COOPERATI VE COVMUNI CATI ON METHODS AND DEVI CES FI ELD AND BACKGROUND OF THE
| NVENTI ON The present invention relates to cooperative conmuni cation

nmet hods, wearviomsbmsl y but not excl usively between a groepTsGumensioand a
base station. The present invention also relates to devices configured to
performthe nmethods. In a typical wireljess conmunication network, there is
a plurality of nobile comrunication devices configured to comrunicate with

a conmon desti ' ' ' ni cation
devi ces have ar@})?glbeRéﬁM%@'ﬁm&gtﬂélpgﬁqu[%%@ﬁ%@@mo make use
of time division multiple access (TDVMA) where each nobil e conmuni cation
device transmts data on a different tine slot to the base station. A

di sadvant age of such a schene is that the received signal at the
dest i nat i biclid AIND Bé c B Thid INVENTIEN ity is available to reliably
recover the transmtted signals. There have been proposed schenes to

achi eve dirkempsesent intergionhretdetvesogssratiee icoaimbridation ofetinedd, which is in
reality not the case. It is an object of the present invention to provide a

cooper at i y&rtieQ U dok BRcIUBABRbeIE ey hESUP S GdbradAtasbasd sitisht one of
the problens of fhe prior art

The present invention also relates to devices configured to perform the methods.

In a typical wireless communication network, there is a plurality of mobile
communication devices configured to communicate with a common destination,
such as a base station. If the mobile communication devices have a single
antenna, an option for multiple access is to make use of time division multiple
access (TDMA) where each mobile communication device transmits data on a
different time slot to the base station. A disadvantage of such a scheme is that
the received signal at the destination might be deeply faded and no diversity is

available to reliably recover the transmitted signals.

There have been proposed schemes to achieve diversity but such schemes

assume flat fading channel which is in reality not the case.

»ltis an object of the present invention to provide a cooperative communication
method and device which address at least one of the problems of the prior art

and/or to provide the public with a useful choice.



and/or to provide the public with a useful choice. SUWARY OF THE | NVENTI ON
In general terns, the invention proposes using users or comrunication

devi ces twocompssAmBe with each ot her such that a transnmPCrsSd2ei99n@i3 can be
reliably recovered at a destination. In a first specific expression of the
invention, there is provided a space-ti coded cooperative communi cation
nmet hod for a wirel ess conmuni cati on network, the network including a first
conmmruni cat i on device and a second comuni cati on device, each of the

communi ca I TigEil &N ated with respective users and confi gured
to communicate with a common destination, the nethod conprising the steps
of: the first communication device, transmtting a first nessage to the
second conmuni cation device for transm ssion to the common destination as a

first routregemerabepes, thtdinvestior prposesasinyluserssargrhfmamidaiion evived
communi cation device for transm ssion to the comon destination as a second

routed megsSEsherkfd With SatR@thdr ahi tABt althhshift8® sightf tan HdreligByMUNI cat i on

device" are used Interchangeably to refer to a conmmuni cation device

associ at efb i bhat Bbstitdlich.

in a first specific expression of the invention, there is provided a space-time
coded cooperative communication method for a wireless communication
network, the network including a first communication device and a second
communication device, each of the communication devices being associated
with respective users and configured to communicate with a common
destination, the method comprising the steps of:

the first communication device, transmitting a first message to the
second communication device for transmission to the common destination as a
first routed message; and receiving a second message frdm the second
communication device for transmission to the common destination as a second

routed message.

In this specification, the terms “user” and “communication device” are used
interchangeably to refer to a communication device associated with a user. This

communication device may for example be the mobile equipment for a cellular

system.



communi cation device may for exanple be the nobile equi prent for a cellular
systemIf full duplex is available, the transm ssion of the first nessage
to the sewondioosmwni cati on devi ce and receiving the seecmgGredgagesfrom

t he second conmuni cation device are carried out in the sane tinme slot. As
an alternative, in half duplex, the tr%psnission of the first nessage to

t he second communi cation device and receiving the second nessage fromthe

second co i.cation deyice y._be carried. out in different tinme slots.
Pr ef er abl Wpﬁgp%t'ﬁéﬁa%&:ﬁe’fﬁgﬁ%ﬁ”@§ﬁﬂﬂ‘géh? BtIeRags 10 ipSesPatng a
first padding fromthe received second nessage; performng a conpl ex
conj ugat e COMMUECatinneigdee aBd saeriviBgsthgeecoad snergagegrom tgﬁ§eIC@0@i ved
second nessage; and inserting a second padding into the received second

message, tomnunitatitn dedomdre oatrisd omsisdiye shore timarstoti Asiaalternative, gormon
destination. The discarding, performng a conplex conjugate, re-ordering

and i nser half@upled) shamBinSRiseRIr Of thedirshmasbade tetH seidrieesninunicaiohhe tine
slot for transmtting the first nessage. The first paddi ng and/or the

PheOny AU dRYeCBRIMIHMAS DO RoREAGE trom'thE SERORA T uRIEHBRT comPr! se

the step ing t econd nessa
device may be carried out in different time slots.

Preferably, the method may further comprise the steps of: discarding a first
padding from the received second message; performing a complex conjugate
on the received second méssage; re-ordering of the received second message;
and inserting a second padding into the received second message, to form the
second routed message for transmission to the common destination. The
discarding, performing a complex conjugate, re-ordering and inserting steps
may be performed in a time slot different from the time slot for transmitting the

first message.
The first padding and/or the second padding may include a cyclic prefix.

The method may further comprise the step of decoding the second message
after discarding the first padding from the second message. The method may
also comprise the step of amplifying the second message. In this way, the

second message may be amplified using an amplification factor.



after discarding the first padding fromthe second nessage. The nethod may
al so conprise the step of anplifying the second nessage. In this way, the
second neseagw/oFap3be anplified using an anplification fPatisero®roedses abl y,
the nethod may further conprise the step of: negating the second nessage
and/ or converting the second nessage from frequency domain to tinme donain.
This may be by way of an | DFT operation. Advantageously, the second routed

message is transmtted usi QI%?CF@% modul ation. As. an altern Ei ve, the second
Fouted mePselgEatayth anethRRdTIRY fHh TSNP Giecs eR it kgainghp seoppd | x
nodul ati on. The nethod may further conprise the step of; the second

comuni camiessageand@r gasvertingifetsesondraessaastige requancysiomaisitedime t he
destination. The nmethod may then further conprise the steps of: the second
communi catdogiaisleMis eaaydbes banveangf an fDF$topeaatibmg from t he received first
nmessage; performng a conplex conjugate on the received first nessage;

re-ordering of the received first nessage; and inserting a second paddi ng
into the received first nessage, to formthe first routed nessage for

comt ox cdRp apdssasfe B EeqHTR KR fboeplR 1 LRy G CRO Mo n o

time slot nqCIJ Jlgtricgann.tAs]c ér? g\tgpneatﬁlé,nﬁ\ess!eoc;[onfdorgu{eeoc %e\élsgge may be transmitted

using Single Carrier — Cyclic Prefix modulation.

The method may further comprise the step of; the second communication
device, receiving the first-message for transmission to the destination. The
method may then further comprise the steps of: the second communication
device, discarding a first padding from the received first message; performing a
complex conjugate on the received first message; re-ordering of the received
first message; and inserting a second padding into the received first message,
to form the first routed message for transmission to the common destination.
The discarding, performing a complex conjugate, re-ordering and inserting
steps may be performed in a time siot different from the time siot for receiving

the first message.

Preferably, the method further comprises the steps of: the common destination,
receiving the first message directly from the first communication device,
receiving the second message directly from the second communication device;

and decoding the received first and second messages and the first and second

routed messages.



the first nessage. Preferably, the nethod further conprises the steps of:
the comon destination, receiving the first nessage directly fromthe first
comuni cavpanicdsviose, recei ving the second nessage dir eeChngGkommnedz second
comuni cati on device; and decoding the received first and second nessages
and the first and second routed nessages.As a first conbining schene, the
decodi ng may conprise the steps of: converting the received first and
second nessages fromtine to frequency domain; and obtaining a first

conbi nati on sequence by linearly conbining the frequency domain first and
second nmessages. The nethod may further conprise obtaining a second

conbi nat i &% adesfusamkinbng $¢herae | the dedoidingmayrooniprisst theaigpsafi on sequence
and the first and second routed nessages. As second and third comnbi ni ng

schenes, d:dnde‘ﬁtir&ﬁﬁﬁai fceivicafirst dved decok nieszayes fiohhimedofrrduedicyhe st eps
of : converting the first and second routed nessages fromtinme to frequency

domai n; a&&n%\e'é%'bﬂtﬁiﬁiﬁg)é $ikst CRMY néﬁéﬁﬁea@&wwmémfﬁ@%bdnw&fé y

i
conbi ni ng the frequency mai ns of the first and 'secon ssages, and the

fi d _ and th
[Lrst andesaead LR APRRALE S ashBSl! Pho hihod R AirfhBET 2L on. the
comprise obtaining a second combination sequence by linearly combining the

first combination sequence and the first and second routed messages.

As second and third combining schemes, it is possible that the decoding may
further comprise the stepé of: converting the first and second routed messages
from time to frequency domain; and wherein the first combination sequence
includes linearly combining the frequency domains of the first and second

messages, and the first and second routed messages.

As a form of full duplex operation, the decoding may comprise the steps of:
converting the received first message and the first and second routed message
from time to frequency domain; and obtaining a first combination sequence by

linearly combining the frequency domain first message and the first and second

routed messages.

The first, second and third combining schemes may further comprise dividing
the first combination sequence or the second combination sequence by a
constraint sequence which characterizes a first transmission path between the

first communication device and the common destination, and a second



converting the received first nmessage and the first and second routed
nmessage fromtine to frequency donain; and obtaining a first conbination
sequence W9 2biwmseaoBy conbi ni ng the frequency donai n fireCcTisesengeodand t he
first and second routed nessages. The first, second and third conbi ni ng
schenmes may further conprise dividing the first conbination sequence or the
second conbi nati on sequence by a constraint sequence which characterizes a
first transm ssion path between the first conmmunication device and the
common dedengatssen patubetweendhaseansicommunigation geviseand the second
communi cation device and the destination. The constraint sequence nmay be
obt ai ned destimativmi ng a first channel paranmeter which characterizes the
first transm ssion path and a second channel paraneter which characterizes
t he second transm ssion path. The nethod may al so conprise the steps of,
prior to the decoding step, the common destination, discards a first

dding f | | od 8 ding f th
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first routed nessage. sage her conpri se

the step of: the firs 0 nicat,jon. device transmtti t he second routed
message t aéamﬁquavhlcl‘g cﬁar@&jenze_s th8 firS¥artemisSidh path angga secon ghannel

parameter which characterizes the second transmission path.

The method may also comprise the steps of, prior to the decoding step, the
common destination, discards a first padding from the received first message;

discards a second padding from the first routed message.

It is envisaged that the method may further comprise the step of: the first
communication device transmitting the second routed message to a third
communication device of the network, and the third communication device
relaying the second routed message to the destination. It is also envisaged that
the method may further comprise the step of: the second communication device
transmitting the first routed message to a fourth communication device of the

network, and the fourth communication device relaying the first routed message

to the destination.

Training schemes may be used to obtain certain parameters for the above
mentioned methods. In exemplary training schemes to obtain certain
parameters, the method may further comprise, prior to decoding the received

first and second messages, the common destination estimating the first channel



conmmuni cation device of the network, and the third conmunication device

rel aying the second routed nessage to the destination. It is also envisaged
t hat the wethmdsemyg further conprise the step of: the secosd2eommumscati on
device transmtting the first routed nessage to a fourth comunication
device of the network, and the fourth ﬁgnnunication device relaying the
first routed nessage to the destination. Training schenmes may be used to
obtain certain paraneters for the above nentioned nmethods. |In exenplary
trai ni ng PFIAGET basedOri s Mmadn training sichabtrapsmittatebyrthenfitst nay f urt her
conprise, prior to decoding the received first and second nessages, the
comon desbimmanicaticesdéeviee.i ng the first channel paraneter based on a main
training signal transmtted by the first conmuni cation device. A training
signal may al so be used to estinmate a paranmeter at the comunication
device. For exanple, the nethod may further conprise the steps of, prior to

Lransm Ut iNGainlify SighamapaRR0Ge usEE 1d lekhnafOdTRANMRI AN (gV! ce transm Ls an

auxiliary traini'ng sign second communi cation device, and obtains
o PR BT Ghahes PSR oL b FRBNSE G BB B ©°
steps of, prior to transmitting the first message, the first communication device
transmits an auxiliary training signal to the second communication device,
and obtains an inter-device channel parameter which characterizes an inter-
device transmission path between the first and the second communication
device based on the trainfng signal; and transmits the inter-device Qhannel

parameter to the common destination.

The auxiliary training signal transmitted from the communication device to the
'second communication device may optionally comprise a first training signal

and a repetition of the first training signal.

The auxiliary training signal used to perform estimation at the communication
device may also be the same as the main training signal used to perform
estimation at the common destination. In such a case, the auxiliary training

signal is the main training signal.

Amplification factors used for amplifying signals may also be estimated at the
common destination for decoding the amplified signals. Thus, the method may

further comprise the second communication device retransmitting the auxiliary



devi ce based on the training signal; and transmts the inter-device channel
paraneter to the conmmon destination. The auxiliary training signal

transm t twa 2brocssioBe communi cati on device to the secondPcorsGaoiomaiidn
device may optionally conprise a first training signal and a repetition of
the first training signal. The auxiliary training signal used to perform
estimation at the conmmuni cation device may al so be the sane as the main

training signal used to performestjpation at the coppon, destination. In
such & casEnakindhe eRMmah deshariamyh STy pelmatesaeamalieation AC0] DasgRal
Amplification factors used for anplifying signals may al so be estinated at

t he comoan tesauxbanycigna foddeerting thé ampliied fsesand imgasiage. Thus, the net hod
may further conprise the second comuni cation device retransmtting the
auxiliarysignal to the conmon destination which estimates an anplification
factor based on the auxiliary signal for decoding the anplified second

nmessage. Traapting tRe iﬁtlée-d!em@rcmwbq:ﬁaeémé@elmésac@rﬁpﬁ@é trER¥NMERgE se
transmtting a conplex conjugate of the inter-device channel paraneter.

Furt her, 1SS _S8vi (o ASrLL gation of the
conpl ex c%ﬁf‘&%ﬁ e 6}g°‘at"‘thgﬁitfﬁ\“%ﬁqt%é%@%@@g?ﬁ%@é%ar arr{é?jggg‘ e;fl 9
transmission may also comprise transmitting a negation of the complex

conjugate of the inter-device channel parameter.

The second routed message may comprise in a first signal interval, a first
routed training signal; and in a second signal interval, a second routed training
signal, the second routed training signal being a negation of the first routed

training signal. In this way, training sequences may be relayed in different time

intervals.

In a second specific expression of the invention, there is provided a. space-time
coded cooperative communication method for a wireless communication
network, the network including a first communication device and a second
communication device, each of the communi_cation devices being associated
with respective users and configured to communicate with a common
destination, the method comprising the steps of:

the common destination, receiving a first routed message from the
second communication device, the first routed message including a first

message transmitted by the first communication device;



The second routed nessage may conprise in a first signal interval, a first
routed training signal; and in a second signal interval, a second routed

t rai ni ng wognelosetoBe second routed training signal bei ngca/Scegatnen3 of t he
first routed training signal. In this way, training sequences may be
relayed in different tinme intervals. I@ a second specific expression of the
I nvention, there is provided a space-ti'ne coded cooperative comuni cation
nmet hod for a wirel ess comuni cation network, the network inclJuding a first
conmuni cat i on EREEIRD ArRECANE SRR TEBRARGE HRM Bie HElsrBMuURicationr devies.

comuni cati on devices being associated with respective users and confi gured
t o conmmuntheasacondirbuted messagel nsiuding izosecandenassagsitransmpities bygthehe st eps
of : the common destination, receiving a first routed nessage fromthe
second cogstondesmmunieationedevidee ahidr st rout ed nessage including a first
nmessage transmitted by the first conmunication device;receiving a second

routed messagerddeiithg e fitst @hd GREBHA IrRassesABMICHS from ehe RGPRAJr outed
message i ncluding a Ssecond nessage transmitted by the second conmuni cation

devi ce; a@Qcér?cF@é)Mi'rﬂﬁli&ﬁ%nf&éﬁée%@pé%ﬁ%’l? nmessages directly fromthe first
and '

The wireless communication network may be a cellular network. The
communication devices may be mobile communication devices. In thié respect,
this actually forms a third specific expression of the invention in which there is
provided a communicatioh device configured for space-time coded cooperative
communication with a second communication device in a wireless
communication network, the communication device and the second
communication device being associated with respective users and configured to
communicate with a common destination, the communication device further
configured to transmit a first message to the second communication device for
transmission to the common destination; and to receive a second message from

the second communication device for transmission {o the common destination.

If full duplex is available, the communication device may be configured to
transmit the first message to the second communication device and receive the

second message from the second communication device in the same time slot.

The communication device may be configured in half dupiex and the

communication device may be configured to transmit the first message to the



second comuni cation devices respectively. The w rel ess conmuni cation
network may be a cellular network. The communi cation devices may be nobil e
comuni cavpaniodsvioses. I n this respect, this actually fecmscaowmhne4ds
specific expression of the invention in which there is provided a

communi cati on device configured for space-time coded cooperative

comuni cation with a second comuni cat1®n device in a wreless

comuni cati on network, the communi cation device and the second

comuni casemndlevnoriniatiop desmcand edcgive the sspatt message fromatiee conf i gur ed
to communicate with a common destination, the conmunication device further

confi gur egeéd:h_d é@-ﬂﬁﬂjrﬁcaﬁuoﬂ-‘idéﬁcgfm'a‘(ﬁﬁg%ﬁtctinﬁé'lglog@cond commni cation device
for transmi ssion to the common destination; and to receive a second nessage

fromthe second conmruni cati on device for transm ssion to the common
destination. If full duplex is available, the comrunication device nmay be

and 1 cei veormEBHs o reed souRy /BRY BRdrsRmn Ra R TP BPE AT hAE" n Y he
sanme tinme slot. The comuni cation device may be configured in half du pl ex

and the coneiRRe fenthEneEHC paprassiosuRfthginwantios ‘E‘r\"dﬁg%ﬂﬂe"?ﬂ% Providg

message to thesecond conmuni cation device and receive the second nessage
from t he an integrated circuit (IC) for a communication device which is configured for

space-time coded cooperative communication with a second communication
device in a wireless communication network, the communication device and the
second communication device being associated with respective users and
configured to communicate with a common destination, the IC comprising:

a processing unit configured to transmit a first message to the second
communication device for transmission to the common destination; and to
receive a second message from the second communication device for

transmission to the common destination.

A fifth specific expression of the invention is also envisaged in which there is
provided an Integrated circuit (1C) for a base station of a wireless
communication network including first and second communication devices
configured for space-time coded cooperative communication, each
communication device being associated with respective users and configured to
communicate with the base station, the IC including

a processor configured to:



second conmmuni cation device in different tine slots. The nethods di scussed
earlier may b e perfornmed by an integrated circuit and this fornms a fourth
speci fic wopoesssma of the invention in which there i s proscded/ oanos
integrated circuit (1C for a communication device which is configured for
space-tinme coded cooperative comuni cation with a second comuni cation
device in a wrel ess comunication netWbrk, the communication device and

t he second comruni cati on devi ce being associated with respective users and
configured to mmeivena ot eoulietmessaganbondibet sSecand @mommbeicatios depicesi ng: a
processing unit configured to transmt a first nessage to the second

comuni Ca{H@ﬁ?sﬂﬂ)dté‘cﬁn‘f&éa?éaﬁtﬂmmgiaoﬂilrsl fnddiage aramemities biyrtag fiest;, and to
recei ve a second nmessage fromthe second comuni cati on device for

transm ssi@mnthitARncviRn destination. A fifth specific expression of the
invention is also envisaged in which there is provided an integrated

circuit (1C f b i i j i k
i ncluding fi rs?écaeﬁv(? §§§8§@@E%%%ﬁ%%%%ﬁé@3§8§@ con#'?‘gh‘rcggoﬁ?re\o@%éce-ti me
coded cooperative co ni cation, ecgch comuni cati on devic el?jeti)yn{,;heassoci at ed

Wi th respdid PROTGSOHIELRPSERN? HFiHUES Gsecond message ransm

second communication device; and

receive the first and second messages directly from the first and second

communication devices respectively.

The IC of the fifth expreséion may be configured to perform a first combining
scheme and the IC may be further configured to: convert the received first and
second messages from time to frequency domain; and obtain a first
combination sequence by linearly combining the frequency domain first and
second messages. The IC may also be further configured to obtain a second
combination sequence by linearly combining the first combination sequence and

the first and second routed messages.

The IC may be configured to perform ot_her combining schemes in which the IC
may be configured to convert the first and second routed messages from time to
frequency domain; and wherein the first combination sequence includes linearly
combining the frequency domains of the first and second messages, and the

first and second routed messages.



communi cate with the base station, the IC including a processor configured
to:receive a first routed nessage fromthe second communi cati on device, the
first roweadomassmge i ncluding a first nessage transm t Ped/Sopomneo4s r st
comuni cati on device; receive a second routed nessage fromthe first

communi cati on device, the second routed nessage including a second nessage
transmtted by the second communi cati onr” device; and receive the first and
second nessages directL¥ fromthe first and second conmmuni cati on devices
respect i véhg pragassing Wit may e furthes gpniiguraeshtonggnviedt theresejueddirsto perform a
first conbining schene and the 1C may be further configured to: convert the
recei ved friessagandd dke firsl amgssenged routed meassage fione tjmentoyfretpremicy; and
obtain a first conbination sequence by linearly conbining the frequency

domai n fi gsmadiGngesnaimh aasstaoabinatith séguenceby nddyf sorhbigingtidf | gured to
obtain a second conbi nati on sequence by linearly conbining the first

conbi nat i gRo3ERERSRaM st ARsEhgS bnd e TRECAK 58HRAdIRSS AtRSagdle | C may
be confi gurgg ’?%iﬁper?orm ot her %onbi ﬁlﬁng schenmes 1 n which the ?C
The IC may be further configured to divide the first combination sequence or the
second combination sequence by a constraint sequence which characterizes a
first transmission path between the first communication device and the common
destination, and a second transmission path between the second

communication device and the destination.

The constraint sequence may be obtained by combining a first channel
parameter which characterizes the first transmission path and a second channel

parameter which characterizes the second transmission path.

The IC of the fifth expression may be used in a base station or other destination
or relay equipment which is configured to for such applications. Also, the base
station and the communication device or devices may be used in a wireless

communication network.

As described in the preferred embodiment, the proposed communication may
provide the advantage of providing for space and time diversity in the

communication uplink, and may optionally allow the implementation of a space-



may be configured to convert the first and second routed nessages fromtine
to frequency domain; and wherein the first conbination sequence includes

| i near |y wortbionisezp3t he frequency donai ns of the first amrdTsecear@onmwssages,
and the first and second routed nessages. The processing unit may be further
configured to convert the received firag message and the first and second
routed nessage fromtinme to frequency mai n; and obtain a first

conbi nati on sequence, by linearly combining.the fr,ea(}_uencry domain first
message afMde FRAING ssheded THe 'f%'tﬁ@ﬁtyr?gé%e@&m 198 rOFRY SIHHOR Mdther
configured to divide the first conbi nati on sequence or the second

conbi nat | @scskeineneasdsy a constraint sequence which characterizes a first
transm ssion path between the first comuni cation device and the conmon
destination, and a second transm ssion path between the second

communi cation device and the destination. The constraint sequence nmay be

obt ai ned hysKksaUdPbBidpbareht that feehaeselegerbangsed spbtifi aspactipipressies the
first transm ssion path and a second channel paraneter which characterizes

t he secondﬁréra@gbs%%?ﬁg% g)ztmeo _ a'sEe%fs/é*b’reEéiBﬁ@. expression nmay be used in

a base station or stination or relay equi pnment which is configured
to for such applications. Al so, the base

It can be appreciated from the described embodiment(s) that the method and
apparatuses may additionally also have the advantages of:

- eliminating multi-user interference (MUI).

- eliminating inter-symbol interferences (I1SI).

- requiring only one antenna at each communication device.

- achieving space-time coding using only one antenna.

- being immune to frequency selective fading.

- requiring only simple, low complexity processing at each communication

device.
- using low-complexity combination schemes at the destination.
- operational under half-duplex conditions.

- not having to compensate for additive noise.

The described embodiments also have the advantage that during cooperative
transmission, time slots can be pipelined. This would permit multiple orthogonal
frequency-division multiplexing (OFDM), single carrier cyclic prefix (SCCP) or

single carrier with zero padding (SCZP) blocks to be transmitted.



station and the comuni cation device or devices may be used in a wreless
communi cati on network. As described in the preferred enbodi nent, the

pr oposed wormimiséawBi on may provi de the advant age of provcaisegofepoepace and
time diversity in the conmunication uplink, and may optionally allow the

I npl ementati on of a spacetinme coding scheme. The signal reliability at the
destination or base station nmay al so bé>|ncreased It shoul'd be apparent
that features descrlbed for a speC|f|c aspect/ expression are al so
appl i cabl 8RiE s CGRIFEIONSG E ARAMINGSs. It can be appreciated from

t he descri bed enbodlnent(s) that the nethod and apparatuses may
additionally al so have the advantages of: - elimnating nulti-user
interference (MJ). - elimnating inter-synboi interferences (ISI). -

requiring Oneé Y aitte dRiIt@ents wldte @@mwm;tylmy gruxafple om?hwwi ng
space-tinme coding using only one antenna. being inmmune to frequency

sel ective (badbAGe to tHe%HoHﬂ%M Mra%vuﬁ@kein Wi conpl exity processing at

each communi cati on devi ce

Figure 1 is a schematic drawing of a wireless communication network
comprising a group of users and a base station according to an example
embodiment;

Figure 2 is a flow chart depicting the steps of implementing cooperative
space-time coding in the wireless communication network of Figure 1;

Figure 3(a) is a flow chart illustrating a channel estimation scheme for
use in the cooperative space-time coding of Figure 2.

Figure 3(b) is a flow chart illustrating a variation of the channel estimation
scheme of Figure 3(a);

Figure 4(a) are time block diagrams illustrating communicatioh in
different time slots based on half duplex OFDM between two users and the
base station of Figure 1;

Figure 4(b) are time block diagrams iliustrating communication in
different time slots based half duplex on SCCP or SCZP between two users and
the base station of Figure 1; |

Figure 5(a) are time block diagrams illustrating communication in
different fime slots based on full dupiex OFDM between two users and the base

station of Figure 1;



- using |l ow conplexity conbination schenes at the destination. -

oper ati onal under hal f-duplex conditions. - not having to conpensate for
addi ti ve woi2em/05dte8 descri bed enbodi nents al so have t hepauisanom@@eoshat
during cooperative transm ssion, time slots can be pipelined. This would
permt multiple orthogonal frequency-division nultiplexing (OFDM, single
carrier cyclic prefix (SCCP) or singlelZarrier with zero paddi ng (SCZP)

bl ocks to be transm tted. BRI EF DESCRI PTI ON OF THE DRAW NGS One or nore
enbodi ment s wi Flgupe S{e)sanei thred bldek diagraohs dluatrptieg communicatiorr ief er ence to
t he acconpanying drawi ngs, in which: Figure 1 is a schematic drawing of a

wirel ess differettitioed slots batad bk faldapdliexi OBDM BeMmEErofwdl§8sS amddhe Hxase
station according to an exanple enbodinment; Figure 2 is a flow chart -

depi cti ngsidugn o r@f1.i npl ementi ng cooperative space-tinme coding in the
wi rel ess communi cation network of Figure 1; Figure 3(a) is a flow chart

wrel ess vor k 1 Figurs .
Space- 11 e codl TGO B ape orart BeBERR pRheti Siofk R &t ng
variati onyof Lo EhaRIE ki gR {Rt  on

Figure 7(a) is a graph of an average Symbol Error Rate (SER) of a signal
recovered at the base station based on the signal Combining scheme of Figure

6 when BPSK modutation is used and y is 10 dB;

Figure 7(b) is a graph of an average SER of a signal recovered at the
base station based on the signal combining scheme of Figure 6 when 4 QAM

modulation is used and y is 10 dB;

Figure 7(c) is a graph of an average SER of a signal recovered at the
base station based on the signal combining scheme of Figure 6 when BPSK

modulation is used and y is 20 dB;

Figure 7(d) is a graph of an average SER of a signal recovered at the
base station based on the signal combining scheme of Figure 6 when 4 QAM

modutlation is used and y is 20 dB;

Figure 7(e) is a graph of an average SER of a signal recovered at the
base station based on the signal combining scheme of Figure 6 when 16 QAM

modulation is used and y is 20 dB;

Figure 7(f) is a graph of an average SER of a signal recovered at the

base station based on the signal combining scheme of Figure 6 when 4 QAM



schenme of Figure 3(a); Figure 4(a) are tine block diagrans illustrating
comuni cation in different tine slots based on half duplex O-FDM between two
users andwohelonaem3st ati on of Figure 1; Figure 4(b) arePCirss2domodsosli agr ans
illustrating communication in different tine slots based half duplex on
SCCP or SCZP between two users and the base station of Figure 1; Figure
5(a) are tine block diagrans illustratlthg communication in different tine
sl ots based on full duplex O-FDM between two users and the base station of

Fi gure 1, fricgulation( I3) used, b e 200 aek ahidghamael |dstigtatiahi ngrmalinadineedn on i n
different tine slots based on full duplex OFDM between two users and the

base statf ngrbrgfer@rgﬁl é);SE'?%qu%aG is a flow chart depicting a general

si gnal I Nl ng S se station of Figure 1; Figure 7(a) is a

gr aph of an av e nbol Error Rate EFEQ? a SI nal recove t he
Dace 'stat fon bRGLEE RN oo aFapficr Bl SER At S PORRL BV E B
nodul ation is used and g is dB;

base station based on the signal combining scheme of Figure 6 when 4 QAM

modulation is used, y is 20 dB and channel estimation NMSE is -30 dB; and

Figure 7(h) is a graph of an average SER of a signal recovered at the
base station based on the signal combining scheme of Figure 6 when 4 QAM

modulation is used, y is 20 dB and channel estimation NMSE is -40 dB.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A wireless communication network 100 is shown in Figure 1 and in this
embodiment, the network is a cellular network. The network 100 comprises a
group 120 of P users 102,104....110 where P is any number of users, and a
base station 130. In this embadiment, all the users 102,104...110 are in the
same group 120, share a same frequency band and each user has a single
antenna for transmission or reception. As'a result, TDMA is used for m_ultiple
access of the base station 130 by the users 102,140...110. However, such a
multiple access scheme is not ideal as it does not achieve diversity and signal

reliability is poor.

Each user 102,104...110 is a mobile communications device associated with a

user and examples of a mobile communication device may include a mobile



Figure 7(b) is a graph of an average SER of a signal recovered at the base
station based on the signal conbining schene of Figure 6 when 4 QAM

nodul at i owmoi2e1use®3and g is 10 dB; Figure 7(c) is a graphTsiGen/cawes age SER
of a signal recovered at the base station based on the signal conbining
schenme of Figure 6 when BPSK nodul ati on |s used and g is 20 dB; Figure 7(d)
is a graph of an average SER of a signal 17t ecovered at the base station
based on th si gnal F‘bl ning schene of Figure 6 when 4 QAM nodul ation is
used and g nQO”BtB OP ngu%reﬁﬁ% (Glafpai flostionany Bysteaas e&EBpefatingsi.gnal
recovered at the base station based on the signal conbining schenme of
Figure 6 wMéiRin th eQMGNZV\/I‘?lejillD@t|on is used and g is 20 dB; Figure 7(f) is a
graph of an average SER of a signal recovered at the base station based on
t he signal conbining scheme of Figure 6 when 4 QAMhodul ation is used, g is
20 dB and channel estimation normalized nean square error (NVSE) is -20 dB;

Fi gure 7(g)Tolachieas 6RBrsRy, R Gopbags t f @F@% I v SR
station based on the si ggrqal ﬁé I ning Schgn%s%?b ?g WEFPse
signal reliability when communicating with the base station 130, and more
specifically, cooperative space-time coding is used. For the ease of disclosure
the present embodiment will be described using a value of P = 2 j.e. based on

User 1 (102) and User 2 (104) although the skilled addressee will appreciate

that the present invention may be extended to P > 2.

The users 102,104 may use OFDM, single carrier cyclic prefix (SCCP) or single
carrier with zero padding (SCZP) as the modulation technique. The use of
OFDM, SCCP or SCZP eliminates inter-symbol interference (IS!) and thus

creates a more robust architecture against frequency selective fading.

Figure 2 is a flow chart showing a method of implementing cooperative space-

time coding between the users 102,104 and the base station 130 in the network
100.

At step 410, ranging is performed in order to align the OFDM or SCCP signals
of the users 102,104. Ranging determines the distance of a user from the base
station. The users 102,104 also are frequency synchronized together with the

base station, resulting in the same frequency being used by the users and the



nodul ation is used, g is 20 dB and channel estimation NVSE is -30 dB; and
Figure 7(h) is a graph of an average SER of a signal recovered at the base
stati on baeedioaseioie si gnal conbi ni ng schenme of Fi gure @CTsEn009/004W3

nodul ation is used, g is 20 dB and channel estimation NVSE is -40 dB.

DETAI LED DESCRI PTI ON QF THE PREFERRED ENMBCDI MENTS A wirel ess conmuni cati on
network 10 Ois shown in Figure 1 and i A8t his enmbodi nent, the network is a
cellular network, The network 100 conprises a group 120 of P users 102, 104.
... 1 10 whépPge pstadioany Thignial alsousese, thedbardess eofs tsubsequéO frelguehby S
enbodi nent, all the users 102, 104. ..1 10 are in the sane group 120, share
a same fre§ueaiu9nigatiensand each user has a single antenna for transnission
or reception. As a result, TDVA is used for multiple access of the base
station 130 by the users 102, 140...1 1Q However, such a nmultiple access
schenme is not ideal as it does not achieve diversity and signal reliability

|5 poor. EaehsispenadOZnbificl estimdliohs & G eofe™ Y hﬁﬁﬁ{oggﬁoggq‘ﬂag@ehay

associated with a user and exanples o | e ¢o

include a gfhh , (o) ter.. GPS.(A gbal Pgsitioning Systens)

etc operating W t gzﬁtiﬁﬂﬁ%@m%rﬁ%gggats lnformatugn o?l%ransmlssmn channels (or
inter-device channels) 112a,112b between the users 102,104, and transmission
channels 114,116 between the users 102,104 and the base station 130. Power

amplifier factors « and £ which are used during cooperative transmission at

step 430 are also estimated. The estimated channe! state information and the
power amplifier factors are then used at step 440 at the base station 130 for
combining the received signals. The channel estimations can be acquired using

* any of Training Schemes 1 to 3 which will be discussed later.

In 430, cooperative transmission takes place either in a Half-dupiex Mode or a
Full-duplex Mode. During cooperative transmission, the users 102,104

cooperate to transmit data to the base station 130.

In 440, the signals received at the base station 139 are combined using the
channel state information determined in 426. The signal combination can be
implemented using any of Combining Schemes 1 to 4 which will be discussed
later. The choice of combining scheme used is independent of the choice of

training scheme; any of Combining Schemes 1 to 4 may be used with any of

Training Schemes 1 to 3.



To achieve diversity, it is proposed that the users cooperate to increase
their signal reliability when conmunicating with the base station 130, and
nor e specwbi2osldsgz03cooperati ve space-tinme coding i s use®CTRGRIMNGIOASE Of
di scl osure, the present enbodiment will be described using a value of P 2
I.e. based on User 1 (102) and User 2 (104) although the skilled addressee
wi |l appreciate that the present i nventil®n may be extended to P > 2. The
users 102, 104 nmay use CFDM Si ngle carrier cyclic prefix (SCCP) or single
carrier w t4naneEstination (stepZd0)as t he nodul ation techni gue. The use of
OFDM SCCP or SCZP elim nat es inter-synbol interference (ISI) and thus

creates a nbhreertdinisy sohenasewliuTsy BQ&!.é‘éi:thﬁQﬁ%%Vfo?%l: ﬁlhh §nd adi ng.
Figure 2 is a flow chart show ng a nethod of inplenent g perative

spaceti me obdnngl dminvees. f BRoURIBSagite ﬁ%?dth e tatlon 30 in the
network 100. At step 410, ranging i's per tgréée %qgar'@gﬁ scﬁegﬁ S he OFDM

or SCCP si Rel I ng, determ nes the distance of a
user from ?jﬂghbgggem@%{ﬁn esnf%g@ndéegfb %Q‘P@g‘ aipgote @'qf’?éﬁﬁénéw either

synchroni z 6@3’—” e station, resulting in the same
frequency g&_ng use 6'\‘\@(%'& éf@&We%g%e%tmq Baninthsehames uatso ease

t he burden seguent frequency
HE lf-gupt?ex ffode transr%rssuon but as a skilled reader will understand, the

schemes are also equally applicable for Full-duplex Mode transmissions.

The channel state information for the channel 1123 from User 1 to User 2 is
denoted using the parafneter g (!) and the channel state information for the
channel 112b from User 2 to User 1 is denoted using the parameter g,(/). In
the case where the channel between User 1 and User 2 are reciprocal, i.e. that
the characteristics of the channel 112a from User 1 to User 2 is similar to the
characteristics of the channel 112b from User 2 to User 1, the channel state
information between User 1 and User 2 is denoted using the parameter

g(!),/=0,1...,L . The channel state information for the channel 114 from User 1
to the base station 130 is denoted using the parameter mh(1),l=0,1...,L, and the

channel state information for the channel 116 from User 2 to the base station

130 is denoted using the parameter h(D,1=0,1.,L,.

The frequency domain channel vectors equivalent of the time domain

parameters g4(/), ga(l), (), h+(/) and hq(/) respectively are denoted G,(n), Ga(n),
G(n), Hi(n) and H(n), such that



synchroni zati ons. At step 420, channel estimation is carried out. The

pur pose of channel estimation is to estinmate channel state infornation of
transm ssworromhasaedl s (or inter-device channels) 112a, PEZisGhenweenst he
users 102,104, and transm ssion channels 114,1 16 between the users 102, 104
and the base station 130. Power anplifier factors a and b which are used
during cooperative transm ssion at stepd0430 are al so estimated. The

esti mated channel state information and the power anplifier factors are
then used at step 440 at the laae=s&ady, om)l3GvaryFonbining the received
signals. The channel estimations can be acquired using any of Training
Schenes 1 to 3 which will be discussed lLater. In 430, cooperative

transm ssion takes place eit ﬁ;e?”%i%Ga(%prHup@é% 1\/§ge or a Full-dupl ex
Mode. During cooperative transm ssion, the users 102,104 cooperate to
transmt data to the base st@}{ne[E300),0(1449G,the1gi gnal s received at the
base station 139 are conbi ned using the channef state information

determ ned in 420. The signa i i an i npkemented usi ng any of

Combi ning Schenes 1 to 4 V\hi%{h&&ngﬁllggé)’g“ﬂ ’uséggvl’gﬂer. The choi ce of

conbi ni ng schene used is independent of the choice of
H,(n)=[H,0),H,Q),...H,(N-1]"

Training Scheme 1

Figure 3(a) is a block diagram depicting general steps for Training Scheme 1.

In 502, the User 1 transmits a training signal (denoted §, ) during a first time slot
and User 2 transmits the training signal S, during a second time slot. The

training signal used may be similar to that which is known in the art for

conventional non-cooperative OFDM, SCCP or SCZP systems.

In 504, during the first time slot, the User 2 receives the training signal
transmitted by User 1. The parameter G(n) characterizing the inter-device
channel 112a from User 1 to User 2 is thus éstimated. User 1 may optionally
also receive the training signal transmitted by User 2 during the second time
slot and estimate the channel parameter G,(n) characterizing the iﬁter—device

channel from User 2 to User 1.



trai ning schene; any of Conbining Schenmes 1 to 4 may be used with any of

Tr ai ni ng

Schenes 1 to 3 . Channel Estimation (step 420) Three training

schemes wvbl2oraseiwe descri bed in detail for acquiring tReTsScaom®bo403

esti mat es.

estimation are not limted by the nodul ation techni que used, and eith
OFDM 1SCCP or SC2P nodul ati on nay be ugéd. The training schenes use

Hal f - dupl

ex Mode transm ssion but a s a skilled reader will understan

It should be appreciated that the training schemes and channel

er

d, the

schenes anh assumstinrais|riiade thateadlcaahae! Fed, 1 tktpbeiwddriithd assrs miogsigans. The

channel s

tate information for the channel 112a from User 1 to User 2

i's

denot ed usd RhidideaP ThASEL &n He GhiumBel thBe st i nformation for the
channel 112b f‘ﬁr)omaUser 2 t(;‘ User 1 is deng@?l?ggnn)g ?ﬁg)paraneter #,(1) .

In the case where the channel between User 1 and User 2 are reciproca

i.e. that
simlar t
t he chann

the paraneter g

channel 1
par anet er

the characteristics of the channel 112a from User 1 to User

|,
21is

3 S0 b e SRl a0l B e £l Teech 83 1 Fising S9a ng

1), =0,1. .. L. | ] )

ﬁwwsm%%bé MSeTls APHEWREENS $R505H tiM sios reraive e MUERIAROL he
1(2),/ =0,1...,Z1 and the

signal transmitted by User 2. The base station uses the training signals to

estimate the channel parameters H1(n) and Hy(n).

Alternative embodiments can in the estimation of Hy(n) and H.(n) make use of
training signals different from that for the estimation of G(n). In such a case,
User 1 and User 2 in 502 will each transmit one or more additional training
signais in time slots apart from the first and the second time slots. The base
station 130 in 506 will then receive the additional training signals and the

estimation of Hi(n) and Hz(n) can be made using the additional training signals.

The estimation of the channel parameters G(n), Gz(n) and/or G(n) in 504, as

well as estimation of the channel parameters Hi(n) and/or Hz(n) in 508, may be

performed using a suitable channel estimation technique that is known in the art.

In 508, the User 1 and/or User 2 transmit data packets containing the channel
parameter G(n) to the base station 130. in order to increase the refiability of the

G(n) recovered at the base station, space-time coding may be used, for

example where User 1 transmits data packets in the sequence of [G G’ while

User 2 transmits data packets in the sequence of(G -G"]. G denotes a data

The channel] state infornation for the



channel state information for the channel 116 from User 2 to the base
station 130 is denoted using the paraneter / z2(/),/ =0,1...,Z, 2. The

f r equencywoansivosemBannel vectors equi val ent of the ti nmePdosaonopasdaset ers g
-i(/), 9 2(0 9(0. i (0 and h I) respectively are denoted G (n), &{n),

G n), H (n) and H2(n), such thatTraining Schene 1 Figure 3(a) is a block

di agr am depi cting general steps for Tré&fning Scheme 1. In 502, the User 1
transmits a training signal (denoted S7.) during a first tinme slot and User
2 transm packdteontaningribe shanakl @trachetenG(@) white ¢’ tensteslaotomples trai ni ng
signal used may be simlar to that which is knowm in the art for

convent i or&ghjugg@-@foeperati ve OFDM SCCP or SCZP systens. In 504, during the
first tinme sl Ot, the User 2 receives the training signal transmtted by
User 1. The paranmeter Gi(n) characterizing the inter-device channel 112a
fromUser 1 to User 2 is thus estimated. User 1 may optionally also receive

the trainin ignal, transm tted by User during the second ti sl ot and
estima e 1he18ndnse] ARG RETRED TR R CPALGARDYD 08/ oo
channel fromUser 2 to User 1.An assunption_is made that the channel 112a,
112b bet wsignanecghediurog Nesqoentdeng st P owenamniification BetusSlinkd t hat
qn) =G( p) =G(n).

and —« are then applied at User 1 and User 2 respectively, thus resulting in

T = G'S, and T, =-aG’S; . User 1 and User 2 respectively but

simultaneously then perform retransmission in the form of [T, T,] and

[T, -T,] T and T, respectively denote retransmissions of the training signal

received at Users 1 and 2 during the second time siot and - T, denotes the

minors of T, (i.e. in other words, —T, denotes the negation of T, ). The

transmissions take place over a third and a fourth consecutive time slots.

The training signals are received at the base station 130. in the third time slof,
the signal received at the base station is G"(8H, —aH, )S,. In the fourth time
slot, the signal received at the base station is G"(8H, +aH,)S; . S, denotes the

training signal representation in the frequency domain. Ignoring the additive
noise present in the received signals, a and B can be obtained as the

parameters G(n), Hy(n) and Hz(n) are aiready known.

Training Scheme 2

A second training scheme, Training Scheme 2, will now be described with

reference to Figure 3(35.



In 506, the base station 130 during the first tinme slot receives the
training signal transmtted by User , and during the second tine slot

recei ves wbeotwedszndng signal transmitted by User 2 . ThecChaseomioatdn uses
the training signals to estimate the channel paraneters 1(H and Hz{n).

Al ternative enbodi nents can in the estimation of H {n) and H2(A?) make use
of training signals different fromthat2¥or the estimation of Gn). In such
a case, User 1 and User 2 in 502 will each transmit one or nore additional
training signals in tinme slots apart fromthe first and the second tine
slots. The base station 130 in 506 will then receive the additional

traini ng sh@u, shewndet hersshiitted traimind stdda ermitdd HZ( uriegn het fRiesigsi ng
the additional training signals. The estinmation of the channel paraneters

1(A?), &(n n r n., i 04.. as. well _as estimation, of t o nel

par anet er Sarﬁ ?ﬁﬁg’(gﬁ@%ﬁ'ﬁfﬁ?gﬁa'?'ﬂgﬁ%?a'rf%zyaﬂ'én%@rsfe&f”ﬂa&‘mu%i’"{]?g 'y A%t abl e
channel estimation technique that is known in the art. In 508, the User 1
and/ or UseWser t transmits teratizaining lsigrals ¢irg.afisni ngy. |) bensdanively gariranafiest G( n)
to the base station 130. In order to increase the reliability of the Gn)

oo eg, e sl PAS fraticfiéith oPRRS Ralifil SRR GoBubuioliShly cbifer fie ™ ©

where User 1 transmts data packets In the quence O
advantage of a higher reliability. User 2 then also transmits two training signals

during a second time slot.

in 504, User 2 receives the training signal transmitted by User 1 during the first
time slot. The parameter Gy(n) characterizing the inter-device channel from
User 1 to User 2 is thus estimated. User 1 may optionally also receive the
trainihg signal transmitted by User 2 during the second time slot and estimate

the channel parameter G,(n) charactérizing the inter-device channel from User

2 to User 1.

An assumption is made that the channel 112a,112b between the users 102,104

is reciprocal. Thus it can be assumed that G(n) = Gy(n) = G,(n).

In 506, the base station 130 during the first time slot receives the training
signals transmitted by User 1, and during the second time slot receives the
training signals transmitied by User 2. The base station uses the training signals

to estimate the channel parameters H1(n) and Hx(n).



User 2 transmts data packets in the sequence of [G- G ] . G denotes a
dat apacket containing the channel paraneter G n) while G denotes a conpl ex
conj ugat ewof2018/056308 510, User 1 and User 2 reverse and periScromomonps ex
conjugates on the signals received during the second ne slot. Power
anplification factors of b and - a e then applied at User 1 and User 2
respectively, thus resulting in T, = b@% and T2 = - aG Sr ' . User 1 and
User 2 respectively but sinultaneously then performretransm ssion in the

form of [ TisTarivisagbd that tHE2éstimatioraail H2n)raasilds(h wedyymaes eise of training
retransm ssions of the training signal received at Users 1 and 2 during the

second ti r@?@él@tnméntfr&a tHeNfRY e ESRNTAIRAIS &) TR duchta cade Uder1 ¥ ds. -
S

T2 denote he negation of T2 ) . The transm ssions take place over a third
and a fourg ' | hagis| raini i - e I i ved at
t he base s?gbt%ﬁﬁ%gélé{ﬁtr{ahgﬁtnﬁioﬁl S(%ri r-rj;r{e&g}agta l,t'%b ﬁg"é'.“g@%@?g@se'?&@?f at the
b tati i ™ T e t he..f th ti I .th '
recei ved AOPHPBLEETPET S e o feniung s, TheBale Wins £al et
training signal repr sen&g{_i on.in the _frequencx dormain. Ignoring the
additive n‘bg‘ééeﬁ?%g%ﬁle PRCHARS ERING o8RG AN e@%‘ﬁtﬁ‘@%‘%ﬁ"‘d@ oM ai ned as
th

© H>(n) may be made using the additional training signals.

The estimation of the channel parameters Gq(n), G,(n) and/or G(n) in 504, as
well as estimation of the channel parameters Hs(n) and/or H,(n) in 506, may be

performed by a suitable channel estimation technique that is known in the art.

In 508, the Users 1 apd/or User 2 transmit data packets having the channel
parameter G(n) to the base station 130. in order to increase the reliability of the

G(n) recovered at the base station, space-time coding may be used, for
example where User 1 transmits data packets in the sequence of [G  G"] while
User 2 transmits data packets in the sequence of[G -G’]. G denotes a data

packet containing the channel parameter G(n) while G™ denotes a complex

conjugate of G.

in 510, User 1 and User 2 reverse and perform complex conjugates on the

signals received during the second time slot. Power amplification factors of g
and ~« are then applied at User 1 and User 2 respectively, thus resulting in

T, = fG’'S,; and T, =-aG’S,. User 1 and User 2 respectively but



paranmeters Gn), HL(Zi) and Hin) are already known. Training Schenme 2 A
second training schene, Training Scheme 2 , will now be described with

ref erencewoaotiiggeaoe 3(a).ln 502, the User 1 transmts aPCTaiGric@osiosnal
(denoted 7.) during a first tinme slot and User 2 transmts the training
signal S1. during a second tinme slot. In 502, User 1 transmts two training
signals (i.e. [St S1.]) consecutively diiring a first tinme slot. The

transm ssion of two training signals consecutively may confer the advantage
of a hi ghasimuganedusly then pérfdmrdthisralssiontin &ns forhsof O tTdidhdng signal s
during a second tine slot. In 504, User 2 receives the training signal

transmtt by e, 1.duri the first tinme slot. The paraneter G.i(n)
characteri'Zieng ﬁerrpﬁtt _Sgﬂg'f\ggsé%%%ﬂiqceﬁv&rnadg\gp ‘Tdt%P c%nﬁeé;upy' S
estimated. User 1 may optionally also receive the training signal

transmitt dindglolser 2 during the second tine slot and estimate the channel
paraneter @&(n) characterizing the inter-device channel fromUser 2 to User
1. An assunption is nade that the channel 112a,112b between the users
102,104 is reciprocal. Thus it can be assuned that Gn) = G (n) = &(n).

The training signals are received at the base station. In the third time slot, the

signal received at the base station is (ﬁG‘H\ ~-aG H, )S;. In the fourth time siot,
the signal received at the base station is (,/,?G'H ,+aG H, )S‘; .-lgnoring the

additive noise present in the received signals, o and B can be obtained as the

parameters G(n), Hi(n) and Hy(n) are already known.

Training Scheme 3

A third training scheme, Training Scheme 3, will now be described with

reference to Figure 3(b).

in 552, User 1 transmits a training signal during a first time slot. User 2 then

transmits a training signal during a second time siot.

In 556, the base station 130 receives the training signal transmitted by User 1,
as well as the training signal transmitted by User 2. The base station 130 uses
the training signals to estimate the channel parameters Hy(n) and Hy(n). This

may be carried out using one of the channel estimation techniques that is

known in the art.



in 506, the base station 130 during the first time slot receives the
training signals transmtted by User 1, and during the second tine sl ot
recei ves wbeotwwszdng signals transmtted by User 2 . TireTIsa2e0990@b3 on uses
the training signals to estinmate the channel paranmeters H(n) and H).It is
envi saged that the estimation of Hn) and H (li) nmay make use of training
signals different fromthat for the estmation of G(n). In such a case,
User 1 and User 2 in 502 each transmts one or nore additional training

si gnal s i nnt5e0R Uskot sareipdsér 2 respectiee i buttsiraoliahndeusheatmthsiintes! ots. The
base station 130 in 506 then receives the additional training signals and

the esti maigRoorthd (MiheARnts ke pRde_ys| ol

traini ng sf%ﬁgps.gﬁée estimati or?ﬂz)f 'iﬁqg chgiri?nel tt?) ?%néeﬁg?ﬁﬂ%sgdr@%& n)
and/or G n) in 504, as well as estimation of the channel paranmeters Hi(n)
and/ or HZ(&WCGF Aveios thitdhgng @ TRurth SPRRRCHVeLigiSiaBl e channel esti mati on
technique that is known in the art. In 508, the Users 1 and/or User 2
transmt data packets having the channel paraneter (G n) to the base station
130. In order to increase the reliability of the Qn) recovered at the base
station, sPawamnimesigodisraremaygeibgd asdte base seatimmpbe adsempiidearanlbé r ansmi t's
data packets in the sequence of [G G | while User 2 transmts data packets
in the seqwgas eéhdtithé Ghanfél Betwebndig0kess i rddipfocal. Thus it can be assumed

that G(n) = G4(n) = Gx(n). In the third time slot, the signal received at the base

station is G'(BH, — aH, )S,. In the fourth time slot, the signal received at the
base station is G (BH, + aH, )S; . S, denotes the training signal representation

in the frequency domain. ignoring the additive noise present in the received
signals, the coefficients aG{(n) and fG(n) can be obtained as the parameters

H(n) and Hy(n) are already known.

In the event that the channel between the users is not reciprocal, in the third

time slot, the signal received at the base station is G;H,S; - G'H, S, . In the
fourth time slot, the signal received at the base station isG,H,S; + G, H,S;.. G,
and G, respectively denote
G, (n)=aG,(n), G, (n)= fG,(n)
such that
G,(m =[G,(0),G,(1),....G,(N -DI

G, (1) =16, (0),G, (1), Gy (N = 1)



packet containing the channel paraneter G n) while G denotes a conpl ex
conjugate of G. In 510, User 1 and User 2 reverse and perform conpl ex

conj ugat esoaniwdse20si gnal s recei ved during the second ti FETSIGR009/0FBME T
anplification factors of b and - a are then applied at User 1 and User 2
respectively, thus resulting in T1 = bG St and T2 = -aG ST ' . User 1 and
User 2 respectively butsinmultaneously tZen performretransmission in the
formof [T1 T1] and [T2 T2] . The transm ssions take place over a third and
a fourth dWilsé&rtharendliestinsitedt scqultee , tthaiusend aidosdr? @rthanabés teed at t he
base station. In the third tinme slot, the signal received at the base
station i sooB6rdte & cbiituriicatelitt the thaus kiatbhmaes! ot the signal received
at the base stationis (bGH] + ccGH2)s * . Ignoring the additive noise
present in the received signals, a and b can be obtained as the paraneters
Gn), HL(H) and H2{n) are already known. Training Scheme 3 Athird training

:s))((:B;ame Tré‘é&}%é}gﬁ\%c@&%&icé%'n'g?ﬁw be described with reference to Figure

During cooperative transmission, data is transmitted from User 1 and/or user 2
to the base station. Cooperative transmission can take place either in a Half-

duplex Mode or a Full-dupiex Mode.

in the case where OFDM is the modulation technique used, at a time k, the
frequency domain OFDM blocks of tength N to be transmitted from User 1 and

User 2 to the base station respectively are:

Ska(n = (8,,(0),8,,(1),.... 8, , (N =1))"

Ska(n) = (8,,(0), 8, ,(1),.... S, , (N - D))T

After performing inverse discrete Fourier transform (IDFT), the time domain

signals for User 1 and User 2 respectively are:
UkA(N) = (g (0,2, (1)eers 2,y (N = 1))

Uk2(n) = (uk,z(o)auk.z(\):--w”v:.z(N"D)T

in the case where SCCP or SCZP is used, no IDFT operation needs to be done.
The blocks fo be transmitted from User 1 and User 2 to the base station are in

the time domain, i.e.;



In 552, User 1 transmts a training signal during a first time slot. User 2
then transmts a training signal during a second tinme slot. In 556, the
base st atworodBeroacei ves the training signal transnttedTisG209000403 as
well as the training signal transmtted by User 2. The base station 130
uses the training signals to estimate the channel parameters Hi (n) and
H2(n). This may be carried out using or# of the channel estimation
techniques that is known in the art.In 560, User 1 and User 2 respectively
but sinul taneously retransn;;1t(n;hquzlr(gy,gli”ggr;;‘hglmi51)'57n the formof The
transmni ssions take place over a third and a fourth ‘consecutive tine slots.
The training signals are received at the base station. An assunption can be
made that the channel bet weetn)héuyd0).e.(B, reci@ oddl . Thus it can be
assunmed that n the third tine slot, the signal received at the base station

I In the fWi'\'é"\hcréris%ttﬁtlg@i%ﬁ\élg"E‘)e%}/@é}‘?‘lthé BEEsV B ﬂiar#r{@ eﬁ@%@issééglr%r;ﬁe&.s t

denotes the training sifgnal representationint requency

oot o eri'@ G whbfs PRLAREDRE oA UneF 1 LY G Bl BBL g BBl e aay

known. ‘
channel from User 1 to User 2 is denoted by g,(/) and the channel from User 2

to User 1 is denoted by g, (7). In such a case, the cyclic convolution of g () and
u,,(n) can be denoted as #,,(n) and the cyclic convolution of g,(/) and u,,(n)
can be denoted as #,,(n) .

Uy, (n) =g, o u, ,(n)+w(n)

U, () =g, su,(n)+w,(n)
The notation » denotes a cyclic convolution of length V.

An assumption is made that the channels between User 1 and User 2 are
reciprocal. In such a case, the channel between User 1 and User 2 is denoted
g(D);1=0,1...,L . The cyclic prefix or zero padding that is used between User 1

and User 2 is selected to be longer than L‘. The cyclic convolution of g(/) and
u, ,(n) can be denoted as i, ,(») and the cyclic convolution of g(I) and u,,(n)
can be denoted as 4, ,(n).

(1) = g(n)ou,, (n)+ wy(n)

i, ,(n)=g(n)eu, ,(n)+w,(n)



In the event that the channel between the users is not reciprocal, in the
third tinme slot, the signal received at the base station is In the fourth
ti me sl otwothw/ssmaal recei ved at the base station and ELTISE2@OODIWR] Y
denote such thatWth the channel estimates acquired , the user 1 and user 2
I's than able to cooperate to communicate with the base station 130.
Cooper ati ve conmuni cation (430) During Zooperative transnission, data is
transmtted fromUser 1 and/or user 2 to the base station. Cooperative

t ransm ssiwincamd Wake aoé additvetrdoese.i n a Hal f dupl ex Mode or a FuM dupl ex
Mode. In the case where OFDM i s the nodul ati on technique used, at a tine k
t he frequency domai n OFDM bl ocks of length Nto be transmtted from User 1
and User 2 to the base station respectively are: After perform ng inverse

di screte FouLi t i | [: 1 and
User 3. redp bRt PRI [ i RDRY oty {18 HER: Pocti af Ut § pior;
case V\hereUSC%D_l%r SCZP i s used, no_| DFT operation needs to be done.
ser 2. The reversal operation performed on #,,(n) and #,,(n) respectively
produces:

z”‘\k,ll(-n) = &k,l (N "‘n),n =1L.,N-1

Gy ,(-n) =1, (N-n),n=1,.,N-1

Half-duplex Mode

{n the Half-duplex Mode, a user does not transmit and receive at the same time.
Transmissions and reception are made separately at different times. in such a

mode, User 1 and User 2 use three time slots to cooperatively transmit two

OFDM blocks, thus enhancing the transmission reliability.

Figure 4(a) shows the communication steps for an embodiment where the half-
duplex mode is used along with OFDM modulation. It should be understood that
the reference numerals in Figure 4(a) or the rest of the figures do not imply any

form of sequence and the steps may take place concurrentiy or in any order.

In time slot 1, User 1 at step 210 performs an IDFT on Sy 4(n) to get u,,(n). A
cyclic prefix or zero padding is appended to uk,,(n). u,,(n) with the cyclic prefix

or zero padding is then transmitted from User 1. In step 212, which is also time

slot 1 for User 2, User 2 receives u, (1) in the form of the signal 4,,(n) . At step



The bl ocks to be transmtted fromUser 1 and User 2 to the base station are
in the tinme domain, i.e.:Wen transmtting signals between the users, the
channel eWbeaoto/iiss2o6onsi dered. In a case where the channelCTisezowonodzser 1
and User 2 are not reciprocal, the channel fromUser 1 to User 2 is denoted
by ) and the channel fromUser 2 to User 1 is denoted by . In such a case,
the cyclic convolution o and can be denpted as k (n) and the cyclic

convol ution of and can be denoted a The notation denotes a cyclic
convol utiq

SS ion is . made that the channels between
User 1 an 163(5‘4’*‘9“2‘“?2’”?%&'% ?)387 %HE?D asﬁ?cﬁtaéloeag?? bgfe %ﬂ?ﬂlﬁgﬁ OpEacReES User
1 and User 2 is denoted . The cyclic prefix or zero padding that is used
bet ween Usey,(n) iadde tyor opaisignsixclméd to be longer than L . The cyclic
convolution of g(l) and uk (n) can be denoted as kl{n) and the cyclic
convolution of g{ ) and uk 2(n) can be denoted as k ,(n) .1(D) and w2(n)
are additive noi se. A reversal operation is next perforned to the signals

recelved e The.revers eratio orne n k
x{n) and n2t "Pﬁ [,oéggggqqrv%% Eﬁpoa%%é@rforms an ?}!)F?p %kz(ngt ge uk,(nsj A
cyclic prefix or zero padding is appended to u,,(n). u,,(n) with the cyclic prefix

or zero padding is then transmitied from User 2. At step 220, User 1 receives

u,,(n) from User 2 in the form of the signal 4,,(n) . At step 224, the base

station also receives u, ,(n) from User 2 in the form of a signalx, ,(n).

In time slot 3, an amplify and forward (AF) scheme is used and User 1 at step

230 discards the cyclic prefix or zera padding from i, ,(n) . 4,,(n) is then

reversed and complex conjugated to produce 12,:,2(~n). The power amplifier
factor f§ obtained from the channel estimation is applied. A cyclic prefix or zero
padding is appended to £4;,,(—n) . The cyclic prefix or zero padding has a length
that is greater the length of the channel parameter A (/) where 1=0),---L, .

ﬂa;yz(—m with the cyclic prefix or zero padding is then transmitted from User 1.

User 2 at step 232 also discards the cyclic prefix or zero padding from i, (n).
#,,(n) is then reversed and complex conjugated to produce #,,(-n). i, (-n) is
negated to yield -, ,(-n)and the power amplifier factor o estimated earlier is

applied. A cyclic préﬁx or zero padding is appended to-ai, ,(-n). The cyclic



(-n) =k xX(N-n),n =l,..., NI O=.2( - n),n=l,. ..,N- 1 Half-duplex Mde
In the Hal f-dupl ex Mbode, a user does not transmt and receive at the sane
time. Trawervegisenns and reception are nmade separatel y arCwiSGRemn®nt40si nmes.
In such a node, User 1 and User 2 use three tine slots to cooperatively
transmt two OFDM bl ocks, thus enhancing the transmssion reliability.
Figure 4(a) shows the communication stegs for an enbodi ment where the
hal f dupl ex node is used along with OFDM nodul ation. It should be understood

ot i mpl y PR BB ned S Ehath el real dhRaepbin bl B cibbaRl 1y or

in any order. In tinme slot 1, User 1 at step 210 perforns an |IDFT on Sk, -\
(n) to getPaiRmMetgmy, (1) whetee I i=c0.br ek.i -x —o¥it,zer0 yittidtheg ciyslicappelindent zerouk |
(n) . uk (n) with the cyclic prefix or zero padding is then transmtted

from User ﬂadd‘iﬁ% &l tBRn 4rhsmifief fohsugkse. time slot 1 for User 2, User 2
n f

recei ves uk , ( in the formof the signal M (n) . At step214, which is

time slot 1 for the base station, the base station 130 receives uk i(n) in
the formof a signal ckL(n)

At step 234, the base station 130 receives a signal x,,(n) comprising

—ai, (~n) and Bi, ,(-n). |

The above described the process when the AF scheme is used but in the event
that a decode and forward (DF) scheme is used i.e. where User 1 and User 2

decode their received signal before transmission, step 230 includes an

additional sub-step after discarding the cyclic prefix or zero padding from 4, ,(n)
where 4, ,(n)is decoded to produce u,,(n). This results in the transmission of
Pu, ,(—n) from User 1. Step 232 also includes an additional sub-step after
ldiscarding the cyclic prefix or zero padding from #,,(n) where 4,,(n) is
decoded to produce u,,(n) and this results in the transmission of — o, (~n)

from User 2. In this case, the base station 130 is configured to reéeive the

signal x,,(n) comprising —au, ,(-n) and Bu, ,(~n) at step 234,

Figure 4(b) shows the communication steps for an alternative embodiment
where the half-duplex mode is used along with SCCP vor SCZP modulation. The -
steps involved are similar to that for the embodiment that uses OFDM

maodulation, except that IDFT does not need to be done.



In time slot 2, User 2 at step 222 perfornms an IDFT on Sk 2(n) to get uk
2(n) . Acyclic prefix or zero padding is appended to uk 7{n) . uk 2(n)

wi th t he wocebhiowspafi x or zero padding is then transn tPew/SGeammouses 2 . At
step 220, User 1 receives uk 2{n) fromUser 2 in the formof the signal k
7{n) . At step 224, the base station also receives uk 2(n) fromUser 2 in
the formof a signal”™ ,(") . Intinme si3pt 3, an anplify and forward (AF)
schenme is used and User 1 at step 230 discards the cyclic prefix or zero
padding fromk (n) . k 2(n) is then reversed and conpl ex conjugated to
produce k ' 2(~n) . The power anplifier factor b obtained fromthe channel

20 s pEA ek YR SEplIet] Abeof L BYORCRITR of2BR B4FRa8 " e

The CycClTcC prefrx or zZéro pa
2(-n) with

| engt h of the channel rameter, 1(Z) where / = 0,1,- --Z, . buk
the cycli cpldfi %ubF) ?&Eot?‘ﬁa%"ﬁdgrﬁéxtq’feﬁe@r Bﬁg‘g‘ﬂgt'ﬁdhﬁﬂoﬁﬁmm@ﬁ framer 2

at step 232 aiso discards the cyclic prefix . or zero padding fromk I{n) . k

< hegated T 1ol aeE 2o TR SRR MORRFID U RRPUF Bt slonel dtdpi )

earlier is applied. A cyclic prefix or zero padding is appended to- (- n)
The cycldtep2éfli thedvaseestatipmddPngeeinss a, | (ehdh ithe farm oba gigrat e, , (nhe | engt h
of the channel

In time slot 2, User 2 in step 272 appends a cyclic prefix or zero padding to

u, ,(n). um(n)‘with the cyclic prefix or zero padding is then transmitted from
User 2. In step 270, User 1 receives u,,(n) in the form of the signal 4,,(»). In

step 274, the base station also receives «,,(n) in the form of a signalx, ,(n).

In time slot 3, an amplify and forward (AF) scheme is used, and User 1 in step

280 discards the cyclic prefix or zero padding from 4, ,(n) . 4,,(n) is then
reversed and complex conjugated to produce #,,(-n). The pbwer ampilifier
factor B estimated earlier is applied. A cyclic prefix or zero padding is
appended to S84, ,(-n). The cyclic prefix or zero padding has a length that is
greater the length of the channel parameter  (/)where /=0,,---L . fi; ,(~n)

with the cyclic prefix or zero padding is then transmitted from User 1.

User 2 in step 282 also discards the cyclic prefix or zero padding from 4, ,(n) .

4,,(n) is then reversed and complex conjugated to produce #,,(-n). i, ,(-n) is



paraneter 2(Z) where / =0,1,- - 1 2. -auk ' I (-n) with the cyclic
prefix or zero padding is then transmtted fromUser 2. At step 234, the
base st atworodBeroacei ves a signal x k 3 {n) conpri si ngPCausGro09/006403 and
buk 2{~n) . The above descri bed the process when the AF schene is used but
in the event that a decode and forward (DF) scheme is used i.e. where User
1 and User 2 decode their received signg before transm ssion, step 230

i ncl udes an additional sub-step after discarding the cyclic prefix or zero

P 1R e iy SO SRR SHHSE P, T

i ncl udes an additional sub-step after discarding the cyclic prefix or zero

paddi ng fremsfik dmiessheadding (st”l)appen@iQQOld)eda&kQ(-F)f)Odmhe wcn]:{meﬁandr i
results in the transmssion of - au* ,(- p) fromUser 2. In this case, the

(o) “ana Bk (i SarenBp® eREet Toe UFnGRORE wRcobBindlPearn st cps

for an al ternatl ve errbodl ment where the half-dupl ex m)de is used along with
SCCP or SCZR!ywikrealt+ 04, -- The—stigdsn) witb| thebyatie pséfin barzetcopaddingfiatherhe
enbodi nent that uses OFDM

transmitted from User 2.

(n step 284, the base station 130 receives a signal x,,(n) comprising

~aiiy (-n) and Bi, ,(-n).

In the event that a decode and forward (DF) scheme is used i.e. where User 1
and User 2 decode their received signal before transmission, step 280 includes

an additional sub-step after discarding the cyclic prefix or zero padding from

i,,(n) where d,,(n) is decoded to produce u ,(n) . This results in the
transmission of fu, ,(—n)from User 1. Step 282 also includes an additional sub-
step after discarding the cyclic prefix or zero padding from 4, ,(n) where 4, ,(n)
is decoded to produce ,,(n) and this resuits in the transmission of —au, ,(-n)

from User 2. In this case, the base station is configured tfo receive the signal

x,,(n) comprising ~au, (-n) and Pu,,(-n) at step 284.

Full-duplex Mode




nodul ati on, except that |DFT does not need to be done.n tine slot 1, User 1
in step 260 appends a cyclic prefix or zero padding to ukL{n) . uk ](n)

wi th t he woaehiowsprafi x or zero padding is then transm t Pew/sGeemouses 1. At

step 262, User 2 receives uk I (n) i the formof the signal k (n) . In step
264, the base station 130 receives uk (n) in the formof a signal ck (n) .

In tine slot 2, User 2 in step 272 appewyls a cyclic prefix or zero padding

to uk 2(n) . uk 2(n) with the cyclic prefix or zero padding is then

transmtt L . ] i i.n.the, form
of the si gnareFURfpier Mods. 3 BBen¢n, KEREmE ARERCERR M1 Bmkiub80H 5 )
in the formof_a_ si . tine . slof 3, .an anplif nd forward (AF)
schene is %ﬁcg‘da '%%%eq’@%?rﬁ%r{q %’?éﬂzz‘éﬁe&?"'&ﬁ'?‘&ss‘{’ﬁe“’rc%ﬁ%aﬁ\‘%itié‘%r‘“‘ ero
paddi ng from k n) . . 2( i s.then reversed and conpl ex conjugated to
produce k MOZ?EQ\A’.S%E’ %fo’*%lp qﬁsf teys eabapring the trapamispieafeliadility s
applied k cyclic prefix or zero padding is appended to b uk ,(-") . The
cyclic prefix or zero padding has a length that is greater the | ength of

t he channel parameter (1) where = 0,1,---2Z, . b uk 2(-n) with the cyciic

prefix o zEigorepa&la)i sigows thbesommangatidre didpso whese fulkdupleer mddienisstisgd 282
al so discards the cyclic prefix or zero padding fromkL(n) . k) ) is then

reversed agleng Withl @RDIMPRidedtRM. t 0 produce ,(-") . uk ,(-") isnegated to
yield , () and the power anmplifier factor a is applied. A cyclic

in time siot 1, User 1 in step 310 performs an IDFT on S, 4(n) to get u,(n). A
cyclic prefix or zero padding is appended to u,(n). u,(n) with the cyclic prefix

or zero padding is then transmitted from User 1. User 1 in the same fime siot

also receives the signal u,,(n) in the form of the signal 4,,(n). The signal

u, ,(n) is transmitted from User 2 in step 312.

In step 312, User 2 performs an IDFT on Sy 2(n) to get «,,(n) . A cyclic prefix or

zero padding is appended to u,(n) . u,,(n) with the cyclic prefix or zero

padding is then transmitted from User 2. User 2 in the same time slot also

receives the u, ,(n) from User 1 in the form of the signal 4,,(n) .

At step 314, the base station receives a signal x, () comprising u,,(n) and

u,,(n).



prefix or zero padding is appended to ) . The cyclic prefix or zero paddi ng
has a length ha is greater the length of the channel paraneter where with

t he cycl iwopowidiss20er zero padding is then transmtted fromsSdzen/ogo40sn step
284, the base station 130 receives a signal conprising In the event that a
decode and forward (DF) schene is used i.e. where User 1 and User 2 decode
their received signal before transm ssi gg, step 280 includes an additional

sub-step after discarding the cyclic préefix or zero padding fromwhe is

decoded to, pr.oduce Thi.s resul in the trans SSi 0 User 1. Step 282
al so i ncl ulfﬂeémgn slohidr 7 4t Ievgﬂtb&'laéﬁnaﬁ"éﬁ’“f)ﬁlaé’garo@ﬂ’ﬁﬁp f'll\'f: ) §GhReme isUsedx or
zero padding fromwhere ) is decoded to produce ukL(n) and this results in
t he transnssi dnino320 disvatdsethe2cydlic prefix casero paddibafeorstit (n 4 gn) is
configured to receive the signal corrpri sing at step 284. Full-dupl ex Mdeln

the Ful | - dypl ex Nbd t t th t
Such & modbera e BREPS bl R o EOG Gt 6o 6 aBpe el AYoP FREns i 1

two OFDM SCCP or SCZP bl ocks, thus enhancing the transmission reliability.
factor S is applied. A cyclic prefix or zero padding is appended to B, ,(-n).

The cyclic prefix or zero padding has a length that is greater the length of the
channel parameter #,(/) where /=0,1,---L,. Bi,,(-n) with the cyclic prefix or

zero padding is then transmitted from User 1.

User 2 in step 322 also discards the cyclic prefix or zero padding from i, (n) .
i,,(n) is then reversed and complex conjugated to produce #,,(~n). 4, ,(~n) is
negated to yield -4, ,(-n) and the power amplifier factor « is applied. A cyclic

prefix or zero padding is appended to -ail, (~—n). The cyclic prefix or zero

padding has a length that is greater the length of the channel parameter
h,(Hwhere [ =01,---L,. ~ai, ,(-n)with the cyclic prefix or zero padding is then

transmitted from User 2.

In step 324, the base station receives a signal x,,(n) comprising —ai, , (-n)

and B4, ,(-n).

In the event that a decode and forward (DF) scheme is used i.e. where User 1

and User 2 decode their received signal before transmission, step 320 includes



Figure 5(a) shows the communication steps where full-duplex node is used
along with OFDM nodul ation. In tinme slot 1, User 1 in step 310 perfornms an
| DFT on Sko{anjo/tse2oget uk (n) . A cyclic prefix or zero patdicagiososappended
to uk ,(n) . uk {n) with the cyclic prefix or zero padding is then
transmtted fromUser 1. User 1 in the sane tinme slot also receives the
signal uk () in the formof the signaBtk 2{) . The signal uk 2(n) is
transmtted fromUser 2 in step 312. In step 312, User 2 perforns an |DFT

on Sk 2( nart sddidnallsudistep - wihereys/, (9 :Qrﬁdo&eertoz@bau@@dglm Thispganhded to
uk 2(n) . uk 2() wth the cycllc prefix or zero paddingis then transmtted
fromUser 2. User 2 in the sang tine slot also receives the uk X() from
User in the her FF?B?Smﬁ‘i"é)rSl‘@(nﬁ“k K- figm, User st.eSten 4323 nalspaigelugiest aen
receives a signal ck (n) conprising uk | (n) and uk2 {n) .In time slot 2,

in the ev itfo*ﬁ%f s s?éeﬁ)l/dhfe\éera%ﬁ%g g%fé;gdéé':b O&Sg@f@) . nEsa%% t)hHSF‘éstu Gin 320

di scards the cyclrc pr rng fr
reversed and conpl ex conjugated to produce u* 2(-n) . The power anpllfler

f?ct;)r b iis tepphnedissidncyfcH o, fF-af ifrore User . in frisidasg, ihe b?emmeﬁdﬂdw #80b uk
2(~n) .

in 324 would receive the signal x,,(n) comprising ~au, ,(~n) and Su, ,(-n).

Figure 5(b) shows the communication steps for an embodiment where the full-
duplex mode is used along with SCCP or SCZP modulation. The steps involved

are similar to that for the embodiment that uses OFDM modulation, except that

IDFT does not need to be done.

In time slot 1, User 1 in step 360 appends a cyclic prefix or zero padding to

u, (n). u,(n) with the cyclic prefix or zero padding is then transmitted from

User 1. User 1 in the same time slot also receives the signal u,,(») in the form

of the signal &, ,(n) . The signal »,,(n) is transmitted from User 2 in step 312.

In step 362, User 2 appends a cyclic prefix or zero padding to u,(n). u,,(n)

with the cyclic prefix or zero padding is then transmitted from User 2. User 2 in

the same time slot also receives the u,,(n) from User 1 in the form of the signal

ﬁk,l (n).



The cyclic prefix or zero padding has a length that is greater the length
of the channel paraneter 1(Z) where / = 0O1,---2Z, . bk ' 2(~n) with the
cyclic prwbizioasemaro padding is then transmtted from BEESGR00908@032 in
step 322 al so discards the cyclic prefix or zero padding from (n) . k i(n)
I's then reversed and conpl ex conjugated to produce k * L(~n) . uk * ](~n)

Is negated to yield - * ,(-") and the pgwer anplifier factor a is applied.
A cyclic prefix or zero padding is appended to - auk ' L{-n) . The cyclic

r ef or di ,1);5%
ghanlrl)él paﬁgsrrtrg %?’ql It@% gtéﬂ%?gltéagt“l;@é g‘ggé?§ [%) Ec%ﬁ}dr%ﬂﬁ]rz} '3 cycI I C
prefix or zero padding is then transmtted from User . In step 324, the

base statiwgnp(mecei ves a signal ck 2{n) conprising -au k | {-n) and b k'
2(-n)

In time slot 2, in the event that an amplify and forward (AF) scheme is used,

User 1 in step 370 discards the cyclic prefix or zero padding from 4, ,(n) . i, ,(n)
is then reversed and complex conjugated to produce #,,(-»). The power
amplifier factor f is applied. A cyclic prefix or zero padding is appended
to ﬂﬁ,‘;yz (-n). The cyclic prefix or zero padding has a length tﬁat is greater the
length of the channel parameter A (I) where [=01,---L, . B ,(~n) with the

cyclic prefix or zero padding is then transmitted from User 1.

User 2 in step 372 also discards the cyclic prefix or zero padding from 4, ,(n).
4,,(n) is then reversed and complex conjugated to produce i, ,(-n) . i, ,(-n) is
negated to yield —#,,(-n) and the power amplifier factor « is applied. A cyciic

prefix or zero padding is appended to—aﬁ;,l(—n). The cyclic prefix or zero

padding has a length that is greater than the length of the channel parameter
h,(Hwhere [ =0]1,---L,. —ai, ,(-n)with the cyclic prefix or zero padding is then

transmitted from User 2.

in step 374, the base station 130 receives a signal x,,(n) comprising

—aii,,(-n) and B ,(~n).



in the event that a decode and forward (DF) scheme is used i.e. where User

1 and User 2 decode their received signal before transm ssion, step 320

i ncl udesawmoadovassmaal sub-step where uk 2(n) i s decodedprro/sgrexwo@osik 2(n)
This results in the transm ssion of buk 2(-n) fromUser 1. Step 322 al so

I ncl udes an additional sub-step where kL(n) is decoded to produce uk {n)

and this results in the transm ssion of 38 auk ' )(-n) fromUser 2. In this

case, the base station 130 in 324 would receive the signal ck 2 {n)

conprising -au k * ] (~n) and buk 2{- ) . Figure 5(b) shows the

communi cation steps for an enbodinent where the full dupl ex nDde is used

al ong wi t h ISGRP<0EnSEER o MELUR! AN ordha ﬁ:ﬁ:ﬁ%cha}é% SGhell S SALLRL Lo, T hat

for the enbodi nent that uses CF excep
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is then transmtted fromUser 1. User 1 in the sane tine slot also recei ves
t he signal &3 'H?”ﬁ"rﬁ%br'i%tepd’f”h@@f i, fre) isi dpeader lz{m’pducé'h@ @) giTdlis césLBbN) s
transmtted fromUser 2 in step 312. In step 362, User 2 appends a cyclic

prefix or zerfepaddspidion Ws % —n}’lfrc%nbser 1. Step 372 also includes an
additional sub-step where #,,(») is decoded to produce u,,(n) and this results
in the transmission of —au, ,(—n) from User 2. In this case, the base station 130
is configured to receiverthe signal x,,(n) comprising ~au,,(-n) and pu, ,(-n)

at step 374.

Signal combination (440)

Next, signal detection at the base station 130 is described and this will be based
on four signal combination schemes (Combining Schemes 1 to 4). The
combination schemes permit the received signals at the base station to have full
diversity gains. The detection may be in a base station using a processor that is

configured to perform the signal combination steps.

In all embodiments, the combining schemes are not limited by the moduiation
technique used. The modulation schemes used may for example be OFDM,
SCCP or SCZP. Al embodiments also assume that the parameters Ga(n) and
Ga(n) (in the case where the channel betweeh users is non-reciprocal) or G(n)
(in the case where the channel between users is reciprocal) of the channel

between the users are known, as are the parameters Hy(n) and Hy(n)



with the cyclic prefix or zero padding is then transmtted from User 2.
User 2 in the sane tine slot also receives the uk {) fromUser 1 in the
form of twe 2siogsedoBn step 364, the base station recei ve®Ca/S&2qraho403
conprising and In time slot 2, in the event that an anplify and forward
(AF) schene is used, User 1 in step 370 discards the cyclic prefix or zero
padding fromis then reversed and conpl 8% conjugated to produce . The power
anplifier factor b is applied. A cyclic prefix or zero padding is appended

\o The cycréspeptigdly of Ahe @r@ﬂn@@&%éﬁ%s‘ér'ﬁagmé@tadﬁ 1 8a5E stdtlom.
| ength of the channel paraneter where with the cyclic prefix or zero

paddi ng i STEQZ%%B&&H%H@ tf&h I?%angsﬂ atltheuﬁﬁeﬁ? a’rﬁbiﬁie‘?ga%g %ﬁd%( $fards

the cyclic prefix or zero padding fromis reverse

conjugated to prgduce is ne ed, to yvield and the power a Ilfler factor
a i J's gppl i 580""5\ %%If?%”eﬁr%mg%t%rfafg’r‘ Ag the %ﬁg\%é @trn?')?) amdeCelyie| i c

prefix or zero padding has a length a s greater than the length of the

channel patem@{m@r), wsewell aswpdrantetersy £4.(1e) amdH.kn oo pticrizlypedtd be gedtimdteen
transmtted fromUser 2. In step 374, the base station 130 receives a

si gnal conguiifg M Bhantl estmiatibhateqgecode and forward (DF) scheme used
i.e. where User
The embodiments are also described with the assumption of an ampiify and
forward (AF) scheme but as the skilled reader will understand, the combining
schemes are also equaﬂy applicable for decode and forward (DF) schemes

since DF schemes can be freated as special cases of the AF scheme.

Combining Scheme 1

Combining Scheme 1 will now be described with reference to Figure 6. This
scheme is based on Half-duplex Mode during cooperative transmission. The

base station 130 is configured to receive three signals x,,(n), x,,(n) and
x,;(n) during the cooperative transmission time siots 1, 2 and 3. The three
signals are in time domain and respectively are:
o (1) = 1y () 02, () +77,(m)
X2 (m) =hy (nyeu, ,(n)+1,(n)
%, 1) = () ® Bty ,(—1) = hy(n) @ ity (~n) + 73,(n)
n,(n), n,(n) and 7,(n) are additive noise introduced by the respective channels

over which the base station receives signals in time slots 1, 2 and 3.



and User 2 decode their received signal before transm ssion, step 370

i ncl udes an additional sub-step where k 2(n) is decoded to produce uk 2(n)
Thi s r e’ol20m/ds208he transm ssion of buk 2{-n) from UseCcThG28v®po4832 al so

i ncl udes an additional sub-step where k ] {n) is decoded to produce uk (n)

and this results in the transmssion of -au kl{-n) fromUser 2 . In this
case, the base station 130 is configuredoto receive the signal ck 2{n)
conprising -au k ' | (-n) and buk * | ( n) at step 374. Signal conbination

(440) Next, signal detection at the base station 130 is described and this
wi |l be based on four signal conbination schenmes (Conbining Schenmes 1 to

4). Th [ [ ] ived si I the b tati
£0 nave fulT “arvord 5 S PR breBfe BEEEESS Aerded e doe Sgibei ng

a processor_that is configured to performthe signal conbination steps. In
al | enbodi r‘?‘ér{?'zi . fé‘é’r%gwi(ﬁb schenes are not linited by the nodul ation
techni que used. The nodul ati on schenes used nay for exanple be OFDM SCCP
ov SCZP. All mo ts also assune that the paraneters GL(n) and

At step 620, a discrete Fourier transform (DFT) is performed on the time domain
signals x,,(n), x,,(n) and x,,(n), resulting in the frequency domain signals

X)), X, ,(n) and X, ,(n):
Xk,l (n)= H, (rz)Sk,I (n)+I(n)
X, ()= Hy(m)S, ,(n) + T, (m)
X, (7)) = H(m)BU, ,(n) - Hy(n)aU; (n) +T,(n)
(), T,(n) énd [, (n) respectively are frequency domain equivalents of 7,(n),
7,(n) and n,(n). U, (n) and U,,(n) respectively are the DFTs of i,,(n) and

ﬁk'z (n).

Assuming that the channels between User 1 and User 2 are reciprocal, U, ,(n)
and U,,(n) can be expressed as:
Uy(n) = G(n)S,,(n) + Wi (n)

Uy2(n) = G(m)S, 4(n) + W, (n)

X, ;(n) can thus be expressed as

Xk,s(n) = 'BHJ (n)G‘ (n)Si:,z (n)- aHz(n)G‘ (n)St:,\(”) +Ay(n)



G (n) (in the case where the channel between users is non-reciprocal) or
& n) (in the case where the channel between users is reciprocal) of the
channel b&ODwesvs6ive users are known, as are the paranet ecssespooniwel y of
t he channel s between User 1 or User 2, and the base station. The

enbodi nents al so assune that the power anplifier factors a and are known.
The power anplifier factors a and/? , the paraneters and (or as well as
paranmeters optionally can be estinmated during the channel estination step
420. The ewmhedt nents are al so described with the assunption of an anplify
and forward (AF) scheme but as the skilled reader will understand, the

conbi ni ng schenes are al $0,_equal, |icable for decode and forward (DF)
schenmes since DF schenesﬁé(élﬁ“té t%g‘%fg’ﬂ)‘ég 14r) thses of the AF schene.

Conbi ning Schene 1 Conbining Schene 1 will now be described with reference
to Figure endTh grkishene is based on Hal f-dupl ex Mode during cooperative

transm ssion. The base station 130 is configured to receive three signals
and xk 3(n) during the cooperative transmssion tinme slots 1, 2 and 3. The

three signals are i ntilfb= ddfe TN, +©3 pedili wdGn)&r €n) + Al (n)
At step 630, linear combinations are applied to the frequency domain signais.

For the signals X, () and X, ,(n), they are combined to produce Y. (n):

Y, (n) = BG(n) X, (n) + aG(m) X, ,(n)
= fH, (n)G(n)Sk,) (n) +aH, (mG(n)S, ,(n)+ A(n)

where

A(n) = BG(n)T | (n) + aGn)I,(n)

Y,(n) can be combined with X, () to produce Z,,(nyand Z, ,(n):
Z,\(n) = BH (n)G" (n)Y, (n) — aH,(n)G" (m) X, ,(n)

Zy,(n) = aH,(n)G ()Y, (n) + PH,(n)G" (n) X, ,(n)

At step 640, the combined signals at step 630 are divided by a channel related

constant p(n), thus obtaining the original signals Sk.1(n) and Sy 2(n).

Arranging Y, (n) and X, (n)into a matrix, it can be shown that



7,(n) , 77, (") and 7 3(n) are additive noise introduced by the respective
channel s over which the base station receives signals in tine slots 1, 2
and 3.1 n woep10aibs6203t he cyclic prefix or zero paddi ng arecuisseemdediosr om t he
signals xkl n) " ¢ L n) apdXkA") - At step 620, a discrete Fourier
transform (DFT) is performed on the tine domain signals xk X(n) , ck | (n)
and ckL(n) , resulting in the frequencyggomain signals **.i(") . XtA") and
XkA") - XkL(n) :H,(n)SkAn) + TM) Xk 2{n) =H2{n) Sk 2{n) +T2{n) Xk, (n) =

H (n)j3U 2(n)-H 2 T1(n r ectivel
arfa 121reque§10§/ do (I E)%Iﬁt(g <§¢ ( )ﬁ)('”)&ﬁ’?( kaﬂ% g SE x(ln;/ a%d
7u (n) respectivel yngt(e) @H‘I‘(sn)@f(nkL(ﬁ% @G0 &(z(')) ng that the

A(s i
channel s bet ween er 1 and User 2 are reciprocal, §(and Uk2{n) can
be expressed as: Uk, (n) = ¢ n)Sk,(n) +W{) Wkl (n) G(n)S’\(n) +W2( n)

Based on the orthogonal property of the matrix, we have
S(my=Z, (n)] p(n)+7Y,(n)
Sa()y=Z, (0} p(r) + Y, (n)
where
pln)=| BH,(m)G(M) [ +|aH,(m)G(n) F=|G(n) P (| BH,(m) | +|aH,(n) )
f! (n) = ~[BH, (MG (n)A(n) - aH,(m)G" (m)A(n)]/ p(n)

Y,(n) = aH,(m)G" (nyA(n) + BH,(m)G (n)A(n))/ p(n)

The signals Sk 1(n) and Sy 2(n) originating from User 1 and User 2 respectively

can thus be obtained by dividing Z, ,(n)and Z, ,(n) by p(n) which is obtained

from the channel estimation described earlier,

Combining Scheme 2

An alternative combining scheme, Combining Scheme 2, will now be described
with reference also to Figure 6. This scheme assumes that Half-dupiex Mode is
used during cooperative transmission. The base station 130 is configured to
receive three signals x,,(n), x,,(») and x,,(») during the cooperative

transmission time slots 1, 2 and 3. The three signals are in time domain and

respectively are:



Xk i (n) can thus be expressed as X w(n) = PH'n)G (n)Sk ' 2(n)-aH
2{n)Gn)SI(n) +A (n)where and ) is At step 630, |linear conbinations are
appl i ed twothm/dSemguency donmai n signals. For the signal CasG2immpoans
conbined to produce Y1Xn) : where an be conbined with to produce and At
step 640, the conbined signals at step 630 are divided by a channel related
constant , thus obtaining the original dg3gnals Arranging and into a matrix,
it can be shown thatBased on the orthogonal property of the matrix, we have

where The signals iginating fromises 1an respectively can thus be
obt ai ned by dividing and by r{r'f)w whi éﬁ )I s"gt’)lﬁ%(g fromthe channel

estimation described earlier. Conbining Schene 2 An alternative conbi ning
scheme, Conbining Scheme 2, wi%kt("&vk, be) «deseniHmee)wi t h reference also to
Figure 6. This schene assunes that Hal f-duplex Mde is
%i5(n) = By (n) @ fiy ,(=n) = hy(n) e @iy, (~n) + 1, (n)
m(n), 17,(n) and 7,(n) are additive noise introduced by the respective channels

over which the base station receives signals in time slots 1, 2 and 3.

in step 610, the cyclic prefix or zero padding are discarded from the signals

X, (1), xkg(n),and X, 5(n).

In step 620, a discrete Fourier transform (DFT) is performed on the time domain
signals x,,(n), x,,(n) and x,,(n), resulting in the frequency domain signals

X, (n), X,,(n) and X, (n):
X (m)=H,(n)S,,(n)+ T (n)
X.,(n)=H, (7S, ,(n)+T,(n)
X,5(m) = H/(n)BU,,(n) - H,(maU} () +T,(n)
[(n), T,(n) and T, (n) respectively are freqqency domain equivalents of 7,(n),
n,(r) and n,(n). U, (n) and U, ,(n) respectively are the DFTs of fi, (n) and

akz(n)'

Assuming that the channels between User 1 and User 2 are reciprocal, U, ()

and U, ,(n) can be expressed as:



used during cooperative transm ssion. The base station 130 is configured to
receive three signals ) and uring the cooperative transmssion tine slots
1, 2 and Wo20twsthisee signals are in tinme domain and re®pesGeomliogodas e: ar e
addi tive noise introduced by the respective channels over which the base
station receives signals in time slots 1, 2 and 3. In step 610, the cyclic
prefix or zero padding are discarded frgmthe signals In step 620, a

di screte Fourier transform (DFT) is performed on the time donain signals

and , resulting in the frequengy domai n §i I . ) respectively are
frequency domai n equival ents g‘?""ﬁg{ W(T)Sf"é ggcygl(%)el y are the DFTs of k ]{n)

and ) . Assum ng that the channels between User 1 and User 2 are

reciprocal, kI {n) and k 2(’),(,@&rt;lqg)$x egged)as: can thus be expressed
as where In step 630, linear (:U(’))"r'rbi nat i ons'"zg?e azgp?ied to the frequency

domai n signals. The signals are conbined to produce and

X, ,(n) can thus be expressed as

X 5(n) = BH, (MG (n)S, , (n)— aH,(n)G (n)S, ,(n) + A;(n)
where

Ay(n) = BH, (W)W, (n) — aH,(n)W, (n) + T,(n)
| In step 630, linear combinations are applied to the frequency domain signais.

The signals X (n), X,,(n) and X, ,(n) are combined to produce W,.(n) and

kaz {(n):

W (n) = B (DX, (1) + GBH () |GO) E X, (1) - ()G ()X, 5(n)

S H,(n)F 5., +aBH (n)|Gn)f H,(n)S, ,(n) |
~aH,(n)G (n) BH (n)G(n)S,,(n) + aH,(n)G" (nyaH, (n)G(n)S,, (n) + Y, (n)

=(\H,(n) [+’ | H,(n) P) G(n) P)S, ,(n) + Y, (n)

W2 (n) = Hy(n) X, () + aBH ()| G(n) [ X,,(n)+ BH,(mG (m) X} ,(n)
=| H,(n) P Sk,z(n) + aﬂH;(n) | G(n) (2 H, (n)Sk,,(n)

+ BH (n)G (n) BH (n)G(r)S, ,(n) = BH (m)G" (myaH; (m)G(n)S, ,(n) + T, (n)
=( H,(n) [ +B7 | H () PLGn) )8, (n) + T, (m)

where



whereln step 640, the conbined signals at step 630 are divided by channel
rel ated constants , thus obtaining the original signals : where The signals
S/ c, -i (n)wandio®s6203 origi nating fromUser 1 and User 2 PeI[SER0G9000493 can

t hus be obtained by dividing This conbi nati on schene has a diversity of
order 2 and the data rate is twothirds that of a structure where no
cooperation is used. Conbining Scheme 345A third conbi ni ng schene, Conbi ning
Schenme 3, will now be described with reference to Figure 6 again. This

h t Fu} b - I [ duri |
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during the cooperative transmssion tine slots 1 and 2 . The two signals

are in time domaiiABz eaPeChLUESY GHEGON RIEAAdH MSGTBHAG AN T oduced by

t he respective channel s"over which the base station receivés'signals in
time slots 1 and 2 . In step 610, the cyclic prefix or zero padding are

di scarded fromthe signals In step 620, a discrete Fourier transform (DFT)
is perforned on the tine domain signals ckérg andx 2(") , resulting in the
frequency laostap b4, ghalconmbipey signpls at step 630 are divided by channel related

constants p,(n) and p,(n), thus obtaining the original signals Sy 4(n) and Sk 2(n):

Sk,1(”) = Wk,l (n)/ p,(n)

Sk,z (n) = Wk,z (n)/ p, (n)

where
pi(n)=(H(n) [ +a* | H,(n) | G(n) )

pa(ny=( Hy(m) ¢ +8° {H, () FIG(m) 1)

The signals Sk 1(n) and Sy2(n) originating from User 1 and User 2 respectively

can thus be obtained by dividing W, , (rn)and W, ,(n) by p,(n) and p,(n).

This combination scheme has a diversity of order 2 and the data rate is two-

thirds that of a structure where no cooperatibn is used.

Combining Scheme 3

A third combining scheme, Combining Scheme 3, will now be described with
reference to Figure 8 again. This scheme assumes that Full-duplex Mode is

used during cooperative transmission. The base station 130 is configured fo



- r , (") and r, (") respectively are frequency domai n equivalents of , (")
and respectively are the DFTs o . Assum ng that the channels between User 1
and User woanw/msemBprocal , and k2 ) can be expressed asPcasG2iminobies
expressed as where and s In step 630, |inear conbinations are applied to

t he frequency domain signals. Assuming that the power anplifier factors

can be obtained fromas where can thend4ge conbined with to produce ) andln
step 640, the conbined signals of 630 are divided by a channel rel ated

constant. phidve nhAYEGN 3 0 d e, 01 Gl 1Rl GRBISoARAC A EANRI QA N1 © @

matrix, it can be s Based’ nal property o

matri x, we have where The signals originating fromUser 1 and User 2
respect i vaigts 1 and 2. The two signals are in time domain and respectively are:

x,,(n)=h(n)eu,  (n)+h,(n)eu,(n)+n(n)
X, (1) = h(n) o Bily o (—n) = by (n) ® iy, (~n) + 1, (n)
n,(nyand n,(n)are additive noise introduced by the respective channels over

which the base station receives signals in time slots 1 and 2.

In step 610, the cyclic prefix or zero padding are discarded from the signals

X, ,(n) and x, ,(n).

In step 620, a discrete Fourier transform (DFT) is performed on the time domain

signals x,,(n) andx,,(n), resulting in the frequency domain signals X, ,(») and
Xea(n):
| X (my=H mS,,(n)+H,(n)S,,(n)+T,(n)
X,,(n) = H(n)BU;, (1)~ H,(n)aU, (n)+ T,(n)
I(n) and T, (n) respectively are frequency domain equivalents of 7, (n) and

7,(n). U,,(n) and U,,(n) respectively are the DFTs of 4,,(n) and d,,(n).

Assuming that the channels between User 1 and User 2 are reciprocal, Uk',(n)
and U, ,(n) can be expressed as:

U,,(n) = G(n)S, ,(n) + W(n)



can thus be obtained by dividing and Conbi ni ng Scheme 4 A fourth conbining
schene, Conbining Schene 4, will now be described with reference to Figure
6 agai n. Wbeoparseawt ers are that the channel s bet ween Upem/SG2emoidser 2 are
not reciprocal and the channel fromUser 1 to User 2 isdenoted , while the
channel fromUser 2 to User 1 is denoted This schene assunes that

Hal f - dupl ex Mode is used during cooperat7ive transm ssion. The base station
woul d have received three signal ) during the cooperative transm ssion tine

slots 1, 2 and 3 . The three sig n, t domai n and respectively
are: and ) are additive noi se%jlkﬁ{'s aﬁg’éﬁ 1l§§7>'t’LIrqma?)especti ve channel s over
whi ch the base station 130 receives signals intinme slots 1, 2 and 3. In

step 610, the cyclic prefix or zero padding are discarded fromthe signals
In step 620, a discrete Fourier transform (DFT) is performed on the tine

domai n si gp;rgl &) ai2h thus Deesiprésst@ 49 the frequency domain signal sO
respectlvely are frequency donmai n equivalents of ( ) can be expressed as
where G) respectlvely are the DFTs o

X2 () = H, (m)G (1)S, ,(n) — aH, ()G (n)S, ,(n) + A, (n)
where
A,(n) = BH,(mW, (n) — aH,(n)W, (r) + T, (n)

and X, ,(n)is

Xia(n) = BH; (M)G()S, , (1) — aH, (n)G(n)S,, (n) + Ay (n)
In step 630, linear combinations are applied to the frequency domain signals.

Assuming that the power amplifier factors o = S, ¥, (») can be obtained from

X, (n)as

Y, (n) = aG(n) X, (n) = aH()G(n)S, ,(n) + aH,(n)G(n)S, , () + A(n)
where
A(n) = aG(n)T (n)
Y, (n) can then be combined with X, , () to produce Z,,(n)and Z, ,(n):
Zy ()= aH (MG (MY, () - aH,(m) G (m) X, (n)

Z, 5 (n) = aH; ()G (Y, (1) + aH,(n)G" (n) X , (n)



In step 630, linear conbinations are applied to the frequency domain
signals. The signals are conbined to produce andwhere At step 640, the
conbi ned wognalsemwB step 630 are divided by channel rel CeEsGeangvamss
thus obtaining the o ginai s gna where The signals and originating from
User 1 and User 2 respectively can thus be obtained by dividing This
conbi nati on schene has a diversity of o#4gler 2 and the data rate is
twothirds that of a structure where no cooperation is used. Simulations

Si nul at i onln etagl 640athe mRXIbINEO Higss t 6f SB@%F&%M«?&@%%@%E}?}%{%E Qg‘ag;g t he

descri bed enmbodi nent. While the results shown are Tor

skill ed reesiestamt bin\u q ; S or .S woul d be the
simlar. An OFDM %* 30%(2%@8?11%@%@@&%&&@?%% Sﬁ1ﬁ@“%sﬁ’§z”50ded prefixes
of length 64. The sinulations further use the Half-duplex Mdde. It is
understood that a conparabl e Full-duplex Mde simulation will yield a
performance that is simlar to that for the Conbining Schene 1 at

Hal f - dupl eRTRBAIBY X, (7} sndsXpurfedinthatmatrix, demmied shewnarat User 1 and User 2
is frequency

[Yk(n) }z ( aGmH,(n)  aG)H,(n)\|S,.(n)] [An)

Xi2(n) | \~aH;(n)G(n) aH,(n)G(n) S, (n) -{Az_(n)]

Based on the orthogonal property of the matrix, we have
. Sk,1 (n)= Zk,] (n)/ p(n)+ Y,(n)

Si(n)=2Z, ,(n)/ p(n) + Y,(n)

where
p(n) =laH,(M)G(n) [ +|aH,(n)G(n) P= o’ | G(n) FUH () + | H,(n) F)
Y,(n) = {aH (0)G (WA (n) ~ aH,(n)G" (M)A (m)]/ p(n)

T,(n) = ~{aH, ()G () A(n) + aH ()G (m)A(n)}/ p(n)

The signals Sk1(n) and Sy a(n) originating from User 1 and User 2 respectively

can thus be obtained by dividing Z wmand .Z, ,(n) by p(n).

Combining Scheme 4

A fourth combining scheme, Combining Scheme 4, will now be described with
reference to Figure 6 again. The parameters are that the channels between

User 1 and User 2 are not reciprocal and the channel from User 1 to User 2 is



selective with 4 taps i.e. = 3 . The channel taps have exponential decay
profile : E(( g(/) () exp(-2 i =0,1,2,3 . Wile the sinulation assunes

t hat t he wbannalss20bet ween User 1 and User 2 are reciproealr/sGeimm/oskios | ed
addressee wi Il understand that results for the case where the channels are
non-reci procal will be the sane. It is also assuned that the channel from
User 1 or User 2 to the base station |s49requency selective with 62 taps
each i.e. 6 1. Equally expected power is assunmed for the channel
taps. Let %@t%fi' &nd) - vble thesehannel froasNRer 2ot mwmcumewg%gzsw&als from
User 2 in the tinme slot 2 be . Correspondingly, is also the for User 2
recei vi ng sthefdl as fid ke i s assuned that the
recei ved si gnal s gﬁﬁ%ﬁe*b%@égﬁ@ on ‘?%?0& Pﬁgn%gpﬂp%@ ?’% are the sane.
It is alsq ﬁﬁ%bgg% ect channel information is available at the
base stat| on r a"f’? g Ravroraceived theee sigeplsr at,iime schene,
and that the system IS synchronl zed. For the non-cooperative scherre

zer o- f or ci ng (deaerd ti, ofn)i durireeihcGoopeAtiaHEASRLSIGNEHAR %rgte)ﬁ rZSéTx M every

generated for the channel taps and the channels are dif
di fferent The synbol error rate (SER) is obtained
from 50006’“%% e ei:’gk’lg[\%% aomaln and respectively are: ( )

xk,}(n) = hl (n)e U (n)+ m(n)

r-crf

X, (1) =hy(n)e u, ,(n)+n,(n)

X3 (n) = hy(n)e g;(=n)e Puy,(—~n) = hy(n) e g; (=n) o Qg (1) +17,(n)

m(n), n,(n) and 7,(n) are additive noise introduced by the respective channels

over which the base station 130 receives signals in time slots 1, 2 and 3.

In step 610, the cyclic prefix or zero padding are discarded from the signals

xk!](n) » X, ,(n) and xk,:s(n) .

in step 620, a discrete Fourier transform (DFT) is performed on the time domain
signals x,,(n), x,,(n) and x,;(n), resulting in the ffequency domain signals
X)), X ,(n) and X, (n):

Xy (m)=H (n)S, (n)+T,(n)

Xp,(n)=H, (mS,, (n) + fz(n)

X, s(n) = BH,(n)G;(n)S; ,(n) - aH,(n)G, (n)S,:', (n) + Ay (n)



realizations. The power anplifier factors a and b are chosen such that the
transmtted signal power is the sane at different tinme slots. The Figures
7(a) to AybrommmseeoBor di fferent” val ues, the average SERCOiSG2émw/08é4gmal s
recovered at the base station for Conbining Schene 1, Conbining Scheme 2
and where no cooperation s used. Figures 7(a) and 7(b) respectively show

t he average SER when = | GdB and BPSK an®04 QAM nodul ati ons are used. Wen

t he channel between the two users is not good (i.e. = 10dB ), the

cooper at i v& (@thé&nes gnd. &, (:QoespettivglySare freqiersydd@nairbeguivatentsiof 7l @wer SER
for SNR | ower than 25dB, but higher SER for SNR higher than 25dB. Fi gures

7(c), 7(d) : respectively show t he average SER when g = 2QdB and
BPSK, 4 @@Faglﬂdgr&f}%é&iﬂ nodul ati ons are used. \Wen the channel between the

two users becones better (i.e. g = 20dB ) , the cooperative schenes obtain
better performance while the non-cooperative schene remai nsthe sane. It can
be seen that at g 20dB , the cooperative schenes obtain better SER '
performance(;t bancameepreepeiat i ve scheme for all SNR val ues bel ow 36 dB.
This better SER performance is especially true when Conbi ning

Xi3(n) = Gy (m)H, ()S, ,(n) - G, (m)H, (n)S,,(n) + As(n)
where
G, (n)=aG, (n), G,(n)=BG,(n)

G, (n) and G, (n) respectively are the DFTs of g,(/) and g,(/).
In step 630, linear combinations are applied to the frequency domain signals.

The signals X, ,(n), X,,(n) and X, ,(n) are combined to produce Wk,l (n) and
kaz (n):

Wea(n) = Hi (W)X, (1) + G, ()G} () H, () X, ,(n) ~ G} () H,(m) X}, (n)
= H,(m) [ 8,,(n) + G, ()G, (MH; ()H,(m)S, ,(n)

= G/ (MH,(m)G,(MH, (1)S, ,(n) + G, () H, ()G, (n) H; (1), (n) + ¥, (n)
=(H,mF +1G(n) FIH,(m) F)S,,(n) + ¥, ()

W,o(n) = Hy(m X, ,(n) + G, ()G () H (n) X, (n) + G} (n)H, (n) X ,(n)
= H,(n) [ 8,,(n) + G,(n)G> () H; (n) H,(n)S,,(n)

+ G (MH, ()G, (M H] (1), ,(n) = G, () H, ()G, (m)H; (1)S, , () + T, ()
=(1H,(n) F +1G,(n) PI H (1) P)S,, () + T, (n)



Scheme 2 is used. Figures 7(f), 7(g) and 7(h) respectively show t he average
SER when channel estimation for the channels between the users, and the
channel s wetzmarseio0he users and the base station is not perisecoos/oand3t he
normal i zed nean square errors (NMSE) of channel estimation respectively are
-40 dB, -30GdB and -2QdB. The NVSBE is defined as where f and f are the
actual and estinmated channel, respectiv@ y. Wien there are errors in
channel estinmation, both the cooperative and noncooperative schenes yield
SER val ueswb&/®t are worse. However, it can be seen that for all NVBE

val ues, the cooperative schenes nevertheless still yield SER results that

are consistently £r . . opgr at v ehene. It should
be appreci at ed thg’ﬁwpr(%‘téggg(;é%ﬁ%? "?{r?g@%?%%‘ﬁgl @éﬁéﬁ@z” y be used for

different applications. For exanple, they can be used for uplink in

traditional centrﬁ“hzedqgabryhaﬁCnenwﬁ(kﬁﬂgdﬁrX§yﬁdy@§gg Athat multiple
users are divided into different groups with each group having N nunber oi
users. For users in different groups, conventional techniques can be used
to allow nultipleaccess. For exanple, it is possible to use frequency

di vi si on | tipl ccess (FEDVA), that is, users in different groups usin
di ffer ent n%f'g, ﬁtﬁﬁeﬁ%ﬁ et@fa wr(lt?lpﬁg)élgnarﬂs at step 630 are divided by chan%el re?lated J
constants p,(nyand p,(n), thus obtaining the original signals S +{n) and Skaln).

Sk,l (n) = Wkl (n)/ p,(n)

Sea(n) =W, ,(n)/ p,(n)

where
A(n)y=(H,(n) [ +|G,(n) | H,(n) })

Pmy=(H, ()} +1G,(n) 1 H,(n) [
The signals Sy +(n) and Sk2(n) originating from User 1 and User 2 respectively

can thus be obtained by dividing 7, , () and #, ,(r) by p,(n)and 5,(n).

This combination scheme has a diversity of order 2 and the data rate is two-

thirds that of a structure where no cooperation is used.

Simulations

Simulation results are next provided to show the advantages of the described
embodiment. While the results shown are for OFDM mddulation, the skilled
reader will understand that results for SCCP or SCZP would be the similar. An

OFDM bilock size of N =256 is used, along with coded prefixes of length 64.



division multiple access (TDVA) may be used, that is, users in different
groups using different tinme slots; or orthogonal frequency division

mul ti pl e wocenws¢WBDVA) is used with users in different PGTSGRE09080408)
different OFDM subcarriers. Wthin the same group, it is preferred that the
users use the sane frequency or frequency band, that is, TDVA is used
within the sane group. The proposed schgnmes may be for cooperation within a
group to increase signal reliability at the destination. The descri bed
enbodi nents should not be construed as |imtative. For exanple, the

descri bed enbodi nent of Figure 1 uses TDVA. Alternative nethods of

supporting,nultinle acce may a soége se tfhin the group, e.g.: code
di vision mift F@‘@aﬁ%’&%@ﬁﬁ%’oﬁ?, {q‘er %‘é-ﬁep%aW%q'eonﬁdm w%qfréfcwbg'é%t 8FDMVA)
or orthogonal frequency division nmultiple access (OFDMA). The users may
have one &RIWFREDIE fcHi-duplex Mgdevaimigatiosrwill| Weld 2 periamanres thattie simitar
Enbodi nents of the present invention may have nultiple base stations and/or
mul ti pl e ¢ gidorthedsemdining Seheme hatbtalf-diples Made.n each group may be
different. In the case where there are nultiple groups of users,
conventional techniques may be used to allow nultiple access, for exanple
FDVA may be
lt is assumed that the channel between User 1 and User 2 is frequency
selective with 4 taps i.e. L=3. The channel taps have exponential decay
profile: E(| g(7) [) = exp(-2/),/ =0,1,2,3 . While the simulation assumes that the
channels between User 1 and User 2 are reciprocal, the skilled addressee will
understand that results for the case where the channels are non-reciprocal will

be the same.

It is also assumed that the channel from User 1 or User 2 to the base station is
frequency selective with 62 taps each i.e., = L, = 61. Equally expected power

ts assumed for the channel taps.

Let the signal-to-noise ratio (SNR) for User 1 receiving signals from User 2 in
the time slot 2 bey. Correspondingly, y is also the SNR for User 2 receiving
signals from User 1 in the time slot 1. It is assumed that the received signals
SNRs at the base station for the both users are the same. It is also assumed
that perfect channel informaﬁon is available at the base station for both the
cooperative scheme and non-cooperative scheme, and that the system is

synchronized. For the non-cooperative scheme, zero-forcing detection is used.



used where users in different groups use different frequencies.
Alternatively, TDVA nay be used where the users in different groups use

di f f er entwOi2zom/sbmBs. Furt her enbodi nents may al t er nati pergGaam/o00HDYA wher e
users in differentgroups use different orthogonal frequency-division

mul tiplexing (OFDM subcarriers. The usage of nultiple access techni ques
permts the elimnation of nmulti-user i 3erference (MJ). It should al so be
apparent that the described enbodi nents "al so apply to SCCP and SCZP. Al so,
the present invention may be extended to P > 2 and the users in such a case
do not have to cooperate pairwi se, but rather can cooperate in a daisy

chain fashicﬁon. V\hiée exanpl e enbodi nents of the invention have been

descri bed iFPTARIEX PausHiAY roademy DWmbess arg@enaspiednfarihe eirannet daes endt he
invention as will be clear_to a skilled reader. CLAIMS 1. A space-tine coded
cooper at i véNe ofhAnNetsatarendifferenidfaropvenniditérest MontesGadat reaiizatidomoTke t he
network including a first comruni cati on device and a second communi cati on
devi ce, eashmifolt Beocoratein{3$ER) ois debtboes! Hedrng 59990Cidfeen Montespast i ve
users and configured to communicate with a comon destination, the nethod
conpri si ng resiezagivaps of :

The power amplifier factors ¢ and B are chosen such that the transmitted

signal power is the same at different time slots.

The Figures 7(a) to 7(h) show for differenty values, the average SER of the

signals recovered at the base station for Combining Scheme 1, Combining

Scheme 2 and where no cooperation is used,

Figures 7(a) and 7(b) respectively show the average SER when ¥y =10dB. and
BPSK and 4 QAM modulations are used. When the channel between the two
users is not good (i.e. ¥ =10dB), the cooperative schemes (i.e. Combining

Scheme 1 and 2) obtain a much lower SER for SNR lower than 25dB, but
higher SER for SNR higher than 25d8.

Figures 7(c), 7(d) and 7(e) respectively show the average SER

wheny = 20dBand BPSK, 4 QAM and 16 QAM modulations are used. When the
channel between the two users becomes better (i.e. y =20dB), the cooperative

schemes obtain better performance while the non-cooperative scheme remains



the first communi cation device, transmtting a first nmessage to the second
communi cation device for transm ssion to the common destination as a first
rout ed neweagmw/oseand recei ving a second nessage from t he PES&sG2a)9/000403
conmmruni cation device for transm ssion to the common destination as a second
routed nessage. 2 . A space-tinme coded cooperative wreless conmrunication
met hod according to claim1, wherein tragsmssion of the first nessage to

t he second comruni cati on device and receiving the second nessage fromthe

second compisgatd. Vi eHArsd ed i he sane.ting slot. 3 . A
space-time coded écggpcgfﬁa?ié\e/seeyvr\}i F@eésts;co%%r gg‘%ic&rﬁ)pﬁﬁtﬁv@dsﬁ'&%?ﬁi%‘?"'ﬂo
claim1l, \Mg)ehei g\ﬁtF{ana,m ssion . of the first nmessage to the second

GHEb 8e

comuni cat i REMABRERtham dhe Mor-ceoperative sshenie fon alh SNR vahues
comruni cation device are carried out in different tine slots. 4. A

space- t i me PElMedO BbpEnisthaiier Gk R| rasto roamemiscespeamaliyetrhe dvisas ComtIgingo  any
preceding claim further conprising the steps of: discarding a first

paddi ng fr &eheme 2 isce$acked second nessage; performing a conpl ex conjugate on
the recei ved second nessage; re-ordering of the received second nessage;
and

Figures 7(f), 7(g) and 7(h) respectively show the average SER when channel
estimation for the channels between the users, and the channels between the
users and the base station is not perfect, and the normalized mean square

errors (NMSE) of channel estimation respectively are -40 dB, -30dB and -20dB.
The NMSE is defined as

_EUf-£1)

NMSE _
E(I T

where f and f are the actual and estimated channel, respectively.

When there are errors in channel estimation, both the cooperative and non-
cooperative schemes yield SER values that are worse. However, it can be seen
that for all NMSE values, the cooperative schemes nevertheless still yield SER

results that are consistently better than that for the non-cooperative scheme.

It should be appreciated that proposed combining and training schemes may be
used for different applications. For example, they can be used for uplink in
traditional centralized celiular networks. it is envisaged that multiple users are
divided into different groups with each group having N number of users. For

users in different groups, conventional techniques can be used to allow multiple



I nserting a second padding into the recei ved second nessage, to formthe
second routed nessage for transm ssion to the common destination. 5. A
space-ti rwocotedemaoper ati ve Wi rel ess conmuni cati on net irotl/Seeemrodé4s t o
claim4 , wherein the discarding, performng a conplex conjugate,
re-ordering and inserting steps are perforned in a tine slot different from
the time slot for transmtting the firstssmessage. 6. A space-tine coded
cooperative wrel ess conmuni cati on net hog according to claim4 or 5,

wh in th LESt | k d paddi i,ncl ud | i
et i 7 KeRpacEdt RRRIG TG € pesafi T, PERGRES) oifaibh caflele eadisa
di t f clai 4.t0.6, furth npri si t he st f d di
e second (DA, dhaf S Gar i Aiitrgnt Iasokps GBI ARISRNY Fomemtescanfime.

nmessage. 8. A space-tine coded_cooperative wrel ess conmunication nethod
accor di ng t@VigRY prideledaeeessl iONAF maybe ussdpthatiingusérs istdiferent gralpsf yi ng
the second nessage. 9. A space-tine coded cooperative wreless
comuni cat iusingstifferéntdicne diloty; tar anirogorale tiengentyi divisionr FEGpIEOABEdSE NY
the step of: negating the second nessage.
(OFDMA) is used with users in different groups using different OFDM
subcarriers. Within the same group, it is preferred that the users use the same
frequency or frequency band, that is, TDMA is used within the same group. The
proposed schemes may be for cooperation within a group to increase signal

reliability at the destination.

The described embodiments should not be construed as limitative. For example,
the described embodiment of Figure 1 uses TDMA. Alternative methods of
supporting multiple access may also be used within the group, e.g.: code
division multiple access (CDMA), frequency division multiple access (FDMA) or

orthogonal frequency division multiple access (OFDMA). The users may have

one antenna each, or they may optionally have multiple antennae.

Embodiments of the present invention may have multiple base stations andjor
multiple groups of users where the number of users in each group may be
different. in the case where there are multiple groups of users, conventional
technigues may be used to allow multiple access, for example FDMA may be
used where users in different groups use different frequencies. Altematively,
TDMA may be used where the users in different groups use different time slots.

Further embodiments may alternatively use OFDMA where users in different



10. A space-tinme coded cooperative wrel ess conmunication nethod accordi ng
to any preceding claim further conprising the step of converting the
second neseagw/dssmm frequency domain to tinme donmain. 11PCAVSSpao®eedosre coded
cooperative wireless conmuni cati on nmet hod according to any preceding claim
wherein the second routed nessage is transmtted using OFDM nodul ation. 12.
A space-tinme coded cooperative wrel ess sgommuni cati on net hod according to
any of clainms 1 to 8, wherein the second routed nessage is transmtted
usi ng Si ngl rier: j ' | at.J: : ' coded
cooperativéﬁ%ﬁ?%v%%éﬁ%%éﬁgﬁﬁdégﬁﬁgLﬁégpgggygé@%&%ﬁﬁgnmgQggjt%ﬁggéding claim
further co isin e step of . the second, communi cati on devi.ce, receiving
the Tivst MUDESGET o st Puoniie SSERES edioas e h At

coded cooperative wreless conmmuni cati on nethod according to claim 13,
further corpuifidisegintaderonsgdMytl). t he second communi cation devi ce,
discarding a first padding fromthe received first nessage; performng a
conpl ex conjugate on the received first nessage;

It should also be apparent that the described embodiments also apply to SCCP
and SCZP. Also, the present invention may be extended to P > 2 and the users
in such a case do not have to cooperate pairwise, but rather can cooperate in a

daisy chain fashion.

While example embodiments of the invention have been described in detail,
many variations are poséible within the scope of the invention as will be clear to

a skilled reader.



re-ordering of the received first nessage; and inserting a second paddi ng
into the received first nessage, to formthe first routed nessage for

t ransm ssworeotoessiee comon destination. 15. A space-ti neCtosdemodiper ati ve
Wi rel ess commruni cati on method according to claim14, wherein the

di scardi ng, performng a conplex conjugate, re-ordering and inserting steps
are perfornmed in a time slot different shromthe time slot for receiving the
first nessage. 16. A space-time coded cooperative wreless comrunication
nmet hod aceqrg to any preceding clains, further conprising the steps of:
the commo nation, receiving the first nmessage directly fromthe first
comuni cati on device, receiving the second nessage directly fromthe second
comuni cati on device; and decoding the received first and second nessages

and the fi rst ?f{ld second routed nessages. 17. A space-tine coded cooperative
wirel ess comurit EBRFHHMPERIASE %@GF%‘Y\%C?'@”&"&‘F%W%@W wifgles®codi ng

conprises the steps of: converting the received first and second nmessages
from ti me Gosmunication network, the netwark including a first communication device and

a second communication device, each of the communication devices being
associated with respective users and configured to communicate with a
common destination, the method comprising the steps of:

the first communication device, fransmitting a first message to the
second communication d_eVice for transmission to ‘the common destination as a
first routed message; and receiving a second message from the second
communication device for transmission to the common destination as a second

routed message.

2. A space-time coded cooperative wireless communication method
according to claim 1, wherein transmission of the first message to the second
communication device and receiving the second message from the second

communication device are carried out in the same time slot.

3. A space-time coded cooperative wireless communication method
according to claim 1, wherein transmission of the first message to the second
communication device and receiving the second message from the second

communication device are carried out in different time siots.



frequency domain; and obtaining a first conbi nati on sequence by linearly
conbi ning the frequency domain first and second nessages. 18. A space-tine
coded coopenatiose20di r el ess conmuni cati on nmet hod accor di RGTISG2ai9@00ML 7,
further conprising the step of obtaining a second conbi nati on sequence by
i nearly conmbining the first conbination sequence and the first and second
routed nessages. 19. A space-tinme codedsgooperative wrel ess comunication
met hod according to claim 17, wherein the decoding further conprises the

steps of: @onveptdfgelifeldduel ‘%ngﬁmif%%gg%%"ﬁﬁéﬁgﬁéﬂﬁﬁpﬂti me to

frequency domai n; ‘and wherein t ITSt co nati gl udes

i I L 1k t [ f the first d d ,
and the 11 PRroRnR eca ol PR PR ARE TREe: omoiRing SR Bpet codea

cooperative wrel ess .comjg.mgcaéé,on met hod according to c\a\m 16, h re the
decodi ng conpr i 552410 & TUELPRYAING FiotR the mFaivrd seeend e@ssaget nessage and
the first and second routed nessage fromtine to frequency domain;

andobt ai ni ng a PEFEMiAgD FABPacaigaiecen the tdosived secndonassage; he

re-ordering of the received second message; and
inserting a second padding into the received second message, to form

the second routed message for transmission to the common destination.

5. A space-time coded cooperative wireless communication method
according to claim 4, wherein the discarding, performing a complex conjugate,
re-ordering and inserting steps are performed in a time slot different from the

time slot for transmitting the first message.

6. A space-time coded cooperative wireless communication method

according to claim 4 or 5, wherein the first padding and/or the second padding

includes a cyclic prefix.

7. A space-time coded caoperative wireless communication method
according to any of claims 4 to 6, further comprising the step of decoding the

second message after discarding the first padding from the second message.



frequency domain first nmessage and the first and second routed nessages. 2
1. A space-tinme coded cooperative wreless conmunication nethod according
to any ofwolzaimse8 to 20, further conprising the step eCI/Sd2eideg3t he
first conbinati on sequence or the second conbi nati on sequence by a
constrai nt sequence which characterizes a first transm ssion path between
the first communi cation device and the ggmmon destination, and a second
transm ssion path between the second commruni cation device and the

destinatiop. 224 sPazBafe thiBd BIEEARRP RIS MrhGhiES o AIBIHRY CaL i on

met hod according to claim 18, wherein the constrain equence obt ai ned

by conbi ni i st . er,. Which characterizes the first
transm ssi g%"‘%&t"lﬁ’ tér?&‘glgﬁg gg&‘r‘?ﬁ%ﬁﬁﬁﬁ‘éﬁ“&&%m&wﬁﬁ?ﬁ% Rgﬁﬁﬂﬁg)f“i‘ﬁg‘ae t he
second transm ssion path. 23. A space-tinme coded cooperative wreless
communi cat PP Wﬁﬁﬁg%cor ding to any of claims 16 to 22, further
conprising the steps of, prior to the decoding step, the conmon
destination, discards a first padding fromthe received first nessage;

9. A space-time coded cooperative wireless communication method

according to any preceding claim, further comprising the step of: negating the

second message.

10. A space-time coded cooperative wireless communication method
according to any preceding claim, further comprising the step of converting the

second message from frequency domain to time domain.

11. A space-time coded cooperative wireless communication method
according to any preceding claim, wherein the second routed message is

transmitted using OFDM modulation.

12. A space-time coded cooperative wireless communication method
according to any of claims 1 to 8, wherein the second routed message is

transmitted using Single Carrier ~ Cyclic Prefix modulation.

13. A space-time coded cooperative wireless communication method
according to any preceding claim, further comprising the step of: the second

communication device, receiving the first message for transmission to the

destination.



di scards a second padding fromthe first routed nessage.24. A space-tine
coded cooperative wireless conmuni cati on nethod according to any preceding
claim fuwOhero/sewpri sing the step of. the first conmunipcatSIGammIdessos e
transmtting the second routed nessage to a third conmuni cati on devi ce of
the network, and the third communi cati on device relaying the second routed
message to the destination. 25. A spacegpime coded cooperative wireless
comuni cati on net hod according to any precedlng claim further conprising
the step of: the second comuni cation device transmtting the first routed
nmessage to a fourth connunication device of the network, and the fourth

conmmuni cat | gn devi ce r.el ayi Bg the first routed nessage to the destination.
26. A spac ?H?d:g "E%&B d{eQReTRVE \é‘%‘eé%ﬁﬁmﬁ‘i“é‘aﬁiw matheRl accor di ng
to claim 22, f rther conprising, prior to decoding the received first and

second mes85RRIEING ReCIBIFMB A UABST FHRPOIrtsing:the ##8PS A the first channel
parameter based on a main training signal transmtted by the first
conmuni cat i on diég seconeizcommeipicadionidreviended cooperative wireless
comuni cati on nethod according to any preceding claim further conprising
the steps of, pdisearding a first padding from the received first message;

performing a complex conjugate on the received first message;

re-ordering of the received first message; and

inserting a second padding into the received first message, to form the

first routed message for transmission to the common destination.

15. A space-time coded cooperative wireless communication method
according to claim 14, wherein the discarding, performing a complex conjugate,
re-ordering and inserting steps are performed in a time slot different from the

time slot for receiving the first message.

16. A space-time coded cooperative wireless communication method
according to any preceding claims, further comprising the steps of:
the common destination,

receiving the first message directly from the first communication device,
receiving the second message directly from the second communication device:

and

decoding the received first and second messages and the first and second

routed messages.



transmtting the first nmessage, the first comruni cation device transmts an
auxiliary training signal to the second comruni cati on devi ce, and obtains an
i nt er - dewvoeomhameel paraneter which characterizes an i RCESGeMIo®He0403

transm ssion path between the first and the second comuni cati on device
based on the training signal; and transmts the inter-device channel
paraneter to the comon destination. 28g1A space-tinme coded cooperative

wi rel ess commruni cati on net hod according to claim27 and when dependent on

claim 26 wﬁer ein C;Sélt% t”??\'e o3 %rele%st&?nﬁ\%‘cjah%%é [188”' ng

si gnal . A space era I ve W rel’ess communi catron met hod
accor di ng to cl

in the auxiliar i gnal
conpri ses d?'CFP?@TQW{OrQ?Wﬂé g"hﬁﬁ%ﬁ‘%é%gegofj&%?%‘? %eso{h “\R ?Ofst training
signal. 30. A space-tine coded c eratjive wreless comunjcation nethod
according to anyoBretingithe r?‘?e’t’%‘?g RWSBRESIPETIramMEige 10t he second
communi cation device retransmtting the auxi I iary signal to the comon
dest i nat i orfraguieony detiaimitanyd an anplification factor based on the auxiliary
signal for decoding the anplified second nessage. 3 1. A space-tine coded
cooper ati ve w r elbésiningoanfitsiicoatbinatioresbguence by linearly combining the

frequency domain first and second messages.

18. A space-time coded cooperative wireless communication method
according to claim 17, further comprising the steb of
obtaining a second combination sequence by finearly combining the first

combination sequence and the first and second routed messages.

19. A space-time coded cooperative wireless communication method
according to claim 17, wherein the decoding further comprises the steps of:

converting the first and second routed messages from time to frequency
domain; and wherein the first combination sequence incfudes linearly combining
the frequency domains of the first and second messages, and the first and

second routed messages.

20. A space-time coded cooperative wireless communication method
according o claim 16, wherein the decoding comprises the steps of:
converting the received first message and the first and second routed

message from time to frequency domain; and



according to any of clains 27 to 30, wherein transmtting the inter-device
channel paraneter conprises transmtting a conplex conjugate of the

i nt erdeviwe 2otvasemB par aneter. 32. A space-tine coded co®pES&2009MH04408 €l €SS
conmuni cation nmethod according to claim3 1, wherein the transmtting the

i nter-device channel paraneter further conprises transmtting a negation of
t he conpl ex conjugate of the inter-devige channel paraneter. 33. A
space-tinme coded cooperative wrel ess conmuni cati on nmethod according to any

of the precedi W&, sage C rises; in a
first signal .mt?@?@ﬁ fir |rsnt%lﬁgﬁt eg ?gﬁg? ﬁg“@?gﬂg‘ﬁ "‘i’ﬁ?ﬁ"?gh second
signal int nal , the second routed

trai ni ng Sf?%%ﬂ%ncggqozg&g'}ﬂ%%@g %g%g % ﬁbe \fs?tsa[% dr $FO8 rPPé?%N?(jség%al A
space-tinme coded cooperative comuni cation nethod for a wirel ess

comuni cati on network., the network including a first conmmunication device
and a secgﬁld C(ﬁr&munl catl on device, each of the communi cati on devi ces bei ng
associ at ed® Wi t 8@9%1?'!’"@/@0@%%?@0%31'&'&‘@M‘f@ﬂ:ﬂ%@bmmmmatwm matedM th a

common destination, the nmethod conprising the steps of:
according 1o any of claims 18 1o 20, further comprising the step of:

dividing the first combination sequence or the second combination
sequence by a constraint sequence which characterizes a first transmission
path between the first communication device and the co.mmon destination, and

a second transmission path between the second communication device and the

destination.

22. A space-time coded cooperative wireless communication method
according to claim 18, wherein the constraint sequence is obtained by
combining a first channel parameter which characterizes the first transmission
path and a second channel parameter which characterizes the second

transmission path.

23. A space-time coded coaperative wireless communication method
according to any of claims 16 to 22, further comprising the steps of, prior
to the decoding step, the common destination, discards a first padding

from the received first message;

discards a second padding from the first routed message.



t he common destination, receiving a first routed nmessage fromthe second
communi cation device, the first routed nessage including a first nessage
transm t two 2bw/asbm®3f i r st communi cati on devi ce; receivi ngca/Sseaondi4wsdut ed
nmessage fromthe first comruni cati on device, the second routed nessage

I ncluding a second nessage transmtted by the second conmuni cati on devi ce;
andreceiving the first and second nessages directly fromthe first and
second comuni cation devices respectively. 35. A space-tinme coded

cooper at i V24.conMspaeetingn codéd esoperaei/diviitbib & %%"mﬁ@@““%gmﬁ ms, wherein

the wirel ess communi cation network is a cellular networ space-tine

coded COOPSERHNG t& AR éEé’dihQ'&iaﬁF’\t Wf‘g“:&%g‘ﬁ%ﬁ%&fﬁﬁ% <&;ecedi ng cl ai ns,

wherei n the conmuni cation devices are nobi devices. 37. A
conmuni cati on i i gured for. space-ti oded cooperative

communi cat i on \?\ﬁ] %éﬁﬁ‘gt ‘gogﬁlgwg%@g'ﬁﬂﬁ%v aﬁp ﬁ’aﬁsmg&@*q FeCPn rostted message
communi cat j on naﬁwor k, the c%uni cation device and the second

conmuni cat Poh e 'QSE"‘HQH%OH KeR dheiatworts anedthpthird semmuamigation

device relaying the second routed message 1o the destination.

25. A space-time coded cooperative wireless communication method
according to any preced'm.g claim, further comprising the step of: the second
communication device transmitting the first routed'message to a fourth
communication device of the network, and the fourth communication device

relaying the first routed message to the destination.

26. A space-time coded cooperative wireless communication method
according to claim 22, further comprising, prior to decoding the received first
and second messages, the common destination estimating the first channel

parameter based on a main training signal transmitted by the first

communication device.

27. A space-time coded cooperative wireless communication method
according to any preceding claim, further comprising the steps of, prior to
transmitting the first message, the first communication device transmits an

auxiliary training signal to the second communication device,



configured to conmuni cate with a common destination, the comunication
device further configured to transmt a first nmessage to the second
comuni cavpanicdsyiose for transm ssion to the conmon desPrmsGzanooamns t o
recei ve a second nessage fromthe second comuni cati on device for
transm ssion to the comon destination. 38. A conmmunication device
according to claim 37, wherein the conmggi cati on device is configured to
transmt the first nessage to the secondcomruni cati on device and receive

the secondafsaaat, oh Gilok by RELARANED BRI MICABNLER LA ANG, Sge 11 ™

slot. 39. A comruni cati on device accordin .

comuni cat | LGE.:d i t,o transm.it the first nessage to the
second corr%%ﬂ?%gr%bgﬁ“%&r?ggmaﬁ%("%ggetﬁfeﬁ'fsﬁ@ngé'a%ﬁ&cﬂ%‘g§%‘§‘é“‘f'?‘ Qe second
communi cathon devi c(g ig different tine slots. 40. An integrated circuit
(10 for adRYRRLAPEALNIRE JAIMRE SIgahand configured for space-tine coded
cooperative conmuni cation with a second communi cation device in a wreless
comuni cat i on nEERRPtS thainteidenies chainme! nerdnceten taltheneoreemondkstination.
comuni cati on device being associated with respective users and configured
to communi cate with a common destination, the I C conprising:

28. A space-time coded cooperative wireless communication method

according to claim 27 and when dependent on claim 26, wherein the main

training signal is the auxiliary training signal.

29. A space-time coded cooperative wireless communication method
according to claim 27 or 28, wherein the auxiliary training signal comprises a

first training signal and a repetition of the first training signal.

30. A space-time coded cooperative wireless communication method
according to any of claims 27 to 29 and dependent on claim 8, the second
communication device retransmitting the auxiliary signal to the common
destination which estimates an amplification factor based on the auxiliary signal

for decoding the amplified second message.

31. A space-time coded cooperative wireless communication method
according to any of claims 27 to 30, wherein transmitting the inter-device

channel parameter comprises transmitting a complex conjugate of the inter-

device channel parameter.



a processing unit configured to transmt a first nessage to the second
comuni cation device for transm ssion to the conmon destination; and to
recei ve aweeommdézmessage fromthe second communi cati on ®€ViSG20M®N0403
transm ssion to the conmon destination. 41. An Integrated circuit (1C) for
a base station of a wireless comuni cati on network including first and
second comuni cation devices configuredgior spaceti me coded cooperative
comuni cati on, each comuni cati on device being associated with respective

users and nfi qu i i A tion, t C incl uding
a pr ocess?_r%gtogg\l %‘%&dﬁ%%@;@g’bgﬁ‘?{wh%ag 2%%@@'3’58@0? P%ﬁqg??e second
comuni cati_on device irst .rou message i ncluding a first nessage
transmi tte&cwmﬁ%ﬁ Flpip %aoWhﬁFﬁ'E_ ‘?ﬁﬁ‘ Eﬁ‘@gsh?é@@f‘ BVige SO@BRE! r out ed
message fromthe first communi cati on device, the second routed nessage

i ncl udi ng K2EXEEIA fuRtRerLamprisasthansratting ainegatien oh the sempiaxceaniveateevi ce;

and receive the first and second nessages directly fromthe first and
second com@fithe mteretevies Chanrnegl papavetare! v.

33. A space-time coded cooperative wireless communication method
according to any of the preceding claims, wherein the second routed message
comprises:

in a first signal interval, a first routed trainihg signal; and

in a second signal interval, a second routed training signal, the second

routed training signal being a negation of the first routed training signal.

34. A space-time coded cooperative communication method for a wireless
communication network, the network inch)ding a first communication device and
a second communication device, each of the communication devices being
associated with respective users and configured to communicate with a
common destination, the method comprising the steps of:

the comman destination, receiving a first routed message from the
second communication device, the first routed message including a first
message transmitted by the first communication device;

receiving a second routed message from the first communication device,
the second routed message including a second message transmitted by the

second communication device; and



42. An 1 C according to claim4 1, wherein the processing unit is further
configured to: convert the received first and second nessages fromtine to
f r equencywoansioig20and obtain a first conbi nati on sequen®€eTisg2009ve@s y

conbi ning the frequency domain first and second nessages. 43. An IC
according to claim42, wherein the processing unit is further configured to
obtain a second conbi nati on sequence bygéi nearly conbining the first

conbi nati on sequence and the first and second routed nessages. 44. A n C

according to cl aldiiidg tHAFsehRdiBBoRG IRESSARS &FB&I%/@fﬁznfx%é pﬁgt apgnfigured to
convert the first and second routed nessages fromtine to frequency domain;

and wher ei i -ﬂ[{?i qﬁ% I i ncl udes |inearlyconbining the
frequency g%%}sdnééréﬁhtnﬁe s 'andﬁgg’%gﬂ&da%ssages, and the first and
second routed nmessages. 45. An IC according to claim4 1, wherein the

processing unit is further configured to convert the received first nmessage
and the first and second routed nessage fromtine to frequency domain; and
obtain a fRPst AORACKLITSFOSEH FORPEratVE GarBaUNCatigRtMatheg agserdipgdeiency
domain first nmessage and the

any preceding claims, wherein the wireless communication network is a cellular

network.

36. A space-time coded cooperative communication method according to
any preceding claims, wherein the communication devices are mobile

communication devices.

37. A communication device configured for space-time coded cooperative
communication with a second communication device in a wireless
communication network, the communication device and the second
communication‘ device being associated with respective users and
configured to communicate with a common destination, the
communication device further configured to transmit a first message to
the second communication device fqr transmission to the commaon
destination; and to receive a second message from the second

communication device for transmission to the common destination.

38. A communication device according to claim 37, wherein the

communication device is configured to transmit the first message to the second



first and second routed nessages. 46. An I C according to any of clains 4 1
to 45, wherein the I1Cis further configured to divide the first conbination
sequence W0 20tmsemaond conbi nati on sequence by a constr acmsceeyuwenioe whi ch
characterizes a first transm ssion path between the first conmmuni cation
device and the comon destination, and a second transm ssion path between
the second communi cati on device and thegslestination. 47. An I C according to
cl aim 46, wherein the constraint sequence is obtained by conbining a first

Cecond chasa el e e g e Bnd FBsald ff%é%@%if?@s lffiﬂﬁ%%r%@i on path.
48. A Db ' J i n. | C ' ' 4 1 47. 49.
ceco TR R R BP B PRl o et han one. communi cat

A wireless Co nore than one comruni cati on
devi ce according to any of clainms 37 to 39 and one or nore base stations

according to claim48.

39. A communication device according to claim 37, wherein the
communication device is configured to transmit the first message to the second
communication device and receive the second message from the second

communication device in different time slots.

40. An integrated circ_uit (IC) fora communicaﬁon device which is configured
for space~tih19 coded cooperative communication with a second communication
device in a wireless communication network, the communication device and the
second communication device being associated with respective users and
configured to communicate with a common destination, the IC comprising:
a processing unit ponfigured to transmit a first message to the second
communication device for transmission to the common destination: and

to receive a second message from the second communication device for

transmission to the common destination.

41.  An integrated circuit (IC) for a base station of a wireless communication
network including first and second communication devices configured for space-
time coded cooperative communication, each communication device being

associated with respective users and configured to communicate with the base

station, the IC inciuding

a processor configured to:
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receive a first routed message from the second communication device,
the first routed message including a first message transmitied by the first
communication device;
receive a second routed message from the first communication device,
the second routed message including a second message transmitted by the

second communication device; and

receive the first and second messages directly from the first and second

communication devices respectively.

42.  AnC according to claim 41, wherein the processing unit is further

configured to:

convert the received first and second messages from time to frequency

domain; and

obtain a first combination sequence by linearly combining the frequency

domain first and second messages.

43.  An IC according to claim 42, wherein the processing unit is further
configured to obtain a second combination sequence by linearly combining the

first combination sequence and the first and second routed messages.

44.  An [C according to claim 42, wherein the processing unit is further
configured to convert the first and second routed messages from time to

frequency domain; and wherein the first combination sequence includes linearly
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combining the frequency domains of the first and second messages, and the

first and second routed messages.

45.  An|IC according to claim 41, wherein the processing unit is further
configured fo convert the received first message and the first and second routed
message from time to frequency domain; and obtain a first combination

sequence by linearly combinihg the frequency domain first message and the

first and second routed messages.

46.  AnIC according to any of claims 41 to 45, wherein the IC is further
configured to divide the first combination sequence or the second combination
sequence by a constraint sequence which characterizes a first transmission
path between the first communication device and the common destination, and

a second transmission path between the second communication device and the

destination.

47.  AnIC according to claim 46, wherein the constraint sequence is obtained
by combining a first channel parameter which characterizes the first

transmission path and a second channel parameter which characterizes the

second transmission path.

48. A base station inciuding an IC according to any of claims 41 to 47.
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49. A wireless communication network comprising more than one
communication device according to any of claims 37 to 39 and one or more

base stations according to claim 48.



