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1 SUBSCRI BER UNI T FOR CDVA W RELESS COMMUNI CATI ON SYSTEM
BACKGROUND OF THE | NVENTI ON 5 |. Field of the Invention The
present invention relates to conmunications. Mre particularly, t he
present invention relates to a novel and inproved met hod and 1 ar at us
for high dat a¥PEXHVA wi rel ess conmmuni cati on. T?'ﬁ’? f the
Rel ated Art W rel ess comuni cati on syst em; | ncI udi ng cel lul ar,
satellite and 15 point to point conmunicalion systens use a wireless |ink
conprised of a nodul at ed radi o frequency (RF) signal to transmt data

bet ween two SY SUBSERIBER ENFISFORIDMA WIKELESSEOMMUNICATIONESYSTBM| € for a
vari ety of reasons i ncluding increased nobility and reduced

i nfrastructure requirenents when conpared to wire |line comunication
systens. One drawback of using a 20 wreless link is the linmted amount of
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avai kabl e bandwi dth. T comuni cation capacity is in
contrast to?w re based conmuni cati on systens where additional capacity
can be added bY. Bieklof therInvedtioni onal wire |ine connections. 25
Recogni zing the limted nature of RF bandw dth, various signal
The present invention relates to communications. More particularly,
the present invention relates to a novel and improved method and
10 apparatus for high data rate CDMA wireless communication.

IL ﬁescription of the Related Art

Wireless communication systems including cellular, satellite and

15 point to point communication systems use a wireless link comprised of a
modulated radio frequency (RF) signal to transmit data between two
systems. The use of a wireless link is desirable for a variety of reasons
including increased mobility and reduced infrastructure requirements when
compared to wire line communication systems. One drawback of using a

20 wireless link is the limited amount of communication capacity that results
from the limited amount of available RF bandwidth. This limited
communication capacity is in contrast to wire based communication systems
where additional capacity can be added by installing additional wire line
connections.

25 Recognizing the limited nature of RF bandwidth, various signal
processing techniques have been developed for increasing the efficiency
with which wireless communication systems utilize the available RF
bandwidth. One widely accepted example of such a bandwidth efficient
signal processing technique is the IS-95 over the air interface standard and its

30 derivatives such as IS-95-A (referred to hereafter collectively as the 1S5-95
standard) promulgated by the telecommunication industry association (T1A)
and used primarily within cellular telecommunications systems. The IS-95
standard incorporates code division multiple access (CDMA) signal
modulation  techniques to conduct multiple communications

35 simultaneously over the same RF bandwidth. When combined with
comprehensive power control, conducting multiple communications over
the same bandwidth increases the total number of calls and other



processi ng lechniques have been devel oped for increasing the efficiency
with which wirel ess comruni cation systens utilize the avail able RF
bandw dt h. One wi dely accepted exanpl e of such a bandw dth efficient

signal processing technique is the 1S-95 over the air interface standard
and its 30 derivatives such as |1S-95-A (referred to hereafter collectively
as the |S-93VO97M459% andard) pronul gated by the tel econmuni E&TMUSRust ry

association (TIA) and used primarily within cellular
t el econmuni cati ons systens. The 1S-95 2 standard incorporates code
division nultiple access (CDMA) signal nodul ati on techniques to
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the asencd EPPPRMEE PIHReRRBREh ) ang 107 fncor por at e by 1 ef & ence
her ei n. Fig.[3 providesraohighlsys stimplified \illustration iof@ dellulart telephoneof a
cel lular 1t elsgsfedieonfigured in accordance with the use of the 1S-95 standard. During
operation, a set of subscriber units 10a - d conduct wireless communication
by establishing one or more RF interfaces with one or more base stations 12a
15 - dusing CDMA modulated RF signals. Each RF interface between a base
station 12 and a subscriber unit 10 is comprised of a forward link signal
transmitted from the base station 12, and a reverse link signal transmitted
from the subscriber unit. Using these RF interfaces, a communication with
: another user is generally conducted by way of mobile telephone switching
20 office (MTSO) 14 and public switch telephone network (PSTN) 16. The links
between base stations 12, MTSO 14 and PSTN 16 are usually formed via wire
line connections, although the use of additional RF or microwave links is
also known.
In accordance with the IS-95 standard each subscriber unit 10
25 transmits user data via a single channel, non-coherent, reverse link signal at
a maximum data rate of 9.6 or 14.4 kbits/sec depending on which rate set
from a set of rate sets is selected. A non-coherent link is one in which phase
information is not utilized by the received system. A coherent link is one
in which the receiver exploits knowledge of the carrier signals phase during
30 processing. The phase information typically takes the form of a pilot signal,
but can also be estimated from the data transmitted. The IS-95 standard calls
for a set of sixty four Walsh codes, each comprised of sixty four chips, to be
used for the forward link.
The use of a single channel, non-coherent, reverse link signal having
35 a maximum data rate of 9.6 of 14.4 kbits/sec as specified by IS-95 is well
suited for a wireless cellular telephone system in which the typical
communication involves the transmission of digitized voice or lower rate



system configured in accordance with the use of the 1S-95 standard. During
operation, a set of subscriber units 10a - d conduct wreless comunication
by establishing one or nore RF interfaces with one or nore base stations
12a 15 - d using CDVA nodul ated RF signals. Each RF interface between a
base station 12 and a subscriber unit 10 is conprised of_a forward

i nk signal WOSTHRMsnitted fromthe base station 12, and a @0@?‘5’%’
signal transmtted fromthe subscriber unit. Using these RF
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PCT/ US97/ 09606 As digital commumcatmns pxogress, the demand for wireless
15 transmission of data for applications such as interactive file browsing and
video teleconferencing is anticipated to increase substantially. This increase
will transform the way in which wireless communications systems are used,
and the conditions under which the associated RF interfaces are conducted.
In particular, data will be transmitted at higher maximum rates and with a
20 greater variety of possible rates. Also, more reliable transmission may
become necessary as errors in the transmission of data are less tolerable than
errors in the transmission of audio information. Additionally, the increased
number of data types will create a need to transmit multiple types of data
simultaneously. For example, it may be necessary to exchange a data file
25 while maintaining an audio or video interface. Also, as the rate of
transmission from a subscriber unit increases the number of subscriber units
10 communicating with a base station 12 per amount of RF bandwidth will
decrease, as the higher data transmission rates will cause the data processing
capacity of the base station to be reached with fewer subscriber units 10. In
30 some instances, the current IS-95 reverse link may not be ideally suited for
all these changes. Therefore, the present invention is related to providing a
higher data rate, bandwidth efficient, CDMA interface over which multiple
types of communication can be performed.
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3 " di g‘i tal data such a facsimle. A non-coherent reverse |ink was

sel ected because, in a systemin which up to 80 subscriber units 10
may conmmuni cate with a base station 12 for each 1.2288 M1z of

bandw dt h al | ocat ed, providing t he necessary pilot data in the
transm ssion from each subscriber unit 10 5 would substantially increase
the degree tWORHIRMW a set- of subscriber units 10 i nt ePCAS one
another. Also, at data rates of 9.6 or 14.4 kbits/sec, the rati o of
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mul ti pl e20 it allows shorter orthogonal codes to be used, however, the use of a greater

number of channels and therefore longer codes is consistent with the
invention.

In a preferred exemplary embodiment of the invention, pilot data is

transmitted via a first one of the transmit channels and power control data

25 transmitted via a second transmit channel. 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

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

30 the system. Both channels could be BPSK modulated or QPSK modulated : .:

alternative embodiments of the invention. Before modulation, the no: -

specified data is encoded where that encoding includes cyclic redundancy

check (CRC) generation, convolutional encoding, interleaving, selective

sequence repeating and BPSK or QPSK mapping. By varying the amount of

35 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 be achieved. Furthermore, higher data rates

VI di ng
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SUMVARY OF THE | NVENTI ON A novel and inproved nethod and
apparatus for high rate CDVA Wi rel ess conmmuni cation is described. In
accordance wth one enbodinent 5 of the invention, a set of_indiyj |1

gai n adj ust edVOMHEH? ber channels are formed via the us%éﬂﬂégé)"%g? 01}/
ort hogonal subchannel codes having a snall nunber of PN spreading

chi ps per orthogonal waveform period. Dat@ to be transmtted via one
of the transmit channels is |ow code rate error correction encoded and

sequence repegae dlsbdf@ddtuémdnby n&dnémttadg\/\datla simulthfieondlyt &vershothhaonel

codes, gain a | t her
subchannel %&&ﬁ%e st %ﬂsl%m g?ﬁc&@ m)élq'ﬂ) hcrilg e gglgll Eg"ﬁt‘ user
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fO{ t][ansm SS LaRsmit'8 Yb&%ﬁ\ 1@@ orth frxﬁﬁﬁﬂmlt sadfiqhat the ll?tltéi‘lél‘éﬁée
interference su oW, N ensi ve.error

correction co&F’R% Eﬁ‘i’csi l?‘é‘ﬁﬁ?’ft %XP@FFy 13 ,Mpm "'d lthheé'e]ﬁél ei gh
f adi ng commonincreasing mmﬂmystemwamtm wirel ess systems. In t he

exenpl ary enbodi nent of the invention provided, the set of sub-channel

codes are conprised of four WAl sh codes, each orthogonal to the remaining
set and four chips in duration. The use of four sub-channels is preferred

as 20 it allows shortBRIEF DESCRIFEION OF THEDRAWINGS , the use of a
greater 4

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

15 Fig. 1 is a block diagram of cellular telephone system;

Fig. 2 is a block diagram of a subscriber unit and base station
configured in accordance with the exemplary embodiment of the invention;

Fig. 3 is a block diagram of a BPSK channel encoder and a QPSK
channel encoder configured in accordance with the exemplary embodiment

20 of the invention;

Fig. 4 is a block diagram of a transmit signal 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
accordance with the exemplary embodiment of the invention;

25 Fig. 6 is a block diagram of a finger processing system configured in
accordance with one embodiment of the invention; and

Fig. 7 is a block diagram of a BPSK channel decoder and a QPSK
channel decoder configured in accordance with the exemplary embodiment
of the invention.

30
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
35 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



number of channel s and therefore | onger codes is consistent with the

I nventi on. In a preferred exenplary enbodi nent of the invention,
pilot data is transmtted via a first one of the transmt channel s and
power control data 25 transmtted via a second transnit channel. The
remaining two transmt channel s are used for transmtting

non- speci f i NP W4?al data incl udi ng user data or si gRETURYMBESa or
both. In the exenplary enbodi nent, one of the two non-specified
transmt channels is configured for BPSIK nodul ati on and the other for

QPSK nodul ati on. This I s done to iIIustrate the versatility of 30 the
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repeating p not festrl eating to an
i nt eger %u eﬁ \% wireless \communications systemat es
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't or f el embodiiRls RS RV RO b:ge%‘ ol 3af, B U el i
t her eby BREK cchanmel t pacasiesr 303, mgengrates ya code symbol stream
: configured for performing BPSK modulation 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
15 - 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
20 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 communicate with
base station 120 in the preferred embodiment.
Within base station 120, RF processing system 122 receives the
25 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
30 data received from demodulator 124 to yield a best estimate of the BPSK
data, and QPSK channel decoder 126 decodes the QPSK soft decision data
received by demodulator 124 to produce a best estimate of the QPSK data.
The best estimate of first and second set of data is then available for further
processing or forwarding to a next destination, and the received power
35 control data used either directly, or after decoding, to adjust the transmit
power of the forward link channel used to transmit data to subscriber unit
100.




BRI EF DESCRI PTI ON OF THE DRAW NGS 10 The features, objects, and
advant ages of the present invention wll becone nore apparent fromthe
detail ed description set forth bel ow when taken in conjunction with the
dLavvi ngs in which like reference characters i dentify correspondingly

t hr oughout and wherein: 15 Fig. 1 is a block diagram r
t el ephone syst"&?”‘"’m Fig. 2 is a block diagram 019 a SB%ECI’I JF"%unlt
and base station configured in accordance with the exenplary

enbodi ment of the invention; FiZg. 3 is a block diagramof a BPSK
channel encoder and a QPSK channel encoder configured in accordance
with the exenplary enmbodigest is20bhicktdiagrany cft BESK channel encodéit 303 4ands a

S'CESrdeL?%r?m”‘tﬁi’Fﬁe%ﬁﬁffﬁ | EpSPARD 1P R PSRBT, accorditle! GHUFCu,

y enbo nventhg
5 is a block dexegnplaroembodiment, of the davention. s\ Withvin cBRPK sthapge] encoder

aceor dagfe W tibst e srfsmouafaynsemweaeb j ORCt &teckny@iit igeneralér 130 whichFi g.
cor dance B {BABRRR ook AR JoF eRE" 2008 e U U P UL e | 'fﬂe RALE
bl ock di agr am frame afrlka eleagrith the: GRE: chenkd sumOissreceived Tntailnhit
configured in PRCEhiNYpends tait Bﬁseasﬁgiékai o efgmb Yeros at thefeﬁehsf each
i nvention. 30 | LED PT THE PREFERRED
ENBODI NENTS  afsame to provide, A Knoys Pl St e w6 da OfEE BIRFESH ol M gh
rate CDVA frameeimhndmgr&rarmdattmblbnssandeﬁm chetki sum hig bhant received Wyhe
reverse | i %nv&lﬁml‘ éitb@8r P84 Wiith Phridrhs) LotlsBaiktCleRGHKY D CAltd ORP
system Wi i/4 convolutional encoding thereb ting code symbols at te f
g thereby generating code sy. s at a rate four
times the encoder input rate (Eg). In the alternative embodiment of the
invention, other encoding rates are performed including rate 1/2, but the
use of rate 1/4 is preferred due to its optimal complexity-performance
15 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 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
20 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 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
25 different starting point to begin the repetition for each symbol sequence.
When the value of N necessary to generate 6,144 symbols per frame is not
an integer, the final repetition is 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
30 values for performing BPSK modulation. In an alternative embodiment of
the invention repeater 138 is placed before block interleaver 136 so that block
interleaver 136 receives the same number of symbols for each frame.
Within QPSK channel encoder 102 the QPSK data is received by CRC
check sum generator 140 which generates a check sum for each 20 ms frame.
35 The frame including the CRC check sum is received by code tail bits
generator 142 which appends a set of eight tail bits of logic zeros at the end of
the frame. The frame, now including the code tail bits and CRC check sum,
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6 i nvention is particularly adapted for use within the

mul ti poi nt-to-point reverse link transm ssion of a cellular tel ephone
system the present invention is equally applicable to formard i nk
transm ssions. In addition, many ot her wirel ess conmunication stens
wi || benefi WY/45%¥8or poration 5 of the invention, includi RGTHEY% 6te
based w rel ess comuni cati on systens, point to point wreless

comuni cati on systens, and systens trangritting radi o frequency
signals via the use of co-axial or other broadband cabl es. Fi g.
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148 is placed before block interleaver 146 so that block interleaver 146

receives the same number of symbols for each frame.

Fig. 4 is a block diagram of modulator 104 of Fig. 2 configured in

accordance with the exemplary embodiment of the invention. The BPSK

20 symbols from BPSK channel encoder 103 are each modulated by Walsh code

W, using a multiplier 150b, and the QPSK] and QPSKqQ symbols from QPSK

channel encoder 102 are each modulated with Walsh code W3 using

multipliers 150c and 154d. The power control data (PC) is modulated by

Walsh code W; using multiplier 150a. Gain adjust 152 receives pilot data

25 (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

but rather provides phase and amplitude information to the base station so

that it can coherently demodulate the data carried on the remaining sub-

30 channels, and scale the soft-decision output values for combining. Gain

adjust 154 adjusts the amplitude of the Walsh code W; modulated power

control data according to gain adjust factor Aj, and gain adjust 156 adjusts

the amplitude of the Walsh code W, modulated BPSK channel data

according amplification variable A;. Gain adjusts 158a and b adjust the

35 amplitude of the in-phase and quadrature-phase Walsh code W3 modulated

QPSK symbols respectively according to gain adjust factor Az. The four




with CDMA techni gues to produce power control, BPSK, and QPSK soft

deci si on data. BPSK channel
data recei ved from denodul at
data, and QPSK channel
recei ved by d
The best esti
further

recei ved power 35
adjust the transmt

decoder

power

decoder 128 decodes the BPSK
or

126 decodes the QPSK soft

%gwgﬁgor 124 to produce a best estimate of th
mat € ofi rst and second set of data is then av
processing or forwarding to a next destination,
control data used eithédt directly, or after decoding, to
of the forward |ink channel

soft decision 30

124 to yield a best estinate of the BPSK

deci si on data

i

and t he

used to transmt

data to subscrWadsh codes used in 136 preferred embodimaht ®f/the Giivention are shown
7

PCT/ US97/ 0960655 abdel.
Fig. 3is a bloc | agr am of
encoder 102 when confi gured
of the invention.
recei ved by CRC check sum g4
each 20 ns frane of the firg
with the CRC check sumis re

Wt hin BPSK channel

BPSK channel encoder 103 an
in accordance with the

encoder
ner,
¢ JNpishCode ;T Modulation .
ceived by tail bitSymbelsat or

d
exenpl ary enbodi nent
103 the BPSK data is

QPSK channel

s a check sum for
of data al ong
132 which

appends tail bits conprised
frame to provide a known st a
frame including the code tai

constg gint |ent

convol utional encoder 134 wh
1/ 4 convol utional encoding f
ti mes the encoder input rate

__(_EL,EL@P) ln the dferfativ

¢nd of each
Ay process.
{ hen received by 10

The

ith (K) 9, rate (R
s at a rate four

p enbodi nent of the

i nvention, ®ther encoding rates are perforned including rate 1/2, but the

10

15

20

Tablel.

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,
the BPSK data with the W, code, and the QPSK data with the W3 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 (QPSK; and QPSKq) in accordance with QPSK techniques as
described below. It should also be understood that it is not necessary that
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
compared to systems incorporating the use of longer Walsh codes. This
more extensive coding and repetition 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
codes reduces this enhanced protection against fading. The use of four chip
codes is considered optimal because four channels provides substantial
flexibility for the transmission of various types of data as illustrated below
while also maintaining short code length.

Summer 160 sums the resulting amplitude adjusted modulation
symbols from gain adjusts 152, 154, 156 and 158a to generate summed
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adjust Ay to generate signal s(t) which is transmitted to base station 120. In

15 the preferred embodiment of the invention, the signal is spread and filtered
to a 1.2288 MHz bandwidth to remain compatible with the bandwidth of
existing CDMA channels.

By providing multiple orthogonal channels over which data may be
transmitted, as well as by using variable rate repeaters that reduce the

20 amount of repeating Nr performed in response to high input data rates, the
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

25 higher encoder input rate Ex can be sustained. In an alternative
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 ER 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

30 in Tables II and III respectively.
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Table III. QPSK Channel

Tables II and I show that by adjusting the number of sequence
repetitions N, a wide variety of data rates can be supported including high
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 I and I,
QPSK modulation may also be used to increase the data transmission rate.



35 anplitude of the in-phase and quadrat u're-phase Wal sh code WB nodul at ed
QPSK synbol s respectively according to gain adjust factor A3. The four
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9 Wal sh codes used in the preferred enbodi nent of the invention are

shown in Table L Wal sh Code
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with QPSK t eRBMFalleRatéand RS2-Full Rate correspond to rates used in IS-95 compliant
communication systems, and therefore are also expected to receive
substantial use for purposes of compatibility. The null rate is the
transmission of a single bit and is used to indicate a frame erasure, which is
10  also part of the I1S-95 standard.

The data transmission rate may also be increased by simultaneously
transmitting data over two or more of the multiple orthogonal channels
performed either in addition to, or instead of, increasing the transmission
rate via reduction of the repetition rate Ng. For example, a multiplexer (not

15 shown) could split a single data source into a multiple data sources to be
transmitted over multiple data sub-channels. Thus, the total transmit rate
can be increased via either transmission over a particular channe! at higher
rates, or multiple transmission performed simultaneously over multiple
channels, or both, until the signal processing capability of the receive system

20 is exceeded and the error rate becomes unacceptable, or the maximum
transmit power of the of the transmit system power is reached.

Providing multiple channels also enhances flexibility in the
transmission of different types of data. For example, the BPSK channel may
be designated for voice information and the QPSK channel designated for

25 transmission of digital data. This embodiment could be more generalized by
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

30 time sensitive data to further increase time diversity. In another
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

35 from a subscriber unit, and thus minimizes the transmit energy necessary

for their successful reception at the base station.
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gteater transmissions rates to be processed successfully, or conversely, the
interference between a set of reverse link signals to be decreased. While
some additional transmit power is necessary for the transmission of the
15 pilot signal, in the context of higher transmission rates the ratio of pilot-
channel power to the total reverse link signal power is substantially lower
than that associated with lower data rate digital voice data transmission
cellular systems. Thus, within a high data rate CDMA system the Eb/Nop
gains achieved by the use of a coherent reverse link outweigh the additional
20 power necessary to transmit pilot data from each subscriber unit.

The use of gain adjusts 152 - 158 as well as master amplifier 172
further increases the degree to which the high transmission capability of the
above described system can be utilized by allowing the transmit system to
adapt to various radio channel conditions, transmission rates, and data

25 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,
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

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

35 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
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digital data, are being transmitted via the BPSK and QPSK channels. In this
case, the base station 120 would establish different target error rates for the
two associated channels. If the actual error rate of a channel exceeded the
target error rate, the base station would instruct the subscriber unit to reduce
the gain adjust of that channel until the actual error rate reached the target
error rate. This would eventually lead to the gain adjust factor of one
channel being increased relative to the other. That is, the gain adjust factor
associated with the more error sensitive data would be increased relative to
the gain adjust factor associated with the less sensitive data. In other
instances, the transmit power of the entire reverse link may require
adjustment due to fade conditions or movement of the subscriber unit 100.
In these instances, the base station 120 can do so via transmission of a single
power control command.

Thus, by allowing the gain of the four orthogonal channels to be
adjusted independently, as well as in conjunction with one another, the
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
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 incr ..-es

pignal bat es of

BPSK
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RS1- Ful | Rate the totalé€dmmunication 7@pacity ©f the entire CDMAgswirelesd aellular NULL
850 If% 90 6/ 17 34 180 12/ 17

Table I'l. BPS Tannel Label E[err], QPSK, ncoder Qut

N err]=1/4 Encodde powq[ eantyel channel used in the reverse link signal allows the-1, 4
(Repetition dibscrhibel/uhit Repahsmhitgyower control information to the base station at a
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ggi 7/ 132 comr%%tbqaéanpl mvabgkg(ﬂ%ﬁ&@nsmissmn, because d1g1 S a/téL zs more 34
.. sensitive to errors, and the high transmission causes substantial amounts of

data to be lost during even brief fade conditions. Given that a high speed
reverse link transmission is likely to be accompanied by a high speed
15 forward link transmission, providing for the rapid transmission of power
control over the reverse link further facilitates high speed communications
within CDMA wireless telecommunications systems.
In an alternative exemplary embodiment of the invention a set of
encoder input rates Eg defined by the particular Ny are used to transmit a
20 particular type of data. That is, data may be tranmitted at a maximum
encoder input rate Eg or at a set of lower encoder input rates Eg, with the
associated Ny adjusted accordingly. In the preferred implementation of this
embodiment, the maximum rates corresponds to the maximum rates used
in 1595 compliant wireless communication system, referred to above with
25 respect to Tables Il and III as RS1-Full Rate and RS2-Full Rate, and each
lower rate is approximately one half the next higher rate, creating a set of
rates comprised of a full rate, a half rate, a quarter rate, and an eighth rate.
The lower data rates are preferable generated by increasing the symbol
repetition rate Ng with value of Np for rate set one and rate set two in a
30 BPSK channel provided in Table IV.
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Table IV. RS1 and RS2 Rate Sets in BPSK Channel

The repetition rates for a QPSK channel is twice that for the BPSK
channel.

In accordance with the exemplary embodiment 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.




transmtted over multiple data sub-channels. Thus, the total transnit rate
can be increased via either transm ssion over a particul ar channel at

hi gher rates, or multiple transm ssion performed sinultaneously over
mul tiple channel s, or both, until the signal processing capability of
the receive s I s exceeded and the error rate becone able
or the naxinuﬁ?bg%hég}ansnit power of the of the transmt syi?iﬁf%’

r eached. Providing multiple channels al so enhances erX|b|I|ty
in the transmi ssion of different typdg of data. For exanple, the BPSK
channel may be designated for voice information and the QPSK channel

designated for 25 Figahéna blickdiagrani of REp: rubesm E)VHtemalzﬂmldrmﬂhodﬁldtdr be

nore general i z I

Conei Sve! ot 2T44 S Fig, 2 coMRUANR ih MoSkfintd atﬂég HehpHI ARl é the
ot her channel therinvention; JNsltipliers 180 anss380b dewsenwvart .tbesamaéssmw
digital files. friofh tdiiténna 1z1emdlamerih- hab@rénﬁasmagaﬁa%d qti£difireOpRRse | N

| ar ger bl ocgs le.ls rgaﬁmﬁ RS § ,I, Vfa | ncre se tinme
diversity. ~In ano | ment he dﬁ"l‘-’g Phafthel
per ]1: orns the qucmﬁysmz es Roamgela:t%bbnlfcﬁhouéd .be %tmdgr;tned Qbal<RErmmeasmg
erforns over ROWHI RREIGR

gl i m nates or {::;:g@;t B?%‘in%[’::‘% gqq(‘tb%}o;:}_igajqﬁter%irenc @%ﬁgfgpﬁg of
channel s trans éﬂ?fi i e

transnmit ener gtechniquesar \Receive fsampleésciRy sudc&z;sfa!e there pippliedato t fingemse

station. 10 demoduldtdr2/180%4fhin demodulator 124. Each finger demodulator 182
PCT/ US97/ 09606

1
i ncrease the pPTRCESSES A Msianee ofitheteverse linkepignal fransmitted, by subscriber
t her ef or e i ncruniéd00if sach amtinstancehiscdvailableh iwliere eaclainstane ohtleoreviersd t vy

of link signal is generated via multipath phenomenon. While three finger

demodulators are shown, the use of alternative numbers of finger

15 processors are consistent with the invention including the use of a single

finger demodulator 182. Each finger demodulator 182 produces a set of soft

decision data comprised of power control data, BPSK data, and QPSKj data

and QPSKQ data. Each set of soft decision data is also time adjusted within

the corresponding finger demodulator 182, although time adjustment could

20 be performed within combiner 184 in an alternative embodiment of the

invention. Combiner 184 then sums the sets of soft decision data received

from finger demodulators 182 to yield a single instance of power control,
BPSK, QPSK; and QPSKQ soft decision data.

Fig. 6 is block diagram a finger demodulator 182 of Fig. 5 configured in

25 accordance with the exemplary embodiment of the invention. The R, and

Rq receive samples are first time adjusted using time adjust 190 in

accordance with the amount of delay introduced by the transmission path of

the particular instance of the reverse link signal being processed. Long code

200 is mixed with pseudorandom spreading codes PN; and PNg using

30 multipliers 201, and the complex conjugate of the resulting long code

modulated PN, and PN spreading codes are complex multiplied with the

time adjusted R; and Ry receive samples using multipliers 202 and

summers 204 yielding terms X; and Xg. Three separate instances of the X,

and X terms are then demodulated using the Walsh codes W;, W, and W,

35 respectively, and the resulting Walsh demodulated data is summed over

four demodulation chips using 4 to 1 summers 212. A fourth instance of

the X; and X, data is summed over four demodulation chips using

To



the subscriber unit nay be utilized, pilot data is also transnmitted via one
of t he orthogonal channels. Using the pilot data, coherent processing
can be 5 perforned at the receive systemby determ ning and renoving the
phase of fset of the reverse link signal. Also, the pilot data can be
used to optimally weigh nultipath signals received with different tine
del ays bef o0 45579 conbined in a rake receiver. OncePCRESHNANE of f set
is removed, and the mul ti path signals properly weighted, the multipath
signal s can be conbined 10 decreasing e power at which the reverse |ink
signal nust be received for proper processing. This decrease in the

required re%ﬁ(ﬁ\e?ﬁ}'@@ 3hdO#fen filterd Eir%’pﬁlb@'lﬁf&§ 19N ﬁieeg:rbférﬂ‘ﬂ

processed Succe Qr Qonvers erference, bet ween a set
bt rever se | RRodRARY of fhe SRVERHGN At Alipy 214 petiors, averAging GNel 2
transmt poveriessof summmatipns opeifbm\éd ahp nsumsiners (208§ fbmt16thepi fidteririgynal |

in the cont e@é:h g}l@é WA be & ﬁ‘ﬁ?\??ﬂ 8ﬂ? SRRA inNfhe' &' THR' fiftk eﬂt n,ggi:_phannel

power to the reverse

I S subst ant |
t han t hatd as@tﬁ;qa%r@ﬁmemhqse t@!&‘é’asraé?é‘s &P’é?se\Fﬁm%aﬂgtsSXlPrtg ssi on
cel lul ar sysid, Wilsh cudé Hemodulbited daed in aedoedAiidelwith BRSK nidulated

E[err]/Nerr ) achl eve e nk
oLt V\B} gh[th J‘%{‘ad"?. ﬂ‘fﬂT &“ﬁ%}?&g’g&bﬁ 't‘ﬁlt' ﬁﬁ%‘i{eﬁg?} ?i{g a?l?e#dr om
each subscr i Bkt yie mgsoftdecwmnpom &{;ﬁi o4 wel |
Cr anan sai onEioaUIREd/data fs phasiréfid “ﬁ‘i‘ee““"eﬁ' Pl & a“”‘“’"%’?“ﬂﬁ’?. ved
by a1 | owithg SRR, ek HELys: finacger : QSR crBilet (e it

condi tions, tmdtiplierss2isnandiadders 226, yiahbngwftt@qsmon IQPSIG datas ulThe  sofhe
transnit pow&éaﬁtm MW RRata isssﬂiﬁﬁﬂasc?ore‘x‘ SBQ&nodulah&i Q?ﬁibols?B)?m on may

h di h t
ndependent qeﬂanmeﬁwyfﬂﬁ@f&g' liichesa i Pfa%g' Che
initial acquretatedoWpWalsle cadeemodulated ‘éﬂt@nﬁl@ We Wa |
channel gy as@dahd tn@pb%&%ﬁ&dl sftf d’é‘dndlbﬁ aata RS Eeen Q:Ehc&ndvaﬂable for

synchroni zat | on 30 ase.stati L ey S
acqui red, hof®H ghé“ an’alternative | g?#'ﬂh%‘% ?E%S\k/@yerg?&?’hgh%ﬁ'ﬁ#%annel
woul d subst ad&mimglsjperfm on the pawer vontrol dataps ¢ellendi ng on vari ous
factors incl udi nglﬁxwaxﬁuh&srprbefdm@ inforrhatich e pilotaf@y also Heasedli ngl y,

Si gnal acqui YD RS %Z%s'%%%{ﬂ%dé[a-ﬁﬁt% tige sl T hERRERE 1 1
In anoth?® eperformed \MYeﬂSﬂ" mfgmﬁlenﬁcewe‘l at@@t @NghH%aI Eﬂeobe e bei ng
transmtted ydasly)hdhd Bhecsathple time oa&érh(me), the GRuben® YeBeive isample Heingie
forward 11 nkpt ransm Si"ooaetlegm%ek'tﬂg 2h8Cfhat SmBY! closely matches the actual
arrival time, the amplitude of the pilot channel at the early and late sample
time can be compared with the amplitude at the present sample time to
25 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.
FIG. 7 is a block diagram of BPSK channel decoder 128 and QPSK
channel decoder 126 (Fig. 2) configured in accordance with the exemplary
30 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 Ng depends
on the transmission rate of the BPSK soft decision data as described above,
and adds each subsequent set of 6,144/Nr demodulated symbols contained in
35 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

L
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fade conditions, the gain adjust factor Alerr] may be reduced as the

need to transmt power control data with a low error rate decreases. In one
enbodi nent of _the invention, whenever power control adjustnent }ugs‘ﬁn%o
necessary the‘ﬁ%?ws&m ust factor Alerr] is reduced to zero. 5 In
anot her enbodi nent of the invention, the ability to gain adjust each
orthogonal channel or the entire reverse 11Pnk signal is further exploited
by allow ng the base station 120 or other receive systemto alter the gain
adj ust of a chdeintdrleaved sbftideeision data to predue hardkletisipradatavdsavelhas CREC of

par i cul ar, - 1000, SERC T | R | CRK Refdir £IS'EPSK, JHY SRS, sckt
requesting thedecisionidata fnom combiner 484 (FigaF) axe dernultiplexed inde a singlersaft e
et anees O e e o T e om0
sonsitrvitySs ofeeRan B cnéGuhilee | 208 Jindh' porlildee HEF" 000y
bei ng transmi t tlethodulatidre spmbelsawhererNK depends en the tramsmigsion gatecof the
e oot o ey g, bl ettt o picin e B, |,
target error r X?Egb%kﬁampggtﬁmj@[ %}Q{ ?ﬁgfb?t ﬂ%@&g%(i i‘{fgéﬁ‘EGﬁ? eeto ©
reduce t hdeipdenteaatidumibdalationasymbelsrtel prodiicé hahd decisionl daga as welhae .
reached 1 Ngo! ACER! check sufl FIBAE the BltfrniRve xEHPIry Arhbodifitht | de
adj ust factor o one__%é) C aqn?iqﬁefnngl |.‘g_grﬁgﬁgep %‘\éﬁ to.the Of;gfgi-é
That is, the gaPAVeattistespestts Fis 34 Bl sRettonets Rerieraed,
e s sotpoas e v
; > bodi. 0 tion inc of
transmt power ;ab%%tegsf;%s,e anc %tlxerrgforre?\{r?rw eiii:ltﬂé rate’ of %%é\ﬁar frame is not known,

15 multiple decoders are employed, each operating at a different transmission
rate, and then the frame associated with the transmission rate most likely to
have been used is selected based on the CRC checksum results. The use of
other error checking methods is consistent with the practice of the present
invention.

20 Thus, a multi-channel, high rate, COMA wireless communication
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
modifications to these embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein may be applied to other

25 embodiments without the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with the principles and
novel features disclosed herein.

ain
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adj ust ment due to fade conditions or novenent of the subscriber unit 100.
25 I n these instances,—the base station 120 can do so via transm ssi on of

o1 °t0d Four orPncgonst o) TV o, a0 e o2 T

as in conjunction with one arot her" the total transmt power of the
reverse |inWOd8HA® can be kept at the ninimum 30 necessRGAYHYTOBPE cessf ul
transm ssion of each data type, whether it is pilot data, power

control data, signaling data, or differggnt types of user data.

Furt hernore, successful transm ssion can be defined differently for each
data type. Transmtting with the m Eg[n@ unt of power necessary
allows the greatest anount of data to be transmitted to the base station
given 35 the finite transmt power capability of a subscriber unit, and
al so reduces thet. A nhethiodr forb gbn@atingubodiuldted datat for FansmisdeRt i on in

IDQZEI'? USS;? 88@8&‘? @ fifde g&bscrilyer unit in a\@t %; sﬁ%g&?oer units to a 1boase statiqrhgnt ot al

communi cat i epMEMHeation with: the setof pubscriber wniteicomprising theasteps of:syst em
The poweg control chagyypbdulBsgifitst Batd W8 & BrdticMthopoRAPéodd do%&em@ _
subscri ber ynit.to tlr %%mt power control information to the se station
at a5 var fhg.pn including a rate of 800 power control bits per
second. én the pgr)anhedulatingndecandredataokith reesdécond odnlatiorp code toont r ol
bit instruchoddtd second ER&rthebdaid;ON 10 increase or decrease the transmt
power of_ the forward Link . tragfic.chanpel being used to. transmt
informt¥on to the sUBSUHHNG SAb I‘ust Chanmrl‘i"t?ta’\%ssﬂanﬁcaPﬂF}IMI to
have rapid datacto gemetate sumneéd data; @A 10 system it is especially useful
in the ggntext of hi gfeholalating?did summed data with a long code to generate

the modulated data.
12
2. The method as set forth in claim 1 further comprising the steps
2 of: '
gain adjusting said first channel data; and
4 gain adjusting said second channel data.
3. The method as set forth in claim1 wherein:
2 said first data is pilot data; and
said second data is user data.
4. The method as set forth in claim 1 further comprising the steps
2 of

modulating power control data with a third orthogonal code to
4 produce third channel data; and
summing said third channel data into said summed data.

5. The method as set forth in claim 1 wherein:
2 said first channel data is pilot data; and
said second dxannel data is user data.

6. The method as set forth in claim 4 further comprising the steps
2  of gain adjusting said third channel data.



comuni cations invol ving data transm ssion, because digital data is nore
sensitive to errors, and t-he-hightransmsston causes substantial anounts
of data to be | ost dur_i.nm even brief fade conditions. Gven that a

hi gh speed reverse lin mgHumuw likely to be acconpanied by a
hi gh speed 15 d link : oviding for the |
transm ssi on 8’#%{3‘% control over the reverse link fur? er 7109606

facilitates high speed communi cati ons within CDVA wirel ess

t el econmuni cations systens. | n2kn al ternative exenplary

enbodi mrent of the invention a set of encoder input rates ER defined by
the particular NR & e uThe method asset forth 20 clapmrl furthexrconmyprising tHetstepsThat
is, data mgy Qg tranmtted at a maximm encoder input rate ER or at a

set of | ower encoder input, rates, Eferr],.wth the . Asspciated NR

adj usted accordingly. |ﬁ\®ﬂ§tw&¥&m¢wﬁ é#érwlé}i‘iao‘i_h“@?"ftﬁ?g‘mﬁ codeto

;agbggl ment i4 t Iplé'od\.me:}wphaatthkdcdtamgbdaﬁs to the maxi rrumt r at gs used - in
- conpliant wireles ﬁql?gm&!c I rr «abo

respect to Tables I ang‘o as’ R &éﬁtﬁy%%a@gsﬁhlﬂléat%ﬁd%%ﬂgach

| over rat e6i s cxpgonrahends tp predure Anadraturasphasei third chaanel datacating a set

of rates conpri sedswghniingUkaidr &ii-phase Mhirll chamnela datdidlh #rdb esaidnd an

ei ghth rat 8: ‘gelaatamﬁa data rates are preferabl e generated by
increasingthé“ﬂ}ﬂ% ! repetition rate NRwith value of NR for rate set
one and rate set two i ncemplex mudiiplying meid gumpmet: data and said quadrature-

WO 97/ 459719 phase third channel data with an in-phase spreading code and a 'quadk&8#-09606

16 Label . E[ eryr ], QOPSK Encoder Qut Nerr]=1/4 Encoder
N[ err]=1/2 phase spreadmg[code] @ [ ]
12

8. A wireless communication system comprising:
2 a first subscriber unit for transmitting a first reverse link signal
that includes a first set of orthogonal subchannels;
4 a second subscriber unit for transmitting a second reverse link
signal that includes a second set of orthogonal subchannels; and
6 a base station for receiving said first reverse link signal and said

second reverse link signal.

9. The wireless communication system as set forth in claim 8
2  wherein each orthogonal channel in said first set of orthogonal channels is
individually gain adjusted, and each orthogonal channel in said second set

4 of orthogonal channels are individually gain adjusted.

10. A method for transmitting a frame of data comprising the steps
2 of:
generating multiple symbols for each bit of data via convolutional
4 coding to create a symbol sequence;
repeating said symbol sequence a sufficient number of times to
6  generate a set of symbols containing a predetermined number of symbols;
modulating each symbol from said set of symbols with a first
8 orthogonal code having fewer than sixteen chips to generate first orthogonal
code modulated data;
10 combining said first orthogonal code modulated data with pilot data
to produce combined data; and



(bps) " R=1/4 (Repetition Qut R=1/2 (Repetition

(bits/frame) Rat e, R=1/4) —(bits/frame) Rate, R=1/2) RS2- Ful | Rate
14, 400 1,152 51/3 10 2/3 RS2-Hal f Rate
rao s oz o (IR 2 e Rt
3, 600 288 21 1/3 "R L w44ds  «42 2/ 3 RS2-Ei gth Rate

1, 900 WO 3970 40 8/ 9 76 80 16/ 19 PSHURTI0P60R, t ¢

9, 600 768 8 384 16 RS1-Hal f Rate 4, 800
384 16 192 32 R31- Quater Rate 2,800 224
27 317 112 54 6/7 RS1-Eigth Rate 1, 600 128

48 12 thithsmitt8& said combined data. 850 68 90

6/ 17 34 180 12/ 17 Table IV. RS1 and ‘RS2 Rate Sets

i n BPSK Channel 5 The repetition rates for a QPSK channel is
twi ce that for tH4. BP3ke methathasmset forth in claim 10 rfustheorcbamprsingt thet he
exenpl ary e@@qgégnu of the invention, when the data rate of a franme
changes with respect tp the previous frane th ransm i power of the
fram Is adj ust cBaiR agafiRg stk fis orthoggaal modylated slatbe aifisst AMORNETat
is, whenda laawkr rate frane is transnitted after a hi gher rate frane,
the transmt po : I \ I | the frame is

bei ng transm tt\g?alng&f‘l ﬁg%g@iﬂ*%ﬁgggrw?gf%a% in proportion to
the reduction in rate, and vice versa. For exanple, if the transmt

power of a channel during the transm ssion of a full rate frame is 15
transmt power T, the transmt power during the subsequent transm ssion
of a half rate frame is transmt power T/2. The reduction is transmt power
is preferably perfornmed by reducing the transmt power for the entire
duration of the franme, but may al so be perforned by reducing the transmt
duty cycle such that sone redundant information is "blanked out."” In

ei ther 20 case, the transmt power adjustment takes place in conbination
with a cl osed | oop power control mnechani smwhereby the transmt power
IS further adjusted in response to power control data transmtted from
t he base station.
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17 Fig. 5 is a block diagramof RF processing system 122 and
denodul at or 124 of Fig. 2 configured in accordance with the exenpl ary
enbodi ment of the invention. Miultipliers 180a and 180b dowconvert the
signal s recei of romantenna 121 with an in-phase sinusgi

quadrature pha?g'”l‘g si nusoi d produci ng in-phase receive sanp elg(]%?er rﬁ and
guadr at ur e- phase receive sanples Rerr] receptively. It should be
under st ood t hat RF processing systemXZ2 is shown in a highly
simplified form and that the signals are al so match filtered and
digitized (not shown) in accordance with wi dely known t echni ques.
Receive sanples Rerr] and Rerr] are then applied to finger 10

denodul ators 182 within denodul ator 124. Each finger denodul ator 182
processes an instance of the reverse link signal transmtted by subscr@er
unit 100, if such an instance is avail able, where each instance of th
reverse link signal is generated via nultipath phenonenon. Wil eeé’u
finger denodul ators are shown, the use of alternative nunbers of ©
finger 15 processors are consistent with the i@ention including the gs
of a single finger denmpdul ator 182. Each-fi nger denodul ator 182 Q.
produces a set of soft deci si on data r@rlsed of power control data,
BPSK data, and QPSKI data and QPSK[ efr|l=eé&t a. Each set of soft
decision data is also tinme adjusted within t he correspondi ng finger
denodul ator 182, although tine adjustnent cpuld 20 be perfqfnmed wthin
conbiner 184 in an alternative enbodi nent ¢f the i nvent¥ on. Conbi ner
184 then suns the sets of soft decision ddta received fromfinger¥,
denodul ators 182 to yield a single instace of power t3¢! BPS@
QPSK[ err] and QPSK[err] soft decision data. 1. 6 is bl ockil
di agram a finger denodul ator 182 of Figl 5 configure n
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25 accordance with the exenplary enbodi nrent of the invention. The R err]
and RQ receive sanples are first tinme adjusted using tine adjust 190
in accordance with the anount of delay introduced by the transm ssion
pat h' of the particular instance of the reverse |link signal being
processed. L 200 is mxed with pseudorandom spreafisisledesrdes
PN[err] and Sﬁﬁgigﬁﬁhsing 30 multipliers 201, and the conplex conjugate of
the resulting | ong code nodul ated PNJerr] and PN[err] spreadi ng codes
are conplex nultiplied with the ti mf7adj usted Rlerr] and R err]
recei ve sanples using nmultipliers 202 and sumers 204 yielding terns
X[err] and X err]. Three separate instances of the X err] and X err]
terms are then denodul ated usi ng the Wal sh codes Werr], Werr] and Werr]
35 respectively, and the resulting Wal sh denodul ated data is summed over
four denodul ation chips using 4 to 1 sunmers 212. A fourth instancegpf

the X[err] and X[ err] data is sunmed over four denodul ati on chi ps uggng

WD 97/ 45970 PCT/ USO 7%89606
18 sumrers 208, and then filtered using pilot filters 214. In Kbe
preferred } ; ; Hl ot filter 214 perforns

aver agi ng over

series of summations perfornmed by summers 208, but
other filterin i '

apparent t-o—one—skilled—in-the art.
The filtered i|n-phase 5 and quadrat urle- phasle pfjl ot signals are used to
phase rotate gnd gcale the Werr], and Mal sh code denodul at qd dat a
i n accordance jwi tlh BPSK nodul at ed dat.a Jvi aj conp| jugat e
nultiplicatigﬂ usitng MiTtigli grs 216 gnd rs | di ng sdft
deci si on po cont rol anq%EPsm,data. The rr] \val § nodul at ed
data i s phase t at ed ws'u.r@ﬂtré?i n- phgdse anp-ATO@OT At
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10 filtered pilot signals in accordance with QPSK nodul ated data using
multipliers 218 and adders 220, yielding soft decision QPSK data. The soft
deci si on power control data is sumed over 384 nodul ati on synbol s by 384
to 1 summer 222 yielding power control soft decision data. The phase
rotated W2 Wl nodul at ed data, the Werr] Wal sh code 15
data, and the‘%§a2%925ntrol soft decision data are then nadquggkﬁg e for
combining. In an alternative enbodi ment of 8AE invention, encoding and

decoding is performed on the power control data as well In
addition to providing phgse information the pil ot a?so be used
within the receive systegltofam tTTe ®F acki .El'imetracking is 20
performed by al so procesging the receigpd data at o nple tinme before
(earl.y), and one sam | ter (lake), the presdht ®ecejve sanpl e being
processed. To deternfn i t hat st cl oselly e s [he actua
arrival tinme, the anpl Q of |t he pilﬂ channel y and | ate ¢
sanpl e time canjb d with tthe anplitud br esent sanpl e
time to 25 deterninp | HA& fhi¢h is gr &t est . Ifj{ at one of t&2
adj acent sanpl e t| feg § reater than that ent sanpl e type,
the timng can be adj up?eq so that the best ipn results are
obt ai ned. F Q‘ i sla bl ock diagram of nel decoder 128
and QPSK channe} ¢recoder 126 (Fig. 2) configur cordance with
the exenplary 30 enpofliznt ot the invention. BHSK Ci sion data from
conbi ner 184 (Flg B@% s fecei ved by accunuljat whi ch stores the
first sequence of ﬁnﬁsﬁ/Nﬂerr] denodul ati on |sy n| t he received
frame where NR depenfis|€ZR|an|the transnission rfat e| BPSK sof t
deci si on data as despr géﬁ% oye, and adds gac gpent set of
6, 144/ NR denodul at ed| synt®pl ¢ cpntained in 35 the f th the
correspondi ng stored]acC at ¢d synmbols. Bl ock terl eaver 242
dei nterl eaves the acfu d $oft decision data [f rpm vari abl e
starting point summet P40E and|Viterbi decoder 244 deckdes | he
Xz - Xz
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wel |l as CRC check su
QPSK[ err] soft deci s

demul ti pl exed sin
t he si ngl e soﬂ°%72‘é§7é'| ong
whi ch accunul ates every
depends on the transm ssi
250 deinter| eaves the sof
summer 248, and Viterk d
nodul ati on synbols to%pro
sumresults. In the alter
wWith respect to Fig. 3 in
i nterl eaving, accunul

dei nterl eavers 42 a
. . (=]

i ncorporating theeu f
particular frane
operating at a dif

associated with the T ans

sel ected based on g CRC checksyghfresid ts.

PCT/ US97/ 09606

dei nterl eaved soft decision data to produce hard deci sion data as

mresults. Wthin QPSK decoder 126 QPSK[err] and
ion data from conbiner 184 (Fig. 5) are
| e soft deci sion data streamb 6 and
data streamis 5 recei ved by accuﬁﬁ?@@%ﬁméﬁ
6,144/ N[err] 4 denodul ati on synbols where NR
on yate of the QPSK data. Bl ock deinterl eaver
1 cuﬁlon data from vari abl e starting point
e, 252 decodes the dei nter| eaved
ceNnard decision data as well as 10 CRC check
natf vepexenpl ary enbodi nent descri bed above
h=synbol repetitijon s perforned before
248 are pl aged akter bl ock

0. I the enbodi &g t he i nvention E
= I8 ts, and t %8 e in which the rete of
n@w, jpEe dedodefg; are enpl oyed, eagh
t @&nsm Z ratg, d then the frameg &
mSsion rge nos? I|k ly Yo have beerf uged is

use of ot her error

checki ng nmet hodsgi s qonsi stent w &practlce of the present
i nvention. 20z hus, a mul ti{- A ess <
communi cati ong sMs has bee Geribed. The description i provigﬁd
to enable aqﬁ rs T skilledrign the art to nake or use the Jpresen
i nvention. ar i enmbodi ments Will bell
readily appdg to s% skilled |n the art and t he gener|ic
pri nci pl es d@E? ed hdkeig nmay be a @ﬂ to other]?2 ¢enbod|nents hout
the use of th&inv ie facul t T T the pregen = i nvenN s not
i ntended to be I mt Q nts sho t/\s/ to be
accorded the w t pe cansi st with the prig€i pl es jand novel
features disclosed h&ein. [30 W\VE @A M
§
2
\ -3 « 28 o
- ZQ O
\ = 888 8 E
N
[sY]
- < - -4 2 z2 Bl o2 A EEE]
\J £<3 J <33 J <23 L23 Bl L
agd
Gé cg ag \ ag T 3
‘ «
2 2
-~
+
+ Aa — a — Aa)“ —
3 o g Ta e T o
3] o
5L £ (2 i3 iz 13 if L3
A = £§ £§ o8 B8 o8 £§
st =~ T oOF T o



WO 97/ 45970 PCT/ US97/ 09606

20 CLAI V5 1. A met hod
for generating nodul ated data for transmission 2 froma first subscriber
unit in a set of subscriber units to a base station in conmuni cati on
with the set riber units conprising the steps of: 4
a) nodul ati ng(q’?%{ﬁ@ata with a first orthogonal code to gengg{uggmms
first channel data; b) nod&fati ng second data with a
second nodul ati on code to produce second channel data; 8
c) sunmming said first channel data and said second channel data to
generate sumed data; and 10 d) nodul ating said sumred data
with a long code to generate t he noduljatjedjdgta. 12 2.
The nethod as set forth in claim1 furtherTc ﬁl_,l@g the steps 2 of:
gain -adjusting said first channel data; ande 1§ 15 gai n adj usting
sai d second channel dat a. 3. et @t d as set forth in
claim wherein: 2 said firs] dath ijs pil ot data; and
sai d second data is |user data.
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4. The method as set forth in claim1 further conprising the steps 2 of:
nodul ati ng power control data with a third orthogonal code to 4 produce

third channel data; and sumi ng said third channel data
into said sunmed dat a. 5. The nethod as set forth in claiml
wherein: 2 said first channel data is pilot dptpussedeos

sai d second cR¥hW4¥Wata i s user data. 6. The nethod as set
forth in claim4 further conprising the stgpg 2 of gain adjusting said
third channel data. WO 97/ 45970 '

PCT/ US97/ 09606 21 7.

The nmethod as set forth in claim1 further conprising the steps 2 of:

nodul ating in-phase third data with a thirn gj ort hogonal code to 4 produce

i n-phase third channel data; oF nodul ati ng quadrat ur e- phase
third data with sa;| dthird 6 orthogonal g:ode to produce quadrature-phase
third channel datagz @sunmng sai @ ign- phq@eﬁt hi rd channel ¢o
data with into sa|§85urmed dat"ai %’x: l ex mul tiplyirg

said summed data o4t said quadrat‘ﬂg‘ég 10 phasesd t§m§ el data with &
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phase spreadi ng code. 12 8. A wirel ess communi cati on system

conprising: 2 a first subscriber unit for transmtting a
first reverse link signal that includes a first set of orthogonal
subchannel s; 4 a second subscriber unit for transmtting a
second reverse |ink signal that includes a second set of §§P o)
subchannel s; %R37§970 a base station for receivi rfgfgr %&‘F{lst
reverse link signal and said second reverse link signal. 9.

The wirel ess comuni cation systemas set fgfth in claim 8 2 wherein each
ort hogonal channel in said first set of orthogonal channels is

i ndividually gain adjusted, and each orthogonal channel in said second set
4 of orthogonal channels are individually gain adjusted. 10.
A nmethod for transmitting a frame of data conprising the steps 2 of:
generating nultiple synbols for each bit of datg via convolutional 4
coding to create a synbol sequence; % ¥epeating said synbol
sequence a sufficient nunber o tines to 6 Bergprate a set of synbol s
containing a predeterm ned nu r of synbols; nodul ati ng each

synbol fromsaid set of synbol§ with a fil ogonal code havi Nnpw
fewer than sixteen chips to generate firs I code nodul atsed
data; 10 combiningjsaid first] ort e nodul at ed dat a ﬁ?th
pil ot data to producejconji ned dat a; X TH
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and

12

transmtted said conbi ned data.
as set forth in claim10 further conprising the
gain adjusting said first orthogonal
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