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MULTI PLE.ACCESS COVMUNI CATI ONS SYSTEM AND METHOD USI NG CODE AND TI ME

Dl VI SI ON BACKGROUND The present invention relates generally to Code
Division Multiple Access 5 (CDMVR) conmuni cation systens and nore
particularly to radio communi cation systens such as cellular, satellite or
Per sonal Conmuni cati ons Net wor ks whi ch use both CDVA and Ti ne Division

Mul ti ple Access (TDMA) for transm ssion. IThe inventi on may al so be applied
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interfering signal having a different sign alternation pattern will not be
restored to rsysssipedndy aiso bk applied to other transmission media such as wireline Local

Area Networks where it is desired to support many simultaneous communications

10 links between subscribers on the network.

It is well known in the art that CDMA techniques may be used to transmit
many independent signals that overlap in the same frequency spectrum. CDMA
comprises coding information bits with a high degree of redundancy such that a
much greater number of bits, known as "chips”, are obtained for transmission.

15 The simplest form of redundancy comprises repeating 2 data bit many times,
but CDMA comprises further the pseudo-random alternation of the sign or polarity
of each of the repetitions using a code known to both transmitter and receiver.
Reception of such a signal comprises undoing the sign alternations using a local
replica of the code, and then combining the repeated bits using, for example,

20  majority vote. Since an unwanted, overlapping and potentially interfering signal
having a different sign alternation pattern will not be restored to repeated bits of like
sign when the signs are undone with an incorrect code, such interfering signals will
givé, in principle, a net contribution of zero to the majority voting process and will
therefore not cause errors. _

25 When other signals having incorrect codes give exactly zero contribution to
the majority vote process, that is, after undoing the sign alternation of a wanted
signal the unwanted signals have exactly half their repeated bits of opposite sign to
the other half, then such signals are called "orthogonal®.

Orthogonal codes may alternatively be employed for coding a block of N
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Telecommunications Industry Association (TIA) standard IS95 is an example of
using orthogonal codes to discriminate between different data bit blocks (the IS95
10 uplink) and also using orthogonal codes to discriminate between different

transmissions (the IS95 downlink).

Unfortunately, the number of available orthogonal codes for constructing a
set of orthogonal signals is limited to at most the number of chips employed in the
codeword. If a larger number of overlapping signals than that is desired, their

15  codes can not all be mutually orthogonal. Moreover, orthogonality is destroyed by
the propagation phenomenon, common in mobile radio propagation, known as
multipath propagation or time-dispersion. Multipath propagation results when the
path between a transmitter and a receiver comprises reflections from large objects,
giving rise to echos with different delays. Codes that remain orthogonal when

20  delayed or time-shifted with respect to each other cannot easily be constructed
according to the prior art. Muitipath echos that are delayed by one chip period or
multiple chip periods are normally referred to as "independent rays”.

Multipath echos of delay shorter than one chip period are not received with
one or more whole-chip time shifts relative to the unshifted code, but give rise to

25  another phenomenon known as Rayleigh fading. While such echos may only be a
fraction of a chip period, they can be delayed by several whole and fractional cycles
of the radio carrier frequency, which is generally of much higher frequency than the
chip rate and therefore of much shorter wavelength.

These echos may therefore combine constructively or destructively depending

30 on their phase, which can change rapidly due to receiver or transmitter motion.
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#+ 1/2 a chip period of an exact chip period delay multiple together to determine the
amplitude and phase variation of a representative ray with that exact multiple chip
delay.
Rayleigh fading, for slow speeds, can cause a ray to fade out for periods too
long to be bridged by time-interleaved coding or other countermeasures, causing
15  temporary loss of transmission for short periods and therefore errors in the
transmission of information. If the signal can be represented by several rays of
different whole-chip delay multiples and fading in an uncorrelated fashion, then the
chance of all rays fading out completely is reduced, and fewer errors result. Thus
multipath echos of multiple-chip delays can be beneficial in bringing about this so-
20 called "path diversity gain". Unfortunately, as has already been stated, such echos
have in the prior art had the disadvantage of denying the benefit of orthogonal
codes. |
If the chip period is reduced, there is a greater probability that echos will be
delayed by one or more chip periods and each chip period will encompass a smaller
25  number of echos in general. Ultimately, each individual echo or delayed path is
resolved when the chip period becomes sufficiently short, and since each ray then
consists of a single path, it does not exhibit the Rayleigh fading phenomenon.
Unfortunately, if the environment encompasses a large number of such rays,
receiver complexity to process the signal becomes excessive.
30 The U.S. military communications system known as JTIDS (Joint Tactical
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JTIDS, on the other hand, time-compresses each single codeword for transmission

in a single burst, and does niot employ a RAKE receiver to combine multipath rays.

10 - JTIDS is not configured as a network of base stati'oh each communicating -
with a plurality of mobile stations, but envisages a plurality -of autonomous mobile
" or fixed stations that communicate direct‘ly”With-'each-iithéf in pairs.
-7 - JTIDS is also not considered to be a direct sequence CDMA system that -
‘allows miany-iisers to overlap at the samé time in the same frequency channel, as the
15 32,5 orthogonal outer “code- does ot have the power to 'tblerite_ significant
~ permanently overlapping interference. Instead, it uses frequency hdpping to
minimize the probability of clashes with other users. It therefore belongs in the
class of frequency hopping spread spectrum systems and riot in the class of direct
sequence CDMA systems. o - .

20 Furthermore, JTIDS receivers do not envisage time-expanding received
bursts for processing as narrowband CDMA signals, using for example multi-user
demodulators such as interference subtraction or joint demodulation, but rather
directly process the wideband signal to decode a 32,5 orthogonal codeword to obtain
a 5-bit Reed-Solomon symbol. Indeed, as a military system, JTIDS maintains

25 - security by keeping the codes of some user groups or pairs secret from other
- stations, so that compromise of a code'woul& not compromise the security of all
communications. The security doctrine practiced by such military systems therefore
prevents or teaches away from the techniques of joint demodulation which can

~ benefit civil communications systems through making all CDMA access codes
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JTIDS transmts 32-bit 5 scranbl ed codewords, each carrying 5 bits_ of
i nformati on. aredescribed, vysqmmonly owned U.S. Patent Application No, 08/187,062, entitled
*A Method and System for Demodulation of CDMA Downlink Signals”, filed
January 27, 1994, which is hereby incorporated by reference. Itis explained therein
10 how a receiver can isolate and then combine individual rays using correlation. [f
the receiver cannot isolate and combine all rays due to complexity limitations, then
those that are not isolated and combined each represent a compiete copy of the
interfering signal environment, effectively muitiplying the number of apparently
overlapping interfering signals. Since any CDMA system places limits on the
15  number of independent overlapping and interfering signals that can.be. tolerated
without excessive transmission errors, unutilized echos cause a reduction in the
number of signals that can be transmitted, i.e. in the capacity of the system
measured in Erlangs per Megahertz per unit area.

U.S. Patent nos. 5,151,919 and 5,218,619, respectively entitled *Subtractive

20  demodulation of CDMA signals" and "CDMA Subtractive Demodulation® describe
novel means to increase the number of non-orthogonal CDMA signals that can be
permitted to overlap, by decoding the strongest of the overlapping signals first and
then subtracting it and its echos out before continuing to demodulate the next
strongest signal, and so on until a wanted signal is decoded. The two above-cited

25  patents by the same inveator as the present application and assigned to the same
assignee are specifically incorporated herein in iheir entirety by reference.

Using subtractive demodulation according to the three above incorporated
patents it can be shown that the amount of computation effort needed in a receiver
increases with at least the cube of the chiprate, if the CDMA system is exploited to

36 the full capacity of which it is capable. This means that the benefits of subtractive
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m |itary)eysiipechipRidl 6h the order of 10 MB/s; and 4) intetference subtraction, complexity
limited to low chiprates, for example under 300 KB/s. -
TIA standard IS95 specifies continuous CDMA transmission using a chiprate
“.- of “approximately IMB/s, and this falls between. two methods m being too
nafrowband to achieve the benefits of eliminating Rayleigh fading on the individual
15" rays while'being'too high a-chiprate;and therefore 100 Grierous for a low-cost, low-
power ‘obile station-to ‘achieve the-benefits of interference subtraction.
One method of extending the benefits of subtractive demodulation to higher
chiprates is described in commonly owned co-pending U.S. Patent Application No.
© 08/570,431 entitled "Réorthbgbnaliizitioﬁ of ’Widébgnd CDMA Signals”, filed
20 - December 11, 1995, which is assigned to the same assignée and is hereby
incorporated by reference. This application discloses despreading signals in signal
strength order to obtain narrowband signals, which are then notched out by
zeroizing a frequency domain component using a narrowband notch filter. This
- “technique is also used fo null out delayed echos of a signal and subtraction errors
25 by repeating the zeroizing process after first zeroizing other unwanted signals.
The aforedescribed re-orthogonalization 'ﬁrinciple applied by'way: of spectral
nulling is illustrated in Figures 1 and 2. In Figure 1, a receiver 100 downconverts
the received signal, if necessary to a suitable intermediate frequency. The
intérmediate frequency is then despread using the code C1 of the strongest signal
30  in despreader 101. The narrowband, despr'eéa signal is then nulled out in the
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PCT/ US97/ 02615 5 public. The RAKE receiver is the name given to a prior art
recei ver adapted to process signals received via several relatively del ayed
paths. Such a reception channel is known as a nultipath channel, and the
different paths nay be referred to 5 as7rays or echos. The RAKE receiver,
together with innovative variations adapted nore specifically to the
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resubtraction stage represented by blocks 107, 108 and 109, the residual signal can

be further processed to extract other signals, and later resubtraction of C2 and C1
10  for a third time. Indeed resubtraction of any or all of previously subtracted signals
may be performed to prevent accumulation of subtraction imperfections that hinder
the decoding of weak signals.
Figure 2 illustrates that some of the signal removal stages can be used for
removal of differently-delayed rays of the same signal by using a delayed version
15  Cl-y of the code sequence Cl,. Rays are preferably removed in descending signal
strength order. For example, assuming ray 1 of signal 1 is the strongest: received
ray of all; then it is despread in a first stage 91 using Code Cl,. The despread
components of the rays of the same signal (e.g., signal 1 ray 1, signal 1 ray 2, etc.)
may be fed to combiner 95 which may be, for example, a RAKE combiner, that
20  tracks the phase and amplitude of every ray and performs coherent combination with
the aid of complex weights to enhance the signal for decoding in decoder 96. Block
95 can alternatively be a selection combiner for selecting for decoding always the
strongest ray of signal 1, which, however, shouid always be arranged to be that
removed in stage 91 by using the appropriate code delay C1,, Cl,, efc. in stage 1.
25  Block 92 illustrates that rays of other signals may be despread and removed before
a second ray of signal 1 is despread, which is desirable if the other signal rays are
stronger than signal 1 ray 2.
Signal ray 2 is despread in stage 93 by using code C1 delayed by T, i.e., the
code sequence Cl,; where T is chosen to correspond as closely as possible to the
30  delay of the second strongest ray of signal 1 relative to the strongest ray of signal
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processing; however, the number of analog filters that ;:an' be pracucally included
in a receiver such'as'a mobile phone is limited to 2 much smaller number than could

10.  be afforded in a cellular base station fo'r'ethplé,' and so the technique is more
- practicable to the CDMA uplink than to the CDMA' downlink.
Another practical limitation of wideband’ CDMA for duplex commumcauons
" systems is interference between  own transmitter” and own recewer Such
interference may be prevented in narrowband FDMA, TDMA or CDMA systems
15 - by allocating a separate frequency or-freqdéncy band for transmission and reception
respectively by a portable phone; the transmit/recéive frequency allocations being
reversed at the base station.  The freqixency.shacing"betZWeeh transmit and receive -
frequencies is known as the duplex spacing. A tybicai'dupléi'spa(:ing used is 45
MHz. Unfortunately when wideband CDMA is employed, the duplex spacing may
20 - be insufficient in relation to the s1gnal spread bandwidth to prevent the transmitter’s
- spectral tails from extendmg into the receiver band and thereby causing interference.
The above deficiencies of IS95 and other CDMA systems in hindering the
respective benefits of wideband and narrowband CDMA systems from being
achieved simultaneously are overcome when practicing exemplary embodiments of
25  the invention that will now be described.

s RY |
-According to an exemplary embodiment of the invention; information is
coded and modulated for transmission onto an appropriate carrier frequency for

 transmission over the medium such that each signal is spread over a wide bandwidth
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subtract it8n einfonmation transmitted in said allocated timeslot, the processing mcludmg, for
example, despreading or decoding stronger signals first and eliminating them before
decoding the allocated signal. Successive information transmitted in corresponding
timeslots in successive frame periods may then be assembled and further processed
to reconstruct the original information, which may be a digital speech signal, for
15  example.

I N D
The foregoing and other objects, features and advantages of the present
invention will be more readily understood upon reading the following detailed
description in conjunction with the drawings in which:
20 Figure 1 is a block diagram illustrating re-orthogonalization according to an
| exemplary embodiment of the invention;
Figure 2 is a block diagram illustrating removal of delayed signal rays
according to an exemplary embodiment of the invention;
Figure 3 shows an exemplary transmitter suitable for use with the invention;
25 Figure 4 shows a receiver according to an exemplary embodiment of the
invention; _
Figure 5(a) is a block diagram of an exemplary CDMA subtractive
demodulator;

Figure 5(b) is a block diagram of a signal strength processor according to an



25 by . | the zeroi zing process after first zeroi gj ;

unwant ed @3@%‘29 The af oredescri bed re-orthogonali zati onigjr}&ﬁg%’&pﬁgs applied
by way of spectral nulling is illustrated in Figures 1 and 2. In Figure 1,
a receiver 100 downconverts the received signal, if necessary to a suitable
I nternmedi ate frequency. The internediate frequency is then despread using
the code Cl of the strongest signal 30 I n despreader 101. The narrowband,
despread signal is then nulled out in the WO 97/ 32413

PCT/ US97/ 02615 7 spectral domain by nul l®ng filter 102. The residual signal
I's then respread with code.C. in respreader :103-prior to bei-ng despread in
104 with codsecwplaryg ok of thegaxyention; b ¢ | ter 105 and respreading with
C2 in block 106. rélii de %gm H EabBWalsh Gany gonal i zation of the
signal with respelﬁl?&?o@gili{gn{l“?se?a% qjsu tras*cl.tl ng fgﬁ‘?’ agai n a conponent
that correl ates Figbre(lisad biockidiagram of sbteceivercichudinguart HR filter avcbrding

signals, is shown as,a second Cl spreader 107, second nulling filter for
Cl-correl atéﬂQ&*ﬁ@ﬂm§“@98"%ﬁ9&°g§@oﬁﬁe@f“iespreader 109. After the

resubtragtion st aﬂﬁu{ee@rsﬁéﬁ?faﬁ;kx@ﬁpﬂkf%& W%n kil P mansifissién bflual
signal can be furtHer processed to extract other signals, and later
resubt r act i anultipleGigrabsioCdlifférent timeslatsst hi rd tine. I ndeed resubtraction of
any or all of previously, subtracted, si-gnals may be perfarnmed tao prevent
accumul ation of s%fﬁ?‘?eaétsf‘ﬁws A femplary g’?ée flaue H'PWH&““ Yor transmission of

multiple signals on different timeslots and different carrier frequencies;

Figuré 10 shows an exemplary base station _fbr transinittihg multiple signals
10  on maltiple timeslots and multiple carrier frequencies and in different 'diréctionsﬁ
Figure 11 shows an exemplary receiving station fdr'i'écéiving muliiple signals
on different timeslots, different freqﬁenc':ies,' and i‘rom'diffé;eht directions; and
Figure 12 is a block diagram of an exemplary base station and mobile
 suation. ' | | o

' An exemplary system and “method in whxch the respective benefits of
wideband and narrowband CDMA systems can be achieved simultaneously will now
be described. | | |

Figure 3 shows an information input connected to a source and error codihg

20  device 10. Source and error coding may include sﬁéh conventional processes as

speech digitization using ADPCM, CELP, RELP, VSELP, or sub-band coding,

" convolutional or Reed-Solomon error correction coding, block coding, and bit or
symbol time interleaving. ' o : |

The digitaily coded output of source coder 10 is applied' to spread-spectrum

25  coder 11, which preferably uses Walsh-Hadamard bloék—orthogonal spreading

combined with scrambling using an assigned access code, according to the

aforementioned U.S. Patent No. 5,151,919, The biock spreading may be orthogonal

or bi-orthogonal. Scrambling may be accomplished by adding a scrambling code

to the block code using modulo-2 addition so that the coding is different for each



t he decodi wp®¥3283ak signals. Figure 2 illustrates that sonBCEUSPHR6LS gng|
-renoval stages-can be used for renoval of differently-delayed rays of the
same signal by using a del ayed version 15 Cl-[err] of the code sequence
Cllerr]. Rays are preferably renoved in descendi ng signal strength order.
For exanple, assuming ray 1 of signal 1 is the strongest received ray of
all; then it is despread in a first stage 91 using Code Cl[err]. The
despread components of the rays of the sahke signal (e.g., signal 1 ray 1,
signal 1 ray 2, etc, be fed to conbi 95 whi ch may be, for |l e

ma er exa )
2 RAKE conbl nsEnal e Brtemad apsss qodes PRy e beAk ssess, BORSTRCIEY ACORME and
per for s conejeiy scopjikfiaNaaNs 988 s endleh OMAAHR! Recksi Gbiing! for Naditr e

the signal for codi ng in decoder 96. Block 95 can alternatively be a
sel ecti on conGCommuricatioss], extiichn s lkevebydincoporatedbyagferenbe. st r ongest ray of

si-gnal 1, which, hgwever, shoul d,al s be arranged to be t renmoved in
s%age 5191 bé usi ng glﬂ’fga @I%W&Pé“cﬁﬁg"s&@g@ ZC%’EV‘["gET:'] 9‘0&?‘@{’@,"0@&“’0 ,
stage 1. TR #EEB) .
despread §nd P@frr%\glea %el%rtte&g secor?i raytg?éqse?gﬁa ’?&i S gespr%ﬁ?a\ﬁrgh S
desirabl e if tdrapressedrowsty e assgmblad bicdkrofrupdewotdaris sngradmresseg uRing& gnal

ray 2 is despread in sta 93, by .using code Cl delayed by T, i.e., the code
sequence Cl[eF‘FF’W%SS??&%ﬂ@ﬁg%gm?‘ WY § b‘§'§g§9‘bé‘§5‘ {4Pe to

ts??oﬁgest d?;?!g?f'gl{ehﬁgi&ﬁﬁtﬁﬂ Bufst E%%&Jﬂd% aHrid &did fle§hecl if né@sdalf,
ampliﬁec? to a desired transmit power level, and transmitted by a burst transmitter
10 14 through an antenna 15. To avoid the possibility of transmission interfering with
reception, the transmit burst is preferably staggered in time with respect to a burst
received in the opposite direction, such that transmission and reception take place
at different times. The antenna 15 may be switched from being connected to the
transmitter 14 to being connected to the receiver shown in Figure 4 by using a
15  transmit/receive switch 18. The transmit/receive switch is operated at the correct
times, and the respective processes carried out by elements 10-14 are activated in
the correct sequence under control of a burst timing controller 17, which may use

an accurate crystal oscillator 16 to generate timing control signals.
A receiver according to an exemplary embodiment of the invention is shown
20  in Figure 4. The receiver is preferably activated during an allocated timeslot or
timeslots in which a time compressed burst is received. Activation only during
allocated timeslots can provide the advantage of reduced power consumption at the
receiver. Received signals from the antenna 20 or from a transmit/receive switch
are filtered, amplified and downconverted by a radio receiver 21 to a form suitable
25  for digitizing using a complex AtoD convertor 22. Complex AtoD conversion may
comprise sampling the signal at a rate at least equal to its bandwidth and converting
each sample to a complex number representing the sample’s instantaneous phase and
amplitude. The complex number may be in Cartesian (X+jY) form or may
advantageously be in "logpolar® form according to U.S. Patent No. 5,048,059,

30  entitied "Log-polar Signal Processing”, which is hereby incorporated by reference.
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1. The d r7(’a35'4d13ray 2 conponent is fed to conbiner 95 before Being-filtered °

out fromthe signal passed to subsequent stages represented by bl ock 94.
Bl ock 94 can proceed to despread and renove other rays of signal 1, rays of
other signals, or to re-subtract conponents correlated with any of code
Cl[err], code Cl[err] or any other 5 code or del ayed code used previously
in an earlier signal renoval stage. W and re-orthogonalization according
to the above disclosure can be carried t by analog filters which are |ess

power - cansuni ng Lhaital signal . esslng: honeyer . ' of
analog filters tﬁgﬁyc ’ gé%’%c%%?@@%ﬁ@%% °Pﬁ&§¥°$§82f‘€§r &'és&@ﬁ{egs a
nobi | e phongeckive | tiniéslot s idetezmified bysthelbugst cohtblisr 170aThes) thel rek@iver by
afforded in a cel]ular base statjion.for exanple, and so the technigue is
more pract i besslectivalnacEvaeffo Teoeive fe HBPrCPMPeRed COMROAHERH RNy St e

practical |jnj h O OdiotM FRP 5 e B Aoohiie i 'é'r’fc'afgémﬂ'-' i aAd d ens is
i nterferenc g%l;%éﬁr%‘eo%t't?géﬁsm £ er' and l"f(z)’f/jvnhl_lmrlec_e._|-_ve.r. @# gﬁ:ﬁeﬁﬁ?ﬁ@rence
may be Brevegbufst memorgideviod 20 drdrioMbichlthbican beteveddiyearl€DNIA prbgessor
allocating a separate frequency or frequency-band for transm ssion and
reception rgépect ively by a portable phone, the transmt/receive frequency
al | ocati ons bein Stei%o@bt EDM. bt W the Strdcti V;?N‘l Iﬁ.g@é‘s

bet ween transm t aé%yr ece%@?‘?gﬁﬁ’i‘?‘%@??%&% as_.cls'ﬁg up?A X spgéc}?ng. A
typi cal dupldislosehin thg aferethentiosd #tarpotdtedopatemni(6lS, Ratent Nosd SHEFIGOYDMA i s
enpl oyed, the dupl ex spaci y.2Q .be insufficient.in relation to the
signal spre&fd QM@M&@?’WM 81"%1’%‘?’&?75%0{4%}0 gpum&y&ecodeaco&ed |

10  information signal embedded in’ many other overlapping signals making up a

received composite sighél, a radio receiver cprréla’tes a uﬁique code corrééponding
- to the signal to be decodéd'with the cb_r'nfaosiié Sighal. After each information signal
# is decoded, it is recorded and removed from the composite signal. As a result,
subisequent corrélations of other information sighals in the received cdmposiie signal
15  canl'be performed with less interfereénte, and therefore, with greater accuracy.
The ‘subtractive demodulation technique is enhanced by ‘decoding the
composite signal in an order of the information signa'ls't.'fo'fh strongest to weakest -
sighal strength. In other words, the strongest signal is correlated and removed first, -
Interference caused by the presence of the Stfdnfgést"'inf'ormaﬁbn signal in the
20 composite signal during the decoding/correlation of weaker signals is thereby
removed. Thus, the chances of accurately decoding even the weakest signal are
‘greatly improved. - The remainder Sigﬁal after subtraction is iteratively processed
* until the desired signal is decoded. ' _' | |
Figure 5(a) shows an exemplary embodiment of a subtractive CDMA
25  processor. 'In Figure S(i) a 'multipliéity 6f coded signals 6ver15.pping in the same
communications channel is received at the antenna 126 as a coniposite, RF signal.
The demodulator 128 converts the received RF siéhal to a convenient frequéhcy for
-processing. Such 5' con'vefl_icnt' frequency may, fo_r 'éxamp'le. lie around zero
frequency (DC), and the composite signal ‘may consist of complex factor
30  components having real and imaginary or I and Q components.



spectral tWO/RABM extending into the receiver band and t h€CEHBYFREY ng
-interference. :-The above deficiencies of 1595 and other CDVA systens in

hi nderi ng the respective benefits of w deband and narrowband CDVA systens
from bei ng achi eved sinmul taneously are overcone when practicing exenpl ary
enbodi nents of 25 the invention that will now be described. SUWARY
According to an exenplary enbodi nent of the invention, information is coded
and nodul ated for transm ssion onto an ap‘é’ropri ate carrier frequency for
oaor e " ey b7 hBre eiel pioceming Block 190 et A 'a he SBAe Behener 18
PCTI US97/ 0261g da@RGOUSIel Gifthe st sifhal PGE GHidaIALER! Wit the 3pdiffic oddeTo A1
signals. In addition, each transmtter tinme-conpresses the coded signal for
transm ssi on belsst by tliengodel geneziten] 182 rie the fissti dats processinigy blogk r Hifemay rbg

franme periods. _An ex | ary.receiyer .recei,yes a conmposjite, signal gonprisin
many O\F/)er'l appm 6&’%&%5‘ Pé”ﬁ%f@ﬂ'&?dmv E!’&rqr}ﬁﬁr 0 thﬁ“?@&ﬁgﬁ%cei vg
timesl ot sst 0 p&fepi®istided 8R Hhhl s'i@ngmcmpﬁ daf sbdpiRbof te dgrd mg{dngggp' ex

nunerical sanples representative of The recelfved, conposite sign

each timesl ot theKloepositp signalrmanthei desdctedabypa signalr stres gthr procéssora 138, awecas e

merory a0 27 rolfiER S88R Lo niRorfial HB5AL FligRh S5ERRR! o e ontBE P b ke
systems, if the mobile switching center (MSC) or the base stations (BS) monitors

the probable or actual signal strengths of each mobile telephone communication,
10 either the MSC or the BS may perform the tasks of the signal strength processor
129,
In an exemplary signal strength processor 129 as shown in Figure 5¢(b), to
detect a signal strength, the total composite signal received is squared in a multiplier
70 and integrated in an integrator 71 over the number of chip periods in a bit
15  period. A bit clock signal determines the integration interval. A square oot circuit
72 determines the root mean square (RMS) value of the composite signal over the
bit period. .
At the same time, the residual signal is received in a multiplier 73. The
residual signal comprises the total composite signal minus any prior decoded signals.
20  The residual signal is multiplied by a spreading code generated by a local code
generator 74 of the signal to be decoded. The correlated output signal from the
muitiplier 73 is also integrated over the same bit period in an integrator 75, as
controlied by the bit clock signal. The average or integrated voltage value over the
integrated time period may have a positive or a negative polarity. Thus, a bit
25  polarity decision device 76 detects the signal polarity and transmits a signal to an
absolute value device 77 which insures that the sign of the integrator 75 output
signal, delayed by a delay 78, is always positive. The absolute value device 77 may
be, for example, an inverter controtled by the bit polarity decision device 76.
The absolute value of the average correlation signal (B) is divided in a
30  divider 79 by the square root of the RMS value of the total composite signal squared



10 information transmtted in said allocated tineslot,

i ncludi ng, for exanple, despreading or decoding stronger signals first and
elimnating them before decoding the allocated signal. Successive
information transmtted in corresponding tineslots in successive frane
periods may then be assenbled and further processed to reconstruct the
original information, which may be a dig4tal speech signal, for 15
exanpl e. BRI.EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng. and ot her objects,
f eat ur es” and(Afy fomthessamedbit pérdod) i gentirate visTtnalizéddlbe. Dén Dt warasl thi
under st ood upon _readi ng the foll ow ng detajled description in conJunctlon
with the dravRrFRRHAnSUEREWP! thedecoded signal i nosmalized by dividing it by dheeral

illustratin a L rent of
e rvant | cosoRil BRGAR o 4 i TP BRr'bR Behy SHENSHRURRY SERARRRE! 0L
signal rays teadecodesignalas aceemplatedyinerbighalnavetagéf. 80hsver v frdbernof bitgure 3
shows an exenpl ary transmtter suitahle for.use wi.th the invention; 25

Fi gure 43 sholEFods rOcBENFRRe 2 EDativs ean srengthicfas| that, decodedsignal. oPue He

domodul at or | HAFRT g of e e, ok At utioe B i GEROY shobtl Bhopiti hACC 07

accor di ng t oomthe order of about ten in ‘order to determine an accurate average srgnal strength

despread ¥lofpgpre a designated one of said overlapping sh&P bt ai n‘
prtoce35|

of the demodulated signal. ‘Each local code is stored i m a ‘memory 81 along with its
associated average stren'gth value. A sorter 82 compares each of these average
10 srgnal strength values and sorts them from strongest to ‘weakest. At that pnint the
sorter 82 transmits the local spreading.code of the strongest signal to the local code
generator 74 so that the strongest srgnal is always demodulated and extracted at the
L next data bit period. Lesser strength signals are- demodulated in' order of signal
-strength as determined by the sorter: 82. The sorter 82 ftmcttons may be readily

15 n'nplemented by a mtcroprocessor ustng a software sortmg program.

Because the stgna} strengths of the. multiple mobtle stations in a cell are
constantly varying, linear predrcttve analysis (LPA) ma_y_. be advantageously_ utilized .
to reorder the signal strength priority. ‘In general terms. a historical model of the
relative signal strengths is stored in 2 memory and used to extrapolate which signal

20  is most likely to have the greatest strength at the next instant in time. LPA
postulates that the next value of a waveform will be a wetghted sum of previous
values with the weight coefficients to be determined. The known Kalman filter

- algorithm may be used to |mplement this analysis. In thts manner, the strongest
signal may be predicted effectwely without having to actually perform another

25 sequence of signal decodingand measurements.

If the signal strength processor 129 determines that the actual results of the
decoding of the composrte signal and signal strength pnortty sequence is in error
because of an inaccurate prediction or because system conditions have changed, the
signal strength processor 129 reorders the code seduence"to reflect the actual signal

30  strength order. Subsequently, the demodulation process may be repeated to insure
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- 10 exenpl.ary enbodi nent of the i nvent i on; Figure 6 illustrates an M point
Fast Wal sh Transform Figure 7 is a bl ock di agram of a receiver including
an IR filter according to an exenplary enbodi nent of the invention; 5
Figure 8 shows an exenplary base station transmtter for transm ssion of
multiple signals on different timneslots;i¥igure 9 shows an exenpl ary base
station transmitter for transmission of nultiple signals on different
timeslots andmadtﬁefmdwmuauymm sifnals| o thei compolitegtigral ke deanded dm thexarded ar y

base station for tran mtting multiple signals 10 on nultiple ti slots
and nul ti pl eogwgrm fleast signal; stengthe URFesaldP@%F‘?‘cfﬁ?Rtmw Qs 1

shows an exe I I
different ti Hngg?\gt S aﬁ%ﬁ‘u}ﬁg@ggﬁ@?éﬁggﬁgﬁ%gﬁ ang #rom h es?%t%!thg?r%éﬁ]ons
and Figure 1250 én a)etprocds.ﬂdgd:godm«tﬁ asrshewn nip [Figure 5¢aye ‘Eltaadelayl lﬁﬂchaydbn l e

t at DETAI L D SCRI PTI O\| A
zygt Ie(r)nnaﬁd IRy Rn MARAEYK dE%icEes plopseaue & Compagite nﬂﬁxgﬂ% “od

3222?}"’3239‘ CriYbospectiveliPreproteiied bt B Gt 'o}ﬁ’é?ed?%ké{dxﬂt zi dEteMhingd.

By correlating the output signal of the first code generator 132 with the
composite signal received at the correlator 130, an individual signal corresponding
to the first code is extracted from the composite signal. The correlated signal is

10 filtered in a low pass filter 142 in order to reject interference generated by noise and
unrelated signals. Instead of the low pass filter 142, a n;ajority vote circuit or an
integrate and dump circuit may be used to reduce or despread the bandwidth or bit
rate of the correlated signal. The output signal generated by the low pass filter 142
is processed further in an error correction decoder 144 which finally reduces the

15  signal bandwidth or bit rate to the underlying digital information. The decoded,
information signal may undergo additional sighal processing before it r;aches its
final destination. .

The error corrected output signal is also applied to a recoder/remodulator
146 to reconstruct the waveform of the signal just decoded. The purpose for

20 reconstructing/recoding the decoded signal is to remove it from the composite signal
in a subtractor 148. A delay memory 150 stores the composite signal for thé
processing time required to first decode and then reconstruct the first decoded
signal. |

The residual compasite signal, from which the first signal has been decoded

25  and subtracted, is passed from the subtractor 148 to the input of a second digital
processing block 140* similar to the first block 140. The only difference between
the two digital processing blocks 140 and 140' is that the code generator 132 is
programmed to match the code corresponding to a second signal to be demodulated.
In a preferred embodiment, the second signal to be demodutlated is the signal having

30  the next greatest signal strength. Those skilled in the art will recognize that the



Figure 3 gjepygsaag3 | nformation input connected to a source gRgh.elhok<Ccodi ng
20 device 10. Source and error coding may include such conventlonal

processes as speech digitization using ADPCM CELP, RELP, VSELP, or

sub- band codi ng, convol utional or Reed-Sol onmon error correction coding,
bl ock coding, and bit or synbol tine interleaving. The digitally coded
out put of source coder 10 is applied to spread-spectrum 25 coder 11,
whi ch preferably uses Wil sh-Hadamard bl ggk- ort hogonal spreadi ng conbi ned
with scranbling using an assigned access code, .according to.the

af or ement i oryesbrid. SignaPPredsiiie bldek 10D M- beT fipleessd %Prreaﬁsne u¥BYof e

orthogonal or bi-orthogonal .’ Scrambling nmay.be- acconplis hed by adding a
scranbl i ng diralesigaal; praCessingk ’@sﬁéwsmngfdﬁbd@ulauﬂﬂ é’éﬂllcﬂﬂﬂﬂl hgrdware: The

codi ng is di; e /

PCT/ US97/ ozé%&@u %}%MP CH"T‘%S&EF Hogt af’%%‘&gs 253end, docqded, signal from the. oo
const ruct ed erfR@osreddort decddér 1432 1and subiactsta &Eans&&ztedesscbhd SignalMibmithé ©
Access Codi ng for Radi @ Comuni cati ons", which is: ereby i ncor porated by

ref er ence. %’5@ campesite fignab s sublragios d i) cEhayresidiale Foposiiersignal awitle ode
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i's time-conpressed will b@ appreciatedotat es3ey élémemd ofipiki EDMA ubtractive
radi o-frequency carrier usi-ng a burst nodul ator = -

demodulator !S that the sequence of demodulanon and extractxon of individual

| mformatton sxgnals is m the order of highest signal strength to lowest signal

10 strength Inmally, when the compostte signal includes many signals, the signal most

lxkely to be detected accurately is the slgnal havmg the greatest signal strength.
Weaker sngnals are less hkeiy to interfere thh stronger signals.. Once the. strongest

: sxgnal is removed from the compostte signal, the next strongest signal may be

| mdtly detected without havmg to' account for the interference of the strongest
15 s:gnal. In, this fashton,_ even ‘the weake_st signal may be accurately decoded.
‘Because of this enlianced decoding capability, the CDMA subtractive demodulator
performs sattsfactonly even with a significant increase in the number of users

- typically handled in convermona) CDMA systems. Thus, increased capacity is
~achieved. . . - .

20 The preferred type of subtracnve CDMA process comprises eliminating an
already decoded sxgnal by nulhng ina spectral domain, such as the Walsh spectrum
domain. This may be accomphshed using a Fast Walsh Transform circuit according

to U.S. Patent No. 5 357 454, entitled “Fast Walsh Transform Processor", which

is hereby mcorporated by reference.. _

25 ‘A Walsh Transform is a mathematical operatxon that converts a set of M=2"
" numbers to anothel_' set of M numbers by adding and/or subtracting them in
predetetmined sets of eOmbinations Each. set of combinations comprises, in
essence, a summation of all M ongmal numbers but with their signs selected
according to a respectwe predetermined pattern. M different sets of combinations.

30" can be calculated that correspond to M predetermined sign patterns that have the



13. The nmoW&%¥B243burst is then converted to a final radio PFERISEHESLS f
.necessary, anplified to a desired transmt power level, and transmtted by
a burst transmitter 10 14 through an antenna 15. To avoid the possibility
of transmssion interfering with reception, the transmt burst is
preferably staggered in time with respect to a burst received in the
opposite direction, such that transm ssiop,and reception take place at
different tines. The antenna 15 nay be switched from bei ng connected to the

transmtter 14edifd d‘iﬂlﬁl cej s ' :

using a 15 trants’ir%n'e? Pee@?)\?/gy&fsn% c g&ﬂﬁ, Sfﬁé’ W%e%@ 5%%%@}19%/%
operat ed at t bthershawsdike signssin eaactly latf the ppsitions/amdamdike sigas irctherotlent halft by
el enents 10-14 are_activated in the correct sequence under, control of a

burst timng contr F&“‘Hﬂ?@ﬁﬂé‘lﬂ'%? @5@%@@%&%§%W§i@?‘%@@ﬂ%§%r 16
to generate tiH@d&ﬂ:ufd?i&Brd?lM%Pgﬁs ag\% féﬁc\%ﬁﬁ’negﬁntﬁﬁccgfcglaﬁ%nto‘?ﬁﬂ ;e I’E‘Ey

enbodi nent of the 1 nvention 1 gure e recelive
pref er abl \§ acand d KdMW2) idifferenmces) vhichtisd significdnt reduction inetheaiismben offaddh a

time conpressed, byrst is r ' Actjvation only, duysi, al | ocat ed
L mesi ot candi it ReR it i by 0wl a s s lusrind 1or 2 genemt

recei ver. Recgj. ?"\W : - r Lk /, ive
switch are fiﬁ re(tj, anﬁﬁpgﬁﬁggggmgﬁ?e‘@g?:bgt @Wrged%ﬁ re%%?&%a?qgél to
a form suit abFAWPbas a stouctutiegeminisaeqt ofsthe ast Fooript EransfooD, emhbaeth algorifitms
Conmpl ex At oD conv Lon may conprise sanpling the signal at a rate at | east
equal to its B%H%iif‘ﬁwﬁnd converting each sanple to a conpl ex nunber

representigng the sapiiRistrated ShaPgARe 8 Sand BAR ferf ErudtiRd if&#@ﬂnyi-ﬁgeo@tofﬂék@x
nunber may be in Cartesian (:X+ formor nmay advantageously b€ In
"| ogpol ar" f ocombinations wgmpsises 3 pracassor Nor genemBng®S®, Walsh Transform by
substantially simultaneously calculating M combinations of M input values wherein
M=2" and the input values are two’s-complement binary values. The processor
comprises N stagés electrically connected in sequence, wherein each stage comprises
15  a criss~cross netw_ér__k of M _conduétors .electrica_l'ly connected in a predetermined
pattern to a set of M/2 butterflies, each butterfly comprising means for calculating
asumand a differ_ence of two respective values presented by its respective criss-
cross network and presenting the sum and difference to respective conductors of the
next stage’s criss-cross network. The input values are presented to the criss-cross
20 network of the first stage serially and least-significant-bit first, and substantially
synchronously therewith, the Walsh transform of the input values is serially
produced by the butterflies of the N-th stage. _
In addition to 'the Subtractive CDMA processor, the RAKE receiver,
described above, is another CDMA processing algorithm which can be.employed
25  with exemplary embbdim_ents of present invention. A RAKE receiver uses a form
of diversity combining to collect the signal energy from the various received signal
paths, i.e., the various signal rays. Diversity provides redundant communication
channels so that when some channels fade, communication is still possible over non-
fading channels. A coherent CDMA RAKE receiver combats fading by detecting
30 the echo signals individually using a correlation method and adding them
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PCT/ US97/ 02615 12 Converted, conplex numerical sanples are coIIected during
a designated receive tineslot as determ ned by the burst controller 17.
Thus, the receiver may be selectively activated to receive the

ti me-conpressed conposite signal only during a selected tine slot. The
converted, conplex nunerical sanples arggthen stored in 5 a burst nenory
devi ce 23 fronlmhlch they can be retrieved by a CDVA processor 24. A

preferred t % lmrmegﬁﬁ@rmgaf is the subtractive CDVA processor
di scl osed he af orenentioned incorporated patents (U.S. -Patent Nos.
5,151, 919 and 5, Inne1frm pgthﬂa%lﬂae@cwm reotwslation cvalues of ther signature
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and remdved SEm@edtta o Heotambines ontpyt. Wheny e@gdiest arstublseqnsntrelanones ations
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subtracti ve oieroehd of ithe tippehndalage line Qliﬁl&lwgﬂed)!uﬂeﬁofﬂlw ke give the
combined signal value for a parnCular information symbol penod This is
effectively sampling the output of a complex finite impulse response (FIR) filter,
10 - whose coefficients are the weights which are referred’ to as the RAKE tap
- coefficients. ' o '
The conventional RAKE filter was des1gned however assummg whlte noise,
-+ and does not work well when the noise is colored. Accordmgly, the conventional
RAKE filter is not an optimal solution for a mobile recewer which receives a
15  significant amount.of noise wluch is. colored by the channel
Figure-7-shows a-block diagram of an lmproved RAKE receiver described
in the above-incorporated U.S. Patent Apphcatxon Sena! No 08/ 187 062 which may
be used in conjunction with the present invention. The receiver detects CDMA
signals in the presence of colored noise. This is accomphshed by replacmg the
20 conventional RAKE FIR combining filter with 2 more general filter, for example
an IIR filter. The general filter is also provided ‘'with tap locations and tap
coefficients that are optimal for the CDMA downlink case. éptimiiation is based
- on maximizing the signal-to-noise ratio (SNR) of the detection statistic, taking into
account that the pre-channel noise is colored by' the same channel as the signal
25  channel. These filter parameters can be determined as a function of communicatioh
link parameters. Alternately, the filter parameters can be determined directly using
an adaptive filtering approach, eliminating the need to.'direc':tly estimate the link
parameters. | ' | .
In Figure 7, a received radio signal is mixed down to baseband and sampled,

30 for example, by mixing it with cosine and sine waveforms and filtering the signal
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chances of accurately decoding even the weakest signal are greatly
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processing blggk Jiifh TRY¥s e IR filter output to determine which information signal is
detected. A coefficient computer unit 205 is used to determine the tap coefficients
10  for use in the IIR filter 202. This includes estimation of the channel taps and noise

powers, or related quantities.

Another advantage of the inventive combination of CDMA and TDMA by
means of timecompressing a narrowband CDMA signal to form a wideband signal
arises in the context of systems using only .a .single frequency band for

15 communications in both directions. If transmission is compressed into a first
fraction of a recurring time interval, reception may take place in a second non-
overlapping fraction of the time interval thus constituting a time-duplex system
whereby alternate transmission and reception take place at the mobile station and
base station. The base-station’s receive periods can be arranged to coincide with

20  mobile transmit periods and vice-versa. Time-duplex in the same frequency band
has the characteristic that the propagation path is likely to be reciprocal if
transmission follows reception very closely in time, for example, within 0.5mS.
Thus, the RAKE taps just determined for reception and their historical values from
previous reception periods can be processed to determine a precompensation of the

25  transmitter waveform that will provide enhanced communication possibilities taking
into account information about the channel gleaned from the receiver.

Those skilled in the art will appreciate that the present invention is not
limited to the abovg-described CDMA processing techniques, but that many other
CDMA processing algorithms can be employed with the present invention.

30  Exemplary embodiments of the present invention, by buffering a TDMA/CDMA



sel ect ed | ily, in a preferred enbodi nent, the ordepdriisdhi t he
codes areﬁg%b%g{?]erat ed is based on signal strength. The S&anaﬂ?s-&ength of
t he signals making up the conposite signal can be detected by a signal
strength processor 129, or can be predicted based upon historical nodels of
signal strength. In the context of cellular systenms, if the nobile
swtching center (MSC) or the base stations (BS) nonitors the probable or
actual signal strengths of each nobil e tygl ephone conmuni cation, 10 ei t her
the MSC or the BS may performthe tasks of the signal strength processor
129. In an exagPhghy tie Sedlo tzaqﬂ%:h&ﬁwsﬁa&%ﬁ&@c%&f&@m“ ¥ peroringdfif S(D) .
to detect a signal éSlt r_ength,rft he total conposite signal .r ecellsé\?/gd ?g 'gquar ed
in a multiplasmiterablock ni2e pravide the significant gdvantage7 of enablinghthentective of
chip periodsgu bit 15 . period.. A bit clock signal determnines the

i ntegration ‘FPM\PJP@S%“%&ﬁPE“&oW E\%WEGiMQ wi‘é‘g%ﬁkﬂ%@?ﬁ?ﬂ?‘wtﬁ%an
square (RVE)a¥aritens ndrfgllf O5MY Shrabricabe" 3or %Xﬁbwahﬁl" afd CHMX gl e same
time, the res#%afh Si gnal ?_s._ 'rg_c%i___ve%bi namltiplirer 73. 'I%%ﬁ;égodhgl

si gnal chnprimplemented also or bighichiprate CPM#asignalsus any prior decoded

genorated by a | RARMHSHHE e hEARagr ol bt yestiof BErBEnsoRyiCifa
correl ated oplcivér progesing fctiallpdnérehdel P icOipleRity wifl M0ehsttROEaeesE Muer the

sanme bit period in an integrator 75, as controlled by .the bit clock signal..
The average ehipiraieewiliecouthogd.-age val ue over the integrated tinme period may

have a positive Of, a I | pelarity, Thus,  a,hit. 25 b arni: I sion .
device 76 det ect's%frgléqg‘?ghg\%gﬁg ac?ﬂ{ sy'yfasf@l}’;i r%'r?@ﬁgtéergég?"gdﬁgia?thé%ﬁg %%
10  processed increases in direct proportion to the chiprate when continuous CDMA
transmission is employed. S .

Second, for a given amount of time dispersion in the prbﬁdgatiori channel,
- the number of delayed rays that must be processed using, for éxar’nple', a RAKE
receiver increases in direct proportion to the chiprate. =
15 <% " Third, if the chiprate; and thus-occupied Bandwidth, is increased, the number -
of overlapping'*'-'%iéna'is: ‘to be processed- incréases in direct proportion to the -
bandwidth in order to maintain the same efficiency of spectral utilization. Together;
the above three reasons can lead 1o an 8-fold increase in receiver complexity every
time the chiprate is doubled. o
20 - Although it can arise that the number of significant 'rAys'Hue to delayed
multipath that have to be processed does not increase indefinitely with an increase
in chip rate, and indeed levels off when the benefits of individual ray isolation have
been achieved and the isolated rays are no longer Rayleigh fading, the number of
isolated rays varies significantly between different riral and urban environments.
25  For cases in which the delay spread from '-wliest:fay to latést echo is many chip
periods, but the number of significantly strong echos in between the earliest and the
~ latest is manageable, thére would be advaritages in increasiné the chip rate in order
to resolve individual rays to thus eliminate the Rziyleigh fading on the rays.
However, if the capacity advantages of interference ‘subtraction are desired, the_
30  complexity of the receiver is increased due to the number of overlapping signals to
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-out put signal, delayed by a delay 78, is always positive. The absol ute

val ue device 77 may be, for exanple, an inverter. controlled by the bit

pol arity decision device 76.- The absol ute val ue of the average correlation
signal (B) is divided in a 30 divider 79 by the square root of the RMS
val ue of the total conposite signal squar%d WO 97/ 32413

PCT/ US97/ 02615 14 (Alerr]) for the sane it period to generate a normalized

hor el i zed by PepeBiREand AbsEaRleC! Fie Bimies o Hims S bl 508 Bloct B Bheey 1 o1
that bit perijpgreases SviR@ dBRVEmRMaL Qohihidus DM isfeﬁ:pflkwt;ead agsifg thedinveftive

accunmul ated in a signal averager 80 over a nunber o it 5 periods to
generate a refimeicomprassed s {FDMbA  thybrid dogherael areprding  oueexemplary

brobably be. cymgimeted or e iilenuod helevi s EABRLe § ingieandCilehfel uR It
aver age sfgnaby filnecgiprestiont Withale iiciedshigetie aumbat of Cipior sigadl sanipesi that

stored in a nenory 81 along with its associ ated average strength value. A
sorter 82 condIKELYCEhahHPrOCABN aNPELEge 10  signal strength val ues and

f?;ﬁén;[ Pgmt L;OP0§;Wspr ea‘d'i%ﬁ%v@g%g?%fm? heet &%ﬁrbbﬁglegﬁ ’séé'gﬁsm [E)q{aﬁngoocbﬁ
code gener at ofccéthnioiatedain thee wider RGAERAALE 18 Ndrter So MM spsertdl ludiligstioand
extracted at 1 %iency does not result in an increase in the number of overlapping signals, as the
10  additional signals are accommodated in other, non-overlapping timeslots that the
receiver does not need to process to decode only its own designated signal. Thus
two of the above mentioned factors that normally increase the compiexity when
chiprates are increased are avoided by using the inventive CDMA/TDMA hybrid
according to exemplary embodiments of the present inveation.
15 A further technical advantage of exemplary embodiments of the invention
arises in relation to an aspect of receiver design known as channel tracking.
Channel tracking refers to establishing at the receiver what phase change and
amplitude attenuation the propagation path has applied to each of the rays, so that
they can be combined coherently. If the rays exhibit Rayleigh fading, the phase and
20  amplitudes are continuously changing in a random manner and at a speed determined
by the Doppler shift determined by the relative transmitter to receiver velocity in
wavelengths per second. For radios installed in vehicles moving on the highway at
100 km/hr and operating at wavelengths of 15 cm, each ray can be changing
completely at a rate of 280 times per second. It can be technically complex and
25  costly to produce a receiver that faithfully tracks many rays changing at such rates.

Using conventional continuous CDMA, it can also be difficult to separate
changes in phase of the signal caused by the underlying information bits at a rate
of 2.4 kilobits per second, for example, from the changes caused by movement,
when only a decade in frequency (i.e., one order of magnitude) separates the



next dat awldys Eﬂ gi od. Lesser strength signals are denodul gicafusevossrger of
signal strength as determ ned by the sorter 82. The sorter 82 functions may

be readily 15 i npl emented by a m croprocessor using a software sorting
program Because the signal strengths of the nmultiple nobile stations in a
cell are constantly varying, linear predictive analysis (LPA) may be

advant ageously utilized to reorder the signal strength priority. In general
terms, a historical npdel of the relativd S|gnal strengths is stored in a
menory and u,sdto ext r apol i's nost Ilkel¥to havethe
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conposite signal and si stren prlo Ity sequence IS In error because
of an i naccuansk at plee&amet time, of tlEedapsatesyssmeMenough,tmerfastrﬂamelghefa@egl t he

2ctual s gnaoduBST B 280 Yt by ey eORERE Ry Ha Y SPst ocess
gﬁc}ll_/ B g 9r7 /egggﬁt%ﬂgéﬂn thé h\iﬁamncé/\ﬂr@a{sfﬁﬁiﬁnce of rays due to shadowing or to.objects
much larger than one wavelength coming in and out of the picture. Thus, the
10  inventive use of time-compressed CDMA can doubly benefit the operation of a per-
ray channel tracker by simultaneously increasing the information modulation rate
_ while reducing the fading rate and thus obtaining the desired at least two decades
- .. of spectral separation. .
.- Reference is made to the patents.incorporated by reference above. for more
15  detail on the type of processing CDMA processor 24 can perform on the digitized
samples stored in.memory. 23, and on.the operation and use of channel trackers in
coherent demodulation.or combinin_g of. independent multipath rays. _
- Referring again to Figure 4, after the CDMA processor 24 has completed
- processing a signal burst comprised of one or more codewords in any of the ways -
20  described above (e.g., RAKE with a channel tracker that does not need any longer
to track fast fading, subtractive CDMA demodulation, etc.), its demodulated output
is passed to an error and source decoder 25 that performs the inverse process of the
.. source and error coder 10 of Figure 3 and may. inciude well known processes such
as time deinterleaving, convolutional, Reed-Solomon or block error correction
25  decoding and speech decoding using, for example, 2 RELP or VSELP or a simpler
algorithm such as delta-modulation or ADPCM in order to reconstruct an analog
speech signal. The coder 10 and corresponding decoder 25 may also or
alternatively code digital or text data for transmission, or may code video stills, fax
. images or moving pictures using digital TV compression algorithms such as JPEG
30 or MPEG, or multi-media combinations of text, sound and images. All such
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signal just deco ed. The purpose for reconstructing/recodi ng the
decoded si gnbg tiagsmaigted dnoa givien timeslott hIhecsxgmbl addedllgrmlly one addegbiy awt or

148. A ?8 | aydxggn uz%e& %9 h%\tn%rg%een pm%osrﬁgé}?urﬁ g cdq{}s?nlg a (?munct Spread spectrum
access code. The outputs of the adders 35 are fed to a time-division multiplexer 31

where they are time-compressed into their designated timeslots in a TDM frame
period. The multiplexed output signal is then modulated onto a suitable radio
frequency carrier using a modulator 32 and raised to a transmit power level by a
1S  transmitter 33 for transmission via an- antenna 34. The antenna 34 may, for
example, be one of three sectorized antennas arranged around an antenna mast such
that each radiates energy in an approximately 120 degree sector. ‘Figure 8 also
illustrates at 37 the appearance of a time-multiplexed and modulated signal having

8 timeslots, indicating that the power in each slot may be different.
20 A person skilled in the art will recognize that the output signals from the
. adders 35 are no longer necessarily binary or digital signals but may be multi-level
or analog signals. Because it is simpler to time-compress digital or binary signals
using a memory, a person skilled in the art will readily appreciate that the order of
the adders 35 and time-multiplexer 31 may be reversed so that time-compression and
25  multiplexing takes place on signals while they are in the digital domain, and then
adders 35 can add the time-multiplexed signals in desired power ratios to form

multi-level, time-multiplexed signals.

If the number of signals transmitted using the same spread-spectrum channel
bandwidth is M, and the number of timeslots is N, then the number of overlapping
30  signals in any one timeslot is M/N, the reduction by N removing one of the
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bl ock 140. The only difference between the two digital processing bl ocks
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enbodi nent, the second signal to be denodul ated is the signal having 30
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a reconstructed second signal fromthe onposite 'sign in a
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' 'advantage of direct sequence spread spectrum is to permit the use of every
frequency channel in every cell or sector of the service area, even when such cells
10  or sectors are éedgraphiehlly adjacent. Commonly owned U.S. Patent Application
~ Serial No. 08/497,022, by Dent, filed June 30, 1995, entitled *Use of Diversity
‘Transmission to Relax Adjacent Channél Reguirements in Mobile Telephone
“* Systems", which is hereby incorporated by reference, has pointed out the practical
lintitations of connecting transmitters using adjacent channels to the same antenna

15 system, and has proposed nove! solutions that also provide diversity transmissions.

Figure 9 shows an exemplary transmitter using linear power amplifiers.
Such a base station, in addition to transmitting ‘multiple signals using different
spread spectrum codes and timeslots, also uses multiple spread-spectrum frequency
* channels. In Figure 9, a number of spread spectrum and time-division multiplexers
20 (elements 30, 31 and 35 in Flgure 8) have been abbreviated to a single
' CDMA/TDMA multiplexer/modulator unit 40 in Figure 9.
| Each unit-40, numbered 1 to L, generates an N-timeslot CDMA signal
' centered on a separate channel frequency f1 ....fL. The different frequency signals
are added at 2 low poWei' level in an adder 41, and then the composite signal is
25  amplified to a high transmit power using a linear power amplifier 42 prior to
transmission via an antenna 34, which may be a sector antenna.
According to this embodiment, a given signal for transmission, for example
‘a telephone vozce signal emanating from 2 subscribér in a Public Switched
Telephone ‘Network (PSTNY) is allocated a certam CDMA access code, TDMA
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wi t hout having to account for the interf@Bence of the strongest 15
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conbi nati gns 30 can be cal culated that correspond . to l¥| ? ned sign
pat t er ns 1¥hat toranpther, fut 1o maintain 2 more or less similar variety o als of different

power levels on each carrier frequency. This can be implemented by maintaining

a list of graded signal power levels nominally expected on each carrier and whether

those power levels. are presently occupied or not. A newly appearing signal

requiring a particular transmit power level would then be allocated a carrier on
15  which that level was unoccupied.
When the additional dimension of timeslot is introduced, the same strategy
as outlined above and in the incorporated references may be applied independently
in each timesiot. Indeed, assuming different base stations are synchronized such
that timeslots numbered | occur at the same time in neighboring base stations, it is
20  possible to apply independent channel assignment strategies in different timeslots,

as disclosed in commonly owned U.S. Patent Application Serial No.
, by Paul Dent, entitled "Time-Reuse and Code-Reuse Partitioning
Methods and Systems for Cellular Radio Telephone Systems”, filed on the same
date as the present application, which is hereby incorporated by reference. One

23  strategy that can be employed in a given timeslot, for example, is to preferentially
allocate a signal to a frequency in which the surrounding base stations have a low
traffic loading. This may be termed adaptive channel allocation.

A second approach that can be employed involves selecting at a base station
a frequency channel, timeslot, and power level to be used for transmitting to each
30  mobile a respective CDMA signal such that the power levels of signals selected to



WO 97/ 32433 0732413 ' PCT/ US97/ 02615
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with any other shows like signs in exactly hal f the positions and unlike
signs in the other half. The mutual orthogonality -of the sign patterns
makes it possible to deconpose the cal cul ati on of M conbinations of M
values into a calculation of N X (M2) suns 5 and N X (M2) differences,
which is a significant reduction in the ggunber of adds and subtracts from
M to M X N Such a deconposition is illustrated for a general M point FW
by a networ kbd Grasbmisedi usirig. ther sanfe: frequenty lant aimexfotcare ajpesadt v 4 Besiled has
a structure rem ni scent gf the Fast Fourier Transfor and both al gorithns
are wel | knofrpanyg range. The signals selested fo be transmiyted enghe same frequencytand

generating atnch i heflte AdieR tofaR, iy SRRMARLHANS RoRBGRRR R el
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predeterm ned pattern set of I es,
conpri si ng neans . With Mwhmlamgnategm._rﬁadeblmdcﬁyhimrce'angembanm-suﬁnﬂtt ive

values pr eseﬂtdeegnlgg/ a Irr%a?tir{lt?r%%%w}% di {ftlarsersxée in power level 'bet{veen a highest power

' CDMA signal and a lowest power CDMA signal. The power levels can also be

10  spread on a particular frequency such that each timeslot contains a substantially even

distribution or mix of high and low power signals. ‘The total transmitted power for

each timeslot on the same frequency can be set to be _substamially equal, and the

-« total transmitted power on each frequency channel can be set to be substantially
equal. . | ) N

15 . Accordmg o another exemplary embodxment the total power transmitted on

different frequency channels can be set such that a high total power .is used on a

-frequency channel that has a low total power on the same:frequency channel used

. in an adjacent cell, or vice versa. Other variations on this method are also possible,

as ‘will be recognized by those skilled in the art. For example, another approach

20.  which can be applied in a different timeslot is to allocate high power. signﬂs 10

frequency 1 at base station 1, medium power signals to frequency 1-at base station

2 and low power signals to. frequency 1 at base station 3, where the three base

- - stations are adjacent and form the vertices of a triangle. The allocation of power

levels is then cyclically permuted at two other frequencies, with base station 2 using

25  frequency 2 for high power signals, base station 3 using it for medium power

signals and base station 1 using. it for low power signals, and so on for frequency

3. In this way, the same frequency is not used for high power signals in two
adjacent bases. This strategy is known in the art as "re-use partitioning".

A desirable strategy .in the context of a base station according to Figure 9,

30 however, is to maintain a more or less equal power demand from the linear power
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.conductors of the next stage's crisscross network. The input values are
presented to the criss-cross 20 network of the first stage serially and

| east-significant-bit first, and substantially synchronously therewith, the
Wal sh transformof the input values is serially produced by the butterflies
of the Nth stage. In addition to the Subtractive CDVA processor, the RAKE
recei ver, described above, :is another CDM#gprocessing al gorithm which can
be enployed 25 wi th exenplary enbodi nents of present invention. A RAKE

recei ver uses amplifieMd2fin aliviimesiéty, s® it morshet dmedt quiréshan exessivele higlyy
fromthe various received signal paths, i.e., the _various signal rays.
Di versity proPrtiepoverdwhide He avaHablgipomer dnurdezvsed 18 agether et when sone

channel s fade, co ' [ ' [ ' = bl ﬁ{@%g s. A
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stored in the widémnd| output signalvropheach amit SOhie esired to be radiated in one of KO

principal directions with the aid of K2 sector antennas 34. K2 may be less than KO

and the greater number of directions is effectively obtained using a beamforming

10  network 51 which interpolates between the K2 axes formed by physical antenna

elements 34.

More details of beam interpolation by this method are described in

commonly owned copending U.S. Application No. 08/179,953, entitied, "A

Cellular/Satellite Communications System with Improved Frequency Re-use”, filed

15  January 11, 1994, which is hereby incorporated by reference. Itis described therein

that in general, the total signal received by a mobile can be described as the sum of

a number of components, each component representing a signal from a different

antenna element. Conversely, the signals received by an antenna element can be

described as the sum of a number of components, each component representing a

20 signal from a different mobile. Beam signals B received at a particular antenna

element can thus be related to the signals M transmitted by the mobiles through the

matrix equation B = C-M where C is a matrix of complex numbers Cki which

represent the attenuation and phase shift of the signal transmitted from mobile i as

it is received at antenna element k. A signal Mi transmitted from mobile i would

25  thus be received in an amount Cki - Mi at antenna element k. The matrix C above

may be referred to as a "receive C-matrix" since it is multiplied by M to obtain the

beam B received by the base station. Likewise, a "transmit C-matrix" may be

formed 1o correlate the beam B transmitted from an antenna element of the base
station to the signal received at the mobile station.

30 As described in more detail in the above-incorporated U.S. Patent
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correlation is at one end of the tapped delay |ine and the riving
ray correlation is at the other end of the tapped delay line, the weighted
sumis selected to give the conbined signal value for a particular

i nformati on synbol period. This is effectively sanpling the output of a
conplex finite inpul se response (FIR) filter, 10 whose coefficients are
the weights which are referred to as th28RAKE tap coefficients. The
conventional RAKE filter was desi gned, however, assum ng white noi se, and

does not .wor Rhtion'6d) kg e egh: { gl RV o} vant i onal
RAKE filter 'ik no&tman dp??qn%?"gg%’l &I{ﬁsgﬁ&%@é ghmégiqﬁée%g‘g?‘vﬁdﬁmgﬁ ?écei ves
a 15  si gnirhatrizes canbeicdlcwditeddyse which is col ored by the channel. Figure
7 shows a bl ock dja r‘%rgof n i.nproved ?%KE recei ver .described in the

above- i ncor por at el %’ layng: ther sighal| feeelved, frogy a; agw Npobilgsduring gs Tangamh nay

be used I N Coabdtdnsissitin' ith B MHRARAL anBNE bdafl clerait 5@@3%{9{1%1%3@3_ tys

CDVA signals in the presence of colore IS 1s a

repl aci n§ t henée colummotcaefficients fowweFeceiveoGmatrixg fi |l ter with a nore
general filter, far.exanple an IILR filter. Th eneral filter is also :
rovi ded vi th tapD) SENBING SRt inyee, CrinpiRolor SeceRvine sraftic Som A POF e
CDVA downl i %P&q’i Sassﬁmhit b 5ff inVersk T-hakdd HEEWbGiLmg: t he signal -to-noi se
ratio (SNR) of the etecgléon statlhstlh%, tgﬁﬁlg I'nto g@gbunt that the

pr e- channel- noi se3) tsansfarovngithe pewreceivenE-mateix celummstoamewstransmit Qmatrix
channel . These filter paranmeters can be determ ned as a function of

comuni cat i ofPWsi 3¢ paraneters. Alternately, the filter parameters can be

determi pgd di r ect4)ydeiérnifing a new transmit inverse C-matrix based on the old transmit C-
matrix and the new row.
According to one exemplary method, the signals received in the different
antenna beams are sampled at the same time at-a-rate--'sufﬁcient to capture all signal
' ¢65fiipohents of interest-according to Nyquist’s criteria.. Oné set of such samples
IS - forms the column:vector B at-any instant, and each such-vector is multiplied by the
inverse of the receive-C matrix, for example, once per sample:period to obtain a set
of samples M repreSéﬁting' interference-free mobile signals. Successive values of
- the same element of M form the sample stream corresponding to one mobile signal.
This stream is fed to a digital signal processor for each mobile signal which turns
20  the sample stream into, for example, an analog voice waveform or 64 KB PCM
digital voice stream as required by the telephone switching system to which the
system is connected. ' |
‘This type of matrix processing can be implemented so that each mobile
phone receives only its own signal, the intra-cell interference from other signals
‘25 having been cancelled by the addition in the matrix processor of compensating
amounts of opposite sign as determined by the transmit-C matrix coefficients. In
addition, the above-incorporated application provides methods for reducing the
effects of Rayleigh fading and multi-path propagation.
The beam forming network 51 produces drive signals for K1 linear

30  amplifiers of the type designated by element 42 in Figure 4, where the number K1



an adapti v¥Q9¥241 ng approach, elimnating the need to di r ECHUSURSE It o
‘the link paraneters. In Figure 7, a received radio signal is mxed dow to
baseband and sanpl ed, 30 for exanple, by mxing it with cosine and sine
waveforns and filtering the signal WO 97/ 32413

PCT/ US97/ 02615 19 in an RF receiver 200, yielding conplex chip sanples. The
chip sanples are correlated to the known signature sequence in the
correlator 201. The chip sanples can be c2frelated with the known signature
sequence at at least two points shifted in tine to determ ne nuneri cal

val ues rel at ecan advanagesushybel lasgerathpn K2 bus can bet smalles than KOt \Bhenamplifien h

rays. Correl ation val ues filt ¢d b IR filter . At e
Cpbropriat o  PhBusiale SRRGRR (. 0f K F ootk Bl o A, passiYE sombhrin by 0 pu
is selected b&xﬁx?l@ﬁtrﬁiw&ﬂ%f tHé type KhoWi 3eSBIIG MAHKC hed K2 WIHE cofbining
deci sion device 204, which uses the IIRfilter output to determ ne which

i nfor mat i on shewark’s ouiptsarecconnected & respeative ansalites Kdrantenmes, whilaithed t o
'l udes. Ssti FRBAE -KAEMINAR el WhRE e s. o rolaied
guant i es. Anot heyy ad¥RRb&ACI coibfonty el VB. S OPREMAAI ?ﬁba@ibn@ﬁ%l aqs. TDVA
y neans of timeconpressing a narrowband CDVA signal to forma w deband
si gnal 08/179,947, entitled "Waste Energy Control Management for Power Amplifier”,
filed Jan. 11, 1994, which is also hereby incorporated by reference, that the
characteristics of intermodulation generated by non-linearities in 2 matrix power
10 amplifier are different than in a single amplifier. It can be shown that third order
intermodulation between signals input respectively to inputs I and } of the input
Butler matrix appears on the output numbers (2i - j)y and (2j - i)y of the output
Butler matrix. As a first step to reducing intermodulation in a matrix power
amplifier, one embodiment of the present invention provides an excess number of
15  amplifying paths so that outputs (2i - j) or (2] - i) or their corresponding inputs are
not used for desired signal outputs, but are terminated in dummy loads. Thus, third
order modulation between signals i and j will not be transmitted. This requires that
the number of Butler matrix input and output ports M be greater than the number
of signals to be amplified N, wherein the remaining M - N signals are terminated
20 in dummy loads,
1t is easy to see that if only two signals are to be amplified, then using ports
1 and 2 as inputs and outputs will result in third order intermodulation appearing on
ports 0 and 3, which are terminated. It is not so obvious how to achieve this when
many signals are present. This problem is however solved by Babcock in another
25  context. Babcock wanted to find a method of allocating frequency channels on an
equally spaced grid to signals amplified by the same non-linear amplifiers such that
third order intermodulation between any two or three signals would not fall in a
channel used by a signal. The mathematical formulation of the problem is the same
as for the inventive matrix power amplifier, wherein a set of integers is found {1,
30 12, I3... such that Ii + Ik - Ij is not in the set. The solution is called "Babcock



ari ses i Rydofzapnt ext of systems using only a 5| ngl e freqpegﬁ,g,ﬁﬁgg for 15
communi cations in both directions. If transm ssion is conpressed Into a
first fraction of. a recurring tine interval, reception may take place in a
second non- overlapping fraction of the tine interval thus constituting a
ti me-dupl ex system whereby alternate transm ssion and reception take pl ace
at the nobile station and base station. The base-station's receive periods
can be arranged to coincide with 20 n¥pile transmt periods and

vi ce-versa. Time-duplex in the sanme frequency band has the characteristic
that the prspasipg’i cBabpankhappé\edlhesemtegcmm chaompgamhg M ﬂteqmmdamnﬂs

follows reception very close n for exa hin_.0.5n5. Thus,
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processi ng Gag kpaotate fank tRitputR Y sigialCor Adedee h can
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present i nvenothen opimum allosationy tmnsﬁmwm intermar WiBrenerges principally

PCT/ USQ?/ 02 1'105m %gtputs that are not allocated to signals. -

Thus, the use of a matrix power amplifier (PA) having a greater number of
10 PA devices than antenna outputs can result in diversion of distortion products to the
dummy loads 53 with resulting improvement in quality and linearity of the radiated
signals. In particular, when K1 is greater or equal to 2 times K2, all distortion
~«products.can in theory be diverted to the dummy loads 53 and not radiated. '
. .gze A further benefit of the matrix PA in the context of the present invention is
15. theaveraging of the power ';Ioadi_ng_ of each of the PA -dev_ic:s;472_- Over many sectors
and frequencies, such that -diff_erenées in -loa_ding in any particular timeslot and
frequency. would be-of reduced significance. This facilitates the reservation of a
particular timeslot, . which--.ri_xay be permuted between different frequencies and
sectors, to handle only the highest power transmissions - a.§sociated with call
20 initiation, as disclosed in U.S. Patent No. 5,295,152, entiﬂed_ "TDMA for Mobile
Access in a CDMA System”, which is hereby incorporated by reference. The latter
invention is particularly useful in avoiding random- access transmissions made at a
- high power level interfering with ongoing communications.
_ The variations in receiver architectures for multiple-signal base stations can
25  follow the same pattern as Figures 3, 8, 9 and 10 for transmitters, with reversal of
the direction of signal flow. For brevity, only an exemplary receiving station
~ analogous to the transmitter architecture of Figure 10 is illustrated in Figure 11, as
this contains all the techniques and components. which may be individually omitted
. . to form receiver architectures reciprocally related to the transmitter architectures of
30 Figures 3, 8 and 9. |



burst usi nya9t@2anory 23 in order to undo the tine conpres8CEPSEERI6L} ned
.in transm.ttér- block 12, provide the significant advantage of enabling the
recei ve CDVA processing to operate at a sl ower speed, which allows nore
sophi sticated algorithnms, normally only practicable for narrowband CDVA
signals, to be 5 I npl emented al so for high chiprate COVA signals. To
illustrate the advantages of the present invention, the reasons why CDVA
recei ver processing normally increases im3iconplexity with at | east the cube
of the chip rate will be outlined. First, the nunber of chips or signal
sanpl es per secondAshshbwinaineFigardd!]1@n exemplary smulti-channel sreceiver itichugles a

roportion to the chj prate when continuous CDVA transn SSion, i s | oyed.
gecgnd, for aMYRDRIPIe6ton Antenng Flomen fanngered fo mvﬁp‘%’tﬁgp%&gﬁ |,
the number of (Leh@y eadri)sS 60 N AackUbeiver psrgﬁ??gﬁ? AtivaRd &\mngeafgmb&xe@

RAKE receiver 1 ncreases In direct proporti he chiprate.” ]
Third, if thetimeslpt ot timesiots in mdnichoz timeicothpoessedhbuiishis reesived; v tesulthin
nunber of _overlappj ng signals to be processe LNCcreas i n.di,rect .
proporti on t ofefjﬁggoﬁ‘ﬂ‘ﬁ% %Pﬁ"‘???‘%‘r@éf&[ ISCTINETn QT TERRAVEr B Praferstly Socelvesy
spectral util fiéds! Q%plﬁ%%'ﬁ%igit?z@?_tﬁ@@ﬁ&d.ﬂ!ﬁt&eﬁéﬂﬂﬁdﬁaﬁkiﬁf%‘i’gﬁ—

8-fold increase in receiver conplexity every time the chiprate is oubl ed.
20 Atempiey AtoD enavemerss STherdigitalloutpul of eecebierss 6@ i ther dacimatedsbyiue

to del ayed nul t§ hat.. hav 0. ro t_lncrease
i ndefinitely Wﬁ% ‘feﬁ’d‘ﬁ‘é"?l%%‘?ié% t’ﬁﬁ? ﬁ%eﬁ?f%f'aﬂ?f%%% conthsptivg ,8860 ¢ he
benefits of i fiiediotlualhe satnpled kst torvespoivding timeslots from all sector antennas are

10  available simultaneously in a burst memory 62, from which they are recalled by a

beamforming processor 63 which forms combinations of the signals from each
antenna element 54, each combination corresponding to a different direction of
reception. The combination corresponding to a particular direction of reception is
then further processed in a digital channelization processor 64 to separate out signals

15 on different channel frequencies received from that direction in that' timeslot.
CDMA processors 65, which are preferably Subtractive CDMA processors, may
then be used to process the composite CDMA signal present on each channel
frequency in order to resolve the information stream transmitted by each particular
mobile or portable station.

20 The information stream for a particular mobile is then source decoded by a
source decoder 66 to reconstruct analog voice or, more usefully, a PCM
representation of the transmitted voice, fax or data signal in a format compatible

- with the digital public switched telephone network (PSTN). For example, the
reconstruction can include transcoding digitally coded voice information from

25  ADPCM, RELP, CELP, VSELP, or sub-band to standard U-Law or A-Law PCM
format for interfacing with the PSTN. Finaily, all such PCM signals are
remultiplexed using remultiplexer 67 into a standard PCM multiplex format such as
T1 lines together with control channel signals such as Fast or Slow Associated
Control channel signals for transmission by landline or microwave link to a mobile

30 switching center (MSC). |



been achi the isolated rays aré no | onger Rayleig he
nunber Ofﬁl sg’? ?:gd rays varies significantly between diff&éﬂ'&hﬂ%ﬁ and
urban environnments. 25 For cases in which the delay spread fromearliest
ray to |atest echo is many chip periods, but the nunber of significantly

strong echos in between the earliest and the | atest is nmanageabl e, there
woul d be advantages in increasing the chip rate in order to resolve

i ndividual rays to thus elimnate the Rgyleigh fading on the rays. However,
if the capacity advantages of interference subtraction are desired, the 30

conpl exi ty. of th@tlf&ﬁdﬁv‘égf thé findl §185 0F Graflsdding: digRally! e&abrea&dosﬁéé&lﬁﬁpl ng
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utilization cafiéd PSTNCsubstaibernot result in an increase in the nunber of
over | appi ng S|gnals as the

A person skilled in the art will appreciate that the order of decimation of the
total signal energy received at a base station site into individual signals distinguished
10 by timeslot, direction, frequency, and CDMA code can be done in an order different
from that used for the purposes of illustration in Figufe 11. For example, the
digital channelization can be performed before beamforming. A beamformer is then
- ysed per frequency channel, -but this can be the s_arﬁe beamformer employed . -
iteratively using different béamforming coefficients. for each frequency channel. -
1S Likewise, freqﬁency ‘channel separation - can:.be performed: before timeslot .
decimation, a demultiplexer 61 then being supplied for each: frequency. However,

(1>}

once received -signals have been digitized and conveyed to-memory, it is largely

immaterial which of these processes are performed first, 2 similar amount of

processing power being required in all cases related to the total capacity of the

20 . station measured in voice channels.. However, there can be practical implementation

advantages in choosing one order ‘of decimation over another due to the different

states of the art in constructing high speed time de'cima'tidn circuits compared to

: digital frequency decimation circuits or beam forming computers. Any variation of

‘the processing order to facilitate practical realization at a‘ given point in the

25  evolution of technology is deemed to fall within the scope and spirit of the
- invention. " '

Since the present invention can be applied to any type of radiocommunication
system, the particular base ‘station or mobile station structure is not particularly
germane to this. discussion. - For purposes of 'compietetiess, however, a brief

30 - summary of exemplary stfuctures will now be provided.. Those skilled in the art
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-tinmeslots.that-the receiver does not need to process to decode only its own
desi gnated signal. Thus two of the above nentioned factors that normally

i ncrease the conplexity when chiprates are increased are avoi ded by using
the inventive CDMA/ TDVA hybrid according to exenplary enbodi nents of the
present invention. 15 A further technical advantage of exenplary
enbodi ments of the invention arises in r8Bation to an aspect of receiver
desi gn known as channel tracking. Channel tracking refers to establishing
at the recei well readily pppreciateitbatgethembhsa station add/oxtmelrileastation configwratipmgat i on
pat h has appli eﬂhéo ach of the rays, so that they can be conbi ned
coherent|y. [CPUIGASQ s%ﬁhi bit Rayl eigh fading, the phase and 20

anplitudes are cong;biioys! laNPlokk dagamd oM nbetniadcaluld #ivdad
determ ned by therﬁt‘)gg%l er réﬁ%t déat glrangnegé’gy thg“?el atqv transmtter to

recei ver vel qadibteléphonesystem gcdosdipg to one emblodiment ofithe psesentsinaention which

vehi cl es vi ng .on the hi ghwa 00 kni hrand erating at wavel engt hs of
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second. |t cagaden 160CAHY & Mdbile AT0P | Frie Bu3e stition iA€lEdésya ESntil ARl GRrocessiRgei ver
that faithfully tracks many rays changi ng at such rates. Using conventi onal

conti nuous CDmit 162 whieh i connesediito ithe MICt 165s whichainetuom an gernectiedpivatie of
ki1 obi fs per BB chS A EBrk HEBkNENges caused by moversnt, when
only a decade in fTRébREGAt0h 160 fordl\elCinfRbesd phRdlity P U6ie eRitmeR!RRdIede
10 by voice channel transceiver 164 which is controlled by the control and processing
unit 162. Also, each base station includes a control channel transceiver 166 which
may be capable of handling more than one control channel. The control channel
transceiver 166 is controlled by the control and processing unit 162. The control
channel transceiver 166 broadcasts control information over the control channel of
15  the base station or cell to mobiles locked to that control channel. This control
information can include the OMTs and CFs as described above.

When the mobile 170 first enters the idle mode, it periodically scans the
control channels of base stations like base station 160 to determine which cell to
lock on or camp to. The mobile 170 receives the absolute and relative information

20  broadcast on a control channel at its voice and control channel transceiver 172.
Then, the processing unit 174 evaluates the received control channel information
which includes the characteristics of the candidate cells and determines which cell
the mobile should lock to. The received control channel information not only
includes absolute information concerning the cell with which it is associated, but

25  also contains relative information concerning other cells proximate to the cell with
which the control channel is associated. These adjacent cells are periodically
scanned while monitoring the primary control channel to determine if there is a
more suitable candidate.

The above-described exemplary embodiments are intended to be illustrative

30  in all respects, rather than restrictive, of the present invention. Thus the present
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22 inf oré&é’gﬁuﬁectrumfromthe fadi ng spectrum At IeastP t wo- decades of
spectral separation between information nodul ati on and fading rates are
desirable to facilitate denodul ati on and decodi ng wi thout | oss of
performance. Wien such a CDVA signal is conpressed 10:1 in tinme however,
the underlying infornmation rate 5 transmtted in the burst is also

i ncreased by a factor of 10 to 24 kilobjjs per second and at the sane tine,
if the chip rate is high enough, the faSt Rayl ei gh fading nodul ati on on
each ray is; i [ qﬂﬁgp-gﬁgﬁﬁ, qﬁﬁﬂ-'y ol af i - meChanges
in the appegrﬁgﬁg{)ﬁggn |b¥%p?gear nge 0 ggés ulggtlg{pgﬁgg{%\nﬂr%@%bgbj ects
much | ar ger detived from thewiesenigtidn comtdingl hereinnbly apersoh skilledpinctheraet. Alllus, t he
10 i nventive use of time-coopressed A cgn doubly. benefit the operation
of a por - r AjohPRANONS PO RHORS AR CoRvdsTEd 9 Benetibadh, oams AN Rt | on
nodul ation 'ﬁﬁ$&ﬁ' 1 fifed BV , hus obtai ning the
desired at logglg?,[ t wo %ﬁ%ﬁggagfdéspec?fg%qgggg&ﬁgﬁ& Ref erence is nmade to
the patents incorporated by reference above for nore 15 detail on the
type of processing CDVA processor 24 can performon the digitized sanples
stored in nenory 23, and on the operation and use of channel trackers in
coherent denodul ati on or conbi ning of independent nultipath rays. Referring

again to Figure 4, after the CDVA processor 24 has conpl eted processing a
signal burst conprised of one or nore codewords in any of the ways



20  desowolsedzabove (e.g., RAKE with a channel tracker thBETHSEH02At% need
. any longer to.track fast fading, subtractive CDVA denodul ati-on;—etc.), its:

denodul at ed out put is passed to an error and source decod
perforns the inverse process of the source and error cod j”l@DﬂﬂmHmwml
and may. include well known processes such as tine deinte i S
convol utional, Reed-Sol onon or block error correction 25 decodi ng and
speech decodi ng using, for exanple, a R or VSELP or a sinpler algorithm
such as delta-nodul ati on or ADPCMin order to reconstruct an anal og speech
signal. Thecgagrs: 10 and correspondi ng decoder 25 may al so or
alternatively code digital or text data for transm ssion, or may code video
stills, fax inmageb. or #Aoeommupication anethed ging Gode| Dimisien MuBiple dhccess

al gorithnms such as JPEG 30 . or MPEG or nulti-nedia conbinations of text,
sound and i n€RJRROSIG theitens of: \\p 97/ 32413

PCT/ US97/ 02615 23 Variﬁs&ﬂ?ﬁxl\%‘ (hbrRdtRRERIAHI0BKS &F dighll dgtat | on of the
i nvention are regarded as falTing wthin the spirit and scope of the

present Bnvention. Fi goodingthethlogksiof digitahdata ta faronspsead-gpeetrwmsodewondsis e
station transmtter for,use_in_a, fixe ase statli e rk f.or
transmtting nmultiple ﬁﬁﬂ%ﬁﬁ“&héﬁ%&s&‘l‘n ﬁgpe?%u@e%‘%&grgg(&o @rm a

i ndi vi dual nphhpéielsighal;tangl e stations using the receiver of Figure 4.

Figure 8 shows nultiple source and spread spectrumunits, 30 nunbered 1 to N
time-compressing the composite signal for transmission in a timeslot.

2, The communication method of claim 1, further comprising the step

10  of scrambling the spread spectrum codewords.

3. The communication method of claim 1, further comprising the step
of selectively activating a receiver to receive the time-compressed composite signal
during a selected time slot.

4. The communication method of claim 1, further comprising the steps
15 of: receiving the time-compressed composite signal;
determining a signal strength order corresponding to the spread
spectrum codewords contained in the composite signal; and
decoding the spread spectrum codewords in order of greatest to
smallest signal strength and subtracting the spread spectrum codewords from the
20  composite signal.

5. A method of communicating using Code Division Muitiple Access
comprising the steps of:
coding information into digital form to produce a sequence of coded
bits;
25 assembling the coded bits into blocks;
redundantly coding the blocks to form spread spectrum codewords:



whi ch can ,;)%g rate according to the description of Fi gure The
out put s o oder 30 are added with others in an adder PSHUSY/M2615y, { he

conposite si gnal to be transmtted in a given tineslot. The signals added

in any one adder 35 are 10 di stingui shed by havi ng been
coded using a distinct spread spectrum access code. The o mmm Mﬂa H”rm,
adders 35 are fed to a tine-division nultiplexer 31 where t*hey are ® s

ti me-conpressed into their designated tijgeslots in a TDM frame period. The
mul ti pl exed output signal is then nodul ated onto a suitable radio frequency

carrier using a nodul ascpambBlinganhie rspreadd speatrani lcodewbrds PRVSorm esctambieda 15
transmtter 33 for transm ssion via an antenna 34. The antenna 34 may, for
exanpl e, be WEFdS{ hr ee sectorized antennas arranged around an ant enna

mast such that each ragh ' e ?J@;rﬁ- ctor.
Figure 8 also illust r:?dd?ﬁé?ﬂ%&}‘?'iﬂéog&?g% ancéé)é tl n{eolf’régf‘%gé‘ﬁﬁo and
modul at ed si gigval ahd\nmc&npremng ditescompradite signalgfor heansmissiopoinedn allocardh sl ot
may be dj fferer& A person skilled in the art will recognize

t hat t he? out PHEsIQt gnal s fromthe adders 35 are no .l.onger necessarily binary
or digital signals but may be nmulti-level or analog signals. Because it is
sinpler to time-conpress di'gital or binary signals using a menory, a person
skilled in the ar6. w I A mﬁnﬁdqucqnpnmit:aﬁng using Codle Dividion Multigle Axdebsr s 35
and time-multiplexer e reversed so that time-conpression and 25
mul ti pl exi ng°q'§9<%§" F‘?c%e |gnal s while they are in the digital domain,

and then adders 35 Cancediﬁlg Iﬂi@rﬂdti%ﬁu@i‘rlk% rei@ete&rémeaaéﬁoruafmﬁngﬁesiaﬁw
ratios to formmulti-level, time-nultipl exed signals. If the nunber of
si gnal s traninan alé@bawumges_lm sanme spread-spect rum channel
10 ' enabling a receiver during the allocated timeslot to receive a
composite signal comprising the spread spectrum codewords and an interfering
" signal; L
o converting the composite signal into a sequence of numerical samples
15 correlating the numencal samples with one of the spread spectrum
codewords at least two points shifted in time to determine numerical. values related '
to a phase and an impli_tu_de of at least two multipath rays;
idenﬁfying the spread spectrum codewords using the numerical values
to produce a symbol sequénce;

20 reconstructing the information using the symbol sequence.

7. The method of claim .6, wherein said reconstructing step comprises

error correction decoding.

8. The method of claim 7, whereie the error eorrection decoding is
carried out with a R_eed-So_lomon decoder. .

25 9. The method of claim 7, wher:in the error correction decoding

comprises convolutional decoding.
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bandwi dt h WO 324K t he nunber of timeslots is N, then the RGFIEITHI61S
overlapping 30> signals in any one tineslot is MN, the reduction by N

LEEIT'})\[/JISS%/ ggglgf ZZhgorrpl \e/\g 1?37// ?ggggr s normal Iy maki’ ng Wi debaH“ﬂw"'" I"'L"m l”“l
spread-spectrum recei vers undesirably conplex and c

applications. In certain applications an entire al I ocat ed band can be
regarded as a single spread spectrum chartel and filled by using a

sufficiently el eva rate rrber f tIITES| rdin
the inventi on ﬂ’g@b‘) %&W(ﬂ' F‘E"é‘ﬁ‘é“ ngﬂéﬁg
avai |l abl e, i(ﬁrvoxéé d&%md[geuﬂfgsw RhltoneOf RELP, SRbant, rhnaavssﬁpc&pé&

di vi de the ba Into mul ti spr ead spectrun1channe|s A theoreti cal

advant age of dmmémgtegquhnc@ngpahudmgpécwauﬂbnms to permt the use of every
frequency channel in every cell or sector of the service area, even when
such cells 10 or sectors are geographically adjacent. Commonly owned U. S.

Patent Applicationyferi ghe MethBlof Laif’ 8, wWhtrdinthe r&dn@ﬂu&ﬁiges@p,mélﬁ@é
entitled "Use of Divers l Transm ssion to Rel ax Acsu‘acent Channel
gﬂ?i&

Requi r emefit s transseding @i mdﬁbveystfmat leastiong of ARBEMyRELPo Spobaedd by

{ransm £t er o 9 SSELE Tollte CORARNER OfsndaR IEL S a1 SOLPERL flfhg for,

has proposed ijngatfdcirdpOivith ia0siblit Rivitchéd R1dgphee fewdrer sity transm ssions.

12, A communication apparatus comprising:
block spreading means for assembling digital information into blocks
10  and coding the blocks to produce spread spectrum codewords;
timing means for allocating a timeslot in a repetitive frame period for
transmission of the spread spectrum codewords; and
burst formatting means for selecting at least two of the spread
spectrum codewords and for time-compressing the at least two of the spread
1S  spectrum codewords for transmission in the allocated timeslot.

13. The communication apparatus of claim 12, further comprising
scrambling means for combining the spread spectrum -codewords with an access
code to form scrambled spread spectrum codewords.

14.  An apparatus for communicating information signals using Code
20  Division Multiple Access between 2 fixed station and a mobile station comprising:
spread spectrum coding means for coding the information signals to
form spread spectrum codewords;
a transmitter for transmitting a transmitted signal comprising at least
two of the spread spectrum codewords during an allocated timeslot;
25 ~ timing control means for enabling a receiver during the allocated

_timeslot to receive a composite signal comprising the transmitted signal and
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Figure 9 gﬁ) exenplary transmtter using |inear power_ amplifiers. Such
a base st %ﬂ}n addition to transmtting multiple sig Mgp1S

di fferent spread spectrum codes and tineslots, also uses nmultiple
spread-spectrum frequency channels. In Figure 9, a nunber 'ml
spectrum and time-division nultiplexers 20 (el ements 30 ”nmmuﬂ "I,”“m
Figure 8) have been abbreviated to a single CDVAN TDVA nul ti *pl éxet/ nbdul at*or

unit 40 in Figure 9. Each unit 40, nunbséed 1 to L, generates an N-tinmesl ot
CDMA signal centered on a separate chan frequency flI .... fL. The

di fferent fr&gﬂen{% glgal s are added at a | owpower |level in an adder 41,
and then thé ignhal is 25 anplified to a high transmt power

using a linear power afnhlog %d%dg@énér%ﬁé&%ﬂinﬁ%@&ﬁ{%&l@@:gﬂﬁ iagha 34,

whi ch may be a sect or ant enna ing to this embodi nment, gl ven si gnal
for transm @stequence of numenisalesamplest ephone voi ce signal emanating froma

subscriber in a Publicg phone Net PSTN) is allocated a
certain CDVA access c&d@%&\&q Jq‘@ ‘SW‘&?&T? samp‘es

PCT/ US9BL/ 02615 25 ti rpe6desiing aﬂmhmnﬁbalimgquenmméﬁbav%smp&st fraﬁhsmeSS' on
power |evel. may al so be aIIocated accordi ng to the distance of the

recei vi ng mipgmerysansd fQSrPl’PP@ﬁ*PSHbe mwnsalatamlps to establish numerical values
related to a phase and an amplitude of at least two rays of the transmuted sxgnal

a decoder for reproducmg the mformanon signals based on the
numerical values.

10 15. The appamus of claim 14, wherein the spmd spectrum coding means
~ is located at the fixed station and the memory is located at the mobile station.

16. The apparatus of clmm 14, further compnsmg source codmg means
' whlch includes at i&st one ot' ADPCM, RELP, Sub-band and VSELP speech
coding means.

15 17.  The apparatus of claim 14, further comprising at least one of
‘convolutional error correction codmg means, Reed- Solomon error correction coding

means, bit time interleaving means, and symbol time mterlmvmg means.

18.  The apparatus of claim 14, wherein the spread spectrum coding means
comprises at least one of orthogonal block spreading means, bi-orthogonal block
20  spreading means, and chipwise modulo-2 adding means for scrambling the spread

" spectrum codewords using an access code.

19. A recewer compnsmg
an antenna for receiving a composzte sngnal the composne signal
compnsmg at lcast two spread spectrum codewords whxch are nme-compressed into

25  atimeslot; Els SHEET HAS BEEN-
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The i ncor pWOT88413ef er ences, and al so U.S. Patent No. 5, 345PCBWSIMR6IS | ed 5. .
-"Dupl ex Pewer Control", which is also hereby incorporated by reference,

di scl ose strategies for allocating transm ssion power | evel\/\ﬁlﬂmmumlﬂlmmll
of spread spectrum code, channel frequency, and distance.

channel frequencies are available, a disciosed strategy is t6 aYoid " ° *
allocating signals with high; power requirenents all to one frequency
channel and those with | ow power required®nts 10::: to another, but to

maintain a nore or less simlar variety of signals of different power
|l evel s on each carrier tadigqoessiygr means eomnegted jtapthenanienng foy filkemagiandng a

whot her ¢ hos e, BB aeeeste Sebal fiEres oY BROAIGH AR FR GulPhingriedr ng
si gnal requi r&ﬁiba@it@ﬁ?ghﬂ%k@éﬁtﬁﬁléf‘%ﬁhbﬁ%%ﬁlp@ye' woul d then be all ocated

a-carrier on 15" which that 1evel was_ unoccupied. Wien the additional
di mensi on of tinesl ot i&mingtcoptrot means for activasing: theradjo receiverimeans dusingy e

and int i ncor.por d_references Lied i ndependently in each
timeslot.” | ngﬁs&%‘%@iﬁ%ﬂ}%&% @Bﬁeﬂ@ a‘g"@s‘i’ﬁﬁ? 'bnjs are synchroni zed such
that tinmeslots nunbereds Iméfiery’ fort stbfifg I Rolplex himBHtApIED chmveted
stations, it is 20 possible to apply independent channel assignment

strategi es i rdugingfthe simeslatidd ot s, as disclosed in comonly owned U. S.

Codle- Reus6. Part i i ont ngPEr gy Sybiel i e ey 3o il 3T ulRd
Systems’, fi|qsglex hiimesicaTaanipies, e prbcessing wweahs opmbrisingi on, whi ch s

hereby i ncorporated by reference. One 25 strategy that can be enployed in
a given t@meslot, for exanpl Rrediciop dnesngfiar predicsing\a signal strength of each of

said spread spectrum codewords and for ordering the spread spectrum codewords

in order of strongest to weakest signal strength; and
iterative decoding mea}is for decoding a strongest of the spread
spectrum codewords and for subtracting the strongest of the spread spectrum
15  codewords from the composite signal before decoding a next strongest of the spread
spectrum codewords.

20.  The receiver of claim 19, wherein the processing means comprises

a Fast Walsh Transform circuit,

21. The receiver of claim 19, wherein the iterative decoding means
20  subtracts the spread spectrum codewords by setting to zero a transform component
computed from the complex numerical samples.

22.  The receiver of claim 19, wherein the iterative decoding means
subtracts the spread spectrum codewords by despreading the spread spectrum
codeword to produce a narrowband signal and removing the narrowband signal with

25  at least one of a notch filter and a bandstop filter.
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al l ocate S| 5 to a frequency in which the surroundi ng base stations
have a |l o ot’?é% c loading. This nmay be terned adaptive cif: P73 cat i on.
A second approach that can be enpl oyed invol ves sel ecting at a base station
a frequency channel, tineslot, and power |evel to be usedmm“u"mﬁ- 171 0l
to each 30 nmobil e a respective CDVA signal such that thel umﬂ,”m
signals selected to WO 97/ 32413 € Loms
PCT/ US97/ 02615 26 be transmtted using the sanme frequency and tineslot are
spread over a desired dynam c range. Thé0signals selected to be transnitted
on the sanme frequgncy .gnd tinesl ot can_ then be-added together using

wei ghting factorsorr eivefgPf daim 49 swheretnad power | evel s of the CDVA

signals to forma sumgg ' ri.,ﬁ-e aR4 Bledi P SR o= [ W 1 ¢ hes 1
conpressed for transrritgg onh‘:ltlr?xt__._e gmgﬁgktsﬁﬁgsﬁtﬁgg'nﬁqﬁﬂgfqu%jrr@s of
conpr essed dhecahpaositd sigask; thef rays being received via relativély delayed paths, fand grdene y

channel. Wth this, ex | ary strategy: the desired-dynam c range can be set
such that i ttnﬁéﬁsr@s"ragpjn%é?t |tp SiEnR mgb t?;?l sigBlcHrengthcheing ¢ ween

a highess Poimiiddh &Q'R%lti Frofil CAUES lof R/ iR
| evel s can also be _135, S ré‘ggpton g%@?ticu a s re.ugrfg&qssglé%tit at'\“g'gch
ti mesl ot cordodewerd; apdbst antially even distribution or mix of high and | ow

power signals. The total transmtted power. for each tineslot op the, sane
frequency can be set t¥Y gEMsHIS ftﬁﬁﬁ?’ﬁl coding medng, Subtpacts rays of éready

decoded signals until a predetermined spread spectrum codeword is decoded.

24. A receiver for receiving and decbdihg information signals comprising':'

10 multiple-element antenna means for receiving and resolving signals
from different directions; - |
L n{ultiple4channel processing means, connected to the antenna means,
‘for filtéring, amplifying, and digitizing a portion of the received information signals
to produce sequences of complex numbers for storage ina memory; o
15 multi-dimensional decimating means for processing the stored
sequences of c‘bmplex numbers to separate the in"fortnatidn signals according to
channel frequency, time of arrival, and direction of arrival ahd for producing
numerical sequences representative of overlapping CDMA signals; -
CDMA signal processing means for pi'bcéssing" the numerical
20  sequences 1o separate individual channel signals transmitted by a single transmitter
1o produce information symbols; and |
| source decoding means for processing the information symbols to

reconstruct the information signals transmitted by the individual transmitter.

25. The receiver of claim -?24., wherein the CDMA signal processing
25  means iteratively decodes the CDMA signals in descending order of received signal
- strength. |
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total trarM@PTRMP pover on each frequepgy, channel can be sECHuRas
- substantially-equal. 15 : ACCOI’d;I ng'tlo anot her exenpl ary enmbodi e
the total power transnitted on different frequency channe@l‘ﬂﬁl‘lnﬂuﬂ"ﬁmﬂ
that a high total power is used on a frequency channel thatil

power on the same frequency channel used in an adjacent cell, or vice
versa. O her variations on this nethod are al so possible, as wll be
recogni zed by those skilled in the art. 4br exadphe, another approach 20

whi ch can be applied in a different tineslot is to allocate high power
signals to frequedfy 1The meeiversphiclaym 24, whersinnthsoturcesdereding meansy Bquency

1 at base statli W, (Y : e i on 3,
where the th?&e%%ga%eggg %‘th %oﬁ@gggecogl | ac e%&oagﬁé&%y mé}@'ﬁ%é%:ﬁfggg"ﬁ#@g
triangl e. Thgigahls e tsansmitiednovbe rémote mobile donanusiganions gateyexchanpet vid aat t wo
ot her frequencies, wth base station 2 using 25 frequency 2 for high
pover si gnal Publisswitched telsphope netwerk. ¢ f or nedi um power signals and base
station 1 using it for |ow power signals, and so on for frequency 3. In
this way, the same frequency is not used for high power signals in two
adj acent Sbases. TRI7s stA ateglgd ofScdamaumicating! stngaCode Division Udaltiple Attdssni ng” .
A desirable strat.e I n the context of a base station according to Figure
9, 30 hOV\éV@P‘,"S‘% the,st3 Atain a nore or | ess equal power demand from the
| i near power WO 97/ : : PR TP :
PCT/ USO7/ 05615 %3%1?13 a narrowband CDMA signal by combining information

signals with an access code;

time-compressing the narrowband CDMA signal to form a wideband
10 CDMA signal;

transmitting the wideband CDMA signal in a time-compressed burst.

28.  The method of claim 27, further comprising the steps of:
receiving the time-compressed burst and time expanding the time-
compressed burst to reform a narrowband CDMA signal; and
15 processing the restored narrowband CDMA signal to restore the
information signals.

29. A method of communicating between at least one first station and
plurality of second stations using CDMA including:
selecting at said first station a frequency channel, timeslot and power
20  level to be used for transmitting to each of said second stations a respective CDMA
signal such that the power levels of signals selected to be transmitted using the same
frequency and timeslot are spread over a predetermined dynamic range;
adding together said CDMA signals selected to be transmitted on the
same frequency and timeslot using weighting factors corresponding to the selected
25  power levels of the CDMA signals to form 2 sum signal;
time-compressing said sum signal for transmission in the selected
timeslot and modulating the time-compressed signal for transmission on the selected
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27 anpl i fixgFo7daisn al | tineslots, so that no one tineslot FEFUSTHZ618N
excessively high peak power while the avail able power is

anot her slot. Figure 10 shows anot her exenplary base stati i
suitable for increased conmunications capacity. A nunber Hﬂlﬂimﬂmu“mu“m
mul ti-frequency, nulti-tinmeslot 5 CDMVW TDVA  signal gene *
shown, each according to the CDMA TDVMA mul ti pl exer/ nmodul ator unit 40 and
the adder 41 of Figure 9. The w deband q@gtput signal fromeach unit 50 is
desired to be radiated in one of KO principal directions with the aid of K2
sector ant enfiéguendy clahngRy be | ess than KO and-t'he greater nunber of
directions is effectively obtained using a beanformng 10  network 51

whi ch interpol ates between the K2 axes forned by physical antenna el enents

34. More details b i rLRQl at. this,..yeth re descri.bed in
comonl y owned co@énd?ﬁg‘l [ﬁ{ég'%"&g&ﬁ"@%'%*%“ gﬂgypfs‘%%gﬁ?weﬁ’\am‘%ﬁ,“geA

Cel | ul ar/ Sat ¢éfines @ farimurh cdifference fiy power léveh between \&e Highest (posie YCHRLAISE ",
filed 15 January 11, 1994, which is hereby incorporated by reference. It
i s descri bedsighalabd R lowsest paves LM sighde total signal received by a nobile
can be described as the sumof a nunber..of conponents, each conponent
representing a signal froma different antenna el enent. Conversely, the

signal s fecei ved By, anThenwinl of claimnR9c whefein thespowepdevels atelpreaduueh a
nunber of conponents, each. conponent esenting a 20, signal froma

r.epr | Nng a |
di fferent noWat eachpimeslel cpatains *Bsm&?éwgde\é&n distsibution: of law and Bigh-powesnent
can thus be ﬁﬁﬁﬁ&ed to the signals Mtransmtted by the nobiles through the

32. The method of claim 29, wherein in each timeslot on the same
frequency channel, a total transmitted power is substantially equal.

10 - .~ 33.  The method of claim 32, wherein on each frequency channel, the total
transmitted power is substantially equal.

34. The method of claim 29, in which said first station is a base station
serving a cell in a cellular mobile communications network.

35.  The method of claim 29, wherein a first base station in a first cell
15  transmits a relatively high total transmitted power on a first frequency, and a second
base station in a second cell adjacent to the first cell transmits a relatively low total

transmitted power on the first frequency.



matri x eqUWOI9R2a3= C Mwhere Cis a matrix of conpl ex nunb®FEFUSIHO2G4T ch
‘represent -the attenuati on and phase shift of the signal transmtted from
nobile i as it is received at antenng ﬁl enment k. A signal M transmtted
frommobile i would 25 thus be rec {ved in an anount Cki . M at antenna
el ement k. The matrix C above may be referred to as a "receive C-matrix"
since it is nultiplied by Mtoobtain the beam B received by the base
station. Likewi se, a "transmt ,CG-matrix" may be forned to correlate the
beam B transmtted froman gntgana el ement of the base station to the
signal received at the nobi ron.] 30 As described in nore
detail in the above-incorporat U. S. [Pat ent WO 97/ 32413

PCT/ US97/-:02615 28 Application 08/ 179@953, the elenents Cki of the
transmt and receive G matrj an e &al cul ated by: 1) correlating the
signal received froma newgmn ilngN ts random access transmi ssion
with the individual anteR@& | emgnt S$ignals to determne 5 a new
colum of coefficients for tf ei ve S trix; 2) determning a new
inverse CGmatrix for receiving fraffi oag)_{nthe new nobi |l e based on the old
inverse C-matrix and the new cof um; 3R &ignsformi ng the new receive
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row, and 1@09,”32413 4) determning a new transmt inverse ge 5o b¥siBased
on the old transmt C matrix and the new row. According to one exenplary
nmet hod, the signals received in the different antenna beans are sanpl ed at
the same tinme at a rate sufficient t¥*apture all signal conponents of
interest according to Nyquist's criteria. One set of such sanples 15
forms the columm vector B at any instant, and each such vector is

mul tiplied by the inversesrof the receive-C matrix, for exanple, once per
sanpl e period to obtain a, set of sanples Mrepresenting interference-free
nmobi | e signals. Successi vie! val ues of the same element of Mformthe sanple
stream correspondi ngr_t_Q_Qn,e_m)_ |l e signal. This streamis fed to a digital
signal processor for, each gobilg si gQEaJ,, whi ch turns-20 t he sanpl e stream
into, for exanple, an N &g vot ce wa&f ormor 64 KB PCM digital voice

stream as requi red b,y §§&. hone_ st ching systemto which the systemis
connected. This ty=pET rocessI’ng can be inplenmented so that each
nobi | e phone recelve's‘ie a’g' § i |, the intra-cell interference from

ot her signals 25 :hal r‘i'gkbeen canc&ed by the addition in the matrix
processor of conpensat] .ngxa.[mu_rws of opposite sign as determ ned by the
transmt-C matrix coeffi ci ents. In addiition, the above-incorporated
application provides net hqus for reducing the effects of Rayl ei gh fadi ng
and nmulti-path propagations The beam form ng ne.isvvork 51 produces drive

signals for Kl |inear pl i fiers of the typ de5|gnaté§ by el enent 42
in. nge4wvmmet1&muﬂmrKl ) S
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VD 97/ 32413 WO 9732413 TSR QB6 15
29 can advant ageously be larger than K2 but can be smaller than KO The
anplifier outputs are connected to the K1l input ports of a passive
conbi ni ng network, for exanple a net wdf¥ of the type known as a Butler
matri x, and K2 of the conbining network's outputs are connected to
respective ones of the antennas, while the 5 remai ni ng K1- K2 out puts
are termnated in dummy %ads I%ﬁisedl scl oged in commonly owned U. S.

Pat ent Applicatign Serial No 0 Ha 947, e |tled "Waste Energy Control
Managerent for RBwer Anplifier"r-frFFed Jan, 81, 1994, which is also hereby
i ncor por at ed by ;efer’en that, t & Chara &lstlcs of internodul ation
generated by nor¥|inegLihies i mattiX ‘power 10 anplifier are different
than in a single anplg===== 1t € -be shown that third order

i nt er nodul ati on bet =11 respectively to inputs | and J of the
i nput Butler matrix app&dars ¢ ouffput nunbers (2i - j)[err] and (2] -
a first step to reducing

internmodul ation in a matjriX pomﬁgirﬁplifierhione enbodi mrent of the present
i nvention provi des an excess|nunb® of 15 Eﬁnplifying pat hs so t hat
outputs (2i - j) or (2] i) it Beir corr@spondi ng i nputs are not used for

order nodul ati on between signals |i and | not be transmtted. This
requires that

desired signal outputs, but are t rninateE%E? dummy | oads. Thus, third
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t he nunberw&;,,ﬁﬁig er matrix input and output ports M be grgeipsetiedgs t he
nunber of 'signals to be anplified N, wherein the remaining M+ N signals

are term nated 20 in dunmmy loads. It is easy to see that if only two
signals are to be anplified, then u8dg ports 1 and 2 as inputs and outputs
Will result in third order internodulation appearing on ports 0 and 3,

which are termnated. It is not so obvious how to achieve this when many
signals are present. This probfemis however solved by Babcock in another
25 context. Babcock wanted t& & nd a nethod of allocating frequency
channel s on an equal ly spaced gm to signals anplified by the sane
non-linear anplifiers such tha§ s‘ui rd order internodul ati on between any two
or three signals would not fal @& a channel used by a signal. The

mat hemati cal formnul ation of h@e"&obl emis the same as for the inventive
set of integersis found Il, 30 | 2,

matri x power anplifier, wherein
3... such that Ii + Ik - Ij‘is ot in the set. The solution is called
" Babcock WD 97/ 32413 . _
PCT/ US97/ 02615 30 spaci ng". -Babcg&k pplied these integers to choosing
anmong M frequency channel g o§§§«£t sm ssion of signals. However, the
present invention appli es“-'BabﬁJt Nift eger sets to choosing anpbng M
physi cal out put channel s whijch areSuded for N desired si gnal s.

Consequent |y, an inprovenent— onventional matrix power
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5 anpl i fWer97334180 enpl oy a | arger matrix than the nunber RECT/UBIR6ES t 0 be
‘anplified,” and’to allocate input and outputs to signals or not according to
the Babcock spacing or other optinmmg|{ ocation, thus insuring that

i nt ermodul ation enmerges principally fromoutputs that are not allocated to
signals. Thus, the use of a matrix power anplifier (PA) having a greater
nunber of 10 PA devi ces than antenna outputs can result in diversion of

di stortion products &0 the dummy | oads 53 with ggsulting Inprovenent] in
quality and linearit @f the radi ated signals. é& articular, when Kl is
greater or equal to BFfimes K2, all distortion g@ cts can in theorly be
diverted to the dummPPoads 53 and not radi at ed: A further benefit of the
matrix PA in the contekt of the present inventiondis 15 t he averagj ng of
t he power | ch af t+hg
frequenci es
and frequency woul d be
reservation of a parti
di fferent ffequencife
transm ssi ohs assogi
Patent No. b, 295, 1%
whi ch is heyeby ing
particul arly usefu
power |evellinterfé

~ such that 5| ot

n hi gh
n

recei ver arfhitect}| | ow
the sane paltern ag yer sa
of the direftion of vi ng
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analogous to transnltter architecture of Figure 10 is pdrnussn2618d i n
Figure 11, wo. 3s contains all the t echni ques and conponent s“whi ch nay be
individually omtted to formreceiver architectures reciprocally related to
the transnmtter architectures of 306/13Figures 3, 8 and 9. WO 97/ 32413
PCT/ US97/ 02615 31 As shown in Figure 11, an exenplary nulti-channel
receiver includes a nunber of sector antenna el enments 54 connected to
respective wi deband digiti recei ver channel s- 60. Each receiver is
preferably activated durip aIIocated tinmeslot or tinmeslots in which a
time conpressed burst i 8 W T Tesul ts-1n 5 . reduced|power
consunption for the recei\ fach recei ver 60 p{eferably receiyes,

filters, anplifies and didT es' the entire allocated bandw dt h{using

hi gh- speed, conpl ex AtoD con ertors. The digital ioutput of receitvers 60 is
then deci mated by a TDVA ‘ i pl exer 61 into numerical sanple|bl ocks
corresponding to each ti The sanpl es for corresponding tijnmesl ots
fromall sector antennas 4 Savai |l abl e sinulit aneously in a|burst
menory 62, fromewQich they recal l ed by a beanform ng procesgor 63 which
forms conbinati oy of the ls+grel s fromeach antenna el enent 54, leach

conbi nati on corrXsponding tota different direction of reception.| The

conbi nati on corregpondi ng o parti cular dlrectlon of receptionis
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then furtMP928tessed in a digital channelization process8CTIPB6Epar at e
out signals 15 on different channel frequencies received fromthat
direction in that tinmeslot. CDVA proc,qg3sors 65, which are preferably
Subtractive CDVA processors, nmay then be used to process the conposite CDVA
signal present on each channel frequency in order to resolve the

I nformation streamtransnmtted by each rticglar ®®bil e>or portable
station. 20 &  ERe | n¥Ornmt#dn stdeam &Br 'a #arti ol ar nobile is then
source decorded hy _a_sobirce’ decadef 66 th recdnstr uft _ana ag-vgi ce or, nore
useful ly, qPCIVI epresentatife ofAthe tfanspftted Pai ceAf ax qraludata si gnal
in a formatl .pb.« vm'th.g'i t al :?bﬂq SW ai"o'q el ephoge network
(PSTN). For_exan@fe, e readnst rycti onéCan clude“trahecodi ng”digital ly
coded voi ce” ™ oijivet i o Trom25 = ADPCY RELA, ~CELP,” VSE[P;” BF sub-band to
standard U-Ldw orf A-Law™RQM formNop i nferfaciag with the PSTN.  Finally,
all such PCM! sidnals are emuliti pl eXed 251 ngXenul tipl eker 67 into a
standard PCMnul t|i pl ex fofgpt\§uc N hoget her Wt hteentrol

channel signdls_duch as Fagk, or{ 8 RCi ont ol thanhel signals for
transm ssion ¥ lanl i ng<dr i eKowane A7 1 pbide 30= &vitching
center (MSC).lh _{Wa97//33M = = |

PCT/ US97/ 02645 32
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Al ternati vg dafipy final step of transcoding digitally COER*?ﬁﬁ @aa ech in
RELP, VSELgk531 ot her of the above-nentioned formats to P or%g rcgn be

omtted and that step performed nearer the term nal destination of the
information in order to reduce |ong-@&/stance transm ssion costs. The final
conversion to PCM 5 or anal og voi ce waveforns may then be perforned in a
so-cal |l ed nobil e comuni cati ons Gat eway exchange, preferably the Gateway
nearest the calling or called PSTN subscriber. A person skilled in the art
wi || appreciate that the order of deci mation of the total signal energy
received at a base station sitésinto individual signals distinguished 10
by tineslot, direction, freque"hx, and CDMA code can be done in an order
different fromthat used for thedpurposes of illustration in Figure 11. For
exanpl e, the digital channeliz@XEon can be perfornmed before beanform ng. A
beanforner is then used per frgguency channel ,, but this can be the sane
beanf ormer enployed iterativelyyusing different beanform ng coefficients
for each frequency channel. 15 Li kewi se, frequency channel separation can
be perforned before tineslot. dgcimation, a denultiplexer 61 then being
supplied for each frequency. Ho ; —rgcei ved signals have been

i.b is larggly imuaterial which of these

digitized and conveyed to nen

processes are perforned first|, .a sifilar anoynt of processing power being
required in all cases.rel ated Wt hp total cgpacity of the 20  station
nmeasured in voice channel s& ®Xer| there cgn be practical inplenentation

£

advant ages i n choosi ng one or{deg<of| deci mati gn over another due to the
different states of the art ijn consfructing RHi gh speed tinme decinmation
circuits conpared to : ;
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digital frwegessz4adeci mation circuits or beam form ng conpuREHYSIAGIS
-variation-.of the processing order to facilitate practical realization at a
given point in the 25 evol ution of 95‘?.10;‘”0' ogy is deened to fall within
the scope and spirit of the invention. Since the present invention can be
applied to any type of radi ocomruni cati on system the particul ar base
station or nobile station structure is not particularly germane to this

di scussion. For purposgssof conpleteness, however, a brief 30 sumary of
exenpl ary structures WE§ now ge provided. Those skilled in the art WO
97/ 32413 YR 4 PCT/ US97/ 02615
33 will readily apprecia¥fe that other bake station and/or nobile station
configurations could also be used. Eigurk 12 represents a bl ock diagram of
an exenplary cellular nobile radiotgl eplggne sfystem according to one

enbodi nent of the present inventionjwhi 5 Jcan be used to inplenent the
foregoi ng. The system shows an exgwrpl arﬁbase station 160 and a nobile 170.
The base station includes a control jand @rocepsing unit 162 which is
connected to the MSC 165 which in turn i¥ conhected to the public switched
t el ephone network (not shown). The Ton 160 for a cell includes a
plurality of voice channel s handl ed
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10 by voigsefisagyel transceiver 164 which is controll ed- he contro
and prgcesgﬁﬁg unP? 162. Al so, each base station includes a9%8®§$@ﬁfghannel
transcei ver 166 which may be capabl e of handling nore than one control
channel . The control channel transceid®é¥3 166 is controlled by the control
and processing unit 162. The control channel transceiver 166 broadcasts
control information over the control channel of 15 t he base station or
cell to nobiles locked to that control channel. This control information
can include the OMI's an®& CFs as described above. Wen the nobile 170 first
enters the idle node, i§ periodically scans the control channels of base
stations |like base stat®on 160 to determ ne which cell to lock on or canp
to. The nobile 170 rece&ves € apsolute and relative information 20

br oadcast on a control §hanne| at its voicg¢ and control channel transceiver
172. Then, the processi@g unit 174 eval uatg¢s the received control channel

i nformation which includes the characteri sA\cs of tjoe candidate cells and
det erm nes which cell the nobile should |0 to.§$@ recei ved control
channel information not only includess Q iR mati on concerning the
cell wth which it is associated, but QX¥dEains relative

i nformati on concerning other cells pro 0 the cell with which the
control channel is associated. These adjacént cells are periodically
scanned while nonitoring the prﬂwa ¢l channel to determne if there
is a nore suitable candidate. The $cri bed exenpl ary enbodi nents are

i intended to be illustrative 30 i ?pects, rather than restrictive,
. of the present invention. Thusgt
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WO 97/ 324190 97/32413 PCHUYIN305 02615
+34 invention is capable of many variations in detailed inplenentation that
can be derived fromthe description gpnsai ned herein by a person skilled in
the art. Al such variations and nodifications are considered to be within
the scope and spirit of the present invention as defined by the follow ng
cl ai ns. WD 97/ 32413

PCT/ US97/ 02615 35 CLAI M. 1. A commruni cati on met hod usi ng Code Division
Mul tiple Access conprising the steps of: assenmbling information into bl ocks
of digital data; 5 ~coding the Ql ogks of digital data to form
spread spectrum codewords; addin _St | gast t@ o the spread spectrum
codewords to forma conposite si’%@' ﬁld-t—i-&-c@pressi ng the conposite
signal for transmission in a timgggot. @ Qhe:gcom‘runi cation nethod of
claim1, further conprising th > > = - o
w w3 o ¥
§ \ R =N ) {
VWA WA Ty YA v
|| I | |
"
sS85
L <3S 5
LSS
\sgk

42

PONER
ANPLIFIER
NATRIXY

- wme E o e oy e e W e e ke

FlG. 10

- dmn e v S gw d we w wme w e

2 X =
<888 «SXS
NG = NG~

e-ﬁ Wl Ny e e e e o e o V
" ™y - NS\ M2
SES3 WSS [ °

RS :

<3 SN
L . “
<o X -~
XS S
RIS IR
SIS~ 835e
DC T S 9



10  of sqr \lng the spread spectrum codewords. 3. ThecGrav B8t | ON
nmet hod of'%%ﬁph?ﬁg further conprising the step of selectively -activating a

receiver to receive the time-conpressed conposite signal during a selected
time slot. 4. The communi cation md#Hdd of claim 1, further conprising
the steps 15 of : receiving the tinme-conpressed conposite signal
determ ning a signal strength order corresponding to the spread spectrum
codewords contained in the conposi | and decodi ng the spread

spect rum codewor dsg] n order of grd | est signal strength and

at :
subtracting the sp®ead spectrum cdqdewdds fijromthe 20 conposite signal
5. A net hod of &pnmuni cati ng ugi

IS4

~J
A L | | DR P n
conprising the ste§§ of—codrg™f @& Por]jitnto digital formto produce a
sequence of coded kgfs; 25 : SESX senbling the coded bits into
bl ocks; redundant| W kodi ng the bl g Y o
36 scranbling the §% ead s?ectrum
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addi ng at wars#328180 of the scranbl ed codewords to form a coRCTAISATOZ6Eg nal
‘and tinme conpressing the conposite signal for transmssion in an all ocated
timeslot. 6. A et hod of conmuni ca“ 79 using Code Division Miltiple
Access conprising the steps of: coding |nf ormation using spread spectrum
codewords and tine-conpressing the coded information for transm ssion in an
allocated tineslot; enabling a receiver during the allocated tineslot to
receive a conposite si gnal conprising the spread spectrum codewords and an
interfering si gnal ting the conmposite signal into a sequence of
nunerical s /29 TNE nunerical sanples rn a nmenory,
correlating It he nurrerl cal sanples with one of the spread spectrum cod¢words
at least t points shifted in tine to determ ne nunerical values rel qted

to a phase and an anplitude of at [{gast two rrwtlparn rays,; rdenjifying the
spread spectyum codewor ds using theJ nurrer’ val ues to &gduce . syntol
sequence; and reconstructing the informt ign using the slg eguence. 7.
The nethod of claim®6, wherein said rEconstru ng FTEp conprikeg ror
correction decoding. 8. The net Hod] of claim}, Wnerel n the rgor
correction decoding is carried out fw Lh a Reed-fsol ofron decoder} 9. The
met hod of clim7, wherein the errdr Lorrecti on| dechdi Wﬁfﬁrrpr Ses
convol ution decod‘le;lg. TRANSCEIVER
S
'y
#se PROCESSING 168
onr
CONTROL
“CHANNEL
TRARSCEIVER
BASE STATION

-
160
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37 10. The nmet hod of claim6, wherei:n the reconstructi nqiﬂﬂﬂumjuﬂmﬂﬂml
"digital voice decoding using at |east :one of : Residyal; Exciliid
Predi ctive Coding, Sub-band, and Vector Oode‘ Book ‘Excited Lindar “Prdittive

Codi ng speech decoding to produce an a-nag()og speech waveform 11. The .
met.hod of claim6, wherein the reconstructing step includes transcoding

digitally coded voi t e of lye | t e, .
Modul ati on, Resi duaﬁgﬁﬁ%ﬁﬁ}ﬁ%}w %&u g?ﬁé&@%é ﬁ’?‘ %%ﬁggig?&%ads‘t/ector
Code Book Excited Liadgiag aPleastit®b iof theeosiinibled codBWbrds %o frnl £86thp@Qe sighal and
standard U-Law and A-Law Pul se Code Mdul ation format for interfacing with
a publ i c tmetcompgessingehe oompositewignal for ransmission iframabegatedrtimesbetr at us
conprising: block spreading nmeans for assenbling digital information into
bl ocks and codi ng the bl ocks to produce spread spectrum codewords; timng

meang for allogatin tro g%g %nﬁ'lﬁicﬁtir%gi% | b Mt b&% o
t rangm' ssion o?'.t hegtsgifea s%ect rum c e%lr%és%éqg{r‘]ﬁdﬁgﬁr st lg?kmat t i°ﬁ‘é“"r}‘%‘§ S
for sel ectherstepatof] east two of the spread spectrum codewords fornmed by said

bl ock spreadi ng neans_and for tine-conpressing the at |east two of the
spread spect rum cod&ERg NferEration Y5ag sRIEAbIPertRm Gadewords aud tipe Compressing e

sal d tim oo H58f¥mation for transmission in an allocated timeslot;
enabling a receiver during the allocated timeslot to receive a composite signal

10 comprising the spread spectrum codewords and an interfering signal;
converting the composite signal into a sequence of numerical samples and
storing the numerical samples in a memory;
| - correlating the numérical samples with one of the spread spectrum codewords
at least two points shifted in time to determine numerical values related to a phase and an
15 amplitude of at least two multipath rays;
identifying the spread spectrum codewords using the numerical values to
produce a symbol sequence;
reconstructing the information using the symbol sequence.

20 7. The method of claim 6, wherein said reconstructing step comprises error
correction decoding.
8. The method of claim 7, wherein the error correction decoding is carried out
with a Reed-Solomon decoder.
25 )
9. The method of claim 7, wherein the error correction decoding comprises

convolutional decoding.
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-13' ‘ *Th | REPLACEMENT S!:EFT folaimiz furth
: ! n m r r
:scr anbl i ﬁgc'ﬁemsl go Egaég ﬂﬁec sp‘fegld spect r 3m ngeﬁgmmm"nﬁ'm“mum
code to form scr | e /Tg a %pectrum codewer ds. An*appar'at U's ffor *

conmmuni cating i nflorlnation signald Jsing de Divi SI on Mul tiple Access

between a fixed sgtation and a nobilje station conprising: spread spectrum
codi ng rreansf odtg-the-tpfarAat i on .signals to form spread spectrum
codewor ds: ggh he dpethogt ft%Ws#n‘quFﬁﬁ ‘ECF%“ES‘I‘R%%@S&H“ prisgh digital voice
conprisi ngea%Hxﬂ%e@s‘iﬁg h'Eaklont F %Gb-% td’rﬂdrﬂ@%ﬁ?‘égée

allocated timeslot; timng control 'neans for ena aﬁrc%%ge o Oduceant he
al b ocat edanalogspesth avefermi ve a conposite signal conprising the transmtted
signal and 38 interfering signals; an analog to digital converter for
converting the conposite signal into a sequence of nunerical sanples;

f t [ |
The Bumeet cal Cihng; ARE BHAR] bE At 8THERin HEISEHRLIAMIERR wg%%ﬁr%ﬁw?ﬁ%
sanpl es  t dighallypbbded voict RomGR leavPdreast AEP@MB(REEP aSnﬂﬁBﬁﬂ and VEELP Rkhhtide
of at least two rays of the transmtted si naI and

at least one of standard U-Law and A-Law PCM format for interfacing with a public switched

telephone network.

10 12. A communication apparatus comprising:
block spreading means for assembling digital information into blocks and coding
the blocks to produce spread spectrum codewords;
timing means for allocating a timeslot in a repetitive frame period for
transmission of the spread spectrum codewords; and
15 burst formatting means for selecting at least two of the spread spectrum
codewords formed by said block spreading means and for time-compressing the at least two
of the spread spectrum codewords for transmission in the timeslot allocated by said timing

means.

20 13.  The communication apparatus of claim 12, further comprising scrambling means
for combining the spread spectrum codewords with an access code to form scrambled spread
spectrum codewords,

14.  An apparatus for communicating information signals using Code Division
25 Multiple Access between a fixed station and a mobile station comprising:
spread spectrum coding means for coding the information signals to form spread
spectrum codewords;
a transmitter for transmitting a time-compressed signal comprising at least two
of the spread spectrum codewords during an allocated timeslot;

30 timing control means for enabling a receiver during the allocated timeslot to
receive a composite signal comprising the transmitted signal and Ll' HIS SHEET HaS BEEN
e REPLAGED :
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L)

* ., b
a decoder for reproducing the information signals based ogmu&ﬂwwum ‘II
‘val ues. 15. The apparatus of claim. 14 wherein the spre L)
*neans is located at the fixed stationand the nenory:is |l ocated at

nobil e station. 16. The apparatus of clai m 14, further’ conpri si hg source
codi ng neans which includes at |east ond0of Adaptlve Del ta Pul se Code

Modul at i on, Residual Excited Linear Predictive Coding, Sub-band, and Vector

Code Book Exci2¥d LThersceierdf clhiny$9,Gokbrein; speech coding neans. 17.  The
apparatus of claim 14, further conprising at |east one of convol utignal
error correction codiergrediction means gredints tishsignalostrength oF dndividualoraxy ofdbes,

D e R Al 5P eV s o b e R P i
at |east qger of s&r @ﬁqaawemegc Kigﬁﬂr gt} theadignal @treﬁgﬂahwﬁglaiet&inﬁtﬁheb

spreadi ng neans, chi pwi se nodul 0-2 addi ng neans for scranblin
spread s pmmpuang @dd@lvomtgy of thegraphofoa particulan spread spectrumy ¢odewprds an

conprising: an antenna for teceiv osi.te si th i.te
signal conprising a¥’¥ r@‘é’s‘E‘e = ‘h@gﬁ“"gﬁ‘@g&m@%é rqulw:ffycﬁecgagfmgnals

ti Me- oMY § Fededrthifled 4pFEs! Qeetrum codeword i is decoded.

24, A receiver for receiving and decoding information signals using CDMA

10 comprising:

multiple-element antenna means for receiving and resolving time-compressed
signals transmitted from different directions;

multiple-channel processing means, connected to the antenna means, for
filtering, amplifying, and digitizing a portion of the received information signals to produce

15 sequences of complex numbers for storage in a memory;

multi-dimensional decimating means for processing the stored sequences of
complex numbers to separate the information signals according to channel frequency, time of
arrival, and direction of arrival and for producing numerical sequences representative of
overlapping CDMA signals;

20 CDMA signal processing means for processing the numerical sequences to
separate individual channel signals transmitted by a single transmitter to produce information
symbols; and

source decoding means for processing the information symbols to reconstruct
the information signals transmitted by the individual transmitter.

%5 |
25.  The receiver of claim 24, wherein the CDMA signal processing means iteratively

decodes the CDMA signals in descending order of received signal strength.
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o . '\%"O-ng?,
\Ié\gT?E/SggfégGlS 39 radi o receiver “neans Uuuluwjelm“ulslt"ml ant enna fo‘}'%(}g w%é

filtering and anplifying the conposite signal received by the antenna and
for converting the conposite signal int@6conplex numerical sanples; tinmng
control neans for activating the radio receiver nmeans during 5 t he
timeslot to therebyScraabling theipread spentvm cadewoadsenform seoambled chdevdras;

conpl ex nunerical s | es ,copvert duri the timeslot; and processing
nmeans coupled to th%ﬁﬁ@rﬁ%rlifs B‘f°%‘f@%@ynggedm&%?réﬁ&afmp@mpmmxgmhand
sanpl es, tihfeer e @sﬁé dgﬁ@g 18] R9nerdiQeinn @ .

prediction rredéﬁ%s for gir&e | t?lﬁ%ﬂgﬂa{gifgihg‘?nsgg]?s&%%%a%?u%cﬁ% %‘F‘egaﬁ‘d spr ead
spectrum codewords and for ordering the spread spectrum codewords in order
of strongest to weakest signal strength; and iterative decoding nmeans for
decodi ng a st Pengesh msthadf copmetnicatips aising Gode ddivisiatsMaitiple cxccesshionan ising

the stro %%égsgg .the spread spectrum 15 codewords fromthe conposite
si gnal betor efCodi ng a next strongest of the spread spectrum codewords.

20. The recei ver Qffing!idfotndfon WY §réhdlBERIPEGRSH 5&9&2 rises
Fast Wal sh Transformcircuit. 2nl. é‘?Prl;éehdrsgg‘:e| ve§ of dél sal m %8%5?5%?1% Ll?'?he
i t er at i veodg¢ddoftirmgtion fostr@Bmissserbin acdliochfed tisgeskagd spect rum codewor ds by

setting to zero a transform c,on})gnent .
ena a recetver during the allocated timeslot to receive a composite signal

comprising the spread spectrum codewords and an interfering signal;

converting the composite signal into a sequence of numerical samples and
storing the numerical samples in a memory;

correlating the numerical samples with one of the spread spectrum codewords
at least two points shifted in time to determine numerical values related to a phase and an
amplitude of at least two multipath rays;

identifying the spread spectrum codewords using the numerical values to
produce a symbol sequence; and

reconstructing the information using the symbol sequence.

7. The method of claim 6, wherein said reconstructing step comprises error

correction decoding.

8. The method of claim 7, wherein the error correction decoding is carried out

with a Reed-Solomon decoder.

9. The method of claim 7, wherein the error correction decoding comprises

convolutional def:cding.
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. : ' REPLACEMENT SHEET
conputed fromthe conpl ex nuneri callmglﬁﬂﬁiuﬂﬂmm he 1fje
19, wherein the iterative decoding he spﬁead_s ectrum

codewor ds by despreading the spread spectrum codeword td pr ddiGcAUG 1999
narrowband signal and renoving the narrowband signal wth{25 at | eastjone
of a notch filter and a bandstop fil terd? 40 23. Thgq recelver of clai
19, wherein; the prediction neans predicts the signal stlcength of.

i ndi vi dual0.r ayShomethod of chaixn %, thefding ! recdl3tuétiigSstLédprises digralvoibe
relatively del ayed paths, and_orders the rays in order of strongest to
weakest s f‘gﬂglpggis tlfast ope of Residnal Excited tliness iPredietiecCoding Subybandnput i ng
a total r -nar ty CLr codeward: and
therei n th Vet b BOGY Baled T Bet Pieicile ERARR S RRE LG B PGS o

si gnal s uan dralag speedievasefairmed spread spectrum codeword i s decoded. 24. A
recei ver for receiving and decoding information signals using CDVA
conprising: nultiple-elenment antenna nmeans for receiving and resol ving

L1 e COMPIIGS SCThehildtSof dARPE) Wheinl HRMeLhI-IBEEN st Rded Panscodin

mul tipl e-channel processing neans, connected to the ‘antenna neans, & or
filteringligighy pedednvpice framdatyleastzonegof AdeptivoPelié Rulse Cede Mehkldtiohor mat i on

signal s Q. Lf3f#¢Sted Linear Predictive Coding, Sub-band, and Vector Code Book Bxcited
Linear Predictive Coding format to at least one of standard U-Law and A-Law Pulse

Code Modulation format for interfacing with a public switched telephone network.

12. A communication apparatus comprising:

block spreading means for assembling digital information into blocks and coding
the blocks to produce spread spectrum codewords;

timing means for allocating a timeslot in a repetitive frame period for
transmission of the spread spectrum codewords; and

burst formatting means for selecting at least two of the spread spectrum
codewords formed by said block spreading means and for time-compressing the at least two
of the spread spectrum codewords for transmission in the timeslot allocated by said timing

means.

13.  The communication apparatus of claim 12, further comprising scrambling means
for combining the spread spectrum codewords with an access code to form scrambled spread

spectrum codewords.

14.  An apparatus for communicating information signals using Code Division
Multiple Access between a fixed station and a mobile station comprising:
sp‘fead spectrum coding means for coding the information signals to-form spread
spectrum c6dewords;
a trdnsmitter for transmitting a time-Compressed signal comprising at least two
of the spread spectrum codewords during an allocated timeslot;
timing control means for enabling a receiver during the allocated timeslot to

receive a composite signal comprising the transmitted signal and



sequences of conplex nunbers for storage in a nenory;
deci'mating means for processing.thg stored sequences of c“lllmm mm,nn
separate the information signals according to channel frequeney,ttinre so
~arrival, and direction of arrival and for produci ng nuneri cal sequences
represent ative of overlapping Code Division Miltiple Access (CDVA) signals;
CDMA si gnal processi ng neans for procesg ng the nunerical sequences to
separate individual channel signals transmtted by a single transmtter to

produce i nfor TT%I ONTHY FReiver offdMlmS A WiRredecodi ng means for processing the
y

I nformation s ols"to reconstruct the |nformat|on signals transmtted by
t he individual trangei predictior? means ﬂ'ﬂeélctsemelswglal s(rengﬂalomlﬂdiyxduﬂerags of tthe

CDMA si gnal processin ans.iterativel dec nals in
Soneendy nEomisgs signily edrrtring ’&ﬁ%ﬁ'eds‘fl? EeTeh Gyl Dot andgrdemeBe s in of
cl ai m 24, r u e n C &@ﬁ&e@gi l e
conmmuni cat %ﬁsﬁg%&%s;%xgﬁ%ﬁgeﬁgﬁé n%l%e: glnhésll %agts@g?le transmtted to

t he renpt eompltidgea mimrgy af therraysgdmpammlmrsgmad ispectrupudridewordyiand hed
t el ephone network. 27. pet hod, of . _conmuni Cl:’):ltl ng us'Paqrea dge Di vi sion

Mil tiple Access, coWBfFel tPr‘E; “?‘Pr%"esqe&%ng)m subtracts ays o coded sigrials

until a predetermined spread spectrum codeword is decoded.

24. A receiver for receiving and decoding information signals using CDMA
comprising: N .
multiple-element antenna means for receiving and resolving iir;ie-éorhpressed
signals transmitted from different directions;

multiple-channel processing means, connected to the antenna means, for
filtering, amplifying, and digitizihg a portion of the received information signals to produce
sequences of complex numbers for storage in a tnemofy;

multx—dunensmnal decimating means for processing the stored sequences of
complex numbers to separate the mformanon signals according to channel frequency, time of
arrival, and direction of arrival and for producing numerical sequences representative of
overlapping Code Division Multiple Access (CDMA) signals;

CDMA signal processing means for processing the numerical sequences to
separate individual channel signals transmitted by a single transmitter to produce information
symbols; and ' . |

source decoding means for processing the information symbols to reconstruct

the information signals transmitted by the individual transmitter.

25.  The receiver of claim 24, wherein the CDMA signal processing means iteratively

decodes the CDMA signals in descending order of received signal strength.

b
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form ng a narrowband CDMA signal by combi ning inform“ﬁ"‘“ﬂ"“ﬂﬁﬂlﬁﬂtlﬂan
access code: tine-conpressing the.parrowband CDVA sig SURCINI AR 1'teband
CDMA signal; and transmtting the wi deband CDVA signal 1 n a tine-conpressed
burst. 28. The met hod of claim 27, further conprising the steps of:
receiving the time-conpressed burst 3nd time expanding the time- conpressed

burst to refarma narrowband CDVA signal; and processing the restored
nar r owbandPIRIMEFIEHMS: to restore the information signals. 29. A et hod

of conmuni cati ng be 2ast o] Ir tjon and plurality of second
stations using @de%‘gl(ﬁé#ﬁﬁq‘%‘?{g{ ?&58‘2@5&{“%0 %W?‘%MW%Q at said
first stataisequenct ofquraartoal edngpddel , timesl ot and power |evel to be used for

transmtting to each of said second stations a respective CDVA signal such
that the power | eveRdnestoryifofgaringdhs wimesigak 8mplest r ansnitted using the sane

f o . . . ;
2ding & oget her sa AREEE HEiE e Healid BEPARMEI Moty I Gnd 112°L,
S bogirihmrtd vy fricdy- gyt o wi g g

time- corrpqu'ge)%%flﬁ%ggg?sﬁ agﬂﬁ?%ﬁ@@f’g?ﬂf?%ﬁvgﬁaﬁ Pgﬁgei ‘Hgtegg}%‘é{;éﬂdt i nesl ot
and modul ating the b4i fRaGARE GEbacizIMS! infdnalisPSBHAS Yad 8 thie sel ected

numerical vaiues.

15.  Theapparamws of claim 14, wherein the spread spectrum coding means

is located at the fixed station and the memory is located at the mobile station.

16.  The apparatus of claim 14, further comprising source coding means which
includes at least one of Adaptive Delta Pulse Code Modulation, Residual Excited
Linear Predictive Coding, Sub-band, and Vector Code Book Excited Linear Predictive
Coding speech coding means.

17. . The apparatus of claim 14, further comprising at least one of
convolutional error correction coding means, Reed-Solomon error correction coding

means, bit time interfeaving means, and symbol time interleaving means.

18.  The apparatus of claim 14, wherein the spread spectrum coding means
comprises at least one of orthogonal block spreading means, bi-orthogonal block
spreading means, and chipwise modulo-2 adding means for scrambling the spread -

spectrum codewords using an access code.

19. A receiver comprising:
g an antenna for receiving a composite signal, the composite signal

comprising at least two spread spectrum codewords which are time-compressed into

- a timeslot;
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oy

% Hrequens I T
42 f'requency channel. 30. The -nmetshod of claim?29, wherdi

predet erm ned dynami c range defines a maxi mumdifference ih gowér PFevdél *
bet ween a hi ghest power CDMA signal and a | owest power CDMVA signal. 5

31. The nethod of claim29, wherein the power |levels are spread such that
each tineslot contains a substantially even distribution of |ow and high
power signals. 32. The net hod of claim 29, wherein in each tinmeslot on

the same frequengy ClTasnedeiven of Qi 24, ankrEid tRdsoagsedechding Whghar i al |y
equal . 10 33. The method of claim 32, wherein on each frequency
channel , t H@categ: &l a rempte nmebileqcqmmuticationss gaewaynexchangg aaduaformation  The

met hod of ' L3O 0hj ' [ skatl.on, i tation serving a
cell in a %@F@%‘?%lﬁ% gogf’?%u |8%td|i°§ lg %@H}\@%ﬁoﬁ%g@@%g%?%d of claim
29, wher ei publid swikthebaslephohahetedrld.n a first cell 15 transmits a

relatively high total transmtted power on a first frequency, and a second
base station in a second cell adjacent to the first cell transmts a

relatively low begtal 4 h%ﬁmo?qumgﬁ‘éﬁfng%nﬁ %4l iisibioh 'VEHHEE Acess,
comprising the steps of:
. forming a narrowband CDMA signal by combining information
signals with an access code:
time-compressing the narrowband CDMA signal to form & wideband
CDMA signal; and

transmitting the wideband CDMA signal in a:time-compressed burst.

28.  The method of claim 27, further comprising the steps of:
receiving the time-compressed burst and time expanding the time-
compressed burst to reform a narrowband CDMA signal; and

processing the restored narrowband CDMA signal to restore. the
infaormation signals.

29. A method of communicating between at least one first station and
plurality of second stations using Code Division Multiple Access including:
selecting at said first station a frequency channel, timeslot and power
level to be used for transmitting 10 each of said second stations a respective CDMA
signal such that the power levels of signals selected to be ransmitted using the same
~frequency and timeslot are spread over a predetermined dynamic range;

_ . -adding together said CDMA signals selected to be transmitted on the
same ftequer;_cy and timeslot using weighting factors corresponding to the selected
power levels of the CDMA signals to form a sum signal;

time-compressing said sum signal for transmission in the selected

timesiot and modulating the time-compressed signal for transmission on the selected .
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