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PCT/ US98/ 14432 Commruni cation System and Method with Ot hogonal
Encodi ng

Bl ock
Background of the Invention
The presentwopwesm7i on rel ates generally to a communi cat i oRCEYSIBAM3aNd
met hod with transmttal signal encoding and particularly to an

or t hogonal connunlcatlon nethod 5

enplo |ng ortho.pnal encoding
Del i ber ’

shansh LA %l oyed
because of the advantage it confers on the paraneters of perfornance
However, this

o

Backeround of the Invention

The present invention relates generally to 2 communication system and method

with transmittal signal encoding and particularly to an orthogonal communication method

5  employing orthogonal encoding.

Deliberate bandwidth expansion, by redundant coding, is presently employed
because of the advantage it confers on the parameters of performance. However, this
advantage can be lost if the communication channel suffers from delayed echoes, time-
dispersion or multipath effects.

10 Code Division Multiple Aceess, or CDMA, is a known technique often proposed

to artificially widen transmission bandwidths. CDMA is an extension of well known
redundant coding techniques ‘such as the technique of repeat transmissions with majority

vote at the receiver to combine signal repeats. In some applications of CDMA, also known

as Direct Sequence Spread Spectrurt, a'mixture of simple repeats, or “dumb spreading,”

15 and error correction coding, or “intelligent spreading,” is employed to achieve desired

bandwidth widening ratio.

1t is known in the prior art that it is advantageous to use less intelligent coding and
to substitute an element of dumb spreading in such a way that differeat signals become

orthogonal to one another and then do not interfere with each other. For example, if one

20  signal after a suitable amount of intelligent error correction coding yields a coded bit

stream a1,32,33,24....- and a second signal yields a coded bit stream by,by,by,bs

.....

Then the first signal is transmitted using additional four-times repeat coding as

a,,ay,-41,-41,82,32,~82,-22,33,33,781,-83,84,24,-3¢,-2y.... . While the second signal is transmitted
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second signal, shows that these differ in sign ia exactly half the positions while agreeing in
the othef half. Thus, upon combining the repeats with the proper signs for enhancing one
signal, the contribution from the interfering signal completely cancels, and vice versa.
These signals are known as mutua]ly orthogonal.”

The U. S. digital cellular IS95 system specifies mutual orthogonality for
transmissions from ceflular base stations to mobile phones, using 64-fold repeat coding
with one of 64 sign pattems selected from a set of 64 mutually orthogonal Walsh-
Hadamard codes, The 1S95 systém uses non-orthogonal transmission in the direction from
mobile phone to cellular base stations, using instead intell.igent error correction coding
comprising convolutional encoding concatenated with orthogonal Walsh-Hadamard block
coding. In the mobile-to-base direction, the orthogonality between different Walsh-
Hadamard codes is used to discriminate between different 6-bit symbols transmitted from
the same mobile phone, while in the base-to-mobile direction, the Walsh-Hadamard codes
are used to discriminate between symbols transmitted to different mobile phones.

A ciisadvamage of the IS95 system of non-orthogonal transmissions in the mobile-
to-base direction is that these signals interfere with one another if the power of the mobile
transmitter is not strictly controlled as a function of distance from the base station such
that signals from different mobile phones are received at more or less the same power
level, However, the need for strict power control is alleviated when practicing the

invention disclosed in U. S. Patent No. 5,151,919 issued to Dent on September 29, 1992,
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to substitute an el enent of dunb spreading in such a way that different

si gnal s becone orthogonal to one another and then do not interfere
with each ot W&99/0$387 exanple, if one 20 signal after PETANISIAL e
amount of

intelligent error correction coding yields a coded bit
streamalerr]aferr]... and a second signal yields a coded bit stream

bferr],b4.... . Then the first signal is transmtted using
addi ti onal fautfied COBS $:@Ra8Hv TN 0AD/afisn. In U. S. Patent 32521 8,619 issucd to Dixitl € t he

second signal is transmtted

1 on June 8, 1993, entitled COPLBSB-RLING [Spkiddhlation, 4lready @edoded signals are
subtracted more than once to improve interference subtraction. U. S. Patent No.
5,353,352 issued to Dent and Bottomley on October 4, 1994, entitled Multiple Coding for

s Radio Communications, describes optimum spread spectrum access codes, equivalent to

the sign patterns discussed above, when orthogonal signaling is employed within one
transmission with non-orth;)gonality between different transmissions, such as used in an
1895 uplink in the mobile-to-base direction. The disclosures of the above referenced
patents are hereby ir;corpora.ted by reference here in their entirety.

10 The reason for the difference between IS95 uplink, (mobile-to-base), and IS95
downlink, (base-to-mobile), transmission schemes is that maintaining orthogonality
between different transmissions requires that they be acc.:'urately aligned in time, when the
prior art communication schemes are used. If, in the above example, the first and second
signals are aligned with one another with a one place shift they are shpwn as follows:

15 s o St T et 2
$——dtm—tb——tt——t

The two exemplary sign patterns given above are seen now to differ only at the beginning
and the end of symbol blocks, thus severely compromising orthogonality.

20 In the downlink, or base-to-mobile, direction all signals originate at the same base
‘staticn and thus time alignment can be assured. When signals in the uplink or mobile-to-
base direction originate at different mobile phones that lie at different distances from the

base station, it is much more difficult to achieve time alignment of the signals received at

the base station.

%lil\—'
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with four times repeat coding as b[err], -b[err], b2, -b2, -b2, b2, b3,

-b3, -b3, b3, -b4, -b4, N o7 S , then a conparison of the sign
pattern of th‘ggi;%/?)sgg% codi Ng ++-- ++-- ++-- ++-- .. . .pdTarsod/iags2f i r st
signal and the sign pattern of the repeat coding +--+ T

for the second signal, shows that these differ in sign in exactly half the
positions while 5 agreeing in the other half. Thus, upon conbining the
repeats with the pheBeropsamgeruthosystem knowe ah@sidiemployndynginggriime alighraent of _

contribution fromthe interfering signal conpletely cancels. These
signal s are ladintrassntissigngabepeinntdivisigamadbilé phones are commandedrbiea basSstatihingi t al
cellular 1S95 system specifies mutual orthogonality for transm ssi ons

from cel | ul arto bdwecsvraretaohtheir amingte bengthe sigsals nasrived irdela fledirdd timpeat codi ng
10 with one of 64 sign patterns selected froma set of 64 nutually
ort hogonal Waklsfenship withHacansther. Hodeer, thdsbilltb@mchipetsech sysegonizationtd hogonal

transm ssion in the direction frrom nobi | e phone to cel lul ar base
stations, susitigh dcestaeydor examble iv@thii fraeti6m3rof & Qiidr6xatdnd)is limited WarkifighticONPr i Si ng
convol utional encodi ng concatenated with orthogonal Wal sh- Hadanmar d

bl ock codi ng-si%:m rOfagitibn biembRedbASehichiif £6HakRibdstid W HRIAdACAMUFhIHINY rdagf Ween 15
di fferent Wal sh-Hadanard codes-is used to discrimnate between different

6- bi t Synmbol Sepvironmddtansm tted fromthe sanme nobil e phone, while in the
base-to-nobile direction, the

The multipath signal propagation phenomenon is caused by reflections of
transmitted signals from large objects such as hillsides and tall buildings, giving fse to
10 delayed echoes. While it may be possible to synchronize signals transmitted from a mobile
transmitter such that a selected signal ray or echo is time aligned and thus orthogonal to a
ray from another mobile transmitter, multipath propaga'tion, reflected rays, or echoes, with
path delays different from those of the selected signal rays will not be time aligned.
The GSM system uses Time Division Multiple Access (TDMA) in which each
15  mobile signal is allocated a timeslot that does not overlap with transmissions from other
mobiles on the same frequency. A guard time between slots equal to the longest normally-
expected echo delays, plus the use of commanded time advance/retard, reduces
interference between different transmissions caused by multipath propagation. The
. interference of an echo with its original signal has been reduced by using an equalizer that
20  beneficially adds together energy in different echoes of the same signal. One such equalizer
is described, for example, in U. S. Patent No. 5,331,666 issued to Dent on July 19, 1994,
entitled Adaptive Maximum Likelihood Demodulator and U. S. Patent No. 5,335,250

issued to Dent, et al. on August 2, 1994, entitled Method and Apparatus for Bidirectional

SUBSTITUTE SHEET ( rule 26)



Wal sh- Hadamard codes are used to discrimnate between synbols transmtted

to different nobi | e phones. A di sadvant age of the |S95
system of noWOoPE¥Honal transm ssions in the nobile- 20 per/BgwRsE:rection
is that these signals interfere with one another if the power of the nobile
transmtter is not strictly controlled as a function of distance fromthe
base station such that signals fromdifferent nobile phones are

recei ved at Bemedudstidneg Diginglyddobpedignals, the dislostres ¢fovidctears herbly need f or
strict power control is alleviated when practicing the I nvention

di scl osed i ningbrBoraReafttynefeMnce Berdib 1Ti@IRed £5 aguard tmPbetveemtiSe flote ndsigres29,

1992,
the bandwidth capability of the systems while use of an equalizer does not eliminate all
potential multipath propagation problems.
5 A need therefore still exists for a system and method that constructs and

communicates signals that remain largely orthogonal to each other even when delayed by

different amounts of time due, for example, to multipath propagation.phenomenon,

Summarv of the Tnvention
10

The deficiencies of the prior art described above are alleviated when practicing a
communication system and method with orthogonal en-c‘oding in accordance with the
present invention. The communication system and method of the present invention
provides for repetitively transmitting encoded signals with mutually orthogonally encoded

15 repeated blocks of symbols, the symbols in the repeated blocks representing coded
information. Decoding of the orthogonally encoded repeated blocks of symbols of the
transmitted encoded signal is provided.

In accordance with one aspect of the invention, a communication system is

. described with orthogonal block encoding and comprises a plurality of transmitters each
20 with means for repetitively transmitting encoded signals with mutually orthogonally
encoded repeated blocks of symbals respectively representing samples of an informational
source signal produced at the transmitter. A receiver is provided for receiving the encoded

transmitted signals including means for decoding the orthogonally encoded repeated

5
e

THIS SHEET HAS BEER '
Sheet Has Been Replaced HEET HAS BEER

TR orerors comer e,




2 entitled COMA Subtractive Denodul ation. In U S. Patent No.

5,218,619 issued to Dent on June 8, 1993, entitled CDVA Subtractive
Denodul at i onW0&®Ay decoded signals are subt r act eded g /ifdsn once
to inprove interference subtraction. U S. Patent No. 5, 353, 352

I ssued to Dent and Bottom ey on Cctober 4, 1994, entitled Miltiple
Codi ngfor 5 Radi o Communi cati ons, descr | bes optinmum spread spectrum
access codes blogkndfisminbels of the transnutthieewocgﬂ siaadl¢ recaded domcllseduralip e, when
orthogonal signaling is enployed within one transm ssion with
non- or t hogonatahsmittprst Theedecddifid spervidet baespibgsg dffgentsoshofaglumligdofi N an
| SO5 uplink in the nobile-to-base direction. Reference is directed to the
above- nent i ometiogonal cqdas espestivaly asbeniatédewithodtiffaerdt onesbPthe plurality of tikhemitte@son
for the difference between 1S95 uplink, (nobile-to-base), and |S95
for separating the received encoded signals into corresponding separate channels,
5 In yet another aspect of the invention, the communication system each of the
plurality of transmitters may. repeat each bit of information produced by a digital source
encoder a preselected first number of times to successively produce groups of repeated
bits. A sign change is selectively imposed on the repeated bits of each of a second number
of successive groups of repeated bits in accordance with an orthogonal code associated
10 with the transmitter.
Interleaving of the sign changed bits from the second number of groups is then
carried out to successively generate a number of blocks equal to said first number
containing said second number of symbols each block comprising different coded
information bits sharing a common sign change. A modulated signal is transmitted in
15  accordance with the generated blocks with sign changes corresponding to the orthogonal
code.

These and other features and advantages of the present invention will become

apparent from the following detailed description, the accompanying drawings, and the

appended claims.,

5 [ THIS SHEET HAS BEEN
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downl i nk (base-to-nobile), transm ssion schenmes is that maintaining

ort hogonal i t between different transm ssions requires that they be
accurately a‘g’PQW@ﬁﬂ n tinme, when the prior art comunecaadsdefisefChemnes
are used. If, in the above exanple, the first and second signals are
aligned with one another with a one place shift they are shown as foll ows:
15 The two exenplary sign patterns given above are seen now to

differ only at the begi nning Bﬁefpgsegm{nhq,f%qbﬁmfynbol bl ocks, thus_
severely conprom sing orthogonality. n the downlink, or
base-to-nobile, direction all signals originate at the same base 20

station and thus tinme alignnment can be assured. Wien signals in the uplink

or nobile-to- In theASRviflst €Ction originate at different nobile phones that
lie at different distances fromthe base station, it is nuch nore

difficult to achipgye ifi GRpRldddaEasial Bibck NEerah 8N Srog&tl M8k @koding  the
base station.
5 communication system of the present invention;
Fig. 2 is an illustration of two of the orthogonally block encoded signals received
at the receiver of the systeﬁ of Fig. 1 which are nonsynchronized by an amount to which
the orthogonal block encoding receiver is entirely insensitive;
Fig. 3 is an illustration like that of Fig. 2 but showing a departure from ideal
10 orthogonality;
Fig. 4 is an illustration like that of Fig. 2 showing the effect of multipath
propagation;
Fig. 5 is a functional block diagram of a transmitter in accordance with the
invention;
15 Fig. 6 is a functional block diagram of an alternative transmitter arrangement in
accordance with the invention;
Fig.7isa ﬁmctionai block diagram of a receiver in accordance with the invention;
Fig. 8(a)shows a prior art GSM TDMA burst and format of data bits; and
Fig. 8(b) is an illustration like that of Fig. 8(a) but showing the delay insensitive

20 orthogonal CDMA transmission of data bits in accordance with the invention,
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The European cellular system known as GSM enpl oys

PCT/US98/14432

Detailed Description of the Invention

Referring to Fig. 1, an orthogonal block encoding communication system 10 of the

present invention is seen to include a plurality of transmitters exemplified by an pair of

substantially identical block encoding transmitters 11 and 12 which broadcast information

carrying signals S11 and S12 in the form of electro-magnetic waves. Preferably these
signals S11 and S12 are dig‘;tal signals, although the invention contemplates and is usable
with analog signals modulated onto a carrier wave. These signals S11 and S12 are
received by an orthogonal block encoding receiver 14 which decodes the orthogonally
block encoded signals and separates them into separate output channels. A portion of the
orthogonally block encoded signal S11 from transmitter 11, as shown with a dotted line,
reaches the receiver 14 via an indirect path by reflecting off of a reflective object 13 on the
landscape. Because the length of the reflective path is greater than the tength of the direct
path of the signal S12 the reflected signal S11' arrives at the receiver 14 at a time later
than the armival of directly received signal S12. Accordingly, even if signal S12 is
synchronized to arrive at the receiver simultaneously with the arrival of signal S11, it will

not be synchronized with the reflected signal S11',

Refering to Fig. 2, an orthogonal block encoding communication system 10 is

shown. The first signal S11, comprises blocks of N information-bearing samples

bi,ba,bs.... by which are repeated a number of times with inversion indicated by a minus
sign or without inversion denoted by a plus sign over each block. Thus, as shown in Fig.2,

S11-1, S11-3, and S11-4, the first, third and fourth blocks are not inverted, while the

This. Sheet Has Been Repl
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nmobi | e transm ssi ons, wherein individual
base station to advance or retard their timng to bring the signals
received intoW®W8EPTed tine rel ationship with one anokdggsegigyever,
the ability to achi eve such synchronization to a 5 hi gh accuracy, for
exanple within fractions of a mcrosecond, is limted by nultipath '
si gnal propagati on phenonenon which is a characteristic of the |and-based

nobi | e radi o second bleek®il i Arisiemerted. The inversion/non-idvegsidAattedbtFigi 218 Mlerefore
propagati on phenonenon is caused by reflections of transmtted ~

si gnal s fr omregregeted by elod signspattemats+hi | | si des and tall buil dings, giving
rise to 10 del ayed echoes. Wiile it nay be possible to synchronize

signals transm tt éthefsecond aighad ISl 2 eomprises a bibeknsfisighileamglescdy,at, mat . .o vitddhdet ed
signal ray/or echo is tinme aligned and thus orthogonal to a

also repeated with or without an inversion. In the case of the second signal S12, there is

nobi | e phones are commanded by a

5 no inversion for the first, second and third repeats, but inversion of the fourth repeat,
represented by the sign pattern -
It may be verified that the first and second signals’ sign patterns +-++and +4++-
are orthogonal, which means that they agree in as many places as they disagree.
When the first signal S11, and second signal S12, are both transmitted at the same
10  time, linear addition of signal samples occurs in the aether. However, as shown in Fig, 2,
the two signals S11 and S12, or signal blocks S11-1 and S12-1, are not necessarily time-
aligned. In the example of Fig. 2, the samples a; and b; are not aligned and so do not add,
while samples a; and b(j.2) are aligned and do add.
The receiver 14 is connected to receive corresponding signal samples that are
15 repeated in a transmission time T apart. The receiver 14 preferably converts the signal
samples into a suitable form, such as numerical, which are stored in a receiver sample
memory 15. The receiver 14 processes and combines corresponding signal samples
received a time period T apart by reading them out of the memory 15 if they are
.previously received samples. At the four sample points exemplified in Fig. 2, the sum of
20  the sample values from signals S11 and S12 are respectively
a+bs, a1-by, a+b; and -atb;.
In combining the samples, the receiver 14 uses addition or subtraction according to

the sign pattern associated with the signal. In the example of Fig. 2, the sign pattern
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ray fromanother nobile transmtter, nultipath propagation, reflected rays,
or echoes, &ﬁh—’f”“ﬁa% bpath del ays different fromthose of the sel ected

signal rays e tine aligned. The GEOTI$W 1443 uses
Time Division Multiple Access (TDVA) in which each 15 nobile signal is

allocated a tineslot that does not overlap with transm ssions from ot her
nmobi |l es on the same frequency. A guard tine between slots equal to the

| ongest nor nal | y. =+ is useddq seceive thediss sigaal ISA ) Altematielyh His Sig8PaBe™ dhtmisnded
ti me advance/retard, reduces interference between different
transni ssi on‘ésegé%?éﬁ"%?‘eﬁfﬂ%?ﬁ‘é’c‘% Sp#-opagation. The i nterference of

an echo with its original signal has been reduced b%/ usi ng an equal i zer
that 20  beneflindpeeivige the fest sigepb f hitherefose ¢ie rposiver F4f8FBmt echoes of the
sanme signal. One such equali zer I s described, for exanple, in U S

Patent No. 5,331, 8860k slaeh) tambat HowtabiF¢hsa9, 1994, entitled

Adaptive Maxi mum Li kel i hood Denodul ator and U. S. Patent No. 5,33 5,250
5  which illustrates that interference from the samples &, and -, of the second signal S12

cancel.

Alternatively, the receiver 14 combines the received samples using sign pattern
+++- to form the second received signal S12, obtaining,

+(ar+bs) +(ai-by) +H(artbs) ~(-ar+b;) = 42,

10  showing that interference from the samples bz and -b; of the ﬁ.r‘st ;iénd S11 cancels.

Thus the two signals S11 and S12 appear orthogonal despite having a relative time
misalignment of two sample intervals. The same orthogc;nality will hold for other time
misalignments relatively small compared to the block length of N sample intervals.
Departures from ideal orthogonality when practicing the invention occur for some

15  repeated bits, the number of bits for which this occurs being equal to the time
misalignment expressed in 'sample intervals. Thus, as shown in Fig. 3, when the block
duration is large compared to the time misalignment, departm_'es from orthogonality affect
only a small fraction of the bits. The receiver 14 combines received samples to decode the
samples using sign pattern +-++. For by, the interference from ‘a” sample 2 cancels.

20 However, for decoding by, the receiver 14 obtains

4by -2 ¥a3' e eeians 4]
The interference from the ‘a’ samples to bw does not cancel completely because a;

is a sample from the next set of block repeats, and is not necessarily equal to a,. When the

10
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I ssued to Dent, et al. on August 2, 1994, entitled Method and Apparatus for
Bi di recti onal 4

SUBSTI TUTE SPIER¥379F ul e 26) Denodul ati on dfcTisgstdadal y
Modul ated Signals, to which reference is directed for further

details. The need for a guard tine between tine slots reduces the bandw dth
capability of

number of repeats is large however, that is greater than four as in the example, the by
value will be enhanced by a large multiplier while the interference from “a’ samples will
nearly cancel. Moreover, any underlying error correction coding will tolerate a few of the
‘b’ values being corrupted by uncancelled interference from ‘a’ signal values without
causing transmission errors in the underlying information. Thus in practice, with large
block sizes, a large number of repeats, such as the 64 repeats used in IS95, and the use of
further error correction coding, the invention claims that signal orthogonality is

substantially maintained even with time misalignment between different signals of several

sample intervals.

10 When a signal, such as the ‘a’ component of the second signal S12, propagates

from a transmitter to a receiver over multiple propagation paths of different lengths, the
signal: will be received multiplied by a complex number éo representing phase and
amplitude change over a first path and will be received multiplfed by a complex factor C,
representing the phase and amplitude of a delayed path. Fig. 4 illustrates this condition for
15  arelative path delay of one sample interval. Thus, when decoding s&nple a;, in addition to
changes in phase and amplitude to Cy.a, by the first propagation path, it will be further
corrupted by addition of sample a; changed in amplitude and phase by the factor C; of the

second path. As shown in Fig,. 4, the receiver 14 output is then 4(Co.2,+C,.a1), which is

just four times the receiver output that would occur without repeats, The receiver 14

20 output is thus successively:
4Cp.a+Cy.ay - Cr.ay"

4Cq.25+4Cy 2,

11
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the systens while use of an equalizer does not elimnate all potenti al

mul tipath W 'Bg,]gf)agati on problens. 5 A need therefore still
exists for a gfg em and nmet hod that constructs and EEHHE8I164AL eS
signals that remain |argely orthogonal to each other even when del ayed by
different anmounts of tine due, for exanple, to nultipath propagation
phenonenon. According to a first aspect of the invention,
there is provi detfCoprtioins: comuni cation systemconprising: a plurality
of transmtters f$r t&gnsnitting mutual ly 10 orthogonally encoded

i nformation sign% 2459 Y¥Fapping in tine, each transmitter being

operable to apply a different one of a set of mutually orthogonal coding

sequences of mul tiplication factors; said sequences being of uniform
| engt h; said orthggonal ly encoded signal s including successively
repeat ed bl ocks Bfo-rrGr-ait) on synbol s; the successive r epeat ed

bl ocks being nultiplied by respective factors agcordi ng Lo t he orthogonal
coding 15 SAGTRAC Eeprsrthe é‘ﬁyé’gﬁ‘&#}%‘*"fqﬂéh@ﬁk ?ﬁtl\gfy,m"?lﬁéu RHIPrET exGEpt
successi ve repeats of each _information block being equal to the |length
of each ort Kbgfinsedepsadortvadtranamidted samplesi ver bei ng provi ded for

recei ving and decodi ng the orthogonal |y encoded information signals.
According to a sé&hendipasseguencemay breprosesesd by emequeliver; such gs ¢asenbediaidhes net hod
for conmmuni cating with CDVA orthogonal | y encoded signal s overl appi ng
intime 20 ieanpoaedneerenaslidesjgredchhawie defeyed ppihsi pidne pymote samples deteyi on
signals to produce correspondi ng i nformati on bl ocks contai ni ng

di fferent i nfuxhamichalizapidatsss all apelas torgpctly excepe &iwlthosedt drertardepbetyeock a

predet er mi ned nunber of times according to a predeterm ned spectrum
spreadi ngo f agkDblockal dubP gotha kitsy satipleativen Gy squadon @ etave Gainpiboatntetddgaofdl ocks by
blocks are handled appropriately by such an equalizer. The degree of approximation is
better when the number of combined repeats ‘M’ is larger than four, such that the first
output becomes
M.Co.aH(M-3).Cr.an-ax" = M.(Co.a+Ci.an - Cr.lay™+3.20)/M).....c.. (3)
15 where the error C;.(an"+3.ay)/M tends to zero in relation to Co.21+Cy.an as M becomes
larger. It is possible, however, to effectively model the dependence of the receiver after
combining based on three samples, aj,ay and ay" in the above example of Fig. 4, and to
construct an equalizer that uses this model in decoding a, while using 2 model dependent
on only two transmitted samples otherwise. Such an equalizer needs to maintain a larger
20  number of decoding states or “Viterbi states™ to resolve the signal dependence on the
additional symbols.

In CDMA systems, the receiver 14 of the invention thus includes despreading

followed by conventional equalization for multipath propagation. In accordance with the

12 o T T }
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mul tiplying the repeated information bl ocks by respective nultiplication
factors, the 25 sequence of factors applied to successive repeats of said
i nformati on WOEKSHr m ng one of a set of nutually orpboygssalagodi ng
sequences of uniformlength; transmtting groups of orthogonally
encoded i nformation bl ocks as respective CDVA encoded signals

overlapping in time; and receiving and decoding the orthogonally encoded

information inventidd, QcSceival 14 may include LOEABIABEnIO LikeliHobd Sequepaoistiitot he
i nvention, there is provided a nethod of transnmitting a CDMA encoded

signal wth iRk eredatet & ADEdicH Feddbatit Pialzep(OHBIO@] dl@matively, a suitable
5
RAKE receiver which accounts for multipath propagation in the despreading process. A

suitable RAKE receiver is described in U, S. Patent No. 5,305,349 issued to Dent on April

wn

19, 1994 entitled Quantized Coherent RAKE Receiver, which is hereby incorporated by
reference.

A transmitter 16 in accordance with the invention is preferably constructed as
shown in Fig. 5 including a block interleaver 18 which operates on the signal after a final
orthogonal spread-spectrum coding operation is performed by circitit 20. The circtit 20

10 includes a bit repeater 22, a direct sequence orthogonal code generator 24 and a modulo-2

adder 26.
An information source 28 provides information, such as speech or facsimile

signals, to a digital source encoder 30 which converts the information into digital form.

The output of the digital source encoder 30 is applied to an error correction encoder 32 to
15  render transxﬁssions more tolerant to noise and interference. The output bit stream of the

encoder 32 (by,by,bs...) is spread by a bit repeater 22 which samples each bit M times

where M is the desired spreading factor. By then bitwise adding, the modulo-2 adder 26

bitwise adds to the spread bit stream , a characteristic orthogonal code allocated for the

. signal and generated by the direct sequence orthogonal code generator 24. A MxN block

20 interleaving operation is performed by the block interleaver 18 on the spread spectrum

coded signal on output such that repeated bits are not transmitted adjacently in time but

rather separated by a block size of N bits. The block interleaver 18 does not add or delete

bits, but alters their order of transmission, for example, by transposing a matrix of NxM

13
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conprising the steps of: encoding information to produce synbol bl ocks

containg a pr rmned first nunber of synbols; repeating each synbol
bl ock a sele ?@%B’ﬁﬂﬁo

c er of tines; and nmultiplying each suc®esasasahas2
repeat ed synbol bl ock by a respective multiplication factor according to

one of a set of orthogonal sequences of factors, wherein the nunber of

synmbol bl ock repetitions is equal to the length of the orthogonal sequence;
and transm bits. Ajemtively, dekrock aitbrbaaierg 8tisehelieal, idiagbnal ergplakefiagonal

interleaver rather than a purely block interleaver. The spread spectrum coded block signal
is then applied to a radio frequency carrier by means of a modulator 33,

The transmitter 16 of Fig. S is formed by adding an interleaver 18, having precise
parameters (M,N) adapted to the spread spectrum code produced by the generator 24, to
result in a CDMA transmitter, according to the invention.

Fig. 6 shows an alternative transmitter 35 in accordance with the invention which

includes the information source 28, digital source encoder 30 and efror correction

encoder 32,

10 The embodiments shown in both Figs. 5 and 6 can include further interleaving over

and beyond the interleaving performed by the interleaver 18, the purpose of the further
interleaving being to avoid errors in the same sample block appearing consecutively at the
error cotrection decoder at the receiver 14. Any such additional within-block interleaving

is considered to be part of the error correction coding process.

15 The output from the error correction encoder 32 is connected to a block repeater

unit 36 which saves a block of N consecutive bits and then repeats the block M times. A
block sign generator 37 selectively supplies a sign for each repetitive block. Thus, block
sign generator 37 only needs to generate orthogonal codes at the block rate, not at the
rate at which signal samples are generated or a “chip rate.” The sign from block sign
20  generator 37 is combined with signal samples, such as bit b3 from the block repetition unit
36 using an exclusive-OR or modulo-2 adder unit 38. Alternatively, a module-2 adder is

used. A chip-rate scrambling code is produced from an access code generator 40 to '

randomize the output bit stream from the block sign adder 38. The code produced by the

14
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access code generator 40 must be the same for all signals that are orthogonal, such as
signals in the same cell of a cellular telephone system.

The access code generator 40 can operate in a number of different embodiments.
In a first embodiment, the use of the access code generator 40 is optional, and may be
omitted in some systems. Signals which are orthogonal to each other are then generally
transmitted in the same cell. If spare orthogonal codes not already allocated in a cell are
available, they can advantageously by employed in neighboring cells such that a proportion
of the neighboring cell interference is eliminated. CDMA systems of the prior art are not
able to employ such orthogonality between cells as the transmissions of one cell cannot be
synchronized with the transmissions of neighboring cells. However, when practicing this
invention, lack of precise synchronization is not an impediment to orthogonality between
cells, If, however, the entire set of mutually orthogonal codes is used in a first cell, then a
neighboring cell uses a second set of codes, orthogonal to each other but non-orthogonal
to the first cells' codes, Such an additional set of codes preferably has controlied non-
orthogonality with any other set of codes, as may be obtained by using the technique of
the above-referenced U. S. Patent No. 5,353,352 which may be embodied in block sign

generator 37.

In a second embodiment, the access code generator generates a chip-rate code of

length equal to the block length and repeats it for the repeated blocks. The code is then

changed for the next set of repeated blocks, and so-on. The property afforded by this
second technique is that multipath signals delayed by a few chips are despread by the same
sign pattern produced jointly by access code generator 52 and block sign generator 54 in

the receiver of Fig. 7. Thus multipath propagation causes additive intersymbol interference

15
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5A _ According to a fourth aspect of the invention,

there is pl’0¥\<’l gtransm’tter for use in a CDVA conmuni cation system
enpl oyi ng or Rog8Hal bl ock encodi ng, the transm tter RGVOS/BMI. a
producer of an information source signal; a generating circuit for

repetitively generating information bl ocks representing repeated sanpl es of
t he

between the despread symbols output by averager 58, which may be resolved by the
exemplary maximum likelihood equalizer 60. The access code is preferably the same for all
signals in the same cell while a different access code is employed for signals in different

cells. The access code is preferably chosen according to the technique disclosed in U. S.

5  Patent No. 5,353,352 to achieve controlled non-orthogonality between cells.

In a third embodiment, the access code generator 40 is chosen to render multipath
delayed signals orthogonal to non-delayed signals. This is achieved by applying like sign
changes to any pair of adjacent chips in half of the block-repeats and unlike sign changes
in the other half of the block-repeats. This has the effect that delays of +/- one chip

10

relative to a nominal propagation delay result in multipath signals which are orthogonal to
the nominal propagation path. The multipath signals are then not orthogonal but rather
identically coded to another signal's code. This option is thus preferably used when only
half the available codes are employed for discriminating between signals in the cell and the
other half of the orthogonal codes are those which appear on +/- one chip-delayed

15  multipath and thereby discriminate the multipath.

In a fourth embodiment, the access code generator 40 is a random code generator
or none of the above. Then multipath signals are neither orthogonal to, nor identically
coded with undelayed signals. If it is desired to demodulate multipath signals, then a
PTA'KE type of equalizer may be employed, in which the receiver despreads the received

20  signal using different time-shifted outputs of access code generator 52 and performs
different averages for each using multiple instances of averager 58 to yield multiple
averages each corresponding to signal ray of different propagation delay. The different

rays are then combined in a RAKE equalizer such as the RAKE receiver using coarsely

16
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5 source signal; a generator for generating an orthogonal coding sequence;

a phase shifter responsive to the stored orthogonal codi ng sequence
for applying 8YRYE™E set of ort hogonal sequences of qu%ﬁPchan es to
said repeated information bl ocks, where the nunber of repetrY¥fs of

the information block is equal to the Iength of the orthogonal
sequence; and a nodul ation and transm ssion stage for transmtting the
or t hogonal | y qhshtizbl @ekicRnead @esciib@akhe above-referenced UAE Pafetli W@, 5, 0sa45i f t h
aspect of the invention, there is provided a receiver for use in

processi ng ChuA fomeDetsbdiiene BPréfe@bly @ONTuRsisted 8 (g Pidation i€ 6&Rhd b o@peat ed
bl ocks of synbols that have been orthogonally encoded by applying one

of a set of ebidegshality is 2F6RELIBNGREVS Srofdhtbd RRG AR kFncidgiRale
nunber of repetitions of the blocks is equal 15 to the length of each

orthogonal seg@eyce, said receiver conprising a receiver circuit for
recei ving the encoded transmtted signals, and for decoding the transmtted

signals by a ﬁgoasw%@p%p@ag%ph&%ge@to&h@%m%s@a&@g@ﬂ@' codi ng

sequences to extract t bl'ocks ols fromthe conposite signal.

ﬁfll becongh%m%KQQngﬁgﬁt @rohﬂ%ﬁﬁs%ﬂ%P%gygﬁgggf ?? ngﬁ&ﬁ;&gcodnventlon

escription, *and the
ded cl th d '
whrons o TR etel R P 0 es A 4l WeRET SRR TR R TS, an
ort hogonal bl@S e fogg'é%mgm, gﬁ“%&%&{xé’m SRS SAEHNY fo2u 0 MSice

and multipath distortion signals are received from an antenna 44 and applied to an input 45

rf

10 of a downconverter 46. The downconverter 46 downconverts the radio frequency signal
to a signal suitable for processing, preferably a complex baseband signal. Complex
baseband signals may be in Cartesian (X,Y) form having an X, or “T", real component and
a Y, or “Q"” imaginary component, or polar form (R,THETA) or Logpolar form
(log(R),THETA) as described in U. S. Patent No. 5,048,059, issued to Dent on

15 September 10, 1991, entitted Logpolar Signal Processing, the disclosure of which is
hereby incorporated by reference. The downconverted samples from output 47 of the
downconverter 46 are then applied to a sign changer 48 which is connected to an access
code generator 52. The downconverted samples 47 are then sign-changed by the adder 48

- according to the sign pattemn of an access code provided to the access code generator 52,

20  to remove the access code applied by a corresponding transmitter code generator such as
access code generator 40 in Fig, 6. When different codes are applied to [ and Q samples at

the transmitter 16, Fig. 5, corresponding codes are used for [ and Q samples, respectively,

at the receiver 14, in Fig. 7.

17
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25 Fig. 2 is an illustration of two of the orthogonally bl ock

encoded signals received at the receiver of the systemof Fig. 1 which
are non-synchP&#2&87 by an anount to which the ort hogaraiushiRes
encoding receiver is entirely insensitive; Fig. 3 1s an
illustration |ike that of Fig. 2 but showing a departure fromi deal

orthogonality; 30 Fig. 4is an illustration like that of Fig. 2

showi ng the effecThexkalMihd inRaidacy Q compyneRkagathe Qiiples from the sign changer 48 _
6 Fig. 5is a functional block diagramof a transmitter in
accordance Wadeliemfugleaved by a deinterleaver 56 which functions by blocking together all chips

corresponding to repeats of the same signal sample information bit. The individual repeat
signs are made the same by applying sign changes in the sign changer 50 according to one
of a set of orthogonal sign patterﬁs supplied by a block sign generator $4. Alternatively,
block descrambling is performed using the access code generator 52. It will be appreciated
that two changes of sign, in the sign changers 48 and 50 respectively, are equivalent to a
single change of sign determined by the product of the separate signs. Therefore, it does
not matter whether the net sign change is applied tefore or after deinterleaving as long as

10 the access code generator 52 or block sign generator 54 or 2 combination thereof

generates the appropriate stgn sequence.

After the repeats are blocked together and the signs of all repeats are equalized,
the repeats are combined together by an averager 58 which preferably averages or adds all
repeats in a window of M bits, where M is the number of repeats. Alternatively, the

15 averager 58 is a low pass filter of bandwidth similar to that of a block moving averager.
The output of averager 58 is then downsampled from M samples per bit to one sample per
bit to yield the bit series by,by,bs.... These samples may contain Intersymbol Interference
(IST) due to multipath propagation, so they are next fed to a maximum likelihood equalizer
-60. Qutput values from the equalizer 60 are preferably in “soft” form in which 1’s and 0's
20  are represented by a value indicative of the degree of “oneness” or “zeroness” rather than
hard 1/0 decisions. U. S. patent 5,099,499 issued to Hammar describes deriving soft

decisions, the disclosure of which is hereby incorporated by reference. Use of soft

decisions improves the performance of an error correction decoder 64 which receives

18
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enbodi nent of the invention; Fig. 6 is a functional block diagram of
an alternative transmtter arrangenent in accordance w th anot her

enbodi ment oVOPKESPhvent i on; Fig. 7 is a functional p@f,g@g,l%@gram of
a receiver in accordance with an embodi nent of the i nvention; Fig.

8(a) shows a prior art GSM TDVA burst and format of data bits; and
equalized signals and produces hard decisions and “bad frame” indicators to source -
decoder 66, The source decoder 66 translates the oufpu’c bitstream to, for example, speech
signals and uses the bad frame indicators from the error decoder 64 to mask error events,
and to prevent noise bursts from corrupting perceived speech quality. Further, a
deinterleaver 62 is used between the equalizer 60 and the error correction decoder 64 ifa
corresponding interleavef is used at the transmitter 16. The deinterleaving by the
deinterleaver 62 is not related to the use of the deinterleaver 56 to improve orthogonality
under conditions of timing error or multipath.
Commeonly assigned U. S. Patent Application No. 08/305,727 of Dent, entitled
10 Simultaneous Demodulation and Decoding Device filed Sept. 14, 1994, discloses a
decodulation technique which performs all the functions of the equalizer 60, the
deinterleaver 62 and the error correction decoder 64 an'ci may be used in lieu of these
individual units. This disclosure is hereby incorporated by reference.
Small departures from true ortl;ogona.lity that remain for some transmitted symbols
15 when transmitters are not exactly synchronized are such as described by equation (1),
For example, a joint demodulation method for two signals can proceed as follows:
If the signals by and a, are described as belonging to a vector ¥ (i)

of current symbols to be demodulated

bN
where V(i) = L 2]

bN'
20 and V(+1) = | _,
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and V(i-1) is likewise composed of by" and a," from previous blocks of N
transmitted symbols, then upon combining repeats first with the sign pattern for
‘b’symbols and then for ‘a’ symbols we obtain sums S, and S as follows:

Su =4by - a; +ay'

S.=da; - by +by

or

18 oo _4_.4-1 1ol
$=lgl =1y ol a1 | ¥, ol e @

When all signals are to be demodulated, as in a cellular base station or satellite
ground station, such remaining non orthogonality can be entirely compensated by joint
demodulation, decision feedback, or altematively the subtractive demodulation method of
U. S. Patent 5,151,919 which was incorporated by ref‘er.ence herein above.

Thus, the sum vector Sy, S, which should be 4Vi is corrupted by a small amount
of the previous vector ¥(i-1) and the next vector V(i+1), th;e amounts being described by

“Intervector Interference” (IVI) coefficients which are matrices MO, M1 and M2 in the

following equation:
S=MO.V@U-1) +MLVI+M2.VE+]) coriiieirecniiineene ) -

The center term is descrambled by multiplying equation (4) by the inverse of the matrix
M1
-1
4 -1 {4/ 1s /15
-1 4)  [1/15 4/15

to obtain

T
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6A Fig. 8(b) is anillustration like that of Fig. 8(a)

but showi ng the delay insensitive orthogonal CDMA transm ssion of data
bits in accoV@ake®i t h enbodi nents of the i nventi oN.peruses The
deficiencies of the prior art described above are allevi at J \/\)?1’14432

practicing a 5 comunication systemand nethod with orthogonal encoding
I n accordance wt ltlg fol | ow ng enbqdi nents. The communi cati on system
and net hod prsQ‘vjedE P}Rﬂf 4 el {0 ?// 55] A e (6) -
which is equal to equation (4) multiplied by M1
The effect of the previous vector V(i-1) and the next vector V(i+1) may be approximately
removed by using S'(7 -1) and S'(i+1) computed using equation (6) and substituting them
5  into equation (6) to obtain an improved estimate SYi) of V(i). This process is iterated to
the extent needed to obtain the accuracy desired.
However, more generally, IVI expressed by equation (5) is unscrambled by use of

a matrix transversal equalizer described by

=L
0 S@=, [ H().Y({+) ] where L is selectively sized and the equalization matrices H(j)
=L

are chosen to obtain the desired accuracy of equalization.

15 It is not necessary to over complicate the process of compensating for residual

non-orthogonalities when only a few of the N symbols per block are affected, particularly
when the symbols are further processed by an error correction decoder. It may suffice to
accord those symbols which are affected by residual non-orthogonality a soft value
indicative of greater symbol uncertainty before applying them to the error correction

20  decoder.

The present invention is capable of operating with any number of block repeats and

not just the power of two for which Walsh-Hadamard sign patterns form orthogonal sets.
This ability to generalize the invention relies on the fact that a radio signal is capable of

being changed in phase by any desired amount and not just by inverting it 180 degrees. A

21
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transmtting encoded signals with nutually orthogonally encoded repeated

bl ocks of synbol s, the synbols in the repeated bl ocks representing
coded i nf or "P%AS?Decodi ng of the orthogonal | y enco#etusspes: ed

bl ocks of symbols of the transmitted encoded 10 signal is provided.

As described hereinafter, the information signal is broken into a series of
i nformation ayi plurali of individual ,in L0 nbol s.
Each i r%flg 16%8[ I %ngfﬁ]g% CTe ‘f&}leé 1%?%’(%?‘1“35 Ry %%]nglcu}i gé {I’g%sé nPefi i%éel.y
transmtted. T js Nt L . information block is transmtted and
t hen the ent?rlg&%ﬁg%kbgggrcgﬁgﬁ' gatof'i predeterm ned 15 nunber of tinmes. The

nunber of repeti tgg:%%ag{%nhhe information block is selected to enable
use of an orthogonal~code t)‘nat extends across all repetitions of the

i nformation bl oc ; th n ncadi i S acc | i shed by applying a
nodi fi cation fachﬁPS%“%géhaﬁg‘gﬁ%ﬁb& Is to I%&Wg‘fﬁ?ﬁ‘éﬁeorﬁ%ﬁats codi ng can be
acconpl i shed, for exanple, by.inverting or chan:i.n% t he phase of the
si gnal seymefRCOrBRTETH GRS %ﬁ%ﬁtf%",sﬁ‘%',’ HESER 5PYete! YIRSl [ ecei ver, 20
t he orthogonal encoding is removed by applying the orthogonal sequence

cor r espondi ngpecessive phase ghiftyjeky, 1 2Q) aad g‘??aﬁ{;gféﬁ%ﬁpeléﬁdrt%g’ﬁgﬁﬁﬁ BEKIERAASI s from
each repetition of the information bl ocks are sumed. Wen the synbols .
are sumred, Ulsiagshesyobglsfwhern SohSr. Smveprasend 0, 120 ands240neesrectiélvel | | eavi ng only
the desired signal. In yet another aspect, in the communication
system each of th&pllurality of 25 transmtters may repeat each bit of

i nformati on produced by a digital source encoder a presel ected first
nunber of tines t@8, sEXERINein produce groups of repeated bits. A

sign change is selectively inposed on the repeated bits of each of a second
nunber ofyg S =P(j4n/3) = EXP(21/3),

a first transmitter transmits So.(b1,b2,b3....bw); Si.(b1,bz,bs....bw); S2.(by,ba,ba. .. .by);
where (by,bz,bs....by) stands for the block of symbols modulated without a phase shift.
A second transmitter transmits Se.(2),22....2); S2.(81,22....a8N); S1.(21,82....8x);
where (a,,3,. ...ax) represents its modulated symbol block, and a third transmitter transmits
15 So.(c1,Ca....ox); So.{c1,C2....0x); So.(C1,Ca....Cn), Where (€1,Ca....cn) is the third transmitter’s
modulated symbol block.
The three transmissions are orthogonal because the sequences
S6,80,50,80,50,5¢.-...3
S6,51,54,56,51,5;.....; and
20 $6,82,51,80,52,51... .3
are mutually orthogonal even when time-shifted. Such mutually orthogonal sequences of
complex numbers may be called Fourier sequences and can be of any repeat length L of

symbols by forming them as successive powers of EXP(j2r/L).
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successive groups of repeated bits in accordance with an orthogonal code
associ at ed with the transmtter. Interleaving of the sign changed bits
fromthe secon*¥iWer of 30 groups is then carried out tecghisspIshvely
generate a nunber of blocks equal to said first nunber containing said
second nunber of synbols each bl ock conprising different

7 coded information bits sharing a conmmopn sign change. A nodul at ed

signal is tromsskhples ceal -DaldGOREIGRRGEm] (bdbd1Ee GRAGHE! BE nBhOSs bBrepbdid T §1 AN
changes corresponding to the orthogonal code.

a power of two.

In accordance with one aspect of the invention, other orthogonal sequences may
also be constructed, for example by allowing a set of sequential multipliers for the
5  successive repeats to be neither complex nor restricted to binary values of +/-1. In
particular, when the multipliers are chosen to be 1 or 0, the orthogonal sequences

1000000100000001000000...
0100000010000000100000...
0010000000100000001000...
10 0001000000010000000100..,
0000100000001000000010...
0000010000000100000001...

0000001000000010008000...

0000000100000001000000...

15  arise, which in fact describe an 8-slot TDMA system in which each signal is transmitted in
the slot in which a ‘1’ occurs and not in whick a ‘0" occurs, Thus, a TDMA system is
reproduced as a special case of the of delay-insensitive orthogonal Code Division Multiple
Access system of the present invention. Likewise when complex weights are selected from

orthogonal Fourier sequences, when symbol blocks such as (by,bz,bs....by) represent N-

20  fold repeats of the same symbol ‘b’, and when each transmitter output signal is smoothed

using a filter, the invention in this special case provides FDMA signaling in which different
transmissions are mutually orthogonal independent of relative delay or mistiming by virtue

of occupying different, unrelated frequency channels.
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In accordance with another aspect of the invention, TDMA and FDMA systems
can be reproduced as special systems and delay-insensitive orthogonal CDMA modes may
be added to FDMA or TDMA systems by modification of their coding methods. Referring
to Fig. 8(a), a prior art GSM TDMA signal burst and frame format consists of eight time
slots, each of which contains a signal burst having components of a syncword surrounded
by data bits. In standard GSM, the data bits in each of the eight timeslots belong to a
different communications link or telephone call. Evolution of GSM to permit one link to
use multiple timeslots provides higher user bit rates, in which case the data bits in
successive slots can be from the same communications link or call.

Alternatively, Fig. 8(b) shows how, in accordance with the invention, the same
data bits of Fig. 8(a) may be repeated successively with or without a phase inversion or
phase change to form a delay-insensitive orthogonal CISMA signal, In Fig. 8(b), the
positioning of each repeat preferably straddles two signal bursts, which advantageously
avoids the guard time occurring between time slots and prevents a block from being split
by a syncword. This has a positive effect on how well orthogonality 1s preserved under
mistiming conditions, and also avoids the need to apply the orthogonal phase change
sequence to the syncwords S. When a block straddles two time stots, the block is split by
the guard time where zero energy is transmitted and not by the syncwords. This results in
less reduction of orthogonality under mistiming as the zero energy symbols of the guard
time cause less interference than the full energy symbols of the syncword, when they
overlap data symbols.

Other arrangements of the repeats within the bursts can of course be used, and it is

not necessary to have eight repeats. For example, using Fourier sequences, seven repeats

24
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could be used with the eighth timeslot being used for receiving in the mobile terminal, to --
avoid a duplexing filter to connect the transmitter and receiver to the same antenna at the
same time.

Those skilled in the art who now have the benefit of the present disclosure will
appreciate that the present invention may take many forms and embodiments. Some
embodiments have been presented so as to give an understanding of the invention, It is
intended that these embodiments should be illustrative, and not limiting of the present
invention. Rather, it is intended that the invention cover all modifications, equivalents and

alternatives falling within the spirit and scope of the invention as defined by the appended

10 claims.
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7A DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Referring to Fig. 1, an orthogonal bl ock encodi ng comruni cati on system 10

i s seewot”g"’WﬁEI ude a plurality of transmitters exempCrfussdsaldy a pair

of substantially identical 5 bl ock encoding transmtters 11 and 12 which
broadcast information carrying signals Sl11 and S12 in the form of

el ectromagneti c waves. Preferably these signals S11 and S12 are
What is claimed is:

A communication system employing orthogonal block encoding, comprising:
a transmitter for repetitively transmitting encoded signals including mutually
orthogonally encoded repeated blocks of symbols, the symbols in the repeated blocks

representing successive samples of an informational source signal; and

s a receiver for decoding the orthogonally encoded repeated blocks of symbols of
the encoded signals.
2. The communication system as recited in claim 1 wherein the receiver employs

different orthogonal codes to separate the encoded signals into corresponding separate

channels.

3. The communication system as recited in claim 1 comprising;
a memory for storing an orthogonal code; and
a phase shifter for responding to the stored orthogonal code for imposing a

corresponding sequence of phase changes onto at least one of the mutually repeated block.
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digital signals, although the invention contenplates and is usable with
anal og signals nodul ated onto a carrier wave. These signals S11 and S
12 are recei W&P9§79an ort hogonal bl ock encodi ng recetctarsesifuaipphi ch
decodes the orthogonal |y bl ock encoded signals and 10 separates theminto
separate output channels. A portion of the orthogonally bl ock encoded
signal SI1 fromtransmtter 11, as shown with a dotted |line, reaches the
receiver 14 via an indirect path by reflecting off of a reflective

obj ect 13 on the | andscape. Because the length of the reflective path

is greater than the |length of the direct K path of the ..signal. S12 the
reflected si‘gnal tlgﬁm"mgf“f‘?tk}’é?fyﬁ?m fsrfé‘“?egé‘g‘?%rl wilipreify the receiver ©IPEFES han t he
15 arrival of directly received signal, S12. .Accordi ngly, even .if signal
S22 1’ synchr ont 2Banppensl Slodk Ry BTve SRt Der et ERIBRAR B h e

arrival of signal S11,. it will not be synchroni zed wth the refl ected
si gnal S11' encoded transmitted ggaals; adg to Fig. 2, an orthogonal bl ock encoding
comuni cation system 10 i s shown. The first signal S11, conprises

bl ocks of N i nf orataddesforrsdingsgresnppsiingongsiof thesymbals muccessivelyNeggivedh ar e
repeated a nunber of times with inversion indicated by a mnus sign or

wi t hout iSvenepéated Wegks froch thy tramspiittes aBérdke wthegonabanpodingge removpdiBy thgs shown i n
Fig. 2, S 11-1, S 11-3, and S 11-4, the first, third and fourth bl ocks
are not i nveorttegonalkodeeretroger to form a summed signal for each symbol within the repeated

blocks.

S. The communication system as recited in claim 4 comprising a transmitter for
transmitting the repeated blocks at a preselected rate and for adding symbols in successive

ones of the repeated blocks.

6. The communication system as recited in claim 4 wherein the receiver comprises an
equalizer for processing the summed signal from the adder to compensate for multipath

propagation.

7. The communication system as recited in claim 1 comprising a digital source

encoder for producing the symbols as digital bits of information.
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8. The communication system as recited in claim 7 comprising: -

bit repeater for repeating each bit of information produced by the digital source
encoder a preselected number of times to successively produce groups of repeated bits;

sign imposer for selectively imposing a sign change on the repeated bits of each of
a nummber of successive groups of repeated bits equal to the preselected number of bits in
each group in accordance with an orthogonal code;

interleaver for interleaving the sign changed bits from the preselected number of
groups to successively generate a number of blocks each composed of the different sign
changed bits of the preselected numbers of repeated groups and having a collective sign

10 change corresponding to a common sign change shared by all signed changed bits of the

block; and
a signal modulator for transmitting a signal modulated in accordance with the

generated blocks with sign changes corresponding to the orthogonal code.

S. A communication system employing orthogonal block encoding, comprising:

a plurality of transmitters for repetitively transmitting encoded signals comprised
of mutually orthogonally encoded repeated blocks of symbols respectively representing
samples of an informational source signal produced at each transmitter; and

a receiver for receiving the encoded transmitted signals, and for decoding the
orthogonally encoded repeated blocks of symbols of the transmitted encoded signals
received from the plurality of transmitters, by employing different ones of a plurality of
orthogonal codes respectively associated with different ones of the plurality of transmitters

to separate the received encoded signals into corresponding separate channels.

-_
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second block S 11-2 is inverted. The inversion/non-inversion pattern for
Fig. 2 is therefore represented by the sign pattern +-++.

The second sWQAUIS™812 conprises a bl ock of signal sanpl espcrrusesngssz
alerr],a2,a3..... aN. which is al so repeated with or w thout an

I nversion. In the case of the second signal S 12, there is 5 no

i nversion for the first, second and third repeats, but inversion of the

f th tt
0?? Logorneelf)eﬁ)t Whi he r?grémlgngxﬂfc ﬁ%o?\@%ﬁgn Qy regtpe% &Q{}l 90w9here%[ Qalch 5t the transf‘ﬁ%vs

agree T dlsagree.
Wien the figdpsisgnal S11, and second S|gnal 812 are both transmtted at
the same 10 tlne | i near addition of signal sanples occurs in the aether.

However, as s ho%&rﬁoglf&' st&'mg an orthogonal code; and

a responder responsive to the stored orthogonal code for imposing a

corresponding sequence of phase changes onto each repeated block.

1. The communication system as recited in claim 10 wherein the responder selectively

imposes a 180° phase shift onto the repeated blocks in accordance with the stored

orthogonal code.

12. The communication system as recited in claim 11 wherein the memory comptises a
memory for storing a Walsh-Hadamard code having a number of bits equal to the number

of times the transmitters repeatedly transmit the repeated blocks.

13, The communication system as recited in claim 9 wherein the receiver comprises:
an orthogonal code remover for removing the orthogonal encoding from the
encoded transmitted signals; and
an adder for adding corresponding ones of the symbols in successively received
5  repeated blocks from one of the plurality of transmitters after the orthogonal encoding is

removed by the orthogonal code remover to form a summed signal for each symbol within

the repeated blocks.

T
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the two signals S 11 and S12, or signal blocks S 11-1 and S 12-1, are not

necessarily tine- aligned. In the exanple of Fig. 2, the sanples a;
and bi are NRP2PIned and so do not add, whi | e sarfSiTds98(1448nd
b([err]2) are aligned and do add. The receiver 14 is

connected to receive correspondi ng signal sanples that are 15 repeated in
a transmssion tine T apart. The receiver 14 preferably converts the signal

sampl es 1148 3 #i AL« 3 U0oARAWIRE] EAlyeli oh are stored 1n 2

recei ver sanple e recelver 14 processes and conbi nes

corresponding s itmcka Q&Rl‘aﬁ%itteﬁ% 3 pfrés,?l%g%ly glg%kareﬁétiﬂgn RE A EadRH { PY

readi ng them out of the nenory previously received

sanpl es. A pajnts exenplified in Fig. 2, the sum of 20
t he sanpl etp\r/ég%lgcéésé)ﬂtéé%%%gpéﬁogr %dsn and S12 are respectively

alerr]+blerr].  glqlldr cBhflidel anchle? hdde B 2hdidg B0GrreBlcRling Pibolsin

5  successive repeated blocks which are separated from each other by an amount equal to the

repetition period.

1S.  The communication system as recited in claim 14 wherein each of the transmitters
comprises:

an orthogonal encoder for selectively imposing phase shifts to the repeated blocks
while being transmitted in accordance with an associated one of a plurality of the different

5 orthogonal codes; and

the receiver comprises a block remover for removing each of the repeated blocks
received from each of the plurality of transmitters in accordance with the orthogonal code
respectively associated with the transmitters being decoded before being applied to the

adder,

———
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I n conbining the sanples, the receiver 14 uses addition or subtraction

according to o the sign pattern associated wth the signal. In the
exanpl e of Fi”&. 9%",’57?7he sign pattern PCT/US95/14432
9

SUBSTI TUTE SHEET ( rul e 26)

+-++ is used to receive the first signal S11. Alternatively,

t he sign
pattern +++- is

16. The communication system as recited in claim 13 wherein each of the transmitters -

comprises:
an orthogonal encoder for selectively imposing phase shifts to the repeated blocks

while being transmitted in accordance with an associated one of a plurality of the different

5 orthogonal codes; and
the receiver comprises a block remover for removing each of the repeated blocks

received from each of the plurality of transmitters in accordance with the associated one of

the plurality of different orthogonal codes being decoded before being applied to the
adder.

17.  The communication system as recited claim 13 wherein the receiver comprises an

equalizer for processing the summed signal from the adder to compensate for multipath

propagation effects.

18.  The communication system as recited in claim 9 wherein ezcii of the plurality of

transmitters comprises a digital source encoder for producing the symbols as digital bits of

information.

——
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used to receive the second signal S12. In receiving the first
signal S11 therefore, the receiver 14 forns, +(a[err] +b3)
-(a[err]-b3) QAR 8PT | +b3) +(-a[err]+b3) = 4b[err], 5 VRGOS AddseSt I at es
that interference fromthe sanples aferr] and -a[err] of the second signal

S 12 cancel . Al ternatively, the receiver 14 conbines
the received sanples using sign pattern +++- to formthe second
recei ved signal S12, obtaining, +(a[err]+b[err]) +(a[err]-b3)

+(a[err]+b3) -(-a[err]+b[err])= 4a[err], 10 showing that interference
fromthe sanplies bBheantmundatidn dyktemfak resitedsih glait 1 Siflerein BailoSthe plurality of
Thus the two signals S11 and S 12 appear orthogonal despite having a
rel ative ti metransmitters comprises:

a repeater for repeating each bit of information produced by the digital source
encoder a preselecte:d number of times to successively produce groups of repeated bits;

5 a sign changer for selectively imposing a sign change on the repeated bits of each
of a number of successive groups of repeated bits equal to the preselected number of bits
in each group in accordance with an orthogonal code associated with the transemitter;

an interleaver for interleaving the sign changed bits from the preselected number of
groups to successively generate a number of blocks each composed of the different sign

10 changed bits of the preselected number of repeated groups and having a collective sign
change corresponding to a common sign change shared t;y all signed changed bits of the
block; and

a sign modulator for transmitting a signal modulated in accordance with the

generated blocks with sign changes corresponding to the orthogonal code.

20.  The communication system as recited in claim 19 wherein each of the transmitters
comprises an error correction encoder for imposing error correction encoding upon each

. of the digital bits of information from the digital source encoder.

I
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m sal i gnment of two sanple intervals. The sane orthogonality will hold for

other tine

orthogonal ity affect

m sal i gnnents relatively snal
| engt h of NVSBEIHIF®7i nt erval s.
when practicing the invention occur for sonme 15
of bits for which this occurs being equal
expressed in sanple intervals.
duration is large conpared to the tine msalignnent,

Thus,

only a small

to the time

fraction of the bits.

conpared to the bl ock
Departures from i deabCuwsosoggeal ity
repeated bits,

t he nunber

m sal i gnnment
as shown in Fig. 3, when the bl ock
departures from.

The receiver

14 conbi nes2y.eceTheapmoaitiRhish JyedlQs AdRed il Blaim 19 wheréiRédzh 86 thid Slafghniférgn

pattern +-++. For

b[err],

the interference from'a

sanpl e a3 cancels. 20

However, fotorgleizedi ng b[err], the receiver 14 obtains

-a2 +alerr]

................ (1)

‘a' sanples to bifickdss dRpeRQhtof AR GElerARE M EIsRbYe RQeAtEat M4tk ht which

digttal bits of information are produced by the digital source encoder; and

an access code imposer for imposing the access code onto the individual digital

bits of each of the orthogonally encoded ‘blocks.

22.  The communication system as recited in claim 21 wherein the receiver comprises

an access code decoder for decoding the individual digital bits of information received at

the receiver.

23.  The communication system as recited in claim 19 wherein the decoder comprises a

deinterleaver for separating the blocks into individual digital bits.

24.  The communication system as recited in claim 23 comprising 2 maximum

likelihood equalizer for equalizing the individual digital bits from the deinterleaver.

25.  The communication system as recited in claim 23 wherein the receiver comprises

an error correction decoder.

AR )RR A A
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Is a sanple fromthe next set of block repeats,
equal to a[err]. Wen the

10 WO 99/05797 SUBSTI TUTE SHEET ( rul e 28crusesiadsz
nunber of repeats is |arge however, that is greater than four as in the
exanple, the b[err]

and is not necessarily

26. A method for orthogonal block encoding, comprising the steps of:

transmitting repetitively encoded signals comprised of mutually orthogonally
encoded repeated blacks of symbols, the symbols in the repeated blocks representing

successive samples; and

decoding the orthogonally encoded repeated blocks of symbols of the transmitted

encoded signal.

27.  The method as recited in claim 26 wherein the step of decoding comprises the step

of employing different orthogonal codes respectively for separating the received encoded

signals into corresponding separate channels.

28.  The method as recited in claim 26 comprising the steps of:
storing an orthogonal code; and

imposing a corresponding sequence of phase changes onto a repeated block in

response to the stored orthogonal code.

29.  The method as recited in claim 26 comprising the steps of:
removing the encoded signals from the encoded transmitted signals; and

adding corresponding ones of the symbols in repeated blocks after the orthogonal

encoding is removed.

NN
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value will be enhanced by a large nultiplier while the interference from
"a' sanples wll nearly cancel. Moreover, any underlying error
correction cCHAPHYTHW || tolerate a few of the 'b' val yrgns,

corrupted by uncancelled interference from'a' signal values wt out
causing transm ssion errors in the underlying information. Thus in
practice, with | arge bl ock sizes, a |l arge nunber of repeats, such as

the 64 repedfs uSheimethod SOfecitaris c&hezwc&ﬂx;ﬁ&mg the step bEHrdd3@Itti@) thObloEIQ E €Ct i on
coding, the invention clains that signal orthogonality is

subst ant i al kyrevelectedirateshderdding wrhtivlstih SR ceskis@lepeifditiMckbet ween di f f er ent
signal s of several sanple intervals. 10 When a signal, such
as the "a' conponent of the second signal S 12, propagates * foma
transmitter to a receiver over nultiple propagation paths of different

| engths, thel. The m@ih@aak rebitdd inbRin BERhER tHElkdpl B eAEvibY e oRASIALGX Nunber
Clerr] representing phase and
coding comprising the steps of:

forming a summed signal for each symbol within the repeated blocks; and

processing the summed signal with an equalizer.

32 The method system as recited in claim 26 comprising the step of encoding the

symbols as digital bits of information.

33.  The method as recited id claim 32 comprising the steps of:

repeating each bit of information produced by the digital source encoder a
preselected number of times to successively produce groups of repeated bits;

imposing a sign change on the repeated bits of each of a number of successive

5 groups of repeated bits equal to the preselected number of bits in each group in

accordance with an orthogonal code; |

interleaving the sign changed bits from the preselected number of groups to
successively generate a number of repeated groups and having a collective sign change
corresponding to a common sign change shared by all signed changed bits of the block;

10 and
transmitting a signal modulated in accordance with the generated blocks with sign

changes corresponding to the orthogonal code.
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anplitude change over a first path and will be received nultiplied by a
conpl ex factor representing the phase and anplitude of a

del ayed path 02?57921 illustrates this condition for 15 BCYEbmusse path
del ay of one sanple interval. Thus, when decoding sanple aferr], in
addition to changes in phase and anplitude to Co.a[err] by the first
pr opagati on ath it will be further corrupted by addition of sanple
alerr], chan i aaﬁ?ﬁw%@mawate’aﬁwm bylurality of éfé‘f'sé\“tﬁ %“rdrﬂ Tegfver frs
second pat h. As shovvn in Fig. 4, the receiver 14 outP is then

4( Co. a[ er r | +CPBIHMSHEE A, thwwwm a method fyr ggrhogogpdlocK TR e arsising er
out put that would occur w thout repeats. The receiver 14 20 output is

t hus successF‘%Féf“’;P.“f' 4C err].a[err]+(ferr]. aN -
Cerr].aferr]™ .............

2
4C err].aferr] +4 C[@pﬁlt}v.ebr[téqnpr]u(ttm)g from each of the plurality of transmitters encoded signals

5 with mutually orthogonal encoded repeated blocks of symbols respectively representing
successive samples of an informational source signal produced at the transmitter; and
decoding the orthogonally encoded repeated blocks of the transmitted encoded
signals received from all the plurality of transmitters at the receiver by employing different
ones of a plurality of orthogonal codes respectively associated with different ones of the

10  plurality of transmitters for separating the received encoded signals into corresponding

channels.

35.  The method as recited in claim 34 in which the-step of transmitting includes the
steps of:

storing at each transmitter a different one of a plurality of orthogonal codes at each
of the plurality of transmitters; and

5 imposing a sequence of phase changes onto each repeated block in accordance

with the stored orthogonal code.

36.  The method as recited in claim 35 wherein the step of imposing a sequence
comprises the step of selecting a 180 degree phase shift for imposing onto the repeated

blocks in accordance with the stored orthogonal code.
-
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4C err].a3+4(err]. a2
WO 99/03797

SUBSTI TUTE SHEET ( rule 26 )
4C err].ad4+4err]. a3

PCT/US98/14432

37. The method as recited in claim 36 wherein the step of storing comprises the step

of:

selecting 2 Walsh-Hadamard code having a number of bits equal to the number of

times the transmitters repeatedly transmit the repeated blocks.

38.  The method as recited in claim 34 wherein the step of decoding comprises the

steps of

removing the orthogonal encoding from the encoded transmitted signals; and
adding corresponding ones of the symbols in successively received repeated blocks
from one of the plurality of transmitters after the orthogonal encoding is removed by the

encoder to form a summed signal for each symbol within the repeated blocks.

39.  The method as recited in claim 38 comprising the steps of:

transmitting the blocks by a preselected block repetition rate which resultsina

preselected repetition period ; and

adding the corresponding symbols in successive repeated blocks which are

ws

separated from each other by an amount equal to the repetition period.

it
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4Co. aN+4C err].a(N1) 5 where aN' neans the Nth synbol of the previous

bl ock of N synbols. Al outputs except the first depend on two
transmtted SHAPVEE7 The out put sequence may lreTpsswassed by
an equalizer, such as described in the i ncorporated references, .
designed to handl e del ayed paths of one or nore sanples del ay. Such

an equal i zer processes all sanples correctly except for those at the border
between 10 ftho bF¥cR¥hodpsscited in plaimf 3 compgisingpibe sypyvefh by equation (2).
above. Sanples at the edge of bl ocks are handl ed appropriately by
such an equal i zer$® °FH‘éelﬁd\é‘§‘}°é‘ég Bhasa ppftoithatepestedibiock with anjgshpggna et he
nunber of conbined repeats 'M is larger than four, such that the first

out put becomBdule being mmsett@#r"} acgPishande Wit ag)assopiated pap i plnraliy of the-different
M(Cerr].aferr]+Cferr].aN - d.(aN'+3.aN/M ... (3) 15 where the error
Cerr]. (aN'+3“th“Mq0éPﬁ3I§n<io zero in relation to (Jerr].aferr]+Cerr].aN as
M becones : | arger. It is possible, however, to effectively nodel the
dependencé of t herammyiig\each efitherepeated blommbimﬁﬂ@oma@éafmpimﬂérofsanpl es,
alerr], aN and aN' in the above exanple of Fig. 4, and to construct
an equal i zer ttahaittess érsadebrdandeowd g the ortichpond cody rajpectivelywksokieted stithghea nodel
dependent on only two transmtted sanples otherw se. Such an

equal i zer neefasthieRRbeing deddbdad befvrgaddin®the RomBpondidg dhe eOthe Bgmisdiat es or
"Viterbi states" to resolve the signal dependence on the addi ti onal
synbol s. In CDVA systens, the receiver 14 thus includes
despreadi ng fol |l owed by

41.  The method as recited in claim 38 comprising the steps of
selectively imposing phase shifts to the repeated blocks while being transmitted in
accordance with an associated one of a plurality of the different orthogonal codes; and
removing each of the repeated blocks received fr;m each of the plurality of
5 transmitters’in accordance with the orthogonal code respectively associated with the

transmitters being decoded before adding the corresponding one of the symbols.

42.  The method as recited in claim 38 comprising the step of processing the summed

signal to compensate for multipath propagation effects.

43.  The method as recited in claim 34 comprising the step of producing the symbols as

digital bits of information.

RN R
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conventi onal
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equal i zation for nmultipath propagation.

‘WO 99/05797 PCY/US98/14432

44.  The method as recited in claim 43 comprising the steps of:

repeating each bit of information preduced a preselected number of times to
successively produce groups of repeated bits; and

selectively imposing a sign change on the repeated bits of each of a number of
successtve groups of repeated bits equal to the preselected number of bits in each group in
accordance with an orthogonal code associated with the transmitter;

interleaving the signed changed bits from the preselected number of groups to
successively generate a number of blocks each composed of the different sign changed bits
of the selected number of repeated groups and having a collective sign change
corresponding to a common sign change shared by all signed changed bits of the block;

and

transmitting a signal modulated in accordance with the generated blocks with sign

changes corresponding to the orthogonal code.

45,  The method as recited in claim 44 comprising the step of imposing error correction

encodifig upon each of the digital bits of information,

46.  The method as recited in claim 44 comprising the steps of.

generating access code sequences at the rate at which digital bits of information

are produced by the digital source encoder; and

imposing the access code onto the individual digital bits of each of the

AR -llljl' NN

orthogonally encoded blocks:
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The receiver 14 may include a Viterbi Mxinmum Li kel i hood Sequence esti mat or

form of equal i zer or a Decision Feedback Equalizer (DFE), or,
al ternati vel ¥woos03390 t abl e RAKE recei ver whi ch accountgerisos/gddst | pat h
propagation in the despreadi ng process. A suitable RAKE receiver is

described in U S. Patent No. 5,305,349 issued to Dent on April 19, 5 1994
entitled Quanti zed Coherent RAKE Receiver, which is hereby incorporated by
reference. 47. ThemethoAat reah&thintclath 44 Eorfising Geateplol ecoding theliadigiduas _shown
in Fig. 5 including a block interl eaver 18 which operates on the

si gnal af t edigitaf bitsalf inferitadigo rebivapdt @edeSpRet r um codi ng operation is
performed by circuit 20. The circuit 20 includes a bit repeater 22, a 10

di rect sequence orthogonal code generator 24 and a nodul o-2 adder 26.

An i nformation source 28 provides information, such as speech or facsimle

signals, toa4g, di gihkaletifdus eiteRnan 48 QobtsiB et &patdtifg tHAMBYRPRHIOPN i nto
digital form The output of the digital source encoder 30 is applied

to an error igQjiuedldigha wRcoder 32 to render transm ssions nore
tolerant to noise and interference. The output bit stream of the

49. The method as recited in claim 48 comprising the step of equalizing the individual

digital bits with a maximum likelihood equalizer.

50.  The method as recited in claim 49 comprising the step of including an error

correction decoding for the receiver.

51. A method of transmitting a spread-spectrum encoded signal with improved
tolerance of multipath propagation, comprising the steps of:
encoding information to produce symbol blocks containing a predetermined first
number of symbols;
5 repeating transmission of each symbol block a selected number of times; and

changing a sign of each successively repeated block according to a preselected

sequence of sign changes.

52. The method as recited in claim 51 in which the spread-spectrum coded signal is

further conditioned prior to transmission by combining with a spread-spectrum access

O
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15 encoder 32 (b[err], b2, b3 ... .) is spread by a bit repeater 22 which
sanpl es each bit Mtines where Mis the desired spreading factor. By
t hen bitw seWQR0sy7 t he nodul o-2 adder 26 bi twi se ad@&Tk@mg@@nspread
bit stream a characteristic orthogonal code allocated for the si gna
and generated by the direct sequence orthogonal code generator 24. A MN

bl ock interleaving operation is perforned by the block interleaver 18

on the spreag; speg%;ﬁ{%hg&)as tgf;@,gqn ,B%cﬁ'&e%lieaé leSddtriAecdsRERGED DI TS

are not transmitte acently in time rat her separated by a bl ock

size of N b|gﬁmiggﬁmgg9g$d&g&£{&g@Mgém18 does not add or delete bits,

but alters their .order transm ssion, for exanple, by transposing a
matri x of NxM

54.  The method as recited in claim 51 in which the selected sequence of sign or phase

changes is different for a different transmitter.

55.  The method as recited in claim 54 in which the different sequences are orthogonal

to one another.

56. A method for decoding a spread-spectrum coded signal, comprising the steps of:

receiving a composite signal, the composite signal being a sum of a number of
overlapping spread-spectrum signals including said codéd signal and sampling the
composite signal to produce signal samples;

5 combining selected ones of the signal samples separated by a predetermined
number of samples using a phase change selected from a preassigned pattern of phase
changes associated with a particular one of the overlapping spread-spectrum signals to
produce despread samples; and

processing the despread samples using an equalizer to compensate for multipath

10 - propagation.
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13 bits. Alternatively, the block interleaver 18 is a
hel i cal, diagonal or bl ock-di agonal I nterl eaver rather than a purely
bl ock inter | WO¥PST9TThe spread spectrum coded bl ock signal PCTmss#/saszhen
applied to a radio frequency carrier by nmeans of a nodul ator 33. )
The transmtter 16 of Fig. 5 is fornmed by adding an interl eaver 18, having
precise 5 paraneters (M\N) adapted to the spread spectrum code produced by
the generat 067.24, Atteansmitter foe &84 ih aicBmAutIMon tfsRBSRpidytig.orthogonal block  -Fi 9. 6
shows an alternative transmtter 35 which includes the information source
encoding, the transmitter comprising

a producer of an information source signal;
a transmitter circuit for repetitive}y transmitting encoded signals comprised of
5 mutually orthogonally encoded repeated blocks of symbols respectively representing
samples of the informational source signal;
a memory for storing an orthogonal code; and
a phase shifter responsive to the stored orthogonal code for imposing a

corresponding sequence of phase changes into each repeated block.

58.  The transmitter as recited in claim 57 comprising a digital source encoder for

producing the symbols as digital bits of information.

[
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28, digital source encoder 30 and error correction encoder 32.
The enbodi nents shown in both Figs. 5 and 6 can include further

i nterl eavi ng WO and beyond the interleaving perfor rreq,@%mrgg}?“ .
interl eaver 18, the purpose of the further interleaving being % avoid
errors in the same sanple bl ock appearing consecutively at the error

correction decoder at the receiver 14. Any such additional

wi t hi n-bl ock sont eriygauhOfubS:sGonsd deifd S?ng& t of the error correction
codi ng process. The output fromthé& error correction encoder

32 is connected tQr@pé%ké??&r@ﬁélﬁﬁ’é&rchgi?g{i%féWﬁ_qu@éHAbﬁﬂM@%g%lg& gk of N

consecutive bits and then repeats the tines. ck sign

generator 37 athek bipHRkiorsd ARbieP Se An! 00, d:liv B9 GbLENEbds | of Ferltli@ ts., TUS,

bl ock si gn gener at or y needs to gen ogon codes at the

bl ock rate, t at, & ' ' t ed

“chip rate " The <t R FRRRE g scle B ihballed B aRRIRES RBRRRGNT 1 °
' I I hit.b3 f the block Lt 0 it 36 usi

an oxcl el Ve Sr e Sineteb ol R AR OLRG Sl e kbl e Sttt oi ™ A

¢ andom 6. hott ek BUE Ao sRRepran PAEI OB Ui RGBTSR The code

produced by the ; . ) . .
an interleaver for interleaving the sign changed bits from the preselected number of

groups to successively generate a number of blocks each composed of the different sign
changed tits of the preselected number of rep-eated groups and having a collective sign
10 change corresponding to a common sign change shared by all signed changed bits of the
| block; and
a sign modulator for transmitting a signal modulated in accordance with the

generated blocks with sign changes corresponding to the orthogonal code.

60.  The transmitter as recited in claim 59 comprising an error correction encoder for
imposing error correction encoding upon each of the digital bits of information from the

digital source encoder.
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61, A receiver for use in processing encoded transmitted signals having mutually

orthogonally encoded repeated blocks of symbols the receiver comprising a receiver
circuit for receiving the encoded transmitted signals, and for decoding the orthogonally
encoded repeated blocks of symbols of the transmitted encoded signals received from the
transmitters, by employing different ones of a plurality of orthogonal codes respectively
associated with different ones of a plurality of orthogonal codes associated with different

ones of the transmitters to separate the received encoded signals into corresponding

separate channels.

62.  The receiver as recited in claim 61 comprising:

an orthogonal code remover for removing the orthogonal encoding from the
encoded transmirted signals; and

an adder for adding corresponding ones of the symbols in successively received
repeated blocks after the orthogonal encoding is removed by the orthogonal code remover
to form a summed signa) for each symbal within the repeated blocks.
63.  The receiver as recited in claim 62 wherein the blocks are transmitted at a
preselected block repetition rate which results in a preselected repetition period; and

the adder comprises another adder for adding the corresponding symbols in

successive repeated blocks which are separated from each other by an amount equal to the

repetition period.
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access code generator 40 nust be the sanme for all signals that are

ort hogonal , such as signals in the sane cell of a cellular tel ephone
system w0 99/0s797 The access code generator 40 can opermi@ugdegh@snunber
of different enbodi nments. In a first enbodi nent, the use of the access

code generator 40 is optional, and may be 5 omtted in sonme systens.
Si gnal s which are orthogonal to each other are then generally
transmittéd i nThereceiemes meitdd.in blhins§Sawierean theoemsived coopriess abdnck a¢mevady
allocated in a cell are avai |l abl e, they can advant ageously by
enpl oyed top rétedviigbarch ofithe edpkatedbiotks rdvaivedifrgm di@dransmatier in accordghce wich
nei ghboring cell interference is elimnated. CDVA systens of the prior art
are not the orthaBbmal Eceangliand sithhherdnkaigeniadfort Yeiedpplieitoahd dddems t he
transm ssions of one cell cannot be 10 synchronized with the
transm ssi ons of neighboring cells. However, when practicing this

e

[
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invention, |ack of precise synchronization is not an inpedinment to
orthogonal ity between cells. If, however, the entire set of nutually
ort hogonal cW&&%05787 used in a first cell, then a neirgithuses/nagezcel |
uses a second set of codes, orthogonal to each other but non-orthogonal
to the first cells' codes. Such an additional set of codes preferably has
controlled non- [I5 orthipgonality with any other es, as nmay be
obt ai ned by usingg th&techhi que of t he abovg-ref&@ence¢d U. S. Patent
No. 5,353,352 wh| ch, d&yybe| enbodied in block sign | | nerator 37.
In a second enbofliweAD, [ Ihp access code generator (gergr@l chip-rate
code of I aﬁ%a to the block | engthTand ZEp@ats ijit for the
repeat ed bl ocks. s then 20 changed fqr OH ABx1] set of
repeat ed bl oc}kz,/ a% —=on| The property affordey by ®his = second
a

techni que is |%t N signals del ayed by a wnitpéane despread by
t he sane

T

N |
S

OBJECT

REFLECTIVE

RECEIVER

ORTHOGONAL
BLOCK ENCODING

Fig. 1
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sign pattern produced jointly by access code generator 52 and bl ock sign

generator 54 in the receiver of Fig. 7. Thus nultipath propagation
causes addi twgeswsiéer synbol interference PCT/US98/14432
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bet ween the despread synbol s out put by averager 58, which may be resol ved
by the exenpl ary maxi mum | i kel i hood equal i zer 60. The access code is
pref erably t W %9asme7f or all signals in the sane cel | RgATUses/\A4Mdi f f er ent
access code is enployed for signals in different cells. The access
code is preferably chosen according to the technique disclosed 5 in US
Patent No. 5,353,352 to gChigwe controlled non-orthogonality between cells.
In a third enbodi nent, the acicess code generator 40 is chosen to render

mul ti path d signal|s orthogonal to non-delayed signals. This is

achi eved by ap Iyin | i ket sign changes to any pair of adjacent chips
in half of the |pljock-repelts jand unlike sign changes in the other half
of the bl ock-repdatls. Thik hals the effect that delays of +/- one chip 10
relative to a n al propagation delay result in nmultipath signals which
are orthogonal to the nom nal propagation path. The nmultipath signals
are then not orbﬁﬁﬁonal but rpgt her identically coded to anot her
signal's code. [ThHis{optiop is|thus preferably used wheg only hal f the
avai | abl e codes enpl oyed for discrimnating betwégn signals ||u}n cell
and the ot héRypalf_af the arthogonal codes _are tBese h a on
+/- one chip-de| &ef 15 |mftipath and thereby discr®@nminate the 1g%§§?ath.
In a fourth embpupnemt,—thE arcess code—generator—40 is a random
gener at or przbne  of t hel above. Then nultipath signals arje n@ﬁﬂﬁé&
orthogonal to, nppp identi¢all coded with undelayed signdl s. rtis
desired to demo@iuf afe mul §i bath signals, then a KE t)pﬁ 8 eq pal i zer
may be enpl oyed uﬁﬂ whi ch Hﬂetrecelver despreaaéc%he ecelye si.gnal
usi ng different ;‘Tﬁ‘—s-hi—f*€‘z bt PUE-S— of —a6Gess—C de gezer at qrLisp | and
perforns ditfenent ayenages for each usiTg | e ingtances of =
averager 58 to yi®l.d mltiptel —~~ ~ -~ T T77 — T
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aver ages each corresponding to a signal ray of different propagation del ay.

The different rays are then conbined in a RAKE equalizer such as the
RAKE r ecei verwassosge7coar sel y PCT/US98/14432
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gquanti zed coefficients as described in the above-referenced U. S. Patent No.

5, 305, 349. This fourth enbodi nent is preferably not suggested for
appl i cati on Wo@s/meszgegener ati on of code orthogonal ity pcgnRédasbed by
rel ati ve propagation delay differences or synchroni zation errors. 5
Advant ageously, groups of signals that are not orthogonal, such as S|gnals
in - different cells of a cellular wrel ess tel ephone system are
provided with different codes. The receiver 14 of Figs. 2, 3,
and 4 is preferably constructed in accordance with t he enbodi nent as

shown in Fig. 7. Signals including desired signals, interfering signals,
noi se and nmultipath distortion signals are received froman antenna 44 and
applied to an 10 §E§Ut 45 of a downconverter 46. —Fhe—dowre onverter 46

domnconver frequency S|gnagsbq\\ dNJn &) RMIA RKD flor
S]

I baseband I basgband
grgﬁglegay be~n Car¥92|;§n?xe¢) ?zsn?RaV|ng an A?a SSGHQWQ@%E asea?n
conponent and a Y, or " ary conponent, or polar fo‘n1(R THETA) or
Logpol ar form (Il og(R), THETA) escribed in U S Pate 5648059,
issued to 15 Dent on Septenber 10, 1991, éMHTﬁJ\fd Lo &BQEAEignaI
Processing, to which reference is OURCE

ENCODER
1
32 ERROR

S N coRRECTION
r 1 ENCODER

|
' DIRECT ' 5. Bo By ———
| 24~ | SEQUENCE b vy
| ORTHOGONAL 1 |
l CODE 28~ BIT 1
{ GENERATOR REPEATER | |
| |
| =t =t |
1 26 b1b1D4D, 0,050y B ==~ {
Ny T i

18 BLOCK
77 T INTERLEAVER

]
DibpsbyBERs By

3~ MODULATOR

|

TRANSMIT
SIGNAL
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directed for further details. The downconverted sanples from output 47 of

t he downconverter 46 are then applied to a sign changer 48 which is
connect ed t Qo pdGsess code generator 52. The downconverted sanpl es 47

are then sign-changed by the adder 48 according to t RETEPA4attern of
an access code provided to the access code generator 52, 20 to renove the

access code applied by a corresponding transmtter code gener ator. s

uch as
access code generator 40 in Fig. 6. Wen different codes are appgkiefd to |
and Q sanpl es at the transmtter 16, Fig. 5, corresporfdi hg ©odgs are
used for I and Q sanples, respectively, at the receiveK\}4§§|1 Fig. 7.
25
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17 The real |
sanples fromthe sign changer 48

56 whi ch furmeobwessstby bl ocki ng toget her al
repeats of the same signa

according to one
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sanple information bit.
signs are nmade the sane by applying sign changes in the sign
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5 of a set of orthogonal sign patterns supplied by a block sign generator
54. Alternatively, bl ock descranbling is perforned using the access

code generaugéaggr9lt wi || be appreciated

that two ghapeesaph Sian,
in the sign chanders 48 and 50 respectively, are equivalent to a

si ngl e change of sign determ ned by the product of the separate S|gns
Therefore, it #oes not matter whether the net sign chahge

applied
before or after deinterleaving as long as 10 the access co Eﬁ?gjor 52
or block sign generator 54 op_a conbination thereof e t he
appropriate sign sequence !

: i After the repe ns a ed
together and the signs of al| gp abd are equalize&? e

ats are
combi ned together by an averagel 68.which preferably. euEte or adds al
repeats in a Wi ndow of MbitsWheredoMis the nunbeD o

req

Alternatively, the 15 avel &g Is a | ow pass | er&df dwi dt h
simlar to that of a block nnégr éérager éi 55 téﬁgctz
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The out pyt of averager 58 is then downsanpled from M sanples per bit to one
sanpi e per . bit toyield the bit series b[err],b2,b3.... These
sanpl es mayWhau glaimedisier synbol I nterference (1S1) due-to mul tipath
propagation; so they are next fed to a maxi mum | i kel i hood equalizer

. 60. Qutput values fromthe equalizer 60 are preferably in "soft" formin
which 1's and O s 20 are represented by a value indicative of the
‘degree of "bnenedspread spegttumiegunithicationisysten foq transmitting infonmatipn|sig@igiensiiappingdn

U. S. patent 5,099,499 issued to Hammar descri bes deriving soft

_deci sions, timecangoingsure of which is hereby incorporated by reference. Use
cof soft deci sions inproves the performance of an error correction
~decoder 64 whi cha tr&aiittee for transmitting said overlapping information signals, wherein each of said

18

information signals is orthogonally encoded prior to transmission according to a different one of a set

of mutually orthogonal coding sequences, said orthogonally encoded information signals comprising
successively repeated blocks of information symbols having a modification factor applied to each
repeated block, said sequence of modification factors applied to successive repeats of said

information block forming one of said set of mutually orthogonal coding sequences: and

a receiver for receiving and decoding the orthogonally encoded information signals.

2. The communication system as recited in claim | wherein the receiver employs different
orthogonal codes to separate the information signals from different transmitters into corresponding

separate channels.

3. The communication system as recited in claim | comprising:
a memory for storing an orthogonal code; and
a phase shifter for responding to the stored orthogonal code for imposing a corresponding

sequence of phase changes onto the repeated information blocks.

4. The communication system as recited in claim 1 wherein the receiver comprises:

an orthogonal block code remover for removing the orthogonal encoding from the encoded

information signals; and
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SUBSTI TUTE SHEET ( rul e 26) equal i zed S|gnals and produces
hard deci si ons amchddérdgs dddimgesrresprrliligbmes of hosyntolsdesuccessivelyicaeditepisted The
source decoder 66 translates the output bitstreamto, for exanple, speech
si gnal s andinfesrastidntbdockafiorh t#nfansntigkr aféraliecsorfhbgomltencsdaigliOfemdesi0si e dotlodonal mask
-error events, and to prevent noise bursts fromcorrupting perceived

speech qual dddy renfoved t8 @rm sbumbed sighl fok @dch SRV whtidin it rbb%@t@d REIMBERIA bidiRs,
_equal i zer 60 and the error correction decoder 64 if correspondi ng

dinterleaver ‘is used at the transmtter 16. The delnterleaV|ng by the
deinterleaver 62 is not related to the use of the deinterleaver 56 to

“commont y. asi gne <P Em sy 3N ST it 8 Labp Rl SRkl MR,

189 4. Sld msjlc][ Oge%%?nr%ﬂ? grlfl!:lgélés 9{'& p%@sglegg& ra% a for aydn?aesy}cnbo[g% s%ce ;[Sg/g%nes o ﬁ,é

repeated blocks.

6. The communication system as recited in claim 4 wherein the receiver comprises an equalizer

for processing the summed signal from the adder to compensate for multipath propagation.

7. The communication system as recited in claim 1 comprising a digital source encoder for

producing the symbols as digital bits of information.

8. The communication system as recited in claim 7 comprising:

bit repeater for repeating each bit of information produced by the digital source
encoder a preselected number of times to successively produce groups of repeated bits;

sign imposer for selectively imposing a sign change on the repeated bits of each of a number
of successive groups of repeated bits equal to the preselected number of bits in each group in
accordance with an orthogonal code;

interleaver for interleaving the sign changed bits from the preselected number of groups to
successively generate a number of blocks each composed of the different sign changed bits of the
preselected numbers of repeated groups and having a collective sign change corresponding to a

common sign change shared by all signed changed bits of the block; and

Srvong
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. Py
decodul ati-on techni que which perforns all the functions of the equal4zer

60, the dei latsgnhlemdelatoﬁﬂ)rmmmng egigmal modmiateddn n@nrddm&dtbﬁhe@énamﬁ may .
be used in lieu of these ~individual units. Reference is directed to

U.S. Pat ent infuplaticmblocks with.sighd 8haa@és,cd@ebpdrding to the ofthtigbittoddet ai | s. 15

‘Smal | departures from true orthogonality that.remain for sone transmtted
synbol s when transmtters are not exactly synchroni zed are such as

descri bed by equation (1). For exanple, a joint denodul ati on nethod

for two signal s oafdak YetRin Binmunicatididyb@MBomprising: I'f the signals bN
.and a2 are described as belonging to a vector [err](i) of current 20

‘Z%gbs/l( Is+t g) bf[ ge q}ﬁﬂﬂlﬁ)‘é &ransmitters for transmmmMﬁﬁfﬁlv\éﬁgvonglly Jn%de& ’nformanon signals
overlapping in time, each transmitter applying a different on of a set of mutually orthogonal coding
sequences, said orthogonally encoded signals including successively repeated blocks of information
symbols having a modification factor applied to each repeated block, said sequence of modification
factors applied to successive repeats of said information block forming one of said set of mutually

orthogonal coding sequences; and

a receiver for receiving and decoding the orthogonally encoded information signals.

10. The communication system as recited in claim 9 wherein each ot the transmitters comprises:
a memory for storing an orthogonal code: and
a responder responsive to the stored orthogonal code for imposing a corresponding sequence

of phase changes onto the repeated information blocks.

1. The communication system as recited in claim 10 wherein the responder selectively imposes
a 180° phase shift onto the repeated information blocks in accordance with the stored orthogonal
code.
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el

' ' and [err](i-1) is |IkeWI se corrrposed of bN' and a2"
from previ ouls?r bl JResommunication systermeas sevited inclay ibehsen tHeereniopodmpisds afeRgry

19 :
repeats first with the sign pattern for 'b'
for storing a Walsh-Hadairiard code having a number of bits équal to the number of times the

transmitters repeatedly transmits the repeated mformatlon blocks.

The communication system as recited in claim 9 wherein the receiver comprises

. 3.
an orthogonal code remover for removing the orthogonal encoding from the encoded
information signals; and
an adder for adding corresponding ones of the symbols in successively received repeated
information blocks from one of the plurality of transmitters after the orthogonal encoding is removed

by the orthogonal code remover to form a summed signal for each symbol within the repeated

information blocks.

' 14, The communication systemn as recited in claim {3 wherein
the blocks of an information signal are transimitted at a preselected block repetition rate which

resuits in a preselected repetition period: and
the adder comprises another adder for adding the corresponding symbols in successive

repeated information blocks which are separated from each other by an amount equal to the repetition

period.
15. The communication system as recited in claim 14 wherein each of the transmitters comprises
an orthogonal encoder for selectively imposing phase shifts to the repeated information

blocks while being transmitted in accordance with an associated one of a plurality of the different

orthogonal codes; and
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symbol s and then for 'a' synbols we obtain sunms Sa and Sb as f ot I, ows: -

Sb =4bN - a2 + athe recgiver comprises a Blackrémaver fdyIxemovigly each of thegepeatéd informatiari blocB =
[err] When all signals are to be denodul ated, as in a

cel | ul ar baseeisédokond each bf the piatalitytof transmittegy'i0 betdrdaicd viithnhe mhogbnnlﬁemia ni ng non
orthogonality can be entirely conpensated by joint 10 denodul ati on,

deci sion f e@ﬂ%@ﬁ'&ly &bochdtddevithahd trmbivitterd Beifiglfcbded before leREaphledtd theaddet hod of
U S. Patent 5,151,919 referred to above. Thus, the sum

-vector Sb, Sa which should be 4[err]i is corrupted by a snmall anpunt
.of the previous vector [err](i-l) and the next vector [err](i+1), the

:anounts bei g deg ﬁ d doiathnR¥tion s stem Lmﬁe}fﬁpﬂzﬂﬁl 5 Wh@fefneeraﬁme tfahévéﬁters comprises:

roefficients which are matric the 15 fol ng equati on:

'S = M [err](i- gn orgl’xgmlafs % H%Ese‘{e(: 1Ye!)) quom%%pham shj fts onto (l}f)re%ente? H&o@nauon

.The center termi nverse

of the matrj.x .
blocks while Memg transmitted in accordance with an associated one of a set of different orthogonal

codes: and
the receiver comprises a block remover for removing each of the repeated information blocks
received from each of the plurality of transmitters in accordance with the associated one of the set of

mutually orthogonal codes being decoded before being applied to the adder.

17. The communication system as recited claim 13 wherein the receiver comprises an equalizer

for processing the summed signal from the adder to compensate for multipath propagation effects.

18.  The communication system as recited in claim 9 wherein each of the plurality of
transmitters comprises a digital source encoder for producing the symbols as digital bits of

information.

19.  The communication system as recited in claim 18 wherein each of the plurality of
transmitters comprises:

a repeater for repeating each bit of information produced by the digital source encoder
a preselected number of times to succgssively produce groups of repeated bits;

a sign changer for selectively imposing a sign change on the repeated bits of each of a

number of successive groups of repeated bits equal to the preselected number of bits in each

-
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[err] 20

20

%

-

otrc?upolbnt a?:lcgrdancé wrth an orthogonal code associated witi thie itansmitter, D ::E '

an interleaver for ifiterleaving the sign changed bits from the preselected number of
groups to successively generate a number of blocks each composed of the different sign
changed bits of the preselected number of repeated groups and having a collective sign
change corresponding to a common sign change shared by all signed changed bits of the
block: and

a sign modulator for transmitting a signal modulated in accordance with the generated

information blocks with sign changes corresponding to the orthogonal code.

20.  The communication system as recited in claim 19 wherein each of the transmitters
comprises an error correction encoder for imposing error correction encoding upon each of

the digital bits of information from the digital source encoder.

21 The communication system as recited in claim 19 wherein each of the transmitters comprises:
an access code generator for generating access code sequences at the rate at which digital bits

of information are produced by the digital source encoder: and

an access code imposer for imposing the access code onto the individual digital bits of each

of the orthogonally encoded information blocks.

22 The communication system as recited in claim 21 wherein the receiver comprises an access

code decoder for decoding, the individual digital bits of information received at the receiver.

23. The communication system as recited in claim 19 wherein the decoder comprises a

deinterleaver for separating the information blocks into individual digital bits.
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[err] -, which is equal to equation (4) multiplied by Nﬂ[err] . The
effect of the previous vector [err](i-1) and the next- vector, [enr](|+l) may
be approxinmately renmoved by using [err]and [err] computed usi ng

equation (6)4and THeshitnitdtios S)Is{é%rﬁk re'éxted ih Bfafh %ﬁ'fpﬁgﬂe § Bbiln gm%&l‘mogd an

|nproved estimate [err]of [err](i). This process Is ITerate
equalizer for equalizing the mdnvxdual digital bits from the demterleaver

i 25. The communication system as recited in claim 23 wherein the receiver comprises an error
e correction decoder.
26. A method for transmitting orthogonally encoding information signals overlapping in time
comprising:

coding each one of said information signals to produce corresponding information blocks
containing coded information symbols:

repeating each information block a predetermined number of times according to a
predetermined spectrum spreading factor:

orthogonally encoding said repeated information blocks by applying a modification factor to
each repeat of said information block, the sequence of modification factors applied to successive
repeats of said information block forming one of a set of mutually orthogonal coding sequences: and

transmitting said orthogonally encoded information blocks.

27. The method as recited in claim 26 further comprising the step of decoding the orthogonally
encoded information blocks by employing different orthogonal codes respectively for separating the
information blocks corresponding to different information signals into corresponding separate

channels.

28, The method as recited in claim 26 comprising the steps of.

storing an orthogonal code; and
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t he :extent needed to obtain the accuracy desired. ' ;. However,

nore generally, lisposingarcefresponding sefuieieiofphakdohages oM sdiduebéatd itfyrmasien lﬁliwk..

a matrix transversal equalizer described by j =tL 10 [err]vvhere L
i.s sel ecti ven wspsdnged tentbrédiaiiegpaalcodeat i on matrices H(j) j=-L

are chosen to obtain the desired accuracy of equalization. 15 It
IS not necessary to over conplicate the process of conpensating for

resi dual non-orthogonalities when only a few of the N synbols per

bl ock are af”BeCt eﬂe mifho Bhscf’éétéﬁ luy‘cl dm 26 whwaﬁmr}alh Q@coﬁ%g})&ﬁls@{tﬁe itébrstoper

:processed by an error correction decoder. accord
"'t hose symbol s V\'hIrgrrrxlov"is"r{‘rethc§l c];rth%gon?ip engéﬁmo romd&)%édeg(?nr}or% 19{1%9&9;'&':\3 y a soft value

Bt N
Pri

adding corresponding ones of the symbols it repeated information blocks after the orthogonal

b encoding is removed.

30. The method as recited in claim 29 wherein the steps of removing the orthogonal coding
comprising the steps of?
forming a summed signal for each symbol within the repeated information blocks: and

processing the summed signal with an equalizer.

31. The method as recited in claim 30 comprising the step of processing the summed signal to

compensate for multipath propagation effects.

32 The method system as recited in claim 26 comprising the step of encoding the symbols as

digital bits of information.

—_—
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indi-cative of ‘greater symbol uncertainty before applyingffheh1tb the error

correction 0 'ﬂﬁm%asremedmclaxmnco hﬁnﬁﬁ@§€ﬁltof'nvent'0n i s tapable of
operating with any nunber of blo repeats and not just the power of

two for which Vil gheiadamm rbﬂh?‘n?@mgn biofdigeg ) L Gl R Bacp 3G hpresclesredy o

This ability to genera e |nve
signal is C%P | e of ng changed in phase by any desired anpunt
and not j ust “Hﬁ’e’i Hfsiges quﬁcqefs‘vfg'()”%{’é‘&‘r ggups ofyrepeated bits;
21 SUBSTI TUTE SHEET ( rul e 26)
imposing a sign change on the repeated bits of each of a number of successive groups of
% repeated bits equal to the preselected number of bits in each group in accordance with an orthogonal

b' code:
interleaving the sign changed bits from the preselected number of groups to successively
generate a number of repeated groups and having a collective sign change corresponding to a
common sign change shared by all signed changed bits of the information blocks: and
transmitting a signal modulated in accordance with the generated information blocks with

sign changes corresponding to the orthogonal code.

34. The method of claim 26 wherein said orthogonal sequences are Walsh-Hadamard sequences.

35. The method of claim 26 wherein said orthogonal sequences are Fourierr sequences and

wherein said modification factors apply phase rotations to said repeated blocks.

36. The method of claim 26 wherein said modification factors are applied by changing the phase

of signal segments corresponding to said repeated information blocks.

The method of claim 26 wherein said change of phase is 180°.

(95}
~)

38. The method of claim 26 in which the step of transmitting said encoded information blocks
includes combining blocks corresponding to different ones of said information signals.

-—
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general'phase'shift of, for exanpl e, 120 degrees can :be nadé and can be

r epr esent ed 3By Themthlodaqdccrtcdunaimmliﬁcbrhmsi}tgnﬁnls@pstﬁctor o S =

EXP([err]). Presuming that a bl ock of synbols is to be

transm tted in tlmesminiepdebicksebyfapratlecté blodk répetitiontrite which 2636H8 ih 8 piebdectyNboOl
bl ocks with successive phase shifts of 0, 120,.and 240 degrees applied

to the threeedstiisikperiefaad S. Using the synbol s Wnere So, SI, S2, represent
0, 120 and 240, respectively. Slerr] =

EXP([err]), and L@4ing the correspondifg SyrrB()fs‘?ﬁ §u1(<%e sweﬁ-ﬁ? Qieg%férma tion Lzlucﬁ‘rxre

transmitter transmts S[err] wher e

-.~;;-O f sympol s @%Q}ﬁlte%tf?o% Wt g'tﬂé}tby"in Rxﬂ&ﬁ?eqﬁm tb e repetition period.

bl ock

40. The method as recited in claim 39 comprising the steps of.

selectively imposing phase shifts to the repeated information block with an orthogonal
encoder while being transmitted in accordance with an associated one of a plurality of the different
orthogonal codes: and

removing each of the repeated information blocks received from each of the plurality of
transmitters in accordance with the orthogonal code respectively associated with the transmitters

being decoded before adding the corresponding one of the symbols.

41, deleted
43, amended and renumbered as claim 31
43, deleted
44, deleted
_—
This Sheet HasB
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46. The method as recited in claim 33 comprising the steps of:

; o m A .r; T

/
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A second transmitter transn1ts So(a[err], a[err] S a[err])
Slerr](a[err], agenerating a&fsscode)spquSjces at}l(ca:atge at vetfich digita! befsent nﬂfqr;ramme!rauroduoed

(q[err], a2. . . alerr]) represents its nodul ated synbol block, and a third
transm tt er by thadipgitalssurt®dencoddrand] (Clerr], C2 . . . CN); SY[err] ( Cerr],
clerr]. . . cl[err]); S[err](c[err], C. . . (err]), where (c[err], c2

‘Cferr]) is the thhpdding the acdebsrddaeTbritd Me hdivibl didiRObitbFERh obthe6ihogonally / encoded
The three transm ssions are orthogonal because the sequences

[err]; xnﬁnnmmnb$&ér] ;and 20 Slerr], S2, S[err], Serr],
S2, S[e r] are nutually ort hogonal even when time-shifted. Such
mutual |y orthogonal sequences of conpl ex nunbers may be call ed Fourier
rsequences and can be of any repeat |length L of synbol s by form ng them

~_‘as successi Y& PougL s, of EXP(j2[err]/L).

48. deleted
49, deleted
50. deleted
51 A method of transmitting a spread-spectrum encoded signal with improved tolerance of

multipath propagation. comprising the steps of:

encoding information to produce symbol blocks containing a predetermined first number of
symbols:

repeating transmission of each symbol block a selected number of times:

changing a sign of each successively repeated block according to one of a set of orthogonal
sequences of sign changes:

wherein the number of repetitions is equal to the length of the orthogonal sequence.
52, The method as recited in claim 51 in which the spread-spectrum coded signal is further

conditioned prior to transmission by combining with a spread-spectrum access code.

e
is Sheet Has Been Replaccd e et BAS BEEN §
‘;\‘ THio ¢ o ) 1
36 1 (A SRS
R
J—
~ S~

L

rl,. \' '\ \U:‘:T



Pl 8

. | _ . _ -
22 . The sinpler, real-val ued Wl sh- Hadamar.d codes are used

when the nusper gfe m&BREAYSitkd in claim 5BinWHRAWE spRhd-5)¥8ruin access code.is uskdlia
accordance wth one aspect of the invention, other orthogonal sequences may

afso be Cona)%r[ry&)tfﬁ'%i Lok vSxRRde by allowing a set of sequenti al
mul tipliers tor the g successi ve repeats to be neither conplex nor
restricted to binary values of +/-1. In particul ar, when the
mul tipliers are chosen to be 1 or 0, the orthogonal sequences

54. The method as recited in claim 51 in which the selected sequence of sign or phase changes is

A LI

different for a different transmitter.

55. The method as recited in claim 54 in which the different sequences are orthogonal to one
another.
56. A method for decoding a spread-spectrum coded signal. comprising the steps of:

receiving a composite signal. the composite signal being a sum of a number of overlapping
orthogonally encoded signals including said coded signal and sampling the composite signal to
produce signal samples:

combining selected ones of the signal samples separated by a predetermined number of
samples using a phase change sefected from a predetermined orthogonal sequence of phase changes
comprising one of a set of orthogonal sequences, associated with said coded signal to produce
despread samples: and

processing the despread samples using an equalizer to compensate for multipath

propagation.

57. A transmitter for use in a communication system employing orthogonal block encoding. the
transmitter comprising:
a producer of an information source signal;

a transmitter circuit for repetitively transmitting information blocks representing samples of

the source signal;

e
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orthogonal sequences of phase changes to repeated information blocks, wherein the number of

4

repetitions of the information block is equal to the length of the orthogonal sequence,

58. The transmitter as recited in claim 57 comprising a digital source encoder for producing the

symbols as digital bits of information.

59. The transmitter as recited in claim 58 comprising:

a repeater for repeating each bit of information produced by the digital source encoder a
preselected number of times to successively produce groups of repeated bits:

a sign changer for selectively applying a sign change on the repeated bits of each of a number
of successive groups of repeated bits equal to the preselected number of bits in each group in
accordance with an orthogonal code associated with the transmitter:

an interleaver for interleaving the sign changed bits from the preselected number of groups to
successively generate a number of blocks each composed of the different sign changed bits of the
preselected number of repeated groups and having a collective sign change corresponding to a
common sign change shared by all signed changed bits of the block: and

a sign modulator for transmitting a signal modulated in accordance with the generated blocks

with sign changes corresponding to the orthogonal code.

60. The transmitter as recited in claim 59 comprising an error correction encoder for imposing

error correction encoding upon each of the digital bits of information from the digital source encoder.
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61. A receiver for use in processing encoded transmicted signals comprisin ropeatéd blgsks cf

symbols that have been orthogonally encoded by applying one of a set of orthogonal sequences to

said repeated blocks, said receiver comprising a receiver circuit for receiving the encoded transmitted

signals, and for decoding the transmitted signals by applying corresponding one of a set of orthogonal

coding sequences to extract the transmitted signals from the composite signal.

62. The receiver as recited in claim 61 comprising;

an orthogonal code remover for removing the orthogonal encoding from the encoded
transmitted signals: and

an adder for adding corresponding ones of the symbols in successively received repeated
blocks after the orthogonal encoding is removed by the orthogonal code remover to form a summed

signal for each symbol within the repeated blocks.

63. The receiver as recited in claim 62 wherein the biocks are transmirtted at a preselected block
repetition rate which results in a preselected repetition period: and
the adder comprises another adder for adding the corresponding symbols in successive

repeated blocks which are separated trom each other by an amount equal to the repetition period.

64. The receiver as recited in claim 63 wherein the receiver comprises a block remover for
removing each of the repeated blocks received from the transmitter in accordance with the orthogon

code associated with the transmitter before being applied to the adder.

This Sheet Has Been Replaced

[T

39

—

e

S 1]

P . A i nmnd

al

—

Iy



PSR a3

I n &ccordance wi ﬂ!j@;‘;ﬁr;q:t—gher:ﬁasﬂpﬂ riof the invention, TDVA and FDVA systens
can be reproduced gs--speci-al-'sy§t'ens and del ay-i nsen §iy grgh?g?nfl_ goVA
nodes may be added ﬁt& FDMA tor; TDVA systens by nodification'o hei*r
codi ng net hods. | IReMEYY Y tlo (Fig. 8(a), a prior art GSM TDMA si gnal
burst and frame LO'ma_t consi sts joff 5 eight tinme slots, eaﬁlz ngN\A,hi ch

contains a signal burst having conponents of a syncword §ded by
data bits. In standard GSM..t.he.ddta bit&sin each of the eight tineslots
belong to a different communications |ink or telephone call. Evol ution of
GSM to per nifemodulatigg of s q@e“’%‘é‘”ﬂ‘ﬁi"ﬂ-ﬂé}’? figeleusesol pylvshiageRerpher user
bit rates, in which case the data bits in successive slots can be from
the sane conngpiperateddyseference bereinallhe nagdl for a guard Aimedyeticen igleys]otsregnedd( b)
shows how the sane data bits of Fig. 8(a) may be repeated successi vel y
with or wit nhmbarmluﬁmas:epdbﬂf@r@m@rs(%mphﬁﬁeus&maeqﬁaﬁz%md& fot@tilryate all

I nsensitive orthogonal CDVA signal. In Fig. 8(b), the positioning of each

r epeat featigr Alitpatht ,a&qgtﬁ,% fgnal bursts, which advantageously
avoi ds the ggard ti maﬁba p occur |§1§e@gt\/\een time slots and prevents a

bl ock from bei ng I{a.byca syncword. This 15, has ositive effect on how
wel | orthogonali t’?/g!fésd %?%205?@%{;6*\3%@;aﬁ;’%?ﬂﬂﬁpﬂgie@gﬂgﬁqi ,Cts anc{ and al so
avoi ds the need to ag;pl,yai he orthogonal phase change e%uence té) t he
syncwor ds  communicates signals that remain largely orthogonal to each other even when delayed by

different amounts of time due, for example, to multipath propagation phenomenon.

Summary of the Invention

The deficiencies of the prior art described above are alleviated when practicing a
communication system and method with orthogonal encoding in accordance with the
present invention, The communication system and method of the present invention
provides for repetitively transmitting encoded signals with mutually orthogonally
encoded repeated blocks of symbols, the symbols in the repeated blocks representing
coded information. Decoding of the orthogonally encoded repeated blocks of symbols of
the transmitted encoded signal is provided.

According to the present invention, the information signal is broken into a series
of information blocks having a plurality of individual information symbols. Each
information block in the information signal is repetitively transmitted. That is, the entire
information block is transmitted and then the entire block is repeated a predetermined
number of times. The number of repetitions of the information block is selected to enable

use of an orthogonal code that extends across all repetitions of the information block.
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S. Wen a block straddles two tinme slots, the block Lﬁ~§ ﬁ»ﬁq 4gg?1ard
time where zero energy is transn1tted and not bt “1h CHeWrES Thi s
results in | ess reduction of orthogonal ity under1n1st|n1ng as the¢ zero
energy synbols of the guard tine cause less 20 inteyf fler &ifodAN 8k t el f ul
energy synbols of the syncword, when they overl ap ddtJ synbol sj |

QG her arrangenments of the repeats within the bursts[can Oof "COUTrsSe& be used,
and it is not necessary to have eight repeats. {Eor._exanpl e,  using
Fourier sequences, seven repeats

-6~
Orthogonal encoding is accomplished by applying a modification factor to each repeated
block. Orthogonal encoding can be accomplished, for example, by inverting or changing
the phase of the signal segment corresponding to each information block. At the receiver,
the orthogonal encoding is removed by applying the orthogonal sequence corresponding
to the desired signal and corresponding symbols from each repetition of the information
blocks are summed. When the symbols are summed, the symbols from the unwanted
signal cancel, leaving only the desired signal.

In yet another aspect of the invention, the communication system each of the
plurality of transmitters may repeat each bit of information produced by a digital source
encoder a preselected first number of times to successively produce groups of repeated
bits. A sign change is selectively imposed on the repeated bits of each of a second
number of successive groups of repeated bits in accordance with an orthogonal code
associated with the transmitter. Interleaving of the sign changed bits from the second
number of groups is then carried out to successively generate a number of blocks equal to
said first number containing said second number of symbols each block comprising
different coded information bits sharing a common sign change. A modulated signal is
transmitted in accérdance with the generated blocks with sign changes corresponding to
the orthogonal code.

These and other features and advantages of the present invention will become
apparent from the following detailed description, the accompanying drawings, and the

appended claims.
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24 ° coul-d be used with the eighth tineslot being.used,for
receiving in the nobile termnal, to avoi d al FaupAEFRIGIT SHEET to
connect the transnitter and receiver to the same antenmra—at—the-; | sane
tine. Those skilled in the art who now haye, the.benefi{ of the
present disclosure will 5 appreciate that the present 4YWeédtTon may take
many fornms and enbodi nents. Sone enbodi nent si hhyg,,mp_egnmpjhesénﬁ ed so as
to give an understanding of the invention. It is | i nt ended thagﬁ t hese
enbodi ments should be illustrative, and li m t+pg-of-the-—-present

i nvention. Rather, it is intended that t Tnvention cover all

nodi fi cations, equival ents and alternatives falling within the scope

of the inventjon as defjned t he appended 10 cl ai ns.
Il'i1e sxmp?er, reai-vae]uetP e(/a]sﬂ-Hadgx%ard codes are used when the number of repeats L

is a power of two.

In accordance with one aspect of the invention, other orthogonal sequences may
also be constructed, for example by allowing a set of sequential multipliers for the
successive repeats to be neither complex nor restricted to binary values of +/-1. In
particular, when the multipliers are chosen to be 1 or 0, the orthogonal sequences

1000000100000001000000...

0100000010000000100000...

0010000000100000001000. ..

0001000000010000000100...

0000100000001000000010...

0000010000000100000001...

0000001000000010000000. ..

0000000100000001000000...
arise. Likewise when complex weights are selected from orthogonal Fourier sequences,
when symbol blocks such as (by,b,,bs...by) represent N-fold repeats of the same symbol
‘b’, and when each transmitter output signal is smoothed using a filter, the invention in

this special case provides FDMA signaling in which different transmissions are mutually

orthogonal independent of relative delay or mistiming by virtue of occupying different,

unrelated frequency channels.
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with four times repeat coding as by, -by, -by, by, by, -by, -bs, by, bs, -bs, -bs, b3, by, -by, -bs,
bs ......, then a comparison of the sign pattern of tﬁe repeat coding ++— ++—- ++-- ++--
...... for the first signal and the sign pattern of the repeat coding +--+ +--+ +-—+ +—+ . ...
for the second signal, shows that these differ in sign in exactly half the positions while
agreeing in the other half. Thus, upon combining the repeats with the proper signs for
enhancing one signal, the contribution from the interfering signal completely cancels.
These signals are known as "mutually orthogonal."

The U.S. digital cellular IS95 system specifies mutual orthogonality for
transmissions from cellular base stations to mobile phones, using 64-fold repeat coding
with one of 64 sign patterns selected from a set of 64 mutually orthogonal Walsh-
Hadamard codes. The IS95 system uses non-orthogonal transmission in the direction
from mobile phone to cellular base stations, using instead intelligent error correction
coding comprising convolutional encoding concatenated with orthogonal Walsh-
Hadamard block coding. In the mobile-to-base direction, the orthogonality between
different Walsh-Hadamard codes is used to discriminate between different 6-bit symbols
transmitted from the same mobile phone, while in the base-to-mobile direction, the
Walsh-Hadamard codes are used to discriminate between symbols transmitted to different
mobile phones.

A disadvantage of the IS95 system of non-orthogonal transmissions in the mobile-
to-base direction is that these signals interfere with one another if the power of the mobile
transmitter is not strictly controlled as a function of distance from the base station such
that signals from different mobile phones are received at more or less the same power
level. However, the need for strict power control is alleviated when practicing the

invention disclosed in U.S. Patent No. 5,151,919 issued to Dent on September 29, 1992,
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entitled CDMA Subtractive Demodulation. In U.S. Patent No. 5,218,619 issued to Dent
on June 8, 1993, entitled CDMA Subtractive Demodulation, already decoded signals are
subtracted more than once to improve interference subfraction. U.S. Patent No.
5,353,352 issued to Dent and Bottomley on October 4, 1994, entitled Multiple Coding for
Radio Communications, describes optimum spread spectrum access codes, equivalent to
the sign patterns discussed above, when orthogonal signaling is employed within one
transmission with non-orthogonality between different transmissions, such as used in an
IS95 uplink in the mobile-to-base direction. Reference is directed to the above-mentioned
patents for further details.

The reason for the difference between IS95 uplink, (mobile-to-base), and IS95
downlink (base-to-mobile), transmission schemes is that maintaining otthogonality
between different transmissions requires that they be accurately aligned in time, when the
prior art communication schemes are used. If, in the above example, the first and second
signals are aligned with one another with a one place shift they are shown as follows:

e
Foet bt
The two exemplary sign patterns given above are seen now to differ only at the beginning
and the end of symbol blocks, thus severely compromising orthogonality.

In the downlink, or base-to-mobile, direction all signals originate at the same base

station and thus time alignment can be assured. When signals in the uplink or mobile-to-

base direction originate at different mobile phones that lie at different distances from the
base station, it is much more difficult to achieve time alignment of the signals received at

the base station.
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What is clainmedis: _ _ I ~t=
A CDVA communi cation systemfor transmtting information signalsjas 007
qQver | appi ng intime conprising: 5 _ a transnjtfer tor
transmtting said overlapping information signals, wher ei h eaeh————0f
said information signals is orthogonally encoded prior to transmi ssi on
according to a different one of a set of mutually orthogomatr-codes:
sai d ort hogDembdilaesc &P ghifally ModRlatNSighAs b WHEHTFdredceds FHEGEP BrUBiider

r epeat ed

repeats of @&eils. The Beadsfer » guard ting hetweandimeyslety seducesthe bamtwidthaapahelityerfgt h

' T h t of i d
nt or mat | ontig) GeRsp eI BB, Evalger dqesptopRfe S RedlebiPidprtyy

bl ocks of information synbol's, the nunber of successive

factor accopdpagtibeprbeis: espondi ng orthogonal code such that the
sequence of nultiplication factors applied to successive repeats of each
sai d i nfdrmati on® need thersdres Fillnesists Br 2 systewe andmethod) dhatycapstrinessy and|

codes; and dgnmunicates sigihld RGN 121%%& ShSLVl S S 091%1(': g\génn\ghgnhﬁlayed by
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or mat'i
different amounts of time due, for example, to multipath propagation phenomenon.

According to a first aspect of the invention, there is provided a CDMA
communication system comprising: a plurality of transmitters for transmitting mutually
orthogonally encoded information signals overlapping in time, each transmitter being
operable to apply a different one of a set of mutually orthogonal coding sequences of
multiplication factors; said sequences being of uniform length; said orthogonally encoded
signals including successively repeated blocks of information symbols; the successive
repeated blocks being multiplied by respective factors according to the orthogonal coding
sequence for the respective transmitter; the number of successive repeats of each
information block being equal to the length of each orthogonal sequence; and a receiver
being provided for receiving and decoding the orthogonally encoded information signals.

According to a second aspect of the invention, there is provided a method for
communicating with CDMA orthogonally encoded signals overlapping in time
comprising: coding each one of a plurality of information signals to produce
corresponding information blocks containing different information symbols; repeating
each information block a predetermined number of times according to a predetermined
spectrum spreading factor; orthogonally encoding said repeated information blocks by
multiplying the repeated information blocks by respective multiplication factors, the
sequence of factors applied to successive repeats of said information block forming one
of a set of mutually orthogonal coding sequences of uniform length; transmitting groups
of orthogonally encoded information blocks as respective CDMA encoded signals
overlapping in time; and receiving and decoding the orthogonally encoded information
blocks.

According to a third aspect of the invention, there is provided a method of

transmitting a CDMA encoded signal with improved tolerance of multipath propagation,
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2.5 The conmmuni cation systemas recited in claiml mhg“ “Aqiﬁg;lééﬂﬂzﬁr
enpl oys . di fferent orthogonal codes to separate the |nformation sijgnals
fromdifferent transnitters 20 into corresponding separht @ H&NNSHS .
3.° The conmuni cation systemas recited in claim1 cpnprising:
a nenory for storing an orthogonal code; and a phase shiftiern
for inposing a corresponding sequence of phase changes ta the 25

repeat ed i ebmpiigihg ke bleps ot anoang nbrindtish %&d&h@@ sPbbOBRER cGRM8e 2

4. The conmuni cati on systemas recited in claim1 wherein the rece| ver
conpr i ses: predetermined first pymber hﬁ@@mmls memkng:wb symirol/ block erseheetmbnumgert he

orthogonal ¢ Qﬁr?eql Hd fxfxﬁ)lm)f})i]ng each successxve y repeage({m 8ol gfogly%y A 1o respectlve

multiplication factor according to one of a set of orthogonal sequences of factors,
5  wherein the number of symbol block repetitions is equal to the length of the orthogonal
sequence; and transmitting the blocks following the multiplying step.

5A
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26. an adder for adding corresponalL “A f:\‘tliie
synbol s in successively received repeated infornptjon bI ocks from,
transmtter after the orthogonal encoding is r enpvedZBiResid ]'
ort{ hogonal code renover to forma sumed signal for eachl_synbol |
within the repeated information blocks. 5 5. The communicatio

systemas recited in claim4 conprising a transmtter %o+

transmitting thg repg tt@q famrpasg@ét' Fndt &%orx?&he?e R ﬁmhm%ﬁﬁ%@r for

6. The connunlcatl n system

recite |nca|m

conpri ses use in a CDMA communication system employing orthogonal block encoding, the
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transmitter comprising: a producer of an information source signal; a generating circuit
for repetitively generating information blocks representing repeated samples of the
source signal; a generator for generating an orthogonal coding sequence; a phase
shifter responsive to the stored orthogonal coding sequence for applying one of a set of
orthogonal sequences of phase changes to said repeated information blocks, where the
number of repetitions of the information block is equal to the length of the orthogonal
sequence; and a modulation and transmission stage for transmitting the orthogonally
block encoded signal.

According to a fifth aspect of the invention, there is provided a receiver for use in
processing CDMA encoded transmitted composite signals representing repeated blocks
of symbols that have been orthogonally encoded by applying one of a set of orthogonal
sequences to said repeated blocks when the number of repetitions of the blocks is equal
to the length of each orthogonal sequence, said receiver comprising a receiver circuit for
receiving the encoded transmitted signals, and for decoding the transmitted signals by
applying a corresponding one of a set of orthogonal coding sequences to extract the

blocks of symbols from the composite signal.

These and other features and advantages of the present invention will become
apparent from the following detailed description, and the appended claims, with reference
to the accompanying drawings, in which:

Fig. 1 is a simplified functional block diagram of an orthogonal block encoding
communication system according to one embodiment of the present invention;

Fig. 2 is an illustration of two of the orthogonally block encoded signals received
at the receiver of the system of Fig. 1 which are non-synchronized by an amount to which
the orthogonal block encoding receiver is entirely insensitive;

Fig. 3 is an illustration like that of Fig. 2 but showing a departure from ideal
orthogonality;

Fig. 4 is an illustration like that of Fig. 2 showing the effect of multipath

propagation;

t he

ereln the receiver
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t0- an equalizer for processing the sunmed si gnal frorfn‘v h@!@ﬁ‘deh@t,ﬁx‘]}rm
conpensate for mul ti path propagation. 7£ “THE™commmcdt i on
systemas recited in claiml conprising a digital sou 224 ‘,We«ncod for
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comuni cation systemas recited in claim7 conprising e ——smm—— d it
repeater for repeating each bit of information producgd by the di gltal
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groups of repeated bits; a sign inposer for selectively
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and Fig. 8(a) shows a prior art GSM-TDMA burst and format of data bits; and
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Fig. 8(b) is an illustration like that of Fig. 8(a) but showing the delay insensitive
orthogonal CDMA transmission of data bits in accordance with embodiments of the
invention.

The deficiencies of the prior art described above are alleviated when practicing a
communication system and method with orthogonal encoding in accordance with the
following embodiments. The communication system and method provide for repetitively

transmitting encoded signals with mutually orthogonally encoded repeated blocks of

symbols, the symbols in the repeated blocks representing coded information. Decoding |

of the orthogonally encoded repeated blocks of symbols of the transmitted encoded
signal is provided.

As described hereinafter, the information signal is broken into a series of
information blocks having a plurality of individual information symbols. Each
information block in the information signal is repetitively transmitted. That is, the entire
information block is transmitted and then the entire block is repeated a predetermined
number of times. The number of repetitions of the information block is selected to enable
use of an orthogonal code that extends across all repetitions of the mformation block.
Orthogonal encoding is accomplished by applying a modification factor to each repeated
block. Orthogonal encoding can be accomplished, for example, by inverting or changing
the phase of the signal segment corresponding to each information block. At the receiver,
the orthogonal encoding is removed by applying the orthogonal sequence corresponding
to the desired signal and corresponding symbols from each repetition of the information
blocks are summed. When the symbols are summed, the symbols from the unwanted
signal cancel, leaving only the desired signal.

In yet another aspect, in the communication system each of the plurality of
transmitters may repeat each bit of information produced by a digital source encoder a
preselected first number of times to successively produce groups of repeated bits. A
sign change is selectively imposed on the repeated bits of each of a second number of
successive groups of repeated bits in accordance with an orthogonal code associated
with the transmitter. Interleaving of the sign changed bits from the second number of
groups is then carried out to successively generate a number of blocks equal to said first

number containing said second number of symbols each block comprising different

-
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transmtters for transmtting nutually orthogonally encoddd ‘ |
infornation signals overlapping in time, each transnitter {appldy¥ngfH <Lti
di -ferent one of a set of nmutually orthogonal codes; _ sai
ort hogonal | y encoded signals including successively repeatjed bl ocks of

i nformati on synbols, the nunber of successive repeats of dach.informati.on
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ort hogonal code; each repeat of said information bl ocks being
mul tiplied ttapsmitied Spactordance with the geriepdted: blotkswitla sigo changss cairesyonding to
correspondi rt hogonal code such that the sequence of nultiplication
factors apﬂﬂ?@@“ﬁBmgﬁg@%ssive repeats of each said information bl ock
formone of said set of nmutually orthogonal codes; and 15 a
receiver for receiving and decoding the orthogonally encoded information
signal s.3 10. The comruni cation systemas recited in claim?9
wherein each of the transmitters conpri ses:

TA
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Referring to Fig. 1, an orthogonal block encoding communication system 10 is
seen to include a plurality of transmitters exemplified by a pair of substantially identical
block encoding transmitters 11 and 12 which broadcast information carrying signals S11
and S12 in the form of electro-magnetic waves, Preferably these signals S11 and S12 are
digital signals, although the invention contemplates and is usable with analog signals
modulated onto a carrier wave. These signals S11 and S12 are received by an orthogonal
block encoding receiver 14 which decodes the orthogonally block encoded signals and
separates them into separate output channels. A portion of the orthogonally block
encoded signal S11 from transmitter 11, as shown with a dotted line, reaches the receiver
14 via an indirect path by reflecting off of a reflective object 13 on the landscape.
Because the length of the reflective path is greater than the length of the direct path of the
signal S12 the reflected signal S11' arrives at the receiver 14 at a time later than the
arrival of directly received signal S12. Accordingly, even if signal S12 is synchronized to
arrive at the receiver simultaneously with the arrival of signal S11, it will not be
synchronized with the reflected signal S11'.

Referring to Fig. 2, an orthogonal block encoding communication system 10 is
shown. The first signal S11, comprises blocks of N information-bearing samples by, by, bs

.. by which are repeated a number of times with inversion indicated by a minus sign or
without inversion denoted by a plus sign over each block. Thus, as shown in Fig. 2,
S11-1, S11-3, and S11-4, the first, third and fourth blocks are not inverted, while the




12- The conmuni cation systemas recited in claimll wheREPDATTIG Ne8DEYT
conpri ses a nmenory for storing a Wl sh-Hadamard coderhavi-fag-a~atHmer
of bits equal to the nunber of times the transmtters kepeateedy |
transmts the repeated information blocks. 5 13. The g'cca'm“ruh'i"c‘atgi an
systemas recited in claim9 wherein the receiver conprifges: == an
ort hogonal code renover for renoving the orthogonal encoding fromthe
encoded i nf or med¢p+aConal s; and an adder f or—addi-ng>—roee

correspondi ng ones of the synbols in successively received 10 repeated
i nformati on bl o¥ketst-#Gnasone of the plurality of transnmitters after the

or t hogonal encoding is renoved by the orthogonal code renmover to form
a sumed signal "for each synmbol within the repeated information
bl ocks. 4Co.ant+4C1.am-1)

5 where ay" means the Nth symbol of the previous block of N symbols. All outputs except
the first depend on two transmitted samples.
The output sequence may be processed by an equalizer, such as described in the
incorporated references, designed to handle delayed paths of one or more samples delay.
Such an equalizer processes all samples correctly except for those at the border between

10  two blocks, such as the ﬁrst'sample given by equation (2) above. Samples at the edge of
blocks are handled appropriately by such an equalizer. The degree of approximation is
better when the number of combined repeats ‘M’ is larger than four, such that the first
output becomes
M.Co.a1+(M-3).Cy.an-an" = M.(Cp.2;+Cy.ax - Cr.(an"+3.an)M) . .. (3)

15 where the error C,.(ax"+3.ax)/M tends to zero in relation to Co.a;+Cj.an as M becomes
larger. It is possible, however, to effectively model the dependence of the receiver after
combining based on three samples, aj, ay and ay" in the above example of Fig. 4, and to
construct an equalizer that uses this model in decoding a;, while using a model dependent
on only two transmitted samples otherwise. Such an equalizer needs to maintain a larger

20  number of decoding states or "Viterbi states" to resolve the signal dependence on the
additional symbols.

In CDMA systems, the receiver 14 thus includes despreading followed by

conventional equalization for multipath propagation.

12



14, The conmuni cation systemas recited in claim13 whergPpALSAENT gggtzgh

‘bl ocks of an information signal are transmtted at a prese}-ect-ed--bl.ock.,
repetition rate which results in a preselected repetitian pesiod;, ,and, :
wherein the adder adds synbols in successive repeated i nfor nati on bi'ocks
whi ch are separated from each other by an anount e%ua5r=-«--mtw@w-t«»haewm-w-:-a.n.-:i
repetition period. 20 15. The comruni cation systemas recited in
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clai m 14 whgt gl v@xag]orrn 2 ie Mfeld '@1?&9? MbSifum LikeiRYIX dqBE18cs estinmatorformof--ah-—

ort hogonal “encoder ectively 1 nposing phase shifts to the repeated

e

i nf or mat i oequalizerkar avBietisionefaedback digualizer §DFE) aac eltvrtatively, wi suitabla ci ated

one of a receivgrI lejr{n%k iag%ug{s f%)rh I%u jp]; eprrglglatgat%r} {I]I 3 Hgslprec %E%;rocaegg A2 sSuitable

RAKE receiver is described in U.S. Patent No. 5,305,349 issued to Dent on April 19,

5 1994 entitled Quantized Coherent RAKE Receiver, which is hereby incorporated by
reference.

A transmitter 16 is preferably constructed as shown in Fig. 5 including a block
interleaver 18 which operates on the signal after a final orthogonal spread-spectrum
coding operation is performed by circuit 20. The circuit 20 includes a bit repeater 22, a

10  direct sequence orthogonal code generator 24 and a modulo-2 adder 26.

An information source 28 provides information, such as speech or facsimile
signals, to a digital source encoder 30 which converts the information into digital form.
The output of the digital source encoder 30 is applied to an error correction encoder 32 to
fender transmissions more tolerant to noise and interference. The output bit stream of the

15 encoder 32 (by, by, b3 . . .) is spread by a bit repeater 22 which samples each bit M times
where M is the desired spreading factor. By then bitwise adding, the modulo-2 adder 26
bitwise adds to the spread bit stream, a characteristic orthogonal code allocated for the
signal and generated by the direct sequence orthogonal code generator 24. A MxN block
interleaving operation is performed by the block interleaver 18 on the spread spectrum

20  coded signal on output such that repeated bits are not transmitted adjacently in time but
rather separated by a block size of N bits. The block interleaver 18 does not add or delete

bits, but alters their order of transmission, for example, by transposing a matrix of NxM

13
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bits. Alternatively, the block interleaver 18 is a helical, diagenat~or-block=diagonat-
interleaver rather than a purely block interleaver. The spread spectrum coded block signal
1s then applied to a radio freqﬁency carrier by means of a modulator 33.

The transmitter 16 of Fig. 5 is formed by adding an interleaver 18, having precise
parameters (M,N) adapted to the spread spectrum code produced by the generator 24, to
result in a CDMA transmitter.

Fig. 6 shows an alternative transmitter 35 which includes the information source
28, digital source encoder 30 and error correction encoder 32.

The embodiments shown in both Figs. S and 6 can include further interleaving
over and beyond the interleaving performed by the interleaver 18, the purpose of the
further interleaving being to avoid errors in the same sample block appearing
consecutively at the error correction decoder at the receiver 14. Any such additional
within-block interleaving is considered to be part of the error correction coding process.

The output from the error correction encoder 32 is connected to a block repeater
unit 36 which saves a block of N consecutive bits and then repeats the block M times. A
block sign generator 37 selectively supplies a sign for each repetitive block. Thus, block
sign generator 37 only needs to generate orthogonal codes at the block rate, not at the rate
at which signal samples are generated or a "chip rate." The sign from block sign
generator 37 is combined with signal samples, such as bit b; from the block repetition
unit 36 using an exclusive-OR adder unit 38. Alternatively, a module-2 adder is used. A
chip-rate scrambling code is produced from an access code generator 40 to randomize the

output bit stream from the block sign adder 38. The code produced by the

14
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18. The nicati on system as reci In c alm I n eac t he
plurality odiff2éfent beihrf'slm :tdcws&ode)rsmre&ﬂblyeclnisegn a:cad>rdmguo¢l&3 teclnmqierdﬂodnsed

(F:)(rjcr:’?murC]: : ti ’gﬁpgyggt a%rﬁléﬂi%ltsé?f’l @e&gaﬁmﬁ%gm ‘i’goééllétﬂ%(??weteﬂéeibﬁ ural i tThe
of transm tref &id SBbARRRY, the access code generator 40 is chosen to render multipath
delayed signals orthogonal to non-delayed signals. This is achieved by applying like sign
changes to any pair of adjacent chips in half of the block-repeats and unlike sign changes
in the other half of the block-repeats. This has the effect that delays of +/- one chip
10  relative to a nominal propagation delay result in multipath signals which are orthogonal
to the nominal propagation path. The multipath signals are then not orthogonal but rather
identically coded to another signal's code. This option is thus preferably used when only
half the available codes are employed for discriminating between signals in the cell and
the other half of the orthogonal codes are those which appear on +/- one chip-delayed
15  multipath and thereby discriminate the multipath.
In a fourth embodiment, the access code generator 40 is a random code generator
or none of the above. Then multipath signals are neither orthogonal to, nor identically
coded with undelayed signals. If it is desired to demodulate multipath signals, then a
RAKE type of equalizer may be employed, in which the receiver despreads the received
20 signal using different time-shifted outputs of access code generator 52 and performs
different averages for each using multiple instances of averager 58 to yield multiple
averages each corresponding to a signal ray of different propagation delay. The different

rays are then combined in a RAKE equalizer such as the RAKE receiver using coarsely

16
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quantized coefficients as described in the above-referenced U.S. Patent No. 5,305,349.
This fourth embodiment is preferably not suggested for application where degeneration
of code orthogonality is affected by relative propagation delay differences or
synchronization errors.

Advantageously, groups of signals that are not orthogonal, such as signals in
different cells of a cellular wireless telephone system, are provided with different codes.

The receiver 14 of Figs. 2, 3, and 4 is preferably constructed in accordance with
the embodiment as shown in Fig. 7. Signals including desired signals, interfering signals,
noise and multipath distortion signals are received from an antenna 44 and applied to an
input 45 of a downconverter 46. The downconverter 46 downconverts the radio
frequency signal to a signal suitable for processing, preferably a complex baseband
signal. Complex baseband signals may be in Cartesian (X,Y) form having an X, or "I",
real component and a Y, or "Q" imaginary component, or polar form (R,THETA) or
Logpolar form (log(R),THETA) as described in U.S. Patent No. 5,048,059, issued to
Dent on September 10, 1991, entitled Logpolar Signal Processing, to which reference is
directed for further details. The downconverted samples from output 47 of the
downconverter 46 are then applied to a sign changer 48 which is connected to an access
code generator 52. The downconverted samples 47 are then sign-changed by the adder 48
according to the sign pattern of an access code provided to the access code generator 52,
to remove the access code applied by a corresponding transmitter code generator such as
access code generator 40 in Fig. 6. When different codes are applied to I and Q samples
at the transmitter 16, Fig. 5, corresponding codes are used for I and Q samples,

respectively, at the receiver 14, in Fig. 7.

17
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the transmtters Mprises an error correctron enco or 1 1pos
error corr eed itorprevenddicisg bpots Emoh corruptingoipetchived!i speéchl qhdlit% Tlrther, a
information framthe,.digital source encoder. 21. . The )

conmmuni tat :Eiglﬂ{e easvteléﬁg éf’s'gsteégf"t“{fﬁn the "’Gl"‘glﬂzﬁf % agy the SrRr gorpgetign degader 64 if a
transm tt ecsrrespSndif® HHeHSERRr is used at the transiMiteRCI%E StheC QSR HENGRAT 0
generati ng accgss Igggde sequer%%eus? atathee ra?e gt Whisl((::}ﬁ3 © di g?tbglr tt{?l
i nf or mat i ofleiatedeqyen 62 doubt islated do thiegise af theaemterleaver SGeo improge orthogonality

access coUgnddrBgRRtors Ur iR Skdibr g oo° code onto the individual
Commonly assigned U.S. Patent Application No. 08/305,727 of Dent, entitled

10 Simultaneous Demodulation and Decoding Device filed September 14, 1994, discloses a
decodulation technique which performs all the functions of the equalizer 60, the
deinterleaver 62 and the error correction decoder 64 and may be used in lieu of these
individual units. Reference is directed to U.S. Patent Application No. 08/305,727 for
further details.

15 Small departures from true orthogonality that remain for some transmitted
symbols when transmitters are not exactly synchronized are such as described by
equation (1). For example, a joint demodulation method for two signals can proceed as
follows:

If the signals by and a; are described as belonging to a vector V(i) of current

20  symbols to be demodulated

a,

where V(i) = {bN j|

and V(i +1) =[b”:]

a,
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The comruni cation systemas recited in claim21 wherein t

0 T o s mmm s e mmn e e oo e };HFPl ﬁE‘F“W“\aI SHE%-

conpri ses an access code decoder for decoding, the leI“‘dU’éﬂ ik glt
bits of information received at t he receiver. 25 23~ Fhe
comuni cation systemas recited in claim219 wherein the rx ceiver further

al

conprises a deinterleaver for separating the information btocks—nto
|32d| vidual di gi bad V(i-1) is Pkéwise composed of by" and a," from previous blocks of N
transmitted symbols, then upon comtbining repeats first with the sign pattern for ‘b’
symbols and then for ‘a’ symbols we obtain sums S, and Sy, as follows:
Sy =4by - a,+ ay

5 S. =4a; - by + by

%1 1% 9 va 4 -1 . o 1} _
§=[SJ_L 0}'2("1“[-1 4}'3”[0 0}-.‘1(1-1) o (4)

When all signals are to be demodulated, as in a cellular base station or satellite

or

ground station, such remaining non orthogonality can be entirely compensated by joint
10  demodulation, decision feedback, or alternatively the subtractive demodulation method of
U.S. Patent No. 5,151,919 referred to above.

Thus, the sum vector Sy, S, which should be 4Vi is corrupted by a small amount
of the previous vector V(i-1) and the next vector V(i+1), the amounts being described by
"Intervector Interference” (IVI) coefficients which are matrices M0, M1 and M2 in the

15 following equation:
S = MOVGE-1) + MLVI+HM2.V(GE+H) e s v s v e v 2 (8)

The center term is descrambled by multiplying equation (4) by the inverse of the matrix

Ml
A

20 tfo obtain

20
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transmtting CDVA coded signals overlapping in tinme conprising: T —

di vi di ng i gé&REI¥hERsHER 81 %ﬁeﬂaﬁlphbe 100 a8s8ist i Geinddde alnafcaﬁ BB b Bselle@ Bl'S
cont ai ni ng 10 apluralltyo coded information synbol s

repeati ng swdiplicatian yuthe combles facter: pr edet er m ned nunber of tines equal to

t he

10

15

20

S = EXP(j2n/3).

Presuming that a block of symbols is to be transmitted in three repeats, a first
transmitter transmits its symbol blocks with successive phase shifts of 0, 120, and 240
degrees applied to the three block repeats. Using the symbols where Sy, S;, S, represent
0, 120 and 240, respectively.

So=1,

S1 = EXP(j2n/3), and

S, =P(j4n/3) = EXP(-j2n/3),

a first transmitter transmits So(by, ba, bs . . . by); S11(by, by, b3 ... by); Sa(by, b2, b3 ... bn);
where (by, by, bs. . . by) stands for the block of symbols modulated without a phase shift.
A second transmitter transmits Sy(ai, @z . - . an); Sa(as, @2 . . . an); Si(a.;, az. . . ay); where
(a1, 2. . . ay) represents its modulated symbol block, and a third transmitter transmits
Solcy, €2 . . . on); Soler, Ca. - . eN); So(c1, Ca. . . CN), where (cy, 3. . . cy) is the third
transmitter's modulated symbol block.

The three transmissions are orthogonal because the sequences

So, So, So, So, So, So -+ ;

So, S1, S2, So, S1, Sa... . ; and

Se, Sz, S1, So, S2, S1 ...
are mutually orthogonal even when time-shifted. Such mutually orthogonal sequences of
complex numbers may be called Fourier sequences and can be of any repeat length L of

symbols by forming them as successive powers of EXP(j2n/L).

22
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I‘engt h of a correspondi ng orthogonal code used to encode eaf*_cﬁg%ﬁé%ﬁﬁf‘féﬁ SHEE
said i nformation bl ock; ort hogonal | y encfodi’"ﬁg“sa*iﬂdﬂw--—»----«i
repeated i nformation blocks by nultiplying each 15 repeat lof{ saisd yas 229 |
information bl ocks by a respective nultiplication factor ac]'r'co,glr ding to safd]
correspondi ng orthogonal code such that the sequence of nulitipricatomn=—s
factors applied to successi ve repeats of each said inflormation bl ock

f orm one ofThe simplenfreativaliet] [Walsh-Hadondrl @gdesadre asedeshenahelnumber of repeats T~
transmtting said orthogonally encoded information bl ocks. 20 27.

‘The met hod B3 PPWES fdWOi n claim 26 further conprising the step of decoding

t he or ¢ hogaRaklotafi e BB U inb RS o GRIBHING inblone!

ort hogonal codes respective r separatin ormat1 on bl ocks
correspondigi® be cdhdtfuetedntori exfampimby allowing asietyodilssquential mattipdisgsofod i the
separate channels. 25 28... The thod as. recited in claim?2
conpri si*ng TREESHYE pepegls. to be neither complax, por, festrigted, Phg‘QSWaVﬁE’i?dg% +Z‘|]1d1“
particular, when the multipliers are chosen to be 1 or 0, the orthogonal sequences

1000000100000001000000 . . .

0100000010000000100000. . .

0010000001000000010000 . . .

10 0001000000100000001000 . . .

0000100000010000000100 . . .

0000010000001000000010 . . .

0000001000000100000001 . . .

0000000100000010000000 . . .

15 arise.
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32 i nposi ng a correspondi ng sequenceﬂgft%ﬁ%%é’“chgn

onto said repeated i nformation blocks in response tpo the stored

ort hogonal code. 29. The nethod as recited in cfaj n¥ 26 Mfiefsin
sai d decoding conprises: 5 renmovi ng the orthogonal_encodi.ng.fr
encoded i nformation bl ocks; and addi ng correspondi ng ones of

the synbols in repeated infornmation bl ocks after the

—
]

es

10

15

20

In accordance with another aspect of the invention, TDMA and FDMA systems
can be reproduced as special systems and delay-insensitive orthogonal CDMA modes
may be added to FDMA or TDMA systems by modification of their coding methods.
Referring to Fig. 8(a), a prior art GSM TDMA signal burst and frame format consists of
eight time slots, each of which contains a signal burst having components of a syncword
surrounded by data bits. In standard GSM, the data bits in each of the eight timeslots
belong to a different communications link or telephone call. Evolution of GSM to permit
one link to use multiple timeslots provides higher user bit rates, in which case the data
bits in successive slots can be from the same communications link or call.

Alternatively, Fig. 8(b) shows how the same data bits of Fig. 8(a) may be repeated
successively with or without a phase inversion or phase change to form a delay-
insensitive orthogonal CDMA signal. In Fig. 8(b), the positioning of each repeat
preferably straddles two signal bursts, which advantageously avoids the guard time
occurring between time slots and prevents a block from being split by a syncword. This
has a positive effect on how well orthogonality is preserved under mistiming conditions,
and also avc;ids the need to apply the orthogonal phase change sequence to the syncwords
S. When a block straddles two time slots, the block is split by the guard time where zero
energy is transmitted and not by the syncwords. This results in less reduction of
orthogonality under mistiming as the zero energy symbols of the guard time cause less
interference than the full energy symbols of the syncword, when they overlap data
symbols.

Other arrangements of the repeats within the bursts can of course be used, and it is

not necessary to have eight repeats. For example, using Fourier sequences, seven repeats

24



ort hogonal encoding is renoved. 30. The met hoe a‘\i“i':'g""éi""f_ edin
claim?29 wherein the step of renmoving the orthogonal 10{€6ding Trom encoded
i nformati on bl ocks conpri ses: formng a sunmed signal for each
gynmbol within the repeated information bl ocks; ari]d e
processing the summed signal with an equali zer. 15 {31, The nethod as
recited in claim30 further conprising the step of pr(bcessi___[]_q t he o
sumred si goalld boussdnpichn thatefphilo timeilbt Begl iised forragsMih®th BE hesbils terminal, to 32.
The nethod systemas recited in claim?26_further conprising the steg1 of
encodi ng 2vold g deplexing diltsr toscoppeyit thy tragsmittes ang receivprdejthmsanpeantenna at the

same time.

Those skilled in the art who now have the benefit of the present disclosure will

5  appreciate that the present invention may take many forms and embodiments. Some
embodiments have been presented so as to give an understanding of the invention. It is
intended that these embodiments should be illustrative, and not limiting of the present
invention. Rather; it is intended that the invention cover all modifications, equivalents

and alternatives falling within the scope of the invention as defined by the appended

10  claims.
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33: The method as recited in claim32 further conpri

~t-he.-st.eps_of :
repeating each bit of information produced by the digi

 ALRAOKEPIEATer| 2

presel ected nunber of times to successively produce grpups—ef—repeated |
bifs; i nposing a sign change on the repeatef bit sm(%j o &aCH gf a
nunber of successive 5 groups of repeated bits equalrt:)‘F “pr eset-edt !d
nunber of bits in each group in accordance w th jan~orthe de

i nt er | eavi rihathieclaingsd ishanged bits fromthe presel ectgd nunber of groupsi to
successi vely generate a nunber of repeated groups and - ~€61 ye
si gn change corresponding to a common sign change shared by all

si gned changed by ! ' 'ﬂﬁlﬁ ccand. - . .
transmtti rr:lg a ls?jll g?é"?‘t‘ %%&%?ngbﬁ%gﬁ%#%%% Wi & e ,gtlognesr%%nra(listoevgrlappmg

i nf or mat i orin time cohipoising: Wi t h si gn changes correspondi ng to the orthogonal

. 34. The net hod of claim 26 wherejn said orthogonal codes are
\C,\Zfigh_ Hidanard 2 transm?tter for transmitting said overlapp?ng mformation s1gnals,gwherem each

of said information signals is orthogonally encoded prior to transmission according to a
different one of a set of mutually orthogonal codes;
said orthogonally encoded information signals comprising successively repeated
blocks of information symbols, the number of successive repeats of each information
10 block being equal in length to the length of a corresponding orthogonal code;
each repeat of said information blocks being multiplied by a respective
multiplication factor according to a corresponding orthogonal code such that the
sequence of multiplication factors applied to successive repeats of each said information
block form one of said set of mutually orthogonal codes; and
15 a receiver for receiving and decoding the orthogonally encoded information

signals.

2. The communication system as recited in claim 1 wherein the receiver employs
different orthogonal codes to separate the information signals from different transmitters

20  into corresponding separate channels.

3. The communication system as recited in claim 1 comprising:
a memory for storing an orthogonal code; and
a phase shifter for imposing a corresponding sequence of phase changes onto the

25 repeated information blocks according to the stored orthogonal code.

4. The communication system as recited in claim 1 wherein the receiver comprises:
an orthogonal block code remover for removing the orthogonal encoding from the

encoded information signals; and
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¥5- codes. _ \ ~sai _
codes are Fourier sequences and wherein said nultiplication factors

35. The net hbd of claim 26 wherein said dr“t"ﬁ'o

(a3t TR VAT Y ot Va s
3 -'.’::g\«ré o -z
donar ' o

HEEY

é

apply phase rotations to said repeated information bIo:ks.?ib.ﬁ“"“§6J
Thé nethod of claim 26 wherein said nultiplication factors hre_applied. hy. :
changi ng the phase of signal segments corresponding to saidjrepeated
I nformati on bl ocks. 37. The nmet hod of claim 26 whetein said.change

of phase is 180[arradfler B35 adding c38espondifig ofigst dfcttle oymbdiginrsucdbssivelydeceibed he

step of transmttjng said encoded i nfaormation bl ocks includes

combi ni ng iFeBICHRIHAmaEPR dlecksofrpms Hisnipnigitter afterr BieeAtthogonal epeading isai d
| nf or mat | ORefbeHd3by the orthogonal code remover to form a summed signal for each symbol

10

20

within the repeated information blocks.

5. The communication system as recited in claim 4 comprising a transmitter for

transmitting the repeated information blocks at a preselected rate.

6. The communication system as recited in claim 4 wherein the receiver comprises
an equalizer for processing the summed signal from the adder to compensate for

multipath propagation.

7. The communication system as recited in claim 1 comprising a digital source

encoder for producing the symbols as digital bits of information.

8. The communication system as recited in claim 7 comprising:

a bit repeater for repeating each bit of information produced by the digital source
encoder a preselected number of times to successively produce groups of repeated bits;

a sign imposer for selectively imposing a sign change on the repeated bits of each
of a number of successive groups of repeated bits equal to the preselected number of bits
in each group in accordance with an orthogonal code;

interleaver for interleaving the sign changed bits from the preselected number of
groups to successively generate a number of blocks each composed of the different sign
changed bits of the preselected numbers of repeated groups and having a collective sign
change corresponding to a common sign change shared by all signed changed bits of the
block; and

00K O
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39: The method as recited in claim 26 conprising the ste;piéj‘j__é?wi"; i
transmtting the information blocks at a presel ected bl ch repeLitiQrespte
whi ch results in a preselected repetition period; and 1 e JheseR o
addi ng the correspondi ng synbols in successive repeated i fd::malmwbl—ee—kgj

5 which are separated fromeach other by an anount equaﬂ to the

repetition period. 40. The nmethod as recited in claim-39
conprising the sisipsalahodulator for transmittisg @cdignaé mpdulipedsinngrepiiases withfths to
the repeated infqrmation block w th, an ort hogopal encoder whjl e, bei ng
transm t t ecBesratsd dpfogmaien Rlocks With signothapgecosisepanding o the @ OWLS%aI
codes; and renovi ng each of the repeated information bl ocks
recei ved fromeach of the plurality of transmitters in accordance with

t he orthogdhal ch@PMAsganmthication systemaioatpeding: with the transmtters

bei ng decoded before addi t he, correspondi ng ones the s ol s. 5
41.  TRe nethod* &% i f’ggﬂ}“ﬁmﬂe&? r@%%ﬁ‘ﬁ%&‘?&i%&“ﬁke %ﬁ‘@gé‘ ' Sicoded

information signals overlapping in time, each transmitter applying a different one of a set
of mutually orthogonal codes;

said orthogonally encoded signals including successively repeated blocks of
information symbols, the number of successive repeats of each information block being
10 equal in length to the length of a corresponding orthogonal code;

each repeat of said information blocks being multiplied by a respective

multiplication factor according to a corresponding orthogonal code such that the

sequence of multiplication factors applied to successive repeats of each said information
block form one of said set of mutually orthogonal codes; and

15 a receiver for receiving and decoding the orthogonally encoded information

signals.

10.  The communication system as recited in claim 9 wherein each of the transmitters
comprises:
20 a memory for storing an orthogonal code; and
a responder responsive to the stored orthogonal code for imposing a

corresponding sequence of phase changes onto the repeated information blocks.

11.  The communication system as recited in claim 10 wherein the responder
25 selectively imposes a 180° phase shift onto the repeated information blocks in accordance

with the stored orthogonal code.

e —
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12.  The communication system as recited in claim 11 wherein the memory comprises
a memory for storing a Walsh-Hadamard code having a number of bits equal to the

number of times the transmitters repeatedly transmits the repeated information blocks.

13. The communication system as recited in claim 9 wherein the receiver comprises:
an orthogonal code remover for removing the orthogonal encoding from the
encoded information signals; and
an adder for adding corresponding ones of the symbols in successively received
repeated information blocks from one of the plurality of transmitters after the orthogonal
encoding is removed by the orthogonal code remover to form a summed signal for each

symbol within the repeated information blocks.

14.  The communication system as recited in claim 13 wherein

the blocks of an information signal are transmitted at a preselected block
repetition rate which results in a preselected repetition period; and

wherein the adder adds symbols in successive repeated information blocks which

are separated from each other by an amount equal to the repetition period.

15.  The communication system as recited in claim 14 wherein each of the transmitters
comprises:

an orthogonal encoder for selectively imposing phase shifts to the repeated
information blocks while being transmitted in accordance with an associated one of a

plurality of the different orthogonal codes; and

A g ”



35~ generating access code sequences gtiE ar_
which digital bits of information are produced by th d'-~g=i~--“t-“a’r““"§6u‘rﬁce.!
encoder; and i mposi ng the access code onto the indi Y}i dua 1m0 i
di'gital bits of each of the orthogonal I y encoded i nf of mati on bL_gcks,j i
[
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the receiver comprises a block remover for removing eact € repeated
information blocks received from each of the plurality of transmitters in accordance with
the orthogonal code respectively associated with the transmitters being decoded before

being applied to the adder.

16.  The communication system as recited in claim 13 wherein:

each of the transmitters comprises an orthogonal encoder for selectively imposing
phase shifts onto the repeated information blocks while being transmitted in accordance
with an associated one of said orthogonal codes; and

the receiver comprises a block remover for removing each of the repeated
information blocks received from each of the plurality of transmitters in accordance with
the associated one of the set of mutually orthogonal codes being decoded before being

applied to the adder.

17.  The communication system as recited in claim 13 wherein the receiver comprises
an equalizer for processing the summed signal from the adder to compensate for

multipath propagation effects.

18.  The communication system as recited in claim 9 wherein each of the plurality of
transmitters comprises a digital source encoder for producing the symbols as digital bits

of information.

19.  The communication system as recited in claim 18 wherein each of the plurality of
transmitters comprises:

a repeater for repeating each bit of information produced by the digital source
encoder a preselected number of times to successively produce groups of repeated bits;

a sign changer for selectively imposing a sign change on the repeated bits of each
of a number of successive groups of repea;ed bits equal to the preselected number of bits

in each

30
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5 - 42. A method of transmitti ng a CDVA coded signal w*t‘Fﬁi“ﬁpEWéd {w '
tol erance of mul tipath propagation, conprising the ste{)s OF T
encodi ng information to produce synbol bl ocks cont ai ni ng a predgt‘”ermmedy
first nunber of synbols; 10 repeating transmssjon of eath™
symbol bl ock a sel ected number of tines; changi ng a srgnof-e—e—d
‘‘‘‘‘ mut ual |y
ort hogonal goae acetrdance with an orthogodi E:ﬁddlas&db@awmwhﬁ the&fan&mil&i RIS R

equal to the length of the orthogonal code. he net hod as
recited in clai rABterlgavg .f@wnﬁeﬂéamﬁhe@wevdmgse&rws fr%n mﬁmﬁ%qlected number

condi t i onedo i gt 0Ly tha%eY AR A BI04 dabh SorSpiEA G IR Gt

access code
81gn changed bits of the preselected number of repeated groups and having a collective

I T

5  sign change corresponding to a common sign change shared by all signed changed bits of
the block; and
a sign modulator for transmitting a signal modulated in accordance with the

generated information blocks with sign changes corresponding to the orthogonal code.
10 20. The communication system as recited in claim 19 wherein each of the transmitters
comprises an error correction encoder for imposing error correction encoding upon each

of the digital bits of information from the digital source encoder.

21.  The communication system as recited in claim 19 wherein each of the transmitters

15  comprises:
an access code generator for generating access code sequences at the rate at which
digital bits of information are produced by the digital source encoder; and
an access code imposer for imposing the access code onto the individual digital
bits of each of the orthogonally encoded information blocks.
20

22.  The communication system as recited in claim 21 wherein the receiver comprises
an access code decoder for decoding, the individual digital bits of information received at

" thereceiver.

25 23, The communication system as recited in claim 19 wherein the receiver further
comprises a deinterleaver for separating the information blocks into individual digital

bits.
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44 The nethod as recited in cI aim43 in which the spread siﬁeeuumwg 8é“$§ ]
!

code.is used in common by different transmtters. §Th "1

met hod as recited in claim42 in which the orthogonal code ﬂlffferent’uz‘f 0§r 5
5 different transmtters. 46. A net hod for decoﬁ &@A&dg_gggdf
signal, conprising the steps of: receiving a corr?p05| te signal g.

contai ning an orthogonal |y coded signal, said orthogonal | y™——gaded,

signal cony4. si ritheacqmhrumibation sytsteﬁusm&ﬁwm Eleie 2B Swikdreiathé RERIVERHirRfer bl 0Ck
containing a 10 pluralit information s;ﬁ/rrbol s,. each repeat of said
i

i nf or mat i orfOBIPHERS %E‘@FW{:}‘%Bgﬁlh‘?ﬂﬂ efylizaifopgqualizing thesindividwelb digitel bits from

mul tiplicat according to one of a set of nutually orthogonal
codes, the thQﬁme’éﬁEWe er of repeats of said information bl ock bei ng equal

to t he | engt h of sa| d ort hogonal code;
5 25.  The communication system as recited in claim 23 wherein the receiver further

comprises an error correction decoder.

26. A method for transmitting CDMA coded signals overlapping in time comprising:
dividing information signals to be transmitted into information blocks containing
10 aplurality of coded information symbols;
repeating each information block a predetermined number of times equal to the
length of a corresponding orthogonal code used to encode each repeat of said information
block;
orthogonally encoding said repeated information blocks by multiplying each
15 repeat of said information blocks by a respective multiplication factor according to said
corresponding orthogonal code such that the sequence of multiplication factors applied to
successive repeats of each said information block form one of a set of mutually
orthogonal codes; and

transmitting said orthogonally encoded information blocks.

20
27.  The method as recited in claim 26 further comprising the step of decoding the
orthogonally encoded information blocks by employing different orthogonal codes
respectively for separating the information blocks corresponding to different information
signals into corresponding separate channels.

25

28.  The method as recited in claim 26 comprising the steps of.

storing an orthogonal code; and

S

|

32



-vy |

S - [ T et o T oo R o i rszgl “F“:} —— 'g
sanpling said conposite signal to produce a plurality of ,g_é fii“iifp] e,g;rj{ |
mul tiplying each signal sanple in said conposite signal by a respective [
; !

!

|

!
mul tiplication factor 15 according to said orthogonal ko egﬁhn@?v"”? §
cofrbi ni ng si gnal sanples corresponding to the sane infor Bt Lan synbol in¢
different repeats of said information block to prqduce despread
signal sanples corresponding to each of said i nfornat.Lopn_synbol s.
20 47.  ihigesimgt hodoﬁsp@hﬁmgnséﬁxéﬁb@ refi phfsai €hafpdsh @@ 3hidC @éiﬁated
conprises a,_sequence of si anges and wherein the step o

mul ti pl yi ngt ﬂg%ﬁtlgm Blogks i %larﬁﬁploésq ta ﬂ%t@e@@ﬂmp@ &odé.gnal by a

respective nultlpllcatlon factor conprises applying a sign change to each

si gnal sanpl e according
29.  The method as recited in claim 26 wherein said decoding comprises:

5 removing the orthogonal encoding from encoded information blocks; and

adding corresponding ones of the symbols in repeated information blocks after the

orthogonal encoding is removed.

30.  The method as recited in claim 29 wherein the step of removing the orthogonal

10 coding from encoded information blocks comprises:

forming a summed signal for each symbol within the repeated information blocks;

and

processing the summed signal with an equalizer.

15 31.  The method as recited in claim 30 further comprising the step of processing the

summed signal to compensate for multipath propagation effects.

32. The method system as recited in claim 26 further comprising the step of encoding
the symbols as digital bits of information.

20
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tto- sai d orthogonal code. 25 ‘ 48. The net hod of ¢
sai d orthogonal code conprises a sequence of phase . ge$s
wherein the step of nultiplying each signal sanple in saildlconposite sig
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a phase shifter for applying a phase change to each repeat of a gi ven
I nformati on ' '
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33. The method as recited in claim 32 further comprising the steps of:

repeating each bit of information produced by the digital source encoder a
preselected number of times to successively produce groups of repeated bits;

imposing a sign change on the repeated bits of each of a number of successive
groups of repeated bits equal to the preselected number of bits in each group in
accordance with an orthogonal code;

interleaving the sign changed bits from the preselected number of groups to
successively generate a number of repeated groups and having a collective sign change
corresponding to a common sign change shared by all signed changed bits of the
information blocks; and

transmitting a signal modulated in accordance with the generated information

blocks with sign changes corresponding to the orthogonal code.

34.  The method of claim 26 wherein said orthogonal codes are Walsh-Hadamard

codes.
35.  The method of claim 26 wherein said orthogonal codes are Fourier sequences and
wherein said multiplication factors apply phase rotations to said repeated information

blocks.

36.  The method of claim 26 wherein said multiplication factors are applied by

changing the phase of signal segments corresponding to said repeated information blocks.
37.  The method of claim 26 wherein said change of phase is 180°.
38.  The method of claim 26 in which the step of transmitting said encoded

information blocks includes combining information blocks corresponding to different

ones of said information signals.
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bl-ock according to one of a set 6f ort hogonal codes, wher €l pr‘bhé\g

tor,
repetitions of the information block is equal to the jl engt’ " tchtthgHEsT
ort hogonal code. 5 51 The transnitter as recited ijn fclal m 50 ™=
conprising a digital source encoder for producing th i}/ﬁbﬁblﬁﬁ?@fggﬁ;heg
information signal as digital bits of information. /5 “wwlfl? o 5 /
transmtter as recited in claimb51 conprising: a repeat ér—fof f(
i

repeating esgh bThe @bthodbOrcdRéd ARl S RribMg tHeastehs @ift al*~seurce 10

encoder a presel ected nunber of tines to successively produce groups oOf*~——

repeated bits; transmitting the infermption thipeke at amresgl@pf@éthlaﬁil igpetpisnytategwhicki gn

change to tr u\fsequat ed, bi t.s of...each. of a nunber of successive groups
its

of repeated cﬁ’ﬁ%?fﬂef{gdtr??g B?Iégeé}ogc?@d nunber of bits in each group

in accordance W jddigh thy toredpoling @pibols in successive réprated! RifdriRAYEH Hlédks
interleaving the sign changed bits fromthe presel ected nunber 15 of

groups td sWhicharg sepampted drost each othen by pmeynt seal festhe senetionperéadd of t he

di fferent sign changed bits of the presel ected nunber of repeated
groups and having a collective si gn change corresponding to a comon
si gn change4&har €k fythad hs fciiedis ddiasgedmpritiag tie steps of.t he bl ock; and

a sign nodul ator for, transmtting a signal nodul ated in accordance with the

20 generated bfeRok¥ely; mmposing phast SBiES oothecspentes mforpationedlgsl ploaal

code. orthogonal encoder while being transmitted in accordance with an associated one of said
10  orthogonal codes; and

removing each of the repeated information blocks received from each of the

plurality of transmitters in accordance with the orthogonal code respectively associated

with the transmitters being decoded before adding the corresponding ones of the symbols.

15 41.  The method as recited in claim 33 comprising the steps of:

o —
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53. The transmtter as recited in claim52 conprisi ng -*-GF#@LW:_QT;I’H%dt fon
encoder for i nposi ng error correction encoding uponieach of, the 1
digital bits of information fromthe di gital sour¢efefcodEr? it
54. A receiver for use in processing CDVA coded signajs --4vfs-i~mg;mmj
a receiver circuit to receive a conposite signal including one or nore
orthogonal Iy coded information signals and to sanple sard™ | .C
at a pr edetgRfi¢rhtigd actaésieoda lsequieficed a0 theciteCAliwhistatipitsl BIRAGS infRbesn sai d
orthogonally coded 5 information signals_ conprising repeated bl ocks of
i nf or mat i orffapedeted bydhe digital source eﬁ@%ﬂééﬂd ve nultiplication factor applied
to each repeat eqmgpiifgégﬁé'a%? {06k 8&%80@%' B idual (,}igitaqnﬁitéjf 2. 28 oPlihe

es, o] 0 |

nmut ual Iy orthogaon € number repeats eac Nt of mat I on
orthogonally encoded information blocks.

h)
42. A method of transmitting a CDMA coded signal with improved tolerance of
multipath propagation, comprising the steps of:
encoding information to produce symbol blocks containing a predetermined first
number of symbols;
10 repeating transmission of each symbol block a selected number of times;

changing a sign of each successively repeated block according to one of a set of

mutually orthogonal codes; and
wherein the number of repetitions is equal to the length of the orthogonal code.

15 43,  The method as recited in claim 42 in which the CDMA coded signal is further

conditioned prior to transmission by combining with a spread-spectrum access code.
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bl ocks being equal to the Iength of said or t hogonal code%”ikCE@&%Tﬁﬁ EET 4
‘decoder to decode said ort hogonal | y coded i nformation gi g'-rra’r*S“by C’D‘TTb‘I'niing

10 signal sanples corresponding to the sanme infornati sgn':t)ohs, ofa7a igijven
joformation . block in different repeats of said glr t {nf or mati on |bljock
according to one of said ort hogonal codes. 5 T THETECE ver
as recited in claimb54 wherein said decoder conprises: aé’

nul tipligr tphdmbihb® |a¥ r&4ted i elafin 9B 9A A niSR R/ s?ré&ﬂ-sge&ﬁtﬁp §&cessVEode is
mul tiplication factor according to one of said nutually orthogonal

codes; wused in common by diffesent Gdokanitters. add t he si gnal sanpl es spaced from one
anot her by a distance equal to the length of an information block to
produce despread signal sanples. 20 56. The receiver as recited in

cl ai m Shs wherrd meihd a@'rélﬁf&é i CRirh UaNA WHidtethe MrthBgonal codd BIRfr&eAteRy bl ock
repetition rate which results in a preselected repetition period; and

wher®i ndlﬁﬂ@@nhﬂwmltt@&prl ses anot her adder for adding the correspondi ng
synbols 25 in successive repeated information bl ocks which are separated
from each other by an anount equal to the repetition period.

46. A method for decoding a CDMA coded signal, comprising the steps of
receiving a composite signal containing an orthogonally coded signal, said orthogonally

coded signal comprising a plurality of successive repeats of an information block containing a
10  plurality of information symbols, each repeat of said information block having been multiplied by
a respective multiplication factor according to one of a set of mutually orthogonal codes, the
number of repeats of said information block being equal to the length of said orthogonal code;
sampling said composite signal to produce a plurality of signal samples;
multiplying each signal sample in said composite signal by a respective multiplication factor
15  according to said orthogonal code; and
combining signal samples corresponding to the same information symbol in different repeats
of said information block to produce despread signal samples corresponding to each of said

information symbols.

20
47, The method of claim 46 wherein said orthogonal code comprises a sequence of sign
changes and wherein the step of multiplying each signal sample in said composite signal by a
respective multiplication factor comprises applying a sign change to each signal sample according
to said orthogonal code.

25

43, The method of claim 46 wherein said orthogonal code comprises a sequence of phase

changes, and wherein the step of multiplying each signal sample in said Eomposite signal by a
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57 The receiver as recited i n claimb55 further conprisi rg\g - S

dei nterl eaver preceding sai d adder to group together. énal sarrpl 8™
corresponding to the sane information 30 synbol in saidr af éd v, /
i*nf or mati on bl ocks. [1 ""’“““‘“‘*««»«MM%” ‘

it U

a phase shifter for applying a phase change to each repeat of a given mformatmn e
block according to one of a set of orthogonal codes, wherein the number of repetitions of

the information block is equal to the length of the orthogonal code.

5 S51.  The transmitter as recited in claim 50 comprising a digital source encoder for

producing the symbols of the information signal as digital bits of information.

52.  The transmitter as recited in claim 51 comprising:
a repeater for repeating each bit of information produced by the digital source
10 encoder a preselected number of times to successively produce groups of repeated bifs;

a sign changer for selectively applying a sign change' to the repeated bits of each
of a number of successive groups of repeated bits equal to the preselected number of bits
in each group in accordance with an orthogonal code;

an interleaver for interleaving the sign changed bits from the preselected number
of groups to successively generate a number of blocks each composed of the different
sign changed bits of the preselected number of repeated groups and having a collective
sign change corresponding to a common sign change shared by all signed changed bits of
the block; and

a sign modulator for transmifting a signal modulated in accordance with the

20  generated blocks with sign changes corresponding to the orthogonal code.

53.  The transmitter as recited in claim 52 comprising an error correction encoder for
imposing error correction encoding upon each of the digital bits of information from the

digital source encoder.
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54.  Areceiver for use in processing CDMA coded signals comprising\: '

a receiver circuit to receive a composite signal including one or more
orthogonally coded information signals and to sample said composite signal at a
predetermined chip rate to produce chip rate signal samples, said orthogonally coded
information signals comprising repeated blocks of information symbols having a
respective multiplication factor applied to each repeated information block according to
one of a set of mutually orthogonal codes, the number of repeats of each information
blocks being equal to the length of said orthogonal codes;

a decoder to decode said orthogonally coded information signals by combining
signal samples corresponding to the same information symbols of a given information
block in different repeats of said given information block according to one of said

orthogonal codes.
55.  The receiver as recited in claim 54 wherein said decoder comprises:

a multiplier to multiply each said signal sample by a respective multiplication
factor according to one of said mutually orthogonal codes; and
an adder to add the signal samples spaced from one another by a distance equal to

the length of an information block to produce despread signal samples.

56.  The receiver as recited in claim 55 wherein the blocks are transmitted at a

preselected block repetition rate which results in a preselected repetition period; and
wherein the adder comprises another adder for adding the corresponding symbols

in successive repeated information blocks which are separated from each other by an

amount equal to the repetition period.

57.  The receiver as recited in claim 55 further comprising a deinterleaver preceding
said adder to group together signal samples corresponding to the same information

symbol in said repeated information blocks.
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£s to successively produce groups of repeated bits. Each repeat bit is changed in phase or sign by application
ge determined by a selected assigned orthogonal code associated with the transmitter, The sign changed bits are

interleaved from 4 num%er of such groups to successively generate a number of blocks, each composed of the different sign or phase
changed bits of the preselected number of repeated groups and having a collective sign or phase change corresponding to a common sign
change or phase shared by all bits of the block, The interleaved blocks then modulate 3 radio signal for transmission,




