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It is desirable to be able to transmit data at rates which are higher than

the maximum data rate of a single CDMA channel. A traditional CDMA

channel (as standardjied for cellular communication in the United States) is

capable of carry digital data at a maximum rate of 9.6 bits per second using a
20 64 bit Walsh spreading function at 1.2288 MHz..

Many solutions to this problem have been proposed. One solution is
to allocate multiple channels to the users and allow those users to transmit -
and receive data in parallel on the plurality of channels available to them.
Two methods for providing multiple CDMA channels for use by a single

25 user are described in co-pending U.S. Patent Application Serial No.
08/431,180, entitled “METHOD AND APPARATUS FOR PROVIDING
VARIABLE RATE DATA IN A COMMUNICATIONS SYSTEM USING
STATISTICAL MULTIPLEXING”, filed April 28, 1997 and U.S. Patent
Application Serial No. 08/838,240, entitled “METHOD AND APPARATUS

30 FOR PROVIDING VARIABLE RATE DATA IN A COMMUNICATIONS
SYSTEM USING NON-ORTHOGONAL OVERFLOW CHANNELS”, filed
April 16, 1997, both of which are assigned to the assignee of the present
invention and are incorporated by reference herein. In addition, frequency
diversity can be obtained by transmitting data over multiple spread

35 spectrum channels that are separated from one another in frequency. A
method and apparatus for redundantly transmitting data over multiple
CDMA channels is described in U.S. Patent No. 5,166,951, entitled “HIGH
CAPACITY SPREAD SPECTRUM CHANNEL”, which is incorporated by
reference herein.
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FOR GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR
TELEPHONE SYSTEM”, assigned to-the assignee of the present invention
and incorporated by reference herein. Code division multiple access

20 communications systems have been staridardized in the United States in
Telecommunications Industry Association Interim Standard IS-95, entitled
“Mobile Station-Base Station Compatibility Standard for Dual Mode
Wideband Spread Spectrum Cellular System”, which is incorporated by
reference herein.

25 The CDMA waveform by its inherent nature of being a wideband
signal offers a form of frequency diversity by spreading the signal energy
over a wide bandwidth. Therefore, frequency selective fading affects only a
small part of the CDMA signal bandwidth. Space or path diversity on the
forward/reverse link is obtained by providing multiple signal paths through

30 simultaneous links to/from a mobile user through two or more antennas,
cell sectors or cell-sites. Furthermore, path diversity may be obtained by
exploiting the multipath environment through spread spectrum processing
by allowing a signal arriving with different propagation delays to be received
and processed separately. Examples of the utilization of path diversity are

35 illustrated in co-pendihg US. Patent No.. 5,101,501 entitled “SOFT
HANDOFF IN A CDMA CELLULAR TELEPHONE SYSTEM”, and U.S.
Patent No. 5,109,390 entitled “DIVERSITY RECEIVER IN A CDMA
CELLULAR TELEPHONE SYSTEM”, both assigned to the assignee of the
present invention and incorporated by reference herein.
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which selectively provides a subset of the chips of the long code sequence at
the rate of the interleaved symbol stream.

20 The data from data scrambler 12 is provided to demultiplexer
(DEMUX) 14. Demultiplexer 14 divides the data stream into three equal sub-
streams. The first sub-stream is provided to transmission subsystem 15a, the
second sub-stream to transmission subsystem 15b and the third sub-stream
to transmission subsystem 15c. The subframes are provided to serial-to-

25 parallel converters (BINARY TO 4 LEVEL) 16a-16c. The outputs of serial to
parallel converters 16a-16c are quaternary symbols (2bits/ symbol) to be
transmitted in a QPSK modulation format

The signals from serial-to-parallel converters 16a-16¢ are provided to
Walsh coders 18a-18c. In Walsh coders 18a-18c, the signal from each

30 converter 16a-16k is multiplied by a Walsh sequence consisfing of £1 values.
The Walsh coded data is provided to QPSK spreaders 20a-20c, which spread
the data in accordance with two short PN sequences. The short PN sequence
spread signals are provided to amplifiers 22a-22b which amplify the signals
in accordance with a gain factor. |

35 The system described above suffers from a plurality of drawbacks.
First, because the data is to be provided in equal sub-streams on each of the
carriers, the available numerology is limited to frames with a number of
code symbols that will divide evenly by a factor of three. Table 1 below
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Table 1

As illustrated in Table 1, because the symbols are evenly distributed to the
three carriers, the total data rate is limited by the carrier with the least power
available or requiring the highest SNR. That is the total data rate is equalt to
three times te data rate of the “worst” link (here the worst means the one
requiring the highest SNR or having the least power avaialble). this reduces
the system throughput, because the worst link’s rate is always chosen as the
common rate for all three carriers, which results in under utilization of the
channel resource on the two better links.

Second, frequency dependent fading can severely affect one of the
frequencies while having a limited effect on the remaining frequencies.
This implementation is inflexible and does not allow transmission of a
frame to be provided in a way that reduces the effects of the poor channel.
Third, because of frequency dependent fading, the fading will typically
always affectthe same groups of symbolsof each frame.

Fourth, were the
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channel depending on the determined capacity; a plurality of transmission
subsystems responsive to the controller and each associated with a
respective one of the plurality of channels for scrambling encoded data with

25 codes unique to the channel for transmission in the channel; and a variable
demultilplexer responsive to the controller for demultiplexing the encoded
data into the plurality of transmission subsystems at a demultiplexing rate
derived from the data rates selected for the channels by the controller.

In another aspect the invention provides a receiver comprising: a

30 receiving circuit for receiving signals simultaneously in a plurality of
channels each of which signals define scrambled encoded symbols which
together represent data from a common origin; a controller for determining
a symbol rate for the signals in each channel; a plurality of receiving
subsystems responsive to the controller and each associated with a

35 respective one of the plurality of channels for descrambling encoded
symbols with codes unique to the channel to enable the data to be extracted
therefrom; and a variable multilplexer responsive to the controller for
multiplexing the data from the plurality of receiving subsystems at a
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The invention further provides a method of receiving data, the
method comprising: receiving signals simultaneously in a plurality of
channels each of which signals define scrambled encoded symbols which

20 together represent data from a common origin; determining a symbol rate
for the signals in each channel; descrambling encoded symbols in each
channel with codes unique to the channel to enable the data to be extracted
therefrom; and multiplexing the descrambled data from the plurality of
channels at a multiplexing rate derived from the symbol rates determined

25 for the channels. o

To better utilize the channel resource, it's necessary to be able to
transmit a different data rate on each carrier according to the channel

condition and the available power on each channel. One way of doing this is
by changing the ratio of the inverse-multiplexing on to each of the carriers.

30 Instead of distributing the symbols with a ratio of 1:1:1, a more arbitrary ratio
can be used together with different repetition schemes as long as the resulted
symbol rate on each carrier is a factor of some Walsh function rate. Walsh
function rate can be 1228800, 614400, 307200,..., 75 for Walsh function length
from 1 to 16384.

35 Given the Walsh function length, if the symbol rate is lower than the
Walsh function rate, symbol repetition is used to "match" the rate. The
repetition factor can be any number, integer or fractional. It will be
understood by one skilled in the art that when repetition is present, the total
transmit power can be proportionately reduced to keep the code symbol
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data into the plurality of transmi ssion subsystems at a denultiplexing rate
derived fromthe data rates selected for the channels by the controller.
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data octets at the encoder input. However, this approach does have an
impact on the implementation of the interleaver because the interleaver
20 will have many possible sizes (in terms of number of symbols) if all
combinations of data rates on the three channels are allowed. One
alternative to the above approach which mitigates this problem is to
inverse-multiplex the code symbols out of the encoder to the three carriers
directly and perform interleaving of repeated code symbols on each channel
25 separately. This simplifies the numerology and reduces the number of
possible interleaver sizes on each channel.

BRIEF DESCRIPTION OF THE DRAWINGS

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

35 FIG. 1 is a block diagram illustrating a multiple frequency CDMA
communication system with fixed rates and carriers;

FIG. 2 is a block diagram illustrating a transmission system
embodying the present invention;
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to data transmission on each of e carriers.

After having selected the data rate to be transmitted on each of the

20 carriers, control processor 50 selects a modulation format that is capable of

transmitting data at the selected rate. In the exemplary embodiment,

different length Walsh sequences are used to modulate the data depending

on the rate of the data to be transmitted. The use of different length Walsh

sequences selected to modulate the data depending on the rate of the data to

25 be transmitted is described in detail in co-pending U.S. Patent Application

Serial No. 08/654443, filed May 28, 1996, entitled “HIGH RATE DATA

WIRELESS COMMUNICATION SYSTEM”, which is assigned to the

assignee of the present invention and incorporated by reference herein. In

an alternative embodiment, the high rate data can be supported by bundling

30 of CDMA channels as described in the aforementioned Patent Applications
' Serial Nos. 08/431,180 and 08/838,240.

Once the rates which will be supported on each of the carriers is
selected then control processor 50 calculates an inverse multiplexing ratio
that will determine the amount of each transmission that will be carried on

-35 each of the carriers. For example, if the supportable code symbol rate on the
three channels are 153600 sps, 30720 sps and 102400 sps (for rate 1/2 coding,
these correspond to data rates of 76.8kbps, 1536 kbps and 51.2 kbps,
respectively - the total data rate is 143.36 kbps), then the inverse-
multiplexing ratio will be 15:3:10.



5 data rates .of 76..8 kbps, 15.36 kbps and 51.2 kbps, respectively - the

total data rate is 143.36 kbps), then the inverse-nmultiplexing ratio
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FIG 1is anlﬂf@i kffmfageqmsel olisheaaddifionatuKlexiblikity rpguided @Dlme present
comuni cat | %éﬂﬁéﬁr@s%ﬁﬁaﬂjﬁéﬁ édcifin ']%rﬁfyt fi'be used., FIG 2 1s a

I lystrati ans on syst em enbodyi ng the present
,bl“?gﬁt :jloﬁgr am 'ﬂ\ encoJled symbols gom encoder 54 are provided to variable ratio

20 de-multiplexer 56. Variable ratio de—mulhplexer 56 provides the encoded
symbols to a set of outputs based on a symbol output signal provided by
control processor 50. In the exemplary embodiment, there are three carrier
frequencies and control processor 50 provides a signal indicative of. the
number of encoded symbols to be provided on each of the three outputs. As

25 one skilled in the art will appreciate, the present invention is easily
extended to an arbitrary number of frequencies.

The encoded symbols provided on each of the outputs of variable
ratio de-multiplexer 56 are provided to a corresponding symbol repetition
means 58a-58c. Symbol repetition means 58a-58c generate repeated versions

30 of the encoded symbols so that the resultant symbol rate matches with the
rate of data supported on that carrier and the in particular matches Walsh
function rate used on that carrier. The implementation of repetition
generators 58a-58c is known in the art and an example of such is described in
detail in U.S. Patent No. 5,629,955, entitled “Variable Response Filter”,

35 which is assigned to the assignee of the present invention and incorporated
by reference herein. Control processor 50 provides a separate signal to each
repetition generator 58a-58¢ indicating the rate of symbols on each carrier or
alternatively the amount of repetition to be provided on each carrier. In
response to the signal from control processor 50, repetition means 58a-58c




8 - PCT/ US98/ 19335

WD 99/ 14878 : :

FIG 3 is a block diagramillustrating a receiver system enbodying the
present invention; and FIG 4 is a table of code channel Wl sh
symbol s iwoasm4sa8i ti onal |S-95 CDMA ggnmuni cation syst R T/GS98/19335
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predetermined set of bit reversal interleaving formats.

The reordered symbols from interleavers 60a-60c are provided to data
scramblers 62a-62c. Each of data scramblers 62a-62c changes the sign of the
20 data in accordance with a pseudonoise (PN) sequence. Each PN sequence is
provided by passing a long PN code generated by long code or PN generator
82 at the chip rate through a decimator 84a-84c, which selectively provides
ones of the spreading symbols to provide a PN sequence at a rate no higher
than that provided by PN generator 82. Because the symbol rate on each
25 carrier may be different from one another, the decimation rate of decimators
84a-84c may be different. Decimators 84a-84c are sample and hold circuits
which sample the PN sequence out of PN generator 82 and continue to
output that value for a predetermined period. The implementation of PN
generator 82 and decimators 84a-84c are well known in the art and are
30 described in detail in the aforementioned U.S. Patent No. 5,103459. Data
scramblers 62a-62c exclusively-OR the binary symbols from interleavers 60a-
60c with the decimated pseudonoise binary sequences from decimators 84a-
84c.

The binary scrambled symbol sequences are provided to serial to
35 parallel converters (BINARY TO 4-LEVEL) 64a-64c. Two binary symbols
provided to converters 64a-64c are mapped to a quaternary constellation
with values (1, £1). The constellation values are provided on two outputs
from converters 62a-62c. The symbol streams from converters 64a-64c are

separately provided to Walsh spreaders 66a-66¢.
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provi ded by éﬂmgrﬁﬁég\ i nvention, essentially any encoding format can
be used. encoded synbol s from encoder. 54 are provided to
variable ratio In the preferred embodiment of the invention, the number of Walsh

channels allocated for the high-rate data can be any value 2N where N = {2, 3,
4,5, 6. The Walsh codes used by Walsh coders 66a-66c are 64/2" symbols
20 long, rather than the 64 symbols used with the IS-95 Walsh codes. In order
for the high-rate channel to be orthogonal to the other code channels with
64-symbol Walsh codes, 2" of the possible 64 quaternary-phase channels
with 64-symbol Walsh are eliminated from use. Table I provides a list of the
- possible Walsh codes for each value of N and the corresponding sets of
25 allocated 64-symbol Walsh codes.
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0, 8,16, 24, 32, 40, 48, 56
1,9,17, 25, 33, 41, 49, 57
2,10, 18, 26, 34, 42, 50, 58
3,11,19, 27, 35, 43,51, 59
4,12, 20, 28, 36,44, 52, 60
5,13, 21, 29, 37, 45, 53, 61
6, 14, 22, 30, 38, 46, 54, 62
7,15, 23, 31, 39, 47, 55, 63

444 0,4,8,...,60
b 15,9, ...61
b 2,6,10, ...62
+,~—+ 3,7,11,...,63
++ 0,24,...62
+,~ 13,5,...,63

+ 0,1,2,...,63

Table L

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

Walsh code varies as N varies, and in all instances is less than the number
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val ues (1, escﬁh@dcghsﬁi@ﬂﬂatmorﬁovﬁemgarU% Hatersd Applicationt fatial No.
from conver t08y/838€240.62c. The synmbol streanms from converters 64a-64c are

separately provi dﬁ?e t‘&aiﬁ\ spreapcf % 9ae£ss p?g%d%% to PN spreaders 68a—68c, which

20 apply a short PN sequence spreading on the output signals. In the
exemplary embodiment, the PN spreading is performed by means of a
complex multiplication as described in detail in the aforementioned co-
pending U.S. Patent Application Serial No. 08/784,281. Data channels D; and
Do are complex multiplied, as the first real and imaginary terms

25 respectively, with spreading codes PN; and PNg, as the second real and
imaginary terms respectively, yielding in-phase (or real) term X; and
quadrature-phase (or imaginary) term Xq. Spreading codes PN; and PNg are
generated by spreading code generators 67 and 69. Spreading codes PN; and
PNq are applied at 1.2288 Mcps. Equation (1) illustrates the complex

30 multiplication performed.

(X1 + jXg) = (D + jD)}(PN; + jPNg) 1

In-phase term X is-then low-pass filtered to a 1.2288 MHz bandwidth

35 (not shown) and upconverted by multiplication with in-phase carrier
COS(ot). Similarly, quadrature-phase term Xg is low-pass filtered to a 1.2288
MHz bandwidth (not shown) and upconverted by multiplication with
quadrature-phase carrier SIN(@ct). The upconverted X; and Xq terms are
summed yielding forward link signal s(t). The complex multiplication
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3 p;eed gat a ﬁ'[tslwh rgzwe és%%lﬁﬁiﬁfé‘i gt oUE@dairD ortho | &8 ekt\éq Wephdst et
al a or e ence ca .0 r al a
o0 T, 5 ke iR 58t angt sEhaiEiorgs tor Ben et SIS adife AASRAMRET

data at 38.thté&dpsence to the ot}ﬁrs;zhmldesnambhhngdvaweabﬂm bamgt paidalwith
sequence m)délefat lon is din detail in co-pending U S. Patent

Appl i cat i onPEPFiiecREYer P%asﬁefF%‘ﬁF entitled "H GH DATA RATE
SUPPLEMESITAL CHANINEL PRORspread Cota 'IiE,L EheVVpicTAdedND sfvbmwmafmcedvhuﬂuar y

15, 1997 |
SequenceSaﬂ%)e(ftralngﬁéﬁg{j&feegﬁﬁﬁg egé)g[ gﬂgg[gteﬁ%%ﬁxpn t ;ig@r ﬁ@&rep %Eéﬁ rat e Of
the data toppevided o gaimimudtipliersc72a-72¢; yehich: ampliy signalpdorgach n a

~ traditional ¢4r$ie®> The f§6’c§i~ qgr supphed to gAif "el@n@ﬁﬁf enasthceBP adliritest  of
the invention, the

, S t ocated for rate
dat a can bePEPRFSH g?er ?XWBEJY ,@mb?%mgnjc contﬁgf'gro sopl-ﬁé S%F@hﬁkﬁbdes
used by 104l gaircfadesrsfoitenchtmraer nﬁééélirdran]ce withdhe chﬁnnébcmdnmhhandtﬁw

the 64 Synb%tgnel ‘F@ @%&Hnta n qa 5 ?ﬁhr&?}‘gﬁ&ed bRt ﬁ{aqecrarne)[‘ fay s A i, {fifown

hi gh-rate c e ortrnogona code chan
64- synbol Wy sinecslidled inethe aotr, date qb(agsist)trensnutjadt wﬂ‘arxypphuga camrheel s

with 64- Symﬁhsifﬁ&@a R 1@wéps§eﬁ Mal ﬁ1ﬂho|ihrt(}‘égéﬁﬁoﬁ list of
t he possi bl e I sh each of N and %@g c e%oong| ”9 sets
of 25 allocat ed glﬁscmrom ed to dparh 1tch 4. Switch

12 15 74 prov1des the adla(ﬁfbwﬂéiﬂb?nﬁ@ of channel hopping the data signals
onto different carriers. Typically, switch 74 is only used when the number of
carriers actually used to transmit the signal is smaller that the total number
of possible carriers (3 in the present example).

The data is passed by switch 74 to carrier modulators 76a-76c Each of

20 carrier modulators 76a-76¢c upconvert the data to a different predetermined
frequency. The upconverted signals are provided to transmitter 78 where
they are combined with other similarly processed Signals, filtered and
amplified for transmission through antenna 80. In the exemplary
embodiment, the amplified frequency upon which each of the signals are

25 transmitted varies with time. This provides additional frequency diversity
for the transmitted signals. For example a signal that is currently being
transmitted through carrier modulator 76a will at predetermined time
interval be switched so as to be transmitted on a different frequency through
carrier modulators 76b or 76c. In accordance with a signal from control

30 processor 50, switch 74 directs an amplified input signal from gain
multiplier 72a-72¢ to an appropriate carrier modulator 76a-76c.

Turning to FIG. 3, a receiver system embodying the present invention
is illustrated. The signal received at antenna 100 is passed to receiver
(RCVR) 102, which amplifies and filters the signal before providing it to

35 switch 104. The data is provided through switch 104 to an appropriate
carrier demodulator 106a-106¢. It will be understood by one skilled in the art
that although the receiver structure is described for the reception of a signal
transmitted on three frequencies, the present invention can easily be



N . . Wal sherr] Al'l ocat ed 64- Synbol

Wal sh Codes 2 S S I s T S S S S T T

0, 16, 32, 48

1,17, 33, 49V0 99/14878 15 ' PCT/US98/19335
2,18, 34, 50

3,19, 35,51 extended to an arbitrary number of frequencies consecutive to one another
4, 20, 36, 52 :

5,21, 37,53 ©F not. .

6, 22, 38, 54 When the carriers on which the data is transmitted are rotated or

7,23, 39,55 . s . . . ]
8 24 40, 56 hopped to provide additional frequency diversity, switch 104 provides the

9, 25, 41, 87 received signal to a selected carrier demodulator 106a-106¢ in response tol@,

26,42, 58 control signal from control processor 125. When the carrier frequencies are
11, 27, 43, 59
12, 28, 44 gonot hopped or rotated, then switch 104 is unnecessary. Each of carrier

13, 29, 45, 61 demodulators 106a-106c Quaternary Phase Shift Keying (QPSK) demodulate

J1r4 30, 46, 62 + the received signal to baseband psing @ differeng slownconversion frequency

+ + + + IIQ + ta pt'ov1de a separate I and(Q b&sét&rﬂiﬁlmgaalsw 48, 56

% 18 }; gg 32 f’é ’ﬂg%%%ggxconverted signals from each of carrier demodulators 106a-

3,11, 19,27 1ggc e me@ to a corresponding PN despreader 108a-108c which

4,12, 20, 28, ?rﬁnfb‘beﬁah@%hort code spreading from the downconverteéi fi ta. The I and
5,13, 21, 29, 1

2230, 38, 46?& @1%?15 are espread by complex multiplication with a pair of short PN

7,15, 23, T8, 38447 Tiu5 FOS despreadddata is provided to Walsh ﬂemodulators 110a-110c,

8 f_)' g 63\1h1ch uncover the data in accordance with the assigned code channel
2.6 10, ... sequences. In the exemplary embodiment, Walsh functions are used in the
3,7,11, eﬁ%ratlon ard reception of the CDNIA"’mgnals but other forms of code
8’ :2:, g’ g§hanne1 generahon are equally apphcable Control processor 125 provides a

20 signal to Walsh demodulators 110a-110c md1cat1ng the Walsh sequences to
be used to uncover the data.

The Walsh despread symbols are provided to parallel-to-serial
converters (4-LEVEL TO BINARY) 112a-112¢, which map the 2-dimensional
signal into a 1-dimensional signal. The symbols are then provided to

25 descramblers 114a-114c. Descramblers 114a-114c descramble the data in
accordance with a decimated long code sequence generated as described with
respect to the decimated long code sequences used to scramble the data in
FIG. 2. _ :

The descrambled data is provided to de-interleavers (DE-INT) 116a-

30 116c. De-interleavers 116a-116c reorder the symbols in accordance with
selected de-interleaver formats that are provided by control pfocessor 125. In
the exemplary embodiment, control processor 125 provides a signal
indicative of the size of the deinterleaver and the scheme of de-interleaving
to each of de-interleavers 116a-116c. In the exemplary embodiment, the de-

35 interleaving scheme is selected from a predetermined set of bit reversal de-
interleaving schemes.

The de-interleaved symbols are then provided to symbol combiners
118a-118c which coherently combine those repeatedly transmitted symbols.
The combined symbols (soft decisions) are then provided to variable ratio



6 0,1,2,..., 63

Table 1. The + and - indicate a positive or negative integer
val ue, where the 5 preferred integer is 1. As is apparent, the nunber of
Val sh sy} ¥9/54878ach Wal sh code varll%\s/\oas N varies, anHCTAIS38/19335
instances is | ess than the nunber 99/ 14878

13 multiplexer 0T AHIERE/ Jraa%é’s‘émbles ﬂ{e SYATRObfreh the1 |1§roci;'§d¥¥i| #ie
channel codes. (&Id&ss of the le 5 Wal sh ?ode é

descri bed eﬁ‘l’ﬁ?&f’ gd Hfatpream et i9sROtRR ]g%rrbB‘Fsﬂ‘Sr gxemplapy, embodimgnt ot ¢

of 1.2288 Naga@dl&rpazners aentpdmuvh pdjkeliivesl ddvodee) thenghp lementA&icﬁh godes
codi ng er emtieh as U RagiAt it S RS B W0, SRR, SRR, lpcoaed 2 "
to spread t kentdnma buffer (not shawwe) mehichewaits hodid anrerttn'arﬁamtet ohdatd hhs

te dat h
rate data 'Be@s 'g}ow%e&%“ﬂ%ég d %gt ech‘% g d dfﬁﬁll%gﬁ ollEds' Oeﬁ\ega@%@é&y

referred to I ng ent inventi on

equal | y appffasaeiis previded to&RGghaek means 144 whichodeterarings gwhethey ﬂngh

speed data iOR@ b@@l\ﬂheck arﬁpmmgt@ha@a thiesd thh%éf&stheﬁmﬁe BhOMadlif is
channel bunglﬁ f tais rovide a plurality of Wil sh channels for
use by a si §F3T¢Rer. This nethod is described in detail in the

af or emerti0i oned UHaviRgt ¢htis Afgdcribetli thie invehtibhal byNaefed@has KXot &2 - réﬂerred

of ' one Wl SRELARAEY "#*Ln“’ 5 W b P driiplond B e el?%@%‘iﬁr\sﬁﬁ lﬁsﬁﬁs%hés
anot her by esemplaty anly endrthat cnedifidatipnsi amdiivarisdions sues esividdoccurdes ai |

i n co-pendi pRodd ﬁosfe@&é‘d‘bf ﬁgg&ggﬁﬁfeoﬁn d’% e YAd sk1 Is qg%?%m %ﬁhout

The Wal sh spyead” dat ders
a short PN aEtre 9 grﬁylg}ﬁ ssgpﬁm ebﬁgygntlopn agret forth in the

15 appended claims and equivalents thereof.

ICLAIM:



exenpl ary enbodi ment, PN spreadi ng is perforned by neans of a

conpl ex nul tiplicati ﬂmw"gﬂmm‘det ail in the aforenentioned co-
pendi ng U. S. Patent Lomiedns e No. 08/784,281. Data channels DJerr]
and D@vaP14868pl ex nultiplied, “as thefirst real and i N TEYP/ 1986 s 25
respectively, with spreadi ng codes PN[erﬁ and PNQ as the second real and
I maginary terns respectively, yieldi n%'L - e (or real) term Xerr] and

guadr at ur e- phase (or imaginary) term preadi ng codes PN err] and PNQ
are generated by spreadi ng code generators 67 and 69. Spreadi ng codes

PE[ err] ?nd 0 HNlQ argﬁ_tﬁmmﬂﬁkrafofr%riﬂ%ﬂims datoathidata (fate iih| aplusility |
t he conpl,ex mul tipli,cation perfor Xerr
+jxXerr]3 o (Ws gai:}b?@yp]\g (wpaﬂgggpf{@s than th? 1c}ata rate, the tramp‘}}ﬁge
term X err] domptising;owpass filtered to a 1.2288 Mz bandwi dth 35 (not
shown) a upconver I BL4 1 ] L0 S [ .
Cos([err]). Sim laar#o&?r%ﬁeé*%% u‘?é{e%ﬁ&aﬁslfeﬁg \tlawfﬁn%q |as o‘\?\/f- c%rgg |fIfePtlal(’:lratnga
1.2288 vhanbglsdvdandd (selecsings modaja Jate dpe r chanpel denenslingaonorthei t h
quadr at urg- Ri@éﬁnﬁ%d&ﬁia N([err]). The upconverted X[ err] and Xl err]
terns are sumre el d'fﬁ forward |i signal s(t).. The c&rrpl ex

mul tiplication a Pluiglityg 1%371ng$$1011 subsystéms responsive tgthe controller
PCT{] uso8/ ?—9% ﬁach aahd?]@mdqmﬂ{ af t&spleﬁﬁﬁé beﬁld%ﬁ e pRirality rogﬂ&laﬂme_l%i fc?r
ort hogonal tg_the..in-phase channel, set .and .t heref,ore to rovi.de

Wi thout  addiREFRAHRE Bianed datp SRR Hoie  FTS] fof ransmission
transniti@d iovéve chenrednangath with - perfect receiver phase recovery. 5
The PN spread daf a\)a‘f‘iab'ié"erli(?rgﬁpc‘i'l Sebyt O péd &ﬁ'iﬁ%zoﬁsi‘ 7QfeWNt&hroller  for

spectr al Ii/ shape_the signal s r transm ssj on. |tered signals are
provi ded!% o demultiplexing | &he vneeded, da cmtamther Plurdilyi ffalganemission
carrier. ThesflRystehraos denaMiplbkRGg taxedddrive] ¢romt the! data/AitedYeleetetl Ar
processoy, SOtheICr}latnkrll%lseéje’r{glee}:%treoqpe% | ment, control processor 50 selects the

2. A transmitter as claimed in claim 1, further comprising an
2 encoder for generating the encoded data from frames of data input thereto.

3. A transmitter as claimed in claim 1 or 2, wherein each
2 transmission subsystem comprises a symbol repetition unit for repeating
symbols to output the same at a rate corresponding to the rate selected for
4 the channel by the controller.
.
4. A transmitter as claimed in claim 3, wherein each transmission
2 subsystem comprises an interleaving unit for reordering the repeated
symbols depending on an interleaving format determined by the controller.

5. A transmitter as claimed in claim 4, further comprising a long
2 code generator for generating a respective long code for each channel; and
in each transmission subsystem, a scrambler for scrambling the reordered
4 symbols using the respective code for the channel.

6. A transmitter as claimed in claim 5, wherein the long code
2 generator comprises for each channel a decimator unit for decimating a
generated long code at a decimation rate determined by the controller so as

4 to produce the respective long codes for each channel.



10 gain factor for-—each—carrier—in accordance with the channel condition
and the rate of th mato be transmtted on that carrier.
As is known by on%ﬂl‘!ﬂ “I ‘““:““ L data that is transmtted with
repetiti owocsrn4bm smited with I ger synbol ener gy PEEHS#RILIE3S

W t hout repetition. The anplifi*@d signals are provided to an
optional switch #%4. Syt 4 o) I gn Xi b L Ly
channel hoppi ng ?he d\(g aﬁgflgﬁlﬁtgr & Mhﬂﬁé% F&E r@lejcﬁ]ﬁ cgr ?:L%{HSE? f%%%ﬁ’g
switch 72 | vadable gg@ww@#&%eﬁmtté&nﬁmssm SPEVEEm dot UBPHH

transmt thgcrghgﬂga gﬁnmlf}&h fhidadcrimdldiot al nunber of possi bl e
carriers (3 in the present exanple). The data is passed by switch

74 to carrier nmodul ators 76a-76c. Each of 20 carrier nodul ators 76a-76c¢
upconvert the daBa t 0 A tefirfsheittentaspelettoedrini claim 7, wherejne ey cotting units

upconver bed, r ' %ﬂﬁ%ﬂ‘% LS Ss WIRKE a Rey ag;vg
conbi nedkvm t gi % F‘éﬁ%ﬂgérigﬁgsgs% Si gna? fIS| tered Jéensgﬁe ¢ S}} I ed
for transm Q)n through antenna 80. In the exenplary errbodl ment ,

the anplified frequency upon which each of the signals are 25 transmtted

varies with (1meg Thi o REAUAGS, Wbiana il ABBHEPBY alAMBESt bmprishy 4 e

transmtted signals. FOr examnp e B S s curf

transm t 2edpsémdeaghoisar rspe¢adﬁsdm aemh 7ebarmqll for ppreading ntheedrrmdtdated

i nterval be ysgﬁbtoqg]ed so as to be transmtted on a different frequency

t hr ough carrier nodulators 76b or 76c. In accordance with a signal from
control 30 processor 50, switch 74 directs an anplified input signal from
gain mul tipl il8r 72%- ff2oshotten apprlaimedt in camy i precedihg atlaim,7 6furfher
Turning %o 61?“)331 recei ver system enbodyi ng the present invention S
|Ilustrat ed. gnal received at antenna 100 is passed to receiver

(RCVR) 102, whi chaam@fﬁ@é and filters the signal before providing it to

35 swi tg,h 184| :a' u(i‘gléi}’ b cirrive ﬂ@dumg;@slgm&w{hcmelemm ﬁnrk E;h@i%l 3 e
carrier e ul a az e un on SKI

art S Chale foritaher oty Sirching's e R EERS 88, Pom o plrsfist opt o
of a si gmal transmissiosni stlbsystems hbetweer qubecipderalt hearpieesenodulatem i dor can

easily be ] : : : :
PCT/ US98/ 19 gé%dulatl\ég 8@&4e4§i§%als onto d1ffer.ent carriers at diffeleht times.

11. A receiver comprising:.
2 a receiving circuit for receiving signals simultaneously in a plurality
of channels each of which signals define scrambled encoded symbols which
4 together represent data from a common origin;
a controller for determining a symbol rate for the signals in each
6 channel; '
a plurality of receiving subsystems responsive to the controller and
8 each associated with a respective one of the plurality of channels for
descrambling encoded symbols with codes unique to the channel to enable
10 the data to be extracted therefrom; and
a variable multilplexer responsive to the controller for multiplexing
12 the data from the plurality of receiving subsystems at a multiplexing rate
derived from the symbol rates determined for the channels by the controller
14 onto an output.

12. A receiver as claimed in claim 11, further comprising an
2 decoder for decoding the encoded data output from the multiplexer into
frames of data.



extended to an arbitrary nunber of frequencies consecutive to one another

or not. When the carriers on which the data is transnmtted are
rotated or hopped to provide additional frequency diversit switch 104
provi des Woe99/138T8ecei ved signal to a selegted carrier denod BEERISPEAYBE- 106¢
In response to a control signal fromTontrol processor 125. \Wen the

unnecessary. Each of carrier tors 106a- 106c
Shift Kegi npsqeudbskoise niefpraader in qach rharneledosidgsprea
di fferent dwgymfrequency 10 to provide a separate I and Q

carrier f requencggs ang receivBPhs it ARk u?ﬂ dahRtadr ﬁﬁeﬂ;ﬁﬁéf CCB @Eﬁ(ﬁg

baseband si gnal s. The downconverted signals fromeach of carrier
denodul at ors 106a- '106¢c are provided to a corresgondl ng PN despreader
108a- 108c whi ch 14. rebme@e;veh@ssﬂmmedamt;l@lméédmgt £F (iamprsgvvasiabde t ed

data. The d@&gc[l\l ufﬁt§ (}ﬁ”é‘ic?\ ch@x gpre sRdm T8RRI 3o dUld: glr% 'tﬁ@td&%n‘é‘édh a

pair of shor ad data is provided
denodul at or Symbeds rp@;)@the eSRFﬁa@Wruncover the data in accordance with the
assi gned code channel sequences. In the exenplary enbodi nent, Walsh

functions are usqg in 4 g eiver 4ai ttatéo?@nacpQtnt%e%amfthth&eﬁqagg%m%' s

but other fornms 0 eneration ‘are equal

Control Broets smanggé tor dempsdulate @he HAeppaead symbals Vd’éhn%t txe@pemtlsfelmésh 10c
i ndi cating thge V&l sh sequences to be used to uncover the data.

The Wal sh despread synbols are provided to parallel-to-serial

converters (4-LEVEL TO BI NARY) 112a-112c, which map the 2-di nensional

signal into a 1-dénenshaoraéiver guallainTéd mycrlhm‘lslSarfertﬂ'ﬂeemqmpmsmgj inoeagh

descr anblyer §e%%613\%— éﬁ?sn}é@&gtc raaﬁgéc‘?ﬁ gﬁérd”’i‘oll HaS e @ 84 % ols

accordance w sequence gener escrl W th
respect to USHgAJERBEREY g glsed to scranbl e the data in
FIG 2. The descranbl ed data is provided to de-interleavers

accordance with sel'ected de-inferleaver form are prow

control @ o@ébwte@sommlses apnhdeinterpreing etw@dfcﬁeﬁeord@@mg eprm

125 provi degymisdl§ Wpending o &z@timéeleratzmgl@oﬁhatede{erhhﬁedq:sym% kertt8Nlennd

t he schene o?, de-int erI eavi ng to each of de-interleavers 116a-116¢c. In
the exenplary enbodi nent, the de- 35 interleavi n% schene is selected from
a predeternined & of Aptaceivercgs s¢laipaed in claim 17, wherein each receiving

2 subsystem comprises a symbol combiner for combining symbols to output

(DE-INT) 116a- 3§47 116¢. ré%%alegt%'aél‘riﬁé& il Qai]n]:G 6/ i intgfchS% gg

the same to the demultiplexer at a rate corresponding to the rate determined
4 for the channel by the controller. -

19. A receiver as claimed in any of claims 11 to 18, further
2 comprising:
a switch; and
4 ~ a plurality of carrier demodulators, wherein the switch is responsive
to the controller for switching the received signals between the plural carrier
6 demodulators for demodulation of the signals into different receiving

Fubeystems af diflerent times I R O A e

20. A wireless transmitter, comprising:

2 encoder for receive a set of information bits and encoding said
information bits to provide a set of code symbols; and
4 ‘transmission subsystem for receiving said code symbols and for

providing a subset of said code symbols on a first carrier frequency and the
6 remaining symbols on at least one additional carrier frequency.



i nterl eavi ng schene The de-interl eaved synbols are then

provi ded to synbol jMHM“I""I}I 118c whi ch coherently conbi ne those
repeatedly transmtt I #¥e conbi ned synbols (soft decisions)
are then \¥PO9IERIA to variable ratio WD 99/ 14878 PCT/US98/19335

16 PCT/ US98/ 19335 20rrul tipl exer 120 whi ch reassenbl es
tl 22 d?ta ﬁtreamﬂlnd pA%&gédtéfftransmgﬁﬁﬁggmba\lggad&a@ ghteeand Plk 'QE

. In the_exenpl ar odi nen ecpder Xi pum eli
decoder, 3RS, ﬂ) ngia capagifycnhless thany tbﬁo%ﬁgaﬁaf?ieﬂé‘?tmqt Othe

exenpl ary emimﬁngmg,, decoder 122 5 contains a buffer (not shown) whi ch
Waltsunllanetlre of . d l&e rqnl [

b the doReaFRUNsE Bl cabRiily HE Bach f SBTyRfY CREn03 i §8leRkRa,
cﬁglcﬂmrrgansa gathemtedbre{z;%chamd deprridingtdrethe deemmedsaphet)n and if so
provi desgt hem t o4, gﬁm aey! %ﬁt% ?&\fa%é'a%s'ﬁmque %C'tﬁéeﬁhaﬁﬂel for

Havi ng thus descrl i nventi on erence to' a preferre
embodi ment transmissipmdniBe| chanmelsand d t hat the enbodi nent in question is

te;(]e”pl arg onl ydadﬂfknkim lé%i’ﬂ fﬂh@aéhélf&ecﬁ'a@.ta\/%ﬁﬂoaith@ Plufdl ﬁcl&hhhel%cﬁﬂ% to
ose posse se 0 n
departgre f Wq'ﬁleé‘ﬁf %%350% 8%‘?13 gan(?éﬁ? ?gﬁ"‘tgé tt?;aF #’Bfe 15

appendedOcImenmmdlleﬂw vaI ent s thereof. CLAI M WO 99/ 14878
PCT/ US98/ 19335

22. A method as claimed in claim 21, further comprising an
2 encoder for generating the encoded data from frames of data input thereto.

23. A method as claimed in claim 21 or 22, further comprising
2 repeating symbols for each channel to output the same at a rate
corresponding to the rate selected for the channel.

24 A method as claimed in claim 23, further comprising
2 reordering the repeated symbols depending on a determined interleaving
format.

25. A method as claimed in claim 24, further comprising
2 generating a respective long code for each channel; and

scrambling the reordered symbols in each transmission subsystem
4 using the respective code for the channel.

26. A method as claimed in claim 25, wherein the long code is
2 generated for each by decimating a generated long code at a determined
decimation rate for each channel.

27. A method as claimed in claim 26, further comprising for
2 modulating the scrambled symbols with a code.

28.. A method as claimed in claim 27, the scrambled symbols are
2 modulated with a respective walsh code.

29. A method as claimed in claim 27 or 28, further compnsmg
2 spreadmg the modulated symbols with pseudo noise.



17 ——-€| Al M5 1. Atransmtter

for, transmtting data t bn a plurality 2 of channels each
having a capacity | essﬁ"mﬂmmmmﬁulﬁt e, the transmtter con&rai si ng;
4 WOones®l | er for «eter mnsngs1heqcapacity of each BFTASPHIAATI ty
channel s and selecting a data rate for eadch channel depending on the 6

det erm ned fap?ﬁi’:@y? tA mletho% aspgluﬁﬁlad%t Ynohnyrt@ﬂzmﬁiiéoﬂlst&%:.ﬁi&her
responsiye to the contro r, nd eac ssogl ated \wi respective one
of the pPur SPPPFISHRE c Y ‘éllea§1r'fgor&‘e S%Emi%‘ii ﬁaﬁae rﬂf&ﬂeo&ﬁ%‘?’%{‘w ‘Wn(%ﬁle§?
uni que to tHiffedeannithes.or transmssion 10 in the channel; and a

vari abl e denmul til pl exer responsive to the controller for 12

dermul tiplexing the encoded data into the EI uralt'hté of transm ssion
subsystems at a 8&mul ¥+ prethodgof rrcervdagi dala. the methed RomprisgE sel ect ed

for 14 the channgbsiting BEsrtddisitlll@heously in a plufality &ftdtaneiEld teichasf
Cheoges dut SHED b SR, B, Sy BLiS WHich loglBREY Rplibehi
transmi t der data édomh recommaen @iriginl or 2, wherein each 2 transm ssion
subsystem conpri X I L1, Lt . & [ . synbols to
out put the sane gt%%eéﬁ?wgo?ﬁgggﬁffﬁggr#géEsfér?%l%flﬁ%gg#‘gg@%e]f’or 4 the
channel By the cdeserambling encoded symbpls in/eachaghannel ewithscedes waigjuento
claim3, Wigd SERaRA ol rdibITHRS data tf be LKL Mere AN, ARF an interl eaving
unit for reorderin .ttie repeat Tyé‘rbols dependi nlg on an_interl eavi ng
format dét er nmi ne@BYIR: ﬁ@%ﬁiﬁ@#a%@rﬁbe data fromghe plurg féfngftFﬂﬁ’éFelésata
claimed in ehaltipléxinguriaber dagved i fiony ahéoe%mbbll eside derhdhed ffok the
annel ;

generat i ahresg ctive long code for. each c and i n each
transni ssi ofr 8UBEYstem a scranbler for scranbling the reordered 4
synbol s using the respective code for the channel. 6. A

transnmitter as cl3ai "edAimethed "bH rettdiQiry rddthead eREMeAdeh claim 31, further
2 comprising decoding the multiplexed encoded data into frames of data.

33. A method of receiving data as claimed in claim 31 or 32, further
2 comprising despreading the scrambled encoded symbols using a pseudo
noise code.

34. A method of receiving data as claimed in claim 33, further
2 comprising demodulating the despread symbols by way of variable decoding.

35. A method of receiving data as claimed in claim 34, wherein the
2 despread symbols are demodulated with a respective walsh code.

36. A method of receiving data as claimed in claim 35, further
2 comprising descrambling the despread symbols in each channel using a
respective long code for the channel.

37. A method of receiving data as claimed in claim 36, further
2 comprising reordering the repeated symbols depending on a determined
interleaving format.

38. A method of receiving data as claimed in claim 37, further
2 comprising combining symbols in a channel before demultiplexing the same
at a rate corresponding to the rate determined for the channel.



2 generator conprises for each channel a decimator unit for decimating a
generated | ong code at a decimation rate determ ned by the controller so as -
4 to produce the respective |ong codes for each channel. - WD 99/ 14878
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transmtter as clained in claim 6, furthér conprising 2 variable coding

units in each tragsni sslmmymmmgrdmw@&mmany ofSd4M B, 38,
synbol s f%\zg]ﬁ}é}%r régm%l er. A transmitter as clained I h
claim7, E TR a’ﬂ%g units 2 are arrangedto nodul ate the scranbl ed
synbol s with a redpamdulatinglthh signalsadedifferent channel®at différentanfgs.tter as
claimed ipn claim?7 or 8, further conprising a 2 pseudo noi se spreader in

each channel for spreading the nodul at GMM 10. A
transmitter as clained in any preceding c rther npri sing: :
a swtch; and 4 a plurality of car M,’Q wherein the
swtch is responsive to the controller* ”jhe scranbl ed data
fromthe plurality of 6 transm ssion subsystens bet leeh, the plural
carrier nodulators for nodul ati on of the signals onto different
carriers at different tines. o 11, A receiver conprising: 2

a receiving circuit for receiving signals sinultaneously in a plurality

of channel s each of which signals define scranbled encoded synbols which 4

toget her represent data froma common origin; a controller for
determ ning a synbol rate for the signals in each



6 channel; . aplurality of receiving subsystens responsive to the
controller -and 8 each associated with a respective one of the plurality of
channel s for descranbl i ng encoded synbols with codes unique to the
channel tovenamsss810 the data to be extracted therefrom areCTAUS8/19335 a
variable multil pl exer responsive to th ontroller for multiplexing 12 the
data fromthe plurality of receiving subsystens at a nultiplexing rate
derived fromthe synbol rates determ ned for the channels by the controller
14 onto an output, 12. Aregeiver as clainmed in claign 11,
further c i sing. 2. .deurfrgi.n for_d i ng .t_he.1enco d_dat.a

the nmul tipl exer i fra of data WD'99/ 14878
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17. A receiver as clainmed in claim 16, wherein each receiving 2
subsystem conpri ses an deinterleaving unit for reordering the repeated
synbol s depending on an interleaving format determ ned by the controller.
18. A re¥NOWM8E clained in claim 17, wherein each recei PCRQS28/893B5yst em
conprises a synbol conbiner for conbigfyng synbols to out put the sane to
the denmul ti plexer at a rate esponding to the rate determned 4 for the
channel by the controller. 19. A receiver as clainmed in any of
claims 11 to 18, furthgr 2 cenpr|3|ng a gquitch; and 4 a
; ' ¢t—+€h i s responsive to
the controller for swi t chi_nl the receLved sign etween the plura
carrier 6 denodul ators fg - 5§gnals into different
recei ving subsyst ens atggl | 23 20. A wirel ess
transmtter, conprising: 2 cEP| ve a set of information
bits and encoding said ‘ ge de a set of code
synbol s; and 4 trankni ssi $ recei ving said code
synbol s and for providi ng @.subset of said codefjsynbols on a first
carrier frequencyl and thg 6 r2maining synbols on af |east one additional

carrier frequenrsy. 20
PCT/ US98/ 19335 ) tting data at a data rate
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a data rate for each channel depending on t
scranbl i ng encoded data wth codes unique t
transm ssion in the channel; and 8 , d

he determ ned capacity; 6
o the channel for
enul ti pl exi ng the encoded data

into the pWer¥14838 of channels at a denul ti pl exi ng rate BEFUSEHIBIDOM

the data rates selected for the channegfzby
22. A nethod as clainmed in claim 21, Turt
generating the encoded data from franes of
23. A nethod as clained in claim?21 or 22,
synbol s for each channel to output the sane
the rate selected for the channel.

claim 23, further conprising 2 reorderin
on a determ ned interleaving format.
claimed in claim 24, further conprising

| ong code for each channel; and S(

in each transm ssion subsystem 4 using the

channel . 26. A nethod as_clainec
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2 conpri sing descranbling the despread synmbols in each channel gJQOOO{U?—%'f
respective | ong code for the channel . 37. A metho@ i'.ﬂ'J" d ecei vipip'¢

data as clai npgn claim 3®ombm1tshﬂcrw\2p%ﬂ0wwmrderl ng W4 epeat ed
synbol s dependi n'g[[non a deternined ™™ avi ng fornmat
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(57) Abstract

A method of an apparatus for transmitting data in a multiple carrier system comprises encoding data and dividing the resulting encoded
symbols for transmission on different frequencies. The transmitter comprises a control processor (50) for determining the capacity of each of a
plurality of channels and selecting a data rate for each channel depending on the determined capacity. A plurality of transmission subsystems
(56 to 72) are responsive to the control processor (50). Each transmission subsystem is associated with a respective one of the plurality of
channels for scrambling encoded data with codes unique to the channe] for transmission in the channel, A variable demultiplexer (56) under
the control of the control processor (50) demultiplexes the encoded data into the plurality of transmission subsystems at a demultiplexing
rate derived from the data rates selected for the channels by the controller. In one embodiment of the transmission subsystems, the encoded
symbols are provided to a symbol repetition unit (58) which keeps the symbol rate of data to be transmitted fixed. In another embodiment,
no symbol repetition is provided and variable length Walsh sequences are used to handle data rate variations.




