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disclosed in U'S. Patent~No 03,459, entitled "SYSTEM AND METHOD FOR
GENERATI NG SI GNAL WAVEFORMS | N A CDMA CELLULAR TELEPHONE SYSTEM', and in
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techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Other multiple access
communication system techniques, such as time division multiple access
(TDMA), frequency division multiple access (FDMA) and AM modulation
schemes such as amplitude companded single sideband (ACSSB) are known
20 in the art. Techniques for distinguishing different concurrently-transmitted
signals in multiple access communication systems are also known as
channelization. The spread spectrum modulation technique of CDMA has
significant advantages over other multiple access techniques.
The use of CDMA techniques in a multiple access communication
25 system is disclosed in US. Patent No. 4,901,307, entitled “SPREAD
SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM USING
SATELLITE OR TERRESTRIAL REPEATERS”, assigned to the assignee of
the present invention and incorporated by reference herein. The use of
CDMA techniques in a multiple access communication system is further
30 disclosed in U.S. Patent No. 5,103,459, entitled “SYSTEM AND METHOD
FOR GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR
TELEPHONE SYSTEM”, and in U.S. Patent No. 5,751,761, entitled “SYSTEM
AND METHOD FOR ORTHOGONAL SPREAD SPECTRUM SEQUENCE
GENERATION IN VARIABLE DATA RATE SYSTEMS”, both assigned to
35 the assignee of the present invention and incorporated by reference herein.
Code division multiple access communications systems have been
standardized in the United States in Telecommunications Industry
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i ncorporated by reference herein. 5 The International Tel ecommunications
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t he CDMA receive use n sone 1S9 stem; data_ passing from
transmitter to r E’FW%&"‘FQ& EUPFBH’QSUS\% ithsaine IS-95 systems, the

pseudonoise (PN) chip interval defines the minimum separation two paths
must have in order to be combined. Before the distinct paths can be
20 demodulated, the relative arrival times (or offsets) of the paths in the
received signal must first be determined. The demodulator performs this
function by “searching” through a sequence of offsets and measuring the
energy received at each offset. If the energy associated with a potential offset
exceeds a certain threshold, a demodulation element, or “finger” may be,
25 assigned to that offset. The signal present at that path offset can then be
summed with the contributions of other fingers at their respective offsets.
The use of CDMA searchers is disclosed in U.S. Patent No. 5,764,687, entitled
“MOBILE DEMODULATOR ARCHITECTURE FOR A SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM”, assigned to the
30 assignee of the present invention and incorporated by reference herein.

In the CDMA receiver structure used in some IS-95 systems, data
passing from transmitter to receiver is divided into frames which are
transmitted at fixed time intervals. Depending on the varying amount of
data to be transmitted during each interval, the transmitter places the data

35 into one of several sizes of frame. Since each of these frame sizes
corresponds to a different data rate, the frames are often referred to variable-
rate frames. The receiver in such a system must determine the rate of each
received frame to properly interpret the data carried within the received
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and in accordance with the following equations:
15
I[=TI"PN;+ Q' PN, (1)
Q=I"PN,-Q PN, 2)

where PN, and PN, are distinct PN spreading codes and I’ and Q' are two
20  channels being spread at the transmitter.
As described in cdma2000, transmission .signals are constructed
utilizing orthogonal Walsh coding, with one Walsh code used to transmit a
pilot sub-channel signal. The orthogonal Walsh sub-channels used to
construct such transmission signals are added together before being
25 transmitted, and travel through the same transmission channels or
pathways before being received at the receiver. Each transmission channel,
by its inherent nature, alters the phase and amplitude of the signals passing
through it, and also adds a component of thermal noise. These channel
characteristics change with any movement by transmitter or receiver, but
30 may vary over time even when both receiver and transmitter are stationary.
Channel characteristics generally change very slowly compared with the data
symbols transmitted through the channel.
Some CDMA receivers employ circuits which estimate the phase and
amplitude distortion of the channel. These estimates are then used to
35 compensate for channel distortion, enabling more accurate decoding and
demodulation of the received signals. One such circuit for estimating phase
and amplitude of a channel, and performing a dot product of that output
with the demodulated data signal, is described in detail in U.S. Patent No.
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20
SUMMARY OF THE INVENTION

The present invention describes a method and apparatus for

improving the performance of a receiver that receives multiple sub‘channel{

25 signals transmitted together through a common propagation path, also

called a transmission channel. In order to compensate for phase and

amplitude distortion introduced into the signals by the transmission

channel, the receiver uses a pilot sub-channel signal to estimate the phase

and amplitude distortion of the transmission channel. The process of

30 estimating of distortion inherent in the transmission channel is called

channel estimation, which is used to produce channel estimates. The

invention includes a novel method of utilizing data-carrying sub-channels

(not the pilot sub-channel) to improve the accuracy of channel estimates.

The present invention is applicable to any communication system

35 employing simultaneous transmission of multiple sub-channels and
coherent demodulation.

The sub-channel signals within an information signal may be either

time division multiplexed (TDMed) or code division multiplexed (CDMed).
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channel is in use. In addition, the cdma2000 standard proposed to use
different levels of pilot power depending on which of several available data
rates the supplemental channel is using.

20 Varying the pilot power according to data rate causes other difficulties
in system design. For example, it requires the receiver to know the data rate
in advance in order for the power control loop to behave correctly. This also
makes the selection of searching/finger locking more difficult. Moreover, it
is desirable to reduce the pilot overhead to improve overall system

25 performance if it can be done without sacrificing demodulation
performance.

By enabling the formation of channel estimates based on the
fundamental channel signal, the present invention enables a system to
achieve superior supplementary channel demodulation performance. If

30 enough channel estimate information can be extracted from the
fundamental channel, acceptable supplementary channel demodulation
performance may be achieved without varying the pilot power at all
Because the fundamental signal can be transmitted with as much as 4 times
the power of the pilot signal, a channel estimate formed using both signals s

35 much more accurate than an estimate based on the pilot signal alone.
Subsequent demodulation using the more accurate channel estimate will
have improved performance as well.
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In the preferred embodiment of the invention, the received

20 fundamental channel signal is first deinterleaved and forward error
correction (FEC) decoded to take advantage of the transmitter’s
complementary FEC encoding and interleaving functions. Then, the
corrected symbol stream is re-encoded and re-interleaved to produce an ideal
replica of the transmitted signal for use as a reference signal by the channel

25  estimator.

In an alternative embodiment of the invention, fundamental
channel power is increased as necessary to reduce the fundamental channe!
error rate. Because decreasing the fundamental channel error rate produces
a more accurate channel estimate, increasing fundamental channel power

30 also results in a reduced error rate when demodulating the supplemental
channel. When the data rate ratio between the supplemental and the
fundamental channels is large, a slight increase in fundamental channel
power has little effect on the total transmitted power and hence causes little
degradation.

35 In a more general sense, the present invention can be used where a
single channel of information is transmitted. In an alternate embodiment
using a single data channel, the channel is artificially split into two physical
channels, which are transmitted synchronously at different data rates. Upon
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fading FIG. 3 is a block diagram of a preferred embodiment of the invention
~1n a wireless receiver.
20 FIG. 4 is a block diagram of an exemplary channel estimator circuit.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1 shows the present invention in the context of a wireless

25 communication system. In the exemplary embodiment, subscriber station 2

transmits several code division multiplexed signals through a transmission

channel 8 to a base station transceiver subsystem (BTS) 4 through receive

antenna 6. In the exemplary embodiment of a ¢dma2000 or WCDMA

reverse link, the code division multiplexed channels are distinguished from

30 one ancother using orthogonal coding. This method of providing

orthogonal coding is described in detail in aforementioned copending U.S.
Patent Application Serial No. 08/856,428.

In the exemplary embodiment, the three types of CDMA signals

transmitted from subscriber station 2 to base station transceiver subsystem 4

35 are pilot 10, fundamental 12, and supplemental 14. In the exemplary

embodiment, the signals transmitted from subscriber station 2 are code

division multiple access communication signals including a pilot channel, a

fundamental channel, and a supplemental channel, as defined in cdma2000.
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and advantages of the present invention will becone nore apparent fromthe °
detail ed description set forth bel ow when taken in conjunction with the
drawings in which Iike reference characters identify correspondi ngly

t hroughout and wherein: FIG 1 is a diagramillustrating basic conponents

of a wireless 15 conmmuni cation system i ngorporating an enbodi nent of the
invention. FIG 2 is a block diagramof a preferred enbodi nent of the

invention in a wireless trapsmtter, FIG i s,a bJ.ock diagramof a
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a Brs, or  ang ot SERDART i ab S Eahos M P SHBRARERL B e
mul ti pl e syintardiosusIn FIG. 2, pilot, supplemental, and fundamental channel 51gnals
are produced for transmission on orthogonal sub-channels.
The pilot channel is a known, constant transmitted waveform, and

20 therefore carries no data. For this reason, forward error correction and
interleaving are unnecessary on the pilot channel. The pilot channel is sent
directly into a Walsh spreader 110 which spreads the data according to a pilot
channel Walsh function W,, thus producing a Walsh covered pilot channel -
signal. The Walsh covered pilot channel signal is then seht to a relativq ‘

25 gain module 116, which adjusts the amplitude of the covered pilot channel
signal relative to the signals carried by other orthogonal transmit sub-
channels. In the preferred embodiment, the pilot channel Walsh function is
the all-zero Walsh code, the pilot channel Walsh spreader 110 is omitted,
and a DC signal is sent directly into relative gain module 116.

30 The fundamental channel data is first sent to a forward error
correction (FEC) encoder 102, which produces an encoded fundamental
channel signal. The resultant encoded fundamental channel signal is sent
to an interleaver 106, which produces an interleaved fundamental channel
signal. The interleaved fundamental channel signal is then sent to the

35 Walsh spreader 112, which spreads the data according to a fundamental
channel Waish function W, thus producing a covered fundamental
channel signal. The covered fundamental channel signal is then sent to a
relative gain module 118, which adjusts the amplitude of the covered

L]



sub-channels. The receiver station 4 is shown as a BTS, but coul d al sol D§0% 2003
W rel ess subscriber station or any other receiver which coherently
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simul taneously receiving nultiple transmssions is well known in the art.

In the exenplary enbodinent, the signals transmtted from subscri ber,

station 2 are received at BTS 4 using a KE receiver, the inplenentation
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' - replaced by PN codes corresponding to the supplemental, pilot, and
20 fundamental channels respectively. '
One skilled in the art will appreciate that the FEC modules 102 and
104 could employ any of a number of forward error correction techniques
without departing from the current invention. Such techniques include
turbo-code encoding, convolutional coding, or other form of coding such as
25 block coding. In addition, the interleavers 106 and 108 could utilize any of a
number of interleaving techniques, including convolutional interleaving,
turbo-interleaving, block interleaving and bit reversal interleaving. Turbo
code encoders and turbo interleavers are described in aforementioned
cdma2000 specification.
30 The output of each relative gain module 116, 118, and 120 is then sent
to the PN spreader module 122. The output of the PN spreader module 122
is then sent to transmitter 124. Transmitter 124 provides additional control
of transmit gain by varying the gain of the entire composite signai received
from PN spreader module 122 before transmitting the signal through
35 antenna 126.
In an alternative embodiment, the optional relative gain module 116
is omitted, and the pilot signal is sent directly to the PN spreader module
122. The gains of other channels are adjusted with respect to the gain of the



The suppl enental channel data is first sent to a forward error correctfgpy 200
(FEC) » encoder 104, which produces an encoded suppl enental 5 channel

signal . TWOQ8&8TBt ant encoded suppl emental channel signal ipcEesfoIR®2aNn
interl eaver 108, which produces an interleaved suppl enental channel

signal. The interleaved suppl emental channel signal is then sent to the

Wal sh spreader 114, which spreads the datad0according to a suppl enent al
channel Wal sh function W5, thus producing a covered suppl ement al 10 channel
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20 signals of the fundamental and supplemental channel outputs of gain
modules 118 and 120 by 90 degrees relative to the pilot channel signal output
by gain module 116 prior to performing PN spreading.
One skilled in the art will appreciate that PN spreader 122 could
produce one complex spread signal for each input signal, allowing relative
25  gain modules 116, 118, and 120, to be placed after PN spreader 122 and before transmitter 124,
In an alternative embodiment, the relative gains applied by relative
gain modules 116, 118, and 120 are controlled dynamically by gain control
processor 128. The gain of each module may be altered according to data
rates of the channels. For example, the pilot channel gain may be increased
30 when data is being transmitted on both -the fundamental and the
supplemental channel. Or, the fundamental channel gain may be increased
when data is being transmitted on the supplemental channel.
FIG. 3 shows a preferred embodiment of the invention as used in a
wireless receiver. The composite signal containing three orthogonal sub-
35 channels is received through the antenna 200 and is downconverted in the
receiver 202. The resultant downconverted signal is then sent to the
complex PN despreader 204 to produce I and Q component samples used in .
subsequent processing. Complex PN despreader operates in accordance with




WD 00n0773 PCT/USOQJ12792 10 pilot channel. One skilled in the art w10 NOV 200
appreciate that the two nethods of controlling relative gains of the
channel s, using the systemincluding relative gain nodule 116 or w thout

rel ative gain nodule 116, are functionally equivalent. 5 One skilled in

the art will appreciate that any sub-channel signal nmay be "turned off" by
causing its effective transmt gain to edlial zero. This may be

acconpl i shed by so configuring its respective relative gain nodul e 116,
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20  the extracted real component. In mixer 302b, The Q samples are mixed with
the same reference signal as used in mixer 302a in order to extract an
imaginary component of the complex input signal. The output of mixer
302b is provided to noise rejection filter 304b to remove noise from the
extracted imaginary component. One skilled in the art will appreciate that
25 the noise rejection filters 304 may be implemented as low-pass filters,
matched filters, or accumulators without departing from the current
invention.
The reference signal used in a channel estimator 218 could be real,
imaginary, or complex. In an alternative embodiment of a channel
30 estimator 218 appropriate for use with a complex reference signal, mixers 302
are complex multipliers (which may also be called complex mixers), each
having both real and imaginary outputs. The real outputs of mixers 302 are
then summed before being filtered in real-component filter 304a. The
imaginary outputs of mixers 302 are summed before being filtered in
35 imaginary-component filter 304b. In the same fashion, complex multipliers
could be used in a Walsh spreader or despreader to allow the use of complex
Walsh codes as reference functions during spreading and despreading.
Walsh spreading using complex Walsh codes is known as complex Walsh



recei ver 202. The resultant downconverted signal is then sent to the 1.0 NOV 2003
conpl ex PN despreader 204 to produce | and Q conponent sanples used in
subsequent processing. Conplex PN despreader operates in accordance with 1

0O NOV 2003 11 aforenentioned in U S. Patent Application Serial No.

08/ 856, 428. The operation of fundanental channel estinmation apparatus 250,
pil ot channel estinmation apparatus 252, gnd channel estimate conbi ner 230

are explained in detail below 5 The | and Q conponent sanples are sent to

Wal sh d 206 th W\, dt
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from 20 thga@uet éﬁ&t&@ulteﬁlaa»gﬁmbo%rﬁccoh[plmﬁéﬁr b?»%hatﬂgeth@ gﬂaiseﬁfat'h%

m xed h _the sane refe e .signal as_ used xer order
extracmi @a}ﬁ{)mle m&&ﬁﬁps!@ iWithous; departing, dremy

m'hxer 302bcuarem ommdldm nokkse, rthpeeélaﬁge}‘rétgﬁbn?»@ﬁbﬁ{eo piﬁiﬁ})l&lﬁaxﬂ%lSan rom
the extract i nar | in the art reciate
that 25 ther ﬁngﬁqﬁeﬁh&cﬁfb@?ﬂ?ﬁ@Pg PSRy, hahels BAvRe RSRpYe &
filters, naeghtve Withont departing lfnnmaﬂtersumenhmmrdacpmrtl ng from t he

current 1nventi 9dgeftlis 1RESLAARTd B Ind Shthdiflad pﬁ\[ytﬁ{e#gg iBtiftte” 45 '

coul d be real, ginafy, or conp n an e«

channel 15 3o¢m¢iaesﬁnme ‘éqmrosﬂnba@ngarammet nn pbass anforatatiam cfor |
signal , m Xgh$ sIBR ala&anep@ﬂmxﬁx whichi RbiRldtes V\m&h tH@We@ér%?nc@eslgﬂﬂ edThe

COmLE ol e chatnd b st L Bi2tRgeae ol lriation between
real - conponthé rédelived cobriplexTin@ut signal and the reference signal. To achieve the
highest degree of correlation between the received complex input signal and
20 the reference signal, the reference signal used by the receiver must exactly
match that transmitted by the transmitter, for example Walsh code W, in
the case of the pilot channel. Any difference between the reference signal

and the transmitted signal can cause inaccuracy in the channel estimate.
In an IS-95 system, the pilot Walsh code W, is an all-zero Walsh
25 code, in which case a channel estimate can be made using just a pair of
filters, as is described in aforementioned U.S. Patent 5,506,865. In this case,
pilot channel Walsh spreader 110 is omitted from the transmitter. The
channel estimator in the receiver could then be implemented such that the
mixers 302 could be omitted from pilot channel estimator 218a. A channel
30 estimator for an all-zero Walsh code pilot, consisting of filters without
mixers, is also known as a pilot filter. The embodiment of the channel
estimator depicted in FIG. 4, however, allows the use of a pilot Walsh code
other than the all-zero Walsh code. '
Together, the Pilot I and Pilot Q signals are used as an estimate of the
35 amplitude and phase characteristics of the CDMA transmission channel 8.
The resultant Pilot I and Pilot Q, along with the decovered fundamental
channel I and Q components are provided to dot product module 208. Dot
product module 208 . computes the scalar projection of the




i magi nary outputs of mixers 302 are summed before being filtered in 35 0 N0V 2003
I.magi nary-conponent filter 304b. In the sane fashion, conplex nmultipliers
could be used in a Wal sh spreader or despreader to allow the use of conplex
Wal sh codes as reference functions during spreading and despreadi ng. Wl sh
spreadi ng usi ng conpl ex Wal sh codes is known as conplex Walsh 1 0 NOV 2003
12 spreadi ng, and Wal sh despreadi ng usi ngigonpl ex Wal sh codes is known as
conpl ex Wal sh despreading. In the proposed c¢dma2000 standard, the pil ot
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P 20 The corrected signal output by decoder 212 is also sent to an encoder

224, which re-encodes the signal using the same FEC function as the
transmitter FEC encoder 102. In this way, encoder 224 produces an ideal
representation of the transmitted fundamental signal. This ideal
representation is then sent to an interleaver 226, which performs the same
25 function as the transmitter interleaver 106, producing an ideal
representation of the interleaved fundamental channel data transmitted by
subscriber station 2.
The Iand Q component samples produced by Walsh despreader are
also input into delays 220, which produce I and Q components which are
30  synchronized with the output of the interleaver 226. Delays 220 are designed
to compensate for the delays introduced by the dot product module 208, the
deinterleaver 210, the decoder 212, the encoder 224, and the interleaver 226.
The synchronized I and Q components output by delays 220 are then
sent, along with the output of interleaver 226, into channel estimator 218b.
35 Channel estimator 218b uses the output of interleaver 226 as a reference
signal, and uses the outputs of delays 220 as the I and Q sample stream from
which it forms a channel estimate output.




m xers, is also known as a pilot filter. The enbodi nent of the channel”“wv 2003
estinmator depicted in FIG 4, however, allows the use of a pilot Wal sh code
other than the all-zero Wal sh code. Together, the Pilot I and Pilot Q

signals are used as an estinmate of the 35 anplitude and phase
characteristics of the CDVA transm ssion channel 8. The resultant Pilot |

and Pilot Q along with the decovered fundanmental channel | and Q

conponents are provided to dot product nodul e 208. Dot product m)dul e 208

. conputes the scal ar proj ion of t NOV, 20 13 funda hannel
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corrected sithoafundindital cchareedl edstiingral veouldu oy galiec dhiererzep qcurtaltm
sent to an C r s the signal using the sane FEC
function as%gﬁgg%?fﬁéﬂ?%Psageﬁeﬁ%%ﬂ? 102. In this way, encoder 224

produced5an i dealThe epmplencatpuh companents afdhet pdeat FhadpelefstinatorgAla
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performs the sane as the fransmtter, interle uci ng
an ideal rd@nTiQTENNg: ¢ qun@aﬂﬂ%ﬂsgé&é‘aeffuﬂdam 3’ <bABReL i O‘d“
transnitted didnnelRsafatiin Parhineterd. produced by processing of the fundamental

channel is sent, along with the delayed channel estimation parameters from

20 the delay elements 220 and 222 into channel estimate combiner 230. Channel

estimate combiner 230 combines the channel estimation data for both pilot

and fundamental channel processing and produces output containing a

third, combined channel estimate. As the characteristics of the transmission

channel change over time, pilot channel estimator 218a and channe’

25 estimator 218b provide updated channel estimates to channel estimate

combiner 230, which updates the combined channel estimation output
accordingly.

In the preferred embodiment, the output of decoder 212 sent to

encoder 224 is additionally sent to control processor 216. Control processor

30 216 produces frame rate information for each received frame of data. Control

processor 216 also performs validity checking of the received frames. Control

processor 216 produces a fundamental channel quality metric based on the

results of its rate determination and validity checking of received data. The

fundamental channel quality metric is used to assign an appropriate

35 weighting factor to the fundamental channel estimate in relation to the

| weighting factor assigned to the pilot channel estimate. The fundamental

channel quality metric varies based on the validity of received frames based

on the correctness of the CRC. Since different rate frames may also use



" The | and Q conponent sanpl es produced by Wal sh despreader are also ihBﬂPV1W3
into del ayg, &977¥hich produce | and Q conponents which are 30
, synchronlzeg %h the output of the interleaver 226. Del ays PETUSA/E2792

designed to conpensate for the delays introduced by the dot product nodul e
208, the deinterleaver 210, the decoder 2, the encoder 224, and the
interleaver 226. The synchronized | and conponent s out put by del ays 220
are then se(§ﬁ:alon w th the output of interleaver 226, into channel
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218b, 5 theeaéédun‘@c?\mdatbmedmdtfabnphédm&lr ﬁgtl mat es produced by channel
estimator 218b i r ey, u i_mal di nent, instead of using
dei nterl eaver Zégn mée %HP ﬁng%H?O&?Pt‘ZEQ e?ﬂF@rt? CRmbiner 623, i reeat e
an ideal r &8 %1Y¢réﬁeofcqfhblriemndaviunhalpmﬂﬂnesl thegrtQmeang Oélﬁ&)ﬁlﬁepf
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However, the fundanental channel estimator would not gain the error

correction benefits Qkféhe byﬂa%i d conmponents. 15 The conpl ex out put
conponents of the“pid of CHeArle or 218a are subjected to de{3ay

el ements 222 to keomperShie, #qi-X)Hg,del ay i nherent in performng CE@ nel
estimation using the fundanental channel signal. The channel esti I on

par anmetgrs produced béz@rocesm ng of the fundanental channel is sent,
al ong h the d ha i Lot |amﬂh6rrephaannhagmaﬁ-yom:ﬁﬁohéﬁtsdef e
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20 value of 1 resu ts in a combined channel estimate which is equal to the pilot
channel estimate. A scaling factor value of 0 results in a combined channel
estimate which is equal to the fundamental channel estimate. The value of
X represents a first multiplier, which is multiplied by the pilot channel
. estimate to produce a scaled channel estimate for the pilot channel. The
25 value of (1-X) represents a second multiplier, which is multiplied by the
fundamental channel estimate to produce a scaled channel estimate for the
fundamerital channel. The two scaled channel estimates are added together

to produce the combined channel estimate.

Channel estimate combiner 230 additionally uses the fundamental
30  channel quality metric provided by control processor 216 as a dynamic
weighting factor to the channel estimates produced from the fundamental
channel. When the fundamental channel quality metric indicates a high
rate of frame errors, channel estimate combiner 230 increases the value of
the scaling factor X. When frame errors occur, therefore, the combined
35 channel estimate used for demodulating the supplemental channel is
derived more from the pilot channel estimate and less from the
fundamental channel estimate. In an alternative embodiment, a frame




conbi ner 230, which updates the conbi ned channel estimation out put 10 NOV 2003
accordingly. In the preferred enbodi nent, the output of decoder 212 sent to
encoder 224 is additionally sent to control processor 216. Control

processor 30 216 produces frane rate information for each received frane

of data. Control processor 216 also perfornms validity checking of the

received franes. Control processor 216 poduces a fundanental channel

quality netric based on the results of its rate determ nation and validity

checking of received data, The fund annel i t sed
to assign aqar%rpw@sﬁ.g?éfaé\sewg.s b b ot B efiral 1] il i

estimate i nRsketdreéd®dn to the weighting factor assi gned to the pi I ot channel
estimate. The fyndanental ..channe it
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processor t|on to encode or use in re-
encodi ng t W@Sd@iablﬁe'@ehlgivfmﬂb‘ﬁﬂﬁfééw@r ihezeny i the Cgﬁ@-ﬂ%‘l- ary enbodi ment,
C?Z‘Sﬂﬁ'esefhé”?é?ﬁcﬁgﬁhéﬁzﬁﬁﬁ?mﬁ%?‘mn%ﬁ oot Supmpomepng mokive:
gver agdOof knewvpitherelahve gainm ?fh‘éf'n%fn e‘?%’pﬁ%s gigﬁ“%c@!%‘éﬂ%
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factor 130 vchlareedf 1 results in a conbined channel estimate which is equal
to the pilot In the preferred embodiment, the fundamental channel quality
metric provided by control processor 216 to channel estimate combiner 230 is
synchronized with the reference signal provided to channel estimator 218b.
This can be accomplished by incorporating a delay or buffer into control
20 processor 216. Control processor 216 may also perform a smoothing
function to the fundamental channel quality metric before providing it to
channel estimator 218b. In the preferred embodiment, however, the
fundamental channel quality metric produced by control processor 216 is not
smoothed, and may change suddenly on frame boundaries.
25 The I and Q component samples used as input to Walsh despreader
236 are sent through delay elements 232, which serve to synchronize the
output of Walsh despreader 236 with the output of channel estimate
combiner 230. Delay elements 232 could instead be placed between Walsh
despreader 236 and dot product module 238 without departing from the
30 present invention. Walsh despreader 236 uses the Walsh function W used
by the transmitter's Walsh spreader 114, and produces decovered
supplemental channel I and Q components. These decovered supplemental
channel components, along with the combined channel estimation signal
from channel estimate combiner 230, are used as input for dot product
35 module 238.
Dot product module 238 computes the magnitude of the projection of
the supplemental channel signal onto the combined channel estimate
vector, resulting in a scalar projection output. The output of dot product

0)



channel estimate. A scaling factor value of 0 results in a conbined chddhN0Y 2003
estimate which is equal to the fundanental channel estinmate. The val ue of

X represents a first nultiplier, which is multiplied by the pilot channel
estimate to produce a scaled channel estimate for the pilot channel. The 25
val ue of (1-X) represents a second nmultiplier, which is nmultiplied by the
fundanent al channel estimte to produce al7scal ed channel estimate for the
fundanmental channel. The two scal ed channel estimtes are added toget her
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This can be acconplished by incorporating a delay or buffer into contrply NB9 2002
processor 216. Control processor 216 nmay al so performa snoothing function
to the fundanmental channel quality netric before providing it to channel
estimator 218b. In the preferred enbodi nent, however, the fundanent al
channel quality nmetric produced by control processor 216 is not snoothed,
and may change suddenly on franme boundarigs. 25 The | and Q conponent
sanpl es used as input to Wal sh despreader 236 are sent through del ay

el enents 232, which serve to synchrﬁgtif he, output of Wal sh despreader
236 with the output of channel esti i ner 230. Del ay el enents 232
could instead be placed between Wal sh despreader 236 and dot product
nodul e 238 wit hout departing fromthe 3Q present invention. Wl sh
despreader 236 uses t’gﬁ ARpaATRtYS T TESRIVIRS A IO aties sighak FOMRISIBEINAI sh
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combined channel estimate.

2. The apparatus of claim 1 wherein said first means for extracting
2 comprises a first pseudonoise (PN) despreader and said second means for
extracting comprises a second PN despreader. l
3. The apparatus of claim 1 wherein said means for performing
2 pilot channel estimation is a pilot channel estimator for producing said pilot
channel estimate based on a pilot pseudonoise (PN) code reference signal.

4. The apparatus of claim 1 wherein said means for performing
2 pilot channel estimation is a pilot channel estimator for producing said pilot
channel estimate based on a pilot Walsh code reference signal.

5. The apparatus of claim 4 wherein said pilot Walsh code is
2 complex, and wherein said pilot channel estimator comprises complex
mixers.



enbodi nent utilizing PN coding, reference signals WS, W and WF are 10 N0V 1003
repl aced by PN codes corresponding to the supplenental, pilot, and
fundanent%‘l?ﬁﬁﬁﬁel s respectively. 20 W Claim 10 NOV20) 3 PXI/USOOARME 1. An
apparatus for receiving an information signal, conmprising: 2 neans for
perform ng pilot channel estimation basedlﬁg a pilot sub channel signal to
produce a pilot channel estinmate; 4 first ans for extracting a first
sub-channel signal fromsaid information signal; 6 first neans for

per form ng cpanneﬂi. eStmhb@?;a@ﬂﬁifﬁ@hﬂn;l&ﬂh@ﬁGﬂ_ Galid firseimeé haf-lis rf¢|§i= eRBabfng Or
extracting, .faqr.pr ing a first channel esti.nate: a channel estj.nat,
conbi ner ??oplg raa%%; q&%ﬁﬁ}l’egF%eﬁgeléaﬁrﬁfﬁa}fﬁgmf 8?lﬁaifé:Pf‘§r WeAPS JOr SXIARURR IF
estimati on ansecomiddWalslstdespreessidror performing 10 channel estimation, for
conbining said pilot channel estimate and said first channel estimate to

produce a conbined channel estimate; 12 second neans for extracting a
second sub-channel. si ghl¢ dppanatas @©f dlaimor rfurthersicognygirisingda 1gsendonaise dot
product mpd 0 S | ' d
o d second oodnoBieRdY, fo7 eVRingDsS0 MUENAAREn GBAUTH RafP RIS (8P

st r eam basePGHBRING :Pé‘@ér@ba@@l??@ﬁﬁm?émfbi ignsaid dinst saeans fomextrecting and|

estimte.4 2.tommm@mffoglghqbgngherei n said first neans for
extracting 2 conprises a first pseudonoi se (PN) despreader and said second

means for extracting conprises a second PN despreader. 3. The apparatus of
claim1 wherein shid rEhnsapparapes obrddaitg 72wherein cadh PN despreateprisis a
¢

pi | ot chapne ' 0 oduci ng said pilot channel estinmate based on
a’'pil ot Si;euéggs?r@%gﬁﬁﬁkﬁs}’g%a&g Tt ef erence si gnal . 4. The apparatus of claiml
wherein said neans for performng 2 pilot channel estimation is a pilot

channe estimatory for PhOlYSHAKS ¢ Rigift 1CWHYIEn °Shil thanher cestithate
pil ot WAl sh code reference nal . 5. e apparatus_of claim4 wherein said
pi | ot Wal&h CO5¥YNeE is 2 wejghted-avarmgefrinkingr dar anpltiplying, saickpilet chaangt

conprises cQRHhfite by & pildt mGlti¥lier 28 pFoduce a scaled pilot channel estimate, and
4 multiplying said first channel estimate by a first multiplier to produce a
scaled first channel estimate, and adding said scaled pilot channel estimate
6 to said scaled first channel estimate to produce said combined channel
estimate.

10. The apparatus of claim 9 wherein the ratio of said pilot
2 multiplier over said first multiplier is approximately equal to the ratio of
transmit gain of said pilot sub-channel signal over transmit gain of said first

4 sub-channel signal.

11.  The apparatus of claim 9 wherein said means for performing
2 pilot channel estimation is a pilot filter.

12. The apparatus of claim 9 wherein said information signal

2 comprises a composite I signal and a composite Q signal, and wherein said

means for performing pilot channel estimation comprises a first mixer for

4 mixing said composite I signal with a Walsh function, and a second mixer
for mixing said composite Q signal with said Walsh function.

13.  The apparatus of claim 12 wherein said means for performing
2 pilot channel estimation further comprises a first noise rejection filter for
filtering the output signal of said first mixer, and a second noise rejection

4 filter for filtering the output of said second mixer.



WD 00/ 70773 PCT/ US00/ 12792 19 6. The apparatus of claim 1 wherein said NOV 2003
first>means for extracting 2 is a first Wal sh despreader, and wherein said
second neans for extracting is a second Wal sh despreader. 7. The apparat us
of claim6 further conprising a pseudonoise 2 (PN) despreader for
providing said information signal to said neans for perform ng pil ot

channel estimation, to said first neans f&@ extracti ng, and 4 to said
second nmeans for extracting. 8. The apparatus of claim7 wherein said PN
despreader is a 2 conplex PN despreader. 9. The apparatus of claim1l
wherein said channel estinmate 2 conbiner is a weighted-average conbiner
for multiplying sH-d pfhetapparatvsl Ofeslamtlewbyranpsmdt meahsi furi perfooming
produce & SGHl&dcRidradl e |

channel estlclﬁ?te byrhg&t ‘lggr}gttﬁa?rlub &S’i"?}g‘r’s@% oaaaro uce éﬂég@glﬁglcﬁéb&é%annel
estimate, arRi@gdhdmg ésﬂn%%tsl‘ﬁﬁhpﬁall‘étfll‘éhﬁ aenelegatimatee 6 to said scal ed
first channel estimate to produce said conbined channel estimate. 10. The
apparatus of claijp9 erein the ratio of sald i | ot | tiplier over
said first nulti pﬁ Wﬁé € aFpParatiat nydé&f[}al tWherging, aﬁqlgu&fs't rE63ns t feRI n

of said @ qsemtbnﬁigaahahnél @8RG coirptivebia Q@ddﬁdoﬂoﬁﬁt&lﬁétrﬁlbdu‘?e for

sub-channel signal . 11 of claim erei aid ans .for
perforning TSCRViRG s@h%ﬁﬁié? %@F‘Fﬁﬁﬁs 3tg an |SIaB:l \@i?- 'Cii@negl‘;rm&ﬂ%t us
of cl ai m4®€ \predeicing aisdalarffirstreharome] si |l 2 conpri ses a conposite |

signal and a corrposi te Qsignal, and erein said means for perform ng

pil ot channel estimation conprises a fi rst m xer for 4 mxing said
conposite | signalb.wi tBhe wpparatesinet i daimand Mb&mundsmcb(eﬁrstfmearmxfog
sai d conpos gegf&rﬁh%n%ha%Eh éﬁh&t}éﬁ{ anr{ﬁé?c(tzdrﬂprlség’ @%t‘]”ﬁl‘d?oloffor

claim 12 wh in said neans for rformn ane t1on

further conpPfei¥ing the ﬂé%tph’él%féai peeand ﬂof |Hf9éﬂcf moqlullet éﬂdn@atdwﬁfséﬁﬁbut

si gnal of4 sghaniélrssgndliane!, oamng\sﬁaqﬁaﬁcﬁe@m&pesﬂﬁmaetlon 4 filter for
filtering the output of said second mixer. 1 0 NOV 2003 20 14. The
apparatus of claim1 wherein said neans for performing 2 pilot channel

estimation conprikks dlhehpparatdsiof daim 34§ fahthenicomprisinge

2 a deinterleaver, operably connected to said second dot product
module;

4 a forward error correction decoder, operably connected to said
deinterleaver;

6 a forward error correction encoder, operably connected to said forward
error correction decoder;

8 an interleaver, operably connected to said forward error correction

encoder; and -
10 a channel estimator, operably connected to said interleaver and said
first means for extracting.

18.  The apparatus of claim 17 wherein said deinterleaver is a block
2 deinterleaver and said interleaver is a block interleaver.

19. The apparatus of claim 17 wherein said deinterleaver is a bit
2 reversal deinterleaver and said interleaver is a bit reversal interleaver.

20. The apparatus of claim 17 wherein said deinterleaver is a
2 convolutional deinterleaver and said interleaver is a convolutional
interleaver.



pil ot channel estimate with said first channel estimate. 15. The appar at0ul0y 2007
of claim1 wherein , said first means for 2 perform ng channel estination
conprises a second dot product nodule for receiving said pilot channel

estimate and said first sub-channel signal and 4 producing a scalar first
channel signal. 16. . The apparatus of claim15 wherein said first neans

for 2 perform ng channel estimation furher conprises a channel estinmator

for receiving the output of said second dot product nodule and said first

sub- 4 channel spgnal Tﬁ@%p@fa@ﬁiﬁﬁ'(5fgcl§ﬁhC17fﬂvh§f‘e1ﬁfb%'iﬁ‘@'euﬁ%ﬂ'e%&eis Q&urB@e
appar at usg of cIa|m15fU{ o rising a deinterleaver, operably

connect e t‘a IDIgTeayeT gyer ’ﬁ’o@jdll@o Interieayelar d error correction
decoder, operably connected to said deinterleaver; 6 a forward error

correction enco , rab connected,t.o saLd forvvard { r correction
decoder; 8 an ig‘?%rl e Pé’ﬁé ts) \Pf cﬁlﬁ*&tg pehergin fSS’r‘iva?W Aorerror
correcti?n ceneaiter deem:lzbrh@ aitl.abanmﬂe dedodertagid saiddoalhid eervtecdresetion sai d
i nterl eaver nmeans.,for extracting. 18. The apparatus of
claim17 MGrfc’éﬁﬁ?zéalgéugﬂcf ﬁ?%‘? Fgﬁ% "is a block 2 deinterleaver and said
interleaver is a block interleaver. 19. The apparatus of claim 17 wherein

;ai d dgai nt erl eav | STR ea@gﬁga%‘gvﬁfs%img‘e' T?e%&g%ﬁ{ gg ﬁﬂr\%%at e I eaver

is a bit_reversal inter he appar at i d
dei nt er | 2avearredtion decedew ds wa itdack drsioderrdreh\said diotward derirat erdreestesn i s a

convol uti onglcodePiLs BM€EncoderNov 2903 21 21. The apparatus of claim 17
wherein said deinterleaver 1s a turbo 2 deinterleaver and said interl eaver

is aturbo interleaver. 22. The apparatus of claim 17 wherein said forward
efror 2 correctiqon dEkedapphfatast wfbeldiare1Zeqdiseirandaidai forivdirdaredr¥ 1 o

correcti der turbo, cade encqder. 23..7T a ratus of claim 17
Cheroin Lo cPTrERR dletoder ¥ 3° el JHEeR dingtisnid JOrvBIE i GEsc iy
sai d forwarancedenis acroraciuionaleeremdiz=r. i s a bl ock encoder.

25. The apparatus of claim 17 further comprising a control

2 processor, operably connected to said forward error correction decoder and

said forward error correction encoder, for receiving error corrected symbols

4 from said error correction decoder, performing frame quality checking and

rate determination for said error corrected symbols, producing frame rate

6 information and a frame quality metric signal, and providing said frame rate
information to said error correction encoder.

26. The apparatus of claim 25 wherein said control processor
2 further comprises a smoothing module for performing smoothing of said
frame quality metric signal.

27. The apparatus of claim 25 wherein said channel estimate

2 combiner is a weighted-average combiner for multiplying said pilot channel

estimate by a pilot multiplier to produce a scaled pilot channel estimate, and

4 multiplying said first channel estimate by a first multiplier to produce a

scaled first channel estimate, and adding said scaled pilot channel estimate

6 to said scaled first channel estimate to produce said combined channel
estimate.

28. The apparatus of claim 27 wherein said control processor
2 provides said frame rate information to said channel estimate combiner,



24. The apparatus of claim 17 wherein said forward error 2 correcti ohl NGV 2003
decoder is a trellis decoder and said forward error correction encoder is

a convolutional encoder. 25. The apparatus of claim 17 further conprising a
control 2 processor, operably connected to said forward error correction
decoder and said forward error correction encoder, for receiving error
corrected synbols 4 fromsaid error cori22cti on decoder, performng franme

qualdi ty chfeah&irtghaminessaaﬂ?:m_ﬂ résﬁmdt@rtd‘rﬁbir&@isﬁjlﬁ_snSOﬂheC%tﬁ@Qif%i&%ﬁm| 3,
producin ra at L mf.or mati.on,and a frame. ity petric signal, an
P ovidi ng i EplRkdo fald L RIRREE pafed OB Spid Hamelialt itdoFamtBicoder

26. The apparatus of claim25 wherein said control processor 2 further
conprises a snootki ng dule for perfagrmng-smothing of said . frane
quality metric .s?g'na_l ﬂ%?%pﬂ%g%ﬁp%aaﬁgno%c%%e% S Emrel,; RFQSREINTel
esti mat e2 2previdessaid &ramnevgughitye dnetviersigyealctindsid eharfrel estimbiedomngesai d

pi |l ot chann | e, Ll ot Lpller. . Ce .a I y1.Q
channel est?ﬁ%ﬁzﬁé% sﬁanﬁaﬁ\ 6 yﬁsﬁgﬁggfég n?lIBLPtSe? %ﬂgﬁeﬁeegﬁf%? cejsagél péiqti rst
mul tipliér molppddute said Sicstl manlfiplier baseshorsaid framee gualitydmeaddic signali d
scal ed pilot channel estinmate 6 to said scaled first channel estimate to
produce sai d conbi ned_channel estinmate, 28. The apparatus of claim 27
wherein said condfol PFhecapparatus pf oilpimes2dapcheredyesaidit OntEPL rPAACREROTL 0
sai d chapnebr@sbiesBhfi ¢HRE MRiality RetiRVard Qdid Frarfd ratd ShRIrhatfir! tohaiae!
estimate cohbi ner adjusts the ratio Sf al d pll_a:i 4 multiplier to sajd
first multighamielpgatingats, combinerapd Whersint taifariidnel 2ostimate Gombimels of
cl ai m 274whadjeists e thtikoof 6aid pllot atdeiplie? torsaid tiest salidplienBasaliahi $aid
metric si gnﬁ:[8 to safdﬁ, cheg_pnel cfSt" rTB_te corgbl.n#err aHld wherein sai d channel
estimate colffeRUadPLEISHE AN a?lldo 8?“‘-5‘5‘8“598%3 Rl ti plier to said
first multiplier based on said frame quality nmetric signal. 30. The
apparatus of cl agqn 27 ' ' &ﬂa r,0l; ﬁﬁ'ﬂ'fs' | . said frane
quality netric a%g] sal‘a\é\gfé%gﬁ?g .gcl n %ra(r)rgéﬂqé_)ff)lgﬁo saluagc_%%%?g%g‘sti mat e
conbi ner2 and wha} ei ngenerrtiutgaapilotahanngl estimate feom an infogmagionsignali o
of said pi Iggse@%ﬁiapﬂ,ﬂ@{sﬁp_cﬁgﬁge[fgi ;nultiplier based on said frame

qual ity tric d said frane rate Fnformatiqgn. 31, A process,.for decodi ng
a si gnal 47 conpri 8 ng ?h@a@%sa%t?%waﬂmlaﬁsm otaigh _EPNmat e
from an i nfsigral;i on si gnal

6 c) generating a first channel estimate based on said first sub-
channel signal;

8 d) combining said pilot channel estimate and said first channel
estimate to produce a combined channel estimate;

10 e) extracting a second sub-channe! signal from said information
signal; and f

12 f) performing a first dot product operation of said combined

channel estimate and said second sub-channel signal to produce a sub-
14 channel symbol stream.

32. - The process of claim 31 wherein said step of extracting a first
2 sub-channel signal comprises pseudonoise (PN) despreading using a first PN
channel code, and said step of extracting a second sub-channel signal

4 comprises PN despreading using a second PN channel code.

33.  The process of claim 32 wherein said step of generating a pilot
2 channel estimate comprises a PN despreading step based on a pilot PN
channel code.



based on a pilot sub-channel signal; 4 b) extracting a first sub- chanh@ NGV 2003
signal fromsaid information signal; 6 c) generating a first channel

esti mat e WASMATEH said first sub- channel signal; 8 d) conBCATUSGOAPH pi | ot
channel estimate and said first channel estinmate to produce a conbi ned
channel estimte; 10 e) extracting a secod sub-channel signal fromsaid

i nformation signal; and 12 f) performng a first dot product operation of
sai d conbi ned channel estinate and said second sub-channel signal to

produce a sub- 1#4chanhke Fs‘ymﬁélofﬂlamﬁﬁl %erﬂlnesqucﬂt%s)f(gencraimg apilot

wherein sai ¢hahfPl PstdtedComMtices! h[ fing o?%%tﬁhﬁ@&ﬁjn gﬂ” H%
pseudonoi se (PN) des I n sl ng a t anne sal step
of extracti ﬁ@lxan&ééﬁ%ﬁ éjﬁl Mhﬁ@‘al;“ﬁﬂhla puotchinish sedepN despreadl ng using

a second PN channel code 33. The process of claim 32 wherein said step of

generating a pil c}é hannel estl te conprises a PN dezpreadl ng ste
based on a pilot 9PN chhpEpcess . claim seipgsaid /stery o8 generatisga piteb

23 34. Tie phefrelsestimatatomplisebenaish daspieadiap Wisedasieaapilotonalsh tede. 2
channel estinmate conprises filtering of said informati on signal w thout -

m xing said information signal with a pilot Wal sh code. 35. The process of
claim 31 wherei n3sai d ’H’aeaprocfesgejferlatmr@l avipereirt saitl ghepnoélexemctingtee first

compr i ses, VaLBllasel splRGASALon dPW Al IR BlE o138 pallif R £F6SS O

claim 31 'whéerein sard mg Fatein
conpri ses aWalsht ongles hanie sgridadiepy aft @Em@a@g ansecdrid ssulvahehndod?@gnahd

sai d st ep oloftiastd SekondSRANH d%??rggﬁg{g}gileg%ﬁﬁé'on 4 _?69&4?& &Rh&ogecond

Wal sh despreadi'ng step based on a h cod The process of
claim36 wherein said first and second Wal sh 2 codes are conpl ex, and

\é\herei nd_sai d firgp an¢l'$ee<§£36ébs%fsﬂaﬁﬁ5% e@Reéreeh sﬁi&ﬂﬁ‘sﬁhﬁdcéé&hﬁXWﬂshh
espr eadi

per f or ni gﬁgggﬁﬁgﬁqgggﬁ (égt)sgﬁ s %@g‘léf?‘qngggwﬁsther Cogsléqfw&qﬁhﬁ%%rg dmg

gener at e saistepsrdrercoahplex Wajsiatespreading.

38. The process of claim 36 further comprising the step of
2 performing pseudonoise (PN) despreading of a downconverted signal to
generate said information signal.

39. The process of claim 38 wherein said PN despreading is
2 complex PN despreading.

40.  The process of claim 39 wherein said step of generating a pilot
2 channel estimate comprises synchronizing said pilot channel estimate with
said first channel estimate.

41. The process of claim 31 wherein said step of combining
2 comprises the sub-steps of:

d.1) multiplying said pilot channel estimate by a pilot multiplier to
4 produce a scaled pilot channel estimate;

d.2) multiplying said first channel estimate by a first multiplier to
6 produce a scaled first channel estimate; and

d3) adding said scaled pilot channel estimate to said scaled first
8 channel estimate to produce said combined channel estimate.

42. The process of claim 41 wherein the ratio of said pilot
2 multiplier over said first multiplier is approximately equal to the ratio of



39. The process of claim38 wherein said PN despreading is 2 conpl ex LRINUV L
despr eadipg. The process of claim 39 wherein said step _of generating a
pilot 2 ‘gﬂgﬂ}ﬁ@r"' estimate conprises synchroni zing said pil d’tcréﬁ%ﬂqﬂé-f”
estimate with said first channel esti maég 41. The process of claim31
wherein said step of conbining 2 conprigeés the sub-steps of. d.1)

mul tiplyi ng i Il i e [y Lot _: I plier .t 4 produce
a scal ed pi E?)it?] g'lhsgﬁn_g %2&%&?{ esg%é{f&tnﬁ%%ﬁg‘?‘ﬁg & |éf fclp‘%égt g:ahugan?cP 0
est i mat edbytransmitsaigyfirstsiibecharel ignalduce a scal ed first channel
estimate; and d.3) adding said scaled pilot channel estimate to said scal ed
first 8 channel estipgate to produce said conbined channel estinmate. 42.
The process of cfai m 4henpeacephof gRimadi ywhereinispigisten of generating repileter
said firgt emdrrd)dstimate @ﬁﬁg%em@rm saial iﬁfenhaﬁohagigﬁapio ?r@dh@/ #1003
WO 00/ 70773 PCT/US00/ 12792 24 gain used to transmt said pilo sub-cﬁannel
si gnal overPHat AhARBRT e$IMAte. ansnit said first sub-channel signal. 43. The
process of claim4l wherein said step of generating a pilot 2 channel

estimate conpris filtering saigd jnformation.signal to produce said. pilot
channel esti nat efEE‘44. Lr%‘ﬁep 5t%8 C@%#ﬁ%%ﬁ%&%ﬂ@ﬁ#&ﬁ?&ﬂ%@ a pilt
gener ati Bg chaririebtestitnath aoneprisest theedub-stepprofses the sub-steps of: a. 1)
LT3 e COTRP S B AR BF 580 pBA R RS it MHhT
corrgonenﬂ ?Waé:[sh%ﬂﬁﬁiﬁmdh@;;sﬂlghMalahtdespgz‘aﬂa_lfigﬂqlm Wal sh code to )
produce a firs s hﬂﬂﬁ‘l i ai r :
despread | sjgnal ?o prgg‘%g tk?ée-gclé -8 ce(glrtrg%near%t E#fsgféﬁgg“’zﬁ Is%{déh‘}g%tr}lle ot
esti mat e® apdoWalsh icode to Ryodure arfinst Walsh despeead 6 aignaki gnal to produce
the Q 10 conpongp} ofiltesing BaidOFirsh¥valeh asspreadel 1Tes Proirestid 1
claim4l,wherein spa{d 1st@?%clf g neral':i n alﬁpi a;t 2 C aannel Il’(;l;ti mat e

conpri se® tTRMEABeR} gf saigk pilgt ﬁa%? ?551319? g38%i d infornmation signal with a
conpl ex pilot 4aMpl sfiltenitg saidpfirsd Wealsh fdaspread @lsignalatos prodape ahd Q
signal; 1§ndcomponent of said pilot channel estimate.

45.  The process of claim 41 wherein said step of generating a pilot
2 channel estimate comprises the sub-steps of:

a.l) multiplying said information signal with a complex pilot
4 Walsh code to produce a first complex Walsh despread signal; and

a.2) filtering the I component of said first complex Walsh despread
6 signal to produce the I component of said pilot channel estimate; and

a.3) filtering the Q component of said first complex Walsh despread,
8 signal to produce the Q component of said pilot channel estimate.

46. The process of claim 31 wherein said step of generating a first
2 channel estimate comprises the sub-steps of:
cl) performing a second dot product operation of said pilot
4 channel estimate and said first sub-channel signal to produce a scalar first
channel signal;
6 c.2) delaying said first sub-channel signal to produce a delayed first
sub-channel signal which is synchronized with said scalar first channel
8 signal; and
c.3) performing channel estimation from said delayed first sub-
10 channel signal, using said scalar first channel signal as a reference, to
produce said first channel estimate.



a.2) filteri ng the | conponent of said first conplex Wal sh despread 610N0v 2003
si gnab t the | conponent of said pilot channel Z{}g a.3)
filteri ncgwphe g%conponent of said first corrpl ex Wl sh desp%lé"gzﬁﬁgn nal to
produce the Q conponent of said pilot chag@ estimate. 46. The process of
claim 31 wherein said step of generating first 2 channel estinmate

conprises the sub@steﬁ@f rogesg)ofpﬂggﬂsal e eandsd tOfngHm gn%pgrﬁltslton

of said pilo fhan stimate an | rst sub-chann
produce & scAeane} pstimate gampsisesth Hub-8eps of del ayi ng said first

sub-channel si gnaj1)t o O;E&r@gﬁﬁﬁﬁﬁj Qels@dtﬁm f:ﬂétSt roaubr cagm@iorﬁlgﬂadala\hpﬂeu s

synchroni zed ,wi t h saj.d scal ! ch and. c3 erfo
channel ¢St iSRERTSh eFPH}ﬂ §eﬂ"&f[ seichbes pabs agnﬁl S@aiﬁanﬂ@d%ﬁegmcalaa 1l

sai d scal ar dhansi] elpgralel signal as a ref erence to produce said first
channel estinate. 03 WO OOJ 707 P S00/,12792 .25 47. The
process of claim er,l;loé Psaé”ﬂgsf’% B(fa rﬁg'&zf %E 15}3:%3[1 B Eﬁ%ﬂ’f gpce
estimate conpithsasdeindedabvisigeformiat, ¢o 1prqrhldeoandeglterleaamﬂldﬁdﬂt chandett
operatiorg of id pilot 4 channel estimate and said first sub-channel
signal to pr cé a scalar first channel signal; 6 c.2) deinterleaving
said scal ar firstcPharprsfosnipgl forward c@rtemc eormictiona decodingl eaf/i gid

format, {@® H&Hf&&a@ege'fﬁgﬁrch‘ﬁﬁiﬁgﬂ &g{@f ﬁlf'aﬁ'cfb%kdaﬁces'ﬂﬁﬁ' a ‘folg)raﬂ?récﬁéf" ng
for vvard error correction decodin sai d dei nter I(izave | rst ﬁéanngl
an

signal, in &OFECHRACLOTNahL 10 a é?r%’iméo?qfé%@ﬂ% eroded firgyk shamne

error corX egigedl; decoded first channel 12 signal; c.4) performng forward
error correction eﬁcodl ng of. salfd err(? 14 correction dmded f'rcf
channel signal, i acdtt &ni PRWEET oS BF v IeC ot %c?f SA'S STRBE
to produkle aorerction decodsd |fn'at ehandel sigmalf ichacmedandd withnahid (foﬁx)rard

| nterl eavi ”\%Irf% &r?écrt@é rféé&ﬁftcld 95?08{1&@?%{-6{ darrsm%hcaaggaéam cﬁ§

accor dance an 1n g PoPare ST oduges i SOFPRaY e of £raT sub-
channel i gsignal; ‘

¢.5) interleaving said error correction encoded first channel signal,
18 in accordance with an interleaving format, to produce an estimated first sub-
channel signal;
20 c6) delaying said first sub-channel signal to produce a delayed first
sub-channel signal which is synchronized with said estimated first sub-
22 channel signal; and
¢7) performing channel estimation based on said delayed first sub-
24 channel signal and said estimated first sub-channel signal to produce said
first channel estimate.

48.  The process of claim 47 wherein said deinterleaving format is a
2 block deinterleaving format and said interleaving format is a block
interleaving format.

49.  The process of claim 47 wherein said deinterleaving format is a
2 bit reversal deinterleaving format and said interleaving format is a bit
reversal interleaving format.

50.  The process of claim 47 wherein said deinterleaving format is a
2 convolutional deinterleaving format and said interleaving format is a
convolutional interleaving format.



20 c.6) delaying said first sub-channel signal to produce a del ayed fit@NOV 2003
sub-channel signal which is synchronized with said estimated first sub- 22
channel signal; and c.7) perform ng channel estimation based on said

del ayed first sub- 24 channel signal and said estimted first sub-channel
signal to produce said first channel estiRéate. 48. The process of claim47
wherein said deinterleaving format is a_2_ block deinterleaving format and
sai d i nterl eavi ng?¥or mhheiprogesst ocwlaipit’ewhergin5gid slespterieayingrfermpabiess

of claima7 ufbpeideinRirkadondt apiRayi BAdS QARBLnterldvidgbifbri@V efsSa turbo
deinterleaving format and sard interleaving format is § bit reversal

i nt er | eavi ng ™OHEAYINESEOTIRL process of clai m 47 wherein said
deinterleaving format is a 2 convolutional deinterleaving format and said
interleaving for S convol utipnal .interleaving format. 1 O Nov 2003
26 51, The proces of TBRAFTRCE® QhSIth 44V RCTSER raad | (ORYRHY SFBIeRTTesfign;
turbo dei Bt dormaviisng thebdrbdafdrsatd i nterl eaving format is a turbo
interleaving format. 52. The process of claim47 wherein said forward error
correction 2 format is a turbo code format. 53. The process of claim47
wherein said forvitd eTherpmaesseof claim 27 fwherein i said forwakd errcar caxrectioni on
coding fo . S ' ,h said forward error
correcti o%nagfr?l%?rlrsaghlﬁg%%ggoﬁrv%qc%?%%F&Ag]rZ\lg\(l)\ér&?%‘%ﬁ ection coding format. 55.
. The process of claim47 further conprising the step of 2 performng frame

qual ity checking @nd repe @é%?@feﬂiﬂn“ﬂ%ﬁé’ﬂe esraﬁti’.rfofﬁﬁgffg# gcc?’l‘:ran{gSH

first channe! signél, to produce frame rate 1nformation
qual ity netr dhal conyplufipaabeprameorrectian eedingufrmatn  perforning said
forward error correction encoding is based on said frane 6 rate !
I nformation. 56. e pLpcess of claimBis rein said frane qualit
checking 2 conprikes Jgﬁ‘énﬁ’(ﬁ??ﬁﬁﬁg ogt gb%%e&‘?‘aﬁﬁ o jrsiona n'g'eofgltgﬁi &f
frame quali tperfomhirg fsaeaquakity cheekingoandsrate détermihativheori saidaertor
conbi ning st e, LM diEoddd Hi& Eﬂm&eglsgn%i,' to produce frame rate information

4 and a frame quality metric signal, and wherein the frame rate used in

performing said forward error correction encoding is based on said frame
6 rate information.

56. The process of claim 55 wherein said frame quality checking
2 comprises a smoothing step for performing smoothing of said frame quality
metric signal.

57.  The process of claim 55 wherein said combining step comprise-
2 the sub-steps of:
d.1) generating a pilot multiplier and a first multiplier;

4 d.2) multiplying said pilot channel estimate by said pilot multiplier
to produce a scaled pilot channel estimate;

6 d3) multiplying said first channel estimate by said first multiplier
to produce a scaled first channel estimate; and

8 d4) adding said scaled pilot channel estimate to said scaled first

channel estimate to produce said combined channel estimate.

58. The process of claim 57 wherein the ratio of said pilot
2 multiplier to said first multiplier are adjusted based on said frame rate
information.



d.1) generating a pilot multiplier and a first multiplier; 4 d.2) 10 KOV 2003
multiplying said pilot channel estimate by said pilot nultiplier to

produce a scal ed pilot channel estimate; 6 d.3) multiplying said first

channel estimate by said first multiplier to produce a scaled first

channel estimate; and 8 d.4) adding said sgaled pilot channel estimate to
said scaled first channel estinmate to produce said conbi ned channel

esti mate. 58 The5Qr ocERs fm@ésal of Sdlaishe58i iwhewvein athe edticaofl giid opilo

I tipli I f
EREITRCE it e e e
said pil ot Iﬁetmxt sigraler to sal d first nultiplier are adjusted based on
said frame quality netric signal.





