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METHOD AND APPARATUS FOR ACCOMMODATING A
VARIABLE NUMBER OF COMMUNICATION CHANNELS IN A
SPREAD SPECTRUM COMMUNICATION SYSTEM

Field of the Invention

The present invention relates to communication systems which
employ spread-spectrum signals and, more particularly, to a method
and apparatus for providing high data rate traffic channels in a spread
spectrum communication system.

Background of the Invention

Communication systems take many forms. In general, the
purpose of a. communication 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
receiver. The transmitter has the futhioh 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 receiver input. The function of the receiver is
to process the received signal so as to produce an estimate of the



at ;anot her point sone distance away. A conmuni cation system general ly
t consists of three basic conponents: transmtter, channel, and 20

. receiver. The transnitter has the function of processing the nessage

signal into a formsuitable for transm ssion over the channel. This
processi ng of the nessage signal is refered to as nodul ation. The

function of the channel is to provide a physical connection between the
transmtter output angﬁthe receiver i e.receiver is
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o include wireliges peinfto-pbift ThahfbRPiMRRRIe wirelindd f81§71168413Blephbng! Ovave
. links, and optical, fibers. irul t 1 poi.nt channel s

_provide a capabi | |W%§F@%ﬁifﬁgt@'{?§§fhﬂh§? égépbﬁ?ﬂ fibers. Ingg r RQWRRr
~simul taneously fromultipointotherineis provide a ¢apability whdre many receivingdstations
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digital transm ssi @dimlapb?nammmudcaﬁom systems). Ahese pointetkﬂ'g?ﬂfi?}ighal
Zecer 3 oner S anelV SRS ST WAL B Sroem WO ',
limted to: increased i gnd digitel trapsmission mathodsare psed t9 iaasmit a
of “dl 11 er ont. ki ndergp g ol ovar & TIMMUPIEENDR chanblTie use iR 5! on
cormunt cat 1 on ¢ hr USNGROTEE SVAE, SoerelBhal Eaiiddes b¥etenaipametrocs.
These advant ages aneluding:butdoblimited topmcressedimmanitydtessgharmel noise and
(VL1 "t evhnol gy encleAt eie ierdion B e iten” Ednfad it iplhe™
been devel oped. transmission of different kinds of message signals, improved security of
communication through the use of encryption, and increased capacity.
These advantages are attained at the cost of increased system
complexity. However, through the use of very large-scale integration
20  (VLSI) technology, a cost-effective way of building the hardware has
been developed.
To transmit a message signal (either analog or digital) over a
“bandpass communication channel, the message signal must be
manipulated into a form suitable for efficient transmission over the
25  channel. Modification of the message signal is achieved by means of a
process termed modulation. This process involves varying some
parameter of a carrier wave in accordance with the message signal in
such a way that the spectrum of the modulated wave matches the
assigned channel bandwidth. Correspondingly, the receiver is required
30 to re-create the original message signal from a degraded version of the
transmitted signal after propagation through the channel. The re-
creation is accomplished by using a process known as demodulation,
which is the inverse of the modulation‘process used in the transmitter.
In addition to providing efficient transmission, there are other
35  reasons for performing modulation. h particular, the use of modulation
permits multiplexing, that is, the simultaneous transmission of signals
from several message sources over'a.common channel. Also,
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utilized in which-beingseahi Aice signal, fosexamplaj canche sent with famplitede y
modulation: (AM) in a bandwidth only. twrce that of the information itself.
Other forms. of modulatlon such as low deviation frequency modulation
(FM) or smgle srdeband AM, also permrt information to be transmitted in
20 a bandwrdth ccmparable to the bandwrdth of the rnformatron |tself

transmltted gﬂe___n____ mcludes taking a baseband signal (e.g., a voice
}channel) with a”' 6andwidth of only a féw kllchertz and distributing the
25 megahertz wrde Th:s is accomphshed by modulating the signal to be
transmitted wrt :'he information to- be sent and with a wideband
encoding srgnal-.-_-,_‘ -
Three: general types of. spread spectrum communication
techniques: exrst .including: a
30 The modulatron of a carrier by a dlgltal code sequence whose bit
rate is hrgher than the mformatron signal bandwidth. Such
systems are referred to as “dlrect sequence modulated systems.

Carrier frequency shifting in dr: _ji'éte increments in a pattern

35 drctated by a code sequence. These systems are called
“frequency hoppers.” The transmxtter jumps from frequency to
frequency wrthm some predetermmed set; the order of frequency



band within the conmunication channel. The frequency band is nuch 15

i wi.der than the m ni rum bandwi dth required to transmt the information
~being sent. A voice signal, for exanple, can be sent with anplitude
nodul ation (AM in a bandvm dth only twice that of the information itself.
Cther forms of nodul ation, such as | ow de$iation frequency nodul ation .
(FM or single sideband AM also permt information to be transmtted in 20
a bandwi dth conparable to the ndwi dt.h of the informatign.its
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' or "chirp" nodul atben:ause theicombination oéthe sp:eﬂﬂg oode typically a binary code

15 involves modulo—2 addition. Alternatlvely, the information or message
signal may be used to modulate a carrier before spreading it.

Thus, a spread spectrum system must have two properties: (1) the
transmitted bandwidth should be much greater than the bandwidth or
rate of the mformatron being sent and (2) some function other than the

20 information being sent is employed tq__determme the resulting
modulated channel bandwidth.

The essence of the spread spectrum communication involves the
art of expandmg the bandwidth of a srgnal transmitting the expanded
signal and recovenng the desired sngnal by remapping the received

25  spread spectrum into the engmal informatlon bandwidth. Furthermore,
in the process cf icarrymg out this series of bandwidth trades, the
purpose of spread spectrum techques is to allow the system to deliver
.error-free mfermatlen in a noisy: sngnal ;;enwronment

Spread spectrum commumcatlon systems can be multiple access

30  communication: systems One type of *':ultlple access spread spectrum
system is a code division multiple access (CDMA) system. In a CDMA
system, communlcatlon between two ymmunication units is

by SE each tr mitted signal over the frequency
band of the commumcatron channet w:th a unique user spreading code.

35 As aresult, transmltted sagnals are in the same frequency band of the
commumcatlon channel and are separated only by unique user
spreadmg codess' "Pamcular transmntted signals are retrieved from the




wi de band during a given pul se interval. Information (i.e.,
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mul tiple access 3Grovidigiititréased daky sheARelsONe type of nultiple access
spread spectrum systemis a code division nultiple access (CDVA)

system In a CDVA system conmuni cati on between two conmuni cation

units i s acconpl i shed by spre@8limmaepohtie liventibhed si gnal over the
frequency J5 band of the conmunication channel with a uni que user
e.

spreadi ng co 35 As a result, transmitted signals are in the sane
frequency band of the A methodanshapparatus isrproviced-fod transmittingrspreadonl y by
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E‘Subsequenﬂy, the transmitter splits each particular set of two received
data symbols into a first and second array of data symbols according to

20  either of two algorithms. The first algorithm includes providing both data
symbols of the particular set to the first and second array of data
symbols and the second algorithm includes providing one of the data
symbols of the particular set to the first array of data symbols and the
other of the data symbols of the particular set to the second array of data

25 symbols. Subsequently, the transmitter determines particular channels
to transmit the first and second array of data symbols by spreading the
first and second array of data symbols with a predetermined length
Walsh code. The transmitter accommodates a variable number of data
channels by selecting a particular algorithm from a group consisting

30 essentially of a first algorithm and a second algorithm and setting the

- predetermined length Walsh code in response to the particular

algorithm selected.

Brief Description of the Drawings
35

FIG. 1 is a diagram showing a prior art spread spectrum
transmitter.



- 55 comuni cati on channel by despreading a signal representative of
 the sum of signals in the comruni cation channel with a user

" spreadi ng code related to the particular transmtted signal which is
to be retrieved fromthe communicati on channel. A CDVA system may
use direct 5 sequence or frequency hopBing spreading techni ques.

Many digital cellular teleconnunication systens have the ability to
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.of the Inventign Jsz)ectrumtransmltterA met hod and apparatus is provided for
transmtting sprea spectrum signals. The transmtter receives data

' synbol s. Subsequently, the transmitter splits each particular set of
. two received data synbols into @etailed Dosdriptieend array of data

. synbol s according to 20 either of two algorithnms. The first algorithm

. i ncludes providing both data synbols of the particular set to the

. first and second array Réfetinginow to Fi€y thalprioniant spread spectium tyansmitter, as
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o atire el iy et &Wé@?@*gﬁdﬁ%@%@wﬁ*’ﬂét‘%ﬂ% figtic cHERAR] bt ¥
predet er mi ned | endnits 100 ere inputto anencodar $02 at-arparticular bilirate (e.g., 9.6
%'r gor 'ngg me el ect ecpitss). The traffic channel data bits cafindiidé8Rhér Vait8 tofleiteéd
to data by a vocoder, pure data, ora o_ombmatlon of the two types of
data. Encoder 102 convolutionally ej_ﬁeodes the input data bits 100 into
. 20 data symbols at a fixed encoding rate. “For example, encoder 102
encodes received data bits 100 at a ﬁxed encoding rate of one data bit
to two data symbols such that the enooder 102 outputs data symbols
104 at a 19.2 ksym/s rate. The e_ncod__e_r 102 accommodates the input of
, data bits 100 at variable rates by encoding repetition. That is, when the
25  data bit rate is slower than the partlcular bit rate at which the encoder
102 is designed to operate, then the: encoder 102 repeats the input data
bits 100 such that the input data bits' 100 are provided the encoding
elements within the encoder 102: at th'é"equivalent of the input data bit
rate at which the encoding elements: are designed-to operate. Thus, the
30 encoder 102 outputs data symbols 104 at the same fixed rate regardless
of the rate at which data bits 100 are input to the encoder 102.
The data symbols 104 are then input into an interleaver 106.
Interieaver 106 interleaves the input {déta symbols 104. The interleaved
data symbols 108 are output by the intjerleaver 106 at the same data
35 symbol rate that they were input (e.g;,'-*‘i'9.2 ksym/s) to one input of an
exclusive-OR combiner 112.




FIsG 1 is a diagramshowing a prior art spread spectrum transmtter.
- 6- FIG 2 is a diagramshow ng an alternative prior art

| spread spectrumtransntter equivalent to the spread spectrum

i transmtter .shown in FIG 1. FIG 3 is a diagram show ng

" a preferred enbodi nent spread 5 spect rdm transnitter. '
- Detailed Description Referring nowto FIG 1, a prior art

: spread spectrumtransmyg ant i al cri
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t he particul ar bi icombineat 18hi ch the encoder 102 is designed to

Oper ate, then the enCOdlf" coég divisi Qﬁaé 2 ntnleF siefe%’dan OE’etr%rator 116 provides a

‘particular predetermined length Wa!sh code to the other input of the
16  .exclusive-OR combiner 118. The co_de-idwtsnon channel selection
'generator 116 can provide one of 64 ogonal codes corresponding to
64 Walsh codes from a 64 by 64 Hadamard matrix wherein a Walsh
:code is a single-row or column of the. iﬁéirix The exclusive-OR
combiner 118 uses the pamcular Walsh ‘code input by the code division
20. rchannel generator 116 to spread the mput scrambled data symbols 114
into Walsh code spread data symbols 120. The Walsh code spread
data symbols 120 are output from the- excluswe—OR combiner {18 ata
fixed chip rate (e.g., 1.2288 Mchp/s).
The Walsh code spread data symbols 120 are provided to an
25 - input of two exclusive-OR combiners. 2 and 128, respectively. A pair
of short PN sequencss {i.e., short when‘compared to the long PN
sequence used by the long PN gene" 110) are generated by |-
.-channel PN generator-124.and Q—channel PN generator 130. These PN
generators 124 and 130 may generate the same or ditferent short PN
30 sequences. The exclusive-OR comblners 122 and 128 further spread
the input Walsh code spread data 120'wath the short PN sequences
generated by the PN I-channel gener 6r_ 124 and PN Q-channel
generator 130, respectively. The res g_l-channel code spread
sequence 126 and Q-channel code spread sequence 132 are used to
inusoids by driving the power
Ievel controls of the pair of sinusoids. The sinusoids' output signals are
summed, bandpass filtered, translateq_: to"_' an RF frequency, amplified,

35



bi ts 100 such that the input data bits 100 are provided the encoding
el-enments within the encoder 1 02 at the equivalent of the input data bit

-rate at which the encoding elenents are designed to operate. Thus, the 30
~encoder 102 outputs data synbols 1040 at the sane fixed rate regardl ess

of. the rate at which data bits 100 are imBat to the encoder 102.
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channel selection generator 116 can provide one of 64 orthogonal
ccodes corresponding to 64 Waish codes from a 64 by 64 Hadamard
matrix wherein a Walsh code is a single row or column of the matrix.
The exclusive-OR combiners 132 and 134 use the particular Walsh

20 code input by the code division channel generator 116 to spread the

input scrambled data symbols 114 into Walsh code spread data

~ symbols 136 and 138, respectively. The Walsh code spread data
symbols 136 and 138 are output from the exclusive-OR combiners 132
and 134, respectively, at a fixed chip rate (e.g., 1.2288 Mchp/s).

25 The Walsh code spread data symbols 136 and 138 are provided
to inputs of two exclusive-OR combinelfs_ 122 and 128, respectively.
Similar to the operation of prior art spr;ead spectrum transmitter shown in

- FIG. 1, a pair of short PN--sequences-(i.é;, short when compared to the
long PN sequence used by the long PN generator 110) are generated

30 by l-channel PN generator 124 and Q-channel PN generator 130.
These PN generators 124 and 130 may generate the same or different
short PN sequences. The exclusive—QR combiners 122 and 128 further
spread the input Walsh code spread data 120 with the short PN
sequences generated by the PN I-channel generator 124 and PN Q-

35 channel generator 130, respectively. The resulting I-channel code

-~ spread sequence 126 and Q-channel code spread sequence 132 are
used to bi-phase modulate a quadrature pair of sinusoids by driving the



20. cHanneI generator 116 to spread the input scranbled data synbols 114
i nto Wal sh code spread data synbols 120. The WAl sh code spread dat a

i synbols 120 are output fromthe exclusive-OR conmbiner 118 at a fixed

chip rate (e.g., 1.2288 Mhp/s). The Wal sh code spread data
synbols 120 are provided to an 25 i nput-Sof two excl usive- CR conbi ners 122
and 128, respectively. A pair of short PN sequences (i.e., short when

.conpared to the lon oqw N| sequence used by the I ong PN generator 110)
er level pagtee oi

. are generated by IP

e pair ofisipuspids. ; The Sinysaids  output

' generator 130. Thesign&ls are summdebahdpasstﬂfemddtréﬁﬁammﬂﬁfréaﬁéﬁ%ﬁ128

Turter “spread el A4EA S rlkiad L it atfontid 6, 6n Gl e oo

_sequences - gedldhartsafiio chanpedata- bitsatin g commuoication charnéi
i 0- channel ener at I
spr ead ssquence 1R%féra§gg°§ﬁann Vzgoé/d ?’?%g?ﬁ%dd@‘%%sﬁ%e‘ﬁ@g@

to 35  bi-phase nWLﬁ’Hlt@rds &UQ\'!F&Q’WPE iWF‘PVQﬁUEQ'h P@é’ @y spread spectnem
pover | evel teamémitie? showinin FIG. 2. thﬁe'i#éfe'rré‘d erﬁb@dﬁnéht%glzéf reout put

Sl ea o SouBiRln ARRARRSE he o FRGRR ot deBiiehahidls ich aso subBRHac -

transm ssi on of t hay the transmitterican béwaried. d’apmfém’ed enibbdiment avodultoeat i on

channel .~ 10 ?onnoﬁeiﬁéfgﬁgsbg&d Spbtfimirars i aP bR HTFIG R, In the

spect rum t r ansni t tRieferred emhodiment mpdul@@umammi.’@othemrambted dateect rum
transnitter shown gymbbls 214 areSutput from ﬁﬁ@*bﬂsﬂfe-eﬁf édrﬁBmH%trﬁflaH&?th%pr ead

spectrumtransmtter IS S IS equlva

function to the W%ﬁ'&?'%nm@?\"%%%(smwn in % | Gand 2) 8t g fixed rate
alternative prior equalaonbamnaat thedatazymibols are iripit to the exclasivesdRed

sl ee oS RdertiP el 18D iR b 4 et Bess RlutBhubfy e Sefber

244 splits each particular set of two received data symbols into a first
and second array of data symbols aecordmg to either of two algorithms.
The first algorithm includes providing | both data symbols of the particular
set to the first and second array of data symbo!s and the second

20  algorithm-: mcludes providing one of the data symbols of the particular
set to the first array of data symbols _a_nd_ the other of the data symbols of
the particular set to the second array of j;da_ta symbols. The splitter 244
outputs the first array of data symbolé‘-_;g§2 to an input of exclusive-OR
combiner 232 and outputs the seoon‘d“' 'a"fray of data symbols 254 to an

25  input of exclusive-OR combiner 234.

A code division channel selectlon generator-216 provides a
particular predetermined length Walsh code to the other input of both
exclusive-OR.combiners 232 and 234 | _espectlvely The code division
channel selectlon generator 216 can’ prov:de one of 64 orthogonal

30  codes corresponding to 64 Walsh codes from a 64 by 64 Hadamard
matrix wherein a Walsh code is a smgle row or column of the matrix.
The exclusive-OR combiners 232 and 234 use the particular Walsh
code input by the code division channel ‘generator 216 to spread the
input scrambled data symbols 214 mto Walsh code spread data

35 symbols 236 and 238, respectively. The Walsh code spread data
symbols 236 and 238 are output from the exclusive-OR combiners 232
and 234, respectlvely. at a fixed chlp rate (e g., 1.2288 Mchp/s).




to .the excl usive-OR conbiner 112 (e.g., 19.2 ksynms) to one input of two
lexcluswe OR conbi ners 132 and 134, respectively. A code

di vision channel selection generator 116 provides a parti cul ar
predeterm ned | ength Wal sh code to the other input of both 1-5
excl usi ve- OR conbi ners 132 and 134, respectd-vely. The code division
channel selection generator 116 can provide one of 64 orthogonal

codes corresponding to 64 Wl sh codes froma 64 by 64 Hadamard

matri x wherein a Wal sh coweWalsh code gpsead data sysbalsr23g and £38are provided

The .excl usive-OR ¢ , code
It The”cone’ L NSRS alelibor fatibhgs seiangtiyabotiiay s,

nel
P bl od tat o Sy niSIniaY 16118, PBOtRIOHP AEBS AL, RIBa0 REGTUM transyytey) sh
and 138, respecti v@#IGES. hand\@| afpatooiestint Phdsatpiences (i.e., Sfioltaviseri 36mpaced 38

et ked cni @ r ade HEIAHY PR SEES ity Bdong PN oBREraf s B G ¥
spread data synbol slong;@wgenamoaused)ﬂbﬂﬁﬁm and 2) are genaratedoby {-ebannel

-excl-usi ve- OR conbl Qea.ga;ﬁ‘td' m-|-|h§ tegggt he
operation of prior ar spread sp?}rum ransm ene torz.ﬁb EeF]}L |G 1, a
pair of short PN sdfnefatoss mawmretﬂmwe@rtd@erem shortd?l PN

;ﬁquence ;Jsed bﬁ t kpque h@e?Nmnémﬁ em}:omaerzzzaéﬁdmfglr\lthbrb eéat’mnel
gener at or ene e rators
124 and 130 3’ Rg???’é&t%fl% ‘iﬁt@?#% and 23§Mﬂlﬁﬁ\§'§‘aﬁ?&ﬁces

Thg excl usijvg- CR C Sequeaces Qﬁﬁeeatddlﬂ&hbdi’mﬂmhannel gestZhandrﬁNt(r)]-\/\al sh
code sprea ata 1 P e e PN
| - channel gener at o%hhﬁéngﬁi@é%% Hsgﬁgtnweei ner Itﬁ@ ‘Bﬁrrﬁ{eas'%\ég%l vely.
The resul ting |-ch&pread sequence 226sand: cbemne!rqedelsmeadcsegueneer@ a®le
spread sequence 133;gifto lglr-phaéésl%dh&t@'a@u*’@&ﬁtdf@%r%ﬁslﬂug&%@rw dAfingthe

of sinusoids by drivin

power evel  cdi r olROWAT IeNl cRntrol of the,agisiod sinuseidss; e sinysolds: utaut
signal s are summed,sigwels Rrs Suhirhéd/ bandpasstilleréd dramsiatedRd dr RfUirequency,

amplified, filtered and radiated by an antenna to complete transmission
of the traffic channel data bits original input to the preferred embodiment
spread spectrum transmitter.

20 - The preferred embodiment transmitter accommodates a variable
number of data channels by utilizing a controller 246 to control splitter
244 and code division channel selection generator 216. The controlier
246 accommodates the variable number of data channels by sending a
signal 248 to splitter 244 to select either the first algorithm or the second

25  algorithm for the splitter 244 to implement. In addition to the controller
246 sending a signal 248 to the splitter 244, controller 246 sends a
signal 250 to channel division selection generator 216 to adjust the
predetermined length of the Walsh codes to be used by the moduiator.
Higher numbers of data channels can be accommodated within a

30 spread spectrum system :such.as one based on the use of 64 symbol
length Walsh codes by allowing a higher order Walsh code (e.g., 128 bit
length Walsh codes) to operate along with the 64 bit length Walsh
codes. In the preferred embodiment transmitter, the essential notion for
providing a higher number of data channels is to divide a 64 bit length

35 Walsh code into two 128 bit length Walsh codes while maintaining
orthogonality between all of t_h__e Walsh codes used. This is
accomplished by prohibiting the use of the 64 bit length Walsh code (or



amplified, filtered and radiated by an antenna to conplete transm ssion
, of, the traffic channel data bits 100 in a communi cation channel. 5
Referring nowto FIG 3, a preferred enbodi nent spread spectrum
transmitter is shown which i nproves upon the prior art spread spectrum
transmitter 'shown in FIG 2. In the prefetted enbodi nent spread
spectrumtransmtter, the nunber of data channels which are supported

by the transmitter can be varied. A preferred enbogli_grsnt ‘%)dul ator 1
portion 242 of themeyimum lepgth Walsh cade fox this prefedad gmbogiment spread,  he

pr ﬁL elr r eglznbodi ”Efﬁec;tﬁgﬁ 'tﬁrﬁfniﬂa*)ltthﬂwaé%iviﬂé&mijraé meohi280bit Ringth Walsh
synbol s are ou m an, exgl usi ve- onbi ner _si. . .
eicl usi ve- OR conbi q:&jesﬂt '('§'h‘8m’1“§'?9 ﬁ?@r%‘é\'ﬁd 9‘9?3@5 #I%g}s?ﬂ@%thm,
equal to the rate ¢tdwtrolidr4tosends atsigisal-250 tonghanned divisioaxsslectione- OR 15

te 112 .0.. 19 " : / jat
gZ4espI i tgeegcﬂ pagé?ﬁgfi%id%@%ﬂéégége\%/eg'imag#a ﬁb%g}ds]gi‘lx%%ﬁﬂq,e?s@er
and second array 064 ditszand whendhesplitar 244 is iraplemantisg thesesopd algaditm,

The Tirst algor!theniGllttes B6Rds didighdi2dd Rperameliision/sdlbaigmr ti cul ar

set to the first and second array. of UOata nmbol s ,and .t he ,secgnd, 20
al gori t hm i ncl udes9BReFAtRR AP @Fhééﬁlst the pregiatermipgd @tbf&ttﬁ%?@a%h Ades;to .
set to the first afpgpitef data synmbols and the other of the data synbols of

out put s the T39S ar  ay ABOREE A SislioRngbeq y8RRGea A8 Mtk wRLA

conbi ner 232 and ocefainsdaegree v panticuarityy itds undesst tdhepresentan 25

i nput of excl usive; i : oY b%i

sel ection generat OFWO@@?@E@"“W ha%gretepcmu?g? Q’gﬂﬁ%’gtbg%aﬁ@é@gﬁnﬁd
Wal sh code to the thataumerous alranggsiin the arra@ssmm\?@dm'eam'ﬂe@%’%%d
234, espect| vel Y. wgg%?ﬁﬁs%éq Bg@esorted to by anosd sﬁﬁ%@iﬁ tmaammlmﬁr 2§6
can provide one o i 0 .. . codes correspondi Q sh codes
froma 64 by ég Haﬂ&ﬁﬂ&lﬁ‘g ﬁgmq%ﬁxﬁﬂ"i‘%@%ﬁﬁ?%‘?%og{%'ﬁgﬁ"{é%g3gi%§'ﬁ' ‘ngle row
or colum of the matrix. The excl usi ve-OR conbi ners 232 and 234 use
the particul ar Wal sh code input by the code division channel
generator 216 to spread the i nput scranbl ed data synbols 214 into

Wal sh code spread data 35 synbols 236 and 238, respectively. The Wl sh
code spread data synbol s 236 and 238 are output fromthe exclusive-OR

conbi ners 232 and 234, respectively, at a fixed chip rate (e.g.,
1.2288 Mchp/s).
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 provi deHM :
“respect i

. oo tie Waksh code spread data synbols 236 and 238 are
I,”" Wit of two exclusive-COR conbiners 222 and 228,

] m”ﬂmml ar to the operation of prior art spread spectrum
“transmitter showd 1a FIGS. 1 and 2, a pair of short PN sequences
(i.e., short when conpared 5 to the .l ofl@ PN sequence used by a |ong PN
~generator simlar to the | ong PN generator used in FIGS. 1 and 2) are
generated by |-channel PN generator 224 and Q channel PN generator
230. These PN generators 224 and 230 M$enerate the sane or
different short PN sequences. The excl usi ve-OR conbiners 222 and 228
- further spread 10 Eéa J nput | sh code spread data 236 and 238 with the
-short PN seq Q§%@ ‘ted by the PN I -channel generator 224 and PN
Q channel generator 230, respectively. The resulting I-channel code
~spread sequenceg 226 and : used
- to bi-phase m)gul aﬁé a ‘ﬁ}g {%&ﬁe&pﬁﬁﬁc@?h@?ﬁ%@%%@%? |\ﬁ?ﬁr£ the 1 5
“power level controls of (Bhe Swlitteomeansfobageommesiating & wadable numper of
- signals are summed, bandpass dth chaAfiels Bysplittvig datk paftiddtar setoianey .

~anplified, filtered and radi ated b n antenna, {o | ete trapnsn ssi.o

- of the traffic channel data HP?%'VQ&i%t%ﬂm%R&ﬁn‘fﬁcfﬁgﬁmﬁ §?%9ch§"§x&§(#ﬁnt
. spread Zpectrum t ranglm' tter. s¥nbols in astdeth apartituder aigorithmaseledteder
. accommpdat es gnvari abl e (- . . t

~controller 24g°to control splfpﬁigﬁggr&'pg@h_%sgagaggéfg'@yv#sﬁt')#c rgﬁt(!:rln
“selection generator 216. The anshasgichbad algorithneake splitembeans comprising i abl e

- nunber of data channels by S%ggﬁgf&iwlemeﬁ{iﬁg%e st digorRtAhi g??’roﬁéiﬁgto

: select either the first algorit or the seco 25, algorit qQr the :
splitter 244 to inplement. | P aamﬁwﬁefst%ﬂemw? etto tne ﬁﬁ@'ggndi ng

- a signal 248 to the splitter shtbndenrdy of data siffbaisttie splitter meanisdurthe250

e oot ¢ e VeltGa G FedhS i afudd e, sapend sigortm

- Hi gher nunbers of data channdbyprovidihg onecafithve datadymbols of theJearticuar seldto

TR ESea Ly e o g o ARV 1 i BHERL e kS

symbols of the particular set to the second array of data

symbols; and

20 (b) code division channel coding means, operatively coupled
to the splitter means, for determining particular channels to
transmit the first and second array of data symbols by
spreading the first and second array of data symbols with a
predetermined length spreading code, the predetermined

25 length of the spreading code being set in response to the
particular splitting algorithm selected.

|

2. The spread spectrum channel apparatus of claim 1 wherein:
(a) the spreading code comprises a Walsh code; and

30 (b) the code division channel coding means comprises means
for limiting the number of Walish codes used by the code
division channel means when a higher than maximum
length Walsh code is used such that orthogonality of the
maximum length Walsh codes is maintained with respect

35 to the higher than maximum length Walsh code.



SIS

| engt h V\alsh codes ate along with the 64 bit I ength Wl sh

codes. g! odiment transmtter, the essential notion for

. providi ng er+ of 'data channels is to divide a 64 bit | engt h 35
Wl sh code rnt‘o tvvo 128 bit length Wal sh codes whil e maintaining
.orthogonality between all of the Walsh colids used. This is

r acconpl i shed by prohibiting the use of the 64 bit | ength Wal sh code (or

- maxi mum | engt h V\alih code for this preferred enbodi ment spread

spectrumtransnitter) thae ShEeadispectaumichasnelappanatus of claimthfuribiesh
codes. Thus, when the s@bmpksi é%ﬁahQnﬁtmeﬁEéﬁs rdbetrém/él* E:éhpl%kﬂ%rthb*ﬁade

control I er 246 sends a a‘%’%éoa'{)f: 20 %3115%@% PEH%%‘%@' ﬁ@e r%ﬁfpg(%léé‘dto

generator 216 to adj ust
64 bits and when the spseaamfaﬂaﬁoﬁdatars}'mbehiwqabermmmodtlmi ghantdim
control l er 246 sends a signal 250 to channel -division selection

generator 216 to adJ ust_the predeterm ned | ength of the Wal sh codes to

128 bits. 10 Al t hoR gRreatkspectaimichannabapparatusoteiala @ tunther
illustrated wth a compfisiig? degree of particularity, it is understood
t hat the present scl 0S of, e ts has been pade by way of
exanpl e only and é’) mﬁﬁeamﬂ%%egwmmgammmmam

conbi nation of parts as signal recelvet from over the O’d?ﬁmuhlﬁét'bﬁ dnarinhpﬁﬂo
fﬁi/;'nteido'n”ats i gir ;e‘é"' thout 13 first SERPESEAIY LAY OF W Bamp ofBy d%sppeadong
the received signal with a predetermined length spreading
code, the predetermined length of the spreading code
being set in response to the particular splitting algorithm
selected prior to transmission of the received signal; and
15 (b)  combiner means, operatively coupled to the code division
' channel decoding means, for accommodating a variable
number of data channels by combining the first and .
second array of data samples into a stream of received
data samples in accordance with a particular algorithm
20 selected from the group consisting essentially of a first
algorithm and a second algorithm, the combiner means
comprising means for implementing the first algorithm by
combining a data sample of the first array of data samples
and a data sample of the second array of data samples
25 into a combined data sample and subsequently including
the combined data sample in the stream of received data
samples, the combiner means further comprising means
for implementing the second algorithm by including a data
sample of the first array of data samples in the stream of
30 received data samples and including a data sample of the
second array of data samples in the stream of received
data samples.
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N ad spectrum channel apparatus, conpri sing:
' (a) splhi ’,mmmmaam iccommopdating a variabl e nunber - of
'~ data chanhel g ‘each particular set of two

- recei ved data ‘synbol s |nto ‘a first and sddond array of data

symbol s in accordance with a particular algorithmselected 10
and & second al goft hmA SREALPRIGEIT sDaRdel BpRRrELl Fompsing
means for inplementing (ape foodet digisipr chamndl\devodinglmemns for sampling a

Second array of data synbor SOTHIOERFEH fhgin Ve Mg Spftinigation channel into

conprising rmeans for inpl enghfiftsh gndiaecosdarmotdatasamples by despreading

by providi ng e of the dat t
the first arrg’; of data sym::%)t(;Iéygeg\léd@gﬁ%ﬂq’ﬂﬂ‘elh ﬁr‘é&l é'ﬁﬁéd \éhgth spreading

synbol s of the particular s&© o%%@%ﬁ&'@ﬁfﬁmﬂsﬂiﬂ gpread data symbols
symbol s; and 20 (b) fromie fist and ensedumith@fray of data SEAbels winered thee! v

(F:)glrjltol ggl ar channels to tfﬁﬁt&% 38&5'&& SF@?&?% sﬁhgg%tg'?tr?om ngé%nd

array of data synbols by pamcularsets of two datasytibals ihacéondancawithsacond
13 1 AT 4 Sty solting skt i G
spreadi ng code bei ng set in Gonsisdingeeasentially of a first a'QO"thm and a sggeRq cul ar

splitting al gorithm sel ect e(hlgon‘thm thé ﬁrsté' Brifhith RBFhFIRARY providingBtth
apparatus of claim11 wherein

th
conprises a Wal sh code; and 984 Symbols pfthe ?&cﬂ%geg{)%ﬁ@%ﬁgéﬂaﬁﬁﬁ?“qwl ng

megns corrgr ibs es hmeang array of data symbdls; the se&omgalgbﬂfhm rd)mpnﬁng/\&l sh
codes use t he code

hi gher than A Xi mum providing one Of F'&%gﬁ? %ﬁ@ﬂﬁ HS pﬁ@% %ﬁﬁ t hat
orthogonal ity of the the first array of dmsmbnlsangtthewﬁh@mfdbeaatas

l”g'ngt ﬁi U\Zﬁs‘r’f tcg dr:SpeCt 35 symbols of the gartich%rtéé?té‘h%‘éécér’ﬂfarrﬁ?)&f 4t
symbols, the spread data symbols being spread by the
predetermined length spreading code, the predetermined
20 length of the spreading code being set in response to the
particular splitting algorithm selected; and



-13- ‘“\““M“ﬁm‘!“m pect rum channel apparatus of claim1 further

conpri si ng e\ _ NI aRRll Iy ns, operatively coupled to the code

di vi si on chantiel® mgans, for transmtting the spread first and

second array of data synbols over a conmuni cation channel. 5 4,

The spread spectrum channel apparatus of-i§kaim 3 further

conpri si ng: (a) code division channel decoding neans for

sanpling a signal received fromover the conmunication

channel into 10 (b) combiaer meansaopetativelydcaupleq tathelgode divisioas by

despreadi ng 1 L ' : L e d

| engt h spreading chanh@?dé%ﬁd?ﬁ%ﬁ%?@tg?%?%nﬁbﬁ 'ﬁgﬁégte ﬁﬁ%?gt he

spreadi ng code number ¢f datg ‘%_‘éﬂnﬁﬁ_b)ég%‘b‘hﬂ'é"g $he fisst @i i cul ar

tSEI itting aljgorlthlm ; 15second an? ofsciita Ganthles imo d stréamrsiirecsived ofI ;
e receive i gnal; an . G i,ne ns, Mocoupl e

to the code d vigsi on data sampﬁ gm %ﬁgﬁﬂgﬁéﬁgﬁwrﬁ’&?@%ﬁé@bﬁrﬁ P

acconmodating a variable  selected from the groupucdnsisting essentialiy of al firsby
conbining the first and algorithm and aseco?ﬁcdé’lpﬂriﬁfrﬁ aﬁheoéorﬂﬁi‘n%r S
- arfa sanplées 1 n

into a stream of received . _ _agafa sanp accor dance
with a particul ar al gorit hmc@mprising means for implementingthe, st algorithm Ry

CFnSi _SE ihng tessent iﬁg! l'y of adoniliking a-data sample of the first ﬁl?éj/bhﬁaﬁlé?mpﬁéscond
al gorithm conbi ner neans T -~ conprisin ans _f or
i mpl enent | ngqﬁhe first al gordGffgta sample of the second a"%ﬂgfjﬁ ﬁarﬁp@’i a

sanpl e of the first array ofintdea gombimédslata sample and subsequeatlyl including

sanpl e of the second array ‘iﬁ%% xﬁ?@d’?éﬁﬁ%ﬁﬁ!ge in the stream of re&&&@d{ﬁﬁga

conbi ned data sanpl e and subsequen ] .

conbi ned data sanpl e in t he sempless e ¢ampbinge maansdsurther comprising means
sanpl es, the conbi ner nmeans ghinitle B th | dedol rithm by includin ata f or
i mpl ementi ng gpe second al go‘fr)irlt ﬁr}]ogléiﬁggltugi ngf.:'ga:.?a!?% b.y ding a dat
sanple of thddfirst array ofSamplg ﬁ?ﬂ) &2 arrayiefdata samples in the stream of
received data samples and including a data sample of the
second array of data samples in the stream of received

data samples.



T “received data sanpl es and including a data sanple of the

nggrﬁm‘m\“‘mﬂﬂt\ﬁ‘ﬁaml e | n. t heAS;L?:quogpregfsh\&eghannel appar at us,

conpri sing - code divi sion channel decodi ng nmeans for
sanpling a signal recdBved from over the conmunication
- channel into a first and second array of data sanples by
- despreading 5 the received signal :with a predeterm ned
 length spreading 6 A method of commupieating,a speaad $Bﬁ°‘§|"§r§ign%'orrpr| si ng
spread data synbol s comprising: froma first and a second array of

data synbols wherein t st a f data
synbols are forned f roR‘F) accommodating a Vaﬂﬁb gpr Qgﬁép%f"ﬁl?'mglﬁ
synbol s in accordance wi th #plitling each particular set p{atwo cecaived data Symgols

al gorithm sel gcted from the ;g ally
of a first al gorl thmand a secongrSt and second array of datﬁ] E‘?ﬁr& @%6@“¢
al gori thm conprising provi dibei gatasymbols of the Paﬂlw'arsgét)éh%ﬁ!ﬁ@"g of t he

particular set to the first s%&dné%ﬁ%?fbfdatasymbols if a first al§orithh f data
synbol s, the second al gorit hnhq(%é’rarl Sing 15 provi di ng one

of the data synbol s of the iar set to the first
array of data synbols by tfaeootdmdaﬁngb@aﬁabb number of data channels bynbol s

oo s he oo ot o b SpMES0Eh Spllas 3} B o received data symbols
predet ermi ned | engt h spreadiiftg & itk andrseqmndmayal data sxanbols by providing
length of the spreading COd‘”%n%edﬂﬁ h?mbgfé‘)&'}ﬁ@ perticiSr set to the first
particular splitting algorithm se ecte
array of data symbols and the other of the data symbols of
- the particular set to the second array of data symbols, if a
15 second algorithm is selected; and
(c) determining particular chagnels to transmit the first and
second array of data symbbls by spreading the first and
second array of data symbols with a predetermined length
spreading code, the predje_t_énnined length of the spreading
20 code being set in response to the particular splitting
algorithm selected. '

7. The method of claim 6 wherein:
(a) the spreading code oompriSes a Walsh code; and
25 (b) the step of determining comprises limiting the number of
' Walsh codes when a hlgher than maximum length Walsh
code is used such that o;tbpgonahty of the maximum
ength Walsh codes is maintained with respect to the
higher than maximum length Walsh code.
8. The method of claim 6 further comprising the step of transmitting
the spread first and second array-of data symbols over a
communication channel. -



\ ans, operatively c]?upl ed to tget?gdea
: ) H a
\C/I:a\r/: Zlblomlllll ml" I"'”ml" ,", _ ;:]Banbngtral O?egg?;nghgﬁﬁglss b;rcgcnbcfmg thegfl rst

and - _ *second array of data sanples into a stream of

recej ved 5 ' data sanpl es-17 accordance w th a particul ar )
“al gorithm : sel ected fromthe group consisting essentially

‘of a first gorithmand a second al gorithm the

i o Themethod S8 further comprising thenstepswit i ng t he
conbi ner neans
first algorithm by (8) sampling asugﬁl%%ﬂﬂd%r&ﬁt&e?mbﬁnﬁﬁuﬁlggg%r St

I 10 data sanple
Array of data samples channel into a firsf A Secondarrayplrata sesmplos bynd
subsequent |y i ncl udi ng despreading the rebbmd@@hél%ﬂ%t Pretieidinfined the

| S
e O pec®yYed dala  tength spreading coddJhb Fraderd “emcq;giwnegh oLt
C .
aijgor ?[ hm EE i ncl 8d| ng a datSpreading code being set in sesponsedtd thbgémc@lhr array

| es
of data sanples in the streagplitfng algorithm selected prior {$§8h P
and including a data sanpl eagp g g P grg %ﬁ\ﬂs &S%ﬁﬁﬂ dat a

sanpl es in the stream of reJ@F@@!& signal; and _ data sanpl es.

con o AT Hb? ;)f mtﬁrégagdéa“ a Iae. urrber o%‘fa g into a
conpri si ng: a

channel s by 10 mﬁ%@gméjﬁbg%g SAIPPIeS P Accopdange WKB a

received data synbols 5  particular algonthmrseteeteﬂ ifforh the grogs @ads@fﬁg"ly of
data synbol s byypr ovi di ng essgntlally of a first alg&‘i}hfh 4A8 3 sediny glgonthm the
particular set to the first iy algorithm comprising.combining a data sample of the
first array of data samples and a data sample of the second
15 _ array of data samples into a combined data sample and
subsequently including thé' combined data sample in the
stream of received data samples, the second algorithm
comprising including a data sample of the first array of data
samples in the stream of received data samples and
20 including a data sample of the second array of data
samples in the stream of received data samples.
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I s selected; and comprssmd c) determning particular channels to

transmt the first and second array of data synpbol s by

spreading the first anfg)  sampling a signal rece@@shl!m%gr mRUBGations
with a predeterm ned | engt hchannel mto aﬁrst and: seam%ylﬁf datiesaimpRes by

predeterm ned_| ength of the rea bel n et 'i n
response to t"ﬁle parti cul ar gsg %‘#‘fbgqthe recelved signal with %PS%&? ect ed.
7. The method of claimé6 lldfrmtlctlspreacllng code, the rdceived Btgnabcempnsg\g:ode

conprises a Wl sh code; andg §,’§ datasy@lllaolstfllaﬁl gtfﬁgt%éﬁ Qpée‘acbgbs r

conprises limting the nunbe
hi gher than maxi mum | engt h Vat&gymbols whersin the first and gecond QIE%OEG%H t hat

orthogonality of the maxi rTUﬁzmbolsareformedfrom pdrﬁélﬂéfséwo‘lhwﬁwé i s
mai nt ai ned \M‘éh respect to t

r X
'ength vl shiBode. syfboleyifaerarsiBRee Wit a PRI HY SIRING G TAT,
the step of transni tt| ng  selected from ﬂieegmnp&mlhslstlngtessedtlaﬁscohd fastr ay of
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of: (a) senmprisingpeaviging both date-symbola of the particular
communi cation set 1o the first and second array of data symbols, the
15 second algorithm oompiising providing one of the data

symbols of the particular set to the first array of data
symbols and the other of: the data symbols of the particular
set to the second array of_.g:lata symbols, the spread data
symbols being spread by-the predetermined length

20 spreading code, the predetermmed length of the spreading
code being set in response to the particular splitting
algorithm selected; and

(b) accommodating a variable number of data channels by

combining the first and second array of data samples into a

25 stream of received data samples in accordance with a
particular aigorithm selected from the group consisting
essentially of a first algorithm and a second aigorithm, the
first algorithm compﬁsing;@mblning a data sample of the
first array of data samples.and a data sample of the second

30 array of data samples into-a combined data sample and
subsequently including the combined data sample in the
stream of received data samples, the second algorithm
comprising mcludmg a data semple of the first array of data
samples in the stream of- recelved data samples and

35 including a data sample Qf__ ____the second array of data
samples in the stream of ;réeelved data samples.




Qhanﬁel into a first and second array of data sanpl es by

despreadi ng the received signal with a predetern ned -5

| engt h spreadi ng code, the predeterm ned | ength of the

spreadi ng code being set in response to the particular

splitting algorlthn1selected prior to tr¥¥sm ssion of the

recei ved signal; and (b) conbining the first and second
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first array of data sanples and a data sanple of the second

array of datagsanples into a conbined data sanple and

subsequently 1 ncluding the conbined data sanple in the

stream of received data sanples, the second al.gorithm

conprising including a data sanpl e Abstraét éf thetinveértion of data

sanpl es in the streamof received data sanples and 20

including a data sanple of. the second array of. data

sanpl es in the stream Afmethod andiapparatysisprovided for transrmtung$pread

-18- 100 AspBhAA sf ":_ﬁé’”ﬁ@'tfa?{énﬂﬂe@%?%)?@gel§3§m £4! gg 214).
conpri si ng | recer ved m ove
communi cation  Subsequently, the tfans%'ﬂ%ﬁ{gﬁz pliss {244) eachparticilay et Bfr ay of

data sanples by two received data s mbol§€(2ﬂ>4)9m Qgirétf‘@nd §é€¢n@dn‘aywic’data\ﬂ th a
predet er m ned

- od eceived
si gnal conpri si ngSYmbols (252 ,54) aocorgl Breé ‘ﬁgéfﬂﬂf@h eﬁ?ﬁﬁ'sﬁl rst and
a second array ofalgorithm lnc! les providing bbthaiaa lsymmlsr\:tmlslaf thbepdrticslar and

second arrayy@f d§éﬁo 9 the i f‘rst hH)second array of Hgﬁoéyﬁn%lgl(égé B84y 4 he

particul ar se ?/ h™accordance with
a part i cul ar spl i $ecang alggmh umludes ‘providing one of the data symbols (214) of

20 f-pamcular channels to transmit the first and second array of data symbols
{252, 254)' eading (232, 234) the first and second array of data
symbols (252 54) with a predetermined length Waish code (216). The
transmitter:(242) _éocommddates a variéb!e number of data channels by
- Selectmg éj _cular algorithm from a group consisting essentially of a
25  first algorithm nd a second algorithm and setting the predetermined
Iength Walsh é (216) in response to the particular algorithm
selected. |

FIG. 3 accompanies this abstract.
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first arra data sanples and a data sanple of the second 30
array of data sanples into a conbi ned data sanpl e and
subsequent|ly including the conbi ned data sanple in the 130 PN
stream of received data sanples, the second al gorithm Q-CHANNEL
conprising including a data sanple of the first array of data

sanples in the streamof received data sanples and 35

I ncluding a data sanple of the second array of data
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