by

a 4 partlc | a 31. A menory communicatively coupled to a digital
si gnal procpi%rgil’lt Oqoaﬂ{éalé%/s’l ce (DSPD) capable of interpreting digital

information to: compare the estimated signal qualities of the plurality of signal instances;
6 select one of the plurality of signal instances based on a result of the comparing;
update a loop filter based on an error metric derived for the selected signal
8  instance; and
derive the sample timing for the plurality of signal instances based on an output

10 of the loop filter.

32. | A method for deriving sample timing for a received signal instance at a
2 receiver unit in a wireless communication system, comprising:
estimating a signal quality of the signal instance;
4 determining a current operating mode for a delay lock loop used use to provide
the sample timing for the signal instance, wherein the delay lock loop is operable in one
6  of a plurality of operating modes at any given moment; and
switching to a new operating mode for the delay lock loop if the estimated signal

8 quality surpasses a threshold associated with the new operating mode.

33.  The method of claim 32, wherein the plurality of operating modes

2 include a normal mode and an enhanced mode.



estimate a signal quality of each of a plurality of signal instances
received on a 4 plurality of antennas; conpare the estimated signal

qual i ti eswofozohes4pl ural ity of signal instances; 6 sel ect @ooe/ush2/017e3
plurality of signal instances based on a result of the conparing; update a
| oop filter based on an error netric de2Pved for the selected signal 8

i nstance; and derive the sarrplotz Elm ng for the plurality of signal
i nst ances based 3n anthsupihed of glam 3Hevheseip the meepal apd enhapged ypedes e

der i ving_Sauplctudd Wit Girliohd 3edoFAThBIIE, WABLc AL BAF Gnloiihe BrfiThEHNAY UNi ¢

in a wreless conmuni cation system conpriSing: ‘estimating a signal quality
of the si gnalowengiaanhesecdndldiresholdni ng a current operating node for a del ay
| ock | oop used use to provide the sanple timng for the signal instance,
wherein the delay lock loop is operable in one 6 of a plurality of

operating nodes 3t anphgh¥86d BPERth:3420HeRM 4 SHItAYfbM Be HOWNARRGR! doge MO
for the delay lock loop if the estinmated signal 8 quality surpasses a

t hr eshoRd asbackdtmeatiewstrhadehid thewstopaedisigng quadidy e3&edsTHe seeoib threshold, ai m
32, wherein _th l.ural it f opgratin de 2.include a narnal and
an enhancedfoRieis g1 Frord Bt Fphitiel G170 8 Soral gk ok B ai m
33, whenei RstiMgten @fiEl AN, RNDBARAhSBEethradh®ld 2 associated with first and
second threshol ds, respectively, and wherein the first threshold is |ower

than the second threshold. 35. The nethod of claim 34, wherein a sw tch

fromthe nornal de tq. the. i.s made if the estimated
signal quality é}’%geecé8@%F%%%aé§%tl?%%g§%lg$%§né'and wherein a swtch fromthe
enhanced node t ot idast bad phbdt plodessoSopaaiivel tb dstihateda 8halnGuidity of gavhl ofjmal i ty

falls below the first threshold. 36. A digital s%pgnal processor conpri sing:
2 at | east Pwalityiofignal inskasey respi¥pd O e IBRliBs of ptenag, adgRaeriye an iefspr of

each of 4 it aldidativOr Sk kabBRUARGE Yol GEFLUAA iRflaftep! Ural iy of

ant ennas, an(} erive an error ric I ndiccative of error in sanple
timng for each adogtralled apstative &) canpae thedstimatedpegnat quaditicooCthephrraity loé
estimat %d Ségg%gfl Jns&g&!si gnidetcs) sgfectt ct]nee (Pfj augl%lre{litty o? ];ignal instances based on a result of
the comparison; and
8 a loop filter operative to accumulate the error metric derived for the selected
signal instance, and wherein the sample timing for the plurality of signal instances is

10  derived based on an output of the loop filter.

37. A digital signal processor comprising:
2 at least one pilot processor operative to derive an error metric for each of a
plurality of signal instances received on a plurality of antennas, wherein the error metric
4  for each signal instance is indicative of error in sample timing for the signal instance;
and
6 a loop filter operative to combine error metrics for the plurality of signal
instances for each update period to provide a composite error metric and to accumulate
8 the composite error metric, and wherein the sample timing for the plurality of signal

instances is derived based on an output of the loop filter.

38.  The digital signal processor of claim 37, wherein the loop filter is further
2 operative to scale the error metric for each signal instance with a respective weight, and
to combine the scaled error metrics for the plurality of signal instances to provide the

4  composite error metric.



6 signal instances and to select one of a plurality of signal instances
based on a result of the conparison; and 8 a |oop filter operative to
accumnul atwotop@7esTor netric derived for the selected sigmrar/isazoente, and
wherein the sanple timng for the plurality of signal instances is 10
derived based on an output of the |oop BDIter. 37. A digital signal
processor conprising: 2 at |east one pilot processor operative to derive an
error metric for each of a plurality of signal instances received on a

plurality of an%ﬁnnaf\dﬂﬂﬁfﬁﬁ%ﬁégﬁﬁg%¥85P§§5§% 4 for each signal instance
Isa es

is indicative of "érror mn ignal instance; and 6 a

| oop fibter operaldageoticOpilanirbtRs@r dperativelto iesiimbtera sipeal pudligl oft y reekived gnal
i nstances for each update period to provide a conmposite error netric and to

accumul at e signa Wétaamsa%%a Plyralitpof didferenh gmgreffsefss wheeis eash| tine pHssig f or
the plugalig B%%%Oﬂ%%%ldlfférgfﬁtsgﬂl fes 11'n§h Ekﬂeegg}%.ﬁﬁlgﬁq%rﬁ@ %‘gi t%:‘la] vy aﬂf {{oﬁle

| oop filter gt ocessor erein e |loop
filter is fmmhhardmaﬁvopémaenrmnttm mqﬂcetmkteg fer thersigmel mstanégr each si gnal
instance with a respe tive weig and _to conbine the scaled error, trics
f or thegpl ural i taylagp étan%nerfrtwgt ton AEYMRts, (s, PHET dpRLc éee&%gsr the dgn
metric. 1%4&3%7 PCT/ US02/ 01793 30 39. A digital signal processor
conprising: 2 | east one pil ot processor operative to estimte a signal
quality8of a r ecaemxm@l umtgmafatuvnso alntmnfnora saninabtinee pffset & be ysed fahi theer ent

time offsets erein of f corres s, to differe sanpl e
i mng f or Stmeltdrhaior BE Pisnalihs dage Wi i U QPSIooP flieite O tont  ve
of an qpr orchhnket mWémI&ntehﬂbﬁw af port ininhIoN@k dfitet aMAS0 Btadh HIROBurkdrtt er
operative to accunul ate the error netric derived for the signal instance;

and 8 a comopgnal jing OEfp@rlétau shengeinddedroming time effisetahastbeen dstectedtandothpe
used fcﬁ t Pz?ttlmgt%ms §n8 uah?}gfgrotﬁe %Bﬁ I%annaélt tgff' St 1?3%%” an, t Qegt'i'ré Ut of

the loop f ween a curr r|or

nom nal t|m@mﬁqmﬁﬁyﬁa@mﬁﬁbﬁmﬁ@mmtﬁmﬁﬁﬁmfrent nom nal time offset |f a
change in the nom nal tine offset has been detected and the 12 estinated

signal quality for the current nomnal tine offset is better than the

estimat ed 40. A digital signal processor of claim 39, wherein the control unit is further

2 operative to retain the prior nominal time offset if a change in the nominal time offset
has been detected but the estimated signal quality for the current nominal time offset is

4 not better than the estimated signal quality for the prior nominal time offset.

41. A digital signal processor comprising:
2 at least one pilot processor operative to estimate a signal quality of a received
signal instance and to derive an error metric indicative of an error in the sample timing
4  for the signal instance;
a loop filter operative to accumulate the error metric derived for the signal
6 instance; and
a control unit operative to determine a current operating mode for a delay lock
8 loop implemented in part by the loop filter and used to provide the sample timing for the
signal instance, wherein the delay lock loop is operable in one of a plurality of operating
10 modes at any given moment, and wherein the control unit is further operative to switch
to a new operating mode for the delay lock loop if the estimated signal quality surpasses

12 athreshold associated with the new operating mode.

42. A receiver unit in a wireless communication system, comprising:



signal quality for the prior nomnal tinme offset. 40. A digital signal
processor of claim 39, wherein the control unit is further 2 operative to
retain t wopeivors4anom nal tinme offset if a change in the negirnsb2/0i7ae of f set
has been detected but the estimated signal quality for the current nom nal
time offset is 4 not better than the estinmated signal quality for the
prior nomnal tinme offset. 41. A digital signal processor conprising: 2 at
| east oRe pil ot 3rersk §89 PileppiogessorOpwataey tonestianate 8isignal qualdy iof yeaelt ofa
recei ved ' ' [ i.c_1ndi RV an
rror in « ARy (OSLATSRAAES |EeRBl ot ARty B pilBdes sl LGN R hor
oper at i ve tmetéic tndizHtiat of ther @rsa@pleihingdotieich éaal astabdte signal 6

i nstance; and a contrgl unit operative to determ ne_a current operating
node for a del ay JanERIeonegRfye topPRpRIA thsestimatre siens) qualities gbhemilyrality ofng
used togprqyd.de: I {3 oo Sik 1 LNyt lre
del ay Igck%}{ %gmltsgﬁgpera es%%egi g&%e{gigé pfél?zglltﬁﬁgﬁi%?él 1%1?1% %%gﬁ%??%\%?égés%ﬁs at
any given rtheresthparsod; adder ei n t he control unit is further operative to

switch _to a new pperating npde for the delay | ock |.oop.if. the estjnmated
signal 8uality s%fﬂ?ﬁs@éeé o%f’é"‘t‘é(ettﬂra@%%‘iﬂatea & SET0% TRiG der vedh Eomnb Sﬁiﬁéﬁegti ng

mode. 42. Ai&fae GvRbe W whéte tm:rsﬁﬂn%ﬁti&ﬁ@%?'tﬁ@%hﬂﬂi@ﬁts?gﬂal Hi3tHREEsSHsNT-
WO 02/ 071647 PCT/ US02/ 01793 31 2 at | east one pilot processor operative to
esti natl@ a derigedibasgdiahian putplut ebitbh ladp fdterpl ural ity of signal instances
received on a plurality of antennas, and to derive an error 4 netric
indicative of error in sanple timng for each signal instance; a controller

operative to conpgar e THge@stdrimited chidaal fahst ¢drh@ssigd: the plurality of 6
signal instances and to select one of a plurality of signal instances based

on a redult of a Aeastenparnplerbutten®perative 4o pstore (detar sagpdesafor vlee phiralisy whul at e
the error rggn%'}ﬁlsgﬁ%sved for the selected signal instance, and wherein the
sanple tim or e plurality of signal instances is 10 derived based on
an output of the loop filter. 43. The receiver unit of claim42, further

conprising: 2 at |east one sanple buffer operative to store data_sanples
for the pluralitht of Theirgepdyeriuntiof glags 42, wherein each pilot processor includes

2 an interpolator operative to resample data samples for a particular signal

instance based on the derived sample timing to provide interpolated samples.

45.  The receiver unit of claim 44, wherein each pilot processor further
2 includes

an early/late discriminator operative to process late and early interpolated
4  samples for the particular signal instance to derive the error metric for the signal

instance.
46.  The receiver unit of claim 44, wherein each pilot processor further
2 includes
a signal quality estimator operative to process on-time interpolated samples for
4  the particular signal instance to derive the estimated signal quality of the signal instance.
47. A terminal comprising the receiver unit of claim 42.

48. A base station comprising the receiver unit of claim 42.

49. A receiver apparatus in a wireless communication system, comprising:



44. The receiver unit of claim42, wherein each pilot processor includes 2
an interpolator operative to resanple data sanples for a particul ar signal

i nstance waed7wn’ t he derived sanple timng to provide inPerpshzaog

sanpl es. 45. The receiver unit of claim44, wherein each pilot processor
further 2 includes an early/late discri3@d nator operative to process |ate
and early interpolated 4 sanples for the partjcul ar, signal instance to
der i ve Zhe er r ormeRE IPLeHigAPRE gg@ﬁéluaﬂﬁyr&fte&ﬁhézf ajguratify of gigaghigptansest of
cl ai m 44, q@@eg@drbne?}?gmgwggm@éﬁ%gssor further 2 includes a signal quality
estimator operative to process on-tine interpolated sanples for 4 the
parti cular si gnaheanssbracompamnglére estintdtedl eighalnqiatities iofjribd phuaitytof ©gndl he
signal instance. 47. Atermnal conprising the receiver unit of claim42.
48. A base 88€¥n conprising the receiver unit of claim42. 49. A receiver
apparat gs in a Wk ¢sSschy rélné%ff!t}%‘;t)lﬁbéﬁheﬂf sigRAIRRALIAARE badtl (24 Bkl fSHf

PCT/ US02/ 01793 32 2 neans for estimating a signal quality of each of a
plurality dhe eomgpexingi nst ances received on a plurality of antennas; 4 neans
for conparing the estimted signal qualities.of the plurality of signal

st anche: 6 mednens b Gariees Parn B iEre LTy motdut fafng fetiices
based on a seRstdlikigdhl inkthgcegonpari ng; 8 neans for deriving an error netric
indicative of error in sanple timng for the selected signal instance; 10
nmeans fl8r accurminesnp fiey achemeleting theearrar enaiide ferdedifor therselesied stgnabingianeral

i nst ance; d 12 nmeans for deriving the sanple timng for the plurality of
signal instances based on the accunulated error netric.
12 means for deriving the sample timing for the plurality of signal instances based

on the accumulated error metric.



