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SUBTRACTI VE MULTI CARRI ER CDVA ACCESS METHODS AND SYSTEMS BACKGROUND The
present invention relates generally to the field 5 of nobile

r adi o- conmuniwap/sws2 syst ens, such as cel lul ar systemns, thatPE¥e266bde
Division Multiple Access (CDMA) and use interference subtraction or
cancellation to raise nulti-user capacity. Conventional spread spectrum
systens, including CDVA 10 systens, have a limt on the nunber of

si mul t aneous conversations per cell per unit bandw dth determ ned by
self-interference. | mpr oved CDVA yst ens using interference
cancel l ati on or subtraction have been devel oped for overcomng this

capacidté limt, hhovvever_ t fsm_&inc-rswrmnwmmgmb{]mn‘gbat f rrurs1t be
expended in such a receiver incre t he cube of the
bandwi dt h. The U.S. w deband ceHlyEﬁhégfagg g&Eﬁg?ﬁlA | S-95 describes a
CDVA system havi ng i nst ant aneous bandw dt hs on 20 the order of 1 MHz that
can support several conversations in thscgégudmndwi dth and | ocation. The

|S-95 standard furthgy describes, o GRMGS H%@e‘é“'g%x*}e%gﬂ PYSo GHY 1£1494S
5 of mobile radio-communications systems, such as cellular
systems, that employ Code Division Multiple Access (CDMA)
and use interference subtraction or cancellation to raise
multi-user capacity.
Conventional spread spectrum systems, including CDMA
10 systems, have a 1limit on the number of simultaneoﬁé
conversations per cell per unit bandwidth determined by
self-interference. Improved CDMA systems using
interference <cancellation or subtraction have been
developed for overcoming this capacity limit, however the
15 signal processing effort that must be expended in such a
receiver increases with at 1Jleast the cube of the
bandwidth. _
The U.S. wideband cellular standard EIA/TIA 1IS-95
describes a CDMA system having instantaneous bandwidths on
20 the order of 1 MHz that can support several conversations
in the same bandwidth and location. The IS-95 standard
further describes a CDMA system which employs continuous
transmission and reception and requires an expensive
diplexing filter to couple the transmitter and receiver to
25 the same antenna. By contrast, the European standard,
GSM, defines a Time Division Multiple Access (TDMA) system
whereby time-slotted transmission is employed to
accommodate eight users in the same 200KHz channel, and
each uses a transmit timeslot that is offset from the
30 receive timeslot to avoid needing a diplexing filter.
Instead of the expensive diplexing filter used in IS-95
compliant systems, these TDMA systems employ a much
cheaper and smaller transmit/receive (T/R) switch.



transm ssion and reception and requires an expensive diplexing filter to
couple the transmtter and receiver to 25 t he sane ant enna. By
contrast, the European standard, GSM defines a Tinme Division Miltiple
Access ( TDMVAWwGymzam whereby tine-slotted transm ssion pesusenpbsayed
to accommodat e ei ght users in the same 200KHz channel, and each uses a
transmt tineslot that is offset fromthe 30 receive tinmeslot to avoid
needing a diplexing filter. Instead of the expensive diplexing filter used
in 1S-95 conpliant systens, these TDVA systens enploy a nuch cheaper and
smaller transmt/receive (T/R) sw tch. WO 97/ 32412

PCT/ US97/ 02661 2 U.S. Patent No. 5,151,9192entitled "Subtractive CDVA

Denodul ation" (to PaylgWp ﬁoqs?§95§§§$§iggﬁﬁéﬁ%d x%g%kraggﬁﬁgiéﬁ#gsure

of which is incgrgqégied,hqye y reference, _bes, “anon NI ngs,
a techni que forPe"RILHIHg k8 SRAYL | Hr erBsfitencdsFradt Sep rcapReity
by denpdul ati ng1992y ) appengi€oVAsargnaifs whtiehatiisvelncorparaieia Herlechpasi ng
measur ed Signa'réféfiﬁéékf%&ébéﬂﬁﬁs,SERBHQeéther things, a technique for
5 overcoming the self-interference limit to CDMA capacity by
demodulating overlapping CDMA signals iteratively in order
of decreasing measured signal strength such that stronger
signals are demodulated and subtracted away from the
received composite signal before attempting demodulation
10 of weaker signals. U.S. Patent No. 5,218,619 entitled
"Re-Orthogonalization" (to Paul W. Dent, issued June 18;
1993), the disclosure of which is incorporated here by
reference, is a continuation-in-part of U.S. Patent
5,151,919 and discloses for example, further subtractions
15 at a 1later stage in the process of signals already
identified and subtracted a first time on an earlier
occasion in order to reduce residual subtraction errors.

The exemplary implementations described in the
foregoing incorporated patents use digital signal

20 processing for descrambling a signal by use of its known
scrambling code, transforring the signal to the spectral
domain, and then notching out the spectral component
associated with that signal. After notching, the
remaining, non-zero components represent the transform of

25 the other signals which have been descrambled with the
first signal’s code. The remainder is then transformed
back to the waveform domain and the descrambling code re-
applied to restore the signals to their original domain
with one of them now subtracted.

30 In U.S. Patent No. 5,218,619, it is disclosed that
imperfect signal subtraction caused by errors in the
amount of signal subtracted due to interference from
other, weaker, overlapping signals may be eliminated by
subtracting an already subtracted signal again in suitable

35 amount, after having subtracted some of the other signals.



si‘gnal s are denodul ated and subtracted away fromthe received conposite

. signal before attenpting denodul ation 10 of weaker signals. U. S. Patent
" No. 5,218,619 entitled "Re-Orthogonalization" (to Paul W Dent, issued June
18, 1993), theodi/maizosure of which is incorporated here by rROGT&ISHBI6L s 3
continuation-in-part of U S. Patent 5,151,919 and discl oses for exanple,
further subtractions 15 at a later stage in the process of signals
already identified and subtracted a first time on an earlier occasion in
order to reduce residual subtraction errors. The exenplary

| npl ementations described in the foregang I ncorporated patents use
digital signal 20 processi ng for descranbling a signal by use of its

known scranbl i n&h&gdere&{.e&s;@émmg gﬂ&eﬁsgnabohﬂchbﬁ SPEfdFada dami ra.,s and
t hen not chi ng out ral, conponent associ ate

th n
ALer | not chi ng FeERBoBRRAE hERtoTrorE3tr BEoBRESRENES. Peprigiialy maghal -
transf orm of 25protc|essoirher si gnBbsewsr ch hehiss bedreahasianenbl dehswi t lehiehe

first signal 3@4&%&%&%@' gﬁse lthd h&ab&ﬂ@né%orﬂr%@ef;@fi% tq&&%a%@form

domai n and the descranb ere- a to restore the si_gna
ther r orl gi il 498 ARwERS5ENSt CRREMPROHMS BPPEETER. baswidtn, Agkigds
Pat ent No. 5, 21&hG59technigueli sudttigeEdrhatideband signals dependlng upon
processing throughput costs of available processes.
U.S. Patent Application Serial No. 08/570,431
entitled "“Wideband Re-Orthogonalization" and filed on
10 December 11, 1995 (to Paul W. Dent), discloses, among
other things, a technique for reducing the processing
needed to implement interference subtraction in wideband
CDMA systems by using some analog signal processing steps.
However, analog signal processing is not the most cost-
15 effective technology for implementing small, low-cost
mobile phones. U.S. Patent Application Serial No.
08/608,811 entitled "Subtractive CDMA/TDMA" {to Paul W.
Dent) discloses an interference-subtractive CDMA system
wherein a narrowband CDMA signal is compressed in time
20 into a timeslot increasing its bandwidth for transmission.
Upon reception, the signal received in the timeslot is
captured in buffer memory. The captured signal may then
be played out of the memory at the original narrowband
rate such that narrowband interference subtractive CDMA
25 algorithms of acceptable complexity can be used to process
the captured signals. Both of the patent applications
referred to above are also incorporated by reference
herein.
Joint demodulators for simultaneocusly demodulating or
30 decoding several overlapping CDMA signals are also known.
These are sometimes described as multi-user detectors.-
See for example: "Optimum Multiuser Asymptotic
Efficiency" (Sergioc Verdhu, Trans IEEE on communications,
Vol. COM-34 no. 9, Sept 1986). Joint demodulators tend to
35 increase in complexity with at least the square of the



| nperfect signal subtraction caused by errors in the anmount of signa
subtracted due to interference from other, weaker, overlapping signals nmay
be elimnated by subtracting an already subtracted signal again in suitable
35 anount wabpr®arhavi ng subtracted sone of the other signedtmussnzédD
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resubtraction process, comonly referred to as reorthogonalization, can be
performed by digital signal processors. However, this t echni que

has the characteristic that the anmount of processing increases 5 with at
| east the cube of the spectrum bandwi dth, making this technique costly for
w deband si gnals dependi ng upon processind t hr oughput costs of avail abl e

.U t Lcatio er jal /{70, 4 ntitled ."Wdeband
e Ort hogonal 1 uPBEE o HRERER, Mndlhntn e inl! 3% 18be k" pffkingin
Dent), discl oskikelihepd IRIANGS BRjdmatioacRABguAthBy tReuIGRpasee is
processi ng needgfohent il emeEus HoehtedensduTati srdGloe@Nnbt NbwgltaRd geDVA
systens by US'QQ §8€Epé§§i8958i999$np£80€ﬁé'QQ1§15§§§rference capacity

5 limit of CDMA systems.

SUHMMARY
The above-described difficulties are alleviated when
practicing multi-carrier subtractive CDMA techniques
according to the present invention. An exemplary system

10 in accordance with the present invention divides the
wideband channel into N subchannels in each of which
subchannels the amount of spreading has been reduced by
the factor N over that which would have been used in the
wideband channel. The signal processing complexity for

15 processing each subchannel using an interference
cancellation algorithm reduces faster than N, for example
by N-cubed, and the total processing complexity for
processing the whole bandwidth comprising all N
subchannels thus reduces by N-squared.

20 Wider bandwidth receivers can be employed in systems
incorporating the invention without an undesirable
increase in complexity while still providing an advantage
of flexible data transmission rates, known as bandwidth on
demand. For example, the wideband channel can be divided

25 into M timeslots and a fraction 1/M of the total number of
conversations sharing the bandwidth can be allocated to
each timeslot. A handheld phone, or radio communications
device, using this exemplary method can then employ one
timeslot for transmission and a different timeslot for

30 reception in order to share components like the antenna in
a more cost-efficient manner. The bandwidth on demand
feature may then be provided by allocating multiple
timeslots to a particular user if needed to achieve higher
data rates, such as the 144kb/s ISDN rate.



HoWwever, anal og signal processing is not the nost cost- 15 effective
.technology for inplenenting small, |owcost nobile phones. uU. S
Patent Application Serial No. 08/608,811 entitled "Subtractive
. COMAY TDMVA" (o PBaeér2W Dent) di scl oses an i nterference- subt PEFUS7E268H\A
system wherein a narrowband CDVA signal is conpressed in tinme 20 into a
tinmeslot increasing its bandw dth for transm ssion. Upon reception, the
signal received in the timeslot is captured in buffer nmenory. The captured
signal may then be played out of the nmenory at the original narrowband rate
such that narrowband interference subtractive CDVA 25  algorithnms of
accept abl e conplexity can be used to proceSs the captured signals. Bot h

of the patent applicahions: {&H1Gh! ednt @J}é&eﬁ@e«ﬁh%impq%?tﬁgtma
reference herein. Joint denodul ators for. simultaneously,denodul ating,or 30

decodi ng sever afNGOEPPERPIRY CERR sig¥artioRe HPeEekhowiniermakif e 1S
sonet i nes descr cbasluascatiédi bateeenlcad etivsts. sGekio oand exappheality of

o v, BEmaCRURABLS e Srotey plSPRLE, o Bl SESCLERE o1

35 increaSe i AScBAPPERFEY WFRAUENFERANG [GONERIRABIR fiRst number of

subchannels, at least one timeslot in a repeating time-

division multiple access frame period, and an access code.

Information is modulated for transmission by the first

station to one of the plurality of second stations onto a

10 radio signal using an allocated timeslot, subchannels, and

an access code. Modulated signals from the first station

are simultaneocusly transmitted to the second stations that

use a same allocated timeslot and have at least some of

the first number of subchannels in common. Transmissions

15 are received at one of the plurality of second stations in

the allocated timeslot.and information intended for the

second station is decoded with the aid of the allocated
access code.

An exemplary apparatus in accordance with the present

20 invention involves a receiving system for receiving

signals in a designated timeslot using plural radio

subchannel frequencies in a designated fregquency channel

and a designated access code. Such a system includes an

antenna means for receiving radio signals; receiver means

25 coupled to the antenna means for filtering and amplifying

received signals in the designated frequency channel and

converting them to a representative stream of numerical

samples; freguency decimation means for processing the

nunerical sample stream to produce separate sample

30 streams, each separate sample stream being representative

of the signal in an associated subchannel; subchannel

processing means for processing signals in each of the

subchannels using the designated access code in order to

separate a wanted signal from unwanted signals having
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of users, and when using the optinmum Maxi mum Li kel i hood Sequence Esti nmation
al gorithm the increase is exponential. Thus joint denodul ati on does not
now provi de wosssapt abl e solution to the sel f-interferencercrpssriotsst S
limt of CDVA systens. SUMMARY The above-described difficulties are

al l evi at ed when practicing nulti-carrier subtractive CDVA techni ques
according to the present invention. An exenplary system 10 i n accordance
with the present invention divides the w deband channel into N subchannels
I n each of which subchannels the anmount of spreadi ng has been reduced by
the factor N over that which would have béen used in the wideband channel .

The signal procgapgaeauBkexdded Ohndd £o PRASESSE Nbur RECNinplEIAIC!

using an i nterterence cancellation algorfthmreduce
exanpl e by N cubEtPokshEarrdedobyl theoveRsed Skt exity for processing the
whol e bandwi dth conprising all N subchannels thus reduces by N squared.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing, and other objects, features and
5 advantages of Applicant’s invention will be apparent from
reading this description in conjunction with the drawings,
in which:
Figure 1 depicts a multicarrier timeslot TDMA format
in accordance with an exemplary embodiment of the
10 invention; ]
Figure 2 depicts a superframe structure in accordance
with an exemplary embodiment of the invention; and
Figure 3 depicts a mobile terminal circuit block
diagram in accordance with an exemplary embodiment of the
15 invention.

DETAILED DESCRIPTION
A wideband CDMA system, in accordance with the
present invention, is constructed by dividing an allocated
channel bandwidth (e.g., B800KHz)} into a number N of

20 subchannels (e.g., eight subchannels each having a 100KHz
bandwidth) and a number M (e.g., eight) of timeslots. The
limiting case of M=1 corresponds to continuous
transmission in N subchannels and is also encompassed by
the present invention.

25 The total channel bandwidth may be shared by L users
by allocating a fraction of the timeslots and a fraction
of the subchannels to carry traffic for each user.

For example, L/M users may be allocated the same timeslot
on all N subchannels. Although the allocation of

30 timeslots and subchannels may be made in a variety of
ways, this description focuses on the exemplary case where
all subchannels are used by each user in a single
timeslot, i.e., each user has the same data rate. This



20’ W der bandwi dth receivers can be enpl oyed in systens
.incorporating the invention without an undesirable increase in conplexity

while still providing an advantage of flexible data transm ssion rates,
known as bamweisdstizn denmand. For exanple, the w deband chaRREUSYUR6He
di vi ded 25 into Mtineslots and a fraction 1/ M of the total nunber of

conversations sharing the bandwi dth can be allocated to each tineslot. A
handhel d phone, or radi o comruni cati ons device, using this exenplary nethod
can then enploy one tineslot for transmssion and a different tineslot for
30 reception in order to share conponents like the antenna in a nore
cost-efficient manner. The bandw dth on demand feature nay then be

provi ded by al |&c@£deng ing tnlaQiee tf'dFSMi'feSrﬁtQ aamrtlsqulbaﬁcu&w bE nerded to
achi eve hi gher é?ta.r q} he 144kb/s ISD@ r at 7/ﬁ§412
PCT/ US97/ 02661 ‘ﬂ’bul‘é‘r*— ¥ : ACEBPERICELNF ( htBR erbs Car y°
i ncorporating imnﬁnnxnnwulﬂnvevwheremm prefsentatinyentionc edsoniiogivdes
between a firstyff atdsdl b GrdVilidyd WarQfable data rates when employed
5 with interference reduction, interference-subtractive or
joint demodulation algorithms to enhance capacity.

Figure 1 shows an exemplary signal comprised of eight
100KHz frequency channels within an 800KHz total receive
bandwidth and divided into eight timeslots of a repeating

10 TDMA frame period. A first user (USER 1) is allocated
slot 1 on all eight carriers to receive signals from a
base station. A second user (USER 2) is allocated slot 2
on all eight carriers. Other users could be allocated,
for example, two slots on all eight carriers to receive

15 twice the data rate or one slot on half the carriers to
receive half the data rate.

USER 1 processes eight 100KHz wide signals received
for 1/8th of the time. The amount of processing needed by
USER 1 1is therefore eguivalent to that needed for

20 processing one 100KHz carrier continuously. This is 512
times less than processing one 800KHz carrier continuocusly
and 64 times less than processing one 800KHz carrier for
1/8th of the time, given a cubic relationship between
processing power and bandwidth.

25 Each slot can contain a number of overlapping CDMA
signals. Thus, USER 1 can be considered to be "USER GROUP
1* while USER 2 denotes "USER GROUP 2", Each group of
overlapping users may contain, for example, up to 10
individual users of which five on average have signals

30 transmitted to them while the other five traffic signals
are temporarily silent due to the other party being the'
active speaker. One of the active signals in each
subchannel and slot may be a permanently-transmitted
Broadcast cControl cChannel (BCCH) which is used for

35 alerting idle mobiles to a call from the network and for



second stations, each of the plurality of second stations 5 Is allocated
a frequency band containing a first nunber of subchannels, at |east one
timeslot in a repeating tine- division nultiple access frame period, and an
access code.wbnf#eiginti on i s nodul ated for transm ssion by therfsomatssst ati on
to one of the plurality of second stations onto a 10 radi o signal using
an allocated tineslot, subchannels, and an access code. Mdul ated signals
fromthe first station are si rmltaneously transmtted to the second
stations that use a sane allocated tinmeslot and have at |east sone of the
first nunber of subchannels in common. Trgnsm ssions 15 are received at
one of the plurality of second stations in the allocated tineslot and

i nf or mati on i rnbesabeadning hesietrn dveiraieadn infotnaoten, Wt d. ,thee@irdhof t he
all ocated accegss Ghdle4 A 12X RRLRK: ABRUA Li%f&na%&%dégcsum {

present 20 [ nvent lon 1nvolves receivin \P%g
signal s in a dea$¢nEaLMSres| ot u5| ng pl ural radl 0 subchannel frequenC| es

in a designated frespmcyexdmplagly alpdraméeérgnateﬁl a&ﬁeSSneeﬂ@ere‘i&tSél a

system i ncl ude a I g nals; ei ver
neans 25 El’cou% @%{{@ﬁ;ﬁ; an% Biaé%earfgz ?d\ﬂn %erl n§ ncein(l;'lrrprl1 YAy
recei ved si gnad%eishevr iesiagdst ddbeieuency channel and

f Chip rate per 100 KHz 135.4166KB/s (13MHz/9s8)
10 | subchannel

i Chip modulation Offset QPSK

Number of chips per slot | 64

Tail chips _ 343

Inter-slot guard time 8.125 chip periods
15 Number of chip periods 78.125

per slot

Number of slots per TDMA | 8

frame
Number of chip periods 625
20 pexr frame ’
User information coding {(64,6) orthogonal Walsh
per slot coding

An exemplary superframe structure composed of 4x26 -
TDMA frames is shown in Figure 2. This exemplary
25 superframe structure allocates TDMA frame numbers 1 to 12
to traffic. Frame 13 is not used for transmitting traffic
in this exemplary format and is an IDLE frame that the

SUBSTITUTE SHEET (RULE 26)



converting themto a representative stream of nunerical sanples; frequency
deci mati on neans for processing the nunerical sanple streamto produce
separate sanple 30 streans, each separate sanple stream bein

represent ati WO UB241e si gnal in an associ ated subchannel ; sﬂ‘EFﬂ%ﬂf?éﬁ"
processi ng means for processing signals in each of the subchannels using

t he designated access code in order to separate a wanted signal from
unwant ed si gnal s havi ng WO 97/ 32412

PCT/ US97/ 02661 6 ot her access codes and to produce output information
synbol s carried by the wanted signal. BRIEF DESCRI PTI ON OF THE DRAW NGS The
“foregoing, and other objects, features and 5 advant ages of Applicant's

invention wll becappar efin fémpndearbn otilts slagaideat it < osf¢anrcingn
with the drawi ngsyot nouclle Jilir CedelERILS A ulbleRRGLEr £ oS! ofg TOMA
format in accordance W th an exenplary e oﬁinen of the I nvent’ion,;
desirable to listen to a different control channel. The
_ next 12 frames are also used for traffic and the 26th
5 frame is used to transmit one slot of Slow Associated
control Channel information (SACCH). The SACCH is used to
convey less urgent overhead information which is repeated
relatively less freguently than other overhead
information, e.g., that broadcast on the BCCH. The above
10 format applies to every subchannel in this exemplary
embodiment. The format may be synchronized or staggered
between the . subchannels. The exemplary superframe
repetition period of 104 TDMA frames spans 480mS. One
complete SACCH message is therefore transmitted every
15 4B0mS.

The above slot parameters and superframe formats are
derived from the GSM digital cellular TDMA system with a
view to simplifying the construction of mobile phones that
can function in both GSM systems and systems operating in

20 accordance with the present invention. The formats
described above, and below, are merely exemplary and are
not intended to limit the scope of the invention. They
are instead provided to further describe exemplary format
organizations in accordance with systems incorporating the

25 present invention.

Over one row of the superframe structure 1lasting
120mS, 24 traffic slots are received per subchannel each
containing an access code, such as a (64,6) Walsh coded
information symbol. Thus, after Walsh decoding of the 64-

30 bit codeword, six bits of information are obtained, giving _
6 x 24 bits per subchannel per 120mS. The raw information
rate is thus 1.2KB/S per subchannel, or 9.6KB/S when all
eight subchannels are used. The raw information rate of
9.6KB/S or 192, 6-bit symbols per 120mS may be error

35 protected using, for instance, Reed-Solomon codes to



Figure 2 depicts a superfranme structure in accordance with an exenplary
enbodi nent of the invention; and Figure 3 depicts a nobile termnal circuit
bl ock diagramin accordance with an exenplary enbodi nent of the 15

i nvention. Mg#dzai2 DESCRI PTI ON A wi deband CDVA system in acpossdapase With
the present invention, is constructed by dividing an all ocated channel
bandwi dth (e.g., 800KHz) into a nunber N of 20 subchannel s (e.g., eight
subchannel s each having a 100KHz bandwi dth) and a nunber M (e.g., eight) of
timeslots. The limting case of M1 corresponds to continuous
transm ssion in N subchannels and is al so enconpassed by the present

I nvention. 25 The total channel batlwi dth may be shared by L users
by al |l ocating [ t ' o) and fr [ t he,su nnel s
to carry traff ?SL%%ggeggﬁgéée%%ge%(a% e, ™ u@% s&rlaaugg]be.é gﬂeot(};gt}gd t he
sane tinesl ot SH™PELF AP Reuthadded dnto faprhghgHPst fer epdiraitimpthef 30
timesl ots and sohtbhaingl say®y be nmade in a variety of ways, this
description focuses on the exenplary case where all subchannels are used by

each user in a single timeslot, i.e., each user has the sane data rate.
Thi s 3,53 RS coded yielding 53 6-bit decoded symbols
5 63 ' 53 LU " " 53 | ] " n
63 s 53 ] ” " 53 " n "
3x6 bits rate 1/3rd yielding 6 decoded bits or 2 per
RS block

- —

10 TOTAL 192 coded symbols yielding 160 decoded symbols
per 120mS
or 53x6 + 2 =320 bits per 40nS

—— T A T . Y < ——— ————

The 320 decoded bits per 40mS give a net decoded

15 information rate of 8KB/S, and may be used, for example,

to transmit digitally coded speech according to the ITU

8KB/S speech coder standard. The ITU coder transforms

standard 64KB/S u-law companded PCM speech or linear PCM

speech at eight kilosamples per second into the reduced

20 data rate of 8KB/s. The coder operates on 10mS blocks of

speech samples, taking in 80 speech samples at a time and

compressing them to 80-bit blocks. Four successive blocks

of 80 bits make up the 320 bits transmitted every time a

63,53 RS code is transmitted with two bits left over being

25 transmitted by the rate 1/3rd code. The above coding is

merely exemplary of methods for source and error-control

coding speech for transmission according to the present

invention, and is not meant to restrict or limit the types

of systems in which the present invention may be applied.

30 For example, transformations may be performed using Walsh-
Hadamard transforms.

Transmitting an ITU coded block of 80 bits using all

eight subcarriers and one slot in two consecutive frames
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.is made for brevity and sinplicity of the description wthout restricting

the scope of the invention. However, the present invention also infludes

al | cases of WR®@2#i2ng variabl e data rates when enpl oyed 5 HEHPS97/0266

I nterference reduction, interference-subtractive or joint denodul ation

al gorithns to enhance capacity. Figure 1 shows an exenplary signa

conprised of eight 100KHz frequency channels within an 800KHz total receive
bandw dt h and divided into eight timeslots of a repeating 10 TDVA frane
peri od. A first user (USER 1) is allocatefl slot 1 on all eight carriers
to receive signhals froma base station. A second user (USER 2) is allocated
slot 2 on all eightodaceser3itti®hetramsemisssionn d delaad.| ocatheaveviear, exanpl e,

two slots on al begbohlnCar Thets h ' BRNALLY chibsnihe daig 1ahe g one

slot on half the carriers to receive halt thé data rate. USER 1 processes
ei ght 100KHz wi BEe§pgARle reteiPEBTLBAVE/ SHE of FFANIMIRS1oPheofnRRecHs

processi ng neededobyks over longer periods to provide protection against
5 fading. This can be preferable because, for example, the
error correction coding operates most effectively when the
probability of error is not correlated between successive
symbols or symbols within a coded block. This correlation
is reduced by spacing the 63 RS coded symbols of one coded
10 block (in the above example) over eight or more frames.
In eight frames, 64, 6-bit symbols are decoded from the
eight subcarriers. Of these, 63 are applied to the RS
decoder while the remaining symbol is applied to the rate
1/3rd decoder. The rate 1/3rd decoder can, for example be
15 configured as six, rate 1/3rd bitwise convolutional
decoders operating on each bit of the symbol. The same
decoder can be time-shared six times because of the very

low information rate of individual bits.
The SACCH and traffic symbols can be interleaved over
20 25 frames, excluding the IDLE frame. A distinct IDLE
frame, in which the receiver receives neither traffic nor
SACCH, is desirable so that the receiver has the freedom
to perform various functions, e.g., to change which B0OKHz
block of eight 100KHz channels is received during that
25 frame. It is also desirable, although not necessary, to
restrict SACCH transmissions to the same frame (e.g.,
frame 26 in the repeating structure of Figure 2} so that,
during periods of voice inactivity, the other 25 traffic
frames need not be transmitted, without disturbing
30 transmission and reception of the SACCH frame. If SACCHs
are transmitted even when there is temporarily no traffic
for a mobile, the number of SACCHs transmitted can be
double the number of traffic frames transmitted in every
slot. Thus it can be desirable to stagger the frame used



USER 1 is therefore equivalent to that needed for 20 processi ng one
100KHZ carrier continuously. This is 512 tines |ess than processing one
800KHz ‘carrier continuously and 64 tinmes |ess than processing one 800KHz
carrier for WO@B248% the tinme, given a cubic relationship ROTESEF02661
processi ng power and bandw dth. 25 Each sl ot can contain a nunber of
over |l appi ng CDVA signals. Thus, USER 1 can be considered to be "USER GROUP
1" while USER 2 denotes "USER GROUP 2". Each group of overl appi ng users
may contain, for exanple, up to 10 individual users of which five on

aver age have signals 30 transmtted to hemwhile the other five traffic
signals are tenporarily silent due to the other party being the active

speaker . owfforofsmch_e froft ove 6ve@PBASpind SﬁaﬁhlSlﬁEW%'eraaﬁ_ &ha& may g
pe, 2 2eT Tenent il RERE hef B oMeatin Uy O HHE G (R P 1 e
97/ 32412 Likewise the IDLE frames can bpCytaggeredes that one
broadcast i ng. vaverlappiagheagna Df 0 nFilliedt, i8. SuccdEE i kirames, rather
5 than all being silent in the same frame, e.g., frame 13 in
the example of Figure 2. The staggering of IDLE and SACCH
frames evens out the co-channel interference in different
frames. The staggering pattern can be coordinated with
co-channel transmissions in neighboring cells or sectors,
10 particularly the strongest of them, in order to extend the
interference averaging over more than one cell or sector
in the same site.
It is also possible to stagger the SACCH
transmissions of a single signal so that a SACCH uses, for
15 example, one carrier out of eight on eight successive
frames. However, in each timeslot, each subcarrier would
then likely contain one overlapping SACCH transmission for
a different mobile, and this is perhaps not so convenient
for the mobile receiver to handle as when the SACCH in a
20 slot belongs to the same mobile on all eight carriers.
Those skilled in the art will appreciate that the
particular type of SACCH staggering can be varied to
accommodate the needs of a particular system.
A mobile terminal containing an exemplary apparatus
25 according to the present invention is shown in Figure 3.
An antenna 10 is time-shared between transmit and receive
functions by T/R switch 11 which is operated at
appropriate times Dby a control and timing unit 25
alternatively to «connect the receiver 13 or the
30 transmitter 12 to the antenna 10. The receiver includes,
for example, downconversion functionality provided by any’
suitable circuitry which converts a received signal to the
complex baseband, whereupon the signal is digitized to
form a stream of complex numbers for processing. For
35 example, the downconversion can be performed by a




and station ID information and information on surrounding base stati ons.

. Sone exenplary paraneters for an interference- 5 subtractive CDVA system
according to the present invention are shown in Table |I below._ Table |
rate per 100 W®i752412 135  4166KB/s (13MHz/96) 10 subcharfitdyULFP3561

nodul ati on

O fset QPSK Nunmber of chips per slot 64 Tail chi

3+3 Inter-slot guard tine 8.125 chip periods 15 Nunber of chip

peri ods

chi p periods 625 20 per frame User information coding (64, 6)
ort hogonal Wal sh per sl ot 13codi ng An exenplary superfr
structure conposed of 4x26 TDMA franmes is shown in Figure 2. Thi s

exenpl ary 25

10

15

20

25

30

35

Chip

PS

78. 125 per slot Nunber of slots per TDVA 8 franme Nunmber of

ane

tipdratare sidwtidiveralrochicaudibgA fecebvaiubhnds sk fert] 2

filter 14, low-noise RF amplifier 15, gquadrature mixers
léa and 16b and quadrature local oscillator 17 to produce
so-called I and Q signals which are low-pass filtered by
filters 18a and 18b. In the exemplary case of receiving
an 800KHz bandwidth, the filters 18a,18b pass signals
having a fregquency range of 0 to 400KHz. With an even
number of carriers such as eight, if half are on the high
side of local oscillator 17 and half on the low fregquency
side, the DC, or zero frequency, component from the mixers
l16a and 16b corresponds to half way between two
subchannels, and can be discarded. In this way the DC
offset problem associated with direct conversion receivers
can be circumvented.

The I and Q signals from the mixers 16a and 16b are
digitized using a dual-channel or complex A/D convertor
19. Many cther ways of producing a stream of complex
nunbers representative of a composite received signal are
known and may be used as an alternative to that described
above. For example, the logpolar technique disclosed in
U.S. Patent No. 5,048,059 to Dent (issued September 10,
1991) may be used, which patent is incorporated entirely
herein by reference.

The digitized I,Q streams representative of the sum
of the subchannels are processed by a frequency decimation
processor 20 to separate the individual subchannels, e.q.,
eight in this exanple. The I,Q streams may first be
captured in memory (not shown) over the receive timeslot
so that subsequent processing by processors 20 and 21,
respectively, need not operate in real time.
Alternatively, if the frequency decimation processor 20
operates in real time, the output signals of individual
subchannels may be memorized instead so that the decoding
processor 21 does not have to operate in real time. The
decoding processor 21 operates ori the subchannel signals



to traffic. Frame 13 is not used for transmitting traffic in this
exenplary format and is an IDLE frane that the WO 97/ 32412

PCT/ US97/ 02661 9 receiver can enploy for other purposes such as scanning

ot her base st@bimma requencies to determine if it is desirabEUsSIELeESt en t O
a different control channel. The next 12 frames are also used for traffic
and the 26th 5 frame is used to transmt one slot of Slow Associ ated
Control Channel information (SACCH). The SACCH is used to convey | ess
urgent overhead information which is repeated relatively | ess

frequently than .other over head i nf o%gation, e.g., that broadcast on
the BCCH The above 10 format applies t0 every subchannel in this

exenpl ary enmbogdigRninell¥ediMatBbnMRE MR sSHRCRIORI 7 &b g S tAgARNET deiyeen
t he subchannels. . Th exenpl ar superfrane, repetition“period of 104
TDMVA franes spdR§igaphed su ’B'tﬁ#ﬂ'etg 8/ ELFPIERS RFCTESSPRet MR fOr

transmtted eveeghlhankelnt. inffleemdrdv,e £60t egampiet, era aimt erpeardrcare
formats are  gyptractive, iterative CDMA decoding operation as

s described in U.S. Patent No. 5,151,919 and U.S. Patent No.
5,218,619 both of which are incorporated by reference
above. These operations decode signals according to
signal strength in an order from strongest to weakest, and
subtract out already decoded, stronger signals before

10 decoding weaker signals. For example, in some systems the

first (i.e., strongest}) signal to be decoded and
subtracted by the decoding processor 21 may be a pilot
signal modulated with a fixed access code. In other

systems, the first and strongest signal to be decoded may

15 be a broadcast control channel (BCCH) which carries
varjious overhead messages, e.9g., paging or call alert
messages directed to individual receivers. Moreover, in
systems having both a pilot signal and a BCCH, the pilot
signal can be decoded first followed by the BCCH.

20 Alternatively, the decoding processor 21 may
inplement a joint decoding technigue in which several
overlapping signals are decoded simultaneocusly. Known

techniques for joint demodulation include, for example,
decorrelation techniques that perform matrix multiply
25 operations to remove the effect of each signal mutually
upon the others. Another technigue 1is a partial
decorrelation algorithm in which the effect of weaker
signals on the strongest is reduced by decorrelation, the
strongest is gquantized to a decoded symbol, the decoded
30 symbol is subtracted from the remainder leaving the second
strongest signal, and then the process iterates to decode
the second strongest signal and so forth. Yet another
technigque which may be used is the Viterbi sequential
maximum likelihood sequence estimation algorithm in which
35 one symbol for each overlapping signal is hypothesized and



derived fromthe GSM digital cellular TDVA systemwith a viewto
~sinplifying the construction of nobile phones that can function in both GSM

systens and systens operating in 20 accordance with the present

i nvention. WO¥24R0r mat s descri bed above, and bel ow, are REFRISYRpl ary

and are not intended to limt the scope of the invention. They are instead

provided to further describe exenplary format organi zations in accordance

Wi th systens incorporating the 25 present invention. Over one row of the

superfranme structure lasting 120nS, 24 traffic slots are received per

subchannel each containing an access codeyssuch as a (64,6) Wl sh coded

I nformati on synbol. Thus, after WAl sh decoding of the 64- 30 bi t

codeword, six baily pbssixs Mipothedee apéatewtted gi Viineg hgpovtRésbitsh pet
subchannel per 120p8. The i.ntQr Lon IS, th r
subchannel , or é?%ﬁg?%e%%%sagqe fé]gg%?{'égbsc% naﬁlelizh ar %%Es%gégﬁéﬁe%awen

i nformati on ratEebprinedyy gigldia2jonint deFrasAsspebol Inrsedsy BE ¥heor 35
protected usingovefDappimstsifimisReed- Sol onon codes to WO 97/ 32412

PCT/U897/02§61 Output symbols from the decoding processor 21 that
' are intended for the mobile terminal (of Figure 3) in
question may be further processed by an error correction
coder 22 which may, for example, include Reed-Sclomon
decoding as discussed above. Reed-Solomon decoding is
10 particularly appropriate when the symbols decoded by the
first stage processor 21 are nulti-bit symbols. A Reed;
Solomon decoder can bridge a certain number of errocneous
symbols that the decoding processcr 21 is prone to output
due to noise or co-channel interference, but can bridge
15 twice as many "erased" symbols when decoding processor 21
provides an erasure or symbol reliability indication along
with each symbol. Error corrected symbols from the coder
22 conmprise either digitized voice, in which case they are
fed to a speech coder/decoder 23, or signalling messages
20 such as those found on the slow associated control channel
{SACCH)}, which are fed to a control processor 25. The
control processor also coordinates user inputs and outputs

via keyboard and display 30, LEDs 32 and ringer 34.
In an exemplary embodiment, the speech coder/decoder
25 23 also codes speech for transmission. Coded speech can
be error correction coded and converted to the transmit
signal format in transmit signal generator unit 24, and
then modulated and converted to the final frequency for
transmission in transmitter 12. The control processor 25
30 controls phases of transmit and receive including
switching the T/R switch 11 to connect the antenna 10 to
the transmitter 12 and enabling the transmitter 12 during
transmit slots. The waveform transmitted by the mobile
unit according to this invention is not necessarily the
35 same as that received. For example, U.S. Patent



10 correct synbol errors or erasures. For exanple, the 192 synbols can be
divided into four groups for coding in the follow ng ways: 63,53 RS coded
yleldlng 53 6-bit decoded synbols 5 63, 53 " " 53

" 63, 5091732412 " 53 " " 3x6 MoiTasITezse 1/ 3rd
yielding 6 decoded bits or 2 per RS block 10 TOTAL 192 coded synbol s
yi el di ng 160 decoded synbols per 120n5 or 53x6 + 2 =320 bits per 40nS The
320 decoded bits per 4OnS give a net decoded 15 i nformation rate of
8KB/'S, and may be used, for exanple, to transmt digitally coded speech
according to the I TU 8KB/ S speech coder ci,andard. The | TU coder
transforns standard 64KB/ S u-| aw conpanded PCM speech or |inear PCM speech

at eight kil osaﬁpif:éaeﬁdsn sraand INI&t Oohbﬁﬁeﬂsweéh@ﬁledja-‘tlﬁb&ﬁﬁeA@Ee§§B/5
The coder oper n“10 b oc A takln g eech
sanpl es at a tﬁﬁggﬁ cdgg eﬁng 8GE€¥¥ b?BBRQ.YF 8@23|ve
bl ocks of 80 bnnsonnkeatgﬂthnreim bytsefeaﬁanettédsewesqstraesanﬁ3w53 RS

code is transnpbhefle WidomliPchtisns efdreOValyRifdtiScal in the up- and

5 down~links, and discloses how different types of uplink

channels (i.e., FDMA) may be advantageously associated to

downlink channels using a different access method (e.g.

CDMA or TDMA). 1In accordance with the present invention,

the multichannel CDMA/TDMA downlink method <can be

10 associated with an uplink access method having a TDMA
elenment, so as to preserve the mobile unit’s’
characteristic of not needing to transmit and receive at
the same time, allowing the T/R switch 11 to be used to
share the antenna 10. The transmitter could, for example,

15 be implemented as an 800KHz CDMA/TDMA system having eight
timeslots without using multicarrier decimation, a 400KHz
subtractive CDMA system in which transmission occurs for
four out of the eight downlink slots, or a 200KHz
subtractive CDMA system in which transmission occurs for

20 all of the seven downlink slots for which the receiver is
not receiving. The uplink and downlink capacity should be
the same, but it is not as important to minimize
processing effort in the base station where power, size
and cost are not as much at a premium as in a

25 handportable, battery-operated mobile phone.

Systems in accordance with the present invention
relate principally to mobile communications in the base-
to-mobile direction (downlink), but may also be used in
the mobile-to-base direction {uplink). However

30 transmitter efficiency trade-offs, as well as factors
mentioned in the incorporated patents and patent
applications, may suggest constant envelope modulation
during mobile transmit bursts. A method incorporating the
invention used for downlink is not 1limited to being

35 associated with a particular uplink method and the



25 transmtted by the rate 1/3rd code. The above coding is nerely
.exenplary of nethods for source and error-control coding speech for

transm ssion according to the present invention, and is not nmeant to
restrict or wowvszthe types of systens in which the present PCHUSHVREM may
be applied. 30 For exanple, transformations may be perforned using WAl sh-
Hadamard transforns. Transmtting an | TU coded bl ock of 80 bits using al

ei ght subcarriers and one slot in two consecutive frames WO 97/ 32412
PCT/ US97/ 02661 11 introduces little transm ssion delay. However, in
accordance with an exenplary enbodi ment, it can be preferable to interleave
t he transm ssion of speech bl ocks over [onger periods to provide

pr ot elct i onhagaimﬁe&ioﬁ afleR%used s i%&hﬁeuﬁlﬁﬁﬁr?@:cr%tbQﬁaﬁliﬁd V\%Qruseh
ot obabi 11y of EitbA REERIEuar, SPHBARB SRR SHccoss| ve Symbol s or
synbol s within a codée biroeEntithi hasorbedmtdescy ek diitd bgfepantagtehe 63
RS coded synbols,&fpi10is ead6diments. However, it will be appreciated by
5 those skilled in the art that it is possible to embody the
invention in specific forms other than those of the
exemplary embodiments described above. Therefore, the
exemplary embodiments described herein are merely
illustrative and should not be considered restrictive in
10 any way. The scope of the invention is given by the
appended claims, rather than by the preceding description:
and all variations and equivalents which fall within the
range of the claims are intended to be embraced therein.



10 bl ock (in the above exanple) over eight or nore franes. In eight
frames, 64, 6-bit synbols Imnmgmglmm“the ei ght subcarriers. o
these, 63 are applied to t | e the remaining synbol is
applied to tweswsme 1/ 3rd decddelr. The®rate 1/3rd decoder omT/UsSRB2é6KaNDI €
be 15 configured as six, rate 1/3rd bitwi se convolutional decoders
operating on each bit of the synbol. The sane decoder can be tine-shared
six times because of the very low information rate of individual bits. The
SACCH and traffic synbols can be interleaved over 20 25 franmes, excluding
t he |1 DLE frane. A distinct |IDLE frane, zf' whi ch the receiver receives
neither traffic nor SACCH, is desirable s% that the receiver has the
freedomto pergepfuygarious functions, e.g., to change mhlch 800KHz bl ock of

ei ght 100KHz channels i s_received durin t ha frane. i s al so
desirabl e, althoughtnot ﬁe‘&%@%ﬁfff 1"8"‘?“85‘1"?? fn%Afﬁ?‘fr?m tYREN B t he
sane frane (e. §irstr &tatien mrnche rppecality sof useopsdofthtgone, 2kasd t hat,

during periods,tn¥Qi ggm?pggiﬁw ty, the other 25 traffic frames need not be
transmtted, wthout dis bin transm ssi on and reception of the

SACCH framB. |f SACCHs a}%“ﬁ‘%amﬂ‘%‘t RPAVaf \Fd mere Lisyr efpseserfy no
traffic for a sbhtlienst ke fneguencyl EANACHOMtraitamd tedf Lot bAumber of

subchannels, at least one timeslot in a repeating time-
division multiple access frame period, and an access code;
modulating information for transmission by said
10 first station to one of said plurality of second stations
onto a radio signal using said allocated timeslot,’
subchannels and access code;
simultaneously transmitting modulated signals
from said first station to said second stations that use
15 a same allocated timeslot and have at least some of said
first number of subchannels in common; and
receiving said transmissions at one of said
second stations in the at least one allocated timeslot and
decoding information intended for said second station -
20 using the allocated access code.

2. A receiving system for receiving signals in a
designated timeslot wusing plural radio subchannel
frequencies in a designated frequency channel, and a
designated access code, said receiving system comprising:

25 antenna means for receiving radio signals;
receiver means coupled to said antenna means for
filtering and amplifying said received radio signals in
said designated frequency channel and converting said
received radio signals to a stream of numerical samples;
30 frequency decimation means for processing said
numerical sample stream to produce separate sample
streams, each separate sample stream being representative
of a signal in an associated subchannel; and
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doubl e the nunber of traff mtted in every slot. Thus it can
. be desirable to stagger t ,mi’i@ WO 97/ 32412

PCT/ US97/ 02661 12 for SA appi ng signal to another so that
al | SACCHs al“éomwtzransmtted in the same frame. Likewi se £ rames
can be staggered so that one overlapping signal is silent in successive
frames, rather 5 than all being silent in the sane franme, e.g., frane 13
in the exanple of Figure 2. The staggering of IDLE and SACCH franes evens
out the co-channel interference in different franes. The staggering pattern
can be coordinated with co-channel transnihgsions in neighboring cells or
sectors, 10 particularly the strongest of them in order to extend the

i nterference averagi ng owambdman@elhaprocesséhy omessst oforn phecssmaug;i te.

e s S0 PRSHRIE i ach! 809k1a" BoaiiEdd (RNSHY S3hANGeRlgRaq0l ©

S|gnal so t hat uses, one carrier out e|g t on
ei ght successi vécﬁ?%$m§°dﬂ0\76@ve$epqlfﬁf@acﬁ f"ﬁﬁﬁ?f’ots-lgé?éh fs’[%a\”f‘?’%rﬁt%ul d

signals having other access codes and to produce output
5 information symbols carried by said wanted signal.

3. The receiving system according to claim 2
wherein said subchannel processing mnmeans includes
interference reduction means to process an unwanted signal
by using its designated access code to reduce an

10 interfering effect when processing said wanted signai
using the access code of the wanted signal.

3. The receiving system according to claim 3 in
which said interference reduction means includes means for
processing signals in descending signal strength order.

15 5. The system according to claim 4 in which the
strongest signal first processed is a pilot signal
modulated with a fixed access code.

6. The system according to claim 4 in which the

strongest signal first processed is a broadcast control

20 channel signal carrying call alert messages addressed to
individual receivers.

7. The system according to claim 5 in which the
second strongest signal 1is a broadcast control signal
carrying call alert messages addressed to individual

25 receivers.

8. The system according to c¢laim 3 in which saigd
interference reduction means includes:

- THIS SHEET HAS BEEN
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then likely contain one overlappi ng SACCH transm ssion for a different

mobile, and this is perha conveni ent for the nobile receiver to
handl e as when the SACCH muw& rﬁ Il uﬂw ongs to the same nobile on all
ei ght carri eyg9m3tarse ski ¢ i 11 appreciate tHaT/USNK02661

particul ar type of SACCH staggering can be varied to accommodate the needs
of a particular system A nobile term nal containing an exenplary apparat us
25 according to the present invention is shown in Figure 3. An antenna 10
is tinme-shared between transmt and receive functions by T/R switch 11
which is operated at appropriate tines by2dal control and timng unit 25
alternatively to connect the receiver 13 or the 30 transmtter 12 to the

antenna 10. The recei veg; il YdGhs flo@niRYONBLRs GOYNE HHE RIS code
functionality gr ovi ded any sui table circuitry i C convgrts a received
|

b wh
signal to the 85nft eX1bakeFaR2 utt BEEHCT Re 3si YIS i ¥ i §F t AR ¢ orm a
stream of conpségnaligbtosafurangsfagessomgin; For 35 exanple, the

downconversion can be ,pe{{ Y 3 WO 97/ £ i :
PCT/US97/0£2§661 n ’an%a se %&en in said

transform domain corresponding to said first signal to
zero; and

inverse transforming means for using said access
code and proceeding to decode a second signal using its
access code.

10 9. The system according to claim 8 in which said
transforming means performs a Walsh-Hadamard transform.

10. The system according to claim 8 in which said
transform domain is the frequency domain.

11. The system according to claim 10 in which said
15 transform domain component set to zero by said nulling
means is a DC or zero-freguency component.

12. The system according to claim 3 in which said
interference reduction means is a joint demodulation means
that decodes at least two signals simultaneously using

20 their designated access codes in combination.

13. A method according to claim 1 including the step
of:
allocating timeslots for transmission from one
of said plurality of second stations to said first station
25 which are offset in time from said at least one timeslot
that is allocated for reception by said one of said
plurality of second stations.

14. The nmethod according to claim 1 in which said
step of allocating further comprises the step of:

———

This Shee

i g




13 quadr at ure downconvert or includinﬁ recei ve band select filter 14,

{ ow noi se RF anplifier 15,4 H l! II (mﬂ's 16a and 16b and quadrature

| ocal oscillator 17 to pr - and Q signals which are | ow pass
fi'ltered by wo9tB3Mizrs 18a and 18b. In the exenplary case RFT/H¥IO6HLNg an
800KHz bandwi dth, the filters 18a, 18b pass signals having a frequency range
of 0 to 400KHz. W th an even nunber of carriers such as eight, if half are
on the high side of local oscillator 17 and half on the | ow frequency 10
side, the DC, or zero frequency, conponent fromthe m xers 16a and 16b
corresponds to half way between two subchagpels, and can be discarded. In
this way the DC of fset problem associated wth direct conversion receivers

can be circunvented. 15 selelct]_'ﬁg la ?mmeesi gdlslﬂl Sssfg)ﬁ‘shbehtahﬁe? Ifm and
16b are digitiz usi a _dyal - npel or ¢ e convertor . ny
ot her ways of prng'E'&%l%%sa ag';i P ggr%negf g@_oﬁﬁ?e?g%?’[ﬁérge?‘éﬁ‘?eﬁﬁﬁﬁ?ﬁ/%%ﬁegﬁ
conposi te recei WU &jRfEIred et ERFRREMR REASPiIsSdenagate dia aummidee a o

t hat descri bed Zandwdldeneon-Bemafdaswpakiliwy | ogpol ar techni que discl osed
in US. Patent No. 5,048,059 to Dent (issued Septenber 10, 1991) may be

used, which patent is incorporated entirely ] ] ,
s 15. A method of communicating information between at

least one of a plurality of base stations and at least one
of a plurality of mobile stations, said method comprising
the steps of:
allocating, to each of said at least one of said
10 plurality of mobile stations, a frequency band containiﬁg
a number of subchannel frequencies;
modulating information for transmission by said
at least one base station to said at least one mobile
station onto a radio signal which includes said subchannel
15 frequencies;
transmitting said information-modulated radio
signal to said at least one mobile station;
receiving said transmission at said at least one
mobile station together with signals transmitted to other
20 mobile stations that at least partially overlap in some of
said subchannels; and .
processing each subchannel of said received
signal using interference-reduction processing to reduce
interference in each subchannel separately.

25 16. The method according to claim 15 in which said
step of interference-reduction processing further
comprises jointly demodulating at least two overlapping
signals.

17. The method according to claim 15 in which said

- 30 step of interference-reduction processing further
comprises demodulating an interfering signal in a

subchannel and then subtracting the demodulated,

This Sheet Has B

LTI




of the subchannels are p

herein by reference. The y@ Q streans representative of the sum 25
separate the individual "

streans nmay wownws24he captured |n rrermry (not shown) over t e R02661
timesl ot so that subsequent processing by processors 20 and 21, 30

respectively,

si gnal

decodi ng processor 21 operates on the sulféhannel signal s WO 97/ 32412

need not oper ate I n r eal tinme. Alternatively,
t he frequency deci mati on processor 20 operates in real tinme, the output

s of individual subchannels may be nenorized i nstead so that the
decodi ng processor 21 does not have to operate in real tinme. The 35

eight in this exanple. The |

uency deci mati on processor 20 to

, Q

i f

PCT/U897/026611§Qe§§g915§ﬁég_ aqatbggopéo d%%ﬁ; ?or o Ql s from

desi gnat ed subchann
I mpl enent ,

decodi
Pat ent

annel

proc ssor
for 8?§ﬁ§|§ ot |+Ree ré§ﬂ593“§6 Btractive, |terat|ve CDVA

ng operation as 5 described in U S. Patent No. 5,151,919 and U. S

No.

10

15

20

25

30
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18. The method of claim 15 in which said step of
allocating further comprises the step of:
allocating frequency bands to mobile stations

which are any one of overlapping, partially overlapping
and non-overlapping.

19. A receiver for receiving radio transmissions in
which information is modulated onto multiple frequency-
subchannels within a fregquency channel comprising:

local oscillator means for generating a local
oscillator signal having a frequency which is between
frequencies associated with two of said multiple freguency
subchannels;

gquadrature downconversion means for converting
a received signal to I and Q@ quadrature baseband signals
using said local oscillator signal; and

DC offset removal means for processing said I
and Q signals to remove unwanted DC offsets therefrom.

20. A method of communicating information between a
first station and a plurality of second stations, said
method comprising:

dividing an allocated channel bandwidth into a
plurality of subchannels, each subchannel having a
plurality of timeslots; |

grouping said plurality of timeslots in each
subchannel into a repeating frame structure;

allocating to each of said plurality of second
stations at least one of said plurality of time slots on
at least one of said plurality of subchannels and an
access code;
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5,218,619 both of which arﬂm reference above. These
operations decode signals m'lm'lmmumm strength in an order from
strongést to weakest, and sUbtTadt #utsal+eady decoded, stronger signals
before 10 (O8I MY weaker signals. For exanple, in sone REVESIEOI66E

first (i.e., strongest) signal to be decoded and subtracted by the
decodi ng processor 21 nmay be a pilot signal nodulated with a fixed access
code. In other systens, the first and strongest signal to be decoded may

15 be a broadcast control channel (BCCH) which carries various
over head nessages, e.g., paging or call aléa_{]t nmessages directed to
I ndi vi dual receivers. Mreover, in systens having both a pilot signal and a

BCCH, the pilot signal caasbegsinepdethbd icash bel 59v@ b v 4 e BEfHseBnd

Al ternatively, ecqdi rocessp 21 nmay ipplenment a joint
decodi ng tec%ni cf't}édtelgr?n\%hi %h és}%\?galin oﬁ%ﬁ aﬁf&?ﬁ@t’s’%/%ngP%mﬁr EEHBEgBEﬁ of
si mul t aneousl y. eackngwpchanal fosstfansyiditiinglovsdhkeadi mf omed tuiden firom

exanpl e, decorr eladldl girkeCcEpa€ieS; tdi performmatrix nultiply 25
operations to renove the gffect of. each ifde%n%: nut.ual |y upon the others.
t

Another technique is a-rparttarind&tidoXarhrag JOECERREAPWAPC FadRe
ef fect of weakemssiigngisfvamese strongest is reduced by decorrelation, the

21. The method of claim 20, wherein said overhead
information is SACCH information.

22. The method of claim 20, wherein said assigneé

10 frame for one of said plurality of second stations is

different from said assigned frame for another of said
plurality of second stations.

23. The mnethod of .claim 20, wherein said frames
assigned to each of said plurality of second stations are
15 staggered within said repeating frame structure.

24. The method of claim 20, wherein said frame
assigned to one of said plurality of second station is
different for each subchannel allocated to said one of
said plurality of second stations.

20 25. The method of claim 20, wherein said frame
assigned to one of said plurality of second station is the
same for each subchannel allocated to said one of said
plurality of second stations.

26. A method of communicating information between a
25 first station and a plurality of second stations, said
method comprising:
dividing an allocated channel bandwidth into a
plurality of subchannels, each subchannel having a
plurality of timeslots;
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strongest is quantized t “ﬂ“ﬁ M t“ﬂg , the decoded 30 synbol is
subtracted fromthe renaﬁ“ml S second strongest signal, and then
the process iterates to detode the second strongest signal and so forth.

Yet anot her wioesmisgue whi ch may be used is the Viterbi sequeRiiabosggxi mum

| i kel i hood sequence estimation algorithmin which 35 one synbol for each
over |l appi ng signal is hypothesized and W07/ 32412 .
PCT/ US97/ 02661 15 al | possible hypotheses are tested. The hypothesis which
best predicts the received signal in a subchannel is then retained to yield
a jointly decoded synbol for each of the overlapping signals. 5

Qut put synbols fromthe decodi ng processot* 21 that are intended for the

bile t I nal f Fi . ti e furfher processed by an
renr)r Ior ecore: renc??on( goder g%&mﬁ%’h&n%%?éf_?ggg%)f{rﬁge,°éljn{éf"ﬂ%%i)ﬁ'e%d3§ol
decodi ng as di §BRER2APboiRLe 2 apeatdingnfragec s4rngthce10 particularly

appropriate when the syndbDlscateiafan iadhef id6id PRA® LSS Yecthdl €
mul ti -bit Synb9£§tiéh£@§g_least one of said plurality of time slots on
5 at least one of said plurality of subchannels and an
access code;
assigning, for each of said plurality of second
stations, a frame in said repeating frame structure of
each subchannel in which said first station does not
10 transmit to said second station; and

transmitting said signals to said second
stations in said respective allocated at least one
timeslots other than those associated with said assigned
frame.

15 27. The method of claim 26, wherein said assigned
frame is the same frame within said repeating frame
structure for each of said plurality of second stations.

28. The method of claim 26, wherein said assigned

frame for at least one of said plurality of second

20 stations is different from said assigned frame for another
of said plurality of second stations.

29. The method of claim 26, wherein said frames
assigned to said plurality of second stations are
staggered within said repeating frame structure.
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Sol onon decoder can bridge a certain nunber of erroneous synbols that the
decodi ng processor 21 is prone to output due to noise or co-channel
interference, but can bridge 15 twice as many "erased" synbols when

decodi ng proc¥@8#P2432% provi des an erasure or synbol reliabi |BdIyusomoiesnt i on
along with each synbol. Error corrected synbols fromthe coder 22 conprise
either digitized voice, in which case they,are fed to a speech

coder/ decoder 23, or signalling nessages 20 such as those found on the

sl ow associ ated control channel (SACCH), which are fed to a control
processor 25. The control processor also coordinates user inputs and

out puts via keyboard and di splay 30, LEDs 32 and ringer 34. In an exenplary
enbodi nent, the speech coder/decoder 25 23 al so codes speech for

transm ssion. Coded speech can be error correction coded and converted to
the transmt signal format in transmt signal generator unit 24, and then
nodul at ed and converted to the final frequency for transm ssion in
transmtter 12. The control processor 25 30 controls phases of

transmt and receive including switching the T/R switch 11 to connect
the antenna 10 to the trangr=hit 2[ang-enab.' t spmitter 12 during
transmt slots. The wavefogm tirnsiijtt ef {by |t he bi | B iunijt {acgording to
this invention is not necegsarfi|y {he

FIG. 1
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35 sane as that received.
97/ 32412

W "Dent, filewdsmszarzy 11, 1994),

For

exanpl e,

u. S. Pat ent VWO

PCT/ US97/ 02661 16
Applicdtion Serial No. 08/ 179,954 entitled "Hybrid Access Methods" (to Paul

i ncorporated herein by ref @C3nNisa7/02661

di scl oses reasons why nobile communi catiopg are asymetrical in the up- and
5 down-1inks, and di scloses how different types of uplink channels (i.e.,
FDVMA) may be advant ageously associated to downlink channels using a

- -b-ﬂ—a-]cor dance with the present
w&i nk =ethod can be 10

di fferent access nethod (e.g.
i nvention, the multichannel

T

(¢

associ ated with an uplink access—#

to preserve t he nobi | e
transmt and receive at the s
used to share the antenna 10.
i npl emented as an 800KHz CDMA/
using nulticarrier decimation,
transm ssion occurs for
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four out of the eight downlink slots, or a 200KHz subtractive CDVA system
in which transm ssion occurs for 20 all of the seven downlink slots for
whi ch the receiver is not receiving. The uplink and downlink capacity
shoul d be t h&@¥B*%hut it is not as inportant to mninize FTELEITE
effort in the base station where power, s3/8 and cost are not as much at a
premumas in a 25 handport abl e, battery-operated nobil e phone. Systens

in accordance with the present invention relate principally to nobile
conmuni cations in the Base_ qf 0- ' 'n_a_y@bso be
used in the nobile-tqa-baR& 3; RS : IBwever

transmtter efficiené&*trd§§§0f1 in t
i ncor porated patents and nt ; Jnt | ope
modul ati on during nobilie_tranhsgdt burstk. A3netod i ncofporatin
i nvention used for d@ﬁpl' k 3 not limted £o bei ng 35 "stbciated th
a particular upli &S ho and the WO 97/32412 <
PCT/ US97/ 02661 17 §§
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I nvention when used as in the uplink is not limted to use with a

parti cuI The i nvention has been described with reference
to exenpl mﬂ!ﬁ%’m’n@ lmFHowever it will be appreciated by 5 t hose
skilled irw i s possiblej4o erbody the invention in specific
forns other than those of the exenplary epbodi ments described above.

Ther ef oreLAMS: exenpl ary enbodi nents described herein are nerely
illustrative and shoul be cqn5|dered restrictive . in 10 ny way.

The scope of Yhe i‘ﬁrm’g‘?‘gﬁ} %@BMW?W “&'%h%r than by
the pre AP c%ﬁs \ég%gag ns and equival ents which fall

W thin tﬁgﬁ?@ng{; %1& ains are in to be enbraced therein.

CLAI M. 1. A ”ﬁlm&mwwiﬂy off secat stationb etfvegeency Handst st ation

and a plurality of second stations sald nmet hod corrpr|S| ng: .all catl ng to
each of eomtaining arfigsy aumber of subchapnelsqatilgast one timey) ‘B%ﬁtl'g a

first nu 0 cg&etlmeslot |narepeat|ng
time-di \H‘W@%B}? ‘Iccﬁd mﬁeééﬁéram& peridd, and an access code; nodul ating
information for trmoaulatisy nfortustiorniod uhnmiaswn By szid frat sationad osaofisaid |
plurality of second stations onto 2.radio signal using said allocated timeslot, subchannels
and access code, when each subchannel carries substantially the same information for said

one of said plurality of second stations,
sirmultaneously transmitting modulated signals from said first station to said

second stations that use a same allocated timeslot and have at least some of said first
number of subchannels in common; and

| receiving said transmissions ar one of said second stations in the at least one
allocated timeslot and decoding information intended for said second station using the

allocated access code. ‘.

2. | A receiving system for receiving signals in a designated timeslot using pivral
radio subchanne! frequencies in a designated frequency channel, and a designated access
code, said receiving system comprising:

antenna means for receiving radio signals;

receiver means coupled to said antenna means for filtering and amplifying
said received radio signals in said designated frequency channel and converting said
received radio signals to a stream of numerical samples;

frequency decimation means for processing said numerical sample stream to
produce s:pa'rate sample streams, cach separate sample stream being represeatative of a
signal in an associated subchannel each subchannel havmg substantially the same

information: and
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' pl'ural"i_ty of 'second stations onto a radio signal using said allocated
‘times and access code, when each subchannel carries
substh"Hﬂlimllﬁumum information for said one of said plurality of second
statiohs,® sitnultt ameotisly transm tting nodul ated signals fromsaid first
station to said second stations that ifse a sanme allocated tinmeslot and have

at |l east sone of said first nunber of subchannels in comon; and receiving
said transm ssions at one of said second stations in the at |east one

al ocat ed _ti mesl| Q; %@éﬂs{]gg Mrﬁgﬁdagssmgﬁgg@ﬁgm Sa8b¢lats@cond
station using the allocated access code. 2. A recejving system for
. recei visglschammpinhsing said désighagechacsdsstdode i wpatas 2 yapied Signay g’ﬂiﬂdmé'(ilbiﬂiannel

frequencies in, a designated,frequency, channel. . ' cess
code, SigmalshaymgR @9@?&%&?@3‘? g;(ﬁa;e ‘#PW%&S&%%&?%S%% g radio
si gnal 3ai Wdei ans coupled to said antenna nmeans for filtering and

anpl i fying said received radio signals in said designated frequency channel
and convert said received radio signals to a stream of numerical sanples;

br oluce. sepd at o LATPEVE e soakens L4 parac R aECupRBRRHC, 1 o
repres %P&%&é;ﬂ? Wh@lﬁ@ﬁh&r&r&&e%&tﬁﬁﬁb@hﬁ%ﬁw rbsera ek upwaltes vigakicynel
substatially

havi ng the sane information, and ) )
using its designated access code to reduce an interfering effect when processing said

wanted signal using the access code of the wanted signal.

4. The receiving system according to claim 3 in which said interference
reduction means includes means for processing signals in descending signal strength order.

5. The system according to claim 4 in which the strongest signal first processed
is a pilot signal modulated with a fixed access code.

6. The systemn according to claim 4 in which the strongest signal first pracessed
is a broadcast control channe! signal carrying call alert messages addressed to individual

receivers.

7. The system according to claim 5 in which the second strongest signal is a
broadcast control signal carrying call alert messages addressed to individual receivers.

8. _ The system according to claim 3 in which said interference reduction means
includes:
signal transforming means vsing the access code of a first signal o perform
a transform of received signals to a Tansform domain; ' '
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16 subchannel proce55|n means for processing signals in said associ ated
subchanumu ﬂlﬂ UE Hlﬁem gnated access code to separate a wanted signal
‘from un ving other access codes and to produce output

i nformation synbols carrled by said mggted signal. 3. The receiving
system according to claim2 wherein sa‘d subchannel processing nmeans

I ncl udes interference reduction nmeans to process an unwanted signal by
using its designated access code to reduce an interfering effect when
processing sai d waalling méans & seyaicompotent incsasbtsansfaten ddmsdin eomespoadingitgnal .
4. The receiving system according to claim3 in which said interference
reduct i &aid sy ﬂ@ﬁ@g WIes%ans for processi ng S|gnals in descending signa

strength order. %g&& &L.gﬁ &Q";%::@
"strongest signal Irer%c process I'S ?’g‘.‘f%t I'gnal nodu a% wth a fixed

access g@évdde afecond sigal aping dsraeaespeadeng t o cI aim4 in which the strongest
signal first processed is a broadcast control channel signal carrying call
al ert nessages addressed to individual receivers. 7. The system

Control 9 gndl can?y kel apRieRET, SRETEh Wl aB%‘?i“ése £ el ke o

recei veg Walsh-Hadarha wamform.according to claim 3 in which said interference
reducti on means includes: signal transform ng neans using the access code
of a first signal to performa transformof received signals to a

transform doggi n. The gystem according to claim 8 in which said transform domain is the
' frequency domain,

11.  The system according to claim 10 In which said transform domain
component set to zero by said nulling means is a DC or zero-frequency component.

12.  The system according to claim 3 in which said interference reduction means
is a joint demodulation means that decodes at least two signals simultaneously using their

designated access codes in combination.

13. A method according to claim 1 including the step of:
allocating timeslots for trapsmission from oge of said plurality of second
stations to said first station which are offset in time from said at least one timeslot that is
allocated for reception by said one of said plurality of second stations.

14.  The method according to claim 1 ir which said step of allocating further
comprises the step of:
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17 nul a conponent in said transform domain correspondi ng
to sall(l“ﬂn m1mwlul"ml) zero; and inverse transform ng neans for using said
daccess tode and"prdceedi ng to decode a second signal using its access code.
9. The system according to claim38 gn whi ch said transform ng neans
perforns a Wal sh-Hadamard transform 1 The system according to claim3$8
in"which said transformdomain is the frequency domain. 11. The system
according to claim10 in which said transform domai n conponent set to zero
by said nulling méglestinga gumbernf spidsubchanneleansh tirpesiots alocated ®. onEid sgidst em

emoaul J0r sBRE R ba il BiflbR s sifvgmi? & roRReioimdly” L g
their dealdpahd@apdiiays codes in conbination. A nmet hod according to

claim1 including the step of: allocating tlmaslots for transm ssion from
one of said pl urallty of second stations to sald first station which are

ffset t h t [ |
Decont i on by 18ai o Aoptisf @ eonblcatii bR AR herkyhoh at 208 008 58 Brurp® o1 o
nccor i ofbids saonSid breiiohb oﬁipﬁrﬂkﬁ@fﬁ%@é {95GHs| 5d ik R EorkR e SES the

step of:
the steps of:

allocating, to each of said at least one of said plurality of mobile stations, 2
frequency band containing a number of subchannel frequencies;

modulating information for transmission by said at least one base station to
said at least one mobile station onto a radio signal which includes said subchannel
frequencies;

transmitting said information-modulated radio signal to said at least one
mobile station; _

" receiving said transmission at said at ieast one mobile station together with
signals transmitted to other mobile stations that at least partially overlap in some of said
subchannels; and

processing each subchannel of said received signal using interference-
reduction processing to reduce interference in each subchanne! separately, each subchannel
containing substantially the same information.

16.  The method according 1o claim 15 in which said step of interferencs-
reduction processing further comprises jointly demodulating at least two overlapping
signals.

17.  The method according to claim 15 in which said step of interference- .
reduction processing further comprises demodulating an interfering signal in a subchannel
and then subtracting the demodulated, interfering signal before proceeding to demodulate 2
wanted signal in the subchanne].
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‘18 sel ecting- a—nunbet__of sai d subchannels and tineslots allocated to one of
. atlons based on a desired information transm ssion rate to
'*pro @QM on demand capability. 15. A et hod of communi cati ng
i nfor t | east one of a plurality of base stations and at

| east one of a pI urallty of nobile stégl ons, said nethod conprising te
st-eps of: allocating, to each of said at |east one of said plurality of
nmobi | e stations, a frequency band containing a nunber of subchannel
frequenci es;1gmodutgd inegholl Hf QIaHR!ISQR whith Jaice ey be Blleatiby finrttiedl cofptiseast one

base station to sald at | east one nobile station onto a radi o signal which
i ncl udake step #fsubchannel frequencies; tansnmtting said

Do TR o o et ey BB IR PR § gt her
W th 5'&@35@1&%%}‘ S¢krisd Q{gmﬂna@b ¢xfappidpl i ons that at | east partiall y

overlap in sai d subchannels and processi ng each subchannel of said
received signal using interference- reduction processing to reduce

i nterference jn each subchannel ratel gach |, tainig .
substanti al 3P+t h §8‘|"Fé"q’?]’6’r"??ﬁ’ HQ&" ﬁ@niﬁ ﬁ’gg‘f‘gg‘@%ﬁ‘&?ﬁ‘gﬂt o claimi15

In whi Mﬂd%ﬁ&%ﬂ%p!@ﬁwmmeh within a frequency channel comprising:
local oscillator means for generating a local oscillator signal having a

frequency which is between frequencies associated with two of said multiple frequency

subchannels;
quadrature downconversion means for converting a received signal to I and

Q quadrature baseband signals using said local oscillator signal; and
DC offset removal means for processing said I and Q signals to remove
unwanted DC offsets therefrom.

20. A method of communicating information between a first station and a

plurality of second stations, said method comprising: '

dividing an allocated channel bandwidth into a plurality of subchanuels, each
subchanne] having a plurality of timesiots; .

grouping said plurality of timesiors in each subchannel into a repeating
frame structure;

atlocating to each of said plurality of second stations at least one of said
plurahty of time slots on at least one of said plurality of subchannels and an access code;

_ assigning, for each of said plurality of second stations, a frame in said
repeating frame structure of each subchanne! for transmitting overhead information from

. said first station; and
transmitting said overhead xnformauon in said assigned frames.
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reduct i on processing furt her conprises jointly denpdul ating at |east two
overl The met hod according to claim15 in which said
8t ep Fﬂ!@ Bﬂ reducti on processing further conprises denodul ating

—rasery 1
¢ m—

an |nte i n a subchannel g&d t hen subtracting the denodul at ed,
|nterfer|ng 5|gnal before proceeding tédenpdul ate a wanted signal in the
subchannel . REPLACEMENT SHEET 19 18. The nmethod of claim 15 in which

said step of allocating further conprises the step of: allocating frequency
bands to nobille stTPhed methodivf clain2, whereimsaiddverhead itfoftdrton Ppalow al | y

over | appi ng, and non over | I n 19 A receiver for receiving radio
transm $8396iated M&#ﬁ&% ifprmagionu| at ed onto nul tiple frequency
subchannel s wit h| n a frequency channel conprising: |local oscillator neans

for generating a local oscillator signal having a frequency which is

bet ween freq@2nci €Fheanethod at eLlim20) wheyeinakidasigned framp ifer cfxfe&ﬂ’lsﬁiﬁc y
subchannel s; quadrature, domcch@nverm on neans for converting a received

si gnal PRl RS b diSeEeng friqm %idgﬁmﬂhgﬁﬁg farsupthes ofsaidsci | | at or
si gnal ; Mfﬁ&dﬁmmneans for processing said | and Q-signals to

renove

23.  The metbod of claim 20, wherein said frames assigned to each of said
plurality of second stations are staggered within said repeating frame structure.

24.  The method of claim 20, wherein said frame assigned to one of said plurality
of second station is different for each subchannel allocated to szid one of said plurality of
second stations,

25.  The method of claim 20, wherein said frame assigned to one of said plurality
of second station is the same for each subchannel ailocated to said one of said plurality of
second stations.

26. A method of communicating information between a first station and a

plurality of second stations, said method comprising:

dividing an allocated channel bandwidth into a plurality of subchannels, each
subchanne! having a plurality of timeslots;

grouping said plurality of timesiots in sach subchannel into a repeating
frame structure;

allocating to each of said plurality of second stations at least one of said
plurality of timeslots on at least one of said plurality of subchannels and an access code;
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wnwant ed DC of fsets therefrom and A-to-D conversion neans for receiving
-sai d—processed | and Q signals fromsaid DC of fset renpbval nmeans and

eonvertg ' ed | and Qsignals to digital representation. 20.

A net I“ﬂliﬂiﬂﬂﬁ“ﬂmnmmrng information between a first station and a

pl ural'iLy cotf Lseeornd stations, said nmegpod conprising: dividing an all ocated
channel bandwidth into a plurality of subchannels, each subchannel having a

plurality of timeslots; grouping said plurality of tineslots in each

oAty of secoMPERaTanesch AT Fal bt bEpecBtd NS HRPBNIL % €
on at | eashuangak siabdrdditad kitdhdelstd e sed firsntitian doce Iranndf to

assigning, tor each of said plurality of second stations, a frane in said
r epeat i sgjd secomd statioacand e of each subchannel for transmitting overhead

information fromsaid first.station; and tr It '
I nformation in s-aﬂ?n%@w*lﬂéfe?“ﬁ se%d%%mg%b%f&gﬁgp%a
wher ei “1&&%@&?6%?%&%&%&%&&%@&?@6' &gament rol channel

(SACCH) "i'ntor on. The met hod of claim 20, wherein said assigned
frame for one of said plurality of second stations is different fromsaid

assigned fr a3, fo grgg&%rotocflﬁaiég wherein said assigned frame is the same frame
within said repeating frame structure for each of said plurality of second stations.

"28.  The method of claim 26, wherein said assigned frame for at least one of said_
plurality of second stations s different from said assigned frame for another of said

plurality of second stations.

29.  The method of claim 26, wherein said frames assigned to said plurality of
second stations are staggered within said repeating frame structure.
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. » "’“’q‘fix’,
plurality of second stations. 23. The method of cl piFhPRACEMENS: SHREK i d

frarres mmﬂwmmmﬂm of said plurality of secon tatlons ar e tagge‘r% coﬁ%l
within rame structure. 24, The hoq g@bg] 0,

wherein said ¥rdnes as8igned to one of said pl uralify] of sec nd“sStdtijon is
different for each subchannel allocatedgto said o I ]y of
second stations. 25. The nmethod of claim20, whgrein said franme agsi gned
to one of said plurality of second station is the sane Tor eacn subchannel
all ocated to said .qgne of said plurality o econ t at.i ons. A met hod
of comuni catll g fﬁf ﬁé’ﬁ%@ﬁ@é@ﬁ “éﬁ;? s@?ﬁg?@ ﬁP%pF’F? of
second s}atkQRe said nmethod conpri sing: d| VI di ng an aI | ocat ed channel

bandw dt |n o a plurality of subchannels, each subchannel having a
plurality of ti rresdlmtcstmggfreqlmnngbsmlsctomhohilalstahynmmchmm 6nd of each
subchannel into a repeating frame structure; allocating to each of said
plurali weﬂapmm@ba@m%@pm a0d p9p-ayerapping ai d plurality of tinmeslots on
at | east one of said plurality of subchannels and an access code;

assigning, for each of said plurality of second stations, a franme in said
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does not transmt to said second station,
modulated onto mutltiple frequency subchannels thhm a frequency channel comprising:

—

local oscillator means for generating a local oscillator signal having a
frequency which is between frequencies associated with two of said multiple frequency
subchannels;

quadrature downconversion meauns for converting a received signal to I and
Q quadrature baseband signals using said local oscillator signal;

DC offset removal meauns for processing said I and Q signals to remove

unwanted DC offsets therefrom; and
A-to-D conversion means for receiving said processed I and Q signals
from said DC offset removal means and converting said processed I and Q signals to

digital representation.

20. A method of communicating information between a first station and a

plurality of second stations, said method comprising:

dividing an allocated channel bandwidth into a plurality of suﬁchannels, each
subchannel having a plurality of timeslots;

grouping said plurality of timeslots in each subchanzel into 2 repeating
frame structure;

allocating to each of said plurality of second stations at least one of said
plurality of time slots on at least one of said plurality of subchannels and an access code;

assigning, for each of said plurality of second stations, a frame in said
repeating frame structure of each subchannel for transmitting overhead information from
said first station; and ‘

transmitting said overhead information in said assigned frames.
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transmitting said signals to said second stations in said re?‘%{egtctive

-al l ocated at
assigned frane. 27.
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