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1. Field of the Invention The current invention relates to wirel ess

t el econW@i0$d@™Bons. More particularly, the present inveRETAI$00/¥ es to a
novel and inproved transmtter design for enhancing the reI lability of
comuni cations in a w reI ess 10 communi cati ons system Descri ption of
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communi cati on systemtechni ques, such as tine d| vision multiple access

(TDWA) , frequency di & AM nodul at i on _
schenmes such as ﬁ/‘éﬁi}' Mbd(&cﬁgﬁi %ﬁf SB) are known in
the abt. However the spread spectrum nodul ati on techni que of CDVA has

signifi cimlg. gﬁ‘gg?ﬁ\ﬁaﬁt aﬁes over these other nodul ation techni ques for

mul ti pl e ac ©4&tion systens. The use of CDMA techniques in a

mul tiple access comuni cation system is disclosed in U S.' Patent No.
4,901, 307, enflihel edrreBPREAONMSREGERINS tMUMWITEeE ACCESSnGoAbAINDIGATMOYe SYSTEM

USI NG SAg?ﬁéu-ﬁgrl EEBEE%E&%&EPE%J R no 2 Shanfbb Qe Efasianes

the present, inventio and |ncorporat ref er ence Herel

CDVA t ecHEPigledOr neBhanging; the rgliabdlityc I%Wt%t dm ias Winelaser

di scl®sedomimbhiatibiad gfsiteﬂio. 5, 103, 459, entitled "SYSTEM AND METHOD FCR
GENERATI NG SI GNAL  WAVEFORMS | N A CDVA CELLULAR TELEPHONE SYSTEM', and in
U S. 30 Patent No. 5,751,761, entitled "SYSTEM AND METHOD FOR ORTHOGONAL

SPREAD SPECéRdhipSieQUeNDE Rk AAHON | N VARl ABLE DATA RATE SYSTEMS', both
assigned to the assignee of the present invention and i ncorporated by

o eencs Ror el B8l RUBRISAOES CORREIRAD et B2,
SPECTRUMSI\/PJ\}q'IqﬁL%V%ES@mqueS or facilitating communications in which a large
15 number of system users are present. Other multiple access communication
system techniques, such as time division multiple access (TDMA), frequency
division multiple access (FDMA) and AM modulation schemes such as
amplitude companded single sideband (ACSSB) are known in the art.
However, the spread spectrum modulation technique of CDMA has significant
20 advantages over these other modulation techniques for multiple access
communication systems.

The use of CDMA techniques in a multiple access communication system
is disclosed in U.S. Patent No. 4,901,307, entitled “SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE OR

25 TERRESTRIAL REPEATERS”, assigned to the assignee of the present invention
and incorporated by reference herein. The use of CDMA techniques in a
multiple access communication system is further disclosed in U.S. Patent No.
5,103,459, entitled “SYSTEM AND METHOD FOR GENERATING SIGNAL
WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM”, and in U.S.

30  Patent No. 5,751,761, entitled “SYSTEM AND METHOD FOR ORTHOGONAL
SPREAD SPECTRUM SEQUENCE GENERATION IN VARIABLE DATA RATE
SYSTEMS”, both assigned to the assignee of the present invention and
incorporated by reference herein. The use of CDMA searchers is disclosed in
US. Patent No. 5,764,687, entitled “MOBILE DEMODULATOR

35 ARCHITECTURE FOR A SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM”, assigned to the assignee of the present
invention and incorporated by reference herein. Code division multiple access



COMVMUNI CATI ON SYSTEM', assigned to the assignee of the present invention
and incorporated by reference herein. Code division multiple access WD
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sear cher an PG FPIERa A Incormazat PLSER F\el{} S. Patent No.
5, 4980 165, enin thedDNEANSBERodulator structure used in some IS-95 systems, the PN
chip interval defines the minimum separation two paths must have in order to
be combined. Before the distinct paths can be demodulated, the relative arrival
times (or offsets) of the paths in the received signal must first be determined.
The demodulator performs this function by “searching” through a sequence of
25 offsets and measuring the energy received at each offset. If the energy
associated with a potential offset exceeds a certain threshold, a demodulation
element, or “finger” may be assigned to that offset. The signal present at that
path offset can then be summed with the contributions of other fingers at their
respective offsets.
30 A method and apparatus of finger assignment based on searcher and
finger energy levels is disclosed in U.S. Patent No. 5,490,165, entitled “FINGER
ASSIGNMENT IN A SYSTEM CAPABLE OF RECEIVING MULTIPLE
SIGNALS”, assigned to the assignee of the present invention and incorporated
by reference herein. In the exemplary embodiment, the CDMA signals are
35 transmitted in accordance with IS-95. An exemplary embodiment of the
circuitry capable of demodulating IS-95 forward link signals is described in
detail in U.S. Patent No. 5,764,687, entitled “MOBILE DEMODULATOR
ARCHITECTURE FOR A SPREAD SPECTRUM MULTIPLE ACCESS
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t he Tel econmuni cati ons | ndust ry sociation, entitled "The cdm2000 I TU-R
RTT Candi date Subm ssion". A second of these 25 proposals was issued by the
Eur opan Tel eterdhBN, ea(D1BN Standards Institute (ETSI), entitled)"” The ETSI
UMTS Terrestr &g G5H§SS (UTRA) ITU-R RTT Candi date Sub[an% And
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where PN, and PN, are distinct PN spreading codes and I’ and Q' are two

channels being spread at the transmitter.

20 The International Telecommunications Union recently requested the
submission of proposed methods for providing high rate data and high-quality
speech services over wireless communication channels. A first of these
proposals was issued by the Telecommunications Industry Association, entitled
“The c¢dma2000 ITU-R RIT Candidate Submission”. A second of these

25  proposals was issued by the European Telecommunications Standards Institute
(ETSI), entitled “The ETSI UMTS Terrestrial Radio Access (UTRA) ITU-R RTT
Candidate Submission”. And a third proposal was submitted by U.S. TG 8/1
entitled “The UWC-136 Candidate Submission” (referred to herein as EDGE).
The contents of these submissions is public record and is well known in the art.

30 In addition to the aforementioned properties, CDMA’s broadband
nature permits the demodulation of signals having traversed different
propagation paths. In U.S Patent Nos. 5,280,472, 5,513,176, 5,553,011, assigned
to the assignee of the present invention and incorporated by reference herein,
the usage of multiple sets of distributed antennas is employed to deliberately

35 provide multiple paths of propagation. In the just mentioned U.S. Patents, sets
of antennas are fed by a common signal with only time delay processing to
distinguish signals. The transmit output of the base station is fed to a string of
antenna elements for example with a coaxial cable. The antenna elements



The contents of these subm ssions is public record and is well known in the
art. 30 In addition to the aforenentioned properties, CDVA's broadband
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Telecommunications Union in response to their request for proposed Third
Generation Wireless - communication systems. Methods for introducing
diversity into a transmitted signal are almost limitless by their very nature.
25 Copending U.S. Patent Application Serial No. 08/929,380, entitled “Method and
Apparatus for Transmitting and Receiving Data Multiplexed onto Multiple
Code Channels, Frequencies and Base Stations”, filed September 15, 1997,
assigned to the assignee of the present invention and incorporated by reference
herein, describes a matrix of methods for transmitting CDMA signals using
30  multiple carriers and multiple code channels for introducing diversity into the
transmitted signal.

In addition, the multi-carrier transmission, whether it uses antenna
transmit diversity or not, must distribute the coded symbols among the
different carriers, which is similar to distributing symbols among several

35 antennas in an antenna transmit diversity system. One skilled in the art will
appreciate that, in the case where a multi-carrier system uses a single transmit
antenna, the channels utilizing the two carriers may still be thought of as

independent transmission channels which may or may not suffer from
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is a need felt in the art for a nmethod of decreasing the chances of |osing
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The current invention enhances the performance of a system utilizing
interleaving and transmit diversity by reordering the sequence of symbols
transmitted along the different transmission channels. For example, in the case

25  of a system using two transmission channels, the symbols being transmitted on
one channel are shuffled with respect to the symbols transmitted through the
other channel. This shuffling makes it less likely that successive symbols
output by the interleaver are lost to correlated fading in the two transmission
channels.

30 Suppose a source frame F is composed of N coded symbols Si (1<i<N).
Suppose also that these symbols Si are distributed over M transmitters
(different carriers or antennas or both). The current invention splits the
symbols into M groups Gj (1<j<M), one for each transmitter. Then each of the
groups, Gj, is interleaved independently.

35 A problem which can occur if the interleavers and splitter are not chosen
correctly, or even worse if they are all identical, is that the performance will be
severely degraded when the signals from the different transmitters go through
channels that are correlated.



20 SUMVARY OF THE | NVENTI ON The current invention enhances the perfornmance
of a systemutilizing interleaving and transmt diversity by reordering

t he sequence of synbols transnmitted along the different transm ssion
channel wo opis4078xanpl e, in the case 25 of a system usi ng PUBUSPENMH ssi on
channel s, the synbols being transmtteéd on one channel are shuffled with
respect to the symbols transmtted through the other channel. This

shuffling ”Bk%nbifdek @RS chdek@hird H?etre %&'6 Q%%é&ﬁlt%fg*%ﬁl\tsleae%pﬂﬁn%tag'e
interl eaver ar,

ost to correl ated faf in WO transm ssj on
Channe: o6 B ide soaee ANCERRL &1 AriEmmsTiies wiBBb o dhe pyrETaar slotied
(1<i <N) . forSupmpanBsiahssuchitabt bidsynslysibalrs p&vﬁfe@l fbr&idﬂ@ﬂﬁ&@n&%@éu%ﬁ
ant ennas.

vent | off S stttk S (S RL o o pipiE kT BEOGRH SR spjrsmingion dhrEde
t ransm t ther Secm’elnae@@nacﬁnd I’vehergrrombs ,SyGihols sare nnerrlesaveddsubedgpendént | y. 35
A probl et bedyiRR BN rebbede amé&&#%g&@%ﬂ PRIcLHERY i drdiOhief hosen

correctly, even Worse | ey are a rear or mance
will be atseqsederqrrglatpchincingmal] sererely detariorateoperformandd. er ent transnitters

go through cmaangcb & bhahe agtfufeler fsehdt @dke VIAROHGAO EBePGF/ %Péo%@&%% 6
Consi der . the case e there ar étransmtters hat | ead 2 an ennas
to provi H@%‘B&%b"%l@? Sromy Eh% ‘?‘tf heR ffanguHgrsy becpme; ﬁ@rrg %1r e
al | olfht eperformancendegiasiation isunindrhaOnedshrsiyulaelys efffceritr i ldﬁcénftalﬁon  ded
t n r.ovi de
f(r)(rfintS ;naaé%ﬁ{s%sglﬂc%{rgﬁghro éaﬁﬁghh%ﬁé congg} ?A} %%Izta}bea??gm% én%etl%ees Z_gehgcﬁs are

interl ea@leéx@m?#équent to their provision to the respective antennas. |f

traditional i Sltlﬁffie? ;/:g;gcaal}r ?(Stﬁﬂé 8% s Bol@stnge &Qﬁgxﬁit?é&ﬂyft@ﬂlsmtt\é& L' cure

hat ovhy (DY 2 (G2 pfigranifdeay nedponed

{1 artn trnssihsene woulcbbamﬁlfi crdm«b %1@6&9; ('H]:ﬁalﬂ&ﬁagﬁlﬁé asahi qulicalyr nor
e part r i ement ation of, the shu t -each shuffle
_cycl Pcal OC;[gJ[ %’?@M hé& Sm%rpo Alf”gﬂ%%t’\ygs ?—B‘fhén?q f;ﬁ‘ne]e‘i 22 18Ruf 1 er

. cycl |'EéiSItyarrSé@ame"ath¢é gytcrbdr:lsato be transmtted by transmtter j by
(-1)*N M sy MRAL bel (Herstdod\by bnelidy abed”
15" then ohut (1o iope Miferstoodlby bnefRRIATE 7 At (Rh e e ¥ptichs, 0
cyclicall i&pugh presented as being subsequent to and separate from the trad1t10nal

20 interleaving operation, in reality would probably be combined with
interleaving, yielding a single operation in a real implementation.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a diagram illustrating basic components of a wireless

30 communication system incorporating an embodiment of the invention.

FIG. 2 is a block diagram of a preferred embodiment of the invention in
a wireless base station.
FIG. 3 is a block diagram of a preferred embodiment of the invention in
a wireless subscriber station.
35



rotated by N M=2 synbols. An alternative enbodinent of a shuffler is a
flip. This transforns "abcd" into "dcba". It wll be understood by one
skilled in the art that the shuffle operations, though presented as being
subsequQ 06/@0Bnd separate fromthe traditional 20 intePCEASNYP8berati on,
inreality would probably be conmbined ®“ith interleaving, yielding a single
operation in a real inplenentation. BRI EF DESCRI PTI ON OF THE DRAW NGS 25
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multiple access (TDMA) communication systems, such the GSM
communication system and the proposed third generation TDMA
20 communication system commonly referred to as EDGE.

The transmit antennas 4 and 6, could be separated spatially to provide
transmit diversity by either placing them in different physical locations, or by
using directional antennas pointed in different directions from each other. In
an alternate embodiment using multicarrier transmit diversity, a single antenna

25  could be used as the source of the two signals.

The subscriber station 12 is shown as a car, but could also be a wireless
modem, wireless local loop subscriber station, or any other portable wireless
communication subscriber equipment. The method and apparatus for
simultaneously receiving multiple transmissions is well known in the art. In

30 the exemplary embodiment, the signals transmitted from antennas 4 and 6 are
received at subscriber station 12 using a RAKE receiver, the implementation of
which is well known in the art and is described in the aforementioned U.S.
Patent No. 5,109,390.

FIG. 2 shows a preferred embodiment of the invention as used in a

35 wireless base station (BTS). Data to be transmitted to the subscriber station is
input first to a frame formatter 100. The data which is encapsulated in the
frame formatter may be voice data, fax, packet data, or any other data capable
of being represented by a digital bit stream.
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inter eav}ng e outp o one interleaver 106 is sent to a transmlt subsystem

20 126, shown in the exemplary embodiment as including a Walsh spreader 112, a
PN spreader 116, and a transmitter 122. The output of interleaver 106 is sent to
the Walsh spreader 112, which is operably connected to the interleaver 106.

CDMA systems that include an orthogonal spreading followed by a PN
spreading are described in detail in the aforementioned U.S. Patent

25 No. 5,109,459. It will be understood that, although described in the context of
traditional Walsh codes, the present invention is applicable to other orthogonal
channelization methods such as orthogonal variable length spreading functions
of the proposed WCDMA standard and described in detail the aforementioned
U.S. Patent No. 5,751,761. In the exemplary embodiment, the PN spreading can

30 be performed using either a traditional quadrature PN spreading such as
standardized in the IS-95 standard or using a complex PN spreading such as
described in the proposed cdma2000 and WCDMA Third Generation standards
and described in detail in the aforementioned copending U.S. Patent
Application Serial No. 08/856,428.

35 In a CDMA system using orthogonal Walsh coding, the channels that are
distinguished from each other by utilizing these Walsh codes are referred to as
Walsh channels. One skilled in the art will appreciate that a system could
include transmission subsystems using an alternate form of signal separation
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In a preferred embodiment of the invention, the shuffler 110 operates by
cyclically rotating each group of four sequential symbols abcd into a different
sequence of bits cdab. Other shuffling functions, such as reversing or flipping,
may be used without departing from the embodied invention. One skilled in

25  the art will appreciate that additional shuffling functions may be utilized for
each symbol group, in a system having more than two such groups. The goal of
the shuffling process is to reduce the effects of correlated fading on
transmission channels 8 and 10. By employing shuffler 110, a fade
simultaneously effecting transmission channels 8 and 10 will not erase

30 consecutive symbols in the frame of symbols. As is well known in the art,
forward error correction decoders such as trellis decoders and turbo decoders
are much more effective in correcting errors that not consecutive than they are
at correcting those that are.

The output of the shuffler 110 is processed in much the same way as the

35 unshuffled signal from the first interleaver 106. The shuffled signal proceeds
from the shuffler 110 to a Walsh spreader 114, and then to a PN spreader 118.



spreader 112. The Wl sh spreader 112 serves to nultiply each data bit
comng fromthe interleaver 106 by a Wal sh code W, while the PN spreader
provi des superior autocorrelation properties that allows for the
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116 is provided to transmtter 122 whldch anplifies, upconverts and filters
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shar2® a €DhMAewireless subscaibieestetion. The signal is received through antenna 200
and processed by receiver 202. The resultant signals are then processed by
multiple demodulation subsystems 207 and 209. Demodulation subsystem 207
demodulates the signal that has traversed transmission channel 8.
Deinterleaver 216 receives the demodulated signal output by the demodulation

25  subsystem 207 and de-interleaves the signal.

If the signal that has traversed transmission channel 8 is transmitted on
the same frequency as the signal transmitted on transmission channel 10, then
receiver 202 amplifies, down converts and filters the signal using the same
hardware. However, if the signals that traversed transmission channels 8 and

30 10 have been transmitted on different carrier frequencies, then the received
signal will be downconverted using different mixing frequencies and the
resultant signals from the different mixing operation will be provided to
demodulation subsystem 207 and 209.

Demodulation subsystem 209 demodulates the signal that has traversed

35 transmission channel 10. Within demodulator 207, PN demodulator 206
demodulates the received signal in accordance with a PN offset that is
determined in accordance with a signal from searcher 204. The implementation
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The data output by the FEC decoder 222 is then processed by a frame
25  checker 224, which verifies the validity of the received frames, usually using a
CRC.

What is claimed is:
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signal in accordance wth a first interleaving format to provide a first

2. The apparatus of claim 1 further comprising a demultiplexor for
2 receiving said information signal and dividing said information signal into said
first portion and said second portion, and providing said first portion to said

4 first interleaver and providing said second portion to said second interleaver.

3. The apparatus of claim 2 wherein said demultiplexor divides up
2 said information signal by placing each odd symbol into said first portion and
placing each even symbol into said second portion.

4, The apparatus of claim 2 further comprising a forward error
2 correction module for receiving a set of bits and for encoding in accordance
with a predetermined forward error correction format to provide said

4 information signal.

5. The apparatus of claim 4 wherein said forward error correction
2 format is a convolutional encoding format.

6. The apparatus of claim 4 wherein said forward error correction
2 format is a turbo coding format.
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each odd synt$ol iﬁlf}msppaiaiusreﬁclpnntn wihesdltl safd figstnat@delviny e@rrﬁamisol into
sai d se sofc m2frtherc risin
f or wazrsdcagér]gcpﬁqtghggvmg fo ?%%t %ﬁg% #J nd dgts ilﬁarsfb“% Y Lpat s ag?nPEeVaFﬁ for
encodi ngnienlea@mgfmm wWth a predeterm ned forward error correction
format to provide said 4 information signal. 5. The apparatus of claim4
wher ei n Sald for rd error correction 2 format _ is a_convol utlonal encodi ng
f or mat . aPR2IGfUL Phickim Whwhereinsaid first iptedleaving: farratect i on

2 formtandSsaad setrob@l ineagih@ foihat AMOROsHAB73 PCT/ USCO/ 09794 13 7. The
apparatus of claim1 wherein said first interleaving format 2 and said

second interleaving format are block interleaving formats. 8. The apparatus
of claim 1 widrei Treaiapphrates ohtdaineali fugtterr ratmpriingda sﬁmfﬂeecfmd

interd e oLt a

cl ai 1 1?¥v$er 2 néa’éﬁ.sséér?? 2%*6?%?2??%2%}‘. | e RRAG h sg%*?olgﬁ%ﬁt%? avi ng
format &eePrshintede@dpighld @@xﬁrwgsm@ﬁmthmugh gaid seéoedgeansmlmlenl eavi ng
format . sﬁgsys'[é}ﬁ_ apparatus of claiml1 wherein said first interleaving format

12.  The apparatus of claim 1 wherein said second interleaver
2 comprises:

interleaver subsystem for reordering symbols in accordance with a
4 predetermined interleaver format to provide a pre-shuffled signal; and

shuffler for receiving said pre-shuffled signal and shuffling the symbols
6 from said pre-shuffled to produce said second interleaved signal.

13.  The apparatus of claim 11 wherein said shuffler performs
2 shuffling by cyclically rotating sets of a predetermined number of symbols.

14.  The apparatus of claim 13 wherein said predetermined number is
2 four.

. 15.  The apparatus of claim 14 wherein said shuffler rotates said sets of
2 four symbols by two symbols.

16. The apparatus of claim 11 wherein said shuffler performs
2 shuffling by flipping sets of a predetermined number of symbols.

17.  The apparatus of claim 16 wherein said predetermined number is
2 four.



2 and said second interleaving format are the sane. 11. The apparatus of
claim1 further conprising a shuffler for 2 receiving said second

interl eaved signal and shuffling the synbols fromsaid second interleaved
si gnal WEFW6d0Br ansmi ssi on t hrough said second transni ssPERUSAVEN Iy St em
12. The apparatus of claim 1 whereinldaid second interleaver 2 conprises:
i nterl eaver subsystemfor reordering synbols in accordance with a 4
predeterm ned interleaver fornmat to provide a pre-shuffled signal; and
shuffler for 18ceiThega 'rdtL[H eofs ldiin el svigheln asdd s ifitbf | fragsrhleiosy mbol s

6 f d. d d | .. 13. The
apparat yotegy et Rt ERa Ol S8E8 38 FieR T BRr hrearsRlRheR PREne)

cycl i calby Spma@:hnggsas@thSbﬁn@rbaedétmgmlan acomslemcefwithmbdfisst WalshThe
appar At %ﬂeﬁoﬁké‘?%&@“’— gfsqwagﬁlcgdgﬂ%ﬁﬁ qrzmcped nunber is 2 four. 15. The

apparatus o erein sai rotates said sets of 2 four
synmbol s by t vighexgimotaid seson héraaﬁmfrsa@rmst&sy&#em niransmter edif sedomdshuf f | er

pem‘) % ”ﬁnte%le%%ﬂfdl dﬂt/afsbtc?{d Fﬁn@ﬁ{i%slﬂlflh chaRh&dsy 8p f@aragﬁ @H{H)%c&)?lﬁ ”
synbol s ratus of,_claim er redet erm ned nunber is
> Four . T0istls Bl FERRGH teeaperor ity 3 %songh@’ai%bgvﬁ 0 & FEPAFRE £ whor i n
sai d 8 i rsetond dialsh sededisighakubsystem transnmits said first interleaved
signal on a first transm ssion channel by spreading said first interleaved

signal in accordance with a first Walsh 4 function to Eroduce a first
Wal'sh coded sk%nalTheasppamatuseoiclaian d8sebenein saidnfirst $¥alsh fanbdys isthe

t r ansm teniPd 38 S&hd WalldH £ldcgdued signal on a second transmni ssion
channel by spreading sald second 1Interleaved signal in accordance with a

second Wl sh function to produce a 8 second Wal sh coded signal. 19. The
appar at us of 20 ai rfﬂﬂeBapp@faeh@ of adlaint i18sivh¥édiahsdid nfGiist OV alsh flifctiod &AMe as

sai d seco ctl e .apparatus of claim 18 wherein said
fi rstzgwﬁr ogolﬂ?ﬁ]q Sscorgiﬁ%ﬁ%éﬁrh%}oor{)o sai d second Wal sh functi on.

21. The apparatus of claim 20 wherein said first transmission
2 subsystem and said second transmission subsystem are synchronized in time
and phase.

22. The apparatus of claim 18 wherein said first transmission
2 subsystem further comprises a first PN spreader for receiving said first Walsh
coded signal and spreading said first Walsh coded signal in accordance with a
4 first pseudonoise (PN) function to provide a first PN spread signal, and said
second transmission subsystem further comprises a second PN spreader for
6 receiving said second Walsh coded signal and spreading said second Walsh
coded signal in accordance with a second pseudonoise (PN) function to provide

8 asecond PN spread signal.

23.  The apparatus of claim 22 wherein said first PN spreader and said
2 second PN spreader utilize quadrature PN spreading.

24.  The apparatus of claim 22 wherein said first PN spreader and said
2 second PN spreader utilize complex PN spreading.

25. The apparatus of claim 22 wherein said second transmission
2 subsystem further comprises a delay element for receiving said second PN
spread signal and producing a delayed PN spread signal.



21. The apparatus of claim 20 wherein said first transm ssion 2 subsystem
and said second transm ssion subsystem are synchronized in tinme and phase.
22. The apparatus of claim 18 wherein said first transm ssion 2 subsystem
furt her W9$#98es a first PN spreader for receiving sai dPETIUSPO/REISh  coded
signal and spreading said first Wl shloded signal in accordance with a 4
first pseudongi se LPN) function to,provide fi.rst PN spread signal, and
said second ansﬁ‘%s?%rgf]’bssﬁt é?}ﬂ?%r%#e‘?’ﬁ@iﬂ%r paids fgsk ERMEMBRIO%Hr eader
for 3 rebeysteny festher seoymdsesah sfirst ddankmitgraforanpesmradidigne saifdssecond
Wal sh ¢ j-gn i : AV cond. pseudgnei se ((PN) function to
pr ovi dqu‘g(ﬂ}aé?scgc%lrl% g%?{eggggfé%%‘{ ?hgéﬁ'?efﬁgg%ﬁgﬁgﬁugr% ucg{‘%iz}nﬁf wher ei n
sai d 4i rtsananssigneagral, amd saigh second $raromissiNnsmbepstem fitrthdérz@nypeisksat ur e PN
spreadi NPsectthd tARsAMRR AirUgpQinver8hd 182, | by gt - der and
said 2 sgggg\h% PNP}W ead rL,jlfoi Ini ze cg] | e%@hﬁ%@%ﬁ%.a%?%%@%gar at us
of cl&i i@ ¥pd TN sprea &er%%ﬂ%geﬁewp%txa@wﬁémﬂgmbr conpri ses
a delay elenment for receiving said second PN spread signal and producing a
del ayed PN s ad i gnal . 00/.640 PCT/ US00/ 09794 15 26. The appar at us
of claim 25 %@r ei"ﬂwegﬁ%aria}lt\%?p ?k”éﬂ?ﬁi‘g Frsn s%‘ds'g‘%fr’éat“émlftﬂ R8s Spr i ses
a firdt saichhfigsti tramsmissionugignal/ throiigh aroantehinasind taidgseoay aadsmaftpdr f yi ng
sai d T teald ENoARIEALRHHBASI AN RIRMCLAY Audid fSt 4 transmission signal,
mfur

and saié second transm ssi or subsys er conprises a second
transmtter for upconverting to a second frequency and anplifying 6 said

del ayed PN spgead Hicosjsparafish oF Qs 2BAvReoGt OAd fifsPRSailePuSheRdls 27
The azopar‘?rttrﬁ f,claimz26 wher |Ehsa| first transmtter transmts_ 2 said
first®t PARSASEi BANENGTEAD (180 HNIeHEh 2 nHEst aARteaRR] a8idc SR ¢ Fo5ABH ¢ t er

sai d sedmmgntittensaidsecond siagsalission signhl geodghnt R0oAd adennEhe appar at us of
claim26 wherein said first transmtter transmts 2 said first

transm ssion signal through a first antenna and said second transmtter

sai d second #2Pansrihesapparatusref claim 88 ghheresesaiddimhfreqnanc? s ediked tappar at us

of claai ghia&e\@eﬁaq}éalu@ﬁkﬁ first frequency is equal to 2 said second
frequency. 30. The apparatus of claim28 wherein said first frequency is

greater
30.  The apparatus of claim 28 wherein said first frequency is greater

2 than said second frequency.

3l. The apparatus of claim 22 wherein said first transmission
2 subsystem further comprises a first transmitter for upconverting to a first
frequency and amplifying said first PN spread signal and producing a first
4 transmission signal; and
said second transmission subsystem further comprises a second
6 transmitter for upconverting to a second frequency and amplifying said second
PN spread signal and producing a second transmission signal.

32.  The apparatus of claim 31 wherein said first transmitter transmits
2 said first transmission signal through a first antenna and said second
transmitter said second transmission signal through a second antenna.

33.  The apparatus of claim 32 wherein said first frequency is equal to
2 said second frequency.

34.  The apparatus of claim 32 wherein said first frequency is .greater
2 than said second frequency.



2 than said second frequency. 31. The apparatus of claim 22 wherein said
first transm ssion 2 subsystemfurther conprises a first transmtter for
upconverting to a first frequency and anplifying said first PN spread
si gnal WO®0p4033uci ng a first 4 transmi ssion signal; andPGHVE004EEYNd
transm ssi on subsystem further corrpri1§es a second 6 transmtter for

said second PN spread

upconvertlng cond freq npl.i fyin

signal and pri ducﬂﬁﬁE %’%@W@fﬂ%&%%ﬂs”g %‘i?l%ﬁﬁlﬁlaﬁmtﬁ‘?nsqfﬁgeéﬁr&&?@tlﬁs of

cl ai 2 3baith éirsti tharsshidsivinr signalr dreughtal ahfetRaind saidl Setofdf irafidmitter

transm s I a fiqfst ntenna and said second transmtter

sai d se(?%ﬁgsptcégﬁqﬁ%%s%“ Shlg sbg{ﬁlﬂfﬂfﬂu&%\gﬁ?g LT8Ry antenna. 33. The appar at us

of claim32 wherein said first frequency is equal to 2 said second

frequency. 3 Th f uency is

greater 2 tﬁ?gn s?@ggéé%tﬁg§ c?}erc?géelﬁgg %8#%&%?3&@%} 1 {5&‘@@{16{5%4 16 35.

The appar at uditsf demgdimlagion pebwistefon receiving # dirshportion of aneseeived 2 sai d

fir 3 tt rsega?nt &&heduRtigRaid hwlqﬂﬁn@ﬂ t@ﬁ&@&eg fﬁ@?déﬁidé%%@c@e dlans[ﬂ tt fer

sai econ ran n_signa sai enn para us for

recei%ing an fiT CF{EFI%EEF AVSS dhal de%‘ﬁ‘;& Vé’i“&gsal ﬁr?fs{ade@é‘h%@é fgnaybsyst em

for recelcmmiyng tbi a sfirspaddintenleatirgg rformayvad prodinel a ﬂmvwh&trldm@eaal d

first é{al @n to create a first denodul ated S|gnal 4 first deinterl eaver
ei n

for eawmig said first denodul ated signal according to a first
dei nter| eavi sgcd r@chbﬂptlonu@éﬁa(sfam dfor deceivamg eavecbnds poirtjonl of second

denmodyl @éééwe&uagﬁr e@ehydul &S Vsae %eé@&&ngoﬁ%ﬁ' B Qeafe £ IR S {juved
si gnal , dem)(gla in slal d.second portion to treate a second ul at ed
si gnal ; graa

d@dt er | eaver for deinterl eavi ng said second

denDIilJI at ed seghal deimtedeticrot detnteAevia ds%ﬁdlfs@d‘drﬁiidbﬂ@)dﬁ.@ét@ats1g1€hlpr oduce
a second _dej nteFI eaveddréﬁﬁ rat us of %l rther
nter

conpri sitng’ rding 1Q P pFeXs e’q?vr‘%gPWﬁg?%Echﬁﬁeras?eca’é\d SI gnal
and ¥ai diggadond dei nterl eaved signal and conbining themto cr eat e a
mul ti pl exed signal.
37.  The apparatus of claim 36 further comprising a multiplexor for
2 receiving said first deinterleaved signal and said second deinterleaved signal

and combining them to create a multiplexed signal.

38.  The apparatus of claim 37 wherein said multiplexor produces the
2 stream of symbols contained in said multiplexed signal by alternating symbols
received in said first deinterleaved signal and said second deinterleaved signal,
4 wherein all odd symbols of said demultiplexed signal are extracted from said
first deinterleaved signal, and all even symbols are extracted from said second

6 deinterleaved signal.

39.  The apparatus of claim 37 further comprising a forward error

2 correction decoder for receiving said demultiplexed signal and decoding said
demultiplexed signal in accordance with a predetermined forward error

4 correction format to extract an information signal from said demultiplexed

signal.

40.  The apparatus of claim 39 wherein said forward error correction
2 decoder is a turbo decoder.

41.  The apparatus of claim 39 wherein said forward error correction
2 decoder is a trellis decoder.



38. The apparatus of claim 37 wherein said nultiplexor produces the 2
stream of synbols contained in said nultiplexed signal by alternating
synbols received in said first deinterl eaved signal and said second

dei nt er V¥AOYEH0Z gnal , 4 wherein all odd synbols of said FHPIIIELed
signal are extracted fromsaid firstldeinterleaved signal, and all even
synbols are extracted fromsaid second 6 deinterleaved signal. 39. The
apparatus of claim 37 further conprising a forward error 2 correction
decoder for rd2eivilhg apgpadatthsnfl dlainh SRewthstedin ahid fiskvitaeoekrog c6aiedtion

demul bi ph‘é‘éf&’er%ﬁ@@ﬁde@iﬁ&?%@@d&e with a predeterm ned forward error 4
[ ormat t F

correction 0 extract an information signal fromsaid denultipl exed
signal. 40. The apparatus of claim 39 wherein said forward error correction

2 decoder is a3turlyge d8tus Flelai : ' i:n said
for wa%d ﬁr %Aco&{?egg 2 decg)cde}hi%ga‘gﬂt&ﬁe Ilélﬁ%sd)g%{g%%g;%ﬁgﬁ)%gﬁ%gaﬁth
PCT/ US00f8 18 plpckslecdler- apparat us of claim 39 wherein said forward error
correction 2 decoder is a soft decision decoder. 43. The apparatus of
claim39 whergjn said forward efrpr_correction 2 decoder .i§ bl ock decoder.
44. The appar g{“us ?bgcqpﬁamﬁ% %8@%%&7@??‘? §?1ddgﬁrﬁtt g?%%‘@%arveén@ 2 said
second dsdidtsecorehdeintenleavier ack bibeknicinteelracers. 45. The apparatus of claim
37 wherein said first deinterleaver and 2 said second deinterleaver are

bit reversal deinterleavers. 46, The g%)par atus of claim 37 wherein said
first deinterfeavelhe fpparatus| ofcrlaimi 3t evhergire saigh firstaddinéedeswer and

dei nt @r | gfAdQecdred deRitérldRreehs@bitdelevsal H&AYG eavefy.- The apparatus of claim
37 wherein said first deinterleaving format 2 is the sane as said second

deinterleaving format. 48. The apparatus of claim 37 further conprising a
deshuffler, #6.0peThélappacaiuscofedaimat 3 erhaeird sark tinst dermpeléatdroB a

subsyst I i \ for.receivin id second
demmdal apisgegieBeflea R R AT P STk i S PR A ETERAT (o
produce an unshuffled signal wused by said second deinterleaver. 49 The
apparatus of g ai "TRd apP&fadis€lof 8lathn S7GRRErHIE bR 1sf A¥fterleaving format

2 is the same as said second deinterleaving format.

48. The apparatus of claim 37 further comprising a deshuffler,

2 operably connected between said second demodulation subsystem and said

second deinterleaver, for receiving said second demodulated signal and

4 unshuffling said second demodulated signal to produce an unshuffled signal
used by said second deinterleaver.

49  The apparatus of claim 37 wherein said second deinterleaver
2 further comprises a deshuffler for unshuffling said second demodulated signal
prior to performing said deinterleaving.

50.  The apparatus of claim 48 wherein said deshuffler performs
2 deshuffling by cyclically rotating sets of a predetermined number of symbols.

51.  The apparatus of claim 50 wherein said predetermined number is
2 four.

52.  The apparatus of claim 51 wherein said deshuffler rotates said sets
2 of four symbols by two symbols.



2 further conprises a deshuffler for unshuffling said second denodul at ed
signal prior to performng said deinterleaving. 50. The apparatus of claim
48 wherein said deshuffler performs 2 deshuffling by cyclically rotating
sets of WR09/6413t er ni ned nunber of symbols. 51. The appaP&f¥s0 ‘H‘}/ 974 ai m 50
wherei n said predeterm ned nunber |5182 four. 52. The apparatus of claim 51
wher ei n sald eshuffler rotates.sai.d sets. 2 of four. s s b

synbol s. 8407 BERACRER 0o FOM 15 Behereite safshaichuicr Petarivs

wher & nchahdffﬂngl’mgfﬂlppmg)mtﬁ of apredetdemindd hindebwf tyinbpldg sets of a
predet er mi ned nunber of synbols. 54. The apparatus of claim53 wherein said
predeterm ned nunber is 2 four. 55. The apparatus of claim 36 wherein said
first denodulbdt i oﬂhezamﬁé‘gmst@fmlam’ltSBeWhemnpsaldqsreeieterrmned’mmb@r mader for
receiwingysaid first portion of said received signal and despreadi ng said
first portion of said 4 received signal in accordance with a first

pseudonoi se (PN) sequence to produce a first PN despread signal; and 6

wher ei n sai d55ecor1d1ed@1@5@db&t@tsi on d4ibsy3é %Ewmh%idcmic&eﬁo@ulaﬁ@ﬁond PN
despr. adeh Sg ﬁyifav' ng said se ongaﬁ\g él on %ﬁsgl d received g&% 8 and
despreadPRyYSed Cigel ideNilie EPEF Ty hefelY N8agdigr HEftce wi t h
a secongoPtibs eofl eaick receiped digreal aase cdespréddings gridafirsti postion 5. saide

appargat I 5 a i e second
PN dcopiassived a%%uiﬂ Mh%é?%ﬂt@% el 4 sl PoRBEBRERE PR bRt Yoo 55
wher ei n psaddce a fisst prasktigna de 2 said second PN despr eader are

conplgex PN d%ﬂ%r%ﬁ@%fa%d g&onah@eﬁ‘mﬂﬁﬁélﬁ Q&bsys?énm Rarther tda%{ ﬁéé'é“%' sing a
searcher for é rOV|d ng, tinme of fsets used, f

espread) aid PN
despr eadesd B rioF Jeceiying sai SS@%BPE‘??P ghpyd flieF§1tvege9r‘&%‘§l ation
2 sulgsyahdrddspréditing caitpsdacond portionsdf sl sdretiespsigadiein d@obrdateiwithg said
first P spr eadi idfirst PN despread signal in
4 accorggﬁgcgé&i’ﬁge(ﬂ&rggto&g(gdﬁceefaoaccton ggNodaﬁPB cégg irst Wal sh decoded
signal; and 6 wherein said second transm ssion subsystem further conprises
a second 56.  The apparatus of claim 55 wherein said first PN despreader and

2 said second PN despreader are quadrature PN despreaders.

57.  The apparatus of claim 55 wherein said first PN despreader and
2 said second PN despreader are complex PN despreaders.

58.  The apparatus of claim 55 further comprising a searcher for
2 providing time offsets used for PN despreading by said PN despreaders.

59  The apparatus of claim 55 wherein said first demodulation
2 subsystem further comprises a first Walsh despreader for receiving said first
PN despread signal and despreading said first PN despread signal in
4 accordance with a first Walsh function to produce a first Walsh decoded signal;
and
6 wherein said second transmission subsystem further comprises a second
Walsh despreader for receiving said second PN despread signal and
8 despreading said second PN despread signal in accordance with a second
Walsh function to produce a second Walsh decoded signal.

60.  The apparatus of claim 59 wherein said first Walsh function and
2 said second Walsh function are the same as each other.



Wal sh despreader for receiving said second PN despread signal and 8
despreadi ng said second PN despread signal in accordance with a second

Wal sh function to produce a second Wal sh decoded signal. 60. The appar atus
of cl ai WORY/64#@rei n said first Walsh function and 2 sai BCEASHHYl sh
function are the same as each other. D 00/64073 PCT/ USOQ 09794 19 61. The

appar at us of ai 9 wherein said. figst Walsh functi i 2 orthogonal to
second Wal sh aUncﬁ@%.apgfra?‘Hé %ﬁﬁﬁ%t@“&erﬁﬁ%?% 3 r%og\’raé?sfh funetipy if s
denpdll avithoagomaldalsegaatdeWalsh furetiononpri ses a first receiver subsystemfor
anplifying and downconverting froma first frequency a received signal to
produce said first_ 4 portion of a received signal, and wherein said second
denodul ati on &ibsyEhenipraratitsr fofloims86 whegeivesend! fixst edemoduldtsyst em f or

anpl i by difbs§Bént FWABRR \@hipiges h Ofist 2869RH sub hoti i si gnal
to produ esgai d secon Igloft)i or? 0 1a recei ve_clSu g§§}éﬁpng r.sdg%gh{}ﬁlggaa\ég?r at us

f

of cl ai MIEYTGPRYIFRSSION iflrst freAugehayreraived signiloto pradiice saad dHe
f r equéncyortivh of Huecaiviedrsigned, aid cl ai m 63 wherein said first denodul ation 2
subsystem an . d_secqgn dul at i subsyst em share.a single receiver
subsyst em Ggwﬁ%fgna%adgr g?%?@f&eéﬁ%?ﬁagfméﬁaﬁé%?ﬂrWF sfmgp’é‘a%r?cy is
gr eat@r sepondgaceiveniswhaystedn ffoe quylifying and downconverting from a second

frequency said received signal to produce said second portion of a received

8 signal.

63.  The apparatus of claim 62 wherein said first frequency is equal to
2 said second frequency.

64. The apparatus of claim 63 wherein said first demodulation
2 subsystem and said second demodulation subsystem share a single receiver
subsystem.

65.  The apparatus of claim 62 wherein said first frequency is greater
2 than said second frequency.



