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BACKGROUND OF THE INVENTION' 5 1. Field of the Invention The present

i nvention relates to wireless tel ecommuni cations. Mire particularly, the

pr eis ent 't nve“HIFI#I?@FFA—MTE’SWPBWEN‘IWE CFANNEID Fl(§b${I CDMA

i npl ementing a hig ran g e

Description of the Relat Z@iﬁéém@m&éf%ﬁﬁy

Tel econmuni cati ons I ndustry 15 ASSOCI ation (TIA), and its derivatives such

as | S-95A and ANSI J- STDgOQ &tlgce sw {OFTHEE INVENTION Y as | S-95),

define an_over-the-air inte able for 1nplenenting a
bandwi dt hSefficient digital cellular telephone system To this end, 1S 95

provi des a netgiel bptheshvditiehni ng mul tiple radi o frequency (RF) trafflc
channel s, each having a data transm ssion rate of up to 20 14.4 kilobits

per second. The t'i*gfef fﬂ@ﬁﬂﬁéﬁd&ﬁf&w&smﬁe@éss%mgiﬁmﬁu&w@m t @ifepdony

or for conducting data communi cations inclu ilagvf)nal I

transfer, el Eém@ﬂﬁﬂ}’nﬁh‘i’ preseat inyentian gelatgs toca NPVe HF‘P§°}5!%9I' mgthed i s

adequat e 100r f4has gléﬁdéﬁﬁngfa heyletrebdssioharatppivecahé-afis intehfacencr easi ng
popul arity of nore data intensive 25 applications such as worl dw de web

and video conferencjng has created demand . f or much hi gher transm ssion

rates. To sall-d? ‘Sﬁcﬂﬂt@rh@amfe'ﬁéﬂ gﬁ present invention is directed

towards providing an over-the-air |nterface capahl e of -hi gher traﬁag ssi on
HEIRE

rates. FIG 1 ill (e al®95a standasd siframi f they JQ}?‘E%‘%‘&’-‘FGP&P& e
system 305 conkheatidf (T149, MRANAS dRRMtiie8Nsudd bb IS5 AIsaDANSE %mosng

operati on, phone cal | s and. ot her. co ns are_ congduct.ed
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Slh gnal ﬁ bThe sﬁﬁﬁblmt : foaimphemeanting uathrdwrdtwaﬁednlt rdigitbhsellulaat telephbe o
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stations 12 it eepbona’ o e ool A B st el pline
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While 14.4 kilobits per second is adequate for these types of lower data
rate applications, the increasing popularity of more data intensive
25 applications such as worldwide web and video conferencing has created a
demand for much higher transmission rates. To satisfy this new demand,
the present invention is directed towards providing an over-the-air interface
capable of higher transmission rates.
FIG. 1 illustrates a highly simplified digital cellular telephone system
30 configured in a manner consistent with the use of I1S-95. During operation,
telephone calls and other communications are conducted by exchanging data
. between subscriber units 10 and base stations 12 using RF signals. The
communications are further conducted from base stations 12 through base
: station controllers (BSC) 14 and mobile switching center (MSC) 16 to either
35 public switch telephone network (PSTN) 18, or to another subscriber unit 10.
BSC’s 14 and MSC 16 typ1ca11y prov1de mob1l1ty control call processmg, and
call routing functionality.
In an IS-95 comphant system, the RF signals exchanged between
subscriber units 10 and base stations 12 are processed in accordance with code
40 division multiple access (CDMA) signal processing: techniques. The use of
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2ssoci ated WANTRMETHED FORGENERATING! SIGNATaWRAVEHRRMS N & SdPMAn
of the IS 95 deringf, ;mm SYSEEAL? VREENLHY6 ﬂ{eaaésa@ Acd kése!ﬁ%ed

for the transm ssion of_ user data rom basg station 12 cuI ar
subscri ber urnvention pnd meorperated dsgeiny by AefereRCSase station 12 generates

mul tiple forward ITtiKahfidiphted ﬂ{wml‘!@kl%maﬁﬁbfbmh gher tehhshissiorusatbsfwill be

|
station. 155 gamertst e B Fosieae R BRAL Fotr g @V brat ik BEbANRY bypical 8
sync channel ,expedted toaxgicaiyectrraedata tlihn h&)m/eﬁh# g&waﬁﬁsgn ej formaad slmkof '
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I nput at node and proces con ks cal l.ed
franes. The ambseribes upisalg. nT@‘&cFFW%Fré o’r?eaEﬁ r@)lﬂg’%ajl trausmittad
each | ower Véﬂrﬁfn Qﬂis&ﬁbéﬂﬁhﬁﬂmaebasdﬁﬁhfmﬁﬂzt he next hi gher value. Al so,

o oSSl Bhe SCUS Bl ek b plb g Uood UEh 1 0N ibaRacs
contai ned in hﬂtiettaihgehanndr whiigh fis a:is)rtnoat@f thef I8 forward lipkdsignal. aThe
Lransm ssion foh/ard ik i cﬁﬂﬁﬁ‘leﬁs 886d 36¢ B! tratRinis o 8Flis@dateiRoAlrRUNt
of data contain res tran mssmn rate
of 8.6 kil ob.b@e;féaﬂ%éarfe aPﬁgn‘éﬁﬁ! P'gge @?Dfé F ;}ﬁei%gr%‘?%?? QPEERtRN,
hal f-rate, qu@fet Bése' st tton A20geieghies thaltepler forward link traffic channels, each of
| 25 which is used for communication with a particular subscriber unit 10.
Additionally, the base station 12 generates various control channels
including a pilot channel, a sync channel, and a paging channel. The
forward link signal is the sum of the traffic channels and control channels.
As shown in FIG. 2, user data is input at node 30 and processed in 20
30 millisecond (ms) blocks called frames. The amount of data in each frame
may be one of four values with each lower value being approximately half
of the next higher value. Also, two possible sets of frame sizes can be
 utilized, which are referred to as rate set one and rate set two.
For rate set two the amount of data contained in the largest, or “full-
35 rate,” frame corresponds to a transmission rate of 13.35 kilobits per second.
For rate set one the amount of data contained in the full rate frame
* corresponds to a transmission rate of 8.6 kilobits per second. The smaller
sized frames are referred to as half-rate, quarter-rate, and eighth-rate frames.
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vari ous fran@ B33 are used to- adj ust for the changes in voice activity
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interface be?%,%qing s performed subscriber unit 10 and a base station 12.
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' THE | NV
Cvent on i S Yo ede EHOR Y EEe g SR Walsh SfAtb8 Fo dach
hi gh-transm s:edersymhcﬂ Agrartitelazi Walsht ehanvel cpde Mnmqle@t?dtfé@mpﬁcﬂ# ®s

an in- phage ffs ﬁﬁ*ﬂs@ﬁ@ gﬁl&ﬁ%&é aﬁdp &1 aB&e fos dhe dfifatich RiFRaR
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mterface between a particular subscnber umt 10 and a base station 12.

The Walsh symbols are then duplicated, and one copy is modulated

with an in-phase PN spreading code (PN)) from spreading code generator 52,

and the other copy is modulated with a quadrature-phase PN spreading code

25 (PNg) from spreading code generator 53. The in-phase data is then low-pass
filtered by LPF 58 and modulated with an in-phase sinusoidal carrier signal.
Similarly, the quadrature-phase data is low-pass filtered by LPF .60 and
modulated with a quadrature-phase sinusoidal carrier. The two modulated

carrier signals are then summed to form signal s(t) and transmitted as the
30 forward link signal. '

' SUMMARY OF THE INVENTION

35 The present invention is a novel and improved method for
implementing a high-transmission-rate over-the-air interface. A transmit
system provides an in-phase channel set and a quadrature-phase channel
set. The in-phase channel set is used to provide a complete set of orthogonal
medium rate control and traffic channels. The quadrature-phase channel set

40 is used to provide a high-rate supplemental channel and an extended set of



mediumrate. control and traffic channels. The quadrature-phase channel set,
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20 FIG. 5 is a block diagram of the channel coding performed in
accordance with one embodiment of the invention;

D'J‘

FIG. 6 is a block diagram of a receive system configured in accordance
with one embodiment of the invention; and
FIG. 7 is a block diagram of a decoding system configured in
25 accordance with one embodlment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED

30 - EMBODIMENTS
FIG. 3 is a block diagram of a transmit system configured in a manner
consistent with use of the invention. Typically, the transmit sYstem will be
used to generated the forward link signal in a cellular telephone system and
therefore would be incorporated into a base station 12. In the exemplary
35 configuration shown, the transmit system generates a forward link signal
that includes a complete set of 1S-95, or medium rate, channels as well as a
high-speed supplemental channel. Additionally, in the embodiment
described, an extended set of IS-95 channels is provided. Alternative
embodiments of the invention could provide more than one high-speed
40 supplemental channel, or not provide the use of an additional set of 15-95
channels, or both. "Also, while providing IS-95 channels is preférred, other
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enbodi ments of the invention could provide nore than one high-speed 40
suppl emental channel, or not provide the gse of an additional set of IS-95
channel s, or both. Al so, while providing 1S-95 channels is preferred, other
VO 98/ 32263 embodiments of the invention may incorporate other/absgned 3ypes nd
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Walsh generator 102 repeatedly generates' a Walsh code of index 1

(Walsh,) from a set of Walsh codes of indexes 0 to 63 (WaIShb_sg). FIG.4is a
- 25 list of the set of 64-symbol Walsh codes and associated indexes used in a
~ preferred embodiment of the invention. A Walsh chip corresponds to a
Walsh symbol and a Walsh chip value of 0 corresponds to a positive (+)
~ integer while a Walsh chip value of 1 corresponds to a negative (-) integer.
Under IS-95 Walsh; code corresponds to the paging channel. The Walsh
30 symbols generated by modulation with the Walsh; code are gain adjusted by

" channel gain 108(2). _

The pilot channel is generated by gain ad]ustmg a positive 1 value
using channel gain 108(1). No encoding is performed for the pilot channel
in accordance with 1S-95, as the Walsh, code used for the pilot channel is all

35 plus 1 values, and therefore equiv.alént to no modulation at all.

Additional control channels are generated in similar ‘fashion using
additional IS-95 control channel systems, additional Walsh generators, and
additional channel gains (all not shown). Such control channels include a

- synchronization channel, which is modulated with the Walsh;, code. The



The pil ot channel s generat ed by gain adjusting a positive glpiidey dgﬁl ng
channel galwp . No encoding is perforned for the pilot l’l:hanne '
accordance with 1S-95, as the Wal sho code, used for the pilot channel |s al |
35 plus 1 values, and therefore equival e® to no nodulation at all.
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subscri bgg U%}éatcmx]age&” ORES allf LB AB306E Helfbrhllal 36! re%eﬁn&@ tdi 4 Fanpagest i n

the type of elng.tr over pi ng the

an
transmt powec ors Bwludinga pesveracontsel rﬁ%‘ﬁ\éﬁgﬁ E’f'é%a Sﬁ'El geunit 10
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cont 1 gur e Lﬁaﬁgﬁ‘dﬁ?agﬁ'g&e%sﬂ&t%&%léﬂ kefiingn e AERURE Rolief o eagh
mi cr opr ocessahaniltati thequaninsm: seqebsay iohrqm@lers:@mmm@mmxt infgsferenge of
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124. Nis a ase ont er .of Wal sh c
al | ocat ed fothg Haven BPerﬁﬁ’:Pa? Justsn h@s aéiﬁchr’gl&’Pégé {’X)éd PR ?mdé’?‘aif I
bel ow. Each gRewmyyihichscoul@makéd thd fordd of hami@opsycdseor 124( 2) - (64 - 2N)
's modul ated wit hW1thm quadrature-phase channel set 92, an extended set of 64 — 2N 18-
95 traffic channels are provided using I1S-95 channel systems 124. N is a
25 integer value based on the number of Walsh channels allocated for the
supplemental channel and is described in greater detail below. Each code
symbols from the IS-95 channel systems 124(2) - (64 — 2") is' modulated with
a Walsh code from Walsh generators 126 by multipliers 128, except for 1595
traffic channel system 124(1), which is placed on Walshy channel, and
30 therefore does not require modulation.. _
To provide the highrate supplemental channel, supplemental
channel system 132 gene_l"ates code symbols at a rate Rs, which is 2N times
that of a full-rate IS-95 traffic channel. Each code symbol is modulated with
: a supplemental Walsh code (Walshs) from supplemental Walsh code
35 generator 134 using multiplier 140. The output of multiplier 140 is gain
adjusted by gain adjust 130. The outputs of the set of gain adjusts 130 are
summed by summer 150 yielding quadrature-phase data Dg. It should be
understood that the extended set of IS-95 traffic channel could be completely
or partially replaced with one or more additional supplemental channels.
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traffic channel. system 124(1), which is placed on Wal sho channel,” and 30
therefore does not require nodul ation. To-provide the high-rate
suppl ement al channel, suppl enental channel system 132 generates code
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132 is descr @p¥dvalHeqs exthered¥iai, H& 5nbl- h@ lshs; codescangchfe2at syanbgls

suppl ement al StathedthAC Ry 84 ymms 'Wi%htthé ISIDW. h 1R08RR

al | ocat ed for1 hmg rate sug(ﬁe Elg&gha n% l|éer1 darlagllfl é%ie% ggle *
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fong. rat ﬁ‘;?%?h@%a#%éxrgfh%%r@?{ﬂs e @' SELFEIBEST, FoftS St PR Beder

for the hi ghfonttbesothsirequadrturshphass Chanbelswt']hbéﬁ)rlaprmadeaea disheof the
quadrature-p mb‘pti u%@{) %gf | & 64
guadr at ur e- pﬁg% %annﬁ%}% &téf% f(@g L rrbol FET ez:hggﬁknrg%sﬂggx us %r&t he
ot her quadra #alsh 'Féi’ E® | provides a list of the possible

Val shs cogges for each vaI ue of N and the correspondl ng sets of allocated
64- synbol Wal sh codes. 15 WO 98/ 32263

PCT/ US97/ 23651 8 N Wl sh, ' Al | ocat ed

64- Synbol Wl sh Codes 2 T
0, 16, 32, 48




1,17, 33 49 2,18, 34 50319 35, 51 4, 20, 36, 52
woeshR6s . Iy,

+-+1-1- 1 L |
I T T

+-+ o+, o+,

5,21, 37,53 6, 22, 38, 54

7,23,39,55 8, 24,40, 56
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9, 25, 41, 57 10, 26,42 58 11, 27 43 59 12 28 §4 60 13, 29, 45,61 14, 30, 46, 62

15, 31, 47 63 P

0, 8, 16, 24 32,4H,4

0,4,8,. ..,_60 % 5

56 1,9, 1'7/"921511:33 41 49 5
4, 12, 20, 28, 36, 44, 52 60

9 +,+,+,+,G,l,+2#,6.+;kO+,+.+,+,-n; 62

5,13, 21,338 o 53, 61

+, , +, 0,16,32,48

7 2, 10 Allgcarest @<Syaibob0, 58|

L L R e
+ terrtrteOt 24463 able | Biks,34,8hd - i ndi ¢
s apparent | the. 1unbépt S ket A S L L 1 WS
varies, and |n alf i nbtraﬂ'f:es"r'r:s:ﬂ"ebsrrt'han he nunberd 20,3682 98/ 32263
PCT/ US97/ 236p1 9 ¢f s.g;_qb,o,Lg,J,g+,Lng,J,.§;’95 Wil sh channgsy, gpges. Thus,
suppl ement al | SR R R X ,—,+,-|; ' 6,22, 38,54
s T T T TVl TP P 7,23,39,55
tob bbb b i 8,24,40,56
A A s 9,25, 41, 57 |
R T T X N s 10, 26, 42, 58
R TR K T Ot e 11,27,43,59
+ bbb o 12, 28, 44, 60
R R P R R B et 13, 29, 45, 61
T P 2 o e P 14, 30, 46, 62
R s a2 S e s ¥ ,—,+ 15, 31,47, 63
3 S R 0, 8,16, 24, 32, 40, 48, 56
bt 1,9, 17, 25, 33, 41, 49, 57
ey 2,10, 18, 26, 34, 42, 50, 58
D tata'at 3,11,19, 27, 35,43, 51,59
by 4,12, 20, 28, 36, 44, 52, 60
bl 5,13, 21,29, 37, 45, 53, 61
T 2 6,14, 22, 30, 38, 46, 54, 62
il b= . 7,15,23, 31,39, 47, 55, 63
4 + 44+ | 0,4,8,...,60
bt 1,5,9,...,61
2 P 2,6,10,...,62
ot 3,7,11,...,63
5 it 0,2,4,...62
+— 1,3,5,...,63
6 + 0,12,..63

Tablel.

The + and — indicate a positive or negative integer value, where the
5 preferred integer is 1. As is apparent, the number of Walsh symbols in each
Walshg code varies as N varies, and in all instances is less than the number



c.hannél |ng a short Wal sh channel code and the | 'csl‘?ﬂ Rasie! s
are forrred {}&f’%’% nger Wl sh channel codes. Regardl ess of th§e eér?gth of

t he Wal shs code, in the described enbodi t of the invention the synbols 5
are applied at a rate of 1.2288 Megachi prsmgger second (Mcps). Thus, shorter

| ength VI shas coflasoRr rtﬁQeEL@ WQT hﬁﬂel [RbesChamhg! se! sﬁ@?l&geﬁfaﬂ
conplex nultiplred, as the fir rea I magi n CEerm;res I vel
wi th spreadi ABanBRleis meéqasm Shgl'tt%@laébw%e%ﬂ eand; thegion? gh @@aﬁb

respectivel yaré'!f&nde@qls sﬁeaia}mw cobles. M RegaidleddUstiihal lengtiRhigse

éBiegg?ﬂ'g”?LﬁeéﬁaE}xa?eﬁsf”e IR TG X e”eratt%ﬂ@émols

appl i ed at5 1a7Ze8pphledsat £eutatofanN2288) Mdgau msédmd: Ma:lge X Mhis| Bhiogtri on
per f or ned aredpp glahipsap D+ JDg) N+ JP|L\|Q)

(1) In- phase??rég%wal§}§ £dss ?‘M"%&Et&drﬁ"%f’g& | & LCohks Mo bandui dih
(not shown) and uatawdaneelsol; endtDgaie abmpﬂemhltlpimd)aamtheaﬁtstaeal and

T 5585 b0 MR SRUERA Sl ThitAdinis, Gk ega?ﬁ{ i 90 88 e,

quadr at ur e- plsascmct aeal andsimaginary msUpespwt;Wtebd ttmg jepheserdonrngal)

sumred yifgj di f)Qra)MH gulaélﬂi(tu?é- phake &I ?ma%_ﬁ E@ﬁf&%ﬂéﬁt&dﬁgt&oaes PNy, oS
ogona

guadr at ure- phase ann e. 1. n-phase

set gg to r msu n
channel set @@dPyoraregensrated Syppreadingco decgensTatRzst Sgomdq 544

i nter f er ence chde$ PN CAE PN afe ap?hédmamssemc?gemqﬁsn@ﬂm&) mnhétrwueg hthe
perfect receiver hase Bﬁove conpl ete set of sixty-four WAl shi

channel s is 585‘&1 X SRR r to the original IS 95 channel

set, and this channel set can be used' for the supplenental channel.

Addi tional3y, by inplenmentingX;tiXope @uppjlgiPNak- PNg)nel in the (1)
ort hogonal quadrature-phase channel set 92, a subscriber unit 10 configured

t th |, 1 S-95 f l,l

broeocest ho 1 o g8k Bal Red 10Vl Milesbt b S0cobn MEERL i,

“the hi gh-trar(sot sshawn) aard cbprosveniéd | by neiudtiplicatignbacithaintphase carrier
tibilit t .

enbodi mon O%C?’ﬁi (R Enilaty b R R XI D Low pasllicfed 2 e

and quadr 2 uMbh bendvadthefnot; shgwrdr and vpsonKerifds &yamulkiplication: v

channel set, cﬁﬁaﬁam 1@&9& @eirr’felrrslmasi@ CTHE dupéoritaated OXf RAEP cteﬁhbyare

goner st e e L R M A BOgIF L oetc, W Ln (e socond
98/'32263 - The complex mu1t1p11cat1on allows quadrmt]ﬂ%ezdwmd set 92
"~ to remain orthogonal to the in-phase channel set 90 and therefore to be

25 provided without adding additional interference to the other channels
transmitted over the same péth with perfect receiver phase recovery. Thus,
a complete set of sixty-four Walsh; channels is added in an orthogonal

- manner to the original IS-95 channel set, and this channel set can be used for

- the supplemental channel Addmonally, by implementing the

30 supplemental channel in the orthogonal quadrature-phase channel set 92, a

| subscriber unit 10 configured to process the normal IS-95 forward link signal

. will still be able to processes the 15-95 channels within iri—phase channel set

90 thus providing the high—tranémission—rate channel while maintaining
backwards compatibility with previbusly existing systems.

35 While the embodiment of the invention shown in FIG. 3 uses a
single set of in-phase and quadrature-phase carriers to generate the in-phase
and quadrature-phase éhannel set, separate sets of sinusoids couid be used to
independently generate the in-phase and quadrature-phase channel sets,
with the second set of carriers offset from the first set by 90°. For example,



10 .t he DQ data coul d be applied to the second set of carrier sr nusoi ds .
where the DWO933dse (PNI) spread data is applied to COS(wcPCHYPEP$! and -
the DQ quadrature-phase (PNQ spread data is-applied to SIN(wct-90[err]).
The resulting signals are then sumed to Zkﬂroduce t he quadrature phase

h I t 92,5 whi med h |

90. The use rire Do foule e Anmisd o, BCEROnY, b6} ot Copigr Bisoidd Wi e

sinplified iDgl irvphiase i (PNDf sptreads Wlapd eiseap hedhwrr@OSﬂmgt@Dh) qmaldrtheu[ﬁ;_
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Wal sh d e fied by Tabl |

al | 2catcg assv%‘&rﬁg ‘are m%l %‘ttggd}{?}f;gé (ﬁ%gﬁéu%p emelnteal >c/ha(rjrlnele

That is, all the Eh@nUSm >tbe| Walsheehannels sas sefdiesthorinalablerl. w@lso allows

odd- i ndexed Sfaplifted Mﬁ%llem?%&t’ibx? e@ecﬁeaéxgavgﬁbheﬁﬁle&a&ﬁ{eltxb&hﬁv AT RRIral

channel . This Ieaves n-i nde pectlvely,

for inpl emenPhage chanpel satydy r}sexe ec%ﬁérthegm?ﬁhs fodes hstedpin

suppl enent al T%Rmﬁﬂows&hetdi@ ddeﬁealsaﬁmﬁ{elvw Gde odile GubBae!of 64fmP6l shs
nded | S-95 affic

- h l.abl e f th t
channel 30; . WajsR @BaSy Rafin 3he AR 18 EhraRiecaty Sd SVALEEE RedhtE shs
codes al | ocaWalshsedesf si xteen 64-synbol Wl shr codes This | eaves a set
f fort ht I d 95
of forty-eight reggj g%%!& v?rﬂén @P @dggﬁ Eﬁ&ﬁeﬁ*@i ?é%ﬁrﬁgﬁfoéﬁ
chapael

traffic channels or | enment 1 ng a enent an
| ahpéllsl

general , t heagebobB2 esyrabehWaldusodps forther
N 25 al I ocat fife 2Mefdnerbal 6408 ICMQ&féddéshSr %P%ﬁwt@dd%@@&@ e4si ng

only a s | e, t T | | t t f
Vel Shi cdBesSTreBRy ViaBh s iar SOt BAcIor e SOPHIESEB i IspaaEh SPR REBES | on
thle ﬁ4 Sy gbothé/‘é&dhndenddes:rthehl-mdbhe:hanhetst respectieslymibe impbamehtingSthde
Wal shi codes |

Separ at ed byeg{egaéﬁ%égﬁrgg@érlﬁ%ﬁgéq corrp g‘n%gj?‘ ?u%ﬁﬁgygkurgh% SPLQE?
channel s 92 ﬂrﬁoriﬁlpﬁile phiValshecadgpehannsals avh eméwﬁés sc%ri+rhénélﬁ1§o%r‘f¢ron
of large set cﬁameérera&aa%aﬂsm Maltﬁ@lexféiﬂéaelss%) f:ﬁalmseand therefore

i mpl ement ed usrng a Si set
o 64 syl vl ST BEHRS AT WA an dhe arsatin et R FodRb ALOHiE
conpl exi ty aasseticft sisttednt 64mymbali Wialshhicgfies. atThis ulepivesrentsel of Hfantyeéight

For exanpl e, @Iﬁr E}Bhg‘n nWalgﬁt l&gﬁhlegoﬂ)lfl lqt{ﬂ leéﬁgﬂ% tte}gg d&%teﬂ&ec@' YEDRlaffic

Wal shi codes resu requr re a
subst anti al ph@ se qrn @,q gﬁgp lementing ad 1t10na1 supplemental channels. In

- general, the use of the Walshg code that corresponds to a particular value N

25 allocates 2V 64-symbol Walsh; codes for the supplemental channel using
only a single, and shorter, Walshg code.

The allocation of whole subsets of Walsh; codes using a single Walshg
code is facilitated by even distribution the 64-symbol Walsh; codes within
the subset. For example, when N = 5 the Walsh; codes are separated by 2,
' 30 and when N =4 the Walsh; codes are separated by 4. Only by providing a
" complete set of quadrature-phase channels 92 for implementing the
supplemental channel can the allocation of large set of evenly spaced Walsh;
channels be performed and therefore implemented us1ng a single Walshg

code. '

35 ~ Also, allocating a subset of 64-symbol Walsh; codes using a single
shorter Walshs code reduces the complexity associated with providing a
high-rate supplemental ‘channel.  For example, performing actual
modulation using the set of 64-symbol Walsh codes, and summing of the
resulting modulated data would require a substantial increase in signal
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pr ocessi ng resources Wwhen conpar ed vmth the use of the single Wl shs

generator used in the inplenentation of theg invention described herein.
Sets of evenly spaces Wl shi channel s could not be allocated as easily if

the suppl energrakessigg rtebome whafieeoin F»at:éw wtthpttasmsehaﬂ ml&é ﬁﬁgleB(W@lsl%

t he previousl XIStI 5 for Il Nk nth
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si xty-four synbol Msﬁpveh@nspﬂceséﬂalﬂi rchadpebs| toud: ot bemllocatedoas easily -

functions suc h t

channel . Thﬂsllf| tﬁ% |Sng?’zlagﬁg%}v€%ua r eg&nggaégé\d'ﬁsﬁ{p ?hg‘g%c%%a I%%% of

si nplifi eds 1Ghei mrevionsint emshng tIS@SSlfpmVerrénllak, chanml the\ m—phalse wml of

the a single ﬁé Efl%ggﬁ'a PﬁKrrﬁBHQﬁaﬁ’cf) thﬁ\@'lgrberc Eecertaln
anne cause t ﬁl dl

suppl enent al var| anCe 11 |t

suppl enent al sixiamnieair S}gnhﬁ)hWﬂ ila:c;hanﬁelsm;e mm 3@%‘%@% m%f@@omﬂwe

anplitude is gjchPdsy ﬂb@ aaa gich&a@&lelbegﬁtth)éeinlﬁhaden&Wel Thus,
associated with the Wal s de #‘\ %‘%:"eaSt to erfoE ef
Todul ation WHSHNE achew; qzln Sgatvizephase Ialth BN Spagh elpfar bwplitied,

t he set oﬁoanmpl‘eudaﬁaﬁonﬁf the sup lezﬂental ,chnneind 2N Anpng ot her

| mprovenents, redu g he var nce . N %h@ ade reduces, t he

peak-t o- aver age p S %€ 3§18 eagnﬁ‘hgo S AYRTYES, the Pesformance
forward |ink of ghel lngh-rbte rs@lemjarftm} chaginedn hegaaseunther aregidanicepoirer thd

t he base stat r te

bl ock di agr an%rg tlﬁd et tﬂ%w ﬁj 1%%E%n%%¥h\s%}sit§g%%]§éﬁi %tﬁé@ﬁl‘g’o&ﬁnént
configured i ndessE énw ampligide df FEAPLYO Pasadeon (Fpe mositive ggcnegative i s
recei ved By Ghte @és&am&imﬁﬂ@ttﬁé Wﬁﬂswgfuda”e afmdfs #5in ¢BAEMEL 1D ipHrS6AIADN

to the data rgceiv l.nth erg nbo | nti o the
data is proce&"se (laﬁl é 8 %1 ﬁ’o‘f eé‘“@% Jrout r?ﬁutlg
of checksum diat the st ad l1fﬁaiels ObH-st—ZO& adds., bits to each
frame. The out put C

convol uti onal enco%}n&%z?t%/?\éflIt ﬁﬁgg r%?ﬁrré 2%%@%%{ I ona?ﬁ%%%g?#ge%# g%%d
Rc on each freaducerthy pﬁﬁlsrtg-arV@ragn powies ratienbachinareasss theerangeeah whichs
descri-bed2on gHeedbBbardelmd sBay agmeaxBIBéci@cemtdeEbﬁavgtverzeﬁaxmﬁf | ganesnit

he cote, SLagke cebiemacon el e eds APy SrdtRsalen 200
The repeat anount HFIGS55 is/atileck dingiafif of de sapplethentad: scha‘mtelluesymm?nbnf
and w1 typi gghly %P&{'dconﬁgure_d in accordance with one embodiment of the
invention. User data is received by CRC checksum generator 200 which adds
25 checksum information to the data received. In the preferred embodiment of
the ‘invention, the data is processed in 20 ms frames as is performed for IS-
" 95, and 16 bits of checksum data is added. Tail bits 202 adds eight tail bits to
each frame. The output of tail bits 202 is received at a data rate D by
~ convolutional encoder 204 which performs convolutional encoding at rate
30 R, on each frame. R, differs for different embodiments of the invention as
described in greater detail below. _ |
Block interleaver 206 interleaves the code symbols from
convolutional encoder 204 and repeater 208 repeats the code symbol
sequence from interleaver 206 by a repeat amount M. The repeaf amount M
35 varies in different embodiments of the invention, and will typically depend
on the coding rate R and the supplemental channel rate Rs (see FIG. 3). The
repeat amount is discussed further below. jMapp_er 210 receives the code
. symbols from repeater 208 and converts the logic zeros and logic ones into
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The repeat WOR#M2263s di scussed furt her

channel

rate Rs (see FlI
bel ow. Mapper 210 reRETYSY

7%9@) code

synbols fromrepeater 208 and converts the logic zeros and | ogic ones into
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WO 98/ 32263
12 positive and, pegati

suppl enent al POSHRtRANARLave Ripger Y3
D, encodi ng ichhffelRGterRpeat amounts M and suppl enent al

that can be used
enbodi nents mul ti
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ve integer val ugs

Y¢Husp O‘V

Tl I Sieviliess BRRBF AR b

g

channel

WFCh% PHER oflhe! Sfpplomental oo

rates Rs

Uﬂ%}ﬁgﬁ&f‘r&mtﬁ] R Opéi:»eat

Reﬁgt : t}on \éheints Mo and| suphpleinentalfchanineh aates Rsthahnan bewsednini diffexemt

Synbol s ti u q;ﬂﬁ,

Encoder 5 %dlmg%a& anﬁlﬁe n. R%{ %m% Bhbo o Iﬁmhllﬂr?p% atrg
per (D) kbps used. (2 ‘Frame 38.4 2
4 _1;2 1 16/ 1 768 - 1, 536 38 4 8 _1/4
1 8/1 68 vy O yaT - sw— 2 4/ 1

vol- | ( Convol Reﬁetltlon T6Waish vol- | Nu of .

:7))28 4 6, 144 g‘%ngl I\% Chanégl utlongll 4A nt mbols/ %?gn Ch %I 12, 288

' 6 coder | 1/ Pror Supp. 8Code ‘](‘l&g 8 Encoaér_5768|tzs6 8 3
8 _12 | iapytiRate nel | ‘Rap36 ’07§yrﬁt§ﬂ§ Input Bits | 1ger | 1/4
i - 4/1 % p}kop30 6, b4 76(R§) 5 32wrs) 1L/ 4 FrAme 2/ 1

: : . : 24,576
153.6 4 16354 Pl % h-27 ala 6’4372 1palPs8 el 5
1/ 4 1 /1 313, 82 -1 ,2881153 64/16 3 2
1/1 3,072 7@ lab I} I Thrge nc dafes D for
the suppl ement agsghaw%e agg spawy, P8. % /6. 8, ang g 6 n%Jggg tp per
second. For aeh e greopeh B putTratES g4 @ rates Rc,
N val ues, and r& gat qm3unt,§ M ar4g, Py ovigded] why,¢h achgye tgwges red

- encoder inpu §§§ D} gAfldi §honpl T4y, thezr atj o H§ Wl §Bss shnmwbgs tp code
synbols is p ovygfgd vhi chggor [ eSppnds o the {p eﬂggdgl )fzztbmv\al shs
_code. Al so, T T4 0T §BCOEI/aNpUt DT TF i 2P 3,029€| | $,7a40V] ded, as
is the nunber 01f53qu synbagbs trapsnjttad per 20 ng :B,DM’IE Thesacfual data
transm ssion|ratsz.eM || l6 e equal tw4the encoperi/tnpit 3,072 24,576

Table IL

* Three encoder input rates D for the supplemental channel are shown:
38.4, 76.8, and 153.6 kilobits per second. For each of these encoder input rates
D, a set of encoder rates R, N values, and repeat amounts M are provided
which achieve the desired encoder input rate D. Additionally, the ratio of
Walshg symbols to code symbols is provided, which corresponds to the
length of the Walshg code. Also, the number of encoder input bits per 20
frame is provided, as is the number of code symbols transmitted per 20 ms - -
frame. The actual data transmission rate will be equal to the encoder input
rate D, less the overhead necessary for the CRC bits and tail bits and any
other control information provided. The use of Reed-Soloman encoding in
addition to, or instead of, CRC checksum encoding is also contemplated.

In general, it is desirable to use the largest value of N possible for the
supplemental channel in order to spread the supplemental channel over the

greatest number of Walsh; channels. Spreading the supplemental channel

out over a larger set of Walsh; channels minimizes the effect of inter-

channel interference between the two corresponding Walsh; channels on
the in-phase channel set 90 and the quadrature-phase channel set 92. This
inter-channel interference is created by imperfect phase alignment

32 -
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implementation provides data transfer rates on the order of an ISDN

channel including sufficient bandwidth for signaling. Also, using N =5

maintains 32 add1t1onal Walsh; channels for prov1d1ng extended IS-95
25 channels.

The actual sustainable transmission rate of the supplemental channel
will vary depending on a variety of environmental conditions including the
amount of multipath experienced by the forward link transmission. The
supplemental transmission rate depends of the amount of multipath

30 because forward link signals that arrive via different paths are no longer

" orthogonal and therefore interfere with one another. This interference

increases with increased transmission rates because of the additional

transmit power necessary. Thus, the more multipath interference

. experienced, the less the sustainable transmission rate of the supplemental

35 channel. Therefore, a lower transmission rate for the supplemental channel
is preferred for high multipath environments. '

In one embodiment of the invention, a control system that measures
the various environmental factors and which selects the optimal
supplemental channel processing characteristics is contemplated. Also, the
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gener at ed byby finjphese sgreaditigngode genermter 306 rar&b@{tmdjamratplmser&pqghdm
spreading  code generator 308 yielding receive terms Yyand Yo. The receive terms Y
- and Yg are modulated with the Walshs code generated by Walsh generator
310, and the resulting modulated data is summed over the number "of
25 Walsh symbols in the Walshg code by summers 312. Additionally, the
receive terms Yy and Yg are summed and filtered (averaged) by pilot filters
316. . |
The outputs of summers 312 are then multiplied with the complex
conjugate of the filter pilot data, and the resulting quadrature-phase term is
30 wused at the supplemental channel soft-decision data 320. Supplemental soft-
- decision data 320 can then be combined with soft-decision data from other
finger processors (not shown) and the combined soft-decision data decoded.
FIG. 7 is a block diagram of decoder system used to decode the
supplemental soft-decision data 320 in accordance with one embodiment of
35 ‘the invention. The soft-decision data is received by accumulator 400 which
accumulates samples of the soft-decision data by the repeat amount M. The
accumulated data is then deinterleaved by block deinterleaver 402 and
decoded by trellis decoder 404. Various types of decoders are well known
including Viterbi decoders.



codé gener at or yi el di ng reéei ve terns Yl and YQ The Ir eCoyRIshRiRE Y1
and YQ are %ﬁﬁg%gd with the Wal shs code generated by WAl shgggﬁjerator 310,

and t he resultl‘ng nodul ated data is sum‘regsover t he nunber of 25 Wal sh
synbol s in the Wal shs code by sunmers 312"~ Additionally, the receive terns

Y, and YQ are sumypd gsek fihiat 81 tHe (RHELAASSONOYaR] FRImS telity Hedd@er TbL 1s

-outputs of summers plied w | ex: co gat
the filter pthen d&%ﬁiﬁa ‘ﬁﬁgti‘ éﬁi& FFWE“&?&@&%@E@ %}%@é}’ﬁ%ﬂbé @l‘ffﬁgéd
gte Ct geoﬁugplt eémﬂBZhﬁ lfshftﬁlaﬁ 11)55@& tpuiedbsg aﬁﬂdaheﬁaa@sul&nmlemrg a\]théthéi ﬂr}e

i si ata an_t hen Yo] ci rom ot.her
fi nger proce§§%rr8 % WS&?B&H n'ff“#‘hg‘ec\g‘hﬁaﬁég% {%a :t]i‘es FEHIY St B 9YER88 .
FIG 7 is5a bystein of agencarothetedetéeming sélsethes ol use thie usede dateebasedpdmithet al
sof t - deci si 0#49@5?@%945{1 eg‘%ﬁgr dance with one enbodi nent of 35 the
I nventi on. di ata is received by accunul ator 400 which
accurm: at eg sanpl &husf athigh slatta ratectrehemistion syptatheparsipularlynsuited fivr uBke
accunul ate t t RFRkaCknteifdse HeBRY an
decoded by t(rﬂ[zglf?osﬁl tCB‘ca)geq'si5§4(ﬂrl%/ar|%s gg gpidgcggder gﬁaraésc\%g%ld dThe
i ncl udi ng” Vi inventienceafebe incorpppnted) iavio é;pth terrestrial as well as satellite based
PCT/ US97/ @36 3lirdiasd hdnkhi@iniétatich | @&&ﬁsh% OwdHC bS | WiredBhsed rc@iﬁﬁlﬁ.ﬁhhaﬁon
decoder 404 is then chec wi,th t; hecksum dat a ;b ‘check, s
oo syt PHET AEh s qidsh SRS Sre Rt h et oo Ehpsl clblee
i ndi cati ng wikebteeds. t Adso)swhildatiw mm@mmst&encﬂbedhm tiee cbatdxt safna 2288
{he user. dat M%eé S o L G s e
t ransni ssi on apesation pérthe duvention indluding 256 Miiz FlndcﬁaﬂjMHGtS)(shﬁth h the
i nto bothtters 'e'st“r e B s B et

i on

systenms, as &k %191'%1? ef gﬁi‘b& éﬁm&‘tﬁﬁn%‘ﬁ ‘é%%?éﬁﬁh%v@a WqlcFRtes R%it8al
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I nvention is he t he
use of ot her ‘geﬁﬁ’acé\f(g?‘ﬁg‘ﬂps hrgl% Z‘%’g‘ﬁi"“{é t‘%’%%(zas%ggg%‘éilgﬁ&o&tg%%t%ven i tgn
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I nvent i ony, Slg%éﬁ?(h BUsl A% bf@ansmi ssion rates on the order of 10 kbps and
70 kbps, e use qf, o

t her, channel, rates npl o In a
enbodi rrent of the I5& ®REYIONS 4%%“01&?@‘%}93@%" rabie any pers Bh %Slidd

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 embodiments

25 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.
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described herein are inplenented using sem conductor integrated circuits
coupl ed vi aWOMBBASB, i nductive, and capacitive connections, YTHHUSYRGH

L ' wn in the art. The previous description is provided to
enabl e any person skilled in the art to nlke or use the present invention.
THMU“‘“‘ Uﬂ irufllltations to these enbodiments will be readily apparent to
t ol *8he art, and the-generic principles defined herein.my be
app1 ied to other enbodinents 25 w t hdGLARMSse of the inventive facul ty.
Thus, the present invention is not intended to be limted to the-
enbodi ments shown_herein t is to.be.accorded the w degt scope ¢qQnsistent
with the principléds and* n%y%qomﬁ‘éﬁ%?%téoﬁ sEY%gg’d ﬁér&?ﬂ.au’é%ngl a %Egﬁ'éﬁk M
WD 98/ 32263 comnlrlunication in conjunction with ? set of medium raBE€EOLHHAGNICATINSL6
CLAI M5 1. Ateleco jcation tem f.or d i 3 gh-rate 2.
communi cat i o T c%’rﬁﬁ]?g}’%gq{‘ V\ﬂ%ﬂaéfes S ) d rﬁgg?é]u r#géltl%%é’g rfe‘R@%’lc HPORE N | ng
code di vi 4 onomprigipge access radi o frequency signal processing 4 :
conprising: first g5) sssi g?&p } td. ] Of
mediumrate 6 co.rfnﬁréﬁ%iggta?gns os\?/ielg.qg- | rZ?; g%ltn% g?%&h?n%Fg %‘%ﬁgﬁlﬁeﬁagei n
a radi o ffeqeermupupicadigns: Ipveind first set of apgdinm giale Prswelsi g argadio f or
Ctransmtting g, nEy%nﬁQ\FiatK;QHwni cation over a second set of nediumrate

channel s in said radi o, 10, fryequency bandw dth, wherein, sai duﬁgcg{}d set of

ﬁi‘?& r

medi um rat® channéfeOnd FehA PSHIRE s gens (for feansppithpg; gh-rate -
\mannel S. 2. comhheniethaononeri & detod sey of anediura etatt aghialhiniels ¢h asaid Iradio
erein ai.d fj t, of ' L a C | s, i i ned fir .set
of chann g}os c Sﬁe&dehgg (;’ Sagléllvgdg.lggxghgf%fett gag?l S%%gt?% rrs?F aO? eﬂgég‘ﬁﬁe F’%‘gi cgnaa\é}elf%] eltéj by
a second set otthsfgorad o shid fiogset of dnediznn irgte ¢harmelssnmuni cation is
transmtted over an evenly distributed subset of said second set of channel

codes. 3. The tel eco ni cati ons system as set forth.in claim 2 .
wherein: said fir# si % teg‘?‘@é%%%‘%%ﬁé’#%“ﬁ%%%é?rw %}éﬁ@r]ai"‘f]}mjeé%i d
seéI of 4 (rjmdisam Ei@iteséth@ﬁ’lﬁﬁidiiuﬂﬁ irage ahawéls sisodefimgl dgta firsd o€ty of fuvanele] .
codes; and sai econd..si an [,0 Siqhn f hets ener atyi a
i ghe 6 rat o CPHEHA Soif 8N BOSERE I TRR ndrindld s Qind Py UARLAY 49
4 of channel codes, and the high-rate communication is transmitted over an
~ evenly distributed subset of said second set of channel codes.

3. The telecommunications system as set forth in claim 1
2 wherein: _ '

said first signal processing means is further for generating said set of
4 medium rate channels using a corresponding set of long channel codes; and

said second signal processing means is further for generating a high-
6 rate channel with a short channel code. |

4. The telecommunications system as set forth in claim 3 wherein

2 said high-rate communication is comprised of a set of high-rate code

. _symbols, and each high-rate code symbol is modulated with an instance of
4 said short channel code.

5. The telecommunications system as set forth in.claim 1 wherein
2  set first set of channel codes and set second set of channel codes are sixty-four
symbol Walsh codes.

6. The telecommunications system as set forth in claim 2 further
2 comprising: -




4. The t elxgy6uAINEY cati ons

_ orth inclaim3 Wrerrarse7236sai d
hi gh-rate. comuni cation is

and each high-rate code syn"""" I's nodul atgd wi 1(:)];1 ghgrngﬁamu“mulmmmlll

short channel code. 5. The tel ecommuni cations system as *sett férth ih *
claim1 wherein 2 set thirdtsigredl pro eés&mglﬂ\eaﬁsdﬁ' fmﬂsﬁﬂttlﬁngB@bdiﬁ sé¥ ot

channel de Le Si iy Vl sh

tel eCOHTTU%I c%'teﬁ ﬁgl sé(/é éﬂn&gﬁ a@éf{gf SPte |?chzt?‘5f n?‘il?ﬁeﬁr?gés}m% Sehend <Sehgof

17 third si gmedigmocateschapnedans for transnitting a second set of 4 nedium
comuni cati ons using anot her subset of said second set of mediumrate

channel s. 7. The tel ecomuni cations systemas set forth in claiml

wherein 2 said fifst sdhedplespannpvwnications isystem gsaebfcunthnsmlamd wrharam

i n-phase ghagpal ﬁ?é’cdsétalo@ ﬁ@aam Sate (&haﬁﬁglsuré‘ré a&sﬂgﬁ% hase
ure ase channel econnunlca I ONns

transmtted I.h a

syst em as se?hﬁré}?‘éihacl?ﬁﬁ Sadtaﬁﬁﬁogd\/ﬁ?éﬁlflmeé“g&l Eﬁtﬁlq}miﬁﬁéﬁ trnsraiitachdn means
furt her cgnpqua@ﬁatuwmgefcﬁanﬁ@]neratl ng sumred data in response to said
first set of "4 nediumrate channels; first spreader neans for generating
first spread data in response to said 6 summed data; and second spreader
means for generat8ng s&'herhdleepmdmtatmnsrsys&srpasset foitth mactlﬁlmw’ﬂrl{earbﬁm

channel . §. Ve forth in claim8 further
2 conpri Si ngsalal rSs%%1%&?[?%%3%%%%&&%;@@%&1@%@@%%& ating first in-phase
spread data 4 i nsuegpender genetatingssumpued ataka inj respoyse do aaid dinshaseof

spreader geapspdi@m 98RCERdAMMs,f | rst quadrature- 6 phase spread data in

response to said ﬁ% -rat(ge channel; second |2’éphase apcgeader means for
gener ating second™f Tgmeans for grnesating tishepreaddnta in gesponisertarsaid
channel ; Secammﬁ]adadraﬁmphase spreader neans for generating second 10

quadr at ur e- phase n res nse to. sai -rat annel
first summer maangé) gér% 5‘?5& 568 fr&eﬂﬁﬁ%tglg 8‘?%&&:55”@? o‘%%@ lf‘oreffog‘ﬁ?d
first in-Bhataesaidr r@h-me xhandelh negative instance of said second

9. The telecommunications system as set forth in claim 3 further

2 comprising:
first in—phase spreader means for generating first in-phase spread data
4 in response to said summed data;
first quadrature—phase spreader means for generating ﬁrst quadrature-
6 phase spread data in response to said high-rate channel;
- second in-phase spréader means for generating second in-phase
'8 spread data in response to said high-rate channel;
second quadrature-phase spreader means for generating - second
10 quadrature-phase spread data in response to said high-rate channel; and
- first summer means for generating an in-phase term in response to
12 said first in-phase spread data and a negative instance of said second
" quadrature-phase spread data; and
14 ~ second summer means for generating an quadrature-phase term in
~ response to said first quadrature-phase spread data and said second in-phase
16 spread data.

- 10.  The telecommunications system of claim 9 further comprising:
2 in-phase carrier generator for modulating said in-phase term; and
quadrature phase carrier generator for modulating said quadrature-

4 phase term. . -
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quadrature Jmmmmu e“l J I - second sunmmer ne

generati ngvgﬂgégz&gf ‘ n response to said fi r?{?ﬁvﬁé}rrmssr
guadr at ur e- phase spread ‘data and sal d sag;)nd i n- phase 16 spread data. 10.
The tel ecommuni cati ons system of claim urther conprising: 2 -

i n-phase carrier generator for nodul ati ng said in-phase term and

quadr ature phase,  carrier gen rator for %%tr ng said qu drature- 4 phase

term 18 11. 1 nefnBie prztr?éwrrrltt% 2 ASIRG dgragt GHENEY gy

si gnal 22CO¢EBH1F§$ g theestepspe: of : a) generating a set of channel s using a
set of long W :

codes enerat.ing a hr usi ng
a short Walsh co%e; cﬁeﬁer?f"’&ﬁs@ﬁetttcgfr?&agﬁgﬁ %fs%r‘?é 3’5%9 @ F’r st
carrier; 4and 6 b) énerahhgrusfﬁgh-ratg dtanﬂehugimgratshoﬁhmlﬂt cyd@ a second
carrier that - tho [ [ The method as set
forth in clai m 1 furﬁﬁgsm&%’rﬂﬁ%ar’?ﬁ{ pﬁgh%r?mg b%aéﬁ’fs*ﬁﬁ'&tﬁ Mg a first
i nst ance6of sai ddpet bfanshetting said higharate chahask viapssnnmdaaaiuer thatsis code
and an in- p?ﬁ-ﬁsgéﬁé“ a1drﬁlg¥'l:€|&i o29 a second instance of said set of

channel s w qua at ur e- phase” pseudor andom noi se code and a
quadrat ure-phase carrier; and 8 summing said first instance of said

set of channels ypth Th dnfeamohslgbttre@&@lﬁfcﬁ%dnerureterceeﬂgﬁ sing lthe The
met hod as set forth in claim12 further conprising the tep

modul ati Rg 8 steps P&t i nstance of said hi gh-rate channel with an in- phase 4
pseudor andom noi sididdeingnal fizse irmamesef saitr setrof dRaihviels i withaan déopliase

I nst ance ,of _sai nel t ure-phase pseudorandom

noi se coé’e B?fﬂmg %ﬁg@%ﬁa&f% e?ahasea%/éigfzfng sai d second instance

of sai d high-rat ;washdatiog; 8arﬂ¢C8nd msta:smnwﬁwgsasar setf iof sthamselanoeitbf asai d

h gh-ratg CHaRaRluil-bRase pleddfiaitoh ADRBOR! and g il er; 14.
? ep 2 o

The nmethod as set fort clarm 11 further conprising the s
transmtti n@nﬁr | ot data on_ one .channel fromsaid set of channels. 15. The
met hod ag set fogtmhihglsaidifirstOnyfageeiof said deis6f chhnnels with said second

instance of said set of channels.

13. The method as set forth in claim 12 further comprising the
2 steps of:
modulating a first instance of said high-rate channel with an in-phase .
4 pseudorandom noise code and an in-phase carrier; .
modulating a second instance of said high-rate channel with a
- 6 quadrature-phase pseudorandom noise code and a quadrature-phase carrier; -
inverting said second instance of said high-rate channel; and
8 summing said first instance of said high-rate channel with said
- second instance of said high—rate'_éhannel. '

14.  The method as set forth in claim 11 further comprising the step
2 - of transmitting pilot data on or_xé channel from said set of channels.

15. The method as set forth in claim 10 wherein said set of
2 channels includes a pilot channel, a synchronization channel and a traffic
channel.

16. The method as set forth in claim 11 wherein said short code

2 occupies a set of evenly spaced long Walsh codes.
- .
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short Wal sh 2 code occupies 19 17. Rg method as set
wherein said | ong Wal sh 2 codes are corrprl sed of sixty-four synbol s
18. A tel ecomunizat i Dhé mgthiodmas set idr&nﬁﬂdlalmg.OdwbsrmnesamMngIalal‘sr on

mul tiple access radio fre nal g first channel
generati oh &é@éﬁ*&f’“&é‘?ﬁ%ﬁ?ﬁc%%a Wﬁ%% rate channel s;" and

second channel generation systemfor generating a h| gh speed 6 channel that

i s orthogonal to jhe sgt I ' de
t el econmuni cat i onié]sys em?%ﬁﬂ‘%&%@ﬁr ein sfgf E‘JHQISF%‘? c%aat‘hn%?er coce
generati od sdivisionirnultipleraccess radie frequency| sigials comRNIsiB8He nodul at ors.
20.  The tel ecommuni cagiQhanel ng@ﬁéi'fah%haéﬁ‘texﬁgfo%kﬁﬁg'adse% sfameddum

channel generation systemis conprised short CThannel " code nodul ator.
21. The 4elxs¢echanngls aBAs system as set forth inclaim 18 2 wherein

sai d second channel geg&ioad émar&ié‘!t ZQHPBRI aqmei-mng mahigh spead)

data via a set of enl stri chan Cancel | ed.

23. A nmebhoehannel c%é Hg‘ogoﬂ% &ﬁ#&f@gﬁm r@&?l""glﬁnﬁ &1 st em usi ng

di rect sequence spread spectrum si gnal processing conprising the steps of:

4 a) genera Co ltai I r nd
a high-rate term Pg %84%%8%%‘3% %&;sc%ggéﬂr&&mw 1B gesrrél§aijtmlsgg a
set of nedi uchamel qgea.emiimlsysm;aplsnsemprl%ds&f af seteef ﬁﬂﬁlga‘ﬁlea aC° €
sources and atdrs ONg channel codes; 8 ~a.2) generating
said nmul tichannel” term by sunm ng said set of nediumrate channel s; and 10
a.3) generating a high-rate channel in response to a high-rate data source
and a short channep, codqgie l@lecommuﬂicaﬁ@mr a;tysfagnaoﬁoaiaimxlgpvsémﬂeng sadde

h - ph drat 1
oa ' compPex SeeAH SHARDEN BETSCAIG CURFB Eo iy ei’fﬁf&d 8 a short"dhiRAAH BoHknd

modulator
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21.  The telecommunications system as set forth in claim 18
2 wherein said second channel generation system comprises a means for
transmitting data via a set of evenly distributed long code channels.

22. A method for operating a multichannel communication
2 system using direct sequence spread spectrum signal processing comprising-

- the steps of:

4 a) generating a complex data source havmg a multichannel
term and a hlgh-rate term;

6 b) generating a complex spreading code having an in-phase
term and quadrature-phase term; .

8 . ©) complex multiplying complex data source and said

- complex spreading code yielding a real term and an imaginary term;
10 d)  modulating said real term with an in-phase carrier; and

e) modulating said imaginary term with a quadrature-
12 phase carrier.

23, The method as set forth in claim 22 wherein step a) is
2 comprised of the steps of: _ |
| a.l) generating a set of medium rate channels in response to a set of
4 medium rate data sources and a set of long channel codes; —™———————
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code yielding a real | nary term AMENDED SH
' d) modul at i¥ 9%?7&3 Emﬁmﬂﬂl"mﬁr n-phase carrier; and Sci”ﬁgﬁsﬂ'

aid imginary termwrt arquadrat ur e- h%%e carrier. 24. The method as set
forth inclaim 23 wherern step a.1) is conprised of the step of

nodulatrng said se | r e S

codes. The me%% Egeqé f%trk? ﬂ?%é%ﬁé;#{nﬁzge%rp}%e@%oﬁmﬁg SI’ ng t e step
2 of adj L&trmgdmm mtplqhanuelsoﬂndar d set of mediumrate channel s and said
high-rate channel, fger@} uﬁgtamg@ﬁtéeéhama ini RsBbAEN0 %3 SleNdgiaeP

a.3) is 2 corrprrse ransmtting said high-rate” data over a
set of nedli AWEE andrmshert 3521?-9 C met hod as set forth in claim?23

wherein step a.3) further corrprr ses the steps of : generating a second set
of nediumrate chapnel n nse - t econd, se diumrate cghannels
and a second set ©F ﬁ Hﬁgﬁ‘g‘g %?I’qug’ar e n§ePe - 11 1S
medi U(T rape eaprised oﬁﬂhh step ofh:noaulat&t@ saitialseebf nafedmn% the&i&tﬁmmfésced
spread spectyr Il on stem 2 conpri sing irst long channel code
nodul ator fo u@e 1@??88“#‘ eﬁcgﬁsﬁnel 4 data in response to first user
data; first short channel code nodul ator for generating second 6 channel
data in response se éLa% %ﬁ%t? &?‘q

generatin f| rst ?‘?1) ph?s%gqlaé@%a &rfOHh(r)ﬁn\scelhjt}g sal %s ??rls esteg
second i n2Zphef adiistingdthe fasaplijaster ersﬁ’gi)%*c ofngdiupn arate rhannels F@dréélﬁonse
to said sec Hehabn@ang@t.a; first quadrature-phase spreader for generating
first quadrature- 12 phase data in response to said first user data; second

quadr at ur e- phase spreader for generating second quadrature- 14 phase data
in response to sez@nd Ther ntthiad as set forth in claim 23 wherein step a3) is

2 comprised of the step of transmitting said high-rate data over a set of
medium rate channels. |

27.  The method as set forth in claim 23 further comprised of the
2 stepofa. 3) is comprised of the steps of:
generating a second set of medium rate channels in response to a
4 second set of medium rate channels and a second set of long channel codes;
and
6 summing said second set of medium rate channels with said high-
‘rate channel. '

28. A direct sequence spread spectrum communications system
2 comprising: " |
first long channel code modulator for generating first channel
4 data in response to first user data; :
first short channel code modulator for generatmg second
6" c:hannel data in response to second user data; , :
| first in-phase spreader for generating first in-phase data in -
8 response to said first channel data;
second in-phase spreader for generatmg second in-phase data in
10 response to said second channel data;
_ first quadrature-phase spreader for generating first quadrature—
12 phase data in response to said first user data;

second quadrature-phase spreader for generatm se ture-
14 phase data in response to second user data, THIS SHEET HAS BEEN
This Sheet Has Been Replaced REPLAGED |




. TH\S SHtt‘ finw Uie=17 -
21 first sURRES: ﬁ,fﬁdf generating lan i nRERALAE dn response o
tirst in-phase data and an inve nstance of said second quadrature-

I ﬁulnmllu ﬂ;lﬂu second sur%Er for generating a
: term in response to said first quadrature-phase data and

shi  sdcofld Fn-phase dads@sus@mer for generatifi F&}ﬁiﬁ-plﬁséi@mﬁilﬁu pdnse to

22 o e ' Sai at'ﬁ%sepﬁataeaﬁ%ﬁegfv'e@?%w@ % RESaL B quABFaiery o

'quadr at ur e- phase usegdata;i n response to said second term and 24

et B UL o elonh sphR3E, B OpBherdfile 37, HAMECHAE: NIRE i
2 has a | owgesponse me&aedtfh'ahqls@dmt‘smephaSmcﬂmmmid said. secandrinipichsé alata;
transm t4, q ng hi gh r at @se! &rg@pjs 1@”11’(8&&1 porzf %@%ﬁ“ﬁ%ﬁp‘f‘?ﬁs& he

communi cati on u5|ng co Vi SI.on e access pr
steps of: 4 signal H@FSPOQ%Q]&%KI@S&MM phase set of nediumrate channels;
b) gengrating a quadgaddian eSeirrfty SRALHA ‘iﬁ’é&uﬁ@@ﬂ@@f n@ra(%ngmd 2o

transmtting ac{gl rst t of, h| rate data qver said ase
rate channeld@ ohase signal in respanse fo,ga1d secend demss aggl high rate data

over a supbset of saldmﬁtatuf& phasenigl Ghidredhiphdsat esighalneind  48id31.
The net hod asazﬁt forth in.cl %ﬂmSO wherein said subset is 2 conprised of a

set of evenl RIRSE o els The method of claim 30 wherein
steps a) is conprised of the 2 step of generating said set of channels by

Todul ating said SRl Of THE Uit 3l Sef (GRTHNERN A S Hcbih SaRE 1l hoRfel

channel .codes; summng said set 0 annel's yreld ng sume
generating |hﬁ5p%1&‘€e%gﬁ@a€ﬁt§éh@ said secopdsehanmelai d summed data and an
I n- phase spreadi ng code; generatlng guadr at ur e- phase spread data in

response to said dat n uadr at ur e- phase, spy eadi n

modul ating said |$puph ’ge t?‘é’ad ft?élt grawspﬁt% Bi - %&Ee‘{aﬁr?@g ﬁﬁ%‘l‘mlng‘ran _

i n- phase 3i gromjunction with a set of medium rate communications using code division
multiple access processing comprising the steps of:

4 a) generating an in-phase set of medium rate channels;
' b) generating a quadrature-phase set of medium rate channels;
6 ) transmitting said set of high data rate channel over said in-

phase set of medium rate channels; and

8 d) transmitting said high-rate communication over a subset of
said quadrature-phase set of medium rate channels.

31. The method as set forth in claim 30 wherein said subset is
2 comprised of a set of evenly space Walsh channels.

32.  The method of claim 30 wherein steps a) is comprised of the
2 stepof:
) generating said set of channels by modulating sa1d set of medmm rate
4 communications with a set of long channel codes;
summing said set of channels yielding summed data;

6 generating in-phase spread data in response to said summed data and
-an in-phase spreading code; -
8 generating quadrature-phase spread data in response to said summed
data and a quadrature-phase spreading code;
10 - modulating said in-phase spread data with an in-phase carrier
y1eld1ng an m-phase signal;

il Hai“Bmilll‘giaced



22 12 . nodul at| I e- phase spread data wt ture-
phase car r WP 9§B2A63; H, Hmnnﬂﬂ[ﬁﬂmmse si.gnal ; and 14 pc@%#ﬁ?ﬁg’ sai d
i n--phase si gnal- and sai d quad atbire” phase signal . 33. The nethod of claim
30 wherein steps b) is conprised of the 22step of: generating said

channel Tode.  gomBParié: Spid upllrinlotbls?, fpitafl AHHL TR 8ol o

hi gh-rate GWmenatrlmwekhngaunMEIesphWMggahand generatl ng high-rate
- guadrat uge- phaseam%ng Cirl BhagPOeRaPald 3R] fullabiibe b gpand a

guadr at ur'e- phase spr sal e |n ase spread
data with an quadrature- 10 phase carrier yleldlng an hi gh- rate

quadr at ur e- phase 33l gnathe MREHbAT 6N EladR BPUFRERSEN | StEHSBTSs @b d‘b@*ihéate
guadr at ur e- phase 12 spread data with an in-phase-phase’carrier yielding a

hi gh- ratei ﬁ?lhﬁ%e- phase signal; and 14 summ ng said high-rate
i n-phase signal ansesating NsAH- higleraldadhahner bpagpdilaAal. said hiBkerdtgt hod

of claim 30 wherein ste a ),are conprised 2 of the steps a.l)
nmodul at i n‘g %¥ rﬁ@ﬂﬂgﬁ%&rgcbﬁﬂﬂﬁ]n? '| ons using a 4 set of channel
codes; a.2) sumrigem $égh-odtednsphres spread date indiregponserto daithhigh-fate
a.3) .no St set of carrier sinusoids; 8
b. 1) S%II %ﬁ'ﬂng sa.gsﬁ%%rﬁ?ghg anngkllgaczi’éti a short channel code vyi el di ng
sai d high-rate crgameeatmgﬁmlgh-@ate quadmptixe-phase spaead glata inl responseatoesaid
channel ! highsasdadald Bl &a&aﬁﬁeﬁ{a@eegf&alﬁg%defe 90[err] out of

phase w dfir set of er 'sj nu thod as set
forth in claim3 aing saidy F"Etec%ﬁﬁ%?'e 2Pr9@6]d@a"faswé i Quaderturer

Wl sh symdolphazedagties yidldthgc i high-reedfsadiatureqshiasesiphals ed of si xty-four
vél sh.symbol's. modulating an inverted instance of said high-rate quadrature-phase
12 spread data with an in-phase-phase carrier yielding a high-rate in-phase-
phase signal; and o
14 summing said high-rate in-phase signal and said high-rate quadrature
‘phase signal.

34, The method of claim 30 wherein steps a) and b) are comprised
2 of the steps of: | |
a.l) modulating said set of medium rate communications using a
4 set of channel codes; |
- a.2) summing said set of channel codes yielding summed data;

6 a.3) modulating said summed data with a first set of carrier
: sinusoids; _
8 b.l) modulating said high-rate channel with a short channel code

yielding said high-rate channel; and
10 b.2) modulating said high-rate channel with a second set of carrier
- sinusoids that are 90° out of phase with said first set of carrier sinusoids.

35.  The method as set fo_rth in claim 34 wherein said short channel
2 code is comprised of two Walsh symbols and said long channel codes are
~ each comprised of sixty-four Walsh symbols.
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