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30 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
comprising: plural information sources of information data; an encoder for

35 encoding the information data; phiral control sources of control data; and a
modulator for modulating encoded information data with respective
different modulating codes for transmission on a carrier signal, for
combining the control data from the plural sources, and outputting the
encoded information data and the combined control data for transmission. '
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' comprising: a) combining said control data with said pilot data; and b)

modulating said combined control data and pilot data onto in
accordance with a single channel modulation format.

25 In accordance with one embodiment of the invention, a set of
individually gain adjusted subscriber channels are formed via the use of a
set of orthogonal subchannel codes having a small number of PN spreading
chips per orthogonal waveform period. Data to be transmitted via one of
the transmit channels is low code rate error correction encoded and

30 sequence repeated before being modulated with one of the subchannel codes,
gain adjusted, and summed with data modulated using the other
subchannel codes. The resulting summed data is modulated using a user
long code and a pseudorandom spreading code (PN code) and upconverted
for transmission. The use of the short orthogonal' codes provides

35 interference suppression while still allowing extensive error correction

""" coding and repetition for time diversity to overcome the Raleigh fading
commonly experienced in terrestrial wireless systems. In the exemplary
embodiment of the invention provided, the set of sub-channel codes are
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channel data is inactive. The other subscriber traffic channels could also be

multiplexed into a single transmit channel. Two separate subscriber traffic

25 channels are used here to allow for different gains and frame retransmission

approaches for different types of traffic. The remaining two transmit

channels are used for transmitting non-specified digital data including user

data or signaling data, or both. In the exemplary embodiment, one of the

two non-specified transmit channels is configured for BPSK modulation and

30 the other for QPSK modulation. This is done to illustrate the versatility of

the system. Both channels could be BPSK modulated or QPSK modulated in
alternative embodiments of the invention.

‘Before modulation, the non-specified data is encoded where that

encoding includes cyclic redundancy check (CRC) generation, convolutional

35 encoding, interleaving, selective sequence repeating and BPSK or QPSK

mapping. By varying the amount of repeating performed, and not

restricting the amount of repeating to an integer number of symbol

sequences, a wide variety of transmission rates including high data rates can
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Flg. 3 is a block diagram of a BPSK channel encoder and a QPSK

20 channel encoder configured in accordance with the exemplary embodiment
of the invention;

Fig. 4 is a block diagram of a transmit s1gna1 processing system
configured in accordance with the exemplary embodiment of the invention;
Fig. 5 is a block diagram of a receive processing system conﬁgured in
25 accordance with the exemplary embodiment of the invention;
Fig. 6 is a block diagram of a finger processing system configured in
accordance with one embodiment of the invention;
Fig. 7 is a block diagram of a BPSK channel decoder and a QPSK
channel decoder configured in accordance with the exemplary embodiment
30 of the invention; and
Fig. 8 is a block diagram of the transmission system embodying the
present invention wherein the control data and pilot data have been
combined onto one channel; _ |
Fig. 9 is a block diagram of the transmission system embodying the
35 present invention wherein the control data and pilot data have been

combined onto one channel including the f11ter1ng of the signals to be
transmitted;



Fig. 7 is a block diagramof a BPSK channel ~decoder and a QPSK channel
-decoder d in accordance w t h-the -exenplary enbodi gt t he
i nventi o&wgg&l@ﬂgg 8 is a block diagram of the transm 55|g§{]@)§§$le3&g
enbodyi ng t he present |nvent|on wherein the control data and pilot data
have been conbi ned onto one channel; Fig 9 is a block diagramof the
transm ssi on system enbodyi ng the 35' present i nvention wherein the control
data and pil ot ‘#igalba\ﬁ abﬁi‘énfei @%@S?Féseh@%@éhﬁgnt lbSx
filtering of the ﬁteeE midtte g
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i nvention f@ftor@mek:hameldata wher ei n the power data and pilot data have
been conbined onto one channel. .5 . .- DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS A _novel and i nproved nethod and appar at us for high
rate CDBA wirel essDIERAIRERIDESCRIFIION-EF THEBRLEIEE ~the

reverse link 10 transm ssion po g(})ﬂ Iglm't glar tel ecomrunl cations
system Wile the |nvent|on nay apte use within the
rrult|p0| nt-to-point r e link (iransmssmn of a cellular, teleph n

system the pr es@rﬂm{ maproeed gusthad and appstatus dor bigh ratq
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benefi by i ncor potation.of the i nvention udi n at el |4 t,e hased
o el s SRR PORyeh S colfilar ViR ppRRkriEHANS, SeRH, WhUE, BiE
syst ens, armhveymbwmay basadaptedt{prraslewﬂthnthetaytu.%mlguntitﬁovpmnt heeviesge of -
co- axi al ory; @eZﬁﬂ?r | I celve . :
and transmt s sterrB g%ﬁ? gure tébgggérl e?elﬁmﬂ?é(fgs Ealgg)g' st ati on
120 in acccf eARPUGHDI D éqrwaéﬁmmlrrﬁmsrmssmm | A caddisan, many atheet of
dat a (BPSK Witlefdss| gofrRfghicatoRY sHERS NHIDCherdFROMS iACGrpoMRii6R @ENnehates a

d t d f BPSK mod hat
Fcol vel? byinsnERRy GRaHdig Fatelfls Bited wiiels Sont e Rk PP BRI by
QPSK channeto poinddwireless, comuineinication adystems,cantt systebw transpdttingy madipur ed
f f dul 104.
or pertor %ﬁ&u&%’% éﬁaells'@%’tﬁé‘ﬁééjgf f:cb-ﬁ:ha.f or i’:’tﬁé}al{]rgﬁ&bflﬁd calegpau! at or

Modul at or ower cantrol data ata, ,which are .
modul ated al ong i 18 Ad iagram gb SRC%“%BEQGI%WF&“ Wsé%ﬁﬁrcﬁﬁﬁgﬁr 8% code
di vi si'on Mu4 téyBseriber unit 100 and a base station 120 in accordance with one

20 embodiment of the invention. A first set of data (BPSK data) is received by
BPSK channel encoder 103, which, generates a code symbol stream
configured for performing BPSK modulatmn that is received by modulator
104. A second set of data (QPSK data) is received by QPSK channel encoder
102, which generates a code symbol stream configured for performing QPSK

25 modulation that is also received by modulator 104. Modulator 104 also
receives power control data and pilot data, which are modulated along with
the BPSK and QPSK encoded data in accordance with code division multiple
access (CDMA) techniques to generate a set of modulation symbols received
by RF processing system 106. RF processing system 106 filters and

30 upconverts the set of modulation symbols to a carrier frequency for
transmission to the base station _'120 using antenna 108. While only one
subscriber unit 100 is shown, multiple subscriber units may communicate
with base station 120. :

Within base station 120, RF processing system 122 receives the

35 transmitted RF signals by way of antenna 121 and performs bandpass
filtering, downconversion to baseband, and digitization. Demodulator 124
receives the digitized signals and performs demodulation in accordance
with CDMA techniques to produce power control, BPSK, and QPSK soft
decision data. BPSK channel decoder 128 decodes the BPSK soft decision




access (CDVA) techm ques to generate a set of nodul ation synbols received
by RF pr system 106. RF processing system 106 filt
upconverﬁsﬁﬂgﬂg& of nodul atlon synbols to a carrier freqﬁéﬁﬁ”’?’o‘?‘%
transm ssion to the base station 120 using antenna 108. Wiile only one

subscriber unit 100 is shown, nultiple sgibscriber units may communicate
with base station 120. Wthin base station 120, RF processing system 122
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“BPSK. dat a i dataeiserereivvedy b RIRC lchetk sum. gepeertar AB0 58hickh gehemtesca athecka -
check sum f ?ﬁme@*& g%‘ec nid AT bf Hﬂeeﬂ}ég %‘t o?‘?iﬂté’f iy &aﬂ@%ff&a%g%l%gdat a

“along with umis recelve generat or
appends 15 With theyGRC r§U8 ds gecaivemh mfaglﬂvtsew@t%ﬁ 132 wvhighy am:egééh

frame t5pr el Bits 2ofdprivedséfadi ﬁlogﬁ@@eﬁgcametéiﬂi 8 ench firRe 26 Providens

Comvol 1 - ondFd %ﬁi“ﬁ%&??&t i cb* s ABFoiine BriSere; 1he Bagd, re&g{v?ﬂr—e (R

.14 convol urode il bneend@l&: hhe@lbyulgelseﬁ‘m rg;enmdeb)syqbnbhltmnad exxtodlerour

times .the eqgedshicH) pe C%gﬁrﬂé:'& twqt/uveon@sm{om .
encodi ng rates orrred I nc el ut, t'/he use rate, 1/4 is
preferred 468%ng: 5196 BRY BeEnera |¢@é@tsgm§aq mtr?amfs g foM S the, PROASE) ok

interleager ﬂﬁﬁt atd (B  dint annhhéhmwe)gomu&ecdmﬂg rtebalre performedde
time diver S'xﬁc\jud%g "Rt l/flﬂlﬁbtlh% use .of rate 1/4 is preferred due to its optimal
complexity-performance characteristics, Block interleaver 136 performs bit
interleaving on the code symbols to provide time diversity for more reliable
transmission in fast fading environments. The resulting interleaved
25 symbols are received by variable starting point repeater 138, which repeats
the interleaved symbol sequence a sufficient number of times Ny to provide
a constant rate symbol stream, which corresponds to outputting frames
having a constant number of symbols. Repeating the symbol sequence’ also
increases the time diversity of the data to overcome fading. In the
30 exemplary embodiment, the constant number of symbols is equal to 6,144
' symbols for each frame making the symbol rate 307.2 kilosymbols per second
(ksps). Also, repeater 138 uses a different starting point to begin the
repetition for each symbol sequence. When the value of Ny necessary to
generate 6,144 symbols 'Per frame is not an integer, the final repetition is
35 only performed for a portion of the symbol sequence. The resulting set of
~ repeated symbols are received by BPSK mapper 139 which generates a BPSK
code symbol stream (BPSK) of +1 and -1 values for performing BPSK
modulation. . In an alternative embodiment of the invention repeater 138 is



transm ssion in fast fading environments. - The resulting interleaved 25
symbol s are r ed by variable starti ng point repeater 13 peats
the inter I%Qeg(gﬁgnbol sequence a sufficient nunber of ti negcﬂlgg%ﬁglr;‘gw de
a constant rate synbol stream “which corresponds to outputting franes

having a constant nunber of synbols. Repeating the synbol sequence al so
I ncreases the tlrre diversity of the data to overcone fading. In the 30
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-1 values (QPSKQ) In an alternative embodiment of the invention repeater

148 is placed before block interleaver 146 so that block interleaver 146

receives the same number of symbols for each frame.

25 Fig. 4 is a block diagram of modulator 104 of Fig. 2 configured in
accordance with the exemplary embodiment of the invention. The BPSK
symbols from BPSK channel encoder 103 are each modulated by Walsh code
W, using a multiplier 150b, and the QPSK] and QPSKq symbols from QPSK

~ channel encoder 102 are each modulated with Walsh code W3 using

30 multipliers 150c and 154d. The power control data (PC) is modulated by
Walsh code W; using multiplier 150a. Gain adjust 152 receives pilot data
(PILOT), which in the preferred embodiment of the invention is comprised
of the logic level associated with positive voltage, and adjusts the amplitude
according to a gain adjust factor Ag. The PILOT signal provides no user data

35 but rather provides phase and amplitude information to the base station so
that it can'coherently demodulate  the data carried on the remaining sub-
channels, and scale the soft-decision output values for combining. Gain
adjust 154 adjusts the amplitude of the Walsh code W, modulated power



val ues (QPSK[err]), and a quadrat ure-phase QPSK code synbol stream of +1
~and -1 val ues é SKQ . In an alternative enbodi nent of-the jnvention
repeater W@9p/Al

interl eaver 146 receives the same number of symbols for each frane. 25
Fig. 4 is-a block diagramof nodul ator 194 of Fig. 2 configured in
- accordance with the exenplary enbodi nent” of the invention. The BPSK synbol s

from BPSK chan eI1 coder 103 are ea dy at ed b V\aJ sh co

nul tiplier F8BEO BRECTAH o, BRin %&s ejégzs?(é%ﬁ%nel
encoder 102 théeampdhudaduf ethedWalsth Shides WV odnohtﬂlatedn@m dtdnneﬂ)l datas
150c and 154d. T}e powe ﬁgrr‘ol aﬁ éPC) duI at b%‘b&%? Pﬁ}_
Werr] usi ng<heiqh I"?IEP GHTAE; O3 d &% “on,
\lmgu 7:2 : n te Peanpph?ﬁre eﬂﬂmmnphmmndaqudmmwphaseoWalsh mﬁs{WsaegK&El

acgor di ng @ﬁéﬁ %ﬁgls E{SB F g@féoﬁ %'%Dy%ga& anf' uél";p’)"?c'ov'lK es mri:lo Eésjﬁejlre
data 35 butWi ﬁéﬁ?‘h@ regst esvbid: m@aéq ﬁhsrm@naﬁrt @re RhoWase

station so ggapﬂﬂglpan coherently denodul ate the data carried onthe
remai ni ng sub- channels, and scale the soft-decision output values for

faced before bl ock interleaver 146 so that ST’U§%8’13678

conbi ni ng. Gai n adj ust 154 adiusts the anplitude of the WaAl'sh code Werr]:- - -

nodul at ed power. WO 99/ Ol99%Walsh Code - Modulation
PCT/ US98/ 13678 10 control gata accordi ng'to_ ggi n aq' ust Jfactor "Al, and gain"
adj ust 156 adjusts the anp _LJ.J,Ld.e_.ni_.Lh.e...\M.L_s.h_EEE’é)_éAL_-:DduI___at ed BPSK |
channel’ data ‘accordi ng anp}ificatWgn variabl e ¥Agkern . Gdi n.adjusts 158a and
b adjust the anplitude of {ne. 1 nyghase ana qua"g-ra-u-r e-prjase- Wal sh--code. V\B.--
nodul ated 5 QPSK synbol s _e.s.pec.t.l_\lel_y_a.ccg.r-da_n.g—-t.g_gam adj ust. f.actor.
Alerr]. The four Wal sh codgs uselezn t he pref erred enbodi ment of the

I nventi.on are shown in Tabje \W sh Code IVde_L at I«ﬂn Synbol s. V\[err]
Werr] Werr] + + "‘& _

Table I. It will be apparent to one skllled in the art that the V\[err] code
is effec{dvely no nodul ation at all, V\Avfl 1S consistent with processing of .
t he pil ot data. shown.- The power control ata is nodul ated with the Werr]
code, . -

* It will be apparent to one skilled in the art that the W, code is
effectively no modulation at all, which is consistent with processing of the
pilot data shown. The power control data is modulated with the W code,
15  the BPSK data with the W, code, and the QPSK data with the W; code. Once
"~ modulated with the appropriate Walsh code, the pilot, power control data,

and BPSK data are transmitted in accordance with BPSK techniques, and the

QPSK data (QPSKj and QPSKg) in accordance with QPSK techniques as

described below. It should ‘also be understood that it is not necessary that
20 every orthogonal channel be used, and that the use of only three of the four
Walsh codes where only one user channel is provided is employed in an
alternative embodiment of the invention.
The use of short orthogonal codes generates fewer chips per symbol,
and therefore allows for more extensive coding and repetition "when
25 compared to systems incorporating the use of longer Walsh codes. This
more extensive coding and répetition provides protection against Raleigh
fading which is a major source of error in terrestrial communication
systems. The use of other numbers of codes and code lengths is consistent -
with the present invention, however, the use of a larger set of longer Walsh
30 . - codes reduces this enhanced protection against fading. The use of four chip-
‘codes is considered optimal because four channels provides substantial



15 the BPSK data with the W2 code, and the QPSK data with the V\B code
Once noduyaleggroslyt h the appropriate Wal'sh code, the-pitot; s@gtrol
-data, and BPSK data are transnmitted in accordance with BPSII<' tec n| ques and
the QPSK data (QPSK[err] and QPSK[err]) in accordance with QPSK techni ques
~as described below. It should also be udderstood that it i$ not necessary

- that 20 every orthogonal channel- be used, and that the use of only three

of the fourflM4bilityfodehe Whaistmizsion @ﬂeaﬁeas @b@@mldat& aBrilivseiated below! oyed
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provi ded byskddvhi 21 achig %&r@ﬁheﬂG?&n@rﬁl eflultip lteaduiss Qnﬂhﬁtsiﬂ‘p‘lﬁb

modul ation synbol s ain ad usted d re ase S
163, via  cONAIAS rr%r#H Phaty bide ﬂ"ﬁ%@?ﬁ% SIS S ol
166a and@bb. bermedeman artgmatimaadmdammw[mfr&w]e inwventjondr &he eeqilting irer m
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carrier frequency wrtaﬂa e;‘gessr gsystem shoywn I n a hi
sinplified FBRRELE ratmmng y masfer amplifigr 172 peezdingnte ataster gain |
quagrature REasE Aﬁwu%endraté\mgatatsa) v@&ﬂwmﬂﬁéd(lﬁ I station @205 Ibteh "
used in an V- t ventLon r phase
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generate si Qﬂi%'tm%@lbl\m Hhrirld.ransmtted to base station 120. In
By providing multiple orthogonal channels over which data may_be
transmitted, as well as by using variable rate repeaters that reduce the
amount of repeating Ny performed in response to high input data rates, the
25 above described method and system of transmit signal processing allows a

single subscriber unit or other transmit system to transmit data at a variety
of data rates. In particular, by decreasing the rate of repetition NR performed

~ by variable starting point repeaters 138 or 148 of FIG. 3, an increasingly
higher encoder input rate ErR can be sustained. In an alternative
30 embodiment of the invention rate 1/2 convolution encoding is performed
with the rate of repetition Ny increased by two. A set of exemplary encoder
rates Eg supported by various rates of repetition Ny and encoding rates R
equal to 1/4 and 1/2 for the BPSK channel and the QPSK channel are shown

in Tables II and III respectively.



the preferred enbodi nent of the invention, the signal is spread and
filtere a 1.2288 "Mz bandwi dth to remain conpatlb

bandmndqwagw gglstlng CDVA channel s. By providing nultlpI£ M%%ogona
channel s over which data may be transmtted, as well ‘as by using variable
rate repeaters that reduce the anDunt(ﬂzrepeating N err] perforned in
response to high input data rates, the 25 above described method and

syst em of transmt Si gnal proce55| ng aI | ows a si ngl e subscrl ber unit or
ot her trang F ' ; j

fat TS. I
particul ar fl iRAsd2by
vari abl e starting poi n Lngl y
hi.gher encpder- i nput r gﬁ‘{p\%ﬁg‘%o
enbodi ment Lof __the inve Retsr B3i2hed wit h
the rate OFHH?H ttei_ i on I encodgr
rates ER srp‘gm-genéb'y- ' es R

equal to 1]|HighReteF4? f @24t e shown in.
Tables Il pnd 111 resp 3 :

PCT/ US98/ 1p678—t2tabe . T ] ]@ﬁéﬂ,uuell oot NCeTir ]

Encoder’ —— | Mgk Rete-320ps) 38,400 R=1/4 3,072 kRepetitilon1.536ut |R=1/2
(Repeti t |__o1_ (bits/framp) ¢ B €. R:y(@a. (bjts/frane) 1,088t e, &=1/2) Hgh

Rate-72 = [—767800—f—0, 124 T 072 2= W64 .
70, 400 - .- |.RS2-Fuli¥e 1 14.490 _ 1218216 151/2 2/ 11t 515760 1102/34 O 1
12 . |3sP4Bimate 3 [ 9o B e B2 3fgt00lg J 07284 A4g ]
1,536 4125, :ae. ~—127048 S L 02% O RS- Fuf Rt
14,400  [NUBL15p- -k 1/ 23850 B 1901817/ 3 Ips. BAI | IR0/ 600
768 8 - o 384 16 NULL - 850 68 90
6/17 - 34 - 180 12/17 Tahl g | ann 5 Label o E[err]
Encoder Qut Nerr] Encodg ﬁeﬁ'!\ﬁ%]&? f R=1/4 '
(Repetition - Qut R=1/2 (Repetition (bits/frame)  Rat e, ‘R=1/4).
(bits/fBane) Rate, R=1/2) 153, 600.- . 12,288 1 . 6,144 2
H gh Rate- 76, 80 of 144 , 3, 072 I gh
Rate- 64" - E?‘E? ba00 ' |FREPES2 (15’2“‘?2?'-11&“‘ NAR=us) 8&%"‘?82'4 4 "i‘i"-"zq -
ST (bps) =1/4 - - .. | (Repetition Out =1/2 | (Repetition
' (bitsfframe) | Rate, R=1/4) | (itsfirame) | Rate, R=1/2)
153,600 12,288 |1 6,144 2
High Rate-72 76,800 6,144 2 3,072 4
High Rate-64 70,400 5,632 |2 211 - 2816 |4 4/11
51,200 - 4,096 3 2,048 8
| High Rate-32 _ 38,400 3072 |4 1,536 8
25,600 2048 )6 1,024 12
AS2-Full Rate 14400 | 1,152 [|102m 576 12113
RS1-Full Rate 9,600 768 16 384 32
NULL 850 - 68 180 12/17 34 361 7/17

Table II. QPSK Channel

Tables I and III show 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 ER 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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¥rov1ci1ng tlpele channels also enhances flexibility in the
transmission of different types of data. 'For example, the BPSK channel may
be desig;\ated for voice information and the QPSK channel designated for
transmission of digital data. This embodiment could be more generalized by
25 designating one channel for transmission of time sensitive data such as
~ voice at a lower data rate, and designating the other channel for
transmission 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
30 embodiment of the invention, the BPSK channel performs the primary
transmission of data, and the QPSK .channel performs overflow
transmission. The use of orthogonal Walsh codes eliminates or
substantially reduces any interference among the set of channels transmitted
from a subscriber unit, and thus minimizes the fransmit energy necessary

- 35 for their successful reception at the base station. |
' 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




transm ssion of different types of data. For exanple, the BPSK channel may
be desi r-voice informati on and the QPSK channel for.

transm g@ﬁgﬁﬂg{ﬁdl gital data. This enbodi nent could be m)géf)ggﬁsa’g zed by
25 designating one channel for transmssion of time sensitive data such as

voice at a lower data rate, and designgling the other channel for
transm ssion of less tine sensitive data such as digital files. In this
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types. In particular, the transmit power of a channel that is necessary for
proper reception may change over time, and with changing conditions, in a
manner that is independent of the other orthogonal channels. For example,

25 during the initial acquisition of the reverse link signal the power of the pilot
channel may need to be increased to facilitate detection and synchronization
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

30 rate of movement. Accordingly, the value of the gain adjust factor Ag
would be increased during signal acquisition, and then reduced during an

' ongoing communication. In another example, when information more

tolerable of error is being transmitted via the forward link, or the
environment in which the forward link transmission is taking place is not

35 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. In one
embodiment of the invention, whenever power control adjustment is not
necessary the gain adjust factor A; is reduced to zero.
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Thus, by allowing the gain of the four orthogonal channels to be
adjusted independently, as well as in conjunction with one another, the
25 total transmit power of the reverse link signal can be kept at the minimum
necessary for successful transmission of each data type, whether it is pilot
data, power control data, signaling data, or different types of user data.
Furthermore, successful transmission can be defined differently for each |
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 capamty of the entire CDMA wireless cellular
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 pef second. In the
preferred embodiment of the invention, a power control bit instructs the
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channel.

In accordance with the exemplary embodlment of the invention,
when the data rate of a frame changes with respect to the previous frame the
transmit- power of the frame is adjusted according to the change in
transmission rate. That is, when a lower rate frame is transmitted after a

“higher rate frame, the transmit power of the transmit channel over which

the frame is being transmitted is reduced for the lower rate frame in
proportion to the reduction in rate, and vice versa. For example, if the .
transmit power of a channel during the transmission of a full rate frame is
transmit power T, the transmit power during the subsequent transmission
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
duration ‘of the frame, but may also be performed by reducing the transmit
duty cycle such that some redundant information is "blanked out." In either
case, the transmit power adjustment takes place in combination with a
closed loop power control mechanism whereby the transmit power is

~ further adjusted in response to power control data transmitted from the base

station.

Fig. 5 is a block diagram of RF processing system 122 and demodulator
124 of Fig. 2 configured in accordance with the exemplary embodiment of
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the particular instance of the reverse link signal being processed. Long C‘f'de
200 is mixed with pseudorandom spreading codes PN} and PNg using
multipliers 201, and the complex conjugate of the resulifing long code
modulated PN and PN spreading codes are complex multiplied with the
30 time adjusted R; and Rq receive samples using multipliers 202 and
summers 204 yielding terms Xj and Xqo- Three separate instances of the X
and Xg terms are then demodulated using the Walsh codes Wy, Wy and W3
respectively, and the resulting Walsh demodulated data is summed over
four demodulation chips using 4 to 1 summers 212. A fourth 1I}stance. of
35 the Xj and Xg data is summed over four demodulation chips usmng
summers 208, and then filtered using pilot filters 214. In the preferred
embodiment of the invention pilot filter 214 performs averaging Over a
series of summations performed by summers 208, but other filtering




accordance wi th the -exenpl ary enbodi ment of the invention. The R err] and
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the particular instance of the reverse |link signal being processed. Long

code 200 is mxed with pseudorandon1spre§%|ng codes PN err] and PN err]
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processed. lemet@nqgﬁ@omred rwith éte awplitade sat ghemzrcm saraplec tigag to
determine that which is greatest. If the signal at one of the adjacent sample
times is greater than that at the present sample time, the timing can be
adjusted so that the best demodulation results are obtained. '
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 invention. BPSK soft decision data from combiner 184
(Fig. 5) is received by accumulator 240 which stores the first sequence of
6,144/Ng demodulation symbols in the received frame where Ny 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 QPSKq 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
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FIG 7 is a block diagramof BPSK chann decoder 128 and QPSK channel
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FIG 8, ar ealeﬂeé in rthet artnthat stheowonirel edatancarh |hﬂ1mult1plexed onto other
channels, transmitted by the remote station. However, in the preferred
embodiment, the control data is multiplexed onto the pilot channel because
unlike the fundamental and supplemental channels, the pilot channel is

25 always present regardless of whether the remote station has traffic data to

' send to the central communications station. In addition, although the
present invention is described in terms of multiplexing the data onto the
pilot channel, it is equally applicable to the case where the power control
data is punctured into the pilot channel. :

30 Pilot data which consists solely of a stream of binary “1” values are
provided to multiplexer (MUX) 300. In addition the control channel data,
which in the exemplary embodiment is power control data consisting of +1
and -1 values indicative of instruction for the base station to increase or
decrease its transmission power, are provided to MUX 300. Multiplexer 300

35 combines the two data streams by providing the control data into
predetermined positions in the pilot data. The multiplexed data is then
provided to a first input of multipliers 310 and 328. '




the control data and the pilot data have been conbi ned onto one channel is
I -l ust rated. -+t~ shoul-d--be noted-that the invention can be equal g)sol I ed
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provided 20 in the renote nobile station. In addition, it wll be
understood by one skilled in the art that the control data can be
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transmission to baseband filters and p1lot gain elements (not shown
Traffic data to be transmitted on the supplemental channel, consisting
of +1 and -1 values, is provided to a first input of multiplier 302. The second
input of multiplier 302 is provided with a repeating Walsh sequence (+1, -1).
25  As described above the Walsh covering is to reduce the interference between
channels of data transmitted from the remote station. The product data
sequence from multiplier 302 is provided to gain element 304 which scales
the amplitude to a value determined relative to the pilot/control channel
amplification. The output of gain element 304 is provided to a first input of
30 summer 316. The output of summer 316 is provided to the inputs of
multipliers 312 and 318 and processing continues as described above. _
Traffic data to be transmitted on the fundamental channel, consistiné
of +1 and -1 values, is provided to a first input of multiplier 306. The second
input of multiplier 306 is provided with a repeating Walsh sequence (+1,+1,-
35 1,-1). As described above the Walsh covering reduces the interference
between channels of data transmittfed from the remote station. The product
data sequence from multiplier 306 is provided to gain element 308 which
scales the amplitude to a value determined relative to the pilot/control




15 and pilot gain elenents (not shown). The output of multiplier 328 is
provided to delay el enent 330 which delays the input data by half a chip
cycl e asW@a9819%ed with respect to delay 320. The out put BFFHEPRI6Z} enent
330 is provided to a second sunmming i nput of summer 322. The first input of
summi ng elenment 322 is the output 20 of multiplier 312. The sumed out put
fromsumer 322 is provided for transm%sion to baseband filters and pil ot
gain elenents (not shown). Traffic data to be transmtted on the
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channel are t%exe 10 together by nultiplexer (MJX) 350 The
mul tipl Hleé‘t of +1 and -1 values, is provided to a first

i nput of rruI ti pIThespB@ucinﬁroﬁﬁ4mﬁlhpher 354 is provided to finite impulse

response (FIR) filter 358. In the exemplary embodiment, FIR 358 is a 48 tap
FIR filter, the design of which is well known in the art. It should be noted
that by combining the pilot and power control data, two FIR filters have
25 been eliminated since each channel requires two FIR filters. Elimination of
two FIR filters reduces complexity, power consumption and chip area. The
output of FIR 358 is provided to delay element 360 which delays the output
by half a chip before providing the signal to a first summing input of
summer 376. The output of summer 376 is provided for transmission to
30 upconverters and pilot gain elements (not shown).

The supplemental channel traffic data consisting of +1 and -1 values
are provided to a first input of multiplier 362. The second input to
multiplier 362 is a repeating Walsh sequence (+1,-1) which as described
previously reduce interference between the channels. The output of

35 multiplier 362 is provided to a first input of multipliers 364 and 366. The
second input of multiplier 364 is the pseudonoise sequence provided from
multiplier 392 and the second input to multiplier 366 is the pseudonoise |
sequence provided from multiplier 390. :




sec_c;nd [ nput of nultiplier 352 is provided by multiplying the short PN code
PN err] t |l ong code in nmultiplier 390.. The product from mul ti er 352
IS provi dﬁ‘fp?”lf’?‘hl te inpul se response (FIR) filter 356. I %ﬁ%ﬁ ary

15 enbodinent, FIR 356 is a 48 tap FIRfilter, the: deS|gn of which is well
known in the art. The second input of nultiplier 354 is provided by
multiplying the short PN code PNQ by the™ ong code in nultiplier 392. The
out put of FIR 356_is provigded to th u g inp of tractor 374, The
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The output from multiplier 378 is provided to FIR/ gain element 380
which filters the signal and amplifies the signal in accordance with a gain
factor relative to unity gain of the pilot/control channel. The output of
FIR/gain element 380 is provided to delay element 382. Delay element 382
25  delays the signal by 1/2 a chip before providing the signal to a second
subtracting input of subtracting element 374. Processmg of the output of
subtractor 374 proceeds as described above.
The output from multiplier 384 is provided to FIR/gain element 386
which filters the signal and amplifies the signal in accordance with a gain
30 factor relative to unity gain of the pilot/control channel. The output of
FIR/gain element 386 is provided to a third input of summing element 376.
Processing of the output of subtractor 376 proceeds as described above.
Referring to Fig. 10, a receiver for processing the data wherein the
~control data is multiplexed with the pilot signal data is illustrated. The data
35 is received by an antenna(not shown) and downconverted, filtered and
sampled. The filtered data samples are provided to delay elements 400 and
402. Delay element 400 and 402 delay the data by half of a chip cycle before
providing the data to a first input of multipliers 404 and 406. The second
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which filters the.signal and arrpllfl'es the signal in accordance with a gain
10" factor relative to unity gain ofthe-pilot/control channel . The output
of FI R/g‘éfpr? B ¥hent 370 is provi ded to a second input of gﬁﬁmsﬂﬂl"éf’%nent
376. Processing of the output of subtractor 376 proceeds.as described
above. The fundanental channel traffic gta consisting of +1 and -1 val ues
Is provided to a first input of nmultipl9®er 388. The second input to
multiplier 15 388 is a_repeati Wal sh sequence (+1,+1,-1,-1) which as
descri bed ppwh of myltipliers 404 aﬁ%e %ﬂ@rﬂ@wmmmsem@ut'put
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Delay 412 is used to synchronize the data through the two paths,
before they are provided to multiplier 416. That is to say that delay element
412 provides a delay that is equal to the processing delay of pilot symbol
selector 434 and pilot filter 436 which is equal to the processing delay of pilot
25 symbol selector 438 and pilot filter 440. Similarly delay element 414
synchronizes the data provided to multipliers 418 and 442.
The output of delay element 412 is provided to a first input of
multipliers 416 and 444. The second input to multiplier 416 is provided by
the output of pilot filter 436. The second input to multiplier 444 is provided
30 by pilot filter 440. The output of delay element 414 is provided to a first input
to multipliers 418 and 442. The second input to multiplier 418 is provided
by the output of pilot filter 436. The second input to multiplier 442 is
provided by pilot filter 440.
~ The output of multiplier 416 is provided to a first input of summer
35 420 and the second input to summer 420 is provided by the output of
multiplier 442. The sum from summer 420 is provided to control symbol
~ selector 424 which separates the control data from the pilot channel data and




- first input of nultipliers 446 and 448. The second input of multipliers 446
and 448 are provided -wth-a-pseudonoi se sequence by multiplier 452,

Mul tiplier WE®/YeMer at es the pseudonoi se sequence by nul ti plgﬁ?{ﬂs%sﬁés?hort

PN code (PNQ by the long code.” The output fromnultiplier 404 is provided

10 to a first input of sunmmer 408, and tti% output from multiplier 446 is,

provided to a second |nput of sumrer 408 he output fromnultiplier 406 is
provided to a summing input of subtractor 410, and the output from

nul tiplier 44srovides datommtamstmammd@mm@r pet showrwhidy adjists the

output of su ﬁ&é ;S&véxei:@i‘e oB8E Therdd and pilot” 15  synbol
sel ector 434. Iot o cto es out ‘{I}? control .data from.the
pilot data, beforell® emé‘i qzr r}FIRval‘ ed £y a,smnpEng,npuy of,
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filter 436. Th‘exrmmgwalelmm 432>wiuch iSpionse lthmmpmtsbm @veuéhle wa Sbysqqutmce
filter 440. T eneatte r&ﬁd@'ﬂh@hﬁaﬁmﬁm%énha @s@yi ded to a first input to
mul tiplier 8 ang, 442. T condl l'i er 418|s rowded by
the out pu?gof pi | og-h Wlsgggﬁdrqqﬁpw ,mlgt ipation
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output from rmmvemimmnsm interplesl ital be limltad smnhlmerganq}unems shown herein
but is to, be accorded the widest scope consistent with the principles and
novel features disclosed herein.
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subtractor 422. The output fromnultiplier 444 is provided to a subtracting
S input of subtractor 422. The output of subtractor 422 is I’OVI ded to a
first i npWOBOIM tiplier 426. The second input of nultipl®

provided with the repeating Wal sh. sequence (+1,-1). the product from

multiplier 426 is provided to sunmm ng eldg‘rent 428 whrth—sus—the input bits

over the WAl sh sequence period to provi he suppi nnel data.

The 10 output of subtractor 422 is provided to a fi ﬂ!‘ t' lmt]l plier .
. 430. The.second input of multiplier CIOAIMSr ovi debl it

Wal sh sequence (+1,+1,-1, 1) the product from mul ti pller 430 is prow ded to

sunm ng el enent | the.in bits ove fe Wal sh seque
period to provid th\é\af &HB% ‘I’mt’fhﬁﬁr? ery Afapsmyt er Or USF, (R avire s .
ml ti- Chznn%bmﬂﬂuﬁ&aﬁéh%gs@\/pﬂi@ é@%eﬁ%‘%&lﬁ@i&ﬁ{g system has been

descri bed. The descrlptl nis provided to enable any person skilled in thé
art to make or u®¥ @\@Mﬂnsmlqs ormémm ateGs nodifications to

t hese enfodi nment eadi skilled in the art, and .
t he genreTng c pri n%@?d‘ggﬁ %%?5%‘ r’rﬂt}) Q%?Bp‘?? 8 to other 20

‘enbodi ment s Wth@mﬂ@nﬁﬁesgﬁrdegl@flcaﬁﬁﬁluﬁ& -lapggul ty. Thus, the present
“l.nventiian.is.not.'intended to be limted to the enbodi nent s shown herei n but .

is to begaccordea tﬂmdwlaiaﬁt féﬁoﬁibcﬁﬂaﬁh t egicodetlh mhﬁmmmgtgzmgs aeithnovel: -

features disclosed 25 .
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‘encodi ng theeg?%?ogrmtlon atélaﬂ p urgﬁéb%bﬂ?%ﬁg%ﬁglegatgffog%tro %ata and
6 a nodul ator for nodul ating encoded information data with
respective different ndubsdriting € ess Elﬁimbﬂamsﬁhﬁﬁl DNwhidréinC 3¢ i @ntsolgnal ,

the”encodod 4 SPREFERR Bastes Bl BB bR ERlot b ol daia for

transm ssion. 2. - A subscriber unit as clainmed in claim1l, wherein the
-control 2 data camprisgs M Ovheadi- the modlat
~subscriber unit as .cl a‘?ngg er‘iﬁ‘ﬁ{ 5§Ela%%raelﬁrrla$tlﬁ*e gﬁé\;éot Oa ml,os oge(?rabl e’
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- 4. A subscnber unit as claimed in claim 3, wherem the modulator
2 is operable to combine the control data for continuous transmission.

5. A subscriber unit as claimed in claim 4, wherein the modulator

2  is operable to modulate the information data for transmission from time to
time.
6. A subscriber unit as claimed in any preceding claim, wherein

2  the modulation codes are Walsh codes.

7. A subscriber unit as claimed in claim 6, 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 information sources.

8. A subscriber unit as claimed in claim 7, wherein the Walsh
2 code used to modulate the infofma’_cion data from the first one of the
information sources comprises four chips, and the Walsh code used to



4. A subscri ber cI aim3, wherein the nodulator 2 is
-oper abl e {8 ¢5/g{¥3}s €. “!ﬂmm for continuous transnipggisidsnssrs A
iLnwcla m

subscri ber "unit "as ‘¢ *4, wherein the nodulator 2 is operable

to nodul ate the information data for transm ssion fromtine to tine. 6. A
subscriber unit as clainmed in any preceding claim wherein 2 the nodul ation
codes are Wal sh codes. 7. A subscriber unit as clainmed in clai m 6,

wher ei n 4 hem\dﬂhmktezﬂmouﬁommmo dutal fraire theesecondrome iofnthebairfolmation f i r st
one of the g_rnau | onger than the Wal sh code used to

nmodul at e thédlgf8 Tor |on g%?ue?sgrom a second one of the information
sources. 8. A subscrl ber unit as clainmed in claim?7, wherein the Wl sh 2

code used to nodyll at eAt fighstHbes TRt a8 cﬂﬁﬁﬁecf fiﬁn&ﬁ %Merdsﬁ Win®)f fliiher

i nfornmation sources conpri,ses four c , de, ysed t 'a)
99/ 01994 comprising a ¢ mbiner for combihin ining ﬁe cfata from gggléﬂg@ﬁgggy 4

modul at e t hgadhndtherahdonittal spreadifig beds fmoananizsioh dra canfier sighabn
sources conprises two chips. 9. subscriber unit as clained Irn any

preced| ng claim further 2 conprising a conbiner for conbining the data
from the nmodul ati0. wi Ahsubsctibert heit asdlaiivtdd in siaiead) fgrther eohwprising a

transnmi ssi og [
¢laim QSff urﬁﬂge}%&é%anpcﬁcg n%lrge FAnS gt}éclé??xg%# §§¥\a %#gﬁ%m %’% % d’
carrier sigeembinad, ynedulated dp 'Faead conbi ned, nodul ated data. 11.

subscriber unit as clained |n any preced| ng cI aim 2 wherein the ehcoder
Is arranged to effect ow e‘ err,or coretlon and s

%g nce . .
repetition to the inf erltgu eé’té’i‘l%?yd? ¢ Ao ver
for use 2n whereinl ﬂmseﬁcodemmmaz@edoﬂm effedtdow t¢die 1ades errvir adorrectionnnd si ng:
a receiver §:;ﬂﬂ§| d renmovi ng therefrom4 encoded
I nformati Oné%’cg\%eﬁ%g é\éﬁﬁﬂﬁgﬁ f‘gfo I On sources nodul ated with respective
di fferent nodul ating codes and control data fromplural control 6 sources

with the encoded cont 12 d&ba&stajlmbmm ohér wieckivenclor cugecin a wivelass| at or

for denmogul atin ncoded i rnmati.on data and the 8 control data from-
their re pes? %‘é gp{?te%atz'n‘e;lﬁs&gstgﬁag&onwrbs% Edecoder for decodi ng

the encoded i noregwiviepnfordpéceiviagd alBarriteBignhRlandd réfRvERg! fitdrefim.

4 encoded information data from plural information sources modulated with

’H

respective different modulating codes and control data from plural control
6 sources with the encoded control data being combined with each other;

a demodulator for demodulating the encoded information data and the
8 control data from their respective different modulating codes; and

a decoder for decoding the encoded information data and
10. demodulating the control data.

2 13. A method of transmission in a wireless communication
system, the method comprising:
4 - acquiring plural information data;
encoding the information data;
6. acquiring plural control data;
modulating encoded information data with respective different

8 modulating codes for transmission on a carrier signal;
combining the control data from the plural sources; and



2h. : i Lgﬁmﬂm\l“ﬁmmﬁl on in Ft_ W IreI efss communi cation system
‘the net IS i ring plural-informati codi ng
t he inf oﬁ‘&ﬁﬁ%‘w Qat a” 6° acquiring plural cantrol ?ETHEB?:‘GZ!?I ng
encoded information data with respective different 8 rmdul ating codes for
transm ssion on a carrier signal; conbi nhgg the control data fromthe

pl ural sources; and WO 99/ 01994

PCT/ US9§413678 28 10 ogutputting the @itodedl! irnferibtiofindaseand nfl wohilsinedat a
and the- corrblg%i cg troI data for transm ssion. 14. A et hod for
generating X Ofsmission 2° .froma first subscriber unit
in a set of subscri ber unlts V\/nerel n said first subscriber unit transmts
control- data and qqi | ot d C t he
set of -subscri ber&unl ts %@n%‘%?‘s?op%%ﬁfgtﬁ{c%%oﬁmﬁge%a? cont?tgk\gg}#\élb\jh\nth
sai«d pil@ duom adingt Gubscriber unit mn@cs@taqfu supscriber uwitsi whereipn saig)

and ‘pil ot dafdsah& bRt 2HAASANEC Eottteb] s @ %ﬂehwltor@%@tst&{bﬂ qhmat
4  communication with the set of subscnber units comprising:
- a)  combining said control data with said pilot data; and
6 b) ' modulating said combined control data and ‘pilot data onto in-
accordance w1th a single channel modulation format. -



