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SYSTEM Technical Field [0001] The invention relates generally to wrel ess
comuni cawpDea/033s6t ens and, nore particularly, to distrib®eCirarsops2sas giti zed
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have incorporated CDVA technol ogy include cellular radiotel ephones, PCMCI A
cards i ndechpocaFeddw t hi n conputers, personal digital assistants (PDAs)
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Spect rum irfepsiczand " CDIMA "tecHidlidy- Mmdlipfe cellidye radibtalgphoriy, HAMELA nepr@t andar d

for cdma2000 Spread, Spectrum Systens,” and the "C. S0024 cdna2000 Hi.gh Rate
Packet | DatlEomaraicq Y ithin, eampers; merseprlofeeitel assistanta 2 %A@t shyare) Withg (5)

sonme ot heMi&ﬁé%@?&{ir@n&cﬁtioﬁ&agﬁﬁmiw%d tHphgnent s the H gh Rate Packet Data

specification o ma2000 standard is referred to herein as a high

dat a r at e [§0BRA €I¥VAnsysEhemiapresqasigaat ite supprtinenve thare CMAEstAnd 8856,

" COMAZ000 sﬂhget]s (I?? tthee 'ﬁ%—%hﬁ\&ﬁe g&%igﬂ_ﬁﬂgéa Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum Cellular System" (the IS-95 standard), (2) the
"TIA/EIA-98-C Recommended Minimum Standard for Dual-Mode Wideband Spread
Spectrum Cellular Mobile Station" (the IS-98 standard), (3) the standard offered by a

consortium named "3rd Generation Partnership Project” (3GPP) and embodied in a set
of documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213,
and 3G TS 25.214 (the WCDMA standard), (4) the standard offered by a consortium
named "3rd Generation Partnership Project 2" (3GPP2) and embodied in a set of
documents including "TR-45.5 Physical Layer Standard for cdma2000 Spread Spectrum
Systems," the "C.S0005-A Upper Layer (Layer 3) Signaling Standard for cdma2000
Spread Spectrum Systems," and the "C.S0024 cdma2000 High Rate Packet Data Air
Interface Specification" (the cdma2000 standard), and (5) some other standards. A
system that implements the High Rate Packet Data specification of the cdma2000
standard is referred to herein as a high data rate (HDR) system. The HDR system is
documented in TIA/EIA-IS-856, “CDMA2000 High Rate Packet Data Air Interface
Specification”. Proposed wireless systems also provide a c‘ombination of HDR and low
data rate services (such as voice and fax services) using a single air interface.

[0004] A typical CDMA communication system includes a number of mobile subscriber

units that encode voice and data in CDMA waveforms. The subscriber units
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space, and provide an opportunity for circuit breaks to occur. Moreover, a
rel at i vel waveform based on the combined stream of data bits.

[0006] One challenge in such a system is to maintain synchronization between the
various components of the base station. Each modulator must, for example, determine a
starting bit for each frame within the stream of serialized data. One conventional
approach is to use a separate synchronization signal between each modem and the
transmitter to indicate the beginning of each frame within the data stream. However,
these interconnections between the components of a base station add cost, consume
space, and provide an opportunity for circuit breaks to occur. Moreover, a relatively
large number of hard-wired interconnections can become bulky and cumbersome.

[0007] Another conventional approach to determine synchronization is for a
component, such as the transmitter, to adjust frame alignment upon detecting some
number of parity errors within the serialized data stream. The transmitter typically
“slides” the frame by one bit upon detecting a substantial number of parity errors. The
transmitter continues this process until settling in on the correct framing. This
approach, however, may not converge to the correct framing depending upon the
characteristics of the data. In particular, data representing degenerate waveforms, such

as unfiltered CDMA signals or a waveform carrying substantially constant data, may



| arge nunber of hard-wired interconnections can beconme bul ky and
cunbersone. [0007] Anot her conventional approach to determ ne

synchr oniwetomossss for a conponent, such as the transm t PET/USHD3IZAES ust
frame alignnment upon detecting some nynber of parity errors within the
serialized data stream The transmtter typically "slides" the frane by

one bit upon detecting a substanti al nber of parit rrors., ITh
transmt t@uswwﬁma@g%r AT <thery %’@@’é@“@ﬁﬁr"’ iu‘FC’I%IéCtnFP‘iS e %ﬁeﬁﬁ%ﬁﬁéaﬁsgfé?m

fram ng. ' : roac I wri : lind fs@m ng
depend: ng L p e e e B R o g &

r epr esent mmgligeglener at e wavef orns, such as unfiltered CDVA signals or a
wavef orm carrying substantially constant data, may WO 03/ 032565

PCT/ US02/ 32558 3 cause the transmitter or other "downstreant conponents
receiving the serial data stream g{gpexpgevence significant periods w thout
detecting parity errors even when framng 1s misaligned, SUVWARY [0008]

I n gener al0008hb geneealt therinventighrie clinseted do sypteme psing ispdalized dala seamsat a

008 onrie et . i seana
Framng. i SR Re RHGH PRciafied b el HAE Ao R RRGERA o

I n parti cwheéd thédataOktréiBisCare "1rROEIVEPWNd de-serialigedad the attivuldre oselor ahdbzed dat a
streami n posi t,i, ons where the ent r_o%i/ bits can cause pari Ly error.s on
mi sal i gneEnfroRyebits greaddgd tp thpserialiped datp stregm i RosHiops WhsERE cFPPYdBISr ect | y

aligned f o]l r : : r
pseudo. r arose bty DSBS Thmes et SRTM BrerBf Y b SR
di rect ed taretlyedlizndd ifranvdsi ciha edabpy Hitsemay, fos eyempleatediniizviandora @at a

frame format that. includes at | east one bit to provide error detection and
at | east Bsﬁ’éd%‘ﬁ%qdﬁﬂ'ﬁyﬁ? cralgdhe data stream may be generated by, for

exanpl e, ROPOABIM ddibdlife M iDRBE0R iPditRbd 16 AMAMBEPIWhieh bidansdliehined
based on the data stream ]0010] In another enmbodi ment, the invention is

di rect ed iscgeanratgdpaavingis datefme format that dnaledes ot frast enenbid teprovide #1rer a CDVA
b tatign.. Th t i dul
onect 1 um delpsion e SRS otk SR BES  Fho TRALRLEY pf Y BlESPRL°0G

example, a modem within a CDMA base station. A waveform is transmitted based on

the data stream.

[0010] In another embodiment, the invention is directed to an apparatus, such as a
modem or other component within a CDMA base station. The apparatus comprises a
modulator to produce spread spectrum data, and an output interface coupled to the
modulator to generate an outbound data stream from the spread spectrum data. The
output interface formats the data stream according to data frames. Each data frame
includes a set of data bits, at least one bit representing error detection information
calculated from the data bits, and an entropy bit. The output interface selectively
includes the entropy bits based on a configurable setting.

[0011] The invention is capable of providing a number of advantages. By making use
of an entropy bit the downstream components, such as a transmitter within a CDMA
base station, more quickly correct for misaligned framing positions. Accordingly, the
invention provides a more robust synchronization mechanism between components of a
wireless communication system. Consequently, the invention can reduce a number of
output pins for the components by eliminating the need for an independent

synchronization signal to be produced in parallel with the serialized data stream.
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channel . 0016% FIG 3 is a block diagramillustrating an exanple cell site
modem wi t FRH 5k FlGst is atblegkodiagram of a portion of a base station for handling spread

- spectrum communication on a single channel.

[0016] FIG. 3 is a block diagram illustrating an example cell site modem within a base
station.

[0017] FIG. 4 is a timing diagram illustrating an example format for a serialized data
stream produced the cell site modem.

[0018] FIG. 5 is a timing diagram illustrating another example format for a serialized
data stream produced by the modem.

[0019] FIG. 6 illustrates an exemplary bit pattern for a timing code.

[0020] FIG. 7 is a flow chart illustrating the use of one or more “entropy” bits within a

spread spectrum communication system.

DETAILED DESCRIPTION
[0021] FIG. 1 is a block diagram illustrating a spread spectrum telecommunication
system 2 in which éubscriber units 4 communicate via base stations 6. Examples of
subscriber units 4 include cellular radiotelephones, PCMCIA cards incorporated within
computers, personal digital assistants (PDAs) equipped with wireless communication
capabilities, and the like. Base station controller (BSC) 8 provides an interface between

base stations 6 and the public switched telephone network (PSTN) 10. In this manner,
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the use of an entropy el ps” ens
process the serialized data stream, detect framing misalignment. In particular, the

modems introduce an entropy bit within each frame to force the transmitted data to
change relatively frequently, and thereby avoid data patterns in which frame
misalignment may otherwise go undetected using existing parity error techniques. In
this manner, the modems help ensure that the other downstream components converge
to the proper framing for the received spread spectrum signals, conserving significant
bandwidth previously lost to frame slip. Although illustrated in reference to base
stations 6, the use of entropy bits may be incorporated within other components of the
system 2 including, for example, subscriber units 4.

[0024] FIG. 2 is a block diagram of a portion of a base station 6 for handling spread
spectrum communication for a single channel. Base station 6 includes one or more
channel cards 35A — 35M. Each channel card 35 includes one or more cell site modems
(CSM) 20 that receive voice or data 32, typically as a reverse channel communication
from a subscriber unit 4 or data routed from base station controller 8. Each CSM 20
generates a spread spectrum output data stream 42. Each channel card 35 includes a
summation unit 37 that combine the output of the CSMs 20 into a resultant serialized
stream of data bits. Similarly, summation unit 39 combines the data stream from

summation units 37 to a serialized stream of data for communication as a forward
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I'n one entgﬁ)lsmiat fna}g T rlllgcled Keifl & >Rumber 3o6f derent types of transmitters 38 and

summation units 37, 39. This operation is described for exemplary purposes only. The

principles of the invention may be applied in a modem that only operates in the second
mode, i.e., a modem that always introduces one or more entropy bits within data stream
42. In this manner, outputs 43 may be eliminated, thereby reducing the number of
interconnections within base station 6.

[0026] Without the introduction of the entropy bit by the CSMs 20, summation units 37,
and any other downstream components of base stations 6, such as summation unit 39
and transmitter 38, may experience significant periods without detecting parity errors,
even when framing is misaligned. This may be particularly noticeable for a data stream
representing certain degenerate waveforms, such as unfiltered CDMA signals or a
waveform carrying substantially constant data. For example, consider a data stream
carrying a constant zero data value in which each data frame carries 15 unsigned data

bits, 1 parity bit, and no entropy bits, as illustrated by the following table:
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DATA BI TS

1 parity bit, and no entropy bits,
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0000 0000 4Q 15%&%@@%11%&&&%%&%%&0 one, assuming parity is defined to have a

value of one when an even number of data bits are set to one. A framing error of one bit
(row 2), causes the parity bit to be considered as a data bit, and causes data bit [15] of
the subsequent frame to be considered as the parity bit. Consequently, without the use
of an entropy bit, transmitter 38 will not detect parity errors. Similar, a framing error of
two bits (row 3) does not generate a parity error.

[0028] Although TABLE 1 illustrates framing 1 bit and 2 bit framing errors, all
rotations through a zero value have similar effects in that summation unit 37 does not
generate parity errors. Furthermore, this characteristic holds for all constant values, not
just zero. In this manner, without the use of an entropy bit, summation unit 37 may
otherwise not be able to achieve synchronization with a CSM 20 for substantial periods
of time, resulting in wasted bandwidth. Although the use of entropy bits is described in
reference to parity schemes, the entropy bits may be used with other error detection
schemes using additional parity bits or other redundant information.

[0029] Another situation in which parity errors may go undetected is the transmission of
sequential pairs of data having values of =N. For example, consider the sequential

transmission of +1023 as illustrated by TABLE 2:

FRAI\/I NG



0000 010 TABLE 1 [0027] When properly synchronized (row 1), a summation
unit 37 receives a zero value' as 15 zero bits followed by a parity bit
set to orwP0a®3Is ng parity is defined to have a val ue' ofPCIASONBAESH an even
number of data bits are set to one. A fgaming error of one bit (row 2),
causes the parity bit to be considered as a data bit, and causes data bit
[15] of the subsequent frane to be considered as the parity bit'.
Consequently, without the use of an entropy bit, transmtter 38 will not
detect parity errorsvASiUR | ar, |a framDADASBITSr of tWPARITY (royw 3) does
not generate a|parity error. [()028]1 Al t hough TABLE 1 illustrates framng 1
bit and 2 bit framng errors, al15:1} ot ati ons thr&%ﬁﬁ)]a zero val ye have
simlar effects T tigt,zsummatiiom uniit 3771 P0ES Mot ggnerate pality errors.
Furthernore, this chglrjdazgt eristic hol sllf(I)}Pgll :onstaﬁt val ues, {not just
zero. In this panner, w thout theo®seoof an entropy bit, summatjon unit 37
may ot herw se achi synchronization—w-th-a-CSM 20 for
substantial pefiods -1883ti me, 1fesul tilﬁgdpﬁoQ/vasted bandwi dth. Al { hough t he
use of entropy| bits is describegdgipijyeference {o parity schemes, the
entropy bits npy be used with tﬂer error_detection schenes using
additional parity bits or other redundant information. [0029] Another
situation_jin vi/?rhich parity errors may go undetected is the transm ssion of
sequent i aITAé%Pr ¢ of data havi ng val ues of N. For exanple, consider the

sequent i aligodof FRFHALE %ﬁé’ﬂseoéf%éltfb%g' Bit, USEhRIRCrRY oFABkfeIR bitoRid/ Bdd65
PCT/ US02/ 32558 = 8 VALUE DATA BI TS PARI'TY [15:1] BIT[0]  +1023 1111 1111 1

1100 000 swDRBtieN0a6it0000reteived11l1111 TRHE @012 Hiese] byWoHbLUR0R ¢id 1uldd 1of an

entropy blféf WﬁCfl Ao i %7%ou?d ol ge!n%ralgel i[)an y%{rrgrs(.: aljijisa.%.idition, summation

unit 37 does not generate parity errors for framing errors of 3, 5, 7,9, 11, 13 and 15 bits
when receiving data alternating between £1023. The values of +1023 are used for
exemplary purposes to illustrated a characteristic typical of waveforms carrying values
of =N. Another example involves the values +64, which do not cause parity errors for
framing errors 00, 1,2, 3,4,5,6,7,9, 11, 12 and 15 bits.

[0031] A wide variety of permutations generated from these and similar values can also
lead to situations in which parity errors may go undetected. For example, consider a

waveform the sums any combination of the two values £1023 and +64 as illustrated by

TABLE 3:

VALUE DATA BITS PARITY
[15:1] BIT[0]

+1087 1111 1100 0
0010 000

+959 11111101 0
1100 000

-959 1000 0010 0
0011 111

-1087 1000 0011 0
1101 111




summation unit 37 to receive 1111 1111 1000 0011 fol |l owed by 0000 0000 0111
1111, for which summation unit 37 would not generate parity errors. In
addi ti on,wewatsxssHn unit 37 does not generate parity err ®C3/udso2/3¥56&m ng
errors of 3, 5 7, 9, 11, 13 and 15 bitg when receiving data alternating
bet ween +1023. The val ues of 1023 are used for exenplary purposes to
iI'lustrategsgrgharacteristic typical of waveforms carrying values of +N
Anot her exanp%e i nvol ves the val ues +64, which do not cause parity errors
for frani[00324rWaheutdhe Ose df an2ent®pydit, The thnsthissibn dflny kdnbirchtidd obiltese

[0031] A wi variety of pernutati erated fromthese and sim]ar

ns. gen
val ues can’® %§61°esl R Fapsy &r{t}ﬁg’c’rf’{? r?‘i‘ig\]ﬂ'ﬁ PRS0y > 8r 2o0hS> byl gyend 15

undet ect edyjigFor exanpl e, consider a waveformthe suns any conbi nation of
the two values 1023 and 64 as illustrated by TABLE 3: VALUE DATA BITS
PARI TY [ 18033] Tel fclitate+sypeironization, 109M8 230 ifr@idCe 086 Sorltbie ABIpyObitd 100
000 -959 1000 0010.0 0011111 -1087.1000 0011 Q 1101 111 WO 03/ 032565
PCT/ US02/ é’é‘g% cagt fiamg 18 %*gifrob’s‘i‘}s‘lw I}’r‘?gmlsag‘ﬁ@e%g%md‘ﬁg RRSTHORS B ALY ¢ he

transm ssigpprDbvaiim cassRucnsd ﬂaaseOcieséﬁ&a%oV@in@Sﬁi@Qﬁe}eﬂ&hte%ﬁqnﬁélf iy
errors for f.ram'% errors of 0, 1, 3, 5, 7, 9, 11,7 13 and 15 bits. [0033]

To faci | i thattisulyrthmiusmpban ParopYCBhEnsaCEsithe defd peedused by CSs 30 emparispee bi t s

5 el Aol PGl CCoBRLEnd Ak pesl AR LAM B8, BBl

i nvol vi ng ddegandhatretedesbet© imEIABICES 1, 2, and 3, will generate parity errors when
framing error occurs. In one embodiment, CSMs 20 randomly or pseudo-randomly
generate an entropy bit for each frame. In another embodiment, CSMs 20 take
advantage of the entropy bit to communicate additional information, such as a timing
code. Despite the addition of an entropy bit to each frame, there is a savings in system
bandwidth with the ability to more rapidly achieve synchronization.
[0034] FIG. 3 is a block diagram illustrating an example cell site modem (CSM) 20
according to the invention. CSM 20 includes a demodulator 34 that processes data 32 to
produce demodulated data. Conversely, modulator 44 applies a spreading code to
outbound serial data, thereby producing outbound spread spectrum data 45. Based on a
selected mode of operation, output interface 48 calculates parity and entropy bits for the
outbound data 45 to produce output data stream 42 conforming to a particﬁlar data
frame format. Output interface 48 may include, for example, a random or pseudo-
random number generator and parity calculation hardware. Transmitter 38 (FIG. 2)
transmits output data stream 42 for communication as a forward channel waveform 30.
Internal bus 52 interconnects demodulator 34, modulator 44 and embedded processor
46.
[0035] Channel processor interface 50 provides an interface for communication with
channel processor 36 (FIG. 2) via control signals 40, and may include control registers
or shared memory. In response to control signals 40, embedded processor 46 configures
output interface 48. In particular, channel processor 36 selects one of two operating

modes for output interface 48 to control the frame format of output data stream 42 as

described above.



particular, the use of an entropy bit ensures the data produced by CSMs 20
experience relatively frequent changes. Consequently, the transm ssion of
certain d&Da3/0Nseh as the data as illustrated above in TRBILES0Z32528 and 3,
wi |l generate parity errors when framjgg error occurs. In one enbodinment,
CSMs 20 random y or pseudo-randomy generate an entropy bit for each
frame. |n gosihes gnbqdy ta; %q:@(s] : R98 th bit to
comuni cat[e addi ti onal irﬁ?lgrdrlr% I on,na%ﬁat(t:ll?fgglg eg(g%@% ng aggoée% geﬂgis%%d?@(% he

addi ti on octream S8rirodyed bytCIM 20aEHG.fY) dhat mdkee nse oSansergfoplyrbils Dita sy@ine m
bandw dth with.the .abili to nore .rapidl chi ev ynchroni zatjon. [0034]
FIG3 is ﬂb‘ia&% S&Fé‘&ﬁ&ﬁfa{al ‘Pf&OPF%PPﬁ@ %gweéggﬁﬁegn Z@Ibf@si tI8 pagisalancedh) 20
accor di Ng find BRIIdBY 4t HLR bifeSW¥h BaliRe bif aﬁdd&{@am@ty%- t cesses
data 32 to produce denodul at ed dg)t aBpCog@Zr sely, no Iat%iﬁhkg%%%(gs a
spr eadi ng gepefates dhe panitlyduinblassé ronadatal bite [DO X3¢ end pragebiyj dg nouirsmdadhe pr ead
spectrum a . Based .on el eci ed node .of operation, .outpuf .interface
48 cal cul ;éﬁ %ergpsb i HB@P’gﬁ’ag'e‘ﬁ‘?cfu&%ﬂ?nbiﬁ%ysmf?fpoﬁaﬂgg 2 SRR 8’&‘8’&1 ‘;E)?Sfl {fi3mr oduce
out put dattBe &dtd Bamvidthas beésdeddcddorein N3t 611 £bitsl Mud sydchaiezakigh BBt be Ut put
interface 48 may include, for exanple, a random or pseudo- random nunber
gener at or 2gHgv @éﬁﬁg{lsﬁcé%ﬂ% qrpkpi rind amedree actigvedserent iar cB@miftan@es Ayhere
transmts 8]5&11]9 : r mruni cati on as a forward channel
wavef orm 30 (?ﬁ%%?%%&%@%ﬁgen éé[roggﬁr)lhects denodul at or 34, nodul ator 44
and enbedd@aB7pConsidsndata 4trcarth FR3&dryin b RohstRitofes Aot VvaME rak d0estaldmyvi des
an i nterfa[c flgs)r. comuni cation with channel processor 36 (FIG 2) via

cont rol sim 4'40, and may include control registers or shared nenory. In
response [T0 CORRIANI gnars 4o Befgied [proce Y6—gonfig gtjput
interface 48. In paP?dl:Tcul ar, cﬁanne?f%r og¢essor 23 gglbects on:aEIo};R(Pl\S)\,YI;)
oper ati ng ERRQRs for ouf@:Dild} erface 48|BidTcontrol theHITane format |of
output data stream42 as described above. WO 03/03256% PCT/US02/ 32558 10
[0036] FIG 4 i §BITSI mi ng di agdeMadonweoe ati ng dn exanplie format for g

serialized data strean produced by CSM 20 (FI G 3) that makes use |of an
entropy bit. Data strea 52 carries serialized data off consecutive flrames
H h LA\ it Lhs N A o aach
of sixteen S RN L S v T T 1 0
01
TABLE 4

[0038] If entropy bit (E) is randomly generated, there is a 50% chance that CSM 20 will
generate the entropy bit as a one. In this situation, a framing error of one bit (row 2) or
greater will generate parity errors. Accordingly, there exists a 50% chance of detecting
a parity error for each misaligned frame received. Consequently, there exists only a
25% chance that a parity error would not be generated in two consecutive frames
carrying a zero data value. Similarly, there exists only a 12.5% chance that a parity
error would not be generated in three consecutive frames of a zero data value.

[0039] FIG. 5 is a timing diagram illustrating another example format for a spread
spectrum data stream 54 carrying CDMA signals. In particular, data stream 54 carries
multiple complex (I &Q) channels. Transmitter 38 receives the two channels in parallel.
In this format, CSM 20 generates 30 data bits (I[0:14] and Q[0:14]), one parity bit and
one entropy bit, per frame. CSM 20 calculates the parity bit (P) based on all of the data

hite (O and N and exclindes entrant: kit (B firam the ralenlatinn



frame includes 14 data bits, one parity bit (P) and one entropy bit (E).
CSM 20 generates the parity bit based on data bits [DO0: D13] and, notably,
do not i wDwd@®3zske entropy bit in the parity cal cul ati onPCBUSO28236%0r at i ng
an entropy bit within each frame, the data bandw dth has been reduced from
15 bits to 14 bits, but synchronization can be achieved significantly

qui cker, t r I zation
woul d ot heltur D (B BRRamaT SN 20 SRl TR SRR, pHIT e Son BT RONRE, 4F

const ant zawthed asbodahers, CkSMlZ(] tegkies aaﬁemtdige ofl Aidl_Entfopy-BAMoNCorhiAlficdtt TS
PARI TY EI\I‘I’% FRI?CR JtDO D1 BITBIT 0 BI TS 0000 0000 0000, 1. 1 00 1 BIT
0000 0000 tpngl gUomRAtPRREYE ai aomang qode dey defp seam( & The timiagmoge
gener at ed, %4 chang %Mi I py bit
as a one. tﬁ?@ﬁ??@?ﬁ%&%n ?rféltlrilln("i)a{rtl(j1 err(%)lp %\?&gﬁseeg%%&%r ow ‘g% g‘%"’gr eat er
wi || generutite %aTAB&Eérﬂbstsa.tesAmmxampigfmnat hewhichxheclt salae S0dircthaningngf

det ecting or for aligned frame received. Consequently,
t here exi sctgi Eﬁfp{}regen?%{s%mg@eenfrﬂgﬂg ‘parity error woul d not be generated
in two consecutive TranpgrnBD'YODE a Zefo dal gn@oEy gprm 1 afly, there
exists only a 12.5% chance that a parity| error would not be generated in
three consecutive| frames of a zero data BM@EF{N)%Q] FI G5ip atimng

di agram il | ustrat Fag—an exanpte—forfrat—o spreatd—sperct rum dat a
stream 54 carrying Zgigna In particular bl@ata stream 54 carries

mul tiple conplex |I &Q)ONIEanneI s. Transmtter gPirecerves thel two channels
in parallel. In this formt, CSM 20 generates 30 data bits (J[0:14] and

Q 0:14]), one parj ty bi SYNﬁ‘dCO&’Ee entropy bit,Opr franme. CSM 20 cal cul at es
the parity bit (P)y—based-or—al uf ‘”I"" tat-a hits O—anat—+H- ATl d
P.Xl:1liid .CPnfi-,-i , T,i+ (P\ f;-nmft,a ralriilafinrn WD 03/032565

PCT/ US02/ 3R&BBE 511

[0041] Accordingly, FIG. 6 illustrates a bit pattern 56 transmitted by CSM 20 for a

current timing code of 0111001. In particular, bit pattern 56 comprises 32 bits, which
CSM 20 may transmit using 32 entropy bits of 32 consecutive frames.

[0042] FIG. 7 is a flow chart providing a high-level overview of the operation of a
component, such as a modem operating within a CDMA base station, that introduces
one or more “entropy” bits to ensure that receiving devices detect misaligned framing
positions. Initially, the modem generates spread spectrum data for transmission (60),
utypically by applying a spreading code to a stream of outbound symbols. Next, the
modem controls the frame format for the output data based on a configured operating
mode (62). In particular, when configured to operate in a first operating mode (YES
branch of 62), the modem produces the output data stream such that each frame includes
separate parity bits for the I and Q complex channels (66). .

[0043] In the second mode, (NO branch of 62) the modem calculates a single parity bit
for each frame based on all of the I and Q data bits (64). Next, the modem generates
one or more “entropy” bits for each frame of the output data stream, as described in
reference to FIG. 4 (68). In one embodiment, the modem randomly or pseudo-randomly
generates an entropy bit for each frame. In another embodiment, the modem takes
advantage of the entropy bit to communicate additional information, such as a timing
code. Finally, a transmitter makes use of the entropy bits to synchronize with the

modem, and transmits a forward channel waveform based on the data stream (72).



[ 0040] In one enbodi nent, CSM 20 generates the entropy bit in a random
manner. I n another enbodi nent, CSM 20 takes advantage of the entropy bit
to comurwoasm®32sexidi tional information, such as a tim ng ®cHASHYBE256%ALt a
stream 54. The tim ng code typically ggnfornms to a standard fornat agreed
upon by base stations 6 and subscriber units 4. TABLE 5 illustrates an

exanpl e fo nt ed
by Tour (40, VAR bR R Mot e, bl ABRERROT sBPEIED “one
0111 SYNGnGDE forl 1€ ibABkRpdnen004 b sppeziospdtimghycontthéhibatidnl sistehgtsash as bi t
pattern 56 tran ted b for,a current timng code of 0111001. In
particul ar¥ llib‘iltasbﬁéec o %@ S(’:‘glﬁ%%%l%%lt Ags peangdescyphed hat duigadag dIgeTRIP OF PR i t
using 32 eéiftfoﬁ?&t?'\xxltﬁnpéacﬁ?ﬁéiﬂé‘éﬁﬁ%h }t&‘i Yo erorth 094 Fhis n#a(ﬁngr R rﬂo&én?w
chart providing a high-level overview of the operation a ~conponent
such as a emdemmpéGMSmgmwomponems@Ew thizslégret] dtaimong podiddnsi byt genetating one
its to ensure that eceivin eice.s det ect, m sal i gned

t d
ramng oL PR n P IRaR Ao e TARORHaP R bEHeptias o SpeEeriEn Bhin for

transni ssiQnidufh) the usy BF aRlchitopy bARRbME  BearSRnARMI dith EQRGARs FelslifeRrM Of
out bound sﬁ?rt‘tl)ol s) euxt thee (r)rlg%em controles the frame f G)girirrgtt So? tHfgyaout put

dat a basedresment chengasqfhsse asbether eigbodimenats @ag2yvithinrthp scenecef] the following
configure}&& operate in a first operating node (YES branch of 62), the
nodem produces’ t he out put data stream such that each franme incl udes
separate parity bits for the I and Q conplex channels (66). . [0043] In the
second node, (NO branch of 62) the nbdem cal culates a single parity bit

for each frame based on all of the | and Qdata bits (64). Next, the nodem
generates one or nore "entropy"” bits for each frame of the output data
stream as described in reference to FIG4 (68). In one enbodi nent, the
nodem random y or pseudo-randonly generates an entropy bit for each frane.
I n anot her enbodi nent, the nodem takes advantage of the entropy bit to
conmmuni cate additional information, such as a timng




code. Finally, a transmtter nmakes use of the entropy bits to synchronize
with the nodem and transmts a forward channel waveform based on the data
st ream ( AZP.03M568/ 032565 PCT/ US02/ 32558 12 [ 0044] Vari oksTAarsbwshssent s of
the invention have been described. For ;gxanple, a nodemfor use in
conponent of a spread spectrum comuni cati on system such as wthin a base
station or a SL@‘?HM?I’ uni t, has been described that introduces one or
nore entropy bits wthin each frame of a transmtted waveform In this
manner, the nodem ensures that downstream conponents detect m saligned
fram ng positions hy neratin parity errors in situations where the

m sal i gnment i ght %P%&P&f%‘@pﬂgnézndet ected. In particular, the use of an
entropy bit ensure : i L : td guent
changos. These andzarha e R B el Sl R e g
cl ai ns. WOead /008 BH sprézEmingSaPor3bsdon ifornGitiah B atlleash ome titogpydatypnd si ng: 2
generating a data treagl havi ngqfdatg framﬁ}s, ¥\,herei n each franme includes

at | ehst one bit rSpPBUEME AP O2pet 8B fedl?d 8Pt i on and at | east one
entropy bit; and 4 transmtting a waveform based on the data stream 2.
The nmethod of claim1, wherein the error detection information conprises 2
parity inforndti onThagmettiod ofstaiwd , stherdimthmenror dgtestivnrinfpsmatic ¢amprishe dat a
streamc i calculating the error detection information exclusively
of th£en eﬁ%ﬁ@ﬁﬁlﬁ&nﬂh The nethod of claim 1, wherein generating the data
stream conprises 2 randomly or pseudo-randomy generating the entropy bit.

5. The nmethod_of claiml, wherein generating the data stream conprises 2
encoding a tife codBe methorof chamdnvheisin sneatige thedatasreans ¢OmRIHes 6. The

met hog Ofq16kia4idB the eMBEAGERoRRER T AGorPex! }[ﬁﬂ‘?hé"éﬁtw tropy bits 2 of
the data ?rarreﬁsfg cgrerprl ses roepeaﬁﬂng a’%g{gﬁ’ie patter np\%bt?ﬂi n entropy bits of
32

4. The method of claim 1, wherein generating the data stream comprises

2 randomly or pseudo-randomly generating the entropy bit.

\ 5. The method of claim 1, wherein generating the data stream comprises
J
2 encoding a time code within the entropy bits of the data frames.

6. The method of claim 5, wherein encoding a time code within entropy bits
2 ofthe data frames comprises repeating a 32-bit pattern within entropy bits of 32
consecutive data frames, and further wherein the bit pattern comprises the time code and

4  asynchronization code.

7. The method of claim 6, wherein individual values within the timing code

2 and the synchronization code are represented by four entropy bits in four data frames.

8. The method of claim 1, wherein generating the data stream comprises
2 selectively generating the data stream according to a first frame format or a second frame

format based on a configurable setting.



consecutive data franes, and further wherein the bit pattern conprises the
time code and 4 a synchronization code. 7. The nethod of claim®6, wherein
i ndi vi duawowalsesss wi t hin the timng code 2 and the synchPomiusar/3a588 code
are represented by four entropy bits igy four data frames. 8. The nethod of
claim1l1, wherein generating the data stream conprises 2 selectively

generating the dat g,34ieRE GCEAMH, Whetdn Seibdifvaly V%hggﬁgégge@%%ef%;econd

frame format based on a configurable setting. 02/ 32558
14 9. 2Theompribascelstiivelninelu@ingthe entropysEt withineetly frgmn basddionghe he data stream
2 conprises.sel.ectively including the entropy bit wthin each frane based
on the 88?ﬁ$‘ljﬂﬁ%fitténgsetti ng. 10. The nethod of claim8, wherein each frane
includes a set of | and Qdata 2 bits for a code division multiple access

communi cati on éCDI\/A system and selectively generating the data stream
conprises sel 88t i véhy methasiffslaime, avhetenyashfanea incluides 4 sat of hand Q4latand Q

data hitsg. cal : | eparate parit it the 1 an ata bits
base dgo n %ft%goq a@%ﬁ% ?{‘;’%ﬁ% & ﬁlgg KRG C%T’fmi%%gﬂ Egi)ﬁ@ssy&?ﬁb 'apg is?%&wfﬁ'a

nodul at ogerepatpfedtitidsta SRERAGoBPESS: SelettikalPcalculdingdh Dhid1p Bhridy Mttt aeg coupl ed
to the nodul ator to generate an outbound data stream 4 fromthe spread
spectfu Redatapitsrantl salcnlating senarate pardty bife borthy hendsQudata hitstbasest anethen
accordin 3 s that include at |east one bit for error detection
and at Ig%%%ug%%@%&% ‘ropy bit. 12. The apparatus of claim 11, further
including a transmtter to produce a 2 spread spectrum waveform based on
the data stregfn 13. The apparatus of claim 11, wherein the error detection
i nformati on ong\PiaQB?ag‘éFPwﬂﬁlﬁ%or mation. 14. The apparatus of claim 11,

wherep n the oWiidulatddt8 pfoiase gﬁg&}gp@gt@@nggﬁ; glgor 2 detection information
exclusively of the entropy bit. 15 The apparatus of claim 11, wherein the

out put i nt er f azeutppidhigdiase eoupkasidorthe modulator to generate an outbound data stream

4  from the spread spectrum data, wherein the output interface formats the data stream
according to data frames that include at least one bit for error detection and at least one

6 entropy bit.

12.  The apparatus of claim 11, further including a transmitter to produce a

2 spread spectrum waveform based on the data stream.

13.  The apparatus of claim 11, wherein the error detection information

2 comprises parity information.

14.  The apparatus of claim 11, wherein the output interface calculates the error

2 detection information exclusively of the entropy bit.

15.  The apparatus of claim 11, wherein the output interface includes a random

2 orpseudo-random number generator to generate the entropy bit.

16. The apparatus of claim 11, wherein the output interface encodes a time

2  code within the entropy bits of the data frames.



2 or pseudo-random nunber generator to generate the entropy bit. 16. The
apparatus of claim1ll, wherein the output interface encodes a tine 2 code
wi thin thwoeasspy bits of the data franes. WO 03/ 032565 PCT/USg922s32558 15
17. The apparatus of claim 16, whereinsthe output interface encodes a
32-bit 2 pattern within entropy bits of consecutive data franes, and

further wherein thenbhipaPahd & dainf PETRFHAES tHeRitdult MReFRAE @ 32-bit
synchroni zati on code. I;J’1.78a The a?)lpar atus of cl aitﬁm 11‘,3 V\herng(?&r%st he (%ut put

i nt er? acpatipan agthineityppy biteraf eonsecutive datatftansstsy andrfugtberovitireig thobibpdtierst f r ane
format or econd. frane fqrmat .based.aon configurable setting. 19. The
appar at ugor%?x%scegg}e&{r& ?O%ﬁgisﬁn‘f}%mé%ﬂ%ﬁﬁ?m erface selectively 2 includes
the entropy bit within each franme based on the configurable setting. 20.
The apparatus of claim 18, wherein the nodul ator produces | and Q data 2

for a code di V¥si oRbe@npergimseoizdaiaskl, sdwermintheoutn itate)selsgtivebyforanaig
further r el : i tid he tput interface
sel et(.:bt(:a ive ;%/l agaa cu %’?éogglggg?hlg? Setcﬁ)ﬁ.gﬁllIl ép%%?tg&%’lsté g?néir&%ﬂ%% 'y S%J%?a or

cal cul at emfpepbicadettingarity bits within each frane for the I and Q data.

21. The apparatus of claim 11, wherein the apparatus conprises a W deband

2 Code Division Multiple Access (WCDMA) digital baseband nodem for use in a

CDVA  base stg§iongye apparatus of claim 18, wherein the output interface selectively

2 includes the entropy bit within each frame based on the configurable setting.

20.  The apparatus of claim 18, wherein the modulator produces I and Q data
2 for a code division multiple access communication (CDMA) system, and further wherein,
based on the configurable setting, the output interface selectively calculates a single
4. party bit for the I and Q data or calculates separate parity bits within each frame for the I
and Q data.

21.  The apparatus of claim 11, wherein the apparatus comprises a Wideband
2 Code Division Multiple Access (WCDMA) digital baseband modem for use in a CDMA

base station.



