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BACKGROUND 5 1. Field of the Invention The present invention relates to

wi rel ess wonmabtati ons. More particularly, the present POVERIIVGHTI el at es
to a novel and inproved systemand nethod of deskew buffering signals in
mul tiple rate comruni cati on systens. 10 Il. Description of the Related Art
A nobile receiver in a portable comunication system operates in an
environnment that subjects the receive signal to numerous degradations. The

condi {1 ons. SO RENCANDYRETTHOD 0T P SKEN BUFFERINC TIENALS . ons

prior to arrival at a recei ver The recei ver must be able to recover the
signal in spite of all these %Qg prder for a successful
conmmuni cation link to be establls tructures such as buil dings, and
surrounding terrain,, including walls 20 and hlllsides, contribute to the
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degradations in order for a successful communication link to be established.
Structures, such as buildings, and surrounding terrain, including walls
20 and hillsides, contribute to the scattering and reflection of the transmitted
signal. The scattering and reflection of the transmit signal results in multiple
signal paths from the transmitter to the receiver. The contributors to the
multiple signal paths change as the receiver moves. FIG 1 shows a block
diagram of a wireless communication system. A wireless telephone system is
25 provided only as an exemplary embodiment.

In an exemplary embodiment, the wireless communication system may
be a system such as a Code Division Multiple Access (CDMA) wireless system,
consistent with "Telecommunications Industry Association (TIA)/ Electronics
Industries Association (EIA)/1S-2000 STANDARDS FOR CDMA2000 SPREAD

30 SPECTRUM SYSTEMS" referred to as "the cdma2000 standard." In alternate
embodiments, the system may be a system consistent with the "TIA /EIA /IS-95
MOBILE STATION-BASE STATION COMPATIBILITY STANDARD FOR
DUAL-MODE WIDEBAND SPREAD SPECTRUM CELLULAR SYSTEM,"
hereinafter referred to as "the IS-95 standard,” or other systems such as

35 described by "ANSI J-STD-015 DRAFT STANDARD FOR W-CDMA
(WIDEBAND CODE DIVISION MULTIPLE ACCESS) AIR INTERFACE
COMPATIBILITY STANDARD FOR 1.85 TO 1.99 GHz PCS APPLICATIONS"



referred to as "WCDVA, " or other systens generally referred to as High
Data Rate (HDR) systens. A nobile phone 110 operating in a wreless
comuni cadon4ryst em such as an | S-95 system uses radi BPCWHSEHIST
communi cate with a base station 120. 5 The base station 120 is identified
by an antenna, although in reality the base station hardware woul d not be
I mredi ately | ocated with the antenna. The base station 120 antenna nmay be
| ocated on a building 122 or nay be locdted on an antenna tower. Although
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recei ver. Each @f mobile phone operating in a wideband system, such as a CDMA
phone system, utilizes the signal bandwidth to its advantage when
demodulating the received multipath signals. A coherence window is defined
as the minimum time frame that can be discriminated. The coherence window
25 is inversely proportional to the signal bandwidth. For a mobile phone
operating in an Advanced Mobile Phone System (AMPS) that utilizes 30 KHz
wide channel bandwidths, the coherence window is on the order of 1/(30 KHz)
= 30 uS. A mobile phone operating in a CDMA system that utilizes a 1.23 MHz
channel bandwidth has a coherence window on the order of 1/(1.23 MHz) =
30 800 nS. Thus, the mobile phone in an AMPS system can discriminate between
multipath signals having a temporal spacing greater than 30 uS, while a mobile
phone operating in a CDMA system can discriminate between multipath
signals having a temporal spacing greater than 800 nS.
The ability to discriminate between multipath signals that are in close
35 temporal spacing is used to improve signal quality. A CDMA receiver
implements a plurality of demodulating fingers as a RAKE receiver. Each of
the demodulating fingers is able to demodulate a multipath signal independent
of the other fingers. The signals are then coherently combined in order to



t he denodul ating fingers is able to denodulate a nultipath signa

I ndependent of the other fingers. The signals are then coherently conbi ned
i n order WO o3202/ 43267 PCT/ US01/ 43579 3 inprove sighal pROBUSey43819d reduce
the effects of non-coherent noise. Since each finger tracks a different
mul ti path signal, the denodul ated signals at any instant are tenporally

of fset fromone another. The tenporal offset nust be conpensated prior to
coherent conbi ni ng of the signals. 5 In“order to tenporally align al
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bit sequence is all ones in an enbodinent and is all zeros in 25 anot her
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Each denodwh@gighal. i Tihe teaRiRutbatieses WA AIPN adntés @hat is used to generate a

deskew buffer address. The deskew buffer address is modified by truncating a

20 number of lower bits on the address and replacing the lower bits with a

predetermined bit sequence. Alternatively, the number of lower bits may be

logically AND'ed or OR'ed with a predetermined bit sequence. The symbol is

written to the deskew buffer according to the modified deskew buffer address.

The predetermined bit sequence is all ones in an embodiment and is all zeros in

25 another embodiment. The number of lower bits that is truncated is related to a

deskew index that corresponds to a data rate that is received. Each data rate
uses a different Walsh length.

The embodiment may include a plurality of demodulator fingers. Each

demodulator finger has a PN counter and is coupled to an independent deskew

30 Dbuffer. A combiner is coupled to all of the deskew buffers. A first demodulator

finger is assigned to an earliest arriving multipath signal. Each of the

additional demodulator fingers is assigned to one of a plurality of delayed

multipath signals. Each demodulator finger demodulates symbols and uses

their respective PN counters to generate a deskew buffer address. All of the

35 deskew buffer addresses are modified according to the same deskew index and

predetermined bit sequence. Each of the demodulator fingers writes the

symbol in the deskew buffer location of their respective deskew buffers. The



their respective PN counters to generate a deskew buffer address. Al of
the 35 deskew buffer addresses are nodified according to the sane deskew

i ndex andvOprextet er mi ned bit sequence. Each of the denoduba@tr/wsoi43styer s
wites the synbol in the deskew buffer location of their respective deskew
buffers., The WD 02/ 43267 PCT/ US01/ 43579 4 synbols are then read from each
of the deskew buffers and sumred in the conbiner. In an alternative

enbodi ment, a plurality of denodul ator fingers is coupled to a single
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the updated value back to the modified deskew buffer address.

BRIEF DESCRIPTION OF THE DRAWINGS

25 The features, objects, 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:

FIG. 1 is a diagram of a mobile phone operating environment;

30 FIG. 2 is a block diagram of forward channel generation in a CDMA
system;

FIG. 3 is a block diagram of a demodulator and deskew buffer
embodiment;
FIG. 4 is a is a block diagram of a demodulator and deskew buffer

35 embodiment;

FIG. 5 is a diagram of deskew buffer contents;
FIG. 6 is a diagram of a deskew buffer contents following a data rate
change; and



enbodinment; FIG 4 is a is a block diagram of a denodul ator and deskew
buffer 35 enbodinent; FIG 5 is a diagram of deskew buffer contents; FIG
6 is a dvegoam2ef a deskew buffer contents foll ow ng a dararmwatiet3sm®hange;
and WD 02/ 43267 PCT/USO01/43579 5 FIG 7 is a flow chart of a deskew
buffering method. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5
FIG 2 is a block diagramof forward channel generation in a CDMA system
such as one used in 1S-95. Digitized dabPa is input to a convol utional
encoder 202. Th ltl e | | y encoded voice
signals or ﬁ‘g 5&7@%&@%@&%@%?@&& ng Iﬁéﬁhgfigl tal formor is
digitized usi ng an 10 Anal og to Digital Converter (ADC). The digitized data
may be provided t E*I%IEEDT)ES@@P (‘)NC@.F TEPEPREFERREMt data rate
or at a variable data rate. coder 202 i1s used to encode
the data signals to aIIowfor f rection (FEC) at the
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ratio of energy per bit to noise. A predetermined BER can be maintained at the
receiver using a lower transmit power when the signal is convolutionally
encoded. The encoded output of the convolutional encoder 202 is coupled to a

20 block interleaver 204.

The block interleaver 204 is used to shuffle the order of the
convolutionally encoded data bits. The block is arranged as a matrix of M rows
and N columns. M and N are determined by the specification, but are chosen
to allow one complete 20 mSec frame to be interleaved within one block.

25 Interleaving is used to combat burst errors such as are created by multipath
signals. In a wireless communication system, the mobile wireless receiver
receives signals that are subjected to many varying paths. The multipath
signals result in signal fades that cause burst errors. Shuffling the transmit
signal in an interleaver allows the burst errors to be separated at the receiver

30 following de-interleaving. The interleaved signal is coupled from the output of
the block interleaver 204 to one input of an exclusive or (XOR) stage 208.

The XOR stage 208 receives input signals from the block interleaver 204
and a long PN code generator 210. The resultant output is a scrambled version
of the data. The long PN code is generated from an order 42 polynomial and

35 operates at the chip rate. The output of the block interleaver 204 does not
operate at the chip rate, but rather at the data rate scaled by the convolutional
encoder 202 rate, known as the symbol rate. To compensate for the differing
rates of the symbol rate and the long PN code, the long PN code 210 is



30 follow ng de-interleaving. The interleaved signal is coupled fromthe
output of the block interleaver 204 to one input of an exclusive or (XOR)
st age 2080 Mhe3250OR st age 208 receives input signals from PORURBNIGISKETI

interl eaver 204 and a |long PN code generator 210. The resultant output is
a scranbl ed version of the data. The long PN code is generated from an
order 42 polynom al and 35 operates at the chip rate. The output of the
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20 signal processing stages.
A receiver in a CDMA system must be capable of demodulating the
forward channel in order to recover the transmitted data. As discussed earlier,
the coherence window of a CDMA signal is on the order of 800 nS. Therefore, a
CDMA receiver may implement a number of demodulating fingers and assign
25 each of the demodulating fingers to a separate multipath signal. The
demodulated data from the fingers can be coherently summed to increase the
signal power without increasing the amount of non-coherent noise power. An
exemplary embodiment of a CDMA demodualtor having two demodulating
fingers is shown in a block diagram in FIG. 3. Although only two fingers are
30 shown in FIG. 3, it will be understood that any number of fingers may be
implemented in a CDMA receiver and that the number of fingers and their
assignment is a design task that is independent of the design of deskew
buffering the signals from each of the demodulating fingers.
A first demodulating finger is labeled demodulating finger 0 302. The
35 main functions of each finger are quadrature despreading of the input signal,
uncovering the forward link Walsh cover, frequency tracking the signal in a
single path, time tracking the signal for a single path, and signal level



denodul ated data fromthe fingers can be coherently summed to increase the
signal power w thout increasing the anmount of non-coherent noise power. An
exenpl ar wenbetsnent of a CDVA denodual t or havi ng two denpdDiUsel/43§79 fi ngers
is shown in"a block diagramin FIG 3. A though only two fingers are 30
shown in FIG 3, it will be understood that any nunber of fingers may be

I npl emented in a CDVA receiver and that the nunber of fingers and their
assi-gnment is a design task that is |nde7pendent of the design of deskew
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coupl eyt O giif is tracked and demodulated in the first demodulator finger 302. The
output of the second demodulator finger 304 is coupled to a second deskew
buffer 314. The output of the second deskew buffer 314 is coupled to the
combiner 320. It can be seen that any number of demodulator fingers con be

implemented in the same structure shown in this embodiment. Each
. 25  demodulator finger receives the same composite signal composed of multipath
signals, tracks an individual signal path, aligns the demodulated symbols in an
independent deskew buffer, and coupled the deskew buffer to a common
combiner.  Additional demodulator fingers may be dedicated to signal
searching or may be assigned to signal paths originating from alternative

30 sources. The demodulated symbols from these additional demodulator fingers
may not be combined with the demodulated symbols from the first signal
source. As an example, a demodulator finger tracking the pilot signal from a
neighboring base station would not ordinarily provide the demodulated
symbols to the combiner. '

35 The contents of the deskew buffers for a particular instance are shown in
FIG. 3. At an arbitrary instant in time the first demodulator finger 302 will be
demodulating symbols from a particular signal path. The demodulated
symbols are then written into a deskew buffer 312. Suppose the demodulator



conmbi ner 320. It can be seen that any nunber of denodul ator fingers con be
I npl emented in the sane structure shown in this enbodi nent. Each 25
denodul atvoo 0f/#32gEr recei ves the sane conposite signal conpobp®doiof3stul ti pat h
signals, tracks an individual signal path, aligns the denodul ated synbol s
in an independent deskew buffer, and coupled the deskew buffer to a comon
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searching or may be assigned to signal Paths orlglnatlng fron1a|ternat|ve
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demodulated during the time frame represented by the number of buffer
locations. For purposes of illustration, assume the signal path demodulated in

the first demodulator finger 312 represents the earliest arriving signal.
The second demodulator finger 304 tracks and demodulates a later
25 arriving signal path. The demodulated symbols from the later arriving signal
path are stored in the second deskew buffer 314. The second demodulator
finger 304 uses its PN counter to establish the offset of the signal path relative
to the beginning of the PN sequence. The second demodulator finger 304 then
uses the PN count to position the demodulated symbol in the second deskew
30 buffer 314 such that it aligns with the corresponding symbol in the first deskew
buffer 312. It can be seen, by examining the contents in the second deskew
buffer 314, that a symbol, A', demodulated in the second demodulator finger
304 is written in the same relative position in the second deskew buffer 314 as
the corresponding symbol, A, written in the first deskew buffer 312. Thus, the
35 demodulated symbols from each demodulator finger are aligned in their
respective deskew buffers using a PN counter that tracks the PN count relative

to the beginning of the PN sequence.



| ocations. The deskew buffer 302 nmay be configured as a circular buffer to
20 allow the contents at any tine to represent a noving w ndow of the
synbol s wenmpdubated during the tine frame represented byPCheESowusser of
buffer |locations. For purposes of illustration, assune the signal path
denodul ated in the first denodul ator finger 312 represents the earliest
arriving signal. The second denmpdul ator finger 304 tracks and denpdul ates a
| ater 25 arriving signal path. The denddul at ed synbols fromthe | ater
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402 represent symbols from the earliest arriving signal path, the demodulated
symbols overwrite previously aligned symbols in the deskew buffer 410. This
does not create any loss of information as long as the symbol is read from the
deskew buffer 410 prior to overwriting by the new symbol.

25 A second demodulator finger 404 is assigned to track and demodulate
symbols from a later arriving signal path. Demodulator finger 1 404, and any
additional demodulator fingers that demodulate later arriving signal paths, use
their independently generated PN counts to align the demodulated symbol
with the location of the symbol from the earlier arriving symbol path. The later

30 demodulated symbol is then added to the earlier arriving symbol and the result
is written into the deskew buffer 410 location that originally held the earlier
arriving symbol. The contents of the single deskew buffer 410 hold the
coherently summed symbols from the plurality of demodulator fingers. The
system time reference is used to read the contents out of the deskew buffer 410.

35 The system time reference is approximately six symbol periods after the earliest
symbol is written into the deskew buffer 410. However, the deskew buffer
contains the symbol that is the coherent sum of all demodulator fingers. Thus,
when the single deskew buffer 410 configuration is used no subsequent



pur poses, assune that denodul ator finger 0 402 is assigned to denodul ate
the earliest arriving signal path. The denodul ated synbols from

denodul atwoo 02/432emger O 402 are witten into the deskew buf PeT/U8dd135Phe
denodul ator finger O 402 uses its independent PN count to align the
denodul ated synbol in the 20 deskew buffer 410. Since the denodul ated
synbol s from denodul ator finger 0 402 represent synbols fromthe earliest
arriving signal path, the denodul at ed ]soynbol S overwite previousl y al i gned
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specificalion utili2288 a constant synmbol®rate of 19200 cod®38¢mhols per
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support data Tat esI m 307,200 symnmbol s per—secong down 10 0—symnbof|s per
second by |varying @2& \Wal sh | eéngth fromf¥ tao 512 [Table 1 t he
1.2288 128 9600
1.2288 256 4800
1.2288 512 2400
15

In one embodiment of variable data rate transmission using a variable
Walsh length, data rates change only at the 20 mS frame boundaries.
Additionally, the receiver is provided information as to the data rate in any
particular frame. The rate information may be provided on another channel,
20 such as a predetermined control channel. In another embodiment, the receiver
is not provided the rate information and the receiver must determine the data
rate from the received transmission. The operation of the deskew buffer is not
affected by the manner in which the demodulator determines the data rate,
provided the demodulator is able to accurately determine the data rate for any

25 transmitted symbol.
The depth of the deskew buffer must accommodate the highest data rate
implemented by the system. The time of arrival of the various multipath
signals doesn't change with the data rate, but the number of symbols



rel ati onship of the Walsh length to the synbol rate when using a constant
1.2288 Mcps rate. Table 1 Chip Rate (Mc s) Wal sh Length Synbol Rate (sym's)
1.2288 4v0#2267 1. 2288 8 153600 1.2288 16 76800 1.2288PGPUS@M3679 1.2288
64 19200 1.2288 128 9600 1.2288 256 4800 1.2288 512 2400 15 In one
enbodi nent of variable data rate transm ssion using a variable Walsh
length, data rates change only at the 20 nS frame boundaries.
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an arti o)
ch)a/mngl ggsuc Htgcqemtr ed %&gnuin %%8&10 annelﬂ%ﬁéf %‘gﬂlﬁérﬁgnﬁﬁgl ment ,
t he recei veate. iIs anetempbodintent, arcESkaWdauffﬁrciemhlerﬁlglmidsymbolse@eufimentust
det er m ne r I t T n of
fhe: Goskon DeapiEie all BlupdRibna, iREFLYEEm 48R3 ”% 2ARey bR pactatnar o
det er mi nesratRangdaa ¥Valgh tengthof dduts. tH@W@@ﬁbdﬁh@% e cipfeisipatainedt el v

get Er i Eef ?ﬁ@ tH@Vfialél@‘l& tH lis ?é&hcea&_totfbﬁf@{% gcht?@yﬁtﬂtﬁpeéte id b7 M?éﬁn@&lsz Ee
eskew buffer nust, a e i rate nt éd by the
Syot em " ThBS SRONG: S5 S1 Aok HHLted AR Sl Be ik prsed B i aaeal o
change witba tlueed&t@m@trmln ath titve windosy. of synbol s WO 02/ 43267

PCT/ USO1/ 43579 I d t s

proportional torél @gﬁgﬁé Xﬁe gﬁqﬁgae odﬂrr\réegfefsp%‘k’de fg&l Ia%ﬁm 571 gpt h of
ei ght synbeymbpls. sThe system tlmeorefamlae asadl | tormehd i symbrols iogih aif $he mleak@yst em
usi ng g019gQfes i n@? rch%ﬁ%@ Nith the B Adémd 1h§ﬂ%93h130fma§ﬂtal?hécf -at

However, when the c I ntained 5 and the Wal l ength 1s reduced
to four bi @Bprq%asﬂg Cﬁ%@%?qlgi gtbso%@ @F@Vlrfﬁ'e?}’@g bnﬁﬂ &edeskew
buf f er depahslmwsuoulﬂ@rl ke asitldornlg HeZasécyfmoﬂfe T heﬁa@étblflﬁté hSoﬁn@rEﬁ“ the

g‘éH Ihp?ts ht 1§ %W%u%gmocaﬁons %?fl no?‘:) en 1r?to Wﬁen Power 3 ttatrgt%s guees Ese Vc\:ll buf fer

As an example, the dernodulatmg symbols at the highest data rate

15 'results in all of the deskew buffer locations being used. In the embodiment

described above, all 128 locations will be used at the highest data rate. When

the data rate changes to one half of the highest data rate, one half of the deskew

“buffer locations are sufficient to represent the number of symbols in the same

time frame. Therefore, only one half of the deskew buffer locations will be

20 written into using the lower data rate. Similarly, when the data rate is further

reduced, even fewer locations within the deskew buffer will be written into.

The demodulator finger can write its contents into the deskew buffer using a
number of methods.

In a first embodiment, the first location in the deskew buffer corresponds

25 to one of a predetermined number of offsets in the PN circle. The earliest

demodulated symbol is then written into the first deskew buffer location and

subsequently demodulated symbols are written into the next higher deskew

buffer location. In a deskew buffer having 128 locations, with the locations

identified from 0-127, 00H-7FH, the earliest demodulated symbol is written into

30 location O0H and the following symbol is written into location 01H. As stated

earlier, when the highest data rate is received, the deskew buffer writes in all

locations. When one half the highest data rate is received, the earliest arriving

symbol is still written in location 00H and subsequent symbols are written into

the next higher locations, but only one half of the locations are written into

35 before the deskew buffer is cycled back to location 0. When the lowest data rate

is used, a demodulated symbol is only written into location 0. A first set of data

502 written to the deskew buffer is shown in FIG. 5. Subsequent data 504 from
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alternating locations when the deskew index is two. Similarly, at the lowest

data rate shown in Table 1, the deskew index is seven. In the second

embodiment, the lowest seven bits of the deskew buffer address are truncated

and replaced by zeros. Thus, the demodulated symbol is written in location 0

25 of the deskew buffer. In the second embodiment, the first symbol demodulated

in the multipath window is always aligned in the first deskew buffer location
regardless of the data rate.

In a third embodiment, the demodulated symbols are written to a

deskew buffer address having the lower bits truncated and replaced by ones.

30 The number of bits truncated corresponds to the deskew buffer index as it did

in the second embodiment. In the third embodiment, the lowest bits

corresponding to the deskew index are OR'ed with ones. The highest data rate

uses all deskew buffer locations since the deskew index is zero and no deskew

buffer address bits are truncated. When the data rate is reduced to one half the

35 maximum data rate, the corresponding deskew index is one. In the third

embodiment, a deskew index of one results in the lowest bit of the deskew

buffer address being OR'ed with a one. Thus, only alternate locations in the

deskew buffer are used, but in contrast to the second embodiment, the



according to a deskew i ndex that corresponds to the received data rate.
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end of f} daga Tate 16 éﬁc a'i‘herefore, in the defined 512 chip multipath window 610 only
one symbol is demodulated at the lowest data rate. The contents of the deskew
buffer before and after the data rate change, using the second embodiment, are

shown in 622 and 624.
Prior to the data rate change the data is received at the lowest data rate.
25 The lowest data rate corresponds to a deskew index of seven. In the second
embodiment, the lowest deskew buffer address bits are logically AND'ed with
zeros. The deskew index represents the number of bits to be logically AND'ed
with zero. Therefore, in the second embodiment, the symbol demodulated in a
multipath window 610, using the lowest data rate, is written into location 0 of
30 the deskew buffer. The contents of the deskew buffer at the lowest data rate
622 show the demodulated symbol, A, written into location 0 of the deskew
buffer and previously demodulated symbols, denoted by X, written into the

remaining locations.

The deskew index changes to zero following the change to the highest
35 data rate. The Walsh length at the highest data rate is four. Therefore, the next
symbol is demodulated after only four chips. The symbol is demodulated at
the start of a new multipath window so the demodulator finger writes the
demodulated symbol to deskew buffer location 0. No bits in the deskew buffer



group of denodul ated synbols having a deskew i ndex of one is shown in FIG
5 as 522. Simlarly, where the deskew index is seven, the | owest seven bits
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denodul at ed synbol being witten into the highest location in the deskew
buffer 524. FIG 6 shows the contents of a deskew buffer before and after a
data rate change. One nultipath wi ndow 610 of 512 chips is shown on the PN
circle 602. The PN roIIover boundary 604 is shown at the top of the PN
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corresponding to the deskew index number. The lowest data rate has a deskew
index of seven which results in the lowest seven bits of the deskew bulffer
address being logically OR'ed with 1's. The result is that the one symbol
demodulated at the lowest data rate, A, is written into location 127.

25 The contents of the deskew buffer following the change to the highest
data rate 634 shows the demodulated symbols being written to the deskew
buffer starting at location 0. The deskew index is zero at the highest data rate
which results in the demodulated symbols being written into the deskew buffer
starting at location 0. The contents of the deskew buffer following the data rate

30 change 634 show the symbols demodulated at the high data rate, A’ and B/,
written into locations 0 and 1. The symbol, A, demodulated in the previous
multipath window at the lowest data rate, remains in location 127 and is not
overwritten by another demodulated symbol until 128 symbols later. The
symbols are read out from the deskew buffer approximately 384 chips after first

35 Dbeing written into the deskew buffer. It can be seen that the third embodiment
results in no symbol loss when changing from a low data rate to a high data
rate.



denodul at ed synbol to deskew buffer location 0. No bits in the deskew
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later. sheyuncated is equal to the deskew index. The predetermined sequence of bits is
equal to all zeros in one embodiment and is equal to all ones in another
embodiment. The routine next determines whether the demodulated symbol is
from the demodulator finger assigned to the earliest arriving signal 720. Where
the deskew index is zero, the routine proceeds directly to this block 720.

25 If the symbol is from the earliest arriving signal the routine writes the
symbol directly into the deskew buffer in the location determined by the
modified deskew buffer address 730. However, if the symbol is not from the
earliest arriving signal, at least one other symbol has been previously
demodulated and written into the modified deskew buffer location. The

30 routine proceeds to read the symbol from the modified deskew buffer address
722 then combines the read symbol with the demodulated symbol 724. This
method allows coherent summing of the aligned finger outputs using a single
deskew buffer. The combined symbol is then written into the modified deskew
buffer address 730. In this manner, a single deskew buffer may be used to

35 combine the outputs from a plurality of demodulator fingers while accurately
buffering the symbols for subsequent stages. The deskew buffer thus provides
the demodulated symbols to the subsequent stages regardless of changes in the
received data rate.



synbols are read out fromthe deskew buffer approximately 384 chips after
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722 then conbi nes the read synbol with the denodul ated synmbol 724. This
nmet hod al | ows coherent summ ng of the aligned finger outputs using a single
deskew bwé er/4326he comnbi ned synbol is then witten into tpher/wsdiv435md deskew
buffer address 730. In this manner, a single deskew buffer may be used to
35 conbine the outputs froma plurality of denodul ator fingers while
accurately buffering the synbols for subsequent stages. The deskew buffer
thus provi des the denpdul ated symbols 0 the subsequent stages regardl ess
of changes in the received data rat€ELAYMB/ 43267 PCT/ US01/ 43579 16 Those
of skill would further appreciate that the various illustrative |ogical,
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skilled in the drt tdheafesten efselaime lpvbeeain thaviirst idemodidetorvingaus
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enbodi nents sho herein _but i t.0 he accorded t w dest scope copsi st ent
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02/ 43262 Pchregouid3®zodeskewlntiedBuniberA syst em of deskew buffering synbol s

conprising: 2 a first denodul ator finger adapted to denodul ate CDVA

signal s; and a deskew buffer coupled to the first denodul ator finger;
The system of Claim 3 wherein the demodulated symbol value is

2 written into the deskew buffer location corresponding to the PN count value
having a number of lower bits truncated and replaced by the predetermined bit
4 sequence,

5. The system of Claim 4 wherein the number of lower bits
2 truncated from the PN count value corresponds to the deskew index number.

6. The system of Claim 5 wherein the predetermined bit sequence is
2 all zeros.

7. The system of Claim 5 wherein the predetermined bit sequence is
2 all ones.
8. The system of Claim 3 wherein the demodulated symbol value is

2 written into the deskew buffer location corresponding to the PN count value
having a number of lower bits logically AND'ed with the predetermined bit
4 sequence.

9. The system of Claim 8 wherein the number of lower bits
2 corresponds to the deskew index number and the predetermined bit sequence
is all zeros.



4 wherein the first denodul ator finger has a first PN counter and wites a
denodul ated synbol into a deskew buffer |ocation according to a PN count 6
val ue nodvé oBeB2by a predeterm ned bit sequence. 2. The syBCEES@f43€9%i m 1
wherein the first denodul ator finger is 2 adapted to denodul ate a
plurality of data rates, each data rate corresponding to a unique Wal sh
code length. 3. The systemof Caim2 wherein each of the plurality of data
rates 2 corresponds to a deskew i ndex Kunber. 4. The systemof Claim3
wherein the denodul ated synbol value is 2 witten into the deskew buffer
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truncated and repl ace he pre gterm ned sequenc e system
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wherein the %{Eda ermned bit sequence is 2 all zeros. 7. The system of

d ai m 5%h&* BN Ehe predeternined bit sequence is 2 all ones. 8. The
system of Claim3 wherein the denodul ated synbol value is 2 witten into

t he deskew buff re P u i.Ng a
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correspondg dip 4de deskew i ndex nunber and the predetermned bit sequence
is all zeros. V\D 02/ 43267 PCT/ US01/ 43579 18 10. The systemof Claim 3
wherein the denodul ated synbol value is 2 witten into the deskew buffer

| ocati on Corresm@ndl Thetdystdie dINCRAHNY Hath@ chaprBihgd anhiieiudf of @wer bits

o0 cally O e B B e Rfl?@ﬁm?al;?]eﬂﬁ@ﬁﬁwag Hrigel Mg el
i ndex nunbessoaiaded RN priedet, endiwberebit sequence is all ones. 12. The
Lo 8o 2 il oA 5008 B ) S S o
earliest arr1v1ng mul’apat signal;
6 each of the additional demodulator fingers is assigned to demodulate
one of a plurality of delayed multipath signals;
8 each additional demodulator finger determines a deskew buffer location
according to its PN count value modified by the predetermined bit sequence;
10 and |
in order of a time of arrival of the delayed multipath signals, each
12 additional demodulator finger reads the symbol from the deskew buffer
location, adds the demodulated symbol from the additional demodulator finger
14 to the read symbol value, and writes the sum back to the deskew buffer

location.
16
13. A system of deskew buffering symbols comprising:
2 a first demodulator finger adapted to demodulate multirate CDMA
signals;
4 a first deskew buffer coupled to the first demodulator finger;
a second demodulator finger adapted to demodulate multirate CDMA
6 signals;
a second deskew buffer coupled to the second demodulator finger; and
8 a combiner coupled to the deskew buffers;

wherein the first demodulator finger has a first PN counter that writes a
10  first demodulated symbol into a first deskew buffer location according to a first
PN count value modified by a predetermined bit sequence, the second



associ ated PN counter, and wherein: 4 the first denodul ator finger is
assigned to denodul ate a signal froman earliest arriving nultipath

signal ; &veawis2ef the additional denodul ator fingers is aBET/UREH3ISTY

denodul ate one of a plurality of delayed multipath signals; 8 each

addi ti onal denodul ator finger determ nes a deskew buffer |ocation

according to its PN count value nodified by the predeterm ned bit sequence;
10 and in order of a time of arrival ofl{he del ayed nultipath signals, each

12 addiqti I i | .. ffer
ocat | o - SOt KRIeRE hap A3ELond PRP ol KR drileh Aeb g LBt
finger 14 symbrintead sesaishreskaw duftendogatiareaccondingutio d ae¢ond PRheowats kew
buf fer 14 o¢aticmodifed By the gﬂé&@c@}rﬁfnééﬂﬁ'f% IRHES AN hS YORBlrRer GRTRY %) N9: 2
a first dermg‘%lat?r flrc}ger dapt ed to _denodal at e qult,lrate CDMA signals; 4
a first de¥REgshofidie dBahiay sscond feskew dmideru lasaions; agerding stec énd
denodul 1@ opréddteehiradanisedn tionelgaforbricat e multirate CDVA 6 signals; a
second deskew buffer coupled to the second denodul ator finger; and 8 a

conbi ner coupled to the deskew buffers; wherein the first denodul at or
finger has a fiid4t PNhemysten affGlaimr 13 esheareinl thef firstdedeodulatat fdgearyisbol

modli 11 ed by R R b ey el %??g;%%ﬁ@n %?ﬁi%‘al 308 e pon R natd ve

PCT/ US01/ 435per ispssigneddanaiglayest ntultigath sigsala second PN counter that
wites a second denodul ated synbol into a second deskew buffer |ocation

according to a cond PN, coun 4 val ye .nodif ] by the predeterm ned bit
sequence, and the co%ov}?éﬁl0§8hée§1??¥§a G@Qg&fébm§¥8‘?ﬁlc IS8¥nd deskew
buf fer I20cati ongleaaahilaiing anoeardiestl Gripviagdedignali toeekisys taamesilivet aef ce.
14. The sy Cl al b rein the f4 'dﬁf”i&d ator .finger is

assi gned tc%%‘?oggnr Fg’él?f rga’tr%rs \S/t:%ﬁrgh%‘lr% apgft"{l{aféiiyg a ay?nacofaﬁée%%@(%d

denodul dt or fi ajgningsthessirjesd dirriving dpinhpktb andeskeyatbuifer galressitsing amret hod
of deskew pif f&idiRehife,COVA signal conpri sing:

6 modifying the deskew buffer address; and
writing the earliest arriving symbol into the modified deskew buffer
8 address.

16.  The method of Claim 15 wherein modifying the deskew buffer
2 address comprises:
| truncating a number of lower bits of the deskew address corresponding
4 . to a deskew index, wherein the deskew index corresponds to a data rate;
replacing the truncated number of lower bits with a predetermined bit
6 sequence.

17. The method of Claim 16 wherein the predetermined bit sequence
2 isall ones.

18.  The method of Claim 16 wherein the predetermined bit sequence
2 isall zeros.



2 denodul ating an earliest arriving signal to extract an earliest arriving
synbol in a nultirate systemhaving a plurality of WAl sh code |engths; 4
al i gni ngwoe2exrstiest arriving synbol to a deskew buf fer RAUNUSEIZ3EB Nng a
PN count value; 6 nodifying the deskew buffer address; and witing the
earliest arriving synbol into the nodified deskew buffer 8 address. 16.
The nmethod of C aim 15 wherein nodifying the deskew buffer 2 address
conpri ses: truncati ng a nunber of |owersbits of the deskew address

corresponding 4g Tﬁeqﬁ‘&h%ﬁ[df'ﬂﬁﬁn 1%9@13&%12%&9&91 ew i ndex corresponds
e

to a data rate; replacm trunca ower bits with a
pr edet e ned bd@mosh%fm&rn: glelayed signakdoheytraet a delayed symabel in tihe

predet er m padtibite sZ@t@H@HQﬁn gahb 1@4al11t§aeﬁwa1§18coa'é1@ shod of Oaim1l6
wherein the pr edg I m nl‘]%éfe:]r%)f 0& Gla Jﬁ 02/ 43267
PCT/ USOfy 43579 23§nipg, t t; the gleskew re§snysing a
denodul at i dglagzed@}ay,ednsvga@ to extract a del ayed synbol inthe multirate
system havi ng 't he u e lengths; 4 aligning the del ayed
synbol {ég t he d&%ﬁt@” F#‘%ﬁegﬁwvﬁgﬁgqb%&ﬁfges% del ayed PN count val ue: 6
nodi fyi ng t he desidinglbyfreeioualidsaes!;synalanl |frrgnah@desrkembhﬁesaddnbssynbol from
the deskew buff ﬁ%cj{ S sly
saved synbol toggro g%(zelag%cf‘r}%ﬁgl Hﬁﬁkgﬁl&}ﬁ%bﬁ%&u&l ¥ ng Oaﬁ%lgﬁed
synbol i nt eombinadoyirnbeliandskew buffer addr ess.

10 writing the combined symbol into the modified deskew buffer address.



