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PROCESSING SIGNALS OF DIFFERENT DATA RATES 

BACKGROUND OF THE INVENTION 

5 

I. Field of the Invention 

The present invention is directed to wireless communications. More 

10 particularly, the present invention is directed to transmitted data at various 

rates within a wireless communications system. 

II. Description of the Related Art 

15 Mobile digital wireless communications have primarily been used to 

conduct voice communications. With the advent of the World Wide Web, 

e-mail and computer networking, the need for data based wireless 

communications has increased exponentially. 

Data communications typically require higher data rates, and a greater .. 

20 variety of data rates, than voice based wireless communications. This 

increased variety of communication rates typically increases the complexity 

or circuit size of the systems used to process and generate the transmitted 

data. Increased complexity, or circuit size, typically increases cost. 

The present invention is directed to decreasing complexity and size, 

25 and therefore the cost, of systems that process data at a variety of rates. 

SUMMARY OF THE INVENTION 

30 A wireless communications system is described. In one embodiment 

of the invention, a set of demodulation resources. demodulates a set of 

signals that can transmit data at a set of rates. For signals transmitting at 

lower data rates, a single demodulation resource demodulates an entire 

signal. For , signals transmitting at higher data rates, two or more 

35 de~odulation resources each demodulate a portion of the signal. 

Advantageously, the first portion of the higher rate signal is substantially 

different than the second portion. 



W000/31889 PCT/US99/27593 

BRIEF DESCRIPTION OF THE ORA WINGS ., : ·' . . .. : .. 

The features,: o_J:>jects, and adve\l~tages of ~e present invention will 
5 become more appareii.t from tpe detailed descripficm set forth below when 

taken in conjunction with the qrawings in whicJ;i like reference characters 
identify correspondingly throughout and wherein;· 

Fig. 1 is a block diagram of a wireles~··· co~munications system 
configured in accordance with one embodiment of .the invention. 

10 Fig. 2 shows. a block diagram . of .a reverse link · transmit system 

15 

20 

configured in accordance with on~ embodiment ()fthe invention. 
Fig. 3A illustrates the data frame structu:r~ ·for medium rate data 

transmission used in one embodiment. of the invention. . . . . ;· ·: 

Fig. 3B illustrates the frame format used in one embodiment of the 
invention for other lower rate frames. 

Fig. 4 is a block diagram of ·a base station •. configured in accordance 
with one embodiment of· the invention. · 

Fig. 5 is a block diagram of the demodulation portion of CSM 366 
when configured in accordance with one embodiment of the invention. 

Fig. 6 is a block diagram of a· channel ·element· .312 when configured in 
accordance with one embodiment of the inventio~. : 

. . . . . 
Fig. 7 is a block diagram of a finger processor 370 when configured in 

accordance with one embodiment of the invention. and 
Fig. 8 is a block diagram of de~nterleaver-demod 322 (Fig. 5) when 

25 configured in accordance with one embodiment of the invention. 
Fig. 9 (2-13) is ·a block diagram of repetition · decovering and symbol 

drop circuit 516 when configured in accordance wi!h one embodiment of the 
invention. 

Fig. 10 is a block diagram of the symbol drop block when configured in 
30 accordance with one embodiment of the invention. · · 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODil\1ENTS 

35 A wireless. communications system is described. The exemplary 
embodiment is descnbed in the context of the reverse link of a cellular 
telephone system. While use within this context is advantageous, different 
embodiments of the invention may be incorporated in different 
environments or configurations. In general, the various systems described 
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herein may be '°fa~:med using software cont'fM1ed processors, integrated 
circuits or discreet logic. More exotic implementations are also consistent 
with the use of the present invention including the use of biological or 
chemical computatio~al. systems. 

S Additionally, the data, instructions, commands, information, signals, 
symbols and chips that may be referenced throughout the application are 
advantageously represented by voltages, currents, electromagnetic waves, 
magnetic fields or particles, optical fields or particles, or a combination 
thereof. In addition, the blocks shown in each block diagram may represent 

10 hardware or method steps. 
Fig. l is a block diagram of a wireless communications system 

configured in accordance with one embodiment of the invention. 
Subscriber units lOa and lOb interface with base station 14 using digitally 
modulated radio frequency signals. The reverse link is the signal 

15 transmitted from subscriber units lOa and lOb to base station 14, and the 
forward link is the signal transmitted from base station 14 to subscriber units 
10. Base station controller (BSC) 16 and mobile switching center (MSC) · 1g 
provide call and data routing functionality as well as call mobility 
management. 

20 Both the reverse link and the forward link transmit various types of 
data at various rates. For example, voice based telephone calls are conducted 
using data rates on the order of ten (10) kilobits per second {Kbits/sec). Data 
rates on the order of 64 Kbits/sec are used to conduct data communications 
for applications such as web browsing, and video conferencing. 

25 Illustratively, subscriber unit lOa is shown as a cellular telephone and 
subscriber unit lOb is shoWll as a laptop computer. 

Fig. 2 shows a block diagram of a reverse link transmit system 
configured in accordance with one embodiment of the invention. As 
illustrated by Fig. 1, a system typically includes multiple transmit systems 10 

30 like that shown in Fig. 2 (shown as a cellular telephone and computer) 
transmitting to a base station 14 at any given time. In one embodiment of 
the invention, some of the subscriber units 10 may be transmitting to base 
station 14 in accordance techniques other than that shown in Fig. 2. For 
example, some subscriber units 10 may transmit in accordance with the IS-95 

35 standard, or one of its derivatives, while other subscriber units 10 transmit 
in accordance with that shown in Fig. 2. A system and method for processing 
RF signals substantially in accordance with the use of· the IS-95 standard is 
.described in US patent 5,103,459 entitled "System and Method for Generating 
Signal Waveforms in a CDMA Cellular Telephone System'' assigned to the 
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assignee of the present inventi~n and 'm~orporate,d herein by reference ("459 
patent). . . :~: 

Still referring:to Fig~ 2, during "low data rc:tte• mode" data frames are . . . 

received on input Al, with ea<;:h c;lata frame contajning one of four possible 
5 amountS of data. T4~· different a:moun~~ ·. qf data c;C>r~espond to different data 

rates, with a set of qifferent data rates referred toi~·a "rate set." Lower data 
rate mode typically corresponc;ls to vqice based c;~mmunication, with the 
four data rates corr~sponding tq foµr ·d~ff.~rent am~unt of voice activity. CRC 
generator 100.1 adds ·.CRC checksum bits to some of .the frames depending on 

10 the rate and rate set. Additi011ally, tail-~its of kri6wn value (preferably all 
logic zero) are added by tail bit·g~i-teratot 102.1 to ea~h frame. The number of 
tail bits is preferably ~qua!. to k,~1, where k ·is the 4~pth of the coder. In one 
embodiment of the, invention eig~t tail pits are add~d. 

In one embodiment of the invention, two different rate sets are ' .. . . . . ..... . 

15 available. The differ~nt rate sets corre~pond to two different levels of voice 
quality, with the rat~ set having the .hig~est data rates being the one with the 
highest voice quality .. The difi¢.i;erit rate.·sets are dlff~~entiated by the highest 
rate (or "rate one") within each set, which is 9.6 Kbits/sec for a first rate set 
(SK Rate set) and 14.4 Kbits/ sec f~r (l secpnd rate se~ (13K Rate set). The three 

20 (3) additional rates within a rate. set are referred to: as half (1 /2) rate, quarter 
(1/4) rate, and eighth,·(1/B) rat~; ba~ed on the approximate fraction of that rate 
in comparison with 'l'ate one. ~uch iqwer data rates are similar to those 
found is the IS-95. and IS-95B · wir~less teleconi:munications over-the-air ., . . .. ' . . . . 

interface standards. .:· ! 

25 To conduct "medium" rate transmissions . (i.e. a transmission at a 
higher rate than those availab~E'. in lo~ data rate. mode) using the system 
shown in Fig. 2, ad~iitional data is jnput . at inputs · A2 - AB. In one 
embodiment of the invention, the tptal number of inputs Al - AS used must 
be an integer power of two. . This prpvides meditim rates transmissions 

· 30 approximately equal.to two (2) lim~s (~ate' two), four (4) times (rate four) and 
eight (S) times (rate eight) the ~ate one rate of either of the two rate sets (BK 
and 13K). 

This modulation provides six ~ additionai medium transmission 
rates, and a total of fourteen po~siJ:>le rates overall .. · The fourteen ratescan be 

35 divided into two sets: one associated with the 13K, and the other associated : . . . . 

with the BK. Togethe:r the foul'te~n dat~ ·.rates are: rate eight, rate four, rate 
two, rate one, half rate, quarter .. rate an4 eighth rate for 8K, and rate eight, 
rate four, rate two, rate one, half rate, quarter rate and eighth rate for 13K. In 
one embodiment of the inventiqn, a supscriber unit 10 operates in either 
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lower data rate m~GJ.e or medium data rate .,ffipde. However in other .. · ,. :::;-;· .· .. ·.·~~ ·" ·~·. . 

embodiments of th~ . invention, a subscriber unit may operation at any 
available data rate.· 

The data receiv~d on inputs Al-AS during ''medium data rate mode" 

5 is time multiplexed by multiplexer 104 into a single data stream that is 

convolutionally encoded by covolutional encoder 106 at a rate dependent on 
the data rate as described below. Repeater 108 performs symbol repetition for · 

rate one or lower transmission rates at a rate R (rate one through eighth rate, 
referred to herein as "lower rates") for either 8K or 13K rate sets, and Walsh 

10 cover modulates the lower rate transmissions with a low rate Walsh code 
W L that is also dependent on the data rate. 

Puncture circuit 110 punctures the data stream for data transmissions 

associated with 13K frames by a puncture factor P. A puncture factor P of 1/3 
means that one of every three code symbols is removed from the data 

15 stream. This effectively reduces the coding rate performed on the data, but 
allows more data to be transmitted thereby increasing the data rate. For 
example, if encoder 106 performs R=l/ 4 encoding, and the puncture factor P 
is 1/3, the effective coding rate RE= 3/8. 

Interleaver 112 performs block interleaving on 20 ms blocks of the 
20 data being transmitted, whatever the data rate. Thus, the amount of data, or 

··the number of code symbols, interleaved at any given time is dependent on 
the data transmission rate. 

Medium rate repeat circuit 114 performs medium rate repeating 

according to a medium rate repeat factor Rw Additionally, for medium rate 
25 data transmissions (rates two, four and eight), medium rate Walsh cover 

circuit 116 modulates the symbols with a medium rate Walsh code WM that 
is dependent on the higher data rate being used. 

The various parameters used for the system of Fig. 2 in one 
embodiment of the invention are set forth in Table I. 
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Rt RM Codtn· p · Low:~~te Medium Rate 
g~ate Walsh:Code Walsh Code 

WL: Wm 
· .. 
. :! 

Eighth Rate8 16 8 l/4 ++++++++· - - - -
(1/8) .·:· . .. 

. , 

Quarter Rate8 8 8 · 114 ++++ - - :..:_ 
(1/4) 

Half Rate8 (1/2) 4 8 l/4 ++- -
Rate One8 (1) 2 8 l/4 +- .•: 

1/4 
' 

Eighth Rate13 16 8 1 ++++++++ - - - -
(1/8) I -- --

3 
Quarter Rate13 8 8 1/4 i ' ++++ - - ,..-
(1/4) I 

3 

Half Ratei.1 (1/2) 4 8 1/4 l ++- -
.. ,. I 

... 

3 

Rate One13 (1) 2 8 1/4 1 +-

I 
.3 

Rate Two8 1 4 114·· ++++ - - - -. 
' Rate FourR 1 2 1/4 ++ - -

Rate Eight11 1 1 1/4 +-
Rate Two13 1 4 1/4 1 ++++ - - - -

J 
3 

Rate Four13 1 2 1/4 : 
1 : ++- -
:; 
:3 

Rate Eight13 1 1 1/4 1 +-
.I 
3 

Table I. 
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Where a W,al~.h: code entry is left blank, nd~.Walsh code modulation is 
performed. The sribscript for each rate (8 or 13) indicates whether the 
particular data rate is associated with the BK or 13K rate. As should be 
apparent, the repeat r~te Rt and RM· are adjusted' so that the effective symbol 

5 rate remains constant. Keeping the effective symbol rate constant simplifies 
processing of the variable rate data both at the transmit and receive ends. 
Performing low and medium rate Walsh code modulation at different stages 
in the processing facilitates differentiating low rate transmission from 
medium rate transmissions. For both low and medium data rates, the 

10 Walsh code modulation further facilitates determining the rate at which the 
data is being sent. 

In one embodiment of the invention, gating circuit 118 performs 
gating for eighth rate frames in order to conserve power. This gating 
comprises transmitting only the last half, or 10 ms, of the frame~· 

15 Additionally, gating circuit 118 may, when the subscriber unit 10 is in a 
"search mode," gate half rate and quarter rate frames as well. The gating for 
these frames is preferably performed like that for the eighth rate frames. 
That is, the first half, or 10 ms, of the frame is blocked. During the gating of 
any of the frames, the subscriber unit 10 can search for other forward link· 

20 signals at frequency bands not currently being processed. This facilitates 
performing hard handoff, which occurs when the subscriber unit switches 
the frequency band at which it operates (as well as in other instance8). 

The resulting chip stream from gating circuit 118 is repeated by 2x 
circuit 120 and the output of 2x circuit 120 · is covered by the Walsh traffic 

25 channel code Wc,t using an XOR gate 122 and then gain adjusted by traffic 
channel gain adjust Gt using multiplier or amplifier 124. Additionally, pilot 
data is multiplexed with control data, repeated by 2x circuit 120, and covered 
with a control channel Walsh code Wc,c using an XOR gate 122. The pilot 
channel may also be gain adjusted in some embodiments of the invention. 

30 The control data is typically power control commands, which are 
generated in response to the f«;>rward link signal, and indicate whether the 
transmit power of the channel in the forward link signal allocated for 
communicating with the terminal should be increased, decreased or held 
steady. 

35 The resulting traffic channel data and control channel data are 
complex multiplied with an in-phase PN code and a quadrature phase PN 
code using complex multiplier 126, yielding an in-phase term X1 and a 
quadrature phase term XQ. The inphase term X1 and the quadrature phase 
term X0 are filtered by low pass filters 128, upconverted with an in-phase 
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carrier and a quadrature..:pha~~ carrier respectively using mixers 130, 

summed by summer 132, gciin ag.j'ps~ed by ~:qtplifier 134, and then 

transmitted. 

Fig. 3A illustra_tes the c:lata fratµe structu1:"e ~·for medium rate data 

5 transmission used in one embo~fµt~nt· pf. the inveutj.pn. As noted above, in 

one embodiment of the inve~t~on, ~ach frame .:· cC;>rresponds to a 20 ms 

duration. 

For rate one frames 150, tll.~ frame is comprised of data field 160, a 

CRC checksum field 162, and a tail data field 164. : •. The tail data field 164 is 

10 used during encoding to clear the ~onvolutio~~l .coder and assists in 

decoding. The tail data field 16() can be any known· data sequence. To fully 

. clear the decoder, the length . of the P,ata seque~~e is one less than the 

convolution coding depth K. In one embodimeint of the invention, . the 
. . : ··. 

coding depthK is nine (9) and the tail data filed 16~ i,s comprised of eight (8) 

15 logic zeros. While the use of ~·· CRC checksum field :162 and a tail data field 

. 164 are preferred, other embodim~nts . of the inv~ntion may use different 

"control" fields. . . . 

For rate two frame 152, the frame is comprisetj of data· fields 160.2 and 

· 160.3, CRC fields 162.2 and 162.~ and tail data fields 164.2 and 164.3. In one 

20 embodiment of the invention, the format . and size of data fields 160~2 and 

.160.3 corresponds to data field 160~L S~milarly, th~ format and size 9fCRC 

fields 162.2 and 162.3 are the same as Hi.at of. CRC field 162.1 and the format 

and size of tail data fields 1.64.2 an0.164.~ are the sa*1eas tail data field 164.1. 

For rate four frame 152, t~e fr~~ is comprised of data fields 160.4, 

25 160.5, 160.6 and 160.7, CRC fields 162.4:, "J..62.5, 162~6. and 162.7 and tail data 

fields 164.4, 164.5, 164.6, and 164.7~ In. o~e.embe>din;ient. of the invention, the 

format and size of data fielqs data · fi~lds 160.4~ . 160.5, 160.6 and 160.7 

corresponds to data field 160.1 (a~d.thereforeto of d~ta fields 160.2and160.3). 

Similarly, the format and size .of CRC fields 162.4,:.1~2.5, 162.6 and 162.7 are 

30 the same as that of CRC field 162.1 and the format and size of 164.4, 164.5, 
: . • . . . ,I . 

164.6, and 164.7 are the same as tail data fie~d 164.1. · 

For rate eight frames, th(? frame is compri~d of data fields 160.8 -

160.15, CRC fields 162.8 - 162.~5 and t~il c;lata fielqs 164.8 - 164.15. In one 

embodiment of the invention, :the format.·and si~e of data fields data fields 

35 160.8 - 160.15 corresponds to d~t~ field _l(j0.1 (and t11erefore to of data fields 

160.2 and 160.7). Similarly, tlte format. al1.d size of CRC fields 162.8 - 162.15 

are the same as that of CRC field 162.1 and the format and size of 164.8 -

164.15 are the same as tail data fo~ld 164~1. 
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Having the fot,It!;\'.t and size of the various fJ..~l4s be the same as the 

corresponding fields ~'iri. ·different rate frames fa~ilff~tes processing of the 

different rate frames. In particular, circuitry used to generate frames of one 

rate may be used to generate higher rate frames simply by increasing the rate 

S at which those circuitS operate. Allowing the same circuitry to be used for 

the different rate frames reduces the total amount of circuitry necessary to 

perform the necessary transmit and receive processing, and therefore 

reduces the size and cost of any integrated circuit or system operating in 

accordance with some embodiments of the inventions. Also, the rate of 

10 processing is increased because fewer alterations to the processing path are 

necessary. 
Increasing the rate of operation of a circuit can take many forms 

including reducing the time sharing of the circuit or increasing the duration 

of operation of the circuit during each frame. Also,. while a preferred 

15 embodiment of the invention has the corresponding fields of different rate 

frames the same in both format and size to maximize circuitry reuse, other 

embodiments of the invention may only have some attributes of the 

corresponding fields the same or similar. 
For example, the size of the corresponding fields may be the same, but· 

20 not the format. Or, the format can be the same for a portion of the data for · 

some fields, but different rate frames may have additional data· in those 

fields. In other embodiments, the field size and formats may be different, 

but the order of the fields repeats in the same order with respect to order of 

other rate frames. In each case, similarities between the fields, size, · 

25 formatting or both, of the various rate frames facilitates both receive and 

transmit processing of the data. 

In one embodiment of the invention, for data frame processed 

substantially in accordance with the IS-95 standard, the data field size 

decreases as the transmission rate decreases, and the number of bits 

30 transmitted is decreased by transmit gating. A system and method for 

formatting lower rate frames is described in US Patent 5,504,773 entitled 

"METHOD AND APPARATUS FOR THE FORMATING OF DATA FOR 

TRANSMISSION" assigned to the assignee of the present invention and 

incorporated herein by reference. 

35 For other lower rate frames, such as some of those listed in Table I, the 

frame format used in one embodiment of the invention is shown in Fig. 3B. 

Each frame is comprised of user data 170, CRC data 172 and tail bit data 174. 

The number of bits of some type of data varies from rate to rate as shown. 
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For the high data rates, the rate on~ fr~me foi;mat is used for each set of user, 

CRC, and tail data.field in cme emboqiment.of the invention. 
. . . 

Fig. 4 is a block diagram qf Ci b,ase stati9n · configured in accordance 

with one embodiment. of the ifive11ti()I).. RF um,~· .362 receive RF signals via 

the antennas, and filter, do\vnconv~rt and digitize the RF signals generating 

baseband samples~ In one ~m~~~imep.t of the .invention, each antenna and 

RF unit are used to provide.· telephone service tQ ·~sector of the coverage area 

of the base station. Each sector typically has mcire than one antenna as well 

for additional diversity. 

The baseband samples· a~ received by ~ell cite modem (CSM) 366 

which is controlled by coil.trot unit 364. CSM is typically an integrated 

circuit. Control unit 364 is:· typically a micropr9cessor controlled by software 

instructions stored in merri.ory' in on~ embodi,..ent of the invention. CSM 

366 demodulates a set of signals contai~ed in tll.e baseband receive samples 

generating data that is forwarded tq data form~tter 368. Data formatter 368 

places the data in· pack.ets containing acidress i~formation and forwards the 
. packets to a base station controller .. · · 

In otll.er emb9di1Ilents of the inve:p.tion, separate systems or 
·. ·. integrated circuits perform :.,~he. modulation and demodulation functions 

20 performed· by CSM 366~ 
Fig. 5 is a block d~agram of .. th,e . demog µla ti on portion of CSM 366 

w}\eri. configured in acco~dan~e wit}\ one emb,odiment" of the invention. 

During typical operation of the exemplary embodiment of the invention 
. . 

provided herein~ the signal.processing circuit receives and processes reverse 

25 link signals generated by tra~mit systems lil<~ that shown in ·Fig. 2. The 

circuit is preferably implem~~ted 011 a singl~. in,tegrated circuit, with the 

control functionality provided either on the . same integrated circuit or 

externally. The control· : functionality is_ typically performed by a 

microprocessor running software sto~d in me~ory. In general, tasks are 

30 divided between the. microprocess()r and the DSPs as described herein; 

however, alternative embodiments of the tn.vention may allocate tasks 

differently. 
In an exemplary processing, tl:ie dow:,nconverted baseband receive 

samples (RX_IQ) are received by int~rpolator _300.from the external RF unit 

35 of Fig. 4. Interpolator 300 ~e~erates interpolated samples that are received by 
searcher subsystem 302 and channel . elements 312. Searcher subsystem 302 

performs periodic searching for reverse link signals, and provides the results 

of those searches to DSP controllers 304 and the external control system (not 

shown). The external controller (microprocessor) may respond by 

•. 
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determining whid\,eignals should be processeq;:. ~nd assigning a channel 
. ·.~ l!,f•..::,.::i.: ·' • : ...... ~ ;.~·::·. 

element 312 for pr61i¥ssing the signal. The assigciheht is typically performed 
by providing the time offset of the signal to be processed to the particular 
channel element 312. In the described embodiment of the invention, each 

5 channel clement may process multiple multipath instances of a signal, 
referred to as fingers, where each finger requires a different time offset. 
Thus, the external controller may provide multiple time offsets to a channel 
element 312. 

In one embodiment of the invention, the receive samples can be 
10 received at one of two rates: twice the spreading-chip rate (Chipx2) or eight 

times the spreading chip rate (Chipx8). When receive samples RX_IQ are 
received at Chipx2, interpolator 300 "interpolates the samples to a rate of eight 
times the spreading rate (Chipx8). When samples are received at Chipx8, . 
interpolator 300 is bypassed. This allows the system to operate within 

15 differently configured system that provide samples at either chipx8 ()r 
chipx2. 

Digital signal processor (DSP) 304.1 interfaces with channel elements 
312.0 - 312.5 and DSP 304.2 interfaces with channel elements 312.6 - 312.11 ... 
Viterbi decoder 316.0 interfaces with deinterleavers 322.0 - 322.3 via medium 

20 rate Walsh (Wm) decover 323.0-323.2. Viterbi decoder 316.1 interfaces with 
deinterleavers 322.4 - 322.7 via medium rate Walsh decover 323.4 - 323.7. · . 
Viterbi decoder 316.3 interfaces with . deinterleavers 322.8 - 322.11 via·· 
medium rate Walsh decover 323.8 -323.11. Channel elements 312 are 
coupled to deinterleaver- 322 through multiply-accumulate (MAC) 320. In 

25 alternative embodiments of the invention, different numbers of DSPs may 
be used, including one DSP. 

In one embodiment of the invention, channel elements 312 performs 
various functions including despreading and medium rate Walsh 
decovering for medium rate transmissions. Additionally, channel element 

30 312 performs symbol dropping on a portion of the· data processed for 
medium rate transmissions. Preferably, the particular amount and portion 
of data that is dropped depends on the transmission rate of the data being 
processing and control input from the corresponding DSP 304. 

During an exemplary processing by the demodulator system of Fig. 4, 
35 DSP 304 receive instructions to process incoming signals that are transmitted 

at either medium data rates or low data rates and assigns one channel 
element 312 for processing the signal if it is lower than a particular rate, and 
assigns two or more channel elements for processing the signal if the signal 
is transmitted at a data rate above a particular rate. In one embodiment of 
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the invention, if the signal is ti;~smitte4 at a _low data rate or the medium 

data ~tes of rate on.~ o"r rate ·two, the microproc~~or assigns one channel 
element 312 to proc~ss the signal. 

If the signal ~s transmitted iiUhe medium d~Ja rates of rate four or rate 
5 eight, DSP 304 assigns more thal'l· on~ channel ele.ll}ent 312 to processing the 

signal. In particular, if the signc:tl is transmitted ~t the medium data rate of 
rate four, DSP 304 cissigns two'·c~annel elements 3l~: to processing the signal, 

and if the signal .. ~ transmitted at the mediu:ril· data rate of rate eight, 
microprocessor assigns four channel elements 31~ for processing the signal. 

10 Where multiple channel el~m~nts (lre assigned;, each channel element 
processes only a p9rtion of the incoming signal~,; . For example, with two 

channel elements !i~signed, each channel element 'processes one half of the 
signal. With four. channel elements, each chan~~l element processes one 

fourth of the signal.:. . . 
15 Additionally,: in one embod:qnent of. the invention DSP 304 or the 

microprocessor assigl1s a channel element type <¢E_TYPE) to each channel 
element . assigned fo:r processiJ:1g .the higher rate .signals (rate four and rate 
eight in one embodir,nent of th.~ iiweI\tioll.) .. Th~ .:f>articular portion of the 

. . . . 1- ·. . .: •. • .• • ..• 

signal processed by a parti_c11lC1r channei is. determined by the channel 
20 element type, one eJCample' of w);l.ich ~s describe.:[ iil greater detail' below . 

. · After a signa.l is pro~e~s.ed: by ~nannel' el~ents 312, the resulting 
despread chip data:.is accumulaied o~.er a syml:fol :duration by MAC 320, 
. which preferably performs t}:te . (lccumulation for. ~~~h channel element in a 
time-shared manner. Additionally, the MAC calcµl~tes the cross product of 

25 the pilot traffic cha~el,. and SU:pl.S the results over ' the set of fingers being 
processed by a particular channel element. Th¢. resulting accumulated 
symbol data is fonv¥ded to a cle41.terleaver 322, wNch performs time-shared 
deinterleaving and demodulatjon for channel . ele~ents. The deinterleaver 
322 deinterleaves each, 20 ms fram(;? of data received,.which for different rate 

. . . . ' . . :· 

30 corresponds to different amo~ts qf data. For ·the higher data rates1 the 
symbol dropping pe#ormed by channel elements ~µ reduces the amount of 
data processed by e"-c:h deinterJeaver · 322~ This re9ii.ces the necessary size of 

the deinterleaver 322 .memory1 which substan~Cllly reduces the overall 

circuit area of the demodulator·system. '··;· 
35 Medium rate Walsh decoverers. perform Iqw. rate Walsh decovering 

and forward the decovered sQft ·decision data to Viterbi decoders 316. For 
' ' ' 

medium rate transqtissions, Viterbi decoders 3~ .decode the soft decision 

data at the transmission rate sp~cified. For lower·ra.te transmission1 Viterbi 
decoders 316 decode iit all the foµr data rates, with ~he actual data rate used 
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determined ·· by e#.:t~r and probability values :';';;g~erated therewith. One 

method of perfortiihig rate determination is describ~d in US Patent 5,566,206 

entitled "METHOD AND APPARATUS FOR DETERMINING DATA RATE 

OF TRANSMITTED VARIABLE RATE DATA IN A COMMUNICATIONS 

5 RECEIVER" assigned to the assignee of the present invention and 

incorporated herein by reference. The output data is then made available for 

additional processing, which in the exemplary embodiment of the invention 

involves forwarding to base station controller 14 of Fig. 1. 

As should be apparent in the described embodiment, a channel 

10 element 312, a deinterleaver 322, the medium rate Walsh decover 323 and 

the time-shared MAC 320· form a channel resource. As described throughout 

the application, the channel resource can be used alone to process some 

medium and lower rate signals, . or in combination with other channel 

resources to process other medium rate signals (the highest rate medium 

15 rate signals). 
Fig. 6 is a block diagram of a channel element 312 when configured in 

accordance with one embodiment of the invention. The RX_IQ samples are 

received by four finger processors 570. Each finger processor processes one 

instance of the particular signal assigned to the associated channel element 

20 at a time offset provided from the control system (connection from control 

system not shown). The resulting demodulated symbols from finger. 

processors 570 are forwarded to MAC 320 of Fig. 5. 

Fig. 7 is a block diagram of a finger processor 400 when configured in 

accordance with one embodiment of the invention. Antenna select 500 

25 selects one set of Rx samples from the set of receive samples provided. In 

accordance with the base station described above, six sets of Rx samples are 

provided which correspond to two antennas for each sector. The antenna 

selected is determined by a searcher 306 which searches each incoming set. of 

Rx samples for multipath signals, along with the controller, which generates 

30 selection signals provided to antenna select 500. 

The selected Rx samples are forwarded to decimator 502 which 

decimates the Rx samples down to chipx2. Phase rotator 504 performs an 

initial phase adjustment of the Rx samples and despreader 505 demodulates 

the signal using a pseudo noise (PN) spreading co_de from PN generator 506. 

35 The particular code PN generator 506 generates, and the particular time 

offset, is determined by timing and control unit 508, which in turn is 

controlled by a DSP unit 304.1 based on the search results received by that 

DSP unit 304.2 from a searcher 306. 
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Despreader-decover 505 g~nerate$ three .output sets· for the signal 

being processed by despreading ~ing the PNiand :PNQ codes and the control 

and traffic channel Walsh cocl.es (We,; and w~.c:). Each output set is 

comprised of an in-phase component ~nd a quad*~ture-phase component. 

5 The three output sets corresp9p.4 t9 a.n on tim~ : despreading, an early 

despreading, and a la,te despre~cliflg. The on-timf:?' ~espreading is the best 

estimate of the time· ·qffset of ~h~ ~ign~l, and in: ,one embodiment of the 

invention the early despreading is offset ~ the dut.~tion of a spreading chip 

before the on-time despreading,. and the ~ate des:preading is offset - the 

10 duration of a spreading chip aft~~ t.he 01'.,.time. desp~e~ding. 
2x accumulator· 510 accutil.µl~t~s the despread 4ata over two· spreading 

· chips and provides the accumul(lted on-tiipe data tq ~edium rate repetition 

decovering circuit 512. The accumulateci early ~~ late despread data is 

forwarded directly to a DSP 3Q4. The . DSP 304 '. advances or retards the 

15 ·processing of the signal in response to the early anCI. late despread data via 

control input to timing and control circuit 507. . . . , 

DSP 304 also prQvides phase rotation .•• jnformation to phase 

accumulator 511 which provides p}1.~ rotatio11- data ·~o rotator 504 . 

. The on-time accumulated datli is received ~y medium rate repetition 

20 decovering circuit 512. Med~tgll rate repetition :decovering. circuit 512 

accumulates the despread data 6y~r" ·a number ofsyinbols that. depends on 

rate at which the data :is being tr~nsmitted., In parti~ular, the despread data is 

accumulated over RM.symbols ~s· set forth in TableI·qepending on the rate at 

which the data is transmitted~·. Additionally, if tft~ despread data is being 

25 transmitted at a rate two, rate four or rate eighti.· ~edium rate repetition 

decovering circuit 512 decovers the· despread data :~ith the corresponding 

medium rate Walsh code WM as set forth in :·Table I. The resulting 

decovered symbols are forward¢ t~ symb9l droppe:rS16. 

In one embodiment of ~he_-invention, syn\b9l dropper 516 drops, or 

30 "gates," a portion of the decovered symbols recei~etj.. In particular, symbol 

dropper 516 drops a· portion of fu.e syillbols rec~~ed for higher data rate 

transmissions, and passes ~ll · the · symbols .. ~e<=eived for lower rate 

transmissions. The amount of sy~bols ~at are dropped by symbols dropper 

516 depends on the data rate of the signal being::processed. The portion of 

35 symbols that are d~opped depeJ.Ids. on. ~he channel· element type CE_ TYPE 

assigned to the ch~nnel elemer:i.t 312 in which -~~· finger processor 570 is 

located. 
In the exemplary embodiment of the h1vention, symbol dropper 

drops one half (1/2) of the symbols receivE!d for rate four transmissions, and 
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three-fourths (3/~) pf.the symbols received for rate eight transmissions. That 
is, one half (1/2) &trthe symbols are passes for ·t~t~':four transmissions, and 
one quarter (1/ 4) of the symbols are passed for rate eight transmissions. 

The particul.ar symbols that are passed and dropped by symbol dropper 
5 516 are determined by the channel element type CE_TYPE assigned to the 

corresponding channel element 312. For example, for rate four 
transmissions, the channel element type CE_TYPE could indicate whether 
the finger should processes the even or odd symbols. For rate eight 
transmissions, the channel element type CE_TYPE could indicate which of 

10 every four symbols (i.e. the first, second, third or fourth) should be passed. 
Thus, to process a rate four or rate eight medium rate signal, a DSP 304 

assigns different channel element types CE_TYPE to a set of channel 
elements 312, and then assigns that set of channel elements to process the 
same medium rate signal. The result is that each channel element 312 

15 processes a different portion of the same signal, and the set of channel 
elements 312 together process the entire signal. The resulting different 
portions of the data can be combined later in the processing yielding the 
entire signal.· 

As described in greater detail below, by dropping a portion of the 
20 signal before that signal is deinterleaved, · the size of the deirtterleaver for 

each channel element can be reduced. The deinterleaver typically requires 
substantial amounts of memory, and memory takes up significant amounts 
of circuit area on the integrated circuit. Thus, the circuit area necessary to 
implement the integrated circuit is reduced. 

25 The despread symbols are forwarded to data buffer 514. Data buffer 514 
stores 128 eight (8) bit symbol values for the in-phase and quadrature phase 
portions of the signal being processed. The despread symbols are delayed 
within data buffer 514 to eliminate the time skew between the various 
fingers of the signal being processed within the channel element. MAC unit 

30 402 receives the deskewed symbols and sums the data from the four fingers 
generating combined despread symbols. 

Fig. 8 is a block diagram of deinterleaver 322 (Fig. 5) and a medium 
rate Walsh code decover 323 when configured in accordance with one 

35 embodiment of the invention. Combined despread symbols are received by 
deinterleaver RAM 600. In one embodiment of the invention deinterleaver 
RAM is 1536x4 bits, which is sufficient to store 1536 four bit symbols. 1536 
symbols represents one fourth of the symbols received in a 20 ms frame 
transmitted at rate eight, or one half the symbols received in a 20 ms frame 
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transmitted at rate four. AdditiOI\ally, 1536 symbols represents the total 
·' . . ' ~ 

number of symbols ~n: ·a 20 ms f~ames for rate ~~~or below, given the 

medium rate symbol repetition .. Rw ln another· .embodiment of the 

invention, the interleay~r is 1536x8. to allow double· huffering. 

5 Under the con:~rbl of deinterleaver· . addr~s ~~~trol 601, the symbols 

stored in deinterleav¢~. are read 0t1t. in deinterleave·d.·. fashion to XOR gates 

602. XOR gates 602 ~~cover the symbols with the 'tcmr · lower rate· Walsh 

codes (W 118, W 114, W 112 and W rutJ· The ~esulting : d~covered symbols are 

accumulated by accu~µlators 604 over the n~mb~~ of Walsh chips in the 

10 corresponding low rate Walsh codes. The decovered. symbols, along with an 

additional copy of °tqe deinterleaved symbols.:; are . forwarded to the 

. :corresponding Viterbi . decoder . 316. . In anoth~t· · embodiment of the 

invention a single X(JR gate and accum~ato~ ai-¢ 'used in a time-shared 

.fashion. For lower rat~ transmiss.ions, the Viterbi ·•4ecoder 316 decodes at all 

15 four data rates and determines the correct data fat~ based on any errors 
detected. during the decoding. 

Modulation ~ith the low rate Walsh codes facilitates the 

determination of th~. rate that is ~ransmitted, because different rates are 

modulated with codes that ar~ ~~thrigo.nalt~·one cm.other. Thus, decovering 

. 20 with a low rate Wal~h· code does not correspond t() tf:te actual transmission 

. rate ~f the frame sh~uld yield a· 10~ energy value compared to the energy 
level. of the corrected ... decovered symbols. . . 

For medium ~ate tran~missions; the unc6ver~d . symbols are decoded 

by the Viterbi decode~ 316 at the cor~esponding data rate as configured by the 

25 microprocessor. 
. . 

Fig. 9 (2-13) i~ a block diagram of repetitio~ decovering and symbol 

drop circuit 516 when configured in accordance with one embodiment of the 

invention. The data· being processed is received wit~ latches 710 (multi-bit 

latches) on in-phase input DATA_! and quadratiire phase input DATA_Q. 

30 The outputs of latches 710 are applied to the B inputs of adder/subtracters 

705, and also form the outputs of the medium rate repetition decovering 

circuit 512. The A inputs of adder/suhtractors _7~5 receive the on time 

despread chip data from 2x accumulator s10~ Adder/subtractors 10s add or 

subtract the inputs A and B based on the signal app~ied to control the input 

35 +/-. 
Walsh code generator 700, generates the :m'ediUm rate Walsh code WM 

.in accordance with the transmission rate of the data being processed. The 

resulting Walsh code is applied to the control inp:i.it.•of adder/subtractors 705 

specifying whether an add or subtract operation should be performed. 
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Together adder/subtractors 705 and latches_ 710 act as an accumulator 
.. ~·: .. _ .. ,.. . .. ;;i••.:i<· 

where the input isj~ither added or subtracted froth the accumulated value 

based on the logic level of the medium rate Walsh code WM" The effect is 

that the despread data is demodulated by the medium rate Walsh code, and 

.5 the resulting demodulated data is accumulated over the length of the 

medium rate Walsh code. Accumulator clear generator 712 resets the value 

of latches 710 each medium rate repeat value RM the for the repeat value RM. 

The resulting medium rate decovered symbols are forwarded to symbol 

dropper 516. Various alternative methods for performing applying the 
10 Walsh code should be apparent. 

Fig. 10 is a block diagram of the symbol drop block when configured in 

accordance with one embodiment of the invention. The decovered symbols 
(DSYMBOL_I & DSYMBOL_Q) are received by latches 810 from medium 

rate repetition decovering circuit 512. Symbol select enable generator 800 

15 receives the channel element type CE_TYPE and generates a symbol enable 

signal that is applied to the enable inputs of latches 810. 

Symbol select. enable generator 800 provides an exemplary circuit and 
method for generating the symbol enable signal based on the channel 
element type CE_TYPE.· A two bit counter value which increments with 

20 each new symbol (CNT(O:l)) is applied to one input of comparators 802. 

AND gates may also be used in place of comparators. The other input of 

comparators 802 receives a hardwired binary number as shown. The outputs 
of comparators 802 are applied to multiplexer 804, which is controlled by 

CE_TYPE. The output of multiplexer 804 is received by one input of OR gate 

25 805, while the other input of OR gate 805 receives a logic high when 
CE_TYPE = 6 or 7. 

In one embodiment of the invention, the channel element type 

CE_TYPE can be any value from 0 to 7. Values 0 -3 correspond to channel 

element types that are used for rate eight transmissions. Values 4 and 5 
30 correspond to channel element types that are used for rate four 

transmissions. Values 6 and 7 correspond to channel element types that are 
used for rate two or below transmissions. 

As described above, four ·channel elements are used to process a signal 

transmitted at rate eight. For the four CE_TYPEs 0 - 3, the symbol en"1-ble 

35 signal is asserted once every four symbol times, where the particular symbol 

time at which the signal is asserted is different for each CE_ TYPE 0 -3. For 

example, for CE_TYPE 0, the symbol enable signal is asserted during the first 

of every four symbol times. For CE_TYPE 1, the symbol enable signal is 
asserted during the second of every four symbol times. 
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Similarly, for the two .CE_TYPEs 4 ~nd 5, the symbol enable signal is 
asserted once every other symbo~ 'time; ~h~te the particular symbol time is 
different for each CE_ TYPE. For ~E_TYP~s 6; and 7, the symbol enable signal 

is asserted each symb~~ ti.me. 
. . 

5 Thus, to processes a signal transmitted at a higher transmission rate, a 
microprocessor assigns . a set of channel elements to. processes the signal, and 
then assigns each channel· ~l~meht ~' · differ~nt ~··c:hannel element type 
CE_TYPE. Each channel element 'responds by processing a different portion 
of the signal, with the sum of. all the portions of the signal processed 

10 equaling the entire signal. 
By having each channel· eiem,ent pr9cess only a portion of the signal, 

the capability of each channel elell\ent, . and each channel element resource, 
is reduced. This reduces the total circuit area of the integrated circuit used to 
implement the demodulator, •. and· therefore· increases efficiency and reduces 

15 cost. In contrast,' a system that ·configures each channel resource with the 
ability .to process the high rate· transmission will have resources go unused 
during lower rate tran5missions. ·· By· providing channel resources that can 

. operate together on the same tra.n&IDU;si~:i:1; ' overall usage and . efficiency is 
increased~ 

20 Also, since in many CDMA, .. systems .the total communications 
capability is limited, when the. numJ:;;er of higher rate communications 
conducted is· increased, the number of lower. · rate communications 
conducted is reduced. Thus·, by having . a demodulation system where a 
number of lower rate demodulation · resources can be combined to 

25 demodulate a higher rate transmission, the capadty and allocation of 
demodulation resources more. closely mate.hes the transmission capability of 

. . 

the CDMA system. Matching resources with capability further increases 
efficiency. 
WE CLAIM: 
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1. A demodulator for demodulating a higher rate signal and a 

2 lower rate signal comprising: 

first channel resource for demodulating substantially all of said lower 

4 rate signal and for demodulating a first portion of said higher rate signal; 

second channel resource for demodulating a second portion of said 

6 higher rate signal, wherein said first portion is substantially different from 

said second portion. 

2. The demodulator of claim 1 wherein said first channel resource 

2 is comprised of a first symbol dropper for selecting said first portion of said 

higher rate signal. 

3. The demodulator of claim 2 wherein said second channel 

2 resource is comprised of a second symbol dropper for selecting said second 

portion of said higher rate signal. 

4. The demodulator of claim 2 further comprising first 

2 deinterleaver memory havmg a size sufficient to store a full frame of said 

lower rate signal, and said first portion of said higher rate signal. 

5. The demodulator of claim 4 further comprising second 

2 deinterleaver memory having a size sufficient to store said second portion 

of said higher rate frame. 

6. The demodulator of claim 5 wherein said second deinterleaver 

2 memory also has a size sufficient to store a full frame of said lower rate 

signal. 

7. The demodulator of claim 1 wherein said first portion and said 

2 second portion have substantially the same form.at. 

8. The demodulator of claim 7 wherein.said first portion contains 

2 first user data: and first control data in a first order and said second portion 

contains second user data and second control data in a second order, 

4 wherein said first order and said second order are substantially the same. 
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9. The demodulator of 'claim 8 wherein said first user data has a 
' ! ; : · ..•• , .. · 

2 format substantially similar to s1;dd first portion and said second portion. 

10. A demo~ulator co~prising: 

2 first circuit fpr demodulatfug Ci fiJ:~t portio11. of a lower rate signal and 

a second portion of a higher rate si~al; .and . . . 
4 second cfrcµi~ for demod11fating a third po~on of said higher rate 

signal, wherein said first portion is larger than said second portion 

6 and said thircl portion, and . . . . 
said second p9rtion and said third portion are substantially different. 

. . . 

11. The deµmdulator of claim 10 wherem said first portion is all of 
2 said lower rate signal, and said second portion is part of said higher rate 

signal. 

12. A method for demc;>qulating a high~r rate signal and a lower 
2 rate signal comprising the steps'of: . 

a) demodufating substant.ially all of said lower rate signal; 
4 b) demodulating a first portiort of s~id hlgh~r rate signal; 

c) demodu!ati~g a second porhon of said h'.~gher rate signal, wherein 
· 6. said first portion is ~ubstantially different fr6in saiti second portion. 

13. ·. The method of daim 12 wherein step .b) is comprised of the step 
2 of dropping said second portion ofsaid higher rate ~ignal. 

14. The method of claim 13 wherein step c) is comprised of the step 
2 of dropping said first portion of said higher rate signal. 

15. The method of claim 13 further comp~ising the steps of: 
2 storing a full frame of said lower rate signal; 

deinterleaving said full frame of said lower ~ate signal; 

4 storing said fil'.St portion of ~~id higher rate ~~gnal; and 
deinterleaving said first portion of said high~r rate signal. 

16. The method of claim 15 further comprising the steps of: 

2 storing said second portion of said higher rate sigmll; and 

deinterleaving said second. portion. of said higher rate signal. 
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17. The method of claim 12 wherein said first portion and said 
2 second portion h~~~:·substantially the same datif'f6rmat. 

18. The me~od of claim 17 wherein said first portion contains first 
2 user data and first control data in a first order and said second portion 

contains second user data and second control data in a second order, wherein 
4 said first order and said second order are substantially the same. 

19. The method of claim 18 wherein said first portion has a format 
2 substantially similar to said first portion and said second portion. 

20. A receive processing system comprising: 
2 a first receive processing system for processing one lower rate signal in 

a first mode and for processing a first portion of a higher rate signal in a 
4 second mode; 

a second receive processing system for processing one lower rate 
6 signal in said first mode and for processing a second portion of said higher 

rate signal is a second mode. 

21. The receive system of claim 20 wherein said first receive 
2 processing system is comprised of a first symbol dropper for selecting said 

first portion of said higher rate signal. 

22. The receive system of claim 21 wherein said second receive 
2 processing system is comprised of a second symbol dropper for selecting said 

second portion of said higher rate signal. 

23. The receive system of claim 21 wherein said first receive 
2 processing system is comprised of: a first deinterleaver memory having a 

size that is less than that necessary to store said first portion of said higher 
4 rate signal and said second portion of said higher rate signal. 

24. The receive system of claim 23 wherein said second receive 
2 processing system is comprised of: a second deint~rleaver memory having a 

size that is less than that necessary to store said first portion of said higher 
4 rate signal and said second portion of said higher rate signal. 
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25. The . receive system of claim . 21 wherein said second 
2 deinterleaver memory has a size sufficient to store a full frame of said lower 

rate signal. 

26. The receive system of claim 21 wherein said first portion and 
2 said second portion have substantially the same format. 

27. The receive system of claim 21 wherein said first portion 
2 contains first user data and first control data in a first order and said second 

portion contains second user data and second control data in a second order, 
4 wherein said first order and said second order are substantially the same. 


