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= SUMMARY OF THE INVENTION

In one aspect the invention provides a subscriber unit or other

- transmitter for use in a wireless communication system, the subscriber unit
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' “encoding the information data; plural control sources of control data; and a
" modulator for modulating encoded information data and the control data
from one or more of the plural control sources with respective different
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sources; encoding the information data; acquiring control data from plural

_ - control sources; and modulating the encoded information data and the

30 control data from one or more of the plural control sources with respective
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system FIG 2 is a block diagram of a subscriber unit and base station
configured in accordance with an exenpl ary ®Bnbodi nent of the invention; 35
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two non-specified transmit channels is configured for BPSK modulation and
transmission over the quadrature channel.

‘25 BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below of an
~ embodiment of the invention when taken in conjunction with the
30 drawings in which like reference characters identify correspondingly
. - throughout and wherein:
. FIG. 1 is a block diagram of cellular telephone system;
. FIG. 2 is a block diagram of a subscriber unit and base station
g o conﬁgured in accordance with an exemplary embodiment of the invention;
- .85 . .. FIG. 3 is a block diagram of a BPSK channel encoder and a QPSK
i channel encoder configured in accordance with the exemplary embodiment
- of the invention; .
. FIG. 4 is a block d1agram of a transmit signal processing system
conﬁgured in accordance with the exemplary embodiment of the invention;
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DETAILED DESCRIPTION OF THE PREFERRED
5 - EMBODIMENTS '

A novel and improved method and apparatus for high rate CDMA
wireless communication is described in the context of the reverse link
transmission portion of a cellular telecommunications system. While the
_ invention may be adapted for use within the multipoint-to-point reverse. .
235  link transmission of a cellular telephone system, the present invention is

' equally applicable to forward link transmissions. In addition, many other
wireless communication systems will benefit by incorporation of the
~ invention, including satellite based wireless communication systems, point
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| FIG. 3 is a block diagram of BPSK channel encoder 103 and QPSK
%< - channel encoder 102 when configured in accordance with the exemplary
<7 7-.- embodiment of the invention. Within BPSK channel encoder 103 the BPSK
-35: . data is received by CRC check sum generator 130 which generates a check

» .. sum for each 20 ms frame of the first set of data. The frame of data along

- . with the CRC check sum is received by tail bit generator 132 which appends

- tail bits comprised of eight logic zeros at the end of each frame to provide a
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- preferred embodiment of the invention are shown in Table L

-

.30 . . .
P Walsh Code Modulation
Symbols
Wy + + + +
W, + - + -
W, ' ++ - -
Wj + - -+

Table L.
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orthogonal channel Symmer 160 sums the resulting amplitude adjusted modulation
25 symbols from gain adjusts 152, 154, 156 and 158a to generate summed
modulation symbols 161. PN spreading codes PNjand PNQ are spread via

multiplication with long code 180 using multipliers 162a and b. The

resulting pseudorandom code provided by multipliers 162a and 162b are

o used to modulate the summed modulation symbols 161, and gain adjusted

30 quadrature-phase symbols QPSKQ 163, via complex multiplication using

: multipliers 164a-d and summers 166a and b. The resulting in-phase term X|

and quadrature-phase term XQ are then filtered (filtering not shown), and

upconverted to the carrier frequency within RF processing system 106

_ shown in a highly simplified form using multipliers 168 and an in-phase
.35 anda quadrature-phase sinusoid. An offset QPSK upconversion could also
" beused in an alternative embodiment of the invention. The resulting in-
phase and quadrature-phase upconverted signals are summed using

summer 170 and amplified by master amplifier 172 according to master gain
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perfornmed at the receive system by determ ning and renoving the phase

of fset of the reverse link signal. Al so, the pilot data can be used to
optimal ly weigh nultlpath signals received with different tine delays
before hei.ng conbined in a rake receiver. Once the phase offset is. renoved,
and the 5 nultipath signals properly weighted, the miltipath signals can
be conbi ned decreasing the power at which the reverse |ink signal nust be
received for proper processing. This decrease in the required receive power
allows greater transm ssions rates to be processed successfully, or
conversely, the interference between a set of reverse link signals to be
decreased. Wiile 10 sone additional transmit power is necessary for the
transm ssion of the pilot signal, in the context of higher transm ssion
rates the ratio of pilot channel power to the total reverse |ink signal
power is substantially |ower than that associated with |ower data rate
digital voice data transnission cellular systems. Thus, within a high data
rate CDVA systemthe Eb/No 15 gains achieved by the use of a coherent
reverse |link outweigh the additional power necessary to transmt pilot data
fronleach subscrlber unit. : :
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Table IH. QPSK Channel

Tables II and III .s'how_ that by adjusting the number of sequence
repetitions Ny, a wide variety of data rates can be supported including high

10 data rates, as the encoder input rate Eg corresponds to the data transmission
' rate minus a constant necessary for the transmission of CRC, code tail bits
and any other overhead information. As also shown by tables II and III,
QPSK modulation may also be used to increase the data transmission rate.
Rates expected to be used commonly are provided labels such as "High Rate-
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PCT/ US%/ 09?6 ansm1531on of less time sensitive data such as digital files. In this
- . embodiment interleaving could be performed in larger blocks for the less
. time sensitive data to further increase time diversity. In another
- .- embodiment of the invention, the BPSK channel performs the primary
©30.. transmission of data, and the QPSK channel performs overflow
" transmission. The use of ‘orthogonal Walsh codes eliminates or
s - substantially reduces any interference among the set of channels transmitted
... from a subscriber unit, and thus minimizes the transmit energy necessary
L . for their successful reception at the base station.
'35.. .- To increase the processing capability at the receive system, and
... therefore increase the extent to which the higher transmission capability of
the subscriber unit may be utilized, pilot data is also transmitted via one of
the orthogonal channels. Using the pilot data, coherent processing can be
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.25 channel may need to be increased to facilitate detection and synchronization
“u - at the base station. Once the reverse link signal is acquired, however, the
necessary transmit power of the pilot channel would substantially decrease,

-« and would vary depending on various factors including the subscriber units
o rate of movement.  Accordingly, the value of the gain adjust factor Ap

- 30" ‘'would be increased during signal acquisition, and then reduced during an

e ongoihg communication. In another example, when information more
w tolerable of error is being transmitted via the forward link, or the
- environment in which the forward link transmission is taking piace is not
~ prone to fade conditions, the gain adjust factor A; may be reduced as the
~ need to transmit power control data with a low error rate decreases.
- Preferably, whenever power control adjustment is not necessary the gain
. adjust factor A, is reduced to zero.
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- data type Transmitting with the minimum amount of power necessary
30 allows the greatest amount of data to be transmitted to the base station given
the finite transmit power capability of a subscriber unit, and also reduces the
- interfere between subscriber units. This reduction in interference increases
* the total communication capacity of the entire CDMA wireless cellular
o system. |
' 35 . The power control channel used in the reverse link signal allows the
subscriber unit to transmit power control information to the base station at a
variety of rates including a rate of 800 power control bits per second. In the
preferred embodiment of the invention, a power control bit instructs the
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'_ 15  of a half rate frame is transmit power T/2. The reduction is transmit power

is preferably performed by reducing the transmit power for the entire
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' further adjusted in response to power control data transmitted from the base
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FIG. 5 is a block diagram of RF processmg system 122 and

demodulator 124 of FIG. 2 configured in accordance with the exemplary
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~ summers 204 yielding. terms X; and Xo. Three separate instances of the X,
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* respectively, and the resultmg Walsh demodulated data is summed over
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25 FIG. 7 is a block diagram of BPSK channel decoder 128 and QPSK
- channel decoder 126 (FIG. 2) configured in accordance with the exemplary
' embodiment of the inventior.. BPSK soft decision data from combiner 184
- (FIG. 5) is received by accumulator 240 which stores the '_first sequence of

- 6,144/NR demodulation symbols in the received frame where Nr depends
}_.;:-30 _-on the transmission rate of the BPSK soft decision data as described above,
. . and adds each subsequent set of 6,144/Ng demodulated symbols contained in
.. the frame with the corresponding stored accumulated symbols. Block
 deinterleaver 242 deinterleaves the accumulated soft decision data from

. variable starting point summer 240, and Viterbi decoder 244 decodes the
35 deinterleaved soft decision data to produce hard decision data as well as CRC
~ check sum results. Within QPSK decoder 126 QPSK; and QPSKg soft
decision data from combiner 184 (FIG. 5) are demultiplexed into a single soft
decision data stream by demux 246 and the single soft decision data stream is

1
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. 480. The resulting long code modulated PN and PNQ codes are complex

= multiplied with the summed data 461 and the gain adjusted BPSK data from

780" gain adjust 456 using multipliers 464a - d and summers 466a - b yielding

.. terms X] and XQ. Terms XJ and XQ are then upconverted with in-phase and

" quadrature-phase sinusoids suing multipliers 468 and the resulting

L upconverted signals are summed by summers 470 respectively, and

" amplified by amplifier 472 in accordance with amphtude factor Am
. generating signal s(t). :

.. The embodiment shown in FIG. 8 differs from the other

- embodiments described herein in that the BPSK data is placed in the

' quadrature-phase channel while the pilot data and power control data are
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35 . .. FIG. 10 is a block diagram of a transmit system configured in
~accordance with still another embodiment of the invention. Channel gain
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5 but i-s to be actorded the w dest scope consistent with the principles
and novel fwax98r52365di scl osed herein. What | claimis: 28 CRETNIS8/09868 A
subscriber unit or other transmtter for use in a wireless 2

comruni cation system the subscriber unit c@prising: plural information
sources of information data; 4 an encoder for encoding the

informati on data; plural oni&pI rCes of trol  data, and © a
nodul at or for nodul ati n;é%%égw ?‘%‘5‘? matlonrggﬁg ghd the controlf data from
one or nore of the plurflCaedetrol sources wifh respective differdgnt

modul ator i o arranged LM&MMMM e
nodul ator is arranged t e

i nformati on source with t+he- ene-odqud-cont-rol 'mlhe 10 gane is
output for transm sion. [Z. A subscriper uj u S_Cl TEC]II’] crgdima1l,

wherein the control dat * Tt #e5 Fouer ..a_a.n.d_.p.l_Lot dat a.

3. A subscri ber unit|as <l-aikgred En-clai m ZmWe nodul dtor is 2
operabl e to nodul ate th§ power CUme uara—y} Th a _Jroodr atton coge. 4. A
net hod for transmtti ngla +J'1" ot s nnal" and. a E¥OLhannel < rlnaj 2

conprising: nodul ating it st —<changel- i gna hlléméntal st short] Wal sh
cover having a 4 dur aft -1.0ur_cig ps_perort hogonal
wavef orm period to prodickta Inidurafed #rst al: andl6

addi ng a nodul at ed secofd. channel —sigggal. to | Thebneapnal to fgroduce a
summed signal conponent; Mot TPy g ' ‘conponent
and the nodul ated first channel signal by a conplex PN code. 5. The

met hod of claim4 wherein the first shortTaMlesVil.cover has a duration 2 of
two chips. 6. The nethod of claim4 wherein the first short Wal sh cover

has a duration 2 f fé’ r. chigs. 7. thTh n%t%od of cI erein the
first short Wal sh ctvet N, 1o fedicing theopeak to FVerpgR Eﬂ’?’ﬁ% power ry
net hod of 3 ai alldcatireg sets' oh eightrcttipsWaalsh \dharinelo wesing sa single shorter Walsh
The net hod of | eig .t r e

15, 100 Sl Rl e Eﬁ%{ﬂiémr 8P ihe el Chyaipnl ¥ Ranle,
equal to +,- zmodulatmgl with fowe eighichipt Wialsh ncherslmn eSumaning stheg results
modul ating a s Fadditiinal circ ﬁ?%h&&e%eﬁﬁ'ﬁ%duﬁf@éh% écrmg»wer to

D e oG, ST e e o, iSRS o)
10 10 can operate at various spreading bandwidths, and therefore with the
Walsh codes and spreading codes generated at various rates other than
1.2288 Mchips/second. In particular, a spreading bandwidth of 3.6864 MHz is
contemplated, with a corresponding Walsh and spreading code rate of 3.6864
Mchips/second. FIGS. 11 - 14 illustrate the coding performed for the
15 fundamental, supplemental and control channels in accordance with the
" useof a3.6864 MHz spreading bandwidth. Typically, to adjust the codmg for
use with a 1.2288 MHz spreading bandwidth the number of symbol repeats is
reduced. This principal or adjusting the number of symbol repeats can be
apphed more generally to increases in the spreading bandwidth including,
20 for example, the use of a 5 MHz spreading bandwidth. Adjustments
B performed to the coding for a 1.2288 MHz spreading bandwidth system other
than reduction in the number of symbol repeats are particularly noted in the

| _descnphon of FIGS. 11 - 14 provided below.
o FIG. 11 shows the coding performed for the four rates (i.e. full half,
25 quarter and eight rate) that make up the IS-95 rate set 1 when performed in
) accordance with one embodiment of the invention. Data is supplied in 20
ms frames having the number of bits shown for each rate, and CRC check
bits and eight tail bits are added by CRC checks sum generators 500a - d and




4 has a duratron of fewer than sixty-four chips per orthog ggg)dggﬁgrm‘
peri od. 12 WO 9852363 pt hod of claim 11 wherein the second short cover
has a 2 dur at.ion of two chips. 13. The Eret hod of claim 11 wherein the
second short Wal sh cover has a 2 duratro% of four chips. 14. The met hod
of claim 11 wherein the second short | sh_cover

d f
ei ght chips. tal bit generateysRiagr de | Additionally, gate mﬁenwpl%gé IOﬂQ&n&nls
%ﬁver Pﬁsda f erfdhﬁé&r&meaéhrﬁ&e éd&%lﬁhﬁr&gcteﬁcb@émrswﬁd,stgenﬁrﬂh g fidur

e nethod o ai m e 0 shor
cover is equdf® %SPH % ?aé"ﬁ %&ﬁh}g @gtgﬁﬁ Qﬁoﬁaﬁ {7\% :#‘%ﬁ@?lmﬁ%am?h%f

met hod of cl adodel el is thlock eirdorleaedt uslhghbimclerinterleayers 5062 +, d,

fo 2 58 Bl S helCSE b, PO Y Ao kpes il

cover is equasymbols am) transThid¢tede repentedly byi tramsmhsslenn repeaters 508&c Ina®ynas

signal is a ﬁ% é&n@.iusrﬁé%Scé_H@s?ﬁ%%jt&fbe% t 1 %ﬁﬁﬁm e, Thfi 768

mul ti plying fu er co
conponent by cos€ sy Qbe Qoesdnaate are then G'GPB@@}@ tirpee b}'osmbehéepea’cers

first conpl eXsﬁaoﬂ& 18432code E&H&E&Eem&té‘t ed first
cO one

channel sj gnal q adrat phase f.t | ex P de t,0
produce & Ogecond c ng#&rm 81 gﬁ?fﬁ"‘ga gﬂﬂ?ﬂebs -
Slggal Corrpﬁn@wdd dlate.al m&draafduurebmwals}cwﬂem eﬁeﬁalﬂﬁ(mrmﬁmﬁﬂ\lc | ruod
produce a third cq uct te
first channelsﬁgﬁlg@%m p{ @@bmerﬁ’r&mﬁgs %
produce a f ousdconddrtheemumbetuof Walshalandl Gpreading codie p$138f7i3r228 cmhmhex
pr oduct srgn o) I QA UCLKS e h
conpl ex pr odﬁ&?&%%&rﬁss% @Q/ﬁgﬁl}) Cﬂp“p fggr ng tﬁg%h o%ugxs}giﬂggpuéit? e
si gnal t ot heframrg t h conpl ex product si gnal to produce a quadr at ur e- phase

conpl ex product sipsala tem 3p ad af2288aMatdpsfsdcohd] hemaimbes: of

and nul 11 plyi BERbR Lp%?éiﬁ i ex el Yl ”a'fea%éiﬂgff;ﬁp“ f5ed 8 Eigh ®)

quadr at ur e- phAskd1ﬁonaﬂynh:ansm1s§6n replaterab08ii tap@atsaﬂmsequmcewﬁ:symbob iR
a first chann Fi‘:*ﬁé Rhic %kagufﬂégr i HPH%? p%}%nﬁofs' ! rafiSRRRLd S Qﬂﬁhﬂjy

a first short cover vr ng a at1on ewer than sIxfy-four C |ps

per ort habnatime, a V‘@F‘éﬁ#ﬁfp}@ﬁr weatﬁrpﬁmeams%ﬁw%qfsmeh@ﬁﬂe the
signal; a SeC&aﬁ\éﬂs?gé@l nmésylghlsetls e iatbdle dfel tdpalayed = sewdtithc bnee!

shdnal oy e CuadifcR S For s o BRI Hope
first short Vetep) isincdudaddfdrathen fullrmte dno8 shoovny avieicht transmltst 384 w@fr the
oSy S ARk SRR QA y (TR A, e M
“signal colfpontrnsmissions cdhprevide.red pmé:rol& o dafar wiich, wiheny pepeated eight
summed si gnal HERERANEfbEN fepedtersB10AL @) IckREpbhESto 6120 8gimbulgn@hidhy isithe
conpl ex PN COdl(.aunb of chips in a 20 ms frame at 1.2288 Mchips/second.
FIG. 12 shows the coding performed for the four rates that make up
IS-95 rate set 2 when performed in accordance with one embodiment of the
30 'invenﬁon. Data is supplied in 20 ms frames having the number of bits
- shown for each rate, and a reserve bit is added by reserve bit augmenters
R 521&_1_- d for each rate. CRC check bits and eight tail bits are also added by CRC
" checks sum generators 520a - d and tail bit generators 522a - d. Additionally,
2 . rate 1/4 convolutional encoding is performed for each rate by convolutional
’ 35 . encoders 524a-d, generating four code symbols for each data, CRC or tail bit.
" The resulting frame of code symbols is block interleaved using block
 interleaves 526a - d generating the number of symbols indicated. For the
lower three rates, the symbols are transmitted repeatedly by transmission




24. The Wﬁ%@ of claim 23 V\,herer n the first short Wl shpepusys/doges a
31 2 duration of two chips. 25. The apparatus of cl ai m 23 wherei n the
first short Wal sh cover has a 2 duration2gf.four chips. The
apparat us of claim23 wherein the first short Wl sh cover has a2

d f '
Short val on asogater'sBa <icas indieReBP RRSRY°7Q] oSA8STIbO NS 1Y Pabdiited o
wherein the feachfr %M@r ?IMVQ& cede symbols fomeadty razte are then repeaztsd 24 times by
appar at us Of ABG5B30a - rgEhé mﬁ%ﬁ@%ﬂoﬁé SANBDIS Eeleffaﬁ{e 56r éach

+, aparatus of ¢ erein the first short \Walsh
cover has a Z‘atedr fferent duration than the second short \Wal sh cover. 31.

The appar gt us of ckgf g s’eﬂi*ﬁrép atihg @4 2288 MHEh féard‘iﬁ sbmawiuﬂﬁhtﬁe
cover is equal t the durgg*on of the seceﬁ shor sh cO

V,
appar at us of I&‘F‘aﬁ repeats PeTiorm f’gln %?é?mrri" a‘i 38 redtced
duration of tfwfoahl(e)s A:ﬂiiumniny, mmnﬁssmmfre atem528a Wmtshhits tthe sequende

short Wal sh c¢ atlo uL_C |ps hg..ap s _of
claim 23 V\her %e%nﬂ‘esh% &1 @g asP %Mdﬁgaﬁ}e rfg'%gélggﬁfe
chi ps.. Efaesmmbed at thérd tinne. aTmn?samdsmre repedter 5288b repedtsithe\wequencooér
i's eq'ual €E9ﬁ1 1 [ &T%g ort
Wal sh cover [ sy'ﬁ\bols the eaﬁ{}é (3}{1&\ éﬁggg@@ﬁ@%parﬁg Ef;e 0 ﬁg,ld%]aZ
wherein the %&%Mor’fr%@ﬁslgav&PQ%e%é% repeais the sequengg of symbols in

apparat us of eafintes teHr (myrmﬁ u@ 99 of2the symbd}s fairé S:épeadeal #hi&deventh
configured to rrultlpfﬁ/xthe su 8? onent

corrponent of *t’W@ c E‘)?“PHYC 1? |rF’EFa{eS?FBF éﬁ%&b&{&w&w@m;
4 step) iip imeludednfor giveefill oatm(ztotmhowma whhithl atanendits 384 of

or oduce 2 seifkwb%%rr%%f% t %ﬁﬁ%a?%ﬁgfﬂ%f g R R B arere
to multiply trepestechduansmissionsorplbrpnavide 3,586 symbolx mfedptaas‘erhmpoﬂeem
2 fourth e*‘ﬁ‘“—‘d’ L e e i i T et
signal by an ¥ e conponent of the conplex PN code to produce a fourth
conpl ex pr oduct 12Flat1‘;gmal1nu§tr§te§ ehel coding petforined fordtheoswgsipleitenthl ichiannel
compl ex %nafor}n I8 accordance with one embodiment of the invention.
_ Frames of data are supplied at any of the eleven rates indicated, and CRC
s check sum generator 540 adds 16 bits of CRC checksum data. Tail bit
" generator 542 adds eight bits of encoder tail data resulting in frames having
- the data rates shown. Convolution encoder 544 performs rate 1/4, constraint
25 length K = 9, encoding generating four code symbols four each data, CRC or
tail bit received, and block interleaver 546 performs block interleaving on
- each frame, and outputs the number of code symbols shown for each frame
in accordance with the input frame size. Symbol repeater 548 repeats the
frameés N times depending on the input frame size as indicated.
~30" 7 . - The encoding for an additional twelfth rate is- shown, which is
- performed in similar fashion to the eleven rates, with the exception that rate
1/2 encoding is performed instead of rate 1/4 Additionally, no symbol
--!'-'-""repetmon is performed. '
; __' "A lst of frame’ sizes, encoder input rates, code rates and symbol
- 35 repetition factors N for various chip rates that can be applied to FIG. 13 to
- adjust for different chip rates (which correspond to spreading bandwidths) is
- provided in Table VIL




14 second conplex roduct signal to produce an in-phase conple
si gnal ; andvQ98/f436 g sumrer configured to add the third conpl & @6%%8’3?8

signal to the fourth 16 conpl ex product Si gga_l to produce a
guadr at ur e- phase conpl ex product signal. The apparatus of claim 38
further conprising: 2 first uoco1vert¢=r configured to miltiply the

i n- phase conplfe@®r Spoadenl  Gate *%fmn bhase S¥Pnys cg; 5’@:’4 Faasdl B ":‘:n
second upconvégr ﬁ 4urF'(' [ 0 "ul|t R ry t hel qhaslrgd: ElniRf P G 6 conpl|e¥actor
i 1] adetips) el Qhas upoi di__40. At' it ter N |
apparatus co MY&n ftﬁr oduj agf2hd a2 i | @Schannel si ¥na
using a first qig)é/er havilng a fur i;%%cf Pever %jn $ xty-
chi ps per ort M oF'm per1 og to 4 Pr 98438 € aegm)du]g d yargt a2
channel signall;1zmd| meang fsa4 pdarng as4pi|ot krgnell te a at gd dJecmnd
channel signall to producg 6 . B symfed,signal ggﬁ?dnejj ; f o ;g
mul tiplying t he'Bnfrelf®si gﬂ&? cofporfent ahd t heanpdul s efl 1g§st s (Channel
signal by a cqnixsx| P8dscqQdesas 38 41. 1 The .l mansm taer | ofsagl jai m4g 6
further conprifsing peans |for npltipllying the R7378dm &} i I nedt by
a conpl ex PN dode tp produce a| conpllex prgduc} ?,g;gﬁ;ra'lmgm 4sg§,d. n{%ﬁhcd ﬂor
denodul ati ng g signihl conprisipg: 2 nulzirzpl|yiebd @fnezié-phase [saapl ¢
stream by a fi r paeeschoves \MyBotlk rover thavding a (L1828 ilo4605f | f1848@r! t Man 1
si xty-four chi p};‘:ﬁe @;tkoqt)?a WAvdf ofn peri piAR |pr Blduge Bn ¥ ei - pfase
short Wl sh desgde@afl synoligsi [st1,4cHanﬂeI streadymssful 8 pl yheX ja wva 96
guadr at ur e- phdssessganplee Jt r2Bdin yl4tr 16 r gt ShoAMSEWA| &h ¢toe®E [ oV 84

produce a quadr 3 b- Fhade Bho llsh¥%degpr epif%Bbof2 f {r &4 chafffel] 2
stream and addidag th?;i - | 'gs s,hort @al $h dpsius y: ad ﬁyrrholmg‘irshmcranglzel
stream t o; t he |83ssssgliaessatjuns2phade qhomt Yal sﬂ@e@pre@@l $ynbal| fpst] 16

channel st'ream?’g::p'o o §§o t Yeqi sion}fir t’l“'.ﬁigdnng; galods sk r dam| 4%
r

The net-hod of jclarng 42 fu er|{conprli sing] 2 |1474s6 | #sINY fga t he s n-|phase
short Wal sh dgspesesafl sy:ijokeoei [ stiachlannel | st r padieisgsadddson 48p& up/at ijon 4of
the first shorlt Wal gh coer; apd 4 suqﬁﬂj% t BEsagagli st ur ¢ pHasé
short Wl sh dgspreafl synfJol fifst cHannel {strg )4S @@osO h 1iske2 dukat ijon q1of
the first shoritaéses Eleaotep1.644 12 ined hod L7456 12i9@13 hop2 1

conpri sing: 2 mul tiplying the in-phase short Wl sh despread synbol
first channel ~stream by an in-phase conponent of a pilot reference signal;
and 4 . nul ti pl yi ng the quadrat ur eTables¥lshort \Wal sh despread synbol
first channel stream by a quadrature-phase conponent of the conplex pil ot

el oh coved has a FIGHiaaACk Aiagient e Do eritmRed dpr 2 Ganizol

wherein the fidsinrehdor 4/8)6864 M¥r sprea ardiwitthosystémf oti‘hecprqsnessmg is

e oot SR UBLLP 410 b i, S A o o

short Wal.sh cotheradditioniaamwo560 and symbol repeater 562, which operate to introduce

o ... uncoded power control bits into the code symbol stream. The power control

.10  bits are generated at a rate of 16 per frame, and repeated 18 times by symbol

| repéater 562 resulting in 288 power. control bits per frame. The 288 power

~  control bits are multiplexed into the frame of code symbols at a ratio of three

.., . power control bits per coded data symbol, generating 384 total symbols per

: ~ frame. . Symbol repeater 564 repeats the 384 bits 24 times generating 9,216

| symbols per frame for an effective data rate of 500 kbits/second for the

.- . - control data, and 800 kbits/second for the power control bits. The preferred

.+, .. processing performed for a 1.2288 MHz bandwidth system simply reduces
©. .- the number of symbol repetitions performed from 24 to 8.

. Thus, a multi-channel, high rate, CDMA wireless communication

. '20 system has been described. The description is provided to enable any person

~ skilled in the art to make or use the present invention. The various




34 49. Twe asskiesd of claim 42 wherein the first short WAl shopRE6E09868

equal to 2 +,+,-,-. 50. The nmethod of claim42 wherein the first short
Wal sh cover is equal to 2 +,-,+,-. 51. 274he nethod of claim42 further
conprising: 2 mul tiplying the in- phase sanpl e stream by a second

short Wal sh dﬂﬁ¥§ I nd
channel stregﬂ¥aa%eggﬂ&qgﬁgﬁﬁggngg%on £ ort %@F@%ﬁ%y E?H#gﬂg¥fﬁﬂggﬁgﬁﬁ%8
the first shdnithparsrand,the generic pringiples Aeafined hereinemaghbe a ph.e -tpouther
chips per or (dinBe@iheNBY RitHoutPRHe s of the invent¥d ifa E\.lllﬁ}' resent
guadr at ur e- phase sanple stream.,bb thﬁ ec g& Sh@Eh cover ‘t 0 prﬁ%ce a
quadr at ur e- pHBYENHARY; is @t imtende ér ei‘}ﬂ’ﬁ hexein
?ﬁdl ng Ej hstl buthigsi® béﬁt&oﬁd@alsmeigsmea@gép@wnnb lsﬁs@éﬂmdvﬁhd ﬁﬂ{te P tg&@ agd

e quadrature e_shor S espread synbol second chann stteamto
produce a soft® ‘%@%@Wﬁ?&ﬁ“ﬁ%ﬁ nnel data stream 52. The nethod of
claimb5l furé@le Lisjng sunm ng the soft decision 2 second channel
streamto pr ¢ d soft decision second channel stream 53. The
met hod of cl aim51 mherein t he second short Wal sh cover has a 2 duration
of two chips. 54. The met hod of claim51 wherein the second short Wal sh
cover has a 2 duration of four chips. 55. The nmethod of claimb51

wherein the second short Wal sh cover has a 2 duration of eight chips. 56.
The nethod of claimb51 wherein the first short Wal sh cover has a 2

di fferent duration than the second short Walsh cover. 57. The net hod of
claim51 wherein the duration of the first short Walsh 2 cover is equal
to the duration of the second short WAl sh cover. 58. The net hod of claim
51 wherein the second short WAl sh cover is equal to 2 +, -, 59. The
met hod of claim51 wherein the second short WAl sh cover is equal to 2
+,+,-,-. 60. The nmet hod of claim51 wherein the second short Wal sh cover
is equal to 2  +,-,+,-. 61. A receiver apparatus conprising: 2 a

first multiplier configured to nmultiply an in-phase sanple stream by a
first short Wal sh cover having a duration of fewer than sixty-four chips
per orthogonal 4 waveform period to produce an in-phase short Wal sh
despread: synbol first channel stream 6 - a second-multiplier
configured to nultiply a quadrature-phase sanple streamby the first short
Wal sh cover to"produce a quadrature-phase short Wal sh despread synbol 8
first channel stream and a first adder configured to add the in-phase
short, Wl sh despread synbol first 10 channel streamto the
quadr at ur e- phase short Wl sh despread synbol first channel




streamto produce a sion first channel data stream

appar at us 8?’08?’5?3\??61 f mgﬂ 'Mmﬁum a first E%%‘P”mgs
configured to sumthe i sh,despread symnmbol first channel
stream based on the duration of fhe®fitst or h.cover; .and 4

a second summer_configured to sum the quadrat uy HiShetseE Tshad BERKIlsh despr ead
synbol first EHaAAMISStream based on the duratf on ofREpmcEgrst ghor t V\al sh
cover. 63; - Yhe: appar atus of claim61l further Ft=S-re

third nul tiplier e: nf i g?% ﬂxb%&lw hh Yor! Bfhdr" fﬁmﬁinﬁPofotr M?éoﬁﬂ geaq;qugs

synbol fi'rst channi r st yan in-phase conponen ref erence

signal; angl 4communicaBichosysthminthé Isﬁb*s@ibaoﬁﬁitgwmﬂrismgrul tiply the
quadrature phase short \al sh despread synbol first channel stream by a

quadr at ur e- phase c@lpeldnformnation soungasesf inforpiation datagr ence signal . 64.
The apparajus of claim 61 rel g h cover has a 2 _
duration of two chlag's € ﬁ'ﬁg@?i%&}%%‘fﬁﬁgﬁén% wherein the first

short W 36 2 (iljlﬁfz&}l@ﬁtﬁﬂ soéesCof dontréitdata; #h@ apparatus of claim 61
wherein the first Short Wal sh cover has a 2 duration of eight chips. 67.

The aggaraé{l{rs] of C|aalﬂ‘ib&1lla}t6§|rﬁirnn%d9&ul Wnla é{&ﬂbth ]SIWihfdt rnQ&Yh fﬁ H%taﬁchiﬂi ﬂ&}Z
+, -, e _appar of claim [l n i r.st, shor sh cov
caual to 2 | $oRUDY dakErom crid of maasesof e, PLiral GrsTOL FERERR Wit TeFbeRtive
aﬂort wal ?13 ](c:mhﬂ’erer& madalatirgg 2odes-for, fransnﬂ&xon ohha capier signal, ovheteinntieel
erein the fi r ti t t
second short ?aﬁﬂa%{/elﬁvﬂfﬁnggg@ “a ppéﬁ St G5 %‘JJ %?&L‘%%Hé\ﬁ dg& fP‘gigl ct}?e
duration &0 t hrfarmatiorssourcevwithnthe encosledr control data befqraéha wame imoutpuhe
second short 48l shsd\BEion! 2- The apparatus of claim 61 wherein the

second short VAl sh cover has a2 duration of two chips. 73. The
apparatus of claim61l wherein the second short Wal sh cover has a 2

duration of four ci® ps. Adkubscribér apfinasiclEnwdd §h atlainh 11 Wkdieeein the csc@dll

cl'ai m o1 whor S pHE il Ro R Ol B BrbbUSel o, (o7, TPrg

The appar at us of claim6l wherein the second short Wl sh cover is equal 2
to + -, -. - He a%%ﬁ%&ﬁbé}fuﬂt%graéﬁléﬁ‘ﬁ{ @!aimti‘ewﬁﬁféiﬂdﬂ'éh_ Ridd WiaksH
cover is e uaI % elﬂogar us o ,ﬁl alm o6

furt her coﬁ‘pr iig ppgrable t thodulate the power control dat a modulafion code.

O

3 4. A subscnber unit as claimed in any preceding claim, wherein
' 2 the modulation codes are Walsh codes.

5. A subscriber unit as claimed in claim 4, wherein the Walsh
2 code used to modulate the information data from a first one of the
° information sources is longer than the Walsh code used to modulate the
4 information data from a second one of the mformat_wn sources.

| 6. A subscriber unit as claimed in claim 5, wherein the Walsh

2 code used to modulate the encoded control is longer than the Walsh code

~ used to modulate the data information data from the second one of the
-4 information sources. | '

: 7. A subscn‘ber unit as dauned in clalm 6, wherein the Walsh
2 code used to modulate the encoded control data comprises eight chips, the
Walsh code used to modulate the information data from the first one of the

4 information sources comprises four chips, and the Walsh code used to
S T
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2 avé biERegrul tiplier configured to multiply the in-pheagusysmpia
stream by a second short Wal sh cov WI‘I n- phase short Wl sh
despread synbol second channel 4° ﬂm‘mum m t he second short Wl sh
cover is orthogonal to the first. shertcWatsh cover and has a duration of
fewer than sixty-four:chi-ps - ‘per orthogonal waveform period; 6 a

fourth multiplier -configured to nultiply the quadrature- pHastasalLE St -eam
by the second short- Wal.sh cover t o -producesg quadrature-pkg@gss‘i T s BEEN
despread 8 synbol second channel stream and a second adder c ﬁ?l-@@ﬁﬂed to

add the in-phas hort, Wl sh despregd, synbol .10 second ch el .streamyo
t he quadr at ur@-ogh‘i%@ E}Fﬁ)r‘{‘? Re 5%%"@I§ymﬁ)lse§%§n‘?}‘%&ﬁé? 19%?%’“&5‘
produce a gsofdouteesd &ﬁprﬁ@gm ctipainel data stream 79. The appar at us of
claim78 further conprising a sunmer configured to 2 sum t he soft

deci si on second channel streamto produce a summed soft decision second
channel stream 80.8. A Acsebsceibenppt atsudaimer irsiangy preceding claimanfurther

mul ti plyi an..i.n- e.s tr *mlf' S h erf,g&vi a

duration ? m&%@gﬁ&@ﬁﬁg&r ﬂcgt%)%oﬁgq;m&\;ﬁtoggn%pem od {}ge.4

produce an i oz ap g repyeaqingseo ANSENSNON OV S

for multip yiéﬁrﬁr%ﬁat ur e- phase sanple streamby the first short Walsh 6
a

cover to produce a ( rat ure-phase short \Wal sh despread synbol first
channel stream and 8 means for adding the in-phase short Wl sh

despread symbol figst chapicribet Gt 16 ARG alaine ) fapthes \Ghphibised 2
esprea 0 i st channel siream.;o produce a spft _decisipn firs
Channel 2l o densiien FRRURFors bnSRMutng HBE. Fiirfor Stan3l cruzgiie o 4R smead,
si gnal conpricombined, modulated nlata.l eavi ng ‘a frame of code synbols to
produce a’sequence of interleaved synbols having a first predeterm ned

nunber of synbol s; s t he. n of . d |.s
one or nore tines; 1Q’nd fé%‘é%%ﬁg?%ﬂ%ge{ﬁ%ﬁg@ﬁg‘ é@&éﬁgg&% ?%I‘&g\gggm :
synbol s, \ghergien enltoderis cirringed to effeecantow’ eddeefatenesfrorubfecibn and
synbol s, and wherein the second_ predeterm ned nunber of synbols is |ess

than the firstequengeepatiion tauhsdnfommationslafa. REPLACEMENT SHEET 38 82.
The net hody of cl ai g3 90 [N first _prede ) J3e u r «of .
aymbol s i @ Sga° gall bR st OF) oRG HELRIGCHAHE i £ wireless
pr edet er m nedcommnieticafion systepmpthesbase fthéionSdompribimg:net hod of cl ai m 90

wherein the first predeterm.ned nynper of 2, synbals i,s 120. .85. The

o hot of Bl ai 1m Q0RVICEREER Tt TeqeN B, Ao qarEE SRl SRge FEROVInG  EheTiFem <
576. 86. Thgy i ﬂa@ﬁ{ ' | s rgéi‘ﬁtc@ ' qo&suef
2 synbol s |§1%@%¢8{m%#1§&e‘rarr%tg ho o?ltgagprﬂnf%%ﬁ ﬁ%gir;lel n th%"i???g%d}h' 4P

pr edet er nighedrespebive differentaywidulating codlées adsl controk data Hoemo plutadi coréifol

wherein the Ssegt?rrc]gs %ﬁq gré?"en%(lj, ﬁggg ‘of g'Ie 2contr%¥ r@aotlasbeiiflg_létgdulated with a
10 fespective'different modulating code and with the encoded information data
i . from one information source being combined with the encoded control data;
12 a d_emodula_tor for demodulating the encoded information data and the
. control data from their réspective different modulating codes; and

14  a decoder for decoding the encoded information and control
 data. |

_ 12 A method for transmitting control data, fundamental data, and

"~ 2 .. supplemental data from a first subscriber unit in a set of subscriber units to a
' base station in communication with the set of subscriber units comprising:

4 a) modulating the supplemental data with a first Walsh

code;
/.
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89. The nethod of claim90 wherei Mm ned 2
symbol s i s WQIBEPES A transmitter a,ggﬂ "ﬂ ng 2 MS%IQ%J“
interl eaver configured to interleave ,m,)”idﬂ,synbol s to produce a
sequence of interleaved synbols having a f| r st prsedet er mi ned nunber of -
synbol s; 4 a_repeater for repeating the sequence of interleaved

synbol's one.or nore h can—.-g a subset of the sequence of
ag}#gg B¥dt has_ a 6 second predeterm ned

i nterl eaved synbol's,

nunber . of synbol s, &hhe se ond %Qedet erm ned nunber of synbol s
I's less-than t he fi r st predeterm necr‘runber of synbols. 91. The appar at us
of claim @0 wherein theb)irsmaghddtihgr thenfuhdamientalofiag wigy absdconds Wadlsh
92. The app%)&at lif\gOf cl aim 90 vvherel n the first predeterm ned nunber of 2
synbols is 21 The apparatus of claim90 wherein the first

pr edet er nifned number ofcp  modidatings the gonteol datphwithp sathairds Walsbl abde00
wherein the fy predet er m ned nunber of 2 synbols is 576. 95. The

e :
apparatus of clarm 90 wherein the first predeternned number of mol s
is 288. 9@  The saiddfirst Walsh @ﬂsl%swrt%ﬁéhenﬁai&ém Walshgee mm%

hunber of 2 gepyboWaldls cddé is SHorter Thtth saldeaid WalshCeaien 90 wherein the
second predeterm ned nunber of 2 synbols is 120. 98. The appar at us of

claim90 wherein the first predeterm ned nunber of 2 synbols is 48. 99.
A transmtter appaldit usThenpetltodgis sét forth in clatani2f whereire shith firstgWaalsh

frame of ) I

firet predot SoTPBTmRnard 8F HE5 Bupg MAT fecsia WARH' ERIEE cuhissa G igler ©

t he sequence diipspand iseid third Walshscoslecismonnprised ofreightrahip®r additional |y
repeating:a subset of the sequence of |nt erl eaved syrrbol S, wherein the 6
subset has a second predeterm ned nunb of S nbol , :gr rein the second
predet er mi ned nunbdt of fpethed as F%fs ﬁénf]i & FPRPISHRSFer

of 8  symnbol pilot channel, wherein said pilot channel is summed with the fundamental
data, the supplemental data is summed with said control data.

| 15. A method of transmitting data from a subscriber unit for use in

2  a wireless communication system, the method comprising:

' _ acquiring information data from plural information sources;
4 ~ encoding the information data;

_ Iacqu:iri_r.\g control data from plural control sources; and |
6 modulating the encoded information data and the control data from
one or. more of the plural control sources with respective different
8 modulatmg codes for transmission on a carrier signal, wherein the encoded

- information data from one information source is combined with the
10 encoded control data before the same is output for transmission.
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