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| nvention The present invention relates to conmuni cation systens which
enpl oy spread-spectrum signals and, nore particularly, to a nethod 10 and
apparatus for coherent conmunication in a spread-spectrum conmuni cation
system Background of the Invention 15 Commruni cati on systens take
many forms. In general, the purpose of ajcommunication sysSicgiti2i437k0O
transmt information-bearing signals froma source, |ocated at one point,
to a user destination, |ocated at another point sone distance away. A
communi cati on systemgenerally consists of three basic conponents:
transmtter, channel, and 20 receiver. The transmitter has the function
of processing the nmessage signal into a formsuitable for transm ssion over
the channel. This processing of the nmessage signal is referred to as
nodul ati on. The function of the channel is to provide a physical connection
between the transmitter output and the receiver input. The function of the
‘receiver -is 25 to process the received signal so as to produce an

estimate of the -2- o T, of t he
received signal is refer &%ﬁﬁ%ggéﬁﬁéﬁﬂrysCﬁgﬁt 3%@ ni cation
systemis a nultiple acc RMUHNIGATIONCINUA SBREADISPECIRUMA- spect rum
system a nodul ation techni que COMMUNICATION SYSTEM :

Field of the Invention

The present invention relates to communication systems which
- employ spread-spectrum signals and, more particularly, to a method
10 °  and apparatus for coherent communication in a spread-spectrum
communication system.

Background of the Invention

15 Communication systems take many forms. in general, the
purpose of a C'ommunication system is to transmit information-bearing
signals from a source, located at one point, to a user destination, located
at another point some distance away. A communication system
generally consists of three basic components: transmitter, channel, and

20  receiver. The transmitter has the function of processing the message
signal into. a form suitable for transmission over the channel. This
processing of the message signal is referred to as modulation. The
function of the channel is to. provide a physical connection between the
transmitter output and the receiverinput. The function of the receiver is

25  to process the received signal so as to produce an estimate of the



5- its utifi'zed in which a transmtted signal is spread over a w de
frequency band wi thin the conmunication channel. The frequency band is nmuch
wi der than the minimum bandwi dth required to transnmit the information being
sent. A voice signal, for exanple, can be sent with anplitude nodul ation
(AM in a bandw dth onIy twice that of fhe information itself. 10 O her
forns of modul ation, such as | ow deviatfon frequency nodul ati on (FM) or
single sideband AM, also permt infornmation to be transmtted in a

bandvi dth conpar ajiigindl néddg a%ith dirhiisqQrobdising bPthetreteived isighal is Hovever,

in a spread-spectryms stené 5' ulation of a signal to be transmtted
of ten i ncl udes ta{R al (e.g., a voice 15 channel) with a
bandwi dth of only a f@n«typemlcommmi@atbnﬁystmisi a guliiple sicgess spreade

transmtted Over ﬂwﬂfsﬁm Wm”ﬁmﬂéﬁod’!e@ﬁmqﬁ is is
acconpl i shed atc{a g”t he signa %g rans %
i nf or mati on t W Fﬁ!ﬁ'ﬂ% fiign ?ﬂj; gY?jrﬁY‘" equency
Three general t ymcjoimhlprtbadempmcamn@hanmh cEne frequencyrbandds nughst |
'rrgﬁhfgl ingnOII ;ﬁglt agpﬁﬂﬁ; u at Wcﬁﬁm%ﬂ | rect e%tﬁggfeéﬁr%ﬁd f@tlpﬁ%gg%ar rier
signal is nodul a&@&“£§°’§ 'Fﬁls'%géo Q%On% ‘ﬂ'#hm?{l@ @huch
hi gher than the imédulation ()Q:M)slmbanmﬁdth My\ﬂlucdtthat dfrthelnfatmatlor(ltsedf t he
message si gngy Cmbﬁgirnﬁ afmaaw&ﬁora%géﬁhsfi@mh @Hs,dm
di rect sequence gpﬂe ect SI @ébé sever.a (i'h d isto
add the infornat i(6M } 8r $iRg @é&'ﬂ%@a m‘@m g" ke Wﬁ"‘giﬁdgadl ng
modul ation. It wiikla lbnndiﬂdth cuvhpatabletd thdbandwidtined therinfoermatios éself.nust be
in adigital for g&%ﬁa sérgfé he
conbi nati on of t hme%%%é@??\ cog%pg[r'\xr&@h l"?or mat1 on fd?f)l caP@ a le)i?etnar y
code i nvol ves nod@nsmitted gften fieludes taking@ hasepand signah Qmi-tYQS nessage
signal nmay bks usashahnel)ywithi &bandwidth of erly hdémldlohentt,aﬁd@stﬂbutmg the
signal to be transmitted over a frequency band that may be many
megahertz wide. This is accomplished by modulating the signal to be
transmitted with the information to be sent and with a wideband
' encoding signal.
20 Three general types of spread-spectrum communication
techniques exist, including direct sequence modulation, frequency
and/or time hopping modulation, and chirp modulation. In direct
sequence modulation, a carrier signal is modulated by a digital code
sequence whose bit rate is much higher than the information signal
25  bandwidth.
information (i.e. the message signal consisting of voice and/or
data) can be embedded in the direct sequence spread-spectrum signal
by several methods. One method is to add the information to the
spreading code before it is used for spreading modulation. It will be
30 noted that the information being sent must be in a digital form prior to
adding it to the spreading code, because the combination of the
spreading code and the information typically a binary code involves
modulo-2 addition. Alternatively, the information or message signal may
be used to modulate a carrier before spreading it.
35 These direct sequence spread-spectrum communication systems
can readily be designed as multiple access communication systems.
For example, a spread-spectrum system may be designed as a direct



35 . These direct sequence spread spectrum communi cation systems can
r eadi Ly be designed as nultiple access communication systenms. For exanple,
a spread spectrum system nmay be designed as a direct -3- sequence code
division multiple access (DS-CDVA) system In a DS- CDVA system

conmmuni cation between two comunication units is acconplished by spreading
each transmtted signal over the frequendy band of. the comrunication
channel with a unique user spreading code. 5 As a result, transmtted
signals are in the sanme frequencg band of the c%u Cﬁsl on channel and are
separated only by $eAuance cade diyjsieadnulipleseass HRLDMA) syslemseln 3 B%adi ng
codes preferably acamtﬁmm&mmmmm&ﬁemwohmﬁmmﬂmn units is
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code i s enhanced of the other users are not
enhanced. It wll rg;ecﬂ%ggz%a@b%é@ysﬁ ted in the art that several
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code related to the partncular transmitted signal which is to be retrieved
from the communication channel. Further, when the user spreadirig

15  codes are orthogonal to one another, the received signal can be
correlated with a particular user spreading code such that only the
desired user signal related to the particular spreading code is enhanced
while the other signals for all of the other users are not enhanced.

it will be appreciated by those skilled in the art that several

20 different spreading codes exist which can be used to separate data
signals from one anocther in a DS-CDMA communication system. These
spreading codes include but are not limited to pseudonoise {(PN) codes
and Walsh codes. A Walish code corresponds to a single row or column
of the Hadamard matrix.

25 Further it will be appreciated by those skilled in the art that
spreading codes can be used to channel code data signals. The data
signals are channel coded to improve performance of the
communication system by enabling transmitted signals to better
withstand the effects of various channel impairments, such as noise,

30 fading, and jamming. Typically, channel coding reduces the probability
of bit error, and/or reduces the required signal to noise ratio usually
expressed as error bits per noise density {i.e., Ep/Ng which is defined as
the ratio of energy per information-bit to noise-spectral density), to
recover the signal at the cost of expending more bandwidth than would

35  otherwise be necessary to transmit the data signal. For example, Walsh
codes can be used to channel code a data signal prior to modulation of



of the Hadamard matrix. 25 Further it will be appreciated by those
skilled in the art that spreading codes can be used to channel code data
signals. The data signals are channel coded to inprove perfornmance of the
comuni cation system by enabling transmtted signals to better wthstand
the effects of various channel inpairnments, such as noise, 30 fading, and
jamm ng. Typically, channel coding reduceggthe probability of bit error,
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constraint denoting an acceptable interference level). Roughly

speaking, there is a three deciBel (dB) difference between them for the

15  Rayleigh fading channel. The advantage of the coherent receiver is
more significant when diversity reception is used, because there is no
combining loss for an optimal coherent receiver while there is always a
combining loss for noncoherent receiver.

One such method for facilitating coherent detection of transmitted

20  signals is to use a pilot signal. For example, in a cellular communication
system the forward channel, or down-link, (i.e., from base station to
mobile unit) may be coherently detected, if the base station transmits a
pilot signal. Subsequently, all the mobile units use the pilot channel
signal to estimate the channel phase and magnitude parameters.

25  However, for the reverse channel, or up-link, (i.e., from mobile to base
station), using such a common pilot signal is not feasible. As a result,
those of ordinary skill in the art often assume that only non-coherent
detection techniques are suitable for up-link communication.

As a result, many recent publications have focused on optimizing.

30 non-coherent reception in DS-CDMA systems. See for example the
following articles.

. A. Salmasi and K.S. Gilhousen, "On The System Design
Aspects of Code Division Multiple Access (CDMA) Applied
35 to Digital Celiular And Personal Communications
Networks,” Proc. of VTC'91, pp. 57-62, 1991.
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15  Each of these articles show that a substantial difference in performance
exists when different coding, modulation, detection and interleaving
techniques are used for up-link communication in cellular
communication systems.

In the A. Salmasi and K.S. Gilhousen article, a DS-CDMA

20 communication system is described which uses bit-by-bit interleaving
within convolutional and orthogonal coding scheme to optimize non-
coherent reception in DS-CDMA communication systems.

In the F. Ling and D. Falconer article as well as the L. F. Chang
and N. R. Sollenberger article, an up-link DS-CDMA system that

25  employs Walsh coding (i.e., orthogonal coding), non-coherent detection
and using orthogonal symbol (i.e.;wé'rd-by-wo;d) interleaving instead of
bit-by-bit interleaving was disclosed. The L. F. Chang and N. R.
Sollenberger article shows that a word-by-word interleaved
convolutional and orthogonal coding scheme requires about 1 to 1.4 dB

30 less Ep/Ng than the similar bit-by-bit interleaving scheme described by in
the A. Salmasi and K.S. Githousen article when the communication
system which employs either schame also utilizes power control of
mobile communication unit which move at different speeds (e.g., move
at rate ranging from O to 100 kilometers per hout). While the word-by-

35  word interieaving convolutional/otthogonal coding scheme has better
performance than the bit-by-bit one, it has less implicit diversity than the



Systens,” Proc. of VIC 92, pp. 275-278, My, 1992, Denver, CO 10 * Y.
J. Liu, "Soft Decision Decoding for a Bit-Interleaved Convol utionally
Encoded Code Division Miltiple Access System over Rayleigh Fadi ng Channel, "
Proc. of PIMRC 92, pp. 128-132, Cct. 1992. 15 Each of these articles show
that a substantial difference in perfornance exists when different coding,
nodul ation, detection and interleaving ™8chni ques are used for up-Ilink
comuni cation in cellular comrunication systens. In the A Salmasi and K. S.
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inmplicit diversity than the
A method and apparatus is provided for encoding and decuding

15 to facilitate coherent communication. In encoding, reference symbols
are inserted into a stream of input data symbols to form a reference
coded stream of input data symbols. Subsequently, the reference
coded stream of input data symbols are prepared for transmission over
a communication channel by spreading the reference coded stream of

20 input data symbols with a spreading code prior to transmission over the
communication channel. In deco'ding', a received communication signal
is despread with a spreading code to derive a stream of reference
samples and a stream of data samples. The channel response is
estimated by utilizing the stream of reference samples. Finally, an

25 - estimated data symbol is detected from the stream of data samples by
utilizing the estimated channel response. '

Brief Description of the Drawings

30 FIG. 1 is a block diagram showing a preferred embodiment
communication system in accordance with the present invention.

FIG. 2 is a block diagram showing a preferred embodiment
communication channel frame structure for use in the preferred
embodiment communication system shown in FIG. 1.

35 FIG. 3 is a block diagram showing a preferred embodiment
channel estimator for use in the preferred embodiment communication
system shown in FIG. 1.



-6- latter. Mreover, it is still a non-coherent communication system and
the conbing | oss can not be avoided. Finally, the Y. J. Liu article
describes a nore sophisticated detection technique in which the performance
of the up-link DS-CDVA 5 comuni cati on systemw th Wal sh codi ng and
bit-level interleaving can be inproved wWth a 4-port diversity conbining

w t hout changing the interl eaving nethtyd. However, even in view of the
above-descri bed i nprovenents for non-coherent comunication systens, a need
still exists for a 10 comuni cati on system whi ch enpl oys coherent
detection techniques. Summary of the Invention A nethod and apparatus is
provided for encodi ng and decodi ng Pstailed BegariptioBt e coher.ent

comuni cation. In encoding, reference synbols are inserted into a stream of

I nput data synbols to [ e : ' ynbol s.
Subsequently, the ref lerIr@ﬁ?@ﬁé%déﬁﬁgﬁﬁlgo%ﬁnﬂgMﬁ?a'%ﬁéws%?%r gapr epar ed
for transni s8i onliey BS-GDMAsommuticationds presanted: IPiscnAy apPYOREh  ef er ence
coded stream of gfhpldysneohetévtadatydction wnmh@fem&;gmﬁl based@haphelor to

e
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30 FI G 1pfinciples|deseribedibemin. shwill bg shopndhat a substantialigaimin
communi cati on syg{MNp édh BE eBtiRT Rldtivetodim-iiRTeR ddtectRA teEhniqiid<by 2 IS a
bl ock di agram shoyt io, 2 R Eohsrant dBRSLdT Method to up-link DS-CDMA
communication. In particular, simulation results have shown that the
16  required Ep/Nyp by using this new scheme is about 2.5 dB lower than
non-coherent detection of Walsh coding with bit-by-bit interleaving or
1.3 dB lower than non-coherent detection with Walsh symbol (i.e., word-
by-word) interleaving over the entire range of practical mobile
communication unit speeds (i.e., speeds of 0 to 100 kilometers per
20  hour). The analysis of this new scheme is given in the frequency-
domain. This frequency-domain analysis results in a simple formula that
characterizes the performance loss of such a scheme relative to perfect
coherent detection.
in order to perform effective coherent detection, it is necessary to
25  obtain an accurate channel estimate. There are basically two types of
- channel estimation methods: data-based and reference-based. Data-
based channel estimation may be implemented as decision-directed or
non-decision-directed. For DS-CDMA up-link communication, the
channel estimator must operate at low signal-to-noise ratios and the
30 fading is relatively fast. As a result, the decision-directed approach is
not appropriate due to the high decision error rate. On the other hand, a
non-decision-directed method, such as the one described in the article
by A. J. Viterbi and A. M. Viterbi, "Nonlinear Estimation of PSK-
Modulated Carrier Phase with Application to Burst Digital
35  Transmission," [EEE Trans. on Info. Theory, Vol. IT-29, No. 4, pp. 543-
5§51, Jul. 1983, always has a phase ambiguity, e.g., 180° ambiguity for
binary phase shift keying (BPSK) or 90° ambiguity for quadrature phase

-



comuni cati on channel frame structure for use in the preferred enbodi nent
communj cati on system shown sin-FIG 1. 35 - FIG 3 is a block diagram
showi ng a preferred enbodi mrent channel estimator for use in the preferred
enbodi ment comuni cati on system shown in FIG 1. -7- Detailed
Description In the course of the foll ow eg -di scussi on, a new approach for
up- 5 | i nk DS- CDVA conmuni cation is préSented. This new approach enpl oys
coherent-detection with reference-synbol based channel estimtion. It wll

Cormun cat fon syst NG FeATg hﬁﬁ%@ E'F*fem&@%%v? b As b¥BfiSedlencs, tis
systenms, satellite necassalytausedifiejent tagttqe!mmatelaswﬁm Hawevarhas | i ke)
nmay al so be adapt edvnmbd/av rébiétbﬂflﬁqhbge sRifled hetri@ramqn @:bﬁﬁnméaxrdnts;@ g ei n.

[ 11 e o el 3 Gl Sy e o R B v

met hod to up-|ifnk ©bacmels, evwsmwith caherent detecpam.tsttﬂmam O\arr&ﬂl&thigherr esults

have shown that the iy thdneﬁbh-ﬂﬁﬂrérﬂkl@ c@&e&"%ﬁb& fiSkeyfy FEIQ) amngbout
2.5 dB | ower than non- c rent  detec a 8 cod| W by bi t
interleaving or 1.3 dB yay fo,folve the greisionermrald v e GPRISHYY sh’ synbol

(i.e., word- by- \Aprpuk)blenttsrtb uselmigrmrswmmlsefanahannelraﬁmlopr aRnfembe-
mobi | e comuni cat i %P af&?ﬁﬂém{él e&mﬁﬂ&?%‘j&eﬁnbgdta%ﬁ?ﬁn ' Héf@’r&ﬁéé per

20 i 10U R Ll o e B AT Infetbe i BRI HOR B
characterizes the jnfofroaticmbearingsdatafsymbols, avhicthmay bectordedvsymbwigeAf thet
coherent detecti onygegiver, the received signal samples corresponding to the reference
symbols are used to generate a channel estimate. Because the
reference symbols are known to the receiver, there are no decision
15  etrors and the resulting channel estimate does not have a phase
ambiguity. As a result, a robust communication system with non-
differentially coded signaling is provided.
The inserted reference symbols can be organized in blocks or
uniformly distributed. For a flat fading channel, it is desirable to insert
20 reference symbols periodically and uniformly in the data stream. Fora
DS-CDMA up-link with a RAKE receiver for front end processing, we can
treat the output of each RAKE “finger" as being a flat faded signal. Thus,
the preferred embodiment communication system will uniformly insert
one reference symbol for every M coded data symbols.
25 The basic operation of RAKE receivers are described in an article
by R. Price and P.E. Green, Jr., “A Communication Technique for
Muttipath Channels,” Proceedings of the IRE, March 1958, pages 555-
570. Briefly, a RAKE receiver performs a continuous, detailed
measurement of the multipath characteristic of a received signal. This
30 knowiledge is then exploited to combat the selective fading by detecting
the echo signals individually, using a correlation method, and
algebraically combining those echo signals into a single detected
signal. The intersymbol interference is attenuated by varying the time
delay or phase between the various detected echo signals prior to their
35  algebraic combination. :
Referring now to FIG. 1, a system for coherent communication in
a spread-spectrum communication system is shown. In the encoding



In order to performeffective coherent detection, it is necessary to 25
obtaip an accurate channel estimate. There are basically two types of
channel estination nethods: data-based and reference-based. Data- based
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Ref erence- synbol

Reference 10 syHio M&wmdaé%évmbo Is5106 (e:g.e Y6 Hata s¥MBolsequence
of information beampmadamgsmﬁyyhmoly&e@hdm be coded synbols. At the
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15 Interleaver 108 organizes the data symbols 106 into blocks (i.e.,
frames) and block interleaves the input data symbols 106 at the symbol
level. In the interleaver 108, the data symbols are individually input into
a matrix which defines a predetermined size block of data symbols. The
data symbols are input into locations within the mattix so that the matrix

20 s filled in a column by column manner. The data symbols are
individually output from locations within the matrix so that the matrix is
emptied in a row by row manner. Typically, the matrix is a square matrix
having a number of rows equal to the number of columns; however,
other matrix forms can be chosen to increase the output interleaving

25  distance between the consecutively input non-interleaved data symbols.
The interleaved data symbols 110 are output by the interieaver 108 at
the same data symbol rate that they were input (e.g., 28.8
kilosymbols/second). The predetermined size of the block of data

. symbols defined by the matrix is derived from the maximum number of

30 data symbols which can be transmitted at a coded bit rate within a
predetermined length transmission block. For example, if data symbols
106.are output from the encoder 104 at a 28.8 kilosymbols/second rate,
and if the predetermined length of the transmission block is 20
milliseconds, then the predetermined size of the block of data symbols is

35  28.8 kilosymbols/second times 20 milliseconds which equals 576 data

- symbols which defines a 18 by 32 matrix.



ref erence synbols are known to the receiver, there are no decision 15
errors_and the resulting channel estimate does not have a phase anbiguity.
As a result, a robust comrunication systemwith non- differentially coded
signaling is provided. The inserted reference synbols can be organized in
bl ocks or uniformy distributed. For a flat fading channel, it is desirable
to insert 20 reference synbol s perlodlé&*Iy and unlforn1y in the data
stream For a DS-CDVA up-link with a RAKE receiver for front end

processing, we can treatp,l mﬁ‘g?@%ﬁﬁi fﬁ“ﬁ@ﬁ&mﬁf"ﬁ%ﬁ‘b@& bebfade }‘I at

faded signal. Thus, the pre n xs emw
uniforny insert o ipseRaratiZwaichinserisds kagwn yefpranseciitsdor s¥eyMol s. 25
The basic operati ommﬂe%@daﬁwnms1a0e Tdesimplityattie ifollowing idisoussiohyit R.
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Channel s, " Pr oceedl ngs o syﬁ@dﬁﬁﬁ‘ﬂ‘%’h&ﬁiw&éﬁ%ﬁﬁ?{ g&@ﬁ bg%kb@@m??t
RAKE recei ver [erf @agh insertac refarenee b@@t%zem'tmagwpx%mw'!ifbetmprﬁqatqdpat h
characteristic of dythose gkilledinthelart thiat & add M cobilbedgy otter vake withdui t ed

t nmbat th | Iy,
using a corr ol ati ﬁﬁfakéﬁﬁg?%fﬂﬂa%%% 56 b8k b\ HiPSeriiMliDn' Io pubibR, LY.
into a single det eéh%&fgf@%lbﬂs‘mydbﬁéﬂ!ﬁm‘dﬂ sﬁﬁt‘@"r’%ii@ﬁb%sﬁ oge thith @4t ed
by varying the ti rr%ed@ia@bnerbuahaﬁﬁvdﬁ Y\ENBralngry dits Withodttegartiflg #ohvthe

: Syatem for dSher dtpbe Andamie %?Pfsﬁﬁr%ﬁsﬁﬂ@% o el LS MR Velholts®
systemis shown. | Witinsertercbid agtputs 6722 rqurqrﬁcgmoged bits t1efor @aghhleak i on
system traffic Ch qne\etrafid) subh ttfat HQ8faréficd BIPILlinsSitat bétveeAYachQtodd of
particular bit rateg x(gatg Sym%o?s An example of a transmitted block (i.e., frame) of
| ~ reference-coded data symbols 114 consisting of 42 bits is shown in FIG.
15 2 (where each d represents a data symbo! and each r represents a
reference bit).

The reference-coded data symbols 114 is output from encoding
portion 100 of the communication system and input to a transmitting
portion 116 of the communication system. The data symbols 114 are

20  prepared for transmission over a communication channel by a
modulator 117. Subsequently, the modulated signal is provided to an
antenna 118 for transmission over the communication channel 120.

The modulator 117 preferably prepares the data symbols 114 for

; direct sequence code divided spread-spectrum transmission by deriving
25 asequence of fixed length codes from the reference-coded data
~ symbols 114 in a spreading process. For example, each of the data
symbols within the stream of reference-coded data symbols 114 may be
spread to a unique nine bit length code such that a group of six data
symbols is represented by a single 54 bit length code. In addition, each

30 reference bit within the stream of reference-coded data symbols 114
may select a ten bit length code. The codes representing the group of
six data symbols and an associated reference bit preferably are
combined to form a single 64 bit length code. As a result of this
spreading process, the modulator 117 which received the reference-

35 coded data symbols 114 at a fixed rate (e.g., 28.8 kilosymbols/second)
now has a spread sequence of 64 bit length codes having a higher fixed
symbol rate (e.g., 307.2 kilosymbols/second). It will be appreciated by



kilobit/second). The input traffic channel data bits can include either

voi ce . converted to data by a vocoder, pure data, or a conbination of the 5
t wo types of data. Encoder 104 encodes the i nput data bits 102 into data
synbols at a fixed encoding rate (1/r) with an encodi ng al gont hm which
facilitates subsequent naxinun1|ikelihgig_decoding of the data synbols into
data bits (e.g. convolutional or block ding algorithnms). For exanple,
encoder 104 encodes input data bits 102 (e.g., 192 input 10 data bits

th?t erre regeltvemoaé sam@atimﬁéaﬁt&tkhé PdTbience DREAnY diita 8y ﬁub&%dm?ﬁodl ng
rate Oor one dQata e :
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28. 8 ki | osynbol s/ aeeasdingrtainumergus other algoyithms mtgwegt@nm@ﬁiargﬁulengmo an

interleaver 1C8. é&iesdvmaft'dé@éﬂfn JF5m Mie)8dtpecand Spirtefthe pradets 106 into
bl ocks (i.e franes bl ock |nterl eaves ‘the input data synbols 106 at

t he synbol I e{-}el '"P'ﬁ?‘?% I nterl eaver 108, the data synbols are individually
input into a matrix whihéspesadreegquange isdfurthemprepdresi foe direccseqsiendat a

symbol s. The dat acsdgRidedes ;ﬁeadl-BHéctN?ﬁ trah8misict By TiriHar BphdiRiintpiid X SO
that the matrix 20 I,s fill col um b& co‘u(gn rmﬂner The data
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the matrix is enpspredding codedsvalyser specific sequentemfsyhibpls ohemqae USRri s a
squar e mat ri yghavedgys ﬁPi&HWQ%htadM gfeac e&E}Hi?:'ra{eO‘?té‘eﬂz bgadhifsetang).
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data synbol s. Theencuded] teafﬁedhdmld dajarbmt 102 bhenthe corhputhidation lohannel

285 ki Losyribol s/ 20 iRe e ﬁ:etm nah8og e Shouttyyt e ririlidogeh 0
synbol s defi ned ﬁﬁ@mvm ng BYFF@I‘HQ'HE the e draffier of 30
dat a synbol s18hi cd:hamml data bits1$02.t ireadditiors, the dedr bade sprieadwiricoded data
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nvmg the power level controls of the smusoud The sinusoid output
signal is bandpass filtered, translated to an RF frequency, amplified,
filtered and radiated by an antenna 118 to complete transmission of the
20 traffic channel data bits 102 in a commumcatlon channel 120 with
BPSK modulation.

A receiving portion 122 of the communication system receives
the transmitted spread-spectrum signal from over the communication
channel 120 through antenna 124. The received signal is sampled

25 into data samples by despreader and sampler 126. Subsequently, the
data samples 142 are output to the decoding portion 154 of the
communication system.

The despreader and sampler 126 preferably BPSK samples the
received spread-spectrum signal by filtering, demodulating, transiating

30 from the RF frequencies, and sampling at a predetermined rate (e.g.,
1.2288 Megasamples/second). Subsequently, the BPSK sampled
~ signal is despread by correlating the received sampled signals with the
long spreading code. The resulting despread sampled signal 128 is
sampled at a predetermined rate and output to a reference bit extractor
35 130 (e.g., 307.2 kilosamples/second so that a sequence of four samples
of the received spread-spectrum signal is despread and/or represented
by a single data sample).



and if the predetermined length of the transnission block is 20

m | liseconds, then the predeterm ned size of the block of data synbols is
35 28.8 kil osynbol s/second times 20 mlliseconds which equals 576 data
synbol s which defines a 18 by 32 matri x. -10- The interleaved data

synbols 110 are then input to a refere_q@e bit inserter 112 which inserts L
known reference bits for every Minterleaved data synbols 110. To sinplify
the follow ng discussion, it will be assuned that L=1 and M=6. In addition,
it will be assuned thaheFeferersaehbit exteadten130praferably éxttactsthe wéerentet .
However, it wll [ i b8 drid€o fdpat L and M
coul d be any ot hQBE&P%%‘%?%?B?SEME&PH%?? g [Ye) tgbgtr?dthggl rit of the
present inventi ofeferencgdits 134 to Fi?@aﬂﬁ?leqé’lm?éo‘bﬁﬁ Egﬁlr mgining, data, own
sequence such as safmples®3®iftom the despread sampied signalol 2Bardoltpubtovar al zer o

bi t i t hout &d ' Lk

Cvent | on. Wien oot bpRESTR0ldr totSF BBtferBh beiBbtdr ofdath Karfli6s 942.

ref erence-coded bits 108 chgpnelastimater-134 porgelates, theextragted 'Pﬁﬁi?“‘ae P er ence
bit is i nsgrll:) Ied 182 wiitina dmotvngetarpned fseciuendetci dwarbadnflesﬂto abtainp| e4of a
transmtt oc bl B 3 -

coﬁsissti ng of 42%#??%”5“3%% Fﬁéﬂ%e@ﬁ@&fé%zq \?\’n?ger%ae(gbéﬁﬁgage%er@ent s a

data synbol and Ehapnel estimiate d36sthese apisyastimates may bapassed Brughdded
dat a synbol 30114iove-pass fillér, whivh mag 68 fixed o9 adaptive, 86 rerhové thehighuni cat i on

e o oo et DB hohe PR 1 rein o E5THBleE Yoyt o
comuni cati on chigiativelyppoiserfiraand ean be usedforseahesent deteation. thshoulded
signal is provi deg rictedithad fhe Wpdstfitfering lonfy \§ives B achanme! éstfmate for
comuni cation chapac! w20, where M is the number of data symbols between each

15  reference bit inserted by reference bit inserter 112 (e.g., M=6) and
where T is the time interval of each data sample. To perform coherent
detection of transmitted data symbols, we need to have a channel
estimate for every T. When (M+1)T is short relative to the channel
variation time constant, a simple but effective method to get a channel

20 estimate for every T is to perform linear interpolation between two
channel estimates separated by (M+1)T. however, as will be
appreciated by those skilled in the art maore sophisticated interpolation
techniques may be used if necessary.

| In the preferred embodiment coherent communication system,

25  power control may also be used to enhance overall system
performance. The power control algorithms may be very similar to the
algorithms used in non-coherent communication systems. The
preferred embodiment power control algorithm preferably includes
estimating received power every 1.25 ms (i.e., each block or frame), or

30 every 12 information bits, i.e., every 36 encoded bits or 42 total received
signal samples. The power estimate may be caiculated with several
different techniques. One technique is to compute a channel estimate
with a power estimator 146 by using simply the six reference signal
samples (i.e., reference bits 144 from reference bit extractor 130)in a

35 42 bit length block. The square of the magnitude of the channel
estimate is then output by the power'estimator 146 as the power
estimate 148.



The nodul ator 117 preferably prepares the data synbols 114 for direct
sequence code divided spread-spectrumtransm ssion by deriving 25 a
sequence of fixed | ength codes fromthe reference-coded data synbols 114 in
a spreadi ng process. For exanple, each of the data synbols within the
stream of reference-coded data synbol s 4k14 may be spread to a uni que nine
bit length code such that a group of siX data synmbols is represented by a
single 54 bit length code. In addition, each 30 reference bit within the

stream of reference- cadeﬂcﬁmmt%mmates 136'argersehted] the feshobihe | engt h

de. Th d
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be appreci ated by tﬁsw"bﬁlammﬁdﬂﬂdh@ﬁqsmmlm e aremyllipiee bits and
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15 The individual data samples 160 which form soft decision data
are then input into a decoding portion 154 including a deinterleaver
162 which deinterleaves the input soft decision data 160 at the
individual data level. In the deinterleaver 162, the soft decision data
160 are individually input into a matrix which defines a predetermined
20  size block of soft decision data. The soft decision data are input into
locations within the matrix so that the matrix is filled in a row by row
. manner. The deinterleaved soft decision data 164 are individually
output from locations within the matrix so that the mattrix is emptied in a
column by column manner. The deinterleaved soft decision data 164
25  are output by the deinterleaver 162 at the same rate that they were
input (e.g., 28.8 kilometrics/second).
The predetermined size of the block of soft decision data defined
by the matrix is derived from the maximum rate of sampling data
samples from the spread-spectrum signal received within the
30 predetermined length transmission block.
The deintetleaved soft decision data 164, are input to a decoder
166 which uses maximum likelihood decoding techniques to generate
estimated traffic channel data bits 168. The maximum likelihood
decoding techniques may be augmented by using an algorithm which is
35 substantially similar to a Viterbi decoding algorithm. The decoder 166
uses a group of the individual soft decision data 164 to form a set of soft
decision transition metrics for use at each particular time state of the



120, the unique user code enhances the security of the communication in the
communi cati on channel by scranbling the encoded traffic 15 channel data
bits 102. In addition, the user code spread encoded data bits (i.e. data
synbol s) are used to bi-phase nodul ate a sinusoid by driving the power

|l evel controls of the sinusoid. The sinygoid output signal is bandpass
filtered, translated to an RF frequency, anplified, filtered and radi ated
by an antenna 118 to conplete transm ssion of the 20 traffic channel data
bits 102 in a.conpaximahilikelitdod sequerite edtintatidiSdeovdidr166i dhe dumberedfvi ng

portion 122 of th ' | ' '
spread-spectrum s?%’ﬁgggg@hcnq%%g&?%?%ﬁﬁ#ﬁﬁﬁg};&aé{’ﬁgﬁéﬁﬁeﬂg t hr ough
antenna 124. The degisippdmnsitignanetrics eafpspendssto the aumbes ©f datg syrakolsy
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to the decodi gg p ' A Leat : der and
sanpler 126 psef e?é%dgigégéa:‘é%%sw%gcegid&g’gﬁ?é?{ggﬁg%ec 'gﬁﬁ%@gﬁgnal by
filtering, denpduin@adhgsetis equalie twe raised tq therpawes okthe pumbenef soft and
sanpling at a predgdisioficzeal 16atiR each Group. ReB8xdhpieswhphesi/gecond) .

Pece ved sanpl ed SHRMOAGT bRt ¥ hed b FEMHR ok 1Sk ot byl o
despread sanpl ed 109 &5 generated §arpeach inpus dgtachbit 102 T, deeedes{®6out put
to a referengg bigsexgrouptdf tifee individuaPsdit deciSidn dald 164 ARIMBEIGRESSTE SO

despr oad and/ o ?é%#i%@éafa%%%ﬁh%ﬁ%&%é&e@&ﬁ%ﬁ?f’e ARG Al T ohce
bit extractor 130likglispedsenyenca estimatiomdeceder ifc cThe estimated data bits
168 are generated at a rate related to the rate that the soft decision data
164 are input to the decoder 166 and the fixed rate used to originally
15  encode the input data bits 102 (e.g., if the soft decision data are input at
28.8 kilometrics/second and the original encoding rate was 1/3 then
estimated data bits 168 are output at a rate of 9600 bits/second).
Thus, a communication system for coherently encoding and
decoding has been described above with reference to FIG. 1. In
20 summary, the communication system includes a first portion which
encodes input data bits into data symbols, interleaves the data symbols
in a symbol by symbol manner, inserts reference bits into the interleaved
symbols, modulates and transmits the reference-coded data symbols
over a communication channel. The communication system further
25 includes a second portion which receives and demodulates a signal
trom over the communication channel, estimates parameters of the
communication channel, coherently demodulates data samples within
received signal, deinterieaves the coherently detected data samples
which are used as soft decision data within each received transmission
30  block, subsequently generates soft decision transition metrics from the
deinterleaved individual soft decision data, and subsequently generates
estimated data bits from the soft decision metrics by using maximum
likelihood decoding techniques.
To more clearly described the reasoning behind this method of
35  using reference bits to coherently detect data samples and the operation
of the channel estimator 134 as well as to facilitate further discussion,
let us establish the following mathematical model.



bits 132 fromthe despread sanpled signal 128 and outputs the reference
bits 132 to a channel estimator 134. The renmaining data sanples 138 from

t he despread sanpled signal 128 are output to a 5 coherent detector 140
for | ater coherent detection of data sanples 142. The channel estimtor 134
correlates the extracted reference bits4g32 with a known reference sequence
of data sanples to obtain unbiased, but noisy, channel estimates. |n order
to obtained a better channel estimate 136, these noisy estimtes nay be
passed through a 10 Itmutpaaspﬂeciateﬂbym‘:sersmy i the ant dhpt@ fagdingpt i ve, to

136 ar e ol at Vel B e L o e et i o, 16
shoul d be noted t eoﬂo?%cigy h&& Jﬁggﬂqq frgery P@P‘gﬁ mé‘ﬁ egggﬁ%ﬁﬁnel
estimate for evertglgrengeg bits isdenoted by T hﬂrmmmeddigneétaaesqﬁmdulam ween
each 15 refgrenggi gés réaaiﬁgtieﬂxewsar |eaaﬂeeer91t Agé.ﬁﬁ.hgrtnéﬁ&e(e 9., M6)

and where T is the ti me eac at a f orm coher ent
detection of trarfSffirPPee @éﬁ'&'sgvﬂgg‘?rseve\% ﬁé‘ chglhﬁ_“’léega nel estimate
for every T. \Wercqriéspopdingdo eorefeneatebit eppearstataTerdnien =v.ar+1a0i. on tine
constant, a sinpl.e, Qbret] 9Ty 8o Obhdr tFoidy BSHABL rid) be #fitbaa! € I or
every T is to performlinear i nterpol at1on between two channel estimates
separated by (Mr138T. however, as will be appreciated by those skilled in
the art noret®ophisticated |nt erpol ati on techni ques may be used if
necessary. In the pref Eﬁﬂ{ coherent communi cation all 25
power control may al so e use@hog é)nce overal |l system perfo%nc The
power control algorithnms nay be very simlar to the algorithns used in
non- coher ent comwmreeﬁ(nwy iSthe! fifpled BAdIVE hBiseC A BatisttistiRiate fiaftthacont 1 ol

al gorlthm prefer d S re d power every 1.25 ns
(i.e., each bl ocwiﬁjﬁg) ﬁsﬁeﬂ %%ng{aé'\%?"@#ﬁfornm lon bits, i.e., every
36 encoded bl®s or 42 total recel ved signal sanpl es. The power estinmate may
be calculated with sev, r.'?.l}__ Zh(nT +KT)) (eq. 2)

1 k=N

For example N = 3 may be chosen. By doing so, an estimate is
obtained for every reference bit interval T, using 7 of the noisy estimates.
20  To obtain the channel estimate at KT for k = 7n which are needed for
generating coherent detection information, interpolation techniques can
be used. The easiest interpolation method is to use linear interpolation.
For example, assuming that k = 7n + i where 1 <i <6, results in (eq. 2)
being rewritten as:
25
R(kT) = -;-[(7-3) xR(ZAT) +ixR(7nT +7T)]
(eq. 3).
= —;—{(7-—i)xﬁ(n1',)+ixﬁ[(n+1)T,]}

Other more sophisticated interpolation techniques can be used to
further improve the estimation. However, when the channel fading is
30 slow relative to the sampling rate 1/T of the reference signal, the linear
interpolation method described above is sufficient.
it will be appreciated by those skilled in the art that the sampled
channel response h(n) = h(nT;) can be modeled as a slowly time-



di f.ferent .techniques. One technique is to conmpute a channel estimate with a
power estimator 146 by using sinply the six reference signal samples (i.e.,
reference bits 144 fromreference bit extractor 130)in a 35 42 bit length
bl ock. The square of the magnitude of the channel estimate is then output
by the power estimator 146 as the power estinmate 148. -13- After channel
estimates 136 are generated, the rest ofi®-he receiver is conventional. The °
coherent detector 140 multiplies the remaining data sanples 138 fromthe
despread sanpl ed signal 128 by the conjugate of the channel estimtes 136
to generate coher evaryingFandaroiprotess withna powel gpectium &i(l)) ansk i) prltor hxed by

those skilled in theg deﬁbPé%;Etﬁ B6h lieF‘ﬂe?ﬂé 011, W2or KNDANET M&3 and
e 2 o LR i oL o

data sanpl es from the ndisyeestimate kT 3 phreagh speidealiowspagsalingar-phasediliec at i on

channel 120 asgt hewhigA\(Bje@RSthbidish Ectigbiars withifrdqiiendy 2| > Tlle, .omheut s 142
t hrough 152 of the N receiving portions preferably are input

0 a
mul tiplier 150 whieptiraalfiltes woylc-hang & frequency fespensmi.g. theppwieritiangtosm
conposi te stream opf wpdericRed by: det ected data sanples 160. 15 The
I ndi vi dual data sanples 160 which form soft decision data are then input
into a decoding portion 154 ing¢l udi ng .2 dei nterl eaver 162 which
deinterl eaves the inputfﬁ)gf‘ 'dgm-s' $hilamea 160 at the indivi dugleqdayf a
l evel . In the deinterledve{0 lekewhaee soft deci sion data 160 are
i ndividually ipput into a matrix which defines a predeterm ned 20 si ze
bl ock of soft1§eci sion data. The soft decision data are input into

One such filter is finite impulse response (FIR) filter which has an output

which can be written as:

h(n)=h(nT,)= iwkﬁ(nT, +KT,) (eq. 5)

k=~N

15
where w is the FIR filter coefficients, or wéi_ghts, for generating the
estimate. It is easy to see that the (2N+1) sample average method
described above is a specially case of this weighted sum method, if
w, = 1(2N+1). By selecting wi according to the criterion described

20 above, a better estimate of h(n) can be obtained, aithough delay will be
introduced. FIG. 3 illustrates how (eq. 5) may be implemented to
generate a channel estimate using weighed average of noise channel
estimated based on the reference signal.

it will be appreciated by those skilled in the art that the

25 performance of an ideal coherent receiver over a Rayleigh fading
channel is well known. Therefore, the following discussion will analyze
the performance loss of the reference-based channel estimation method
relative to the optimal coherent receiver over such a channel.

The loss is mainly caused by two factors. First, because of the

30 insertion of non-information bearing reference bits, the energy per
information bit (Ep) is effectively reduced (i.e., the data rate is reduced),
when the total transmitted power remains the same. Second, in the
presence of noise, there are errors in the channel estimates. The total
loss is the combined result of these two factors. '



| ocations within the matrix so that the matrix is filled in a row by row
manner. The deinterl eaved soft-decision data 164 are individually output
fromlocations within the matrix so that the nmatrix is enptied in a colum
by col um manner. The deinterl eaved soft decision data 164 25 are out put
by the deinterleaver 162 at the sane rate _that they were input (e.g., 28.8
kil ometrics/second). The predeternined sitZe of the bl ock of soft decision -
data defined. by the matrix is derived fromthe maxi mumrate of sanpling

data sanples fromthe spread-spectrum signal received within the 3
predeterm ned | ength tr%ﬁgﬁ?%ss‘mﬁb‘lﬂeo'@l&egefﬂ%@sﬁFWb g%‘é‘&"@fa% &i on

data 164, are I Npulsirhply xpeessddasit6 which uses maxi num | i kel i hood decodi ng
techni ques to generate estimated traffic channel data bits 168. The maxi num
| i kel i hood decodi ng techni gues may be augmented by using an al gorithm which
is 35 substantially sfiff (MM =3 "M, bi decoding al gorithm The(@e8bder
166 uses a grogp of the individual soft decision data 164 to forma set of

The el et e @ 3T s Bscftn 8. Ebr BRERERT IR i 2 BT R B S 0L,

of soft decision ddPRg167/6)r 0.6€ dif eereised to form each set of soft

decision transition net i 6fiet s aﬁ@pﬁlﬂﬁg SrivanBt 6y du tod@dtimnationiertas, 106
g@

hput data bi t 1022 oHER, ik pORng: RBagE ot fre? BY S5tiefifned fibeie 7"
set is equal 118 t wCDMALpdlinko ARS-GOMA uprlinkreanmberviewedrassawitiplectiatsi on dat a
164 in each group. dfifig BKanmEIS. FBNEacHRoflthd flad Tathhg Ehariitis, AR6 Peiivdds used in
the transmtter, thr ee dgt adessygggé)éirs‘ (1:283 baereexpgeesnseerdaatse:d from each input data
bit 102. Thus, dec&fR 38¥ g
r(k) = h{k)a(k) +z(k) (eq. 7)
15
where r(k) is the received sample at KT, a(k) is the corresponding
transmitied data or reference symbol, h{k) is a low-pass random
complex variable characterizing the fading channel, and z(k) is the
additive noise or interference, which is approximately white and
20 Gaussian. The average signal to noise ratio is equal to
Efla(k)P JE[h(k)?]1/ o2, where o2 is the noise variance. According to
Jakes' channei model (as described in W. C. Jakes, Ed., Microwave
Mobile Conmimunications, John Wiley, New York, 1974), h(k) is unbiased
and Gaussian distributed. Its power spectrum, calied Doppler spectrum,
25 isgiven by:

' 2 -2
H(f) = .2_‘31:?[1-[?’-) ]. (eq. 8)
d d

where {; is the Doppler frequency, which is a function of the carrier
30 frequency and the mobile communication unit speed. it can be further
assumed that BPSK signaling is used. It will be appreciated by those
skilled in the att that the following assumptions also are applicable to
quadrature phase shift keying signaling. Given that a(k)| = 1, then it
may be assumed that the reference symbols are inserted at (M+1)kT, so
35 that a((M+1)k) and r((M+1)k) are the reference symbols and the '



10 uses, groups of three individual soft decision data 164 to form ei ght
soft decision transition netrics for use at each tine state in the nmaxi num
| i kel i hood sequence estination decoder 166. The estimated data bits 168 are
generated at a rate related to the rate that the soft decision data 164 are
I nput to the decoder 166 and the fixed rafe used to originally 15 encode
the input data bits 102 (e.g., if the so deci sion data are input at 28.8
kil ometrics/second and the original encoding rate was 1/3 then esti mated
data bits 168 are cortgspondingaeceived sampli) réspestively.0BY) mulfinl;éinfli a

conmuni cati on syst Héd ofetd n

descri bed above wﬁﬂM&qgkgﬁglﬁgg tqriﬁ%?&%ﬁtqan} 20 "Qfﬁm‘?@?‘qgﬂe etne
communi cati on syst/@gykingichaaaelestimate issorti on whi ch encodes input data bits
into data synbols, interleaves the data synbols in a synbol by synbol

Cranshi 15 the Tef or enca QIR RIS GEEIREREIL 2i  on cleh B ™

The communi cation system further 25 includes a second portion which

recei ves and denodul at qa tive Sharil estimateivan bh@acflwnmﬂbﬂat)kfms aliowpaks
estimates paraneters _ of the FO icatioa chann&g cohe tlv.denmodul at es
%5*8% h

data sanpl es wi t hi'ANFRENEAER © Seponfiam I8 M@eggﬁlﬂ%qﬂq et ect ed
dat a sanpl es whi ciWhee 13l )Tis 2gf thedehannebestimate atp({Miril Yk Tecarhbe furtheved

met 1105 from the drPRived Z-E%Z’S%ﬁj#ﬁ:ﬁg?ﬁ?ﬁ%%f@aﬂﬁﬁ%ﬁ@? ettion
subsequent |y gener’ﬁgﬁgecies{t?mw g lﬁ"ceé?'g?m &W@%ﬁ‘ﬁt QM%n metrics
by using maxi mum lurbidsedochindetestimage] intheisgnse of faximizingctheaati ofiescr i bed
BQEeLEaZSP;”SaPrSPL@%E@?&W Veliarich ot $RBIOTESHIEAA b dkaingq 99721 001 Y
as to facilitate fRASEHG Mﬁ&&'ﬂ,‘g a(ingar-physa,fiterwhose magnitiden g
mat hemat i cal 1@delresponse is equal to the square-root of the quotient of H(f) divided by the
noise spectrum. The optimal channel estimator based on the inserted
reference symbols is indeed a linear phase matched filter, which is
matched to the channel Doppler spectrum divided by the noise
spectrum.
20 Practically, it is difficult to implement such an optimal estimator,
because the Doppler and noise spectra are usually not known and will
change with time. A sub-optimum and realistic solution is to use a fixed,
linear-phase, low-pass filter, whose cut-off frequency is greater than or
equal to the maximum possible Doppler frequency. -
25 By fiftering ﬁ((M+1)k) using an ideal low-pass linear phase filter,
whose cut-off frequency is fouoff, With zero group delay, or equivalently
a fixed group delay, and unit magnitude in its passband, the output at
the filter can be expressed as:

30 hA((M+1)k) = h({(M+1)k) + Z((M+1)k) ~ (eq. 10).

it can be shown that the variance of Z({M+1)k), the residual estimation
‘error, is equal to o2 x{2f_,_. /), where f, =1/(M+1)T is the reference
symbol insertion frequency. More precisely, -after filtering, the variance
35 of the channel estimation error is reduced by a factor of 2fcu-osiff-
Subsequently, by using linear interpolation, the channel estimates at kT,



It'mﬁll be appreciated. by those skilled in the art that a fading channel
can be nodel ed as a conpl ex valued function of time t, denoted by h(t). The
time interval of the convol utionally encoded- reference bits is denot ed by
T. The received signal after denodul ation 5 and despreading is then
sanpl ed at every T. Assum ng that one req rence bit is inserted for every 6
encoded bits, the sanples corresponding t0 the reference bit appears at
[err] =7nT, n=..., -1, 0, 1, ..., where Tr = 7T is defined. Then, the

noi sy estimates najorties (M1 Jlecarblbe géleratedr dccording to (eq. 3). Fron @ 7)L;md\here

(ca. 1) can beobt &%ﬂe3’9'9&%Wﬁ{%ﬁi‘f@?‘g?ﬁa“ﬁ%'?féé%@%%t my be

chosen. By doing so, an estimate is obtained for every reference bit
interval Tr using 7 of &8 =1qkiy kqstl nmat es. To obtain the channel

estimate at KT for k [err] er coht8Ge
detection information, int eTlB(Sﬁ\ffg?ﬁis @m‘ﬁ%@g?zgﬂﬂqgg‘%@ﬁ?gkhe eaS| est
i nt erpol ati on get hod i s to use linear int erpol ati on For exanpl e, assum ng
that k = 7n + i whgr , | {

urther inprove e
slow relative to thana!memmhg outpmo{therc]etedtot iseequafterlél(ic)i?(sf glﬂéb By he

linear interpolati b |

appreci at ed bx t ho%mgghﬁfgag?éﬁ{lfh\gﬂgt@ ﬁgnd'ﬁ @Héidn?'tf%twer tbr WaL( rai?c?
combining, which has an noise variance of |h(k) at the detector
output, it may be concluded that the loss due to estimation error is
approximately equal to:

{o = 1+02/02 -1+(2fm,,,,,/f y (eq. 12).
15
By combining (eq. 6) and (eq. 12), the total performance loss may
be expressed as:
Gar = [ 14 (2 e/ ) X (14 VM) (eq. 13).
20

The system performance may be optimized by selecting a proper M to
minimize Leotar.

For an r = 1/3 convolutionally coded system with information blt
rate of 9609 bits per second, the coded bit rate is equal to 28800 bits per

25  second. Letting M = 6, then f; = 4800 Hertz (Hz). For an foy.0ff = 300 Hz,
the total loss is (1+1/8)x({1+1/6) = 63/48 or about 1.14 dB. Since an
optimal coherent receiver requires an Ep/Ng over 3 dB less than that
required by a non-coherent receiver, a gain of over 2 dB can be
expected.

30 When diversity combining of signals from multiple RAKE fingers
and/or muttiple antennas is used, the difference in performance
between the coherent receiver and non-coherent receiver could be
even larger because the combining loss in a non-coherent receiver
does not exist for a coherent receiver. Although this additional

35 advantage may be partially canceled out due to the fact that, when



channel response h(n) = h(nTr) can be nodeled as a slowmy tine- - 16-
varying random process with a power spectrum[err], and [err] for f < [err]
and [err] where [err] is the Doppler frequency. If [err] s not known or may
change with tine, the best estimate [err] which can obtained is to pass the
noi sy estimate [err] through an ideal |apgpass |inear-phase fitter 5

which rejects the noise conponents with frequency [err]. The optimal filter
woul d have a frequency response, i.e. the Fourier transformof [err]
denoted as: [err] diveity combinifglis used,hé communicationssystem jolikaly (FdR)

filter which has aBRpé}‘diéﬁJ&t MWt BignaPtdlRoidé irtidd foRthe inBiividual signals fofe 5) 15
where wk is the FI

flrt f. t h f .th
estimate. It i casompipeBdast oyt dversi.1hs Eesul o sReal AR MR C: i bed
above is a speci al (eg. dd} eaninot be ggnoeediht ed sum nethod, if [err] = 1/ (2N +
L. By selectigg [err] Rohadbond cniysReintas!diehtibsAmkr thitsh bal ihove. a
t o

better estimate of h(n). can be obtarned, althoug ay W]l be Introduced.
PTG 5 D1l uetr at asPRAAtaEdS ugsd fanchapnelestEARn RaalZRR P LEeh A gt

estimate using wei fitterdwill vequiggeam infinite slelayh A pedctiealtfilttenmasst hase d transition
ref erence signal. bénd"*d L‘%‘;‘?a%ﬁé%’%@ %Jytﬂé‘%ﬁ% Wi !Fgﬁplﬁ{t t hat

hanael 15wt | |k mESRIenEN oL oo laeh Svip he Aflacive Pabw at e TlelnEPG ve < he
performance | 90s oéxample; affiter nay-txdesigndthwhich hasta trahsition ahd ddm 200
Hertz to 400 Hertz. The resulting filter will have a delay less than five
millisecond while keeping the effective bandwidth equal to 300 Hertz.
By using such & filter, there is no additional loss if the mobile
communication unit speed is less than 220 kilometers per hour.

15 Furthermore in the above analysis. it was assumed that the data
and reference symbols are transmitted continuously. As a result, the
reference signals are available every T, time interval and these
reference signals can be used for channel estimation by means of low-
pass filtering. In some cases, such as when variable rate speech

20 transmission is used, it is desirable to transmit data in short and
discontinuous blocks. In such a case, the referenced symbols are also
transmitted discontinuously and the low pass filtering method described
above should be modified to be applicable as described below.

- First, it will be appreciated by those skilled in the art that when the

25  duration of a data block is short relative to the time constant of channel
variation, the channel response may be assumed to vary linearly during
the time span of a block. Thus, the channel response h(kT) may be
expressed as:

30 h(kT) = o+ Bk (eq. 14)

where o and B are two complex constants to be estimated. These two
constants may be determined by using the received reference samples
through linear best-fitting based on the least squares (LS) principle.

35 The details of such estimation methods are illustrated by the following
example.



rélative to the optimal coherent receiver over such a channel. The | os
mai nly caused by two factors. First, because of the 30 I nsertion of

non-i nf or mati on

bearing reference bits, the energy per information bit

S is

(Eb)

is effectively reduced (i.e., the data rate is reduced), when the total
transmtted power remains the sanme. Segqnd, in the presence of noise,

are errors in the channel estimates. T total |l oss is the conbined re
of these two factors. -17- The loss in Eb due to reference insertio

denoted by [err] can ke famgthite@datLEI06K (IS, frdrfé)ib assumed to consists of

(eq. 6) 5 where
in Eb of [err]

-3 i skfBole i W B b s Rirafid Slinils (e s 41, 48 |

due to estimati ol resuitir42 syrabels ace transmitlegner data bliode| Thisslata blogk may
established for paeseparatdd by timtditétRalsiin which A data e Yitmishitfed: aThig, Vi

ecoived si gfal MR rﬁ%ﬁ?‘a@ﬁb iSlpcpies, B Chbugh RAS SRAE,

+z(k)

durmg the time interval pbintergpt. 15 where r(k) is the received

sampl e at KT, a(k) 1 sid iifs 6RAMERPAR LIkl affitidred pHofmed bialdiience

synmbol, h(k) is
fadi ng channel,

Bnly el Sostusd FRISiER FRrPies L06 frey '\rcé‘ﬁréj‘rﬁé@%kéé” ch

appr oxi mat el y \mueeommm) kedlyssi 4ih whithecavbe wgitesiaghal to noi se rat
equal to [erpgl, where [err] is the noise varlance According to

15

20

25

30

r(k) h(kT)a(k)+z(k) (eq. 15)

where a(k) is the kth transmitted symbol, which can be either a data
symbot (not known to the receiver) or a reference symbol (known to the
receiver), and z(k) is the additive noise at k. In this example, for a '
reference sample r(k), k=7i+3,i=0, 1, 2, 3, 4, and 5, since a(k) is known,
a noisy channel estimate can be obtained as: ’

h(kT) =r(k)a" (k) (eq. 16)
where a’(k) represents the complex conjugate of a(k). By minimizing

the LS error between h(kT) given by (eq. 14) and h(kT), the LS
estimates of o and B may satisfy the following:

oN+BY k=Y h(k) (eq. 17)
K k
oY k+BY Kk =Y kh(k) (eq. 18)
kK k k

where N is the number of elements in the summation and h(kT) is given

by (eq. 16) and the summation index k takes the value k = 3+7i,i=0, 1,
..+ 5. The solution of o and § is given by:

o= d[z k?x ¥ (k) —NZkﬁ(k)] (eq. 19)
B= d[NZﬁ(k)—Zk x ZE(k)] (eq. 20)

there
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Jakes' channel nodel (as described in W C Jakes, Ed., M crowave Mbile
Communi cations, John Wley, New York, 1974), h(k) is unbiased and Gaussi an
distributed. Its power spectrum called Doppler spectrum 25 i s given by:
[err] where [err] is the Doppler frequency, which is a function of the
carrier 30 frequency and the nobile comunication unit speed. It can be
further assuned that BPSK signaling is u §d It will be appreciated by
those skilled in the art that the fol | owffig assunptions also are applicable
to quadrature phase shift keying signaling. Gven that [err] = 1, then it
may be assuned that the reference synbols are inserted at (M+l)kT, so 35
that a((M1l)k) anqw é 1)k) are the reference synbols and the
correspondi ng recei ved'sanpl es, respectively. By multiplying r((Ml)k) with
t he conjugate of the reference synbol a ((Mt1l)k), the resulting channel
estimate is:

In the channel esti mat eL’err Nﬁ:ﬁ/‘({%")i , h((M+1) k), is a |l ow pas(égazé'ﬂdom

vari abl e and the second t i's the chdnnel estimation error. Wen 1/ (M1)T
> 2fd, the cha@nel esti rrate at (Mt1)KT can be further 10 | nproved, i.e.,

]E he V\a/‘\;' ancef Or . t hehd) N6 BtiRaios/BhahAG B5HcHseS AP tiRR I(‘IEQLH‘F]G% Jtad téarkBt@\Nn _
o enen o et v nlaEasokiRd &%ﬁ&g&‘%a@%ﬁ% SAAHR ool e 1
estimtion error, can bbithdugh thedn\kgntlpashastgpdn‘(o!eseﬁbw andrifusirated with a
s oo “or | peselR SRy RSO B L
ont1 el channdf e<HibHREYE of 4RO en et P Do dove, ot SE3MBls Ghly 2hndeed
a |linear phase natthatdumerows chadgestinitise arrangement and combmataon of parts as
well as steps may be resorted to by those skilled in the art without
departing from the spirit and scope of the invention as claimed. For
example, the modulator, antennas and demodulator portions of the
15 preferred embodiment communication system as described were
directed to CDMA spread-spectrum signals transmitted over a radio
communication channel. However, as will be understood by those
skilled in the art, the encoding and decoding techniques described and
claimed herein can aiso be adapted for use in other types of
20 transmission systems like those based on time division multiple access
(TDMA) and frequency division multiple access (FDMA). In addition the
communication channel could alternatively be an electronic data bus,
wireline, optical fiber link, satellite link, or any other type of
communication channel.



mat ched to the channel Doppler spectrum divided by the noise spectrum 20
Practically, it is difficult.to inplement such an optinmal estimator,
because t he Doppl er and noise spectra are usually not krffrr—and-wil
with time. A sub-optimumand realistic solution is to ugeT4IS EMBET Hog e

| i near - phase, |ow pass filter, whose cut-off frequency ifls_gr e&EerLabgan oElN
equal to the maxi num possi bl e Doppl er jgsgquency. 25 By —Ftex :
h((Mt1) k) using an ideal |ow pass |linear phase filter, whose cut-off
frequency is [err], with zero group delay, or equivalently a fixed group
delay, and unit magnitude in its passbanClaiinge output at the filter can be
expressed as: 30 [err] (eq. 10). It can
be shown that the variance of [err], the residual estimation error, is
equal to [err], WMBRtdsclaimedis:1/ (M+1)T is the reference synbol insertion
frequency. More precisely, after filtering, the variance 35 of the

channel esti@tiqp erro&*ﬁubﬁ:ﬂﬂ&ﬁgnﬁﬁoﬁ!ﬁr@ or of [err]. Subsequently, by
on, € channe St

using linear 1 ntefpol atl < ates at KT, for k [err]
(Mr1)k can be gener at &) acteierenng meansdgr insprting refareeee symbalsdntosd. 10) the
coherently detected sanpl estream ofihput dateesymisols ke forin a reference coded
(eq. 11) 5 1f it is furtheﬁg@ﬁg) ?gﬁ#ﬁ*él a#]gl z(k)h (k) are
i ndependent and the high o [ V@E negligible, then the
total noise variance ) t hepreadipgimeans, apemrtively eoupled g referepee r]. By
cogar! ng twno_s L ers]ult Wthnfebﬂs,%}pféﬁaﬁggﬁé%fbrém@%ddéd stream@inpat i 0 10
conbi ni ng, ich has an no A . output, it
may be concl uded that the 'P%‘gss%@g&é hﬁ%{lﬁ%ﬁ%&ﬁ@tﬁﬁéﬂbn _

channel by spreading the reference coded stream of input

data symbols with a spreading code prior to transmission

over the communication channel.

-

15
2. The communication unit of claim 1 wherein the spreading means
comprises first spreading means for spreading the reference
symbols at a first rate of spreading and second spreading means
for spreading the stream of input data symbols at a second rate of
20 spreading.

3. A communication unit comprising: _

{a) a demodulator adapted for despreading a received

communication signal with a spreading code to derive a
25 stream of reference samples and a stream of data
samples; '

(b) achannel estimator, operatively coupled to the
demodulator, and adapted for estimating the channel
response by utilizing the stream of reference samples; and

30 (¢) adetector, operatively coupled to the demodulator and the
channel estimator, and adapted for generating an
estimated data symbol from the stream of data samples by
utilizing the estimated channel response.
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approximately equal to: [err] (eq. 12). 15 By conblnlng (eq.
6) and (eq. 12), the total performance | oss may be expressed as:
(eq. 13). 20 The system performance may be optim zed by Se|eCtIHMﬂSém9@ﬁHASBEE
Mto minimze [err] For an r = 1/3 convolutionally coded system w t hgepAcED
information bit rate of 9600 bits per second, the coded b|t ra
to 28800 bits per 25 second. Letting M= 6, then [err] = 4800 Hertz (Hz).
For an [err] = 300 Hz, the total |oss i-g4{ferr] = 63/48 or about 1.14 dB.

Since an optinmal coherent receiver requires an [err] over 3 dB | ess than

that required by a non-coherent receiver, a gain of over 2 dB can be
expected. 30 4. \Flae commumicationamitofraiaiq 3whereindhe demadulaion i pl e RAKE

L I ?gers ?Edlorhrml tlt I0|&:rﬁﬂﬁmﬁrdt%eﬁﬁl%@ﬁeiaéaﬂbﬁffsﬁ@éﬁﬁeadln §&lid or mance

et ween t he coherent r coher e gven

‘| arger because the conﬁ%ﬁwﬁg W@ﬁ“’“ﬁg‘mﬂﬂ“%‘n‘ﬁ'gf §ﬁ$ o?f% g%ﬁé%&(ﬁg%g %ot exi st
for a coherent recei veeodesandhafigst rate of despraading irespectivelyytoderiye thﬂy be
pa% ially cangel gd ?lﬁtstééé?nb?réfaféﬁcé@anit ,adﬂ‘ifﬁﬁc?ndaﬁsprdad&ré?d
conbining is use €, .Comuni stem | i ke e

| ower signal -to-noi se eggre]agﬁ tﬁg rgﬁ fntg\lcﬁépss?grgaefg@ﬁ\ %’ﬁeogﬂ%d t han
Wit hout diversity. As seomddespreadmg;eodmmdmcqndrrme of degpreadifg.can not
be ignored. | respectively, to derive the stream of data samples.

10 &. The communication unit of claim 3 wherein the channel estimator
comprises one of the group consisting of:
(@) means for estimating the channel response by low-pass
filtering the stream of reference samples;
(b) means for estimating the channel response as a linear
15 function of sampling time; and
(c) filtering means for generating an estimate of the channel
response associated with each reference sample by low-
pass filtering the stream of reference samples, and
interpolating means, operatively coupled to the filtering
20 means, for generating an estimated channel response
between at least two of the reference sample estimated
channel responses.

6. The communication unit of claim 3 wherein the detector
25 comprises one of the group consisting of:

(a) means for generating the estimated data symbol from the
stream of data samples by correlating the estimated
channel response with the stream of data samples;

(b) means for generating an estimated data bit by utilizing

30 maximum likelihood decoding techniques to derive the
estimated data bit from the estimated data symbol.

(c) means for generating an estimated data bit by utilizing a
Viterbi maximum likelihood decoding algorithm to derive
the estimated data bit from the estimated data symbol.

35
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5 In the above analysis. it has been assuned that an ideal
pass filter is used for channel estimation. Realization of su
filter will require an infinite delay. A practical filter nus
transition band to have a finite delay. Thus, the all owabl e
frequency should be less than the effective bandmndth of the f
exanple, a filter may be designed mhlcg has a transition band fron1200
Hertz to 400 Hertz. The resulting filt ? will have a delay less than five
mllisecond while keeping the effective bandw dth equal to 300 Hertz. By

using such a filgyer, Ahﬁé@od%fagmqm,éat@ﬂ%nl, g:f the nobile

communi cation unit spged I.S ss than 220 5
Furthernmore in the ab dﬂﬁ? 99 gefe[qncmnﬁig ﬁ%&%&?“lﬂef‘a‘é‘t%ﬁj‘ﬁnd
reference synbols are trarsymbo:l%w foomta reference coded streamof input deta ef er ence
signals are avail abl e evergymijoid;l me interval and these reference signals

can be used for chann I estlnatlo neans o filtering. In sone
cases, such 3s when v i adI"BPRTING @;ﬁé&fﬁ"%méﬂ%ﬂeé dEaa%used, it is
desirable to transmt dat asymbaish torttramschissiere over ancomnuriication. channguch a

case, the referenced syan; éggﬂgqﬁ%}éfg%%ltﬁosgggég f,ﬁwt%eand t he

|l ow pass filtering method
appl i cabl e as descri bed bé’fy °§:Wft tasprpa%pmcogg POgpIQ 5?’855'&’/‘ MS6se

skilled in the art that V\hhewhﬂnmﬁcatloiwlm"mnaﬂd a data block is short

relative toqphe tine gonst h d Fé‘%,q@ﬂ sponse

may be assurrgd to var Ilr;‘?%nrsl 'iﬁé‘%ﬁ}eag%f% &é‘;o &PSt ockp'ij hus, the
ple.thy 1 comgrunication chappgl |

channel response h(kT) naydd@ S
(eq. 14) where a and [err] are two conpl ex constants to be esti mat ed. These

‘Two constants mag be {4 ﬁ{e‘i'ﬁcgggfeﬁéﬁm‘?itvﬂ%r{aih%é dﬁﬁsér?ﬁ@bﬁﬁ@ﬁséé‘”p' €s

| ow-

“through Iinear best freti ng on east squar ncir ple. 35
' The details of such J8spHiRgreierenae symbals inte g st ﬁesyf‘&ofsovm ng
exanpl e. 15 according to an insertion algorithm to form a referenoe coded

stream of input data symbols, the insertion algorithm comprising
inserting reference symbols at a rate greater than twice of
channel variation frequency of a communication channel over
. which the spread reference coded stream of input data symbols is
20 : to be transmitted.

9. A method of processing a received communication signal
comprising:
(a) despreading the received communication signal with a
25 spreading code to derive a stream of reference samples

and a stream of data samples;
(b)  estimating the channel response by utilizing the stream of
reference samples; and
(c) generating an estimated data symbol from the stream of
30 ~ data samples by utilizing the estimated channel response.
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-21- If atransmtted data block (i.e., franme) is assuned to s‘**ﬁ*—- s
data symbols and with 6 inserted reference synbols (see FIG]j ’ 5"”3,&#;* I-’AS BtEN ]
result, 42 synbols are transnitted per data bl ock. This dat IockR

separated by tine intervals in which no data are transmtted. Thus, T
when such a short block is received, we only have 6 reference sanples

during the tinme interval of interest. 48-this exanple, the channel
estimation is performed by using only the received reference sanples. The

recei ved sanpl es y denot by.r L k=0 ..., .41, which can be
witten as: 10 reg? j‘ﬁe Et)a)ojrg%w(s@wherem t?le estimiating 'step COMPESes: | )
where a(k) is the kth(a)y angenerating aprstimateof the channbér-'pohse a data synbol
(not known to the recei Veréssgj’gra?eéeinﬁrﬁ%ere?éfgh% ng? & 15

s ex for a

receiver), and z(k) is the ve nol se a
reference sanple r(k), k=7fitefingt esyeagp ofzre egence sﬂﬁﬂ nce a( K) is
known, a noi §y channeKb)estgereératrm@antustmﬁwd mm:esndnsp betweén at(k)

(eq. 16) 20 where [err] re ? j %(

mnimzing the LS error be ?fkﬁf given éar{!&@ Qia? %h err] the LS
estimates of a and [err] nﬁspgaﬁ%fy the follow ng: 25 err]

(eq. 17) where N is the nunber of elenents in the sunmation and [err] is

"given by (eqg. 16) and the summation index k takes the value k = 3+7i, i =0,
-1, 30 ..., 5. The solution of [err] and [err] is given by: [err]

-
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-22- where, [err] 5 Thus, the estinmates channel responses at tine kT, k O,
1, ... 41 can be conputed according to (eq. 14) using the estimated [err]
and [err]. Although the invention has been described and illustrated with a
certain degree of particularity, it is understood that the present 10

-di scl osure of enbodi nents has been made by way of exanple only and that
‘nunerous changes in the arrangenent and conbi nation of parts as well as
.steps may be resorted to by those skilled in the art w thout departing from
ithe spirit and scope of the invention-2%-clained. For exanple, the

I modul at or, ‘antennas and denpdul ator portions of the 15 preferred

'enbodi nent communi catio m d | be r I rect CDVA

. spr ead- spect rum si gnal s“éﬁ'ﬁbﬁq t‘ﬂiﬁ ﬁ’gAgA&ﬁfggnﬁfﬁ'ﬂggé'@.ﬁ channel .
~However, as will be undGOMMUNICATIONcINKA ISRREAD-SPECTRUMe encodi ng
and decodi ng techni ques descri BN D ' n al so be adapted
for use in other types of 20 mﬂggﬁg‘n syst%ﬁﬁz t hose based on tine -
division multiple access (TDVA) and frequency division multiple access
(FDMA). in a8dition the communi cation channel could alternatively be an
el ectronic data bus, wireline, optical fiber link, satellite link, or any

ot her type of communi cati on channel. REPLACENMENT SHEET
Abstract of the Disclosure
10 A niethod and apparatus is provided for encoding and decoding

to facilitate coherent communication. In encoding, reference symbols
are inserted into a stream of input data symbols (110) to form a
reference coded stream of input data symbols (114). Subsequently, the .
reference coded stream of input data symbols are prepared for

15  transmission over a communication channel by spreading the reference
coded stream of input data symbols with a spreading code prior to
transmission over the communication channel. In decoding, a received
communication signal (120) is despread with a spreading code to derive
a stream of reference samples (132) and a stream of data samples

20 (138). The channel response is estimated by utilizing the stream of

- reference samples (132). Finally, an estimated data symbol is detected
from the stream of data samples (138) by utilizing the estimated channel
response.

FIG. 1 accompanies this abstract.



23 - Cains 1. A communi cation unit conprising: (a) reference nmeans for
inserting reference synbols into a 5 stream of input data synmbols to form
a reference coded stream of input data synbols; and (b) spreadi ng nmeans,
operatively coupled to the reference neans, for preparing the reference
coded stream of input data synbols for transm ssion over a comunication
channel by 100 spreading the reference coded stream of input data synbol s
with a spreading code prior to transnis§§qnzover t he conmuni cati on channel .
2. The communication wunit of claim 1 wherein the 15 reference neans
inserts reference synbols inty a stream of input data synboks according to

an insertion algorithmto forma refgrence _coded stream put data
synmbol s, the insertion algor@g%glco rising inserting refer ol s at
a rate greater than 3w ce channel variatign frequenc of a 20

comruni cati on channel Qv whi ch the referenceg™Bod strean] of i npud ta
symbols is to bg tranggftted. 3. he connunicggi-n unit pf cla 3
wherein the spr®adi means conprises first $pEeagi ng nmeank for %p;e di ng
25 the referen ynbols with a first spreadiing cpde and sgcong speeddi ng
means for spreadt st ream of ir]‘put dat g, jyabops with a sec%’n"g S
spreadi ng code. 4 ni catijon unit Sof m 3 whergin theg & st 30
spreadi ng code i S iajly simlar to thg bnd spr ealli pg cod®. I5.

- The comuni cat i or fl claims3 erein theif st sprehding code is
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35 spreading code. 6. The communication wunit of claim 1 wherein the
spreadirng neans conprises first spreading neans for spreading the reference
synbols at a first rate of spreading and second 40 spreadi ng neans for

- spreading the stream of input data synbols at a second rate of spreading.
P -24- 7. The conmuni cation unit of claim6 wherein the first rate of
spreading is substantially simlar to the second rate of spreading. 5 8.
The communi cation unit of claim6 wherein the first rate of spreading is

. substantially different fromthe second rate of spreading. 10 9.

' The communication wunit of claim 1, further conprising a transmtting
" means, operatively coupled to the spreading neans, for transmtting the
spread reference coded stream of input data synbols over the comunication

channel . 15 1—Hhe conmmunication wunit of claim 9 wherein the
conmuni cati on channel selected fromthe group consisting of an

el ectroni c data bus, i 0 communi cation link, wireline, optical fiber
link, and satellite || B4 20 11. A communi cation unit conpri sing:

(a) denodulating ngdRrg for despreading a rg
Wi th a spreadi ng codg &d derive a stream ¢
- of data sanples; (b) |=Hannel estimation

\ ved communi cation signa

ence sanples and a stream

aratively coupled o the
-

LINEAR
INTERPOLATOR

1 FRAME
cTa[a[a[ea]a]r]a]a]a]a]d[d[r [a]a]a]a]e]a]r[e]a]a]a]a[a]r[a]a]a] SeeeSTd]d]a

FIG.2



Zﬁ extractlpg means, for estimating the channel resp
the 'streamo reference sanples; and (c) detection pehat
coupled to the extracting means and the channel esti @{E?(i).ﬁcé SH‘EETV r
generating an estimated data synbol fromthe stream of
utilizing the estimated channel response- 23.- The conmmuj
claim 11l wherein the denodul ati ng neans conprises first despreadi ng neans
fo r despreading the received conmuni cation signal with af i r st 35
despreadi ng code to derive the stream of Claiagence sanpl es and second
despreading neans for despreading the received communication signal

with a second despr din cgﬁﬁrh@?g%lﬁw‘e Fvﬁ?e’ﬁéﬁgl . data sanpl es.

-25- 13. The communi atl

e first gﬁspmgdl
code i s substar{@)al |Keferenger means, o%elfb?ﬁf 'HQSpF%‘%EI?H e symb .
The communi §at istreawm tofoi‘nrxdtadata Symbelseito fiorm fa rretereagpr Sgdesy sterrm s
subst anti ?I ly diff frﬁfl‘;{na HT@I sqm;pd despreadl ng code. 15. The
conmmuni cati on 0 t
first despreadi ne%%aﬁ"gérh%g}g ‘ed é'%% cel éa gg%ﬁﬁgg?fl‘éggm{déﬁ;
at a first rat dnSﬂnéeszFeEEﬁP@f“‘B@ |r\¢gg'i9rﬂ§%t9‘§§%¥ tarfz)ﬁg
and second desgymbdlsgfometransnissioniesguerach ngommumcatm venhannel
communi cat 4 gn séspﬂ‘é%]ldlﬁé theS FSTeREnéS  Codid dRFetMagi Mpl daes | symbbls tvhiath

stream of data a
a s reading code prior to transmission over the communication
channel.

--------------------------------

_ 2. The communication unit of claim 1 wherein the
15 reference means inserts reference symbols into a stream of
input data symbols according to an insertion algorithm to form a
reference coded stream of input data symbols, the insertion
algorithm comprising inserting reference symbols at a rate
greater than twice of channel variation frequency of a
20 communication channel over which the reference coded stream
of input data symbols is to be transmitted.

3. The communication unit of claim 1 wherein the
spreading means comprises first spreading means for spreading
25 the reference symbols with a first spreading code and second
spreading means for spreading the stream of input data symbols
with a second spreading code.

4, The communication unit of claim 3 wherein the first
30 spreading code is substantially similar to the second spreading
code.

5. The communication unit of claim 3 wherein the first
spreading code is substantially different from the second
35 spreading code.

6. The communication unit of claim 1 wherein the
spreading means comprises first spreading means for spreading
the reference symbols at a first rate of spreading and second

40 spreading means for spreading the stream of input data symbols
at a second rate of spreading.

* [ L M b *




16. The communication unit of claim15 wherein the fir
despreading is substantially simlar to the second rat Rﬁ‘PLA@&MEéﬂ'oﬁfﬁﬁfT
17. The comuni cation unit of claim 15 wherein the flirst = Se Bv 1991
despreading is substantially different from the seco djataté-- N ---------------
despreadi ng. 25 18. The conmuni cat P4n-unit of ] Fr—werern the
channel estimation neans conprises neans for estinmating the channel
response by |low pass filtering the stream of reference sanples. 30

19. The comunication unit of claim 11 wherein the channel estimation

Fﬁﬁgtsi ggm;][i ::S l”?ﬁ”ﬁ.t f OrTﬁététﬁﬁlTrr]ﬁlﬁlﬁicbﬂénPhh{thdf ¢|a;monsswrfmem |theedirst
. EHHWI : I D@IHHI a\t@
the 35 channeli&éét g{‘[ﬁ@%d‘%ﬁdﬁ:&r{g g%ﬁ%rl sesIW( §§)‘ﬂ¥'?f]t ré?iot‘rll’lgns?ans f(';r 6tn

generating an eSRf dof the channel response associated with each
reference sBnple by low pass filtering the stream of reference sanpl es;

ﬁggng b) f Oir n; er 20' a} 99 MEREScompRtIRicaYiBhY unitowh! eldimt @ whereitd the Hfiest ng

) ESt. e < : e

| east two of th'r@%’eagr%ﬁ%eﬁéggnggdse@Eﬁ%ﬁﬁémcﬁgmﬁtrferggz)ﬁ@gs.sggwﬁTﬂae?é

comuni cati on u®k SPFeadiNG.m 11 wherein the 5 detection neans conprises

nmeans for generati ng the estinmated data synbol fromthe stream of data

sanpl es byqgorrel atigg thghe communication unit of claim 1 further
comprising a transmitting means, operatively coupled to the
spreading means, for transmitting the spread reference coded
stream of input data symbols over the communication channel.

15 10. The communication unit of claim 9 wherein the
communication channel is selected from the group consisting of
an electronic data bus, radio communication link, wireline,
optical fiber link, and satellite link.

20 11. A communication unit comprising:

(a) demodulating means for despreading a received
communication signal with a spreading code to derive a stream
of reference samples and a stream of data samples;

(b) channel estimation means, operatively coupled to the

25 extracting means, for estimating the channel response by
utilizing the stream of reference samples; and

(c) detection means, operatively coupled to the
extracting means and the channel estimation means, for
generating an estimated data symbol from the stream of data

30 samples by utilizing the estimated channel response.

12. The communication unit of claim 11 wherein the
demodulating means comprises first despreading means for
despreading the received communication signal with a first

35 despreading code to derive the stream of reference samples and
second despreading means for despreading the received
communication signal with a second despreading code to derive
the stream of data samples.

L



estimated channel response with the stream of data sanples.._22. _The— 1
conmuni cation unit of cl ai m 11 wherein the 10 dgat gacftior’i}i ﬁgg{@;@@gﬂf@ﬁg’r §
means for generating an estimted data bit by utilizingmaxi ng hgl ?od
decodi ng techniques to derive the estinmated data bit fr(%rrbgtlgeg __________ thg ,,,,,
data synmbol . 23. The conmmunication unit ef28l aim 1l wherleia—the=315
detection neans conprises means for generating an estimated data bit by
utilizing a Viterbi naximum |ikelihood decoding algorithmto derive the
estimated data bit ft3m tTike esommaupicationa wpitboof. claim 12 whereinnhdhe
conmuni cation gyytt desprdariing &dédef i tduitistaoniallysi sBimilar ectei \theg sevorad
operatively cou(%% Ta ind'% ngdul ating neans, for receiving the
comuni cation s e P muni cation channel . 25 25. The
conmmuni cation unit of claim 24 wherein the communi cati on channel is
selected frgmthe grbdp cbhei sommunicatiore! anitr ool cclaima 12s whekein the
communi cation | fiak. despfdddig eBdecdé Sulistantially. différentsfront | tHe déatind 30
26. A conmuni c tlorn syste onprising: (a) a transmtter, conprising: (i)
ref erence meansOPIPEANY ¢ ‘reference synbols into a stream of input data
symbols to forma reference coded stream of input data symbols; 35
(ii) spreading meansi5ppeThei gemmuninaticed uaitt hef relaémendd medersinf dthe
¥ anon qi 80 o J RidtlAgRG- dhethceR fﬁgﬁségp”“"*at R e T ed
. . S . e cose
stream of i nput9GRE _?rgo"":,e \Kﬁgﬁ“’&{% 5&8%{? 8 %;#?%Ir g?oéﬂ%?\ %agesigﬁ
over the 40 codespresstingn tenglarive g stream of reference samples and
second despreading means for despreading the received
communication signal at a second rate of despreading to derive

15 the stream of data samples.

(.

C

16. The communication unit of claim 15 wherein the
first rate of despreading is substantially similar to the second
rate of despreading.

20

17. The communication unit of claim 15 wherein the
first rate of despreading is substantially different from the
second rate of despreading.

25 18. The communication unit of claim 11 wherein the
channel estimation means comprises means for estimating the
channel response by low-pass filtering the stream of reference
samples.

30 19. The communication unit of claim 11 wherein the
channel estimation means comprises means for estimating the
channel response as a linear function of sampling time.

20. The communication unit of claim 11 wherein the
35 channel estimation means comprises:

(a) filtering means for generating an estimate of the
channel response associated with each reference sample by low-
pass filtering the stream of reference samples; and

(b) interpolating means, operatively coupled to the

40 filtering means, for generating an estimated channel response

‘LN



- 27 - (iii) atransmtting neans, operatively coupled nﬁ%‘fwﬁéﬁ%ﬁﬁgb%]‘ .

nmeans, or transmtting the spread reference coded stre
synmbol s over the communication channel; and 5 ( b) r_ch_iN@zV, i
conprising: (i) receiving means for receiving D?‘ﬁpmw&.

signal over the communication channel; (ii®gdenodul ating neans, operatively
coupled to the receiving neans, for despreading the received comunication
10 signal with a spreading code to a derive a stream of reference sanpl es
and a stream ofpetneers atplesst (Wo iof themeférence ragmple estimateshechannel y

. coupled to the jg09 neans, for estimating the channel response by

- utilizing the streamof reference sanples; and 15 (iv) detection
' nmeans, operatively coupled to the extracting, neans and the channel
~estimation neans, f2%.r feaeccammynigation i h‘ﬂ!tedoﬁa‘ﬂé'@yn‘iél wherginhdhe

~ stream of dgta getedtion bmeans! campyiselse meansHoedgenerating r thpestimaied

27.. The Commnaiﬁ%ts SYMBO° M e stdamh 8P dﬂi&rs‘émﬂé@ By eovrlating the

Cynbol & aceor 0 FRAIRGIa ChRAE] EseRane Wit 1 Bard o1 Hara fineide

stream of input data synbols, the insertion algorithmconprising inserting
reference symbol s at2g. 25Theatengnhanaicatidrhaaniivi ok claimhattelwberginuwhihsh

Lhe roforohe CQafibiRIn SfBdhis BRjBrice O{I&fi Réraltthg ransektineateds.

T , . ) ; \

mgng"g”g“np“'r?gte; th“?:{?t% by ufitizing gt)rﬁaxﬁlﬁlnnlik fhoot ddaHing fechhniqadsd efs' "9
derive the estimated data bit from the estimated data symbol.

23. The communication unit of claim 11 wherein the

15 detection means comprises means for generating an estimated

data bit by utilizing a Viterbi maximum likelihood decoding

algorithm to derive the estimated data bit from the estimated
data symbol.

20 24. The communication unit of claim 11 further
comprising a receiving means, operatively coupled to the
demodulating means, for receiving the communication signal
over a communication channel.

25 25. The communication unit of claim 24 wherein the
communication channel is selected from the group consisting of
an electronic data bus, radio communication link, wireline,
optical fiber link, and a satellite link.

30 26. A communication system comprising:
(a) a transmitter, comprising:

(i) reference means for inserting reference symbols
into a stream of input data symbols to form a reference coded
stream of input data symbols;

35 (ii) spreading means, operatively coupled to the
reference means, for preparing the reference coded stream of
input data symbols for transmission over a communication
channel by spreading the reference coded stream of input data
symbols with a spreading code prior to transmission over the

40 communication channel; and
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vt

30 spreading neans for spreading the reference synbols g

spreadi ng code and second spreadi ng nmeans for spreadi ng B‘ﬂ%%%ﬁ‘f'%?sr’ put‘
data synbols with a second spreadi ng code; and (b) the nleceiv j
denodul ating neans conprises first 35 despreadi ng neansg] Pae: l§pﬂggdm 5
t he received conmunication signal with the 37 r-st despreadrmg code to derive
the stream of reference sanples and second despreadi ng neans for

. despreadi ng the received communi cation signal with the second despreadi ng
~code to derive the stream(tifi)dat rarwmitting 4cmezans ,Tioperatively c soupledytoem

~of claim 2f6 V\htetl?éﬂs rgadm g8mednd), of hpaﬁsrﬁnﬁ fép?éééaﬁbféﬁen@aaéded
' corrprl Ses Irs r
first rate of sﬁﬁgg‘gﬁ S'F e@gﬁé) sﬁég h?%ﬁ%gﬁ}ﬁ% #ﬁae S?ﬁeam
of input data s? ols at a second rate of spread| ng, and 5 (b) the
recei ver der®dul ati n¢b) rreansrecerv@r; ssomprising:st despreadi ng means for
gespreagl ng Ehe recei ved ¢pymupsEdivirey fSI oangt t heyrf i r steédivin®f the
espreading to n
despreadi ng maﬂém'ﬁﬁn@@taﬁaﬂéptwg' @i% %Wﬁﬁ?@a&@ﬁﬁgp naI at the
second rate of 10 despr e&bi)ngdemedylating: ﬁ@%’ﬂ%e%ﬁt'\d@'ﬁ/ac%' ¢do the
The communi cat i peceiyingnmedns;| dom déspréedingn thée reeeiviedercommunétation
estimationqg ”Eg aﬂOWifH S§SspréBdity dode rtoe§t denvbna sfr@&n?héﬂ’}%'fel"@ﬁéénse
by 1 owpass - {1 [LEILEY 2AH%, Shrodth' 6P Balh JapBIEICE SamPl o5
(iii) channel estlmatlon means, operatively coupled
to the extracting means, for estimating the channel response by
utilizing the stream of reference samples; and
15 (iv) detection means, operatively coupled to the
extracting means and the channel estimation means, for
generating an estimated data symbol from the stream of data
samples by utilizing the estimated channel response.

20 27.. The communication system of claim 26 wherein the
transmitter reference means inserts reference symbols into a
stream of input data symbols according to an insertion algorithm
to form a reference coded stream of input data symbols, the
insertion algorithm comprising inserting reference symbols at a

25 rate greater than twice of channel over which the reference
coded stream of input data symbols is to be transmitted.

28. The communication unit of claim 26 wherein:
(a) the transmitter spreading means comprises first
30 spreading means for spreading the reference symbols with a
first spreading code and second spreading means for spreading
the stream of input data symbols with a second spreading code;
and
(b) the receiver demodulating means comprises first
35 despreading means for despreading the received communication
signal with the first despreading code to derive the stream of
reference samples and second despreading means for despreading
the received communication signal with the second despreading
code to derive the stream of data samples.
40
29. The communication system of claim 26 wherein:

* ¢ L N 5 &




31. The communication system of claim 26 wherein th (T ﬁg @Ag@mr\‘ggﬁmel
esti'mati on neans conprises neans f o r estimating the cﬁanne re e
Bhgat 2051 N}ﬁ%oﬂ

- as a linear function of sanpling 20 time. 32. The co
claim 26 wherein the receiver channel estinmated neans
 filtering nmeans for generating an estimat@8 ef the 25 channel response

. associated with each reference sanple by low pass filtering the stream of
reference sanples; and (i i) interpolating means, operatively coupled

" to the filtering nefa)s, the tramemitierg apreadingat B@Bmm@mm&ﬁﬁ)n%mt
lrﬁgts Eﬁﬁé‘e?t ggaSé ﬁé&hﬁ ﬁivarfsefcﬁr epreadinglthe ersforancsl sywmbots 8D a first

0

det ecti on rreans é‘?@ﬁ% HH %R'far?% IJir#lne e\sé@§ (#ﬂ(]% Hﬁ‘%r‘%ﬁ
fromthe strean$t(5¢aﬂh1°$ iopHp datangym o%ﬁtr%l Ganygl

response wi 6h the st(am the nbnelveamdemodﬂlatmgweMnbompl’m%yiﬂ et of
claim 26 V"“ere'ﬂ é;gt%dcﬁﬁ?l arléehﬂ‘?td r@ﬁafﬁg PP re66ivedE BMMMinication

decoding BlcSC ool % gﬁ%%@h i BehY e a0t

t
decodi ng - 'ﬂﬁ
esti mated data @fﬁfﬁﬂlce Fampies abfneee reaging 6?'961‘% Z%e%?f M9+t he

5 communi cat i othechpeoeiveds eehanmubdtrcmn t$igngt ogl cthesi secandofrate of
el ectroni c1@at ag8LSreddiflOtd” YBMVE Hié ! Stfeamnbf dutackafitples.

rl coas
-y

30. The communication system of claim 26 wherein the
receiver channel estimation means comprises means for
estimating the channel response by low-pass filtering the

15 stream of reference samples.

31. The communication system of claim 26 wherein the
receiver channel estimation means comprises means for
estimating the channel response as a linear function of sampling

20 time.

32. The communication system of claim 26 wherein the
receiver channel estimated means comprises:
(i) filtering means for generating an estimate of the
25 channel response associated with each reference sample by low-
pass filtering the stream of reference samples; and
(ii) interpolating means, operatively coupled to the
filtering means, for generating an estimated channel response
between at least two of the reference sample estimated channel
30 responses.

33. The communication system of claim 26 wherein the
receiver detection means comprises means for generating the
estimated data symbol from the stream of data samples by

35 correlating the estimated channel response with the stream of
data samples.

34. The communication system of claim 26 wherein the
receiver detection means comprises means for generating an
40 estimated data bit by utilizing maximum likelihood decoding
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optical fiber link, and satellite link. 36. A nmethod of

conprising: 10 (a) inserting reference synbols int

i nput data synbols to forma reference coded stream of i

and (b) preparing the reference coded stream of input

transm ssi on over a conmuni cation channel. pg 15 spreading the reference

coded stream of input data synbols with a spreading code prior to

transm ssion over a comunication channel. 37. The nethod of claim 36

~wherein the st apchhiquesrio kigrk@ thenpsiimededndataibiy freher the cestintated

; into a stream ﬂ’étd %b?ﬁata synbol s according to an insertion algorithmto

- forma reference co stfeam of input data synbols, the insertion

- algorithmconprising inserting reference synbols at a rate_greater, than
twice of channel vaBbatibhe communications system cﬁfrrﬁ{ﬂrlﬂba?gow ahein@yer

whi ch the rgf er gowenanidedion retemmdl isnpelectedafriombthies greupoconsisting of

transmtted. 38,.T | &0 30, dilr t i3y e
transmtting th%nsgf%éf ﬁ@?e?&%@eﬁygﬂ?%élpr E&Ino Gﬁ%gtﬁngggigkéowg%@le’s
over the comurPBigabfiRer iRk asg sg ﬁ@?%o@ﬁgjf communi cati on conpri si ng:
(a) despreading a received comunication signal with a spreading code to
~derive a stream of rgger eAcenéthtrl ©f eatintuicatiohr eomprisidgt a sanpl es; (b)

estimtin t he chan r [dAZi

arpres; 18 () el ARG, Sefbgrice Afonoll, o Bstied M- INy)

dat a sanpl es bydatd |symbelst _fMnA 48 %fﬁ&\?ﬁe|°$/‘l£ﬂgoﬂ§%€m4c9 input “data
symbols; and

(b) preparing the reference coded stream of input data

symbols for transmission over a communication channel by

15 spreading the reference coded stream of input data symbols with

a spreading code prior to transmission over a communication

channel.

37. The method of claim 36 wherein the step of inserting

20 comprises inserting reference symbols into a stream of input

data symbols according to an insertion algorithm to form a

reference coded stream of input data symbols, the insertion

algorithm comprising inserting reference symbols at a rate

greater than twice of channel variation frequency of a

25 communication channel over which the reference coded stream
of input data symbols is to be transmitted.

38. The method of claim 36 further comprising the step
of transmitting the spread reference coded stream of input data
30 symbols over the communication channel.

39. A method of communication comprising:
(a) despreading a received communication signal with a
spreading code to derive a stream of reference samples and a
35 stream of data samples;
(b) estimating the channel response by utilizing the
stream of reference samples; and
(c) generating an estimated data symbol from the stream
of data samples by utilizing the estimated channel response.
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- 30 - 40. The nethod of claim 39 wherein the estimating ST C a e
(a) generating an estimate of the channel response asjo@gg{”‘é{ég@f{\iﬁ%}ggﬁ
r

reference sanple by lowpass filtering the 5 stream of rlefer en@eSsHpp!t l
and (b) generating an estinmated channel response betwee ?{el'h‘gg’r""f'ii\h"ﬁggz"

. the reference sanple estimted channel resf0Onses. 41. The nethod of claim
39 wherein the generating step 10 conprises generating the estinated
data synbol from the stream of data sanples by correlating the estinated
~channel response wi t#0t heTberragihad afaclaigardf ahetgin the emtimating: slep m
- 39 further compgomiptisédte step 15 of receiving the comunication signal

over a communi cation.ghagafbrating an estimate of the channel response
associated with each reference sample by low-pass filtering the
5 stream of reference samples; and _
(b) generating an estimated channel response between at
least two of the reference sample estimated channel responses.

41, The method of claim 39 wherein the generating step

10 comprises generating the estimated data symbol from the

stream of data samples by correlating the estimated channel
response with the stream of data samples.

42. The method of claim 39 further comprising the step
15 of receiving the communication signal over a communication
channel.
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