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(57) Abstract

A system and method for coherently demodulating an uplmk signal in a multirate, CDMA system. By first demodulating information
in a control channel which relates to the data rate of a data field in a frame of the data channel of the recelved signal, phase information
can be derived so as to generate a reference for coherent demodulation. .




smal | er size, reduced cost or sone other advantage. For exanple, base
stations with inproved reception capabilities will allow nobile stations to
use lower transmt power, resulting in inmediate savings in battery power.
Alternately, 30 the.inproved signal detection can also be used to, for:
exanple, inprove link quality. Coherent detection, whereby the change of
phase induced in a received radi o signal by the radi o channel is undone by
correlation to a reference signal, is preferable for receivers 2to

non- coherent detection which derives an estimate of the sought signal from
both quadratures and thereby faces a loss of up to 3 dB relative to
coherent -detection. Thus, coherent rather than non-coherent detection is

typically the preferred 5 choice. Techni ques for both coherent and
non- coherent detection are well known, but their usage depends on the
availability of reference signals. |[If a reference signal exists, coherent

detection is the typical choice, otherw se non-coherent detection nust be
used. The reference signal can 10 be a dedicated pilot signal or sinply
pil ot synbols known to the receiver which are interspersed with the data -
signal. Systens based on Tine Division Miltiple Access (TDVA) often
incorporate pilot or- reference synbols interspersed with data synbols. WWen
information in one Ilnk i s decoded,
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15 i nf or masw@es/3olgecach tine slot is considered individuall Y.p d.lt)%{ gﬁb‘igg t he
reference information. This reference infor- mation can eithe unped
together in one portion of the tinme slot ,or spread throughout. In either
case, the reference information is time nultiplexed with user data.

iVarious 20 schenes are used to estimate the radi o channel at points within
the sl ot where no reference sanples are available. In direct sequence Code

Di vi si on Milat bERECAC SEQUENCBMADMA YCOKERENT IUPSINK DEFEGTOR ONt i nuous, i.e.,
users are distin- guished through different codes rather than different 25
conbi nations of carrier frequency and time slot as in TDVA systems. |In the
recently announced U.S. standards for CDVA systens, |S-95, coherent

detection is assuned in the domhlinl?%&g_mmem i.e., fromthe fixed

base station down to the nobile stat a-base station can easily
pool resour- 30 Thes presembhinvenstienomelares ganexsike taerpdiocomrgnal
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however, Su%%eStedesl con%lnual improvement in the capacn:y, flexibility
and quality of such systems. Evolution in this arena has seen
the movement from analog to digital technology and from

10 frequency division multiple access (FDMA) to time division
multiple access (TDMA). Code division multiple access (CDMA)
provides some special features as compared with current TDMA
standards and may well be a good choice for future third
generation systems. While changing among different tech-

15 nologies has increased capacity, improving the efficiency of
system components is also necessaryl to provide the degree of

- additional capacity reqﬁired by consumer demand. Thus, for
example, continual efficiency improvements are being achieved
in the transmitters and receivers of radiocommunication

20 systens. _

In receivers, relJ.able detection of data is dependent
upon the ability of the receiver to resolve ambiguities in
r:'eceived signals. A receiver with superior detection perfor-
mance relaxes the constraints of other parts of the com-

25 mgnication system which translates into increased capacity,

 smaller size, reduced cost or some other advantage. For
example, base stations with improved reception capabilities
will allow mobile stations to use lower transmit power,
resulting in immediate savings in battery power. Alternately,

30 the improved signal detection can also be used to, for
example, improve 1ink'quality. ' |

_Coherent detection, whereby the change of phase induced
in a received radio signal by the radio channel is undone by
correlation to a reference signal, is preferable for receivers



for the uplink since coherent detection would not be supported in the

upl i nk bwOeasiaozsef er ence si gnal s. In the uplink, signals £k €
stations traverse unique radio channels 5 and thus a comon pi [ ot resource
is not avail able. Mreover, the uplink nodul ation nmethod is Mary

ort hogonal signaling, which can easily be detected non-coherently by a .
square-|law detector. Although coherent detection of an Mary orthogonal

- signal per se can be achieved, such detection cones only with 10 a
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Trtrfuchgs ditetas pilof Sinst on 5 iyrapslosseumes koowncrpl ary
enbodi nethe péceiveprwisich are dntierspearal aiitiiehecinen sighlg, upl i nk can
be provided gystems based on Time Division Multiple Access (TDMA) (
often incorporate pilot or reference symbols interspersed
with data symbols. When information in one link is decoded,

15 information in each time slot is considered individually,
including the reference information. .This reference infor-
mation can either be lumped toggther'ih one portion of the
time slot or spread throughout. In either case, the reference
information is time multiplexed with user data. Various

20 schemes are used to estimate the radio channel at points
within the slot where no reference samples are availabie.

In direct sequence Code Division Multiple Access (CDMA)
systems, transmission is continuous, i.e., users are distin-
guished through different codes rather than different

25 _éombinations of carrier frequency ahd time slot as in TDMA
systems. In the recentiy announced U.S. standards'for CDMA
systems, IS-95, coherent detection is assumed in the downlink
of the system, i.e., from the fixed base statlon down to the
mobile station. Since a base statlon can easily‘pool resour-

30 ces, all mobile stations in a cell shére one pilot signal
which prov1des a phase reference for coherent detection.
Often, this pilot signal is transmltted with more power than
the 51gnals unique to each base station-mobile station link.
Thus, a rellable reference of the radio channel is establls-

35 hed.
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30' using i n already provided in nultirate COVA systens for an
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the data rate at which information in a data field of each frame is

transmtted
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ue to the powerful
sdignal per s% can be accfne\ged such detection comes only with

a cons:.der_able increase in complexity.

Coherent detection can also be obtained in DS-CDMA with
pilot symbol aided detection techniques as described in P.
Hoeher, "Tradeoff between Charnel Coding and Spreading for DS-
CDMA," RACE Mobile Telecommunications Wor shop, Metz, June
1993. This approach is also prbblematié since, due to the
fast variations of the channel, it would be necessary to
distribute the pilot symbols over an entire frame. In a CDMA
system with variable bitrates and spreading factors it would
become complicated to introduce pilot symbols interleaved
with the data sequence. Absent some way in which
coherent detection can be provided in the \iplink, it will be
necessafy to use non-coherent detect'ion' and accept the

corresponding reduction in system performance. Accordingly,
it would be desirable to provide a system and method for

| b@ﬁ’eﬁeﬂét&‘ﬁé@@l&fx df&nt HSafRbraYdI eSS

coherent detection in, for eXample, the uplink of CDMA systems -

without introducing additional pilot symbols or signals.

SUMMARY _

According to exemplary embodiments 'o_f the present
invention, coherent detection in the uplink can be provided
using information already provided in multirate CDMA systems
for an independent purpose as a reference. For example,
information relating to the data rate at which information in
a data field of each frame is transmitted can be provided in
a control channel, which is transmitted in parallel with the
data channel, and demodulated prior to demodulation of the



provi ded thereto. Once the tag is known, it is then possible to form an
esti matwols3h48¢ radi o channel by re-encoding the tag bi t% onto_ the sanpl ed
signal . For each channel path the 20 conplex anplitude P CTREWE56 o | the
anpl i tude and phase, which in turn prgvi des the phase infornmation for the
channel which can be used to'coherently denpdul ate the data field. The.
fixed bit rate at which the tag field is transmtted can . be different than
the bit rate in the sought data field 25 and thus estimates are likely to

not be adaﬂaehmah ﬁ&qmtmméalplsas? hﬁddahplltﬁﬂxdéwh@fma%{bﬁ gap be

conpensat a sinple interpolation schene between
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of a DS- rans tin onase arate PN-sequence which is
5 syncthﬁﬁR%r ?%?é{)%/ t‘ﬁ’@ gﬂl— 8eq {E‘EEQFWECFW’@ forthardata contr ol
si gnal . fiiehd cofitthalt frgmal canrballmbwmwxas otagxesntainihg £népanation
bit rat Giﬂjsfdcdﬁ'txao{ ré}{E‘nane This tag can be drawn from a limited
10 alphabet and can be transmitted with h:Lgh redundancy. The bit
rate of the contrel channel can be fixed and will then be
known in the receiver. | '
As a flrst step in the decodmg process, the tag is
demodulated Since no_ pilot signal is ava:l.lable, ‘differen-
15 tially coherent detection is used. Reliable detect:.on of the
'tag can nonetheless be ach::.eved due to the powerful coding
provided thereto. Once the tag is known, it is then possible
to form an est:.mate of the rad:.o channel by re-encodlng the
tag bits onto the sampled s:Lgnal. For each channel path the
20 complex amplitude is found, i.e., the amplltude and phase,
which in turn provides the phase 1nformat1°n for the channel
whlch can be used to coherently demodulate the data field.
The fixed bJ.t rate at which the tag f1e1d is transmitted
_ can be different than the bit rate in the sought data field
25 and thus estimates are likely to not be aligned with the data
bits to be detected. However, this can be compensated by, for
example, a simple interpolation scheme between estimates from
the reconstructed channel which are available at the bit rate
of the tag field using knowledge of both the bit rate of the
30 tag field and bit rate of the data field. In this way,
estimates of the radio channel at the rate of the data field _
can be obtained, i.e., a pilot signal unique to each lmk is

LB

re~-constructed.
Thus, the present invention prov:l.des a method and system
35 for coherent de_tectlon, for example, in the upllnk of a DS-
CDMA system by transmitting on a separate PN-sequence which is
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present inv [ sults in superior decodlng performance, 5 which can be
capltallzed%8%9%&”&§ I nstance, savings in battery power andPGT i

iRk quality. BRIEF DESCRIPTICN'CF THE DRAW NGS The foregoi ng, and other,
obj ects, features and ad- vantages of tkme%wesent i nvention will be nore
readily 10 wunderstood upon reading the follow ng detailed description in
conjunction with the drawings in which: Figure 1 illustrates an exenplary
base station c t r t g
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DETAI LED DESCRI PTI ON Accordlpgﬁ, to ex g#%enbog#rent s of the present

i nventi.on, DEAHH Y PSR & §uBbg Yrate services, such as

speech, by prow di ng control information in each frame which specifies the
I nst ant aneous data synbol rate 30 for that franme. In order to acconplish

this in aregular tine
_ BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing, and other, objects, features and ad-
vantages of the present invention will be more readily
10 understood upon readihg the following detailed description in
conjunction with the drawings in which:
- Figure 1 illustrates an exemplary base station receiver
according to the present invention;
FPigure 2 illustrates an exemplary PCCH RAKE demodulator:;
15 . Figure 3 illustrates an exemplary tap of the demodulator
of Figure 2;
Figure 4 is a block diagram of an exemplary delay
estimation scheme:;
Figure 5 is a block dlagram illustrating amplitude
20 estimation according to an exemplary embodiment;
| Figure 6 illustrates an exemplary PDCH RAKE demodulator;
and _ _ :
Figure 7 illustrates an exemplary tap of the demodulator
of Figure 6.

25 _ . - DETAILED DESCRIPTION
According to exemplary embodiments of the present

invention, DS-CDMA systems can support variable bit rate
services, such as speech, by providing control information in
each frame which specifies the instantaneous data symbol rate

30 for that frame. In order to accomplish this in a regular time
interval, physical channels can be organized in frames of
equal length. Each frame carries an integer number of chips
and an integer number of information bits.



I nterval, physical channels can be organized in franes of equal | ength.

Each franeswsn2se es an integer nunber of chips and an integef %wm%k of
i nformation bits. 6 Using this exenplary frame structure, rate
control information can be provided fgf every CDVA frame by transmt- ting
this informati on on a separate physical channel. The physical channels .
carrying the data and the control infor- 5 mation can be denoted as

physi cal data channel (PDCH) and physical control channel (PCCH),

respecti veI y Usitng theksliexempibry shirdne  statucture £ i tv atettd |contiriedadi ng

vant agadiimdiih ¥ KRPeRL B4 Hor \hgtnd” DMk Ehe AF BN, 21 o

i nterfer&ing Ehipcinfonmakionronaai §epau9§espbﬁrsm¢alsy8mne§| nc&hehe chip
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coher ent R?%(?ét 5%63' %%P‘%}Mg %&ﬁfd‘l ?J‘ﬁ? &y%a%‘?%ﬁ% P&aﬁ&% ssi on
schene oPCHe axel knewn2a prieri to thee rlmavaa:mt ion. As nentioned
previously, | MfH¥otential advantages are attributable to variable

10 rate transmission. For example, interference can be reduced

!

for various users of the system since the chip rate is kept
constant and a lower bit rate gives a higher spreading factor, ‘
thus allowing a lower transmit power. Those skilled in the

art will readily appreciate how this -ability ‘to vary the -

15 information rate in a CDMA system can be used advantageously
to vary other parameters.

Exemplary embodiments of the present invention provide
systems and methods for coherently detecting DS-CDMA signals
in such a variable rate transmission scheme on the uplink,

20 i.e., at the base station. As mentioned previously, in order
to successfully demodulate variable rate transmissions, the
receiver uses infd_rma:tion regarding the rate at which the data
field is being transmitted. One way to accomplish this is to
provide information in the PCCH which indicates for each frame

25 the data rate at which the data field has been transmitted.

It will appreciated, however, by those skilled in the art that
in addition to the rate tag, the PCCH can also carry infor-
mation about many other parameters of the corresponding frame
in the PDCH, for example, power cont:rol, commands. -

30 . The structure of an exemplary base station receiver is
illustrated in Fig. 1. The received complex baseband signal
is first filtered with the pulse-shape matched filter 10 and
sampled at a rate of, for example, two samples per chip. Then
the signal is distributed to the control channel and data

35 channel RAKE demodulators 12 and 14, respectiveiy, and the
channel estimation unit 16. The demodulators 12 and 14 are
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to'successf% dul ate variable rate transm ssions, the receiver uses
information regarding the rate at which the data field is bei R§T/SES/00456
transmtted. One way to acconplish this is to provide information in the
'PCCH whi ch indicates for each frane 25 tHe data rate at which the data
field has been transnmitted. It will appreciated, however, by those skilled.
in the art that in addltlon to the rate tag, the PCCH can al so carry I nfor-
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‘The denodul ators. 12 .and 14 are al so provided with the correspon |ng PN
sequences foFafhBepgemodydassgd. b?hpﬁl' s? @ RRHEsnIf 4 front of
descri bed abppeH RARECHembdutatort 24 NdelfyeViriput O Eltekedt siga al

hfor mat §on tRAEStl daiEeY seedidEion B srEk dfea o ERE BrtE Vhneh(fs
frane buf f er transmiftited cohtihuonrslyl. RAkE presentceataf thée PRCH ¥epemds onf
the filtgped;:948ta rate which can, for example, be zero during pauses in
speech or data communications. If the PDCH is present, input
from that channel could also be used to form channel es-
timates. Two decision feedback paths (one path including |
quantizer 24 and another path including PCCH decoder 26 and
15 PCCH encoder 28) coming from t'_._he PCCH RAKE demodulator. 12 are
provided to obtain input signals for the channel estimation
unit, as described in more detail below. '
Since the PCCH is decoded before demodulating the PDCH,
different detection schemes are used on the PDCH and the PCCH.
20 The PDCH is coherently demodulated, while on the PCCH data are
differentially encoded to allow for differentially coherent
demodulation. Differentially coherent demodulation is a
scheme that uses the previously detected symbol as a reference
for the radio channel which is used herein since no infor-
25 mation of the complex amplitude is known. For coherent
detection the receiver uses ir_iformation regarding the delays
and the complex amplitudes of the rays that are to be used in
the demodulator. The delays can be assumed to change by less
than half of a chip interval T./2 (where, for example, T, = 200
30 ns for a 5 Mchip/s information rate), within one frame of, for
example, 10 ms. Therefore, delay estimation can be very

precise.

To obtain precise complex amplitude estimates of the

rays, on the other hand, is more difficult because the

35 amplitudes change at a faster rate than the delays. A complex
' amplitude estimation unit using previously detected bits as



thereto. Channel estimation is perforned on the PCCH which is transmtted
cont i nuBs%B028Phe presence of the PDCH depends on 10 it spEigdmdspogdse Whi ch
can, for exanple, be zero during pauses in speech or data communications.

If the PDCH is present, input fromthgt channel could also be used to form
channel es- timates. Two deci sion feedback paths (one path including
quantizer 24 and anot her path including PCCH decoder 26 and 15 PCCH :
encoder 28) conming fromthe PCCH RAKE denodul ator 12 are provided to obtain
i nput si gmaefefrenceheshbubdchavet annefdective, wﬁnddes]:éhﬁreﬁ soreée detail -
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prectQe. eW%‘?a‘?nE%r%%ﬁ‘stée%]r%&eﬁfrplm Lﬁ}tdbsﬁ inpdwlatsion achenss, on the
ot her hagisnpléx @pl ftide CastineEdvficis done implicitly on a single

bit period. ‘
An exemplary PCCH RAKE demodulator will now be described
with respect to Figures 2 and 3. In Figure 2, the received
15 signal is sent to each of a plurality of RAKE taps 210 each of
which have a different delay supplied thereto as well as the
PN sequence. Each RAKE tap 210 outputs a deépr_eading result
and a de;nodula’ted value, the despreading results being sent to
the channel estimation unit 16 and the demodulated values
20 being summed at block 215 to provide the control channel soft
output. Figure 3 illustrates each RAKE tap 210 in somewhat
more detail. The received signal is first delayed at 210 by
the appropriate delay for that tap. After béing delayed,' the
complex signal is multiplied with the inphase and quadrature
25 components of the PN sequence and partially integrated at
blocks 315 and 318 before being recom}qined at summer 320. The
output of summer 320 is taken as the despreading result for
that tap prio_r to being finally integrated at block 340. The
despreading result can be in_tegréted’ over a control channel
30 bit or partial correlations of a fraction of a bit duration.
Partial correlations are necessary when the channel varies
significantly during a bit period. The resultant value is
differentially demodulated using a delayed value of the
received signal at block 350 since no complex amplitude
35 information is available for the control channel. The



35 anpl i tud%%%e at a faster rate than the delays. A compl gx agBI I tude

estimation uni SI'ng previously detected bits as 8 a refeér M8yl d
haye an effective wi ndow | ength shorter than the mniml coherence tinme of
the channel, i.e., the inverse of tw ce t®e maxi nrum doppl er frequency [err]

.s0 that channel noise does not unduly effect the anplitude estimates. 5
Thus, for exanple, a wi ndow length of less than 2 ns would be appropriate
for a maxi mnum doppl er- frequency, of 250 Hz. Taking this _desirable feafure
into accountd?BﬁegﬁéFeﬂi PREPRE IR theR 3ent ke & 28AckRke asded $itRpe
PCCH, which the datphts efahe otherutaps02iecr], a nodul ation schene with
differentially 10

schene, conpl ex aﬁﬁ?‘gﬁjggggg?t?ﬁﬁg%gﬁgsggggkgxﬁggﬂnlsa}"igggﬁ%agg?%%?‘gﬁ
period. An eamdpeaff RECHsH/NME dereding; okhei [RCCiHedam bessriewed wis han
LRl L8, FaBERSEVentli | Sl PEERER 1A, a1
supplied t he'#%@'@&éaﬂéyl 1ead o2 s FREHEr ang c hagause Speinfoxmatian a
despreadi ng ¢££skkhittdddod ofmd Wadied e\ g.yetheheodstespiadai agUtdStoLj N9
sent to the channeliesélpfrat I%’?W&t 6 .a c-iwt he %grrgdul.a ed vgl.ggs 20, . bei ng
summed at bl HBIESTEEBE T Vi o Hranh8lse ot DIGERALE OnEPR Fhe 3
il lustrates paCh RKprotectéd by agpewérful encoding scheme to minimize
10 such errors. Since the decoded and re-encoded PCCH is an
effective pilot channel, it can be used for complex amplitude
estimation of the rays. The effective estimation window
length is determined by the filter coefficients described in
more detail below. This window 1erigth can now.. be doubled
15 because not only the past signal parts can be used for the
estimation process, as in the differentially coherent
demodulation scheme, but also the future signal parts can be
used to estimate the amplitude of a ray at a particular. time.
Having an increased window length will improve performance of
20 the receiver and is sufficient to provide accurate estimates
of the complex amplitudes" of rays and allow for coherent
demodulation of the PDCH. _ |

As can be seen from the foregoing, a channel estimation
process according to exemplary embodiments of the present

25 invention can be divided into two general steps: delay
estimation and complex amplitude estimation.

‘The delays are estimated on a frame by frame basis. A
long-term delay power spectrum (DPS) is estimated using one
frame of the PCCH. The deilays' of the strongest rays are

30 selected for use in demodulating the PCCH and PDCH in the next
frame. Instead of estimatirig a long-term DPS, a short-term
DPS can be estimated via a sliding window and the simul-
taneously strongest rays can then be used for demodulatioh.

Figure 4 is a block diagram of an exemplary delay

35 estimation unit according to the present invention. The
received signal is input '_to' a time variant matched filter 30



more detail. The received signal is first delayed at 210 by the appropriate '*

del ay f awoloksdzsdap. After being del ayed, the conplex sign I plied
wi th the inphase and quadrature 25 conponents of the PN gg'aiﬁgsriﬂgkggn

partially integrated at bl ocks 315 anf_318 bef ore bei ng reconbi ned at

summer 320. The out put of sumrer 320 % taken as the despreadi ng result. for-
that tap prior to being finally integrated at bl ock 340. The despreadi ng
result can be integrated over a control channel 30 bit or partial

correl at EBPSeQEJ.ﬁaEKﬁgt tﬂ? powér Rt _adﬂﬁ?'{:h.eﬁlflga%éii* 74 rF Lt?xte' pps.arc

necessa:}x nnel “vari es_ si cant peri od. The '
resul t andlbgrnatedya; f ¥er &adugs yhar éEFat%PEM’ﬁ-’bthn déilhﬂyeﬂat‘aheé of the

rece: vgfifﬂaaelt%etcsxh;wlrw%aﬁealwynaﬁwmi%o&m%ﬁgg% 5.otl aﬁ tionis
aval |l a r e control channe e
out put | ?ﬁeﬂ"%‘énf’“ﬁé’ REMEFOBS 5 A Bléea&'&é:(?w ?ﬂ%r% 5 g#‘the ot her

taps 210purpose.di fferentially coherent dem)dul ation of the PCCH and soft _
O o cr ottt PR-ERbr£30106e BB on Ve o BER EARGR lpChoe!
because the RGGH nENi SequUencsi Proyided rmpg@nev@tg:r 20c whichecis .
spr eadi nfiodatheed, s’ sﬁumedti»ahsﬁi&béensﬁtaﬂffefen{{baﬂyl 8heb4eg! on on
the bits. Since these dlfferentlally encoded bits are a priori
10 unknown, they are fed back from the PCCH RAKE demodulator 12
through quantizer 24. In order to meet timing requirements in
' the hardware, the bits are taken from the PCCH demodulator ' !
before decoding, i.e., from the feedback path of Fig. 1
- including quantlzer 24.. Alternately, if timing constraints
15 are relaxed, these bits could be taken from block 28. The
received signal is delayed at block 32 at the input of the
channel estimation unit until the corresponding filter
coefflc:Lents are avallable on output 35 of the modulator. At
the output of the matched filter 30 a per measurement interval
.20 estimate B of the channel impulse response vector h is
generated.
During a measurement interval, the filter coefficients
of the time-variant matched filter 30 are kept fixed. The
length of the interval determines the length of the estimated
25 irﬁ.pulse response vector. Therefore, the interval can be
chosen according to the longest possible :i.mpulee response to
be taken into account. The number of filter ceefficients in
the matched filter 30 determines th'e. correlation iength or
processing gain g. On the one hand, the gain €, should be
30 large enough to raise the impulse response above the noise
floor, on the other hand the correlation time (or gain <)
should be small compared to the coherence time of the channel,
i.e., the inverse of twice the maximum Doppler frequency fn max *
For example, the correlation length can be 500 us. _
35 A first short-term DPS estimate &, is obtained from the
impulse response vector § by taking absolute values and



PCCH i's prot@eamioiyy a powerful encodi n.g schenme to mnimze 1%{;&?#3;95/&{4595'

Si nce the decoded and re-encoded PCCH is an effective pilot c can
bejused for conplex anplitude estimation ofy the rays. The effective
estimation wi ndow length is determned by the filter coefficients described
.;in nore detail below This window |ength can now be doubl ed 15 because not .
only the past signal parts can be used for the estimation process, as in

t het differ gnt gqhgtiﬁgh&nt: _&m:;@c{mfiulﬁr?w *a@d 9fﬁ‘acehh‘inq|t goih hﬁt}f nhrreeb?éﬂnal
parts can be used_tQ _esti et he anpli e . of a_ray at ar ul ar, tine.
Havi ng an inc?EﬁEgélﬁlﬁ&&?PEngt ﬁ°\?ﬁglp Psﬁ:ﬁ‘&a&% ﬁgy%faﬁ'ﬂngé%df{ + FyRses
receiver and guesntféstiratesp @y aredaveragedtto gatoviniea finalkecestimated

:g”p' | tudes of § a¥ ?ofcn&k gl OV 9T 'b%'e}erdgpgglﬂmi(g rié)fthtel?aesg%?éstsan
e seen fromtThe foregoing, a channel "estimatl on process according To
exenpl ary Enbéddentify &he [rtyongesh paysnyvefheodedayscarnesrending oo

general stepsthd8ka¥a9star8is@ff fEfeAONES PurlBUtH Wik PECHTRhUOPDCHNRAKE
del ays are estinmate naframe_ by fra basis. _A |l ong-term del ay power.
spectrum (DPSS‘ePQ_ngPgREFeazué?‘?lg{‘bﬂé‘ gﬁ':?m‘-?e?}i fra8meeCH.  The del ays of the
strongest rays areFdg thel echetentlyupdratianpRDCH iRAKE Ndeibdil ater PDCH
can be est | mat BRCEPACROE; g MESHdonr aREding Eney sl R
rays can l@encompliezdanpl ithedecef dhemraysi gora pexr demodudeaitedi ngydmsisan
?’ég”p' ary del @i 35; n@3mAREbA" 14N b tAATIE P Proddis PR AVERladThg
results of the corresponding PCCH RAKE demodulated ray in
channel estimation unit 16, this part of channel estimation
unit 16 being shown in Figure 5. .
15  The despreading results can be viewed as noisy samples of
the time-variant complex amplitude modulated by the PCCH bits.
The modulation can be removed nearly perfectly because, after
decoding the PCCH at decoder 26, the modulating bits can be
obtained easily by re-encoding the information bits at encoder
20 28 as they were originally encoded in the transmitter. ' This
‘procedure transforms the PCCH into a pilot channel for PDCH
demodulation. ' '
After removing the modulation at block 39, the despreaé
ding results are filtered to reduce the noise by a time-
25 variant filter 40. The coefficients of filter 40 determine
the estimation window length. According to the exemplary
‘embodiment of Figure 5, these coefficients are fixed based on
i:he maximum expected doppler frequency. However, these
coefficients could be varied during processing to provide a
30 sliding estimation window which compensates for variations in
the Doppler spectra. Of course, changes in ,"the estimation
window will induce commensurate changes in the radio channel
so that if varying coefficients are used for filter 40, some
type of iterative process or decision scheme will be needed to
35 properly com‘pensaté f_o’z‘ such chariges.



received signal is input to a tinme variant matched filter 30 10 for
est i mat Wagst3ezs9power at a particular delay 32 in the DPS.pdAlidmsphadise! V. tO
reduce hardware conplexity, the matched filter 30 can be replaced by a set
of correlators (not shown) that use ley portions of the received energy
for this 5 purpose. The filter coeffiCients input on line 34 are taken.from
the PCCH PN sequence provided by generator 20 which is nodul ated, as in the
transmtter, by differentially encoded bits. Since these differentially

encoded bitS Aicmbu¥dOldnadlly %@wﬁné fﬁi@éﬁﬁ&%@ﬁ&&dfig% 8y PCOH RAKE

denodul ator 12 through{guantlze |n order to Treet timng requirenents

in the Rar BRERESIVR: B¥PONERElp ke‘ﬁ"?‘?% ife - FerMayeane atRackiarst o
decodi ngliriection fdmmnéﬁ@dnmﬁﬂaﬂed)aiéspﬁedaihg Tresl tsli o Hudislieer 24.

Caken | Eotfsane, ghaeEREA Sl bulbonls, (P8 Chas' LY Hanharnalitg ©, o
i npuf ofist rmlmhnalegdsgmtq arenpaxedintol a;meOpbimaipchimWémlarm
e huy FARGRAEE1RUE VL 2180 ObPuLed vl gbBEXIRYY Siftouflp %ﬂé?rféf“i e
channel SPRGHRM Pé’é'-pUHéE vb%tQﬁmPPF%tb%%*hY éepcmnﬁgc@ nt
i nt er valpefioie ftind emoxtidd Sotipflex amplitude estimates can be used
for PDCH demodulation, a rate adaptation unit 42 can be used
10 to adjust the estimates if the bit rates of the PCCH and PDCH
differ. - - | |
_ The complex amplitudes and delays received from channel ‘
estimation unit 16 are then sent to the PbCH RAKE demodulator
14 for coherent detection of that chénn_e_l'. . An exemplary PDCH
15 RAKE demodulator is illustrated in more detéil' in Figure 6.
Therein the received signal is dis_tribut_ed' to each of the
plurality of RAKE taps 1 through L (for simpl.ic'ity of the
figures only taps 1, 2 and L are illustrated in _Figuréé 2 and
6). The complex amplitude information and delé_y information
20 as well as the spreading factors of the control channel are
also used in each of the RAKE taps 610 as illustrated in more
detail in Figure 7. The received signal is again delayed by
- the amount determined by the'channe]_. e'stimaitio'n unit at block
710 and multiplied with the inphase and. quadratufe components
25 of the PN sequence for partial integration at blocks 715 and
718. The resultant values are summed at 720 and demodulated
using the knowledge of the complex ampl itude of the correspon-
ding ray. The output of the tap is then summed at 620 to
provide the soft output of the data channel.
30 The above-described exemplary embodiments are intended
-to be illustrative in all respects, rather than restrictive,
'of the present invention. Thus the present invention is
capable of many variations in detailed _imble___m_eh_t_ation that can
be derived from the description contain_ed hei_'ein by a person
35 skilled in the art. All such variations and modifications are



of" the tinmegywald-ahde Matched filter 30 are kept fixed. The | engi-psidbioddde
interval determnes the length of the estinmated 25 'inpul se response
vector. Therefore, the interval can be chosen according to the | ongest
possi bl e i npul se response to be taken i n&d account. The number of filter
~coefficients in the matched filter 30 determ nes the correlation | ength or-
processing gain C.  On the one hand, the gain C shoul d be 30 Iarge enough

to raise the inp | se S oye l.he n0| t Sk t he
correl ati on $PRBid %Feéa?‘goﬁ @:Hbﬁ lé s?r%? Jﬁp %’d‘o{l% %ﬁe coter ence time
of the channghvention a;lneieﬁmctdayothe/vfoélpwengaﬁilmnﬁDoppl er frequency
[err] For exanple, the correlation |length can be 500 [err]. 35 A
first short-termDPS estinmate [err] is obtained fromthe inpul se response
vector [err] by taking absol ute val ues and 11 squaring at bl ock 36.
Since the processing gain may have been insufficient for a good estimate,
several, i.e., [err], subse- quent estimates, [err] are averaged to provide
a final estimated [err] at block 38. The delay power spectrum/[err] is then
searched to 5 identify the strongest rays. The del ays corresponding to '
those rays are sufficient to run both the PCCH and PDCH RAKE denodul at ors
12 and 14 in the next franme. For the coherently operating PDCH RAKE
denodul ator 14 information is needed regardi ng the continuously changi ng
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10 conplex anplitude of the rays on a per denpdul ated ray basis. This

| nforrrawag,;,bfggobt ai ned by processing the despreading reggiskos e
correspondi ng PCCH RAKE denodul ated ray in channel estinmation uélol‘ltgg]lG this

part of channel estimation unit 16 bg ng shown in Figure 5. 15 The
despreading results can be viewed as Roi sy sanples of the time-variant.

conpl ex anpl'itude nodul ated by the PCCH bi ts__Ihe_tn)dul-a{—l—en—ean be r enoved
nearly perfectly because, after decoding the PCCH at decoder

mdul.at%ﬁ%ﬂgﬁtm ned easily by re Hl lﬂ! rrratlon bits -
at enco 1b 8° Yy were originally encmﬁm{m F ‘ ‘ mtter.. This
procedure transforns the PCCH into a pil ot channef for DCH denodul ati on.
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means for coherently demodulating said data channel '
10 using the channel information generated by said means for '
demodulating said control channel.

{

e needed

2. The system of claim 1 further comprising:
' means for determining a channel estimate based on
the channel information input from said means for demodulating

said control channel; and
5 means for providing channel estimate parameters to

said means for coherently demodulating said data channel,
wherein said means for demodulating said data channel uses
‘'said channel estimate parameters to coherently demodulate

said data channel.

3. The system of claim 1 wherein said channel infor-
mation includes at least one of: despreading results, coef-
ficients, and modulating bits of said control channel.

4. The system of claim 2 wherein said channel infor-
mation includes at least one of: despreading results, coef-
' ficients, and modulating bits of said control channel.

5. The system of claim 4, wherein said_ means for
determining a channel estimate further comprises:
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recursive exponential wi ndow in forward and backward directio
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det ai | |n Figure 7. The received signal 1s agaln t he anount
determ ned by the channel estimation unit at bl ock

7. The system of claim 6, wherein said means for
estimating a complex amplitude uses a fixed estimation window.

8. The system of claim 6, wherein said means for
estimating a complex amplitude uses a variable estimation
window.

9. A receiver comprising:
an antenna for receiving a signal including
information indicating a rate of transmission of data in a
data channel;

5 a control channel demodulator which“demodulates a
control channel of said received uplink signal including said
information to generate a demodulated control channel signal
and despreading results;

~ a channel estimator that uses said received uplink
10 signal, said despreading i:'esu_lts and said demodulated control
channel signal to generate estimates of ray complex amplitudes
and delays; and .
_ a data channel demodulator which coherently
demodulates said data channel of said received signal using
15 said ray complex amplitudes and delays'.

10. The system of claim 9 wherein sa_id channel estimator

further comprises:
a delay estimating circuit including a time-variant
matched filter, having coefficients at least partially
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710 and multiplied with the inphase and quadréture conmponents 25 of the PN
sequencwoew3opsdrtial integration at blocks 715 and 718. Therdmesudesent
val ues are sunmed at 720 and denodul at ed ustnhg—the—*knowtedge—of the conpl ex

anmplitude of the correspon- ding rayjglhe ou i i s then summed ‘
at 620 to provide the soft output of the dat%%ﬁﬂi‘ﬂmﬁﬂmﬂm The .
above-descri bed exenpl ary enbodi nents are intf L O 0e strative in

all respects, rather than restrictive, of the present invention. Thus the
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considered to be within the scope and spirit of the present invention as

def i ned by  hey 0l it P bt o im VRS OR A IHERTN SALAIED | S 1

A communi cati on system“conpri sing: means receiving a si I ncluding a
dat a chafiHerher\FIRBPLE$eRbl e transnission rate data field and a

a delay estimating circuit including a set of
correlators which generates a channel impulse response..

12. The system of claim 9 wherein said channel estimator
further comprises: |
a compleﬁ: amplitude estimating circuit including
means for removing modulation of the despreading results, a ‘
5 filter and a rate adaptor which compensates for variations in ,
transmission rate between the control channel and the data
channel.

13. A system of claim 11 wherein said filter has a fixed
set of coefficients.

14. The system of claim 11 wherein said filter has a
variable set of coefficients.

15. The system of claim 11 further comprising:

a channel decoder for decoding the demodulated
control channel signal; and _

an encoder for re-encoding said decoded signal to

5 generate modulating bits of said control channel;

wherein said modulating bits are provided to said
' cc-mplex' amplitude estimating circuit to remove the modulation
from the despreading results.

16. The system of claim 9, further comprising:
a frame puffer for delayi'ng distribution of each
. frame of said received uplink signel to said data channel
demodulator until corresponding estimat.es for tha{: frame are
5 available from the channel estimator.




control changglesggmgci ated with said data channel ,Wgﬁel
I ncluding information indicating a transm s- sion ( '

transm ssion rate data field; means. for denodul ati ng said control channel
‘and generating channel information theref}bm and msimmmjﬂlu :HNQML
denodul ati ng said data channel 10 wusing the channel rated-
by said means for denpdul ating said control channel . The system of

o't he channer | nidemd SRS SofSHEELY %ﬁﬁﬂéﬁﬂﬁé 8RR

control chancoMA shgnsl comprlslnqnblaﬁssteps @&Vi di ng channel estinmate
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Wherein said neans for sal dat a channe uses “sal anne
‘estimat e par Andieating em%mﬁ *y‘raﬁﬁﬁefﬁﬁape Qfidrtmia amlakrichannel pfe

system ofg cl ghialrubei o eBMA §;t§ym;§} i nfor- mation includes at |east one
of : despreading result cqef - f.icie an ati bits ,of sai

control channel. 4. $ﬁ§' &)‘é‘laé"r‘h EF‘§| ﬁ?’?gﬁﬂng ‘g? %f ﬁ FeFﬁEHFd
mation incl udbMAasignadt one of: despreading results, coef- ficients, and
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V\/nerel n said neans for term ning a channe conpri ses:
from said demodulating step; and

10 coherently demodulating said data channel of said
received CDMA signal using said reference signal.

18. The method of claim 16 further comprising the steps
of:
deriving a channel estimate using information
generated by said demodulating of said control channel; and
5 using said channel estimate to generate said
reference signal.

19. The method of claim 16 wherein said step of genera-
ting a reference signal further comprises the steps of:
estimating delay of rays in said control channel;
and
5 estimating a complex amplitude of said'rays in said
control channel.

20. The method of claim 18 wherein said step of es-
timating a complex amplitude further comprises the step of:
using a variable set of filter coefficients.

21. The method of claim 18 wherein said step of es-.
timating a complex amplitude further comprises the step of:
using a fixed set of filter coefficients.



15 nmeans for estimating del-ays of rays in said [err] signal based on said
recei vewosssgozge and said coefficients. 6. The syst em ofpcahsiiosgase Wher ei n

said neans for determ ning a channel esti m&%ﬂp—?ﬁf means for
estimating a conplex anplitude of ray g in said received upli si gnal based
on sai d despreading results 5 and sai'd nodul amﬂmmm control .
channel . 7. The system of claim6, wherein lm t| mating a
conpl ex anplitude uses a fixed estimation w ndow® 8t syst emof claim

6, wherein saizl MAQs Wethd¥ bEMBLARE 6 CAMPEREr Whthp fi:’éjfn Sre &tey | abl e

estimati on wi ndow. 9. A receiver conprising: an antenna for recéiving a
si gnal PRI udi ng information indicating a rate of transm ssion of data in a

"~ data channel; 5 delaying dﬁstﬁﬁbﬁﬁioﬁhamndrmd&&atné W@c@iv@ﬂmdm ates
a contr han ai_d v Lnk_.Si ncl sai d i,nf ormati on
to gene?:?!@ as@% F§t &4 %ﬁ% %ﬁgcﬁghﬁelc%'g}él ‘; ‘gﬁgﬁggﬁdl“ﬁﬁ" sults; a
charfhel cosrespondingreference &igradisibdvepbeen génexatedl, said

despreading results and said denodul ated control channel signal to generate

estimates of ray conplex anplitudes and del ays and a data channel
denodul ator  which coherently



denodul at es é‘bﬁg:mg@a channel of said received signal using 15 said ragl
conpl ex anpl’i and del ays. 10. The system of claim9 whePETFELH04S

chagnnel estimator further conprises: Hédelay estimating circuit including a
time-variant matched filter, having coefficients at |east partially 16

determned b biZs of said denodul ated control channel signal,
whi ch gener es.Za@n i npul se response. 11. The systemof claim9
wherein said channel/ estimator fuwfher conprises: a delay estimting

circuit including a set of correfators which generates a channel inpulse
response. 12. The syst nF 9 mhereln sai d channel estimtor further
conprises: a conpl ex Tnp |b@§ $ g—ci rguit including neans for
renmoving nodul ation of g spr ¢4

| t/s, ap@glbﬂer and a rapg

ransm e bety€en the

control channel and the data c annel Y in said
filter has a fixed set of, : Qign - TV e K 11‘mh.e.r..qin
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15. The systemof claim 11 further conprising: a channel d
decodi ng t O8I at ed control crygqnel signal; and an enc%?soléoqgs
to

re;encodi ng sai d decoded si gnal generate nodul ating bits of said

.control channel; where®#n said nodulating bits are provided to saig conpl ex
anplitude estimati ng=edi=guit to renpve the nodul ation fromthe deZpreadi ng
results. 16. The s of claim9, further conprising.«si frareb_ﬁ_uffer for

del ayi ng distributi ngf each franme of said received upli si&'&m to said

data channel denodul*atgt-until corresponding estinates f hat&f.éarre are 5
avai l abl e fromthe chafinel estinator. 17 17. A method |f or\cqheRent |y

denodul ati ng a received

Ak oo VRS CDVA signal conprising the stepgf of: &si di ng a
control channel inclu ' :

)
.4 At i oi ndicating a rate trargrissi on of
data in a data channel fof 5 saiq re&8ived CDVA si ogl ; nodul ati'ng said

control channel of saig received]CDMA signal; genera\ ef erence si gnal
using information fr I d deting step; and 10\
At &y C
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rédcei ved CDVA n using said reference signal. 18. The nqk?%& aim
16 further ‘E{Bﬁﬁ’?&g ng the steps of: deriving a channel estimate 3‘2%0354

|n.forrrat|on generated by said denodggati ng. of said control channel; and 5
‘using said channel estimate to generate said reference signal. 19. The-
met hod of claim 16 wherein said step of genera- ting a reference signal
further conprises the steps of: estimting deI ay of rays in said control

channel ; and 5 RA T ti mat arrpl itude of said rays in
sai.d control channe]I‘ Nﬂ met Ao 8 wherein said step of es-
timting a conpl ex AEG6Hi BUde further co i ses the step of: using a

vari abl e set of filter oefficients. 21. The nmet hod of claim 18 wherein
said step of es- timatifng a conplex anplitude further conprises the step

of: using a fixed set of filter coeff ents. 18 242 The nethod of claim

16 further conprising the step of: y| ng distribyion of franes of the

recei ved Df?bﬁful"ﬂpal t ofa cWWhan pr - unt ;\!ﬁgrlﬁl'LUEDxE
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