1 COOPERATIVE COMMUNICATION METHODS AND DEVICES FIELD AND BACKGROUND OF
THE INVENTION The presentinvention relates to cooperative communication methods, particularly
but not exclusively heswsaen a group of users and a base station. The presgptjgusiiRn@lso relates to
devices configured to perform the methods. In a typical wireless communication network, there is a
plurality of mobile communication devices configuregl 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 toGOHP ERATIVIE) € OMBIURITATIIO RaeessH BB AN BB gagismobile
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
divertity but STith : s A¥ Eadind cHanisEiidBié in reality not the case. It is an object of
the present invention to provide a cooperative communication method and device which address at
least one of th8SHPEBRSMHSIHIAET G Aiesivrep reprévie senenputitistionieetisatal choice. WO
2010/056203PCT/SG2009/000403 2 SUMMARY OF THE INVENTION In general terms, the invention
proposes usiRgTHERIRIYUE AR FHEMRPHRFNE 85 B SpeiateTWss S gihassueiatina: a transmitted

signal can beTreIiabI recovered at destlln tiop. X
he present invention also relates 1o 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 muitiple
access (TDMA) where each mobile communication device transmits data on a
different time siot 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 1o provide the public with a useful choice.



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
communicatigrodeysagans a second communication device, each of the cemminigRlgmgevices 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 receivingl eoUEvessage framke epeond 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.
WO 2010/0563¢RREBIS&GRANMORANHSH bidbdeplexima ailabler tniransmistiarebithe first
message to the second communication device and receiving the second message from the second
communicatidn devicraieevdthréstvotietisegathetinesiemitsdsigtiaraatives eRafduplex, the
transmission of the first message to the second communication device and receiving the second
message frorePRveERb At oafHiuaieation 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 message; re-ordering of the
received secqlr;d (rﬁessa e;.and inserting a_second padding into the received second message, to form

the second rott&d FReSREGEGSFRHR RGO Mo TVE B RmBIR @SRRI ASRRSEHMSy, performing a

complex conjlégg‘te% re-order%

ing and inserting steps may_be performed in a time slot different from the
time slot for transmiting the H’%ﬁ%“é&%‘&‘&%‘é ?ﬁ?f[g%%ﬁﬂha WHRIEP S ROBUBLRIFBERfling may include a

cyclic prefix. Sl ] rise the step of.decoding the second message after
discarding the first &?ﬁ%@ rom tmé%s!ggﬁgdé ?ﬁﬁg’stgs%ég rgcr%%fﬂo %?/%Téc’oacgﬁ?ﬁﬁ e the step of

amplifying thesaeANdiEAGssAgSyid t@@cW%ﬁtHé%%%%%%ﬁ%%%ﬁ%&%% BRiATBLLed eipa an

amplification factor. WO 2010/056203PCT/SG2009/
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 device for transmission o the common destination as a
first routed message; and receiving a second message frohn 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 exampie be the mobile equipment for a cellular

~ sysiem.



4 Preferably, the method may further comprise the step of: negating the second message and/or
converting the second message from frequency domain to time domain. This may be by way of an
IOFT operaijoh 2f\gasdi@aeously, the second routed message is transmitteghisingosAfobdys modulation.
As an altemative, the second routed message may be transmitted using Single Carrier - Cyclic Prefix .
modulation. The method may further comprise the cT)tep of; the second communication device,
receiving the first message for transmission to the destination. The method may then further comprise

the steps of: {iygiEgeeRY ROMBIBRAIPR danse dissaTai LAl hRadding fromstigdgegived first

message; performing a complex conjugate on the received first message; re-ordering of the received
first messageoaAuRREIORSReCaHPRsIEINh NI, BhestrrRiied diabaReRaaR: Keéorp the first routed
message for transmission to the common destination. The discarding, performing a complex
conjugate, recoratngativhidseitiogeiapsmedyohe petforsaeckinimdigiotsig afetrihiion, tihe time slot
for receiving the first message. Preferably, the method further comprises the steps of: the common
destination, reatiimigthdHirstanessagionlivé by fiahniss fage dortimsscatidrcdevinaicatieiving the
second message directly from the second communication device; and decoding the received first and
second messig)ireAt assidnariiscesnadoires atessagethesaeoadiesroambipaigscheme, the
decoding may comprise the steps of: converting the received first and second messages from time to
frequency doR®YiRe PRV RERTHE AN, SiiBIRAt dimestiatsnce by finearly combining the frequency
domain first and second messages. The method may further comprise obtaining a second combination
sequence by linearly combining the first combination sequence and the first and second routed
messages. As, secon d third combini chemes, it is possible that the decoding may further
comprise the%&%%éa ct)) .yggxr?v?r %1190 %ng‘ﬁys%géﬁ‘c? rs(elgéﬂn‘bdr Fouted %J%e sssgge ST RE %Sftrequency

e o oo o s I s
omains of 1 R A e e e ge La e o o carare e AR B o form of
duplex operaligny, e A5684186BRY AIBRASS. e SieamgloF ARy iRy e daasivad dust pessage and

the first and second routed message from time to frequency domain; and obtaining a first combination

sequence by §RgarhermBkinBedhe FaaupaatEamaiRsridnassar ansshin firshapssgeond routed

messages. The first, second and third combining schemes may further comprise dividing the first
combination sgguadceeithasssans ominatiesisptuensebynmennsiainasesuenee which

characterizes a first transmission path between the first communication device and the common
destination, ad@sbognpevOrdo] 6/656308R QR HUGRB0BFaNMDIBg and inserting steps
may be performed in a time slot different fram 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.



6 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

transmissionyafhygglskgsecond channel parameter which characterizes the seeond fransmission 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 messgge; discards a second padding from the first
routed message. It is envisaged that the method may further comprise the step of: the first

communicati rg%\ﬁ%g,rﬂ%sm@ﬁq&tl&g@q&m@;ggﬁ&@g%g%e[ e;[ﬁ Sf;[rrl‘i%% r%%ré%%nication device of the

second o
network, and the ommunication device relayin e second route essage to t(I?}e destination. It

© also envisagpi &gk bRdBeEaT BIAMd O RLESRP e stRa v sRep Bl HaMm T piation device

transmitting the first routed message to a fourth communication device of network, and the fourth

communicatiofaeyiceriatoying Heedirsidpwieshniessagsdtha 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 7 parameter based on a main
training signal4Advasnaigesalbly tiesfisstoommutedatic s skyécs, thatrainitter sigite) OERIEIso be used to
estimate a parameter at the communication device. For example, the method may further comprise the
steps of, prior paralasATittNg ancafirnaibesdbe serondroviathmsisation teyibe transmittedn auxiliary
training signal to the second communication device, and obtains an inter-device channel parameter
which charactéfFesHRagE120ER ce s EismsarIBEaReen the first and the second
communication device based on the training signal; and transmits the inter-device channel parameter
to the common destination. The auxiliary training signal transmitted from the communication device to

the .second cammunigcation deyice may option: w comprise a first training signal and a repetition of
the first trainin s%grﬂgﬁ‘#g]gt\féﬁ%gr’f Ergé?r'ﬁf?étssé al %é%%%&ﬁﬁ’?ﬁ%@ﬁﬁ?ﬂﬂﬁ?%mmmunication
device may alyp iedie SAEARLEPAILIEIING SRl yad e e apimation At the common
destination. In such a case, the auxiliary trainfng signal Is the main training signal.

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 fransmission 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 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.



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 retrarggnifingbgauxiliary WO 2010/056203PCT/SG2009/0004 163 8/sigoa/dootoe common
destination which estimates an amplification factor based on the auxiliary signal for decoding the
amplified second message. Transmitting the inter-dgvice channel parameter may comprise
transmitting a complex conjugate of the inter-device channel parameter, Further, the 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 sigpal nirivabnbiarerdremediainitheiBrph yessaid tautetkaiping signal being a
negation of the first routed training signal. In this way, training sequences may be relayed in different

time intervalinasesgnikbseesiieeipreaasaiche imesstigasthere impravideduaspace-time coded
cooperative communication method for a wireless communication network, the network including a first
communicatidprdaivicerandisssiogral ftehnnombicaticrndeadoensadly Ghaariy apmbiniogtite devices being
associated with respective users and configured to communicate with a common destination, the
method comirisingribe dnepinofirst atdeseoniif dnersapREiore saetptyaarsurBifed message from the
second communication device, the first routed message including a first message transmitted by the
first communR&ATNBrsEeORiain NCR SELORME 60 Tt efiaGeRiDeR By dinsany eerIviRg'e Yiscond routed
message from the first communication device, the second routed message including a second

message trari§atiRRABYaHRNSERBHANGS AR HiHET AB0iEECqRg 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 meséages
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 dupiex 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 seqguence which characterizes a first transmission path between the

first communication device and the common destination, and a second



receiving the first and second messages directly from the first and second communication devices
respectively. The wireless communication network may be a cellular network. The communication
devices maywe mobissmammunication devices. In this respect, this actualp-ioses @ thigspecific
expression of the invention in which there is provided 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 wifs FRARSINEARBANEAPIHIVERE fRy COmMURIEIR VB f-commopedestination, the
communication device further configured to transmit a first message to the second communication
device for traggsissiaento the common destination; and to receive a second message from the second
communication device for transmission to 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 communihticiptevitet sryubs wnfayubedoint A aibdipylexrahohithg 2 dinsneieaiion device may be
configured to transmit the first message to the 10 second communication device and receive the
second messBgEFHeiEdTeharesterzanitieidnsd dwoenrsgitfe pahtiand dctecting chatinets
discussed earlier may be performed by an integrated circuit and this forms a fourth specific expression
of the inventi&?fﬁ%ﬁ%ﬁhw iR SHRAIRPAANA R R tEaramistiyTdattcommunication 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 associ | ective users and_configured to commupicate with a common destination, the
IC comprising?%%pﬁ%%}gésgﬁggun%%oﬁ%@ﬁ%s tg% rr;%r%%sltoi3 ﬁ{g‘%ﬂ?\%&%\é@?& S 88ng’30mmunication

device for UrangERAN RS FAMMONARSALOR AR SAANE Asecanfiiiessage fom the second

communication device for transmission to the co hation. A TR Specific expl%ésion of the

invention is a|§%@§M§%g§‘éEBhWB%§h§rﬁdﬁ1qF@/W @0t %gégg%q%g!rcuit (IC) for a base station of a

wireless communication network including first and second communhication 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:lt 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



11 receive a first routed message from the second communication device, the first routed message
including a first message transmitted by the first communication device; receive a second routed
message fromydhe firedsessnmunication device, the second routed message doliddiangaeRgond
message transmitted by the second communication device; and receive the first and second
messages directly from the first and second commungication devices respectively. The IC of the fifth
expression may be configured to perform a first combining scheme and the IC may be further
configured to:GrmverbIeLRered fishARSITREANE MPFSALRTHLIME W fequency domain; and
obtain a first combination sequence by linearly combining the frequenhcy domain first and second
messages. Thekmnmnayaise 8efygher 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 other 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 incldesning aignsbmainiigpthe fregtitmeystimaiainspefrtmediestatrtdesecond messages, and
the first and second routed messages. 12 The processing unit may be further configured to convert
the received fReIMESizRiiOR N (ive firsr @ smtanthromett oreveydefiften tonepitsérégiency domain;
and obtain a first combination sequence by linearly combining the frequency domain first message and
the first and s8&8SPFoRESA to dsssgaiting b rdirpbiseTees dheding arsarasidisadenttistice combination
sequence or tge second combination sequence by a constraint sequence which characterizes a first

transmission AR BEGAR AR FORiSR s recand a9 reriRatiatedaMsson, and a second

transmission path e{tvveen the second communication device and the destination.
and obtains an inter-device channe! parameter which characterizes an inter-

device transmission path between the first and the 'second communication
device based on the training signal; and transmits the inter-device channel

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.

Ampiification 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



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

transmissionypatin izl of the fifth expression may be used M. a base sfatjan-of.9thehfestination or
relay equipment which is configured to for such applications. Also, the base station and the
communication device or devices may be used in aé/vireless communication network. As described in
the preferred embodiment, the proposed communication may provide the advantage of providing for

space and tinag,clyessity | eRnRLicad lal @v-SaTeRaatc (YReTol] j entation of
a space- WO %%0%5%2%%@(%%/86Zogig%go%%lg% ﬂétime E%ﬁg%ﬁ%%%%ﬁ&%%ﬁ %%g'bility at the

destination oxRhage staliRmyeBHaIsRPedbsIfRsE SisinHit R aprarratdhgt features described for a
specific aspect/expression are also applicable for the other aspects/expressions. 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 (MU!). eliminating inter-symbol interferences (1SI).
requiring onlyfoars ittt atietcideyinentiFdcato palevice eraclaig cingsiacedirsmicidting using only
one antenna.

complex conjugate of the inter-device channel parameter. Further, the

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 signai. 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;



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-dwplexi 6osshiions. not having to compensate for additive noisepdtreatessiijaacs
embodiments also have the advantage that during cooperative transmission, time slots can be
pipelined. This would permit multiple orthogonal freguency-division multiplexing (OFDIM), single
carrier cyclic prefix (SCCP) or single carrier with zero padding (SCZP) blocks to be transmitted, 14

BRIEF DESCRIPTIoh(ARgl & EGMING e ap8RErramb adimenimuHidaide wsihes, by way of

example only, with reference to the accompanying drawings, in which: Figure 1 is a schematic

drawing of atnéretesmaaBumsdicRiteadiciveIRicorepsisitn @ gt tanehandapyase station
according to an example embodiment; Figure 2 is a flow chart depicting the steps of implementing
cooperative spasedticoeneaditicaiiothdawvicelessicommunication network of Figure 1; Figure 3(a) is a flow
chart illustrating a channel estimation scheme for

receiving the first and second messages directly from the first and

second communication devices respectively.

The wireless communication neiwork 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 communica’tioh 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 fransmit 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 fransmission fo 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 duplex and the

communication devicé may be configured to transmit the first message 1o the



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 compnenigasiapsin different time slots based on half duplex OFDj-pRIER L f¥ug;uSers and
the base station of Figure 1; Figure 4(b) are time block diagrams illustrating 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 illﬂt@trating communication in different time slots

based on full duplex, OFDM between two users and the base station of Figure 1; 15 Figure 5(b)
are time blocfa%’é}%r?%ﬂmgﬂ"gﬁﬁanc%?mﬁ%rﬂ@gtf&fsﬂvﬁfm‘?éﬁ%% 'YEESHSIPBHASI duplex OFDM

between two gg%%%rh%mg‘?ﬂ%%%%g%?gé Eﬁy%%ént i{ﬁgggir 6 is a flow chart depicting a general

signal combining scheme a lon gure igure 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 modulation is used and y is 10 dB,; Figure 7(b) is a graph of an

average SERpha sigiteldeenuaiasdthindans sl RBRAELH AR SienilRembing srheme of
Figure 6 when 4 DAM modulation is used and y is 10 dB; Figure 7(c)’1s a graph of an average SER

of a signal recpiefechad thphasersisiier-Rpaadiontbetsignvbeambiniogseheme o Figwe g 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 indsgrstati@irbasee ooithecsignal edcation nig debemecafi& igshindumbesr4 DAM
modulation is used and 7 is 20 dB;
space-time coded cooperative commumnication with a second communication
device in a wireless communication network, the communication device and the
second communication device being associated with respeciive 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 o 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 1C including

a processor configured to:



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 DAM modulation is used and 7 is 20 dB; Figure 7(f) is a
graph of anwete@esskesR of a signal recovered at the base station basesonsGaergi@nedidombining
scheme of Figure 6 when 4 DAM 16 modulation is used, y is 20 dB and channel estimation
normalized mean square error (NMSE) is -20 dB; 11 Figure 7(g) 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 s used: 13 20 .29l ADATRSLESHTALAN NS A ationfdaukR (1) is @ rapr
0

of an average SER of a signal recovered at the base station based on the signal combining scheme of

Figure 6 wheg ddQAM, maaqHiAl M@ﬁmiugse%ﬂgar@gggg@ﬂwmmwmﬁﬁ is -40 dB.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS A wireless communication

network 100 i3, shqQwititdrigaadeand 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. Indkisvernsedonentoatbthenaseag 20 aOthe fitst axpvimtnicsdiondfroop. 120, share a
same frequency band and each user has a single antenna for transmission or reception. As a result,
TDMA is usethéosemuitiploutet easssiie bsbiliato ser3nbyessags yansmitied by ieHowever, such a
multiple access scheme is not ideal as it does not achieve diversity and signal reliability is poor. Each
user 102,104sesa0dsAmuiniteation ARk device associated with a user and examples of a

mobile communication device may include a gmbile WO %010/95P203FC'FISGZOOQ/OOO 03
receive the first and second messages directly from the first and secon

communication devices respectively.

The IC of the fifth expreséian may be configured to perform a first combining
scheme and the !C 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 fo obtain a second
combination sequence by finearly combining the first combination sequence and

the first and second routed messages.

The IC may be configured to perform otlher 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 inciudes linearly
combining the frequency domains of the first and second messages, and the

first and second routed messages.



17 phone, notebook computer, GPS (Global Positioning Systems) etc operating within the network
100. To achieve diversity, it is proposed that the users cooperate to increase their signal reliability

when commynicaiingsgssh the base station 130, and more specifically, coppgyaéivashaeestime coding
is used. For the ease of disclosure, the present embodiment will be described using a value of P = 2

i.e. based on User 1 (102) and User 2 (104) althou t; 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

et (SCCr L SRR 0 R RSEERL 6 L OB o e o

Inates | ter-symbol Interrerence us creates a more robust

architecture %@é@éb@%%%@yfﬁ?ﬂ%B’@é@&i@%ﬁ%%é%ég@%ﬁﬁ‘%é*P&WEE%@HEW“O" of

implementing coopérative space-time coding between the users 102,104 and the base station 130 in
the network IdRaf: siePdbtain angiacisnreraiBie dduesdes yalieaHiecmBMMY ReCP signals of the

users 102,104. Ranging determines the distance of a user from the base station. The users 102,104
also are frequientyesyndbroninditdb gethergeitnth éHealie istatiose ceadltimged thessagesirequency being
used by the users and the WO 2010/056203PCT/56.2009/000403 18 base station. This will also ease
the burden of subsequent frequency ' '

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 retay 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 uplihk, and may optionally allow the implementation of a space-



synchronizations. At step 420, channel estimation is carried out. The purpose of channel estimation is
to estimate channel state information of transmission channels (or inter-device channels) 112a,112b

between theligers k222494, and transmission channels 114,116 betweengpe 4sas4R4¢504 and the
base station 130. Power amplifier factors a and p which are used during cooperative transmission at
step 430 are also estimated. The estimated channel 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 (aDeAAIEALNESARRILIAKIABREENRS daRatieb Blbe disgsreg larer. In

430, cooperative transmission takes place either in a’Half-duplex Mode or a Full-duplex Mode. During
cooperative tiansmissieR dhsqusers 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 420. 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 schemeahanjddi<CapphirsnttiStHeatesshal ¢ seepdubfosedpattifiaraspetraxingsSionemes 1 to 3.
WO 2010/056203PCT/SG2009/00043 19 Channel Estimation (step 420) Three training schemes will
now be descréttedaincdepaii¢eblectuithtgoihechspR et ¥ erpTass®NEshould be appreciated that the
training schemes and channel estimation are not limited by the modulation technique used, and either
OFDM, SCCP or SCZP modulation may be used. The training schemes use Half-duplex Mode

transmission but as a skilled reader will rstapd, the sch mes re als equal licable for
Full-duplex MB&&HRRFRREGGIFESS FOTH: g r‘%f%%ﬂf%e f%WPQée 'fpléhé %?zé) 58% User 1 to

User 2 is denotedalrJaln vtshcren §a}raalcrﬁe%{grrm aqgg tt}réqv g %gnaeV aeglgéocg{natlon for the

- eiiminating multi-user interference (MU!).

- eliminating inter-symbol interferences (1S1).

- 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 sach communication
device.

- using low-complexity combination schemes at the destination.

- operational under half-duptex conditions.

- not having to compensate for additive noise.

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

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



channel 112b from User 2 to User 1 is denoted using the parameter g2(l). 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 twd)s@indsggmilar to the characteristics of the channel 112b emsdssioddnddser 1, the
channel state information between User 1 and User 2 is denoted using the parameter gni =0,1...,L .
The channel state information for the channel 114 from User 1 to the base station 130 is denoted
using the parameter h,(/),/ =and the channel state information for the channel 116 from User 2 to the

base station 18gjs gefal W@W%Pa@@%ﬁ Hc)g =0,1...,L2. The frequency domain channel
vectors equivalent of tﬁe‘"Tﬁlme do‘”—ma‘l——_@’éééo“g%n parame ., §g2(0, 9(0, h1(1) and hi(l) respectively are
denoted Gi(n), G2(n), G(n), I-11(n) and H2(n), such that WO 2010/056203PCUSG2009/000403 20
G(n) =[G (0), G(1),..., G(AT -1)]7 G, (n) [G, (0), G, (2),...,(N -D)]r G2 (n) [G, (0), G2 (1),..., G2 (N -1)Y
One or more embodiments will be described, by way of example only, with
reference to the accompanying drawings, in which:
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 communicaﬁoﬁ 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 illustrating 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 iliustrating communication in

different time slots based on full duplex OFDM between two users and the base

station of Figure 1;



(n)=[H (0) ,Il (2),..., H1(N -1)1. H2 (n) = [H2 (0),H2 (1),...,H7 (Ai - 1)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 signg) gdennieshas) during a first time slot and User.2 transmits the praigigmignah>r during a
second time slot, The training signal used may be similar to that which is known in the art for
conventional non-cooperative OFDIVI, SCCP or SCZP systems. In 504, during the first time slot, the
User 2 receives the training signal transmitted by Ub2r 1. The parameter Gi(n) characterizing the

inter-device channel 112a from User 1 to User. 2 is thus estimated. User 1 may optionally also receive
the training signal t dﬁgﬁgiéé%snt%ﬁf P}Mﬁﬁéﬁﬂ@éﬁﬁdhﬁ%ﬁ%é@%m%%b@he channel

parameter G2 erizing the inter-device cha rﬁ;}f m.User 2 to User 1. An assumption is
made that théﬂ&%ﬁgﬁ%éﬁ%g%ﬁvﬂéﬁr&@p&?é@ 251 |seﬁ&%&8&ﬁ?cfh%&§i%%%r}?%%eassumed
that G(n)= Gigﬁﬁoﬁ%@pig@rgqg, the base station 130 during the first time slot receives the training .
signal transmitted by Useér 1, and during the second time slot receives the training signal transmitted
by User 2. The basgigiaion 1sasiibR ERMINGDIaRRS i astisateihiechannshraraBRials 4Lt(n) and
H2(n). Alternative embodiments can in the estimation ot Hi(n) and H2(n) make use of training signals
different fromtHastides ttetestiofatigaref G(n). in such a case, User 1 and User 2 in 502 will each
transmit one or more additional training signals in time slots apart from the first and the second time
slots. The base statfagut8d {a)36 6 \gitatiteof @ eaive rige Biditiolat tramftig s I(GRR and thenastimation of
Hi(n) and H2(n) can be made using the additional training signals. The estimation of the channel
parameters GRAYY&2thyking destritrisohassdvoin athe stigmeicroottinéncheneshe axiafgiess Hi(n)
and/or H2(n) in 506, may be performed using a suitable channel estimation technique that is known in
the art. In 508 YHEUSESKIRABH BiRn 1 WERSAchAtdSoHR KBS containing 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 rﬁé@ufﬁal@dgf@r 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

modutation 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

modutation is used and » 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

rodulation is used and ¥ is 20 dB;

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

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



example where User 1 transmits data packets in the sequence of [G G'] wh' User 2 transmits data
packets in the sequence oftG -G"). G denotes a data packet containing the channel parameter G(n)
while G* dengigsiqoa@ppiex conjugate of G. In 510, User 1 and User 2 reyprsg@iebResigsm complex
conjugates on the signals received during the second time slot. Power amplification factors of /6 and -a
are then applied at User 1 and User 2 respectively, thus resulting in -= pc sand T2 =-aG S User 1 and
User 2 respectively but simultaneously then perforrh@etransmission in the form of [T, T ] and [12 -T23.
171 and T., respectively denote retrapsmissigns of the training signal received at Users 1 and 2 during
the second tiﬁqg)déi@[tigﬂd'-sT ?%%q?ofés'sthg%ﬁ%)r?‘aﬁT%?é’.nﬂ oBEMFBPas naraatizass ReHegation of
T, ). The transmissions take place over a third and a fourth consecutive time sloth. The training signals
are received 2t REPHAEY é%ﬁ%ﬂﬂ #% third time slot, the signal received at the base station is

Ga(flH- af12)57.. In the fourth {i lot, the signal ' the b tation is G*(ehr, + aH2),3; . S
d:notesa}[he traininrl @%ﬁ%ljfr rlénss%ns%}g% eé%%é%%%&%ﬁrﬁaégasﬁ%ggﬁ%’& ?ﬁ};tﬂ%?se presen;

in the receiveg, 3aeiRoR BAd4d 6" e AR ARINMBYAMEIETS G4, LenyAad lalduy are aready

known. Training A second trairiing scheme, Training now be described with
reference 0 R is used, » is 20 dB and channe) estimation NMSE is -30 dB; and

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

modulation is used, » 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 multipie
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



23 In 502, the User 1 transmits a training signal (denoted ST) during a first time slot and User 2
transmits the training signal Er during a second time siot. In 5.02, User 1 transmits two training signals
(i.e. [sr Sr })wonsesutymly during a first time slot. The transmission of twop§aiR it &8ss
consecutively may confer the advantage of a higher reliabiiity. 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 G1(n) chara&térizing the inter-device channel from User 1 to

User 2 is thus gisg AP ti y alsq receive.the trajning signal transmitted by User 2
during the secgﬁgqﬁﬁ%ﬁ%%d%estim;%' 'ﬁﬁé%ﬁe%ﬁ%ﬁ%?@%@fﬂ%ﬁé%&%Hﬂ%@ﬂﬁ‘@ inter-device
channel from Wg@ir?tieWsekdskApassumption is made that the channel 112a,112b between the users
102,104 is reciprocal. Thus it can be assumed that G(n) = Gi(n) = G2(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 transmitted by User 2. The basr. station uses the training signals to

estimate the charffilipepafivstesity|-t I myepmbaelR(a). AU SLoVbRISE hahie Sstimation of Hi(n)
and I-12(n) may make use of training signals different from that for the estimation of G(n). In such a
case, USer 1 &N8ld&lizhitsovheactomransnicatiogevdtimibecbagditestririraningrrignale in time slots
apart from the first and the second time slots. The base station 130 in 506 Then receives the additional
training signet&SR HR L GRAREEHINE SRagR)tHRE coding inaisbe. Modthesingeths agditenad,training
signals. The egtimation %f thenﬁgannel pfi\rameters Gi(n), 132(n) and/or G(n) in 504, as well as
AIARTERSREIMY @9 deresioed veingrasedlerelyFoe Pékoimeddy a suitable

. . e presen
estimation of the &anne Sara

channel estimatian fectyy i in.the art. |n 505, the Users 1 and/or User 2 transmit data
packets having thg c%ggggﬁe&gg@ﬁ %ﬁﬂa%@é Sseifiise padyesperduiiianmersiae the reliability

of the G(n) reqayefsd BFéé‘@an?f?\?eﬁ?ﬁnt}Pﬂr???%%%ﬁ C{.:e%dsgg%zn%z/nbe used, for example where User 1

transmits data packets in the sequence o ile smits data packets in the sequence
of[GG denotes a data

The users 102,104 may use OFDM, single carrier cyclic prefix (8CCP) or single
carrier with zero padding (SCZP) as the modulation technique. The use of
OFDM, SCCP or SCZP eliminates inter-symbol interference (ISt) and thus

creates a more robust architecture against frequency selective fading.

Figure 2 is a flow chart showing a method of impiementing 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, resuliing in the same frequency being used by the users and the



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 aggglifisaiionfactors of fi and -a are then applied at User 1 an g egmgft jvely, thus
resulting in = ,SG.Sc, and T, = -aGS. User 1 and User 2 respectively but simu aneous y then

perform retransmission in the form of [T, T, | and MC2 - 12] The transmissions take place over a third
arid a fourth consecutive time slots. The training signdi& are received at the base station. In the third
time slot, the SI% gére&gtltved the bage S atlon Is (6G.- ceG._S";,. In the fourth time slot, the signal
received at the base station’is *f fﬁ)Seaﬁjﬁom% e demitob oiscptesdntfinghenmceived
signals, a and RFRh %e}a fjped as the parameters G(n), Hi(n) and H2(n) are already known. Training
Scheme 3 A thlrd 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 slot.

At step 420, channel estimation is carried out. The purpose of channel
estimation is to estimate channel state information of transmission channels (or
inter-device channels) 112a,112b betwesn the users 102,104, and transmission
channels 114,116 between the users 102,104 and the base station 130. Power
amplifier factors ¢ and Jii which are used during cooperative transmission at
step 430 are also estimated. The estimated channe! state mformatton 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 |ater,

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 fo transmit data to the base station 130,

In 440, the signals received at the base statign 139 are combined using the
channel state information determined in 42d. The signal combination can be
implemented using any of Combining Schemes 1 to 4 which will be discussed
tater. 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.



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 $6#EMmaneEded 2(n). This may be carried out using one of the clharpglesdisaatien techniques
that is known in the art. 26 In 560, User 1 and User 2 respectively but simultaneously retransmit the
training signals in the form of [T, T11 and [12 -T21. The transmissions take place over a third and a
fourth consecutive time slots. The training signals aré'feceived at the base station. An assumption can

be made that t@,gﬁﬁ@h@étgﬁ%gﬁ USSH is reciprocal. Thus it can be assumed that G(n)= G1(n) =
G2(n). In the third time slot, the ed at the base station is G.(3H, -al-r;)8. In the fourth time
slot, the signal mgeediaiidedasesialiamisnG@Hqs: c}12 . ST.denotes the training signal
representation in the freqlﬂféé;lcy domain. Ignorin;gtﬁee %% gﬁéﬁ“ﬁ?ﬁ@ﬁ@%@ﬁ%ﬁr%tr@ceived signals, the

coefficients aG¢hxamsl HSinhean R%W%ﬂ&%%%fiﬁé‘%gﬁm%”&%%ém are already known. In
in the thi

the event that the channel between the users is not reciprocal, Ime sFosi,E\ﬂ signal received
at the base stadionisshstitatiim te foorititee sipthdmsignatierreivpdiah tesass Riatipnis aH.s;
:"S; 6, and 6, respectively denote (n) = aG, (n), a2(n)-=fiG2 (n) such that ’

OFDM, SCCP or SCZP modulation may be used. The training schemes use

Half-duplex Mode transmission but as a skilied reader will understand, the

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

The channel state information for the channel 112a from User 1 to User 2 is

denoted using the parameter & (1) and the channel state information for the
channel 112b from User 2 to User 1 is denoted using the parameter g,(1). 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 simitar 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 h(0),l=0,1...,L, and the

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

130 is denoted using the parameter hy(1),0=0,1...,L,.

The frequency domain channel vectors equivalent of the time domain

parameters gy(f), go(/), g(), h+(l) and h.1(l) respectively are denoted Ga(n), Gy(n),
G(n), Hi(n) and Hy(n), such that



I (n) =1d, (0), Or (1),-, 61 (N-Dir 02 (n) = [62(0),62 (N -1)1T 27 With the channel estimates acquired,
-the user 1 and user 2 is than able to cooperate to communicate with the base station 130. .
Comparativexappomowsigesion (43M During cooperative transmission, data pg-transimiseshisom User 1
.and/or user 2 to the base station. Cooperative transmission can take place either in a Half-duplex
Mode or a Full-duplex Mode. In the case where OFDM is the modulation technique used, at a time k,
the frequency domain OFDM blocks of length N to B8 transmitted from User 1 and User 2 to the base
station respectively are: Sk,i(n)= (S (0), Ski-1))r Sk Z&Pd = (8k,2(0). $3"2 (1), 9 Sk,x(N -1))T After
performing inverse discrete Fourier tra f8$rﬁ &%‘@ﬁ), & trf1&¥6rhAin signals for User 1 and User 2
respectively are: uk,i(n)r- (uktt (0), uka (1),...,é' IV% uk,2(n)= (k.2(1)>.2(N 1))r In the case where SCCP
or SCZP is used, no 1DFT operation aétstthé DeHeIFhebldbkdio be transmitted from User 1 and
User 2 to the base station are in the time domain, i.e.: :

G, (m) =1G;(0),6, (1), Gy (N =1))
H () =[H,(0),H,1),.. H,(N -

H,(n) =[H, (0),H,(U),... 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 S,.) during a first time siot
and User 2 transmits the training signal S, during a second time slot. The

fraining 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 ihe training signal
transmitted by User 1. The parameter G1(n) characterizing the inter-device
channel 112a from User 1 fo User 2 is thus ésﬁmated. 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 inter-device

channel from User 2 to User 1.



WO 2010/056203PCT/SG2009/000403 28 uk,i(n) =(N -1))7 Lik,2(n)= (uk (0), Uk2 (1),...,uk,2(N -1-))T
When transmitting signals between the users, the channel effect is considered. In a case where the

channel between,Hskiand User 2 are not reciprocal, the channel from Userdcaddmessdsis denoted
by g,(1) and the channel from User 2 to User 1 is denoted by g2(l) in such a case, the cyclic

convolution of g1(1) and uk.i(n) can be denoted as (n) and the cyclic convolution of g2(/) and u ,(n) can

be denoted as k,1 (n) = u k.)(n)(n) ak,2 (n) =g 2 u (Afw2 (n) The notation denotes a cyclic convolution
of length N. An assumption is made that the channels between User 1 and User 2 are recii)rocal. In
|

such a case, %m@i%fﬁl%ij@g@tf%ﬁh@m T'§ RAbrtgtyeetothe users O prefix or
corwenion o EACHAb (e BEURR AT T AU e G BAUBhution of 1) and ud.2(r)
can be denoted as = g(n) uki(n)+ w, (n)

in 506, the base station 130 during the first ﬁﬁwe slot receives the training signal

fransmitied by User 1, and durmg the second time slot receives the training

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

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

Aliernative embodiments can in the estimation of H4(n) and Ha(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 eagh fransmit one or more additional fraining
signals in time slots apart from the first and the second time slots. The base
station 130 in 506 Wm then receive the additional training signals and the

estimation of H4(n) and Ha(n) can be made using the additional fraining signals.

The estimation of the channel parameters G4(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 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 offG -G*}. G denotes a data



C tk (n) = g(n) uk,2(n)-,-(n) WO '20101056203PCT/SG2009/000403 29 wi(0) and w2(n) are additive
noise, A reversal operation is next performed to the signals received at User 1 and/or User 2. The
reversal operationjsgEeiiped on ii,o(n) and 22,2(n) respectively produces: gkZkdéetmad @4y N).n 2(-n) =
(Lk (N - n),n Half-duplex Mode In 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 trfmsmit two OFDM blocks, thus enhancing the
transmission reliakbi!i'gé Figure 4(a) shows the communication steps,loran embodiment where the

d

half-duplex mBa& R GRBIFSYEN Uit BRBPHEERIED T (1)3#Blf Be dReiRs SotmAItRe reference

numerals in Ficcb%rg %i?ogr@e rest of the figures do not imply any form of sequence and the steps may
take place concurren y or in"any order. in time slot 1, User 1 at step 210 performs an IDFT on Ski(n) to
get uka(n) . cyclic prefix or zero padding is appended to uo(n). uk,i(n) with the cyclic prefix or zero
padding is then transmitted from User 1. In step 212, which is also time

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

signals received during fhe second time slot. Power ampilification factors of g
and —a 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 refransmission in the form of [T, T,] and

T, -1,1. 7 and T, resbec’t‘we&y denéte retransﬁ’tiésicns of the training signal
received at Users 1 and 2 during the second time slot 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 siot,
the signal received at the base station is G*(fH, —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 Hq(n) are already known.

Training Scheme 2

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

reference to Figure 3(a).



slot 1 for User 2, User 2 receives uo (n) in the form of the signal(n). At step 30 214, which is time slot
1 for the base station, the base station 130 receives uko (n) in the form of a signal(n) In time slot 2,

User 2 at step2Zadasidarms an 1DFT on Sk.2(n) to get uk,2(n) . A cyclic piefixeioaskpdasiding is
appended to uka(n) . /4,2(ra) with the cyclic prefix or zero padding is then transmitted from User 2, At
step 220, User 1 receives u/.,2(n) from User 2 in the form of the signal aka (n) At step 224, the base
station also receives ui., (n) from User 2 in the form of a signal x, (n). In time slot 3, an amplify and
forward (AF) scheme is used and User 1 at step 230 discards the cyclic prefix or zero padding from
(n)k.2(n) is then reversed and complex conjugated to produce. The power amplifier factorobtained

cyclc profi oF S208 PG had B S T M SRR b e e AT R e 1)

where / and User 2 transmits the training signal S, during a second time siot. in 502,

User 1 transmits two training signals (i.e. [S, S, ]) consecutively during a first
time siot. The transmission of two training signals consecutively may confer the

advantage of a higher reliability. User 2 then also transmits two training signals

during a second time slot.

In 504, User 2 receives tf_xé training signal transm%ﬁed by User 1 during the first
time slot. The parameter G4(n) characterizing the inter-device channel! from
User 1 to User 2 is thus estimated. User1 may optionally also receive the
trainfng signal transmitted by User 2 during the second time slot and estimate

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

21to Use;r 1.

An assumption is made that thé channe! 112a,112b between the users 102,104

is reciprocal. Thus it can be assumed that G(n) = Gi(n) = Ga(n).

In 508, the base station 130 during the first time siot receives the training
signals transmitted by User 1, and during the second time siot receives the
training signals transmitied by User 2. The base station uses the training signals

to estimate the channel parameters H+(n) and Ha(n).



(-rt) 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 441(n). 24,1(n) is then reversed and complex

conjugated tQxR¥QgHGRER); -1(-n) is negated to yield -(-n) and the power arpglﬁi&g%&g}&rﬁ}?stimated
t

earlier is 31 prefix or zero padding has a length that is greater the length o channel parameter
12.2(/) where 1 = 0,1, L 2. - Cark,1 (-n) with the cyclic prefix or zero padding is then transmitted from
User 2. At step 234, the base station 130 receives a &fgnal xk., Oh comprising -aci(-n) and fit2:,2(-n).
The above described the process when the AF scheme is used but in the event that a decode and

forward (DF) sthRiYRagsedhat hnsrtinaien ahdse epdidettenapimalis el ditraiibefore
transmission, ste 3%.' clu an dg'tio al sub-step after discarding the cyclic prefix or zero
padding from fﬁﬁ?\?v éé?%r %ﬁﬁqg‘c}gé t?écrﬂ}% 5?65[?65@1?35&6)"“1i§‘1‘6§lﬂt§5}ﬁﬁh§éﬁi’éﬁsﬁﬂ§sion of flu,
(-n) from User tep ' an additional sub-ste er discarding the cyclic prefix or zero
padding from f' ?%?alﬁg(%aé%gér(}%%?ﬁggooﬁe%% Wgﬁuég‘f’}’fﬁ)gg%a’m@r@@ﬂ@%r’f‘tﬂ@?ransmission of -

fom User 2. Infhie gt dbn BehsiaianeQ g sy sel/gbe signal 1) somersing

then receives the additional training signals and the estimation of Ha(n) and

Ha(n) may be made using the additional training signals.

The estimation of the channel parameters Gq(n), Gx(n) and/or G(n) in 504, as
well as estimation of the channe! parameters Hy(n) and/or Ha(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 compiex

conjugate of G.

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

signals received during the secand time slot. Power ampilification factors of Jij
and —« are then applied at User 1 and User 2 respectively, thus resulting in

T, =BG'S; and T, = ~aG"S;. User 1 and User 2 respectively but



Figure 4(b) shows the communication steps for an alternative embodiment where the half-duplex
mode is used along with SCCP or SCZP modulation. The steps involved are similar to that for the
embodimentihahuses e DM modulation, except that OFT does not neeg:tg-ReAM)6h043 IN time slot
1, User 1 in step 260 appends a cyclic prefix or zero padding to uk,l(n). uo(n) with the cyclic prefix or .
zero padding is then transmitted from User 1. At step 262, User 2 receives ut.,(n) in the form of the
signal ak J(n) . In step 264, the base station 130 reé&ives uo (n) in the form of a signal x . In time slot
2, User 2 in step 272 appends a cyclic prefix or zero padding to u .2(n ),7(n) with the cyclic prefix or
zero padding SEERDRANEM IR BBFPITedpYansaussiondn tiefarXilds uk.DaMdin the form of the
signal(n) . In step 274, the base station also receives u, (n) in the form of a signal x,,.2 (n) In time slot
3, an amplify 8hd fofward (AMPSERRISHGsT S, RlRFE¥era Nt RS @ destt gomaewiibiR prefix or
zero padding from iik.,(n)(n) is then reversed and complex conjugated to produce CIL (-n) . The power
amplifier factdig gstimated earlier is applied. A cyclic prefix or zero padding is appended to fiii,",2(-n) .
The cyclic prefix or zero padding has a length that is greater the length of the channel parameter
121(1) where 1 = 0,1,-L1. fliC2(-n) with the cyclic prefix or zero padding is then transmitted from User 1.

User 2 in stepLT 82 also discarig, the cgclic grefix or zero padding from k,](()._(it) is then reversed and
complex conj §tgﬁ'%n§rﬁ'gﬂé I@f,?lﬁ (cc—*-.rl]\; g 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 (ﬂG‘H ,+aG H, )S; .-Ignoring 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

fransmits a training signal during a second time slot,

In 556, the base station 130 receives the tra’ining signal transmitted by User 1,
as well as the training signal transmitted by User 2. The basé station 130 uses
the training signais to estimate the chiannel parameters H{(n) and Ho(n). This
may be carried out using one of the channel estimation techniques that is

known in the art.



33 negated to yield -1.7; (-n) and the power amplifier factor a is applied. A cyclic prefix or zero padding
is appended to. The cyclic prefix or zero padding has a length that is greater the length of the channel

parameter h3x3)hwoREe.hs 0.1, L,. - aii:(-n)with the cyclic prefix or zero p%ﬁ%&%&&ﬁ& Zfggmsmitted
0

from User 2. In step 284, the base station 130 receives a signal xk n comprising - au ko(-n) and fi (-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 includ@§ an additional sub-step after discarding the
cyclic prefix or zero padding from 1./ (n) where iik,2(n) is decoded to produce ukAn) This results in the
transmission JffER02KRSTOAND $&78L. Sespoeivalsoincrited aneadaliorisa—emmistbe after discarding
the cyclic prefix or zero padding from 12k1gi) where (n) is decoded to produce uk,,(n) and this results

1

in the transmiSEOHTSF SidiRle H{ HRpiferm Obeh2, Ta ke eakk, treThis&tadmirroissionsuiie o receive

the signal xh,3 Fn) comprising -au(n) and /131C,(-n) at step 284. :tali-duplex Mode 34
place over a third and a fourth consecutive time slots.

The training s‘lgnals are received at the base station. An assurnption can be
" made that the channel between the users is reciprocal. Thus it can be assumed
that G(n) = G4(n) = Ga(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"(8H, + alf,)S;. S, denotes the training signal representation

in the frequency domain. ignoring the additive noise present in the received

signals, the coefficients «G(n) and fG(n) can be obtained as the parameters

Hi(ny 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 isG,H,S; ~ G/ H,S,. . In the
fourth time slot, the signal received at the base station isG;H,S; + G/ H,S;.. 6,
and G, respectively denote
G () =aG(n), G,(n)=AG,(n)
such that
G, (m) =[G,(0),G, (1), G, (N - DT

G, () =1G,(0), 8, (Moo Gy (N =)



“In the Full-duplex Mode, a user can transmit and receive at the same time. In such a mode, User 1
and User 2 use two time slots to cooperatively transmit two OFDM, SCCP or SCZP blocks, thus
enhancing thg dransnpesion reliability. Figure 5(a) shows the communicatigg-steps s/ g full-duplex
mode is used along with OFDM modulation. In time slot 1, User 1 in step 310 performs an OFT on
Ski(n) to get. A cyclic prefix or zero padding is appended to uo(n) .it) with the cyclic prefix or zero
padding is then transmitted from User 1. User 1 in tHd same time slot also receives the signal .2(n) in
the form of the signal ka(n). The signal u,,,2(n) is transmitted from User 2 in step 312. In step 312,

User 2 perforMétB A8 erasineliestinjate g @gquig Ly e graiK sekvs§aififhas apjseitded to uk,...(n) .
244.,2(n) with the cyclic prefix or zero padding is then transmitied from User 2. User 2 in the same time
slot also recei%%p[%‘@ﬁ??(ﬁﬂpm%%'W%Hﬁéetaﬁﬁeof%téogiéﬁgl iski(n). At step 314, the base station

receives a signal zi,,,(n) comprising ul(n) and 35

Cooperative communication (430)

During cooperative transmission, data is transmitted from User 1 and/or user 2
1o 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 iength N to be transmitted from User 1 and

User 2 to the base station respectively are:
Sia(n) = (Sk,l (O)aSk,x(l)a--wSk,r (N~ 1))T

Ska(nn) = (5,5(03, 8,1, S, (W =1))

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

signals for User 1 and User 2 respectively are:
uga(n) = (uk,l(o)ﬂuk,}(l)’;'wuk.}(N”1))T

ukr2<n>k= (14,2003 U 5 (1)t o (N = 1))

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

the time domain, i.e.:



In time slot 2, in the event that an amplify and forward (AF) scheme is used, User 1 in 320 discards the
cyclic prefix or zero padding from ak.2(7). (n) is then reversed and compiex conjugated to produce

u2(-n). The pewehamgliier factor 00 is applied. A cyclic prefix or zero padgingis,aRRRRAgd toPk.,(-n).
The cyclic prefix or zero padding has a length that is greater the length of the channel parameter h, (1)

where /, (-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 ii&{n). ukl(fl) s then reversed and complex
conjugated to producel71(-n) is negated to yield - filko(--n) and the power amplifier factor a is applied.
A cyclic prefix or zero padding is appeffed t&.-dPkofA} Theucydlic Péfix or zero padding has a length
that is greater the length of the channel parameter 127(/) where / = 0,1,/.2. (- n) with the cyclic prefix or

zero padding is then transmitted framases 2u)n(step, 3@4..the base gtation receives a signal x4.2(n)
comprising - n;(-n) and 14.2(- n) . 36 an additional sub-step where (n) is decoded to produce(n) This

results n the imeRBSIRRALAY sl OBkieeh 1nS B2 als rlurisran Addiionlsyb-step

where 12k 1(n) is decoded to produce uko (n) and this results in the transmission of -au,(-n) from User

2. In this case, |the kasevistotha 3N imBapamet FeCeie tRSINat 2 4R RBMBHPIRLaRUHen) and fiu;,2
(-n) Figure 5(b) shows the communication steps for an embodiment where the full-duplex mode is

used along witbhamePianSCgd? minduksdiop i Berstems bpveluedatethsntiaaiadhabien e embodiment
that uses OFDM modulation, except that IDFT does not need to be done. In time slot 1, User 1.in step

360 appends asydis ArefreRbr HPadding iUy 468) WEMhe SYOit BraiRn0sZe1e)Padding is then

transmitted from User 1, User 1 in the same time slot also receives the signal .2(71$’in the form of the

signal 2(n) . The signal. ni.2(R)I itted from r 2 ip step 312,.In step 362, User 2 appends a
cyclic prefix or %?B%pgé dﬁl%ga[%hﬁ)é%?;i%’(ﬁ) t tﬁ?hdéjf%%c%c f)crecﬁ’s %?J[?gponpofd@?ﬁ% éﬂ‘ﬁe’i‘ﬂr@ﬁsmitted

from User 2. User 2 in the same time slot also receives the kj(n) from User 1 in the form of the signal
can be denoted as #,,(n) .

Uy, (n) =g, ou,,(n)+w(n)

U, () =g, eu,,(n)+w,(n)
The notation = denotes a cyclic convolution of length & .

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 denoied
g(1);,!=0,1..,L . The cyclic prefix or zero padding that is used between User 1

and User 2 is selected to be ionger than L'. The cyclic convolution of g(/) and
,(n) can be denoted as #, ,(n) and the cyclic convolution of g(J) and u, (1)
can be denoted as i, ,(n).

(1) = g(r) o, (1) + wy(n)

Izk,z (n)=g(n)e um(n) +wy(n)



J1k,i(n) 37 in step 364, the base station receives a signal .r(n) comprising uk3(n) and itk.2(71) . In
time slot 2, in the event that an amplify and forward (AF) scheme is used, User 1 in step 370 discards
the cyclic prefiy angmeepadding from z2L2(n)(n) is then reversed and comgplexesnivaaied to produce
u;2 (-72) . The power amplifier factor p is applied. A cyclic prefix or aro padding is appended toft (-n).
The cyclic prefix or zero padding has a length that is greater the length of the channel parameter k(1)
where / =0,1,./.1 . fiCe;.2(-n) with the cyclic prefix or Zéro padding is then transmitted from User 1.
User 2 in step 3 als rds th C|IC refix or zero padding from(n) . nk,i(n) is than reversed and
DA ales e

complex conjug’ 8?0 i ?1eegated to yield - fi(-n) and the power amplifier factor a is

applied. A cyclic prefix or zero padding is appended to -aii.,(-n) . The cyclic prefix or zero paddlng has
a length that is greater than the length of the channel parameter

A reversal operation is next performed to the signals received at User 1 and/or
User 2. The reversal operation performed on 2,,(») and 4,,(n) respectively

produces:
2, (=) =& (N =n),n =1, N ~1

4, ,(-n)=10,(N-n),n=1..,N-1

Half-duplex Mode

in 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 refiability.

Figure 4(a) shows the communicatiors 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 siot 1, User 1 at step 210 performs an [DFT on Sy 4(n) to get u,,(n). A
cyclic prefix or zero padding is appended to uk,,(n} . t4,(n) with the cyclic prefix

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

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



h2(() where/. - aiiii(-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",2(n) comprising WO 2010(05620PCT/SG2009/000403 38 In
the event thaya figsesie@nd forward (OF) scheme is used i.e. where Useptpogblisiidsgiecode their
received signal before transmission, step 370 includes an additional sub-step where ii uk,20?) ia(n) is
decoded to produce. This results in the transmission of flu, (-n) from User 1. Step 372 also includes an
additional sub-step where 4t,(72) is decoded to prodjgce uo(n) and this results in the transmission of -
au(-n) from User 2. In this case, the base station 130 is configured to receive the signal x (n)

comprising --cailk, LfAmriangd S (sip) at Biehd MaSigratomiinaterd1kdfdn 130 receives

u,,(n) inthe form of a signal x, (n) .

In time slot 2, User 2 at step 222 performs an IDFT on Si(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 transmitied from User 2. At step 220, User 1 receives

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

station also receives u,,(r) 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 oyclic prefix or zero padding from d,,(n) . i,,(n) is then
reversed and complex conjugated to produce &“;,2(~n). The power ampilifier
factor 4 obtained from the channel estimation is applied. A cyclic prefix or zero
padding is appended to S84, ,(-n). The cyclic prefix or zero padding has a iength
that is greater the length of the channel parameter A (/) where [=0)--L,.

B, ,(=n) 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 a4, ,(n).
4, (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 prefix or zero padding is appended to-ai,,(-n). The cyclic



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 thghasg.aiatigs to have full diversity gains. The detection may bejxaRasg.gkation using a
processor that is configured to perform the signal combination steps. In all embodiments, the

combining schemes are not limited by the modulation technique used. The modulation schemes used
may for example be OFDM, SCCP or SOW. NS emBgdiments aiso assume that the parameters Gi(n)
and G2(n) (in the case where the channel between users is non-reciprocal) or G(n) (in the case where

the channel bptefeenusers ipsadipronab ef hegehanngl RepuessthsurigAreknRVBnasRIe the
parameters Hi(n) and H2(n) 39 respectively of the channels between User 1 or User 2, and the base

station. The emhasdistents glsmassme that the pawes amphfigitaciusgand prafs kpowsrThe power
amplifier factors a and fi , the parameters Gi(n) and G2(n) (or G(n) ), as well as parameters Hi(n) and

t-12(n) optionzfv,ginglff\,@J b@tﬁg?m%%@%meggép@el estimation step 420. The embodiments are also

described with the assumption of an amplify and forward (AF) scheme but as the skilled reader will
understand, the combining schemes are also equally applicable for decode and forward (DF) schemes
since DF schemes can be treated as special cases of the AF scheme. Combining Scheme 1

Combining Schergeep witbaowree deseribedorthireleresssved-igugdhal his sehemsrimphangd on
Half-duplex Mode during cooperative transmission. The base station 130 is configured to receive three

signals x (n) ,(g)ageilfi(_n) and i, ,(~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 thelr received signal before transmission, step 230 includes an

additional sub-step after discarding the cyclic prefix or zero padding from #, ,(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
‘discarding the cyclic prefix or zero padding from &,,(n) where 2,,(n) is
decoded to produce u,,(»n) and this resulfs in the transmission of -au;,,(~n)

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

signal x, ;(n) comprising —au, ,(~n) and Su, ,(~n) at step 234,

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

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



- .3(n) during the cooperative transmission time slots 1, 2 and 3. The three signals are in time domain
and respectively are: x (n)(n) u (n) 771(n) xt.2(n)=h2 (n) Li(n) 772(n) x o(n) = 17-(n) 611 (-11)ail(-n)
Th 771(n), 7AREn@vAs¢63(n) are additive noise introduced by the respectiyg.chagnels,ousgr which the
base station receives signals in time slots 1, 2 and 3. WO 2010/056203PCT/SG2009/000403 40 in
step 610, the cyz%c prefix Or zero padding are discarded from the signals (n) , x (n) and 1:k,3 (n) . At
step 620, a discrete Fourier transform (OFT) is perfosthed on the time domain signals(n) ,(n) and xo(n)
resulting in the frequency domain signals X 1,4(n) , Xk.2 (n) and X13 (ii):

m ime slot 1, User 1 in step 260 appends a cyclic prefix or zero padding to

(). u,(n) with the cyclic prefix or zero padding is then transmitted from
User 1. At step 262, User 2 receives u.,(n) in the form of the signal 4, (n). In

step 264, the base station 130 receives u,(n) in the form of a signal x,,(n).

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

u, ,(n). ukyz(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 &,,(n). In

step 274, the base station also receives i, ,(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 #,,(n) . 4.,(n) is then
re\)ersed and complex conjugated to produce i,,(-n). The pbwer ampiifier
factor B estimated earlier is applied. A oyclic prefix or zero padding is
appended 1o S, ,(~n). The cyciic prefix or zero padding has a length that is

greater the length of the channel parameter h (Iywhere / =0, L. Bi, ,(~n)

with the cyclic prefix ar 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 i, ,(-n). &, ,(-n) is



-Yu (n) = H1(n)S4,1(rt) r, (n) X du(n),-, R-2(n)Si,2(n)+ (n) Xk .3 (n) = H,(n) fi0 2- 112 (n)ariZl (n) 173(n)
(n), 112(n) and F3(n) respectively are frequency domain equivalents of 1)1(n), 17 2(n) and ,(n).(n) and.
0L2(n) respeaglivahnaigiae OF-Fs of Cek.,(n) and J24,2 (n) Assuming thatheehamgispetween User
'l and User 2 are reciprocal, C/ii(n) and Ok.2(1) can be expressed as Oki(n). G(n)S(n) +FIV,(n) Ok,2(n) .
= GNSKk,2(n)+ Fr2(n) X. (n) can thus be expressed as X ",3(n):--- PH I(n)G. (n)S;,(n)- cd12(n)Gra
(n)S:o(n) + A;(n) WO 2010/056203PCT/SG2009/009%03 41

negated to yield —#, ,(-n) and the power amplifier factor « is applied. A cyclic
prefix or zero padding is appended to—aii;vl(-—n). The cyclic prefix or zero
padding has a length that is greater the fength of the channel parameter
h(ywhere [ =01, L,. —ail, ,(-nywith the cyclic prefix or zero padding is then

tranémitted from User 2.

in step 284, the base station 130 receives a signal x,5(n) comprising

~aily, (-n) and B, ,(-n) .

inthe 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,,(ny where d,,(n) is decoded to produce u,,(n) . This results in the
transmission of fu, ,(—n) from User 1. Step 282 aiso includes an additional sub-
step after discarding the cyclic prefix ar zero padding from 4, ,(n) where g4, ,(n)

is decoded to produce u,,(n) and this results in the transmission of — oy (~n)

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

x,,(n) comprising —au,,(-n) and Bu,,(-n) at step 284.

Full-duplex Mode




where A3 (n) PHI(n)Fice (n) - ce113 (n)TV: (n) + ['3 (ii) and X7,3 (n) is 42(n) = .11: (n)G(n)S 1,2(n) - a
TC(n)G(n)S k (n) At step 630, linear combinations are applied to the frequency domain signals. For

the signals Xxia)a1glebd3e<(n), they are combined to produce Yk(n) : (n) = RG(E0X000,d80485:2C (NI ¢ (n)
= fIH3(n)G(n)S k.,(n) + a H 2 (n)G(n)S (n) A(n) where A(n) =/ G(n)F (n) a G(n)F 2(n) ',.(n) can be
combined with X;,3 (n) to produce Z A (n) and Z (n) : Zic (17) = AFC (n)G. (n)Y k (n) -aH 2 (n)Gs
(n)42(n) Z kz(n) = a H..2(nN)G* (n)Yk (n) + 6 H (n)C (4,(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,i(n) and
Skin)- in the Full-duplex Mode, a user can transmit and receive at the same time. in

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

two OFDM, SCCP or SCZP blocks, thus enhancing the transmission reliabiiity.

Figure 5{a) shows the communication steps where full-duplex mode is used

along with OFDM modutation.

in time slot 1, User 1 in step 310 performs an IDFT an Si4(n) to get u,,(n). A
cyclic prefix or zero padding is appended io uk',(r;) . 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 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 2. User 2 in the same time slot also

receives the «,,(n) from User 1 in the form of the signal #, () .

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

uk'z(n) .



Arranging Ic (n) and X3 (n) into a matrix, it can be shown that Y(n)= fIH1(n)G(n)a.H ,(n)G(n)\r" S
J(n)1+- A(n) 4,(n),,:--aH;(n)G(n) flH: (N)G(n)1,2(n) Based on the orthogonal property of the matrix, we
have S (n) =ygR%oRERY i(N) S= Z k,..2() | P(72) + 2(n) where p(n) 5 (N)GE)ScLAHBLEG() rk
G(n),8 H1(12)12 + a H 2 (n) (n)Gt (n)A(n) -al/2 (n)G* (n)A.;(n)] 1 p(n) ;(rl) = -{alii,(n)Ge(n)Mn)+j(n)G."
(n)-K3(n)) I P(n) The signals Sk,i(n) and Sk,2(n) originating from User 1 and User 2 respectlvely can
thus be obtained by dividing Z k,,(n) and Z .2(n) by p@%) which is obtained

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

User 1 in 320 discards the cyclic prefix or zero padding from @, ,(n). &,,(n) is
then reversed and compiex conjugated to produce i, ,(—n) . The power amplifier
factor B is applied. A cyclic prefix or zero padding is appended to 8%, ,(-n).
The cyclic prefix or zero padding has a length that is greater the }length of the

channel parameter (/) where 7/=0,1,---L,. B4, ,(~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 2, (n).
#, (n) is then reversed and complex conjugated to produce #, (-n). #, (~n) is
negated to yield —u,,(-n) and the power amplifier factor o is applied. A cyclic

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

padding has a length that is greater the length of the channel parameter
h,(ywhere [ =0,1,--L,. ~ o, ,(-n)with the cyclic prefix or zero padding is then

transmitted from User 2.

in step 324, the base stafion receives a signal x,,(n) comprising —ail, ,(-n)

and Bi, ,(-n).

in the event that'a decode and forward (DF) scheme is used i.e. where User1

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



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 thatydalf@dpéessMode is used during cooperative transmission. Tpe bass siatige 130 is
configured to receive three signals ci (n) , Xi..2 (n) and x3(n) during the cooperative transmission time
slots 1, 2 and 3. The three signals are in time domain and respectively are: WO
2010/056203PCT/SG2009/000403 43 ;co (n) = h1(Muka(n) Th(n) X"2 (n) =112 (n)
uk,2(n) + rh(n) xt (n) = (n) fi- h2(n) au; (-n) _713(n) 1),(n), 722(n) and rh (n) are additive noise
introduced by TReARSIIRNA!\2HErstRRe TR rAnHTEhi ShEasRsied i Brrriieaves SiyndiBisnremdisiots 1, 2
and 3. In step 610, the cyclic prefix or zero padding are discarded from the signals xko (n) , .7.74.2(n)
and .):43(n) . in the transmission of Au,,(-n) from User 1. Step 322 also includes an.

additional sub-step where 2, ,(n) 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

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

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

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 fo

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

User 1. User 1 in the same time 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 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 z,,(n) from User 1 in the form of the signal

&k,l (n).



In step 620, a discrete Fourier transform (DFT) is performed on the time domain signals ;1(n), ,.2(n)
and x (n) , resulting in the frequency domain signals X" (n) , X2 (n) and X (n) X ko(n) =,(n)S u(n) + I(n) -
X k.2(n)2 (N)Sk (n) r2(n) xi:3(n). H1(n) - (n)(10:1 (n) -Fr 3(n) (it), F2 (a) and.l; (n) respectively are
frequency d&’rvn%(ﬁ%’)‘ éﬂéé?\%%"lents of 771(n) , i2(n) and 17 3 (n) . k (n) and u(nf(r:gé%;e%)t(f\’}/e?y%)?e the DF1s
of no (n) and fik.2(n) 44 tik,i(n)=G( )Skj (0+ Wr (n) 0A.2(n) = G(n)S k,2 (12) W2(n) (n) can thus be
expressed as X k,3(n) = PH I(n)G. (n)SL (n) -2(n)G*4{7)S*),,,(n)+ A3(n) where A3(n) = pft,(rovv; (n) - a
H 2(n)W;An)

In step 364, the base station receives a signal x, ,(n) comprising «,,(») and

w,,(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 %, ,(n). %, ,(n)
is then reversed and compiex conjugated to produée a;vz (—n). The power
amplifier factor g is applied. A cyclic prefix or zero padding is appended
o ﬂﬁgvz(—n).' The cyclic prefix or zero padding has a fength tﬁa‘c is greater the
length of the channel parameter i, (I) where 1=01---L . fa,,(~n) with the

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

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

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

fransmitted from User 2.

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

~ail},(~n) and B (-n).



In step 630, linear combinations are applied to the frequency domain signals. The signals_x k (n)La(n)
and XFIJ_3(n) are combined to produce W(n) and Tfrk,2 (n): Wjd(n) = H (n),111 (n) + af! H: (|_2)];G (n) 12
X2 (n) aH2(R)}&y eMeEe1H (n)12 S (n) + a, B H:(n) G(n)r H 2 (n)42 (n) Te%(}gagg;m%gu I-_I ,
(NG(N)S .2(n) +aH 2 (N)G' (nN)a (nN)G (n)S k,1(n)ii (n) (_I H (n) r_+ce2 H (n) ri0(n) )S flc.2(n)”—(n) p,.(n)
apH;(n) G(n)12 X k j(n) 4- fill I(n)G. (n)rki,(n) S 1,2(2) ai 6 H;(n)jo(n) H 1(n)S (r_1) + fIFIL(n)G" (n) fl f:
(nN)G(n)42(n) - pHI(N)G (n)a H; (N)G(n)S ,(n) + t2 (n) (@Y, -E-F_>2 11112(n) I O(n) i)g k .2(n) "2(n) WO )
2010/056203PCT/SG2009/000403 45 Y(n) = fr,(n)r, (n) + apir:(1-1) G(n) r2(n)-aH2 (n)G" (n)A;(n) (n) =
11-2(n)r,(n) a/9 (n) I G(n) F (n)(n)C (n)A.;(n)

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

and User 2 decode their received signal before transmission, step 370 includes

an additional sub-step where 4,,(n) is decoded to produce u,,(n). This results
in the transmission of Au,,(-») from User 1. Step 372 also includes an
additional sub-step where ,,(n) is decoded to produce u,,(n) and this results
in the transmission of ~a'u;'\ (-n) from User 2. In this case, the base étation 130

is configured 1o receive the signal x,,(n) comprising —au,, (~n) and fu, ,(-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 scherﬁes are not limited by the modulation
technique used. The modulation schemes used may for example be OFDM,
SCCP or 8CZP. All embodiments also assume that ihe parameters G4(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 parameiers H1(n) and  Hy{(n)



in step 640, the combined signals at step 630 are divided by channel related constants p1(n) and p2
(n) , thus obtaining the original signals Sk,l(n) and Si42(n): Ski (n) where (n) = fl 1(n) f +a)(n) h (7(n)
12) p(n)2(113B2 b fexk5a5n) (12) The signals Sk,lI(n) and 3K2(n) originating froga.4ds60haRd User 2
respectively can thus be obtained by dividing(n) and TV4,7 (n) by p1 (ii) and p2 (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. Combining Scheme 3 A third c8thbining scheme, Combining Scheme 3, will now

be described with reference to Figure 6 again. This scheme assumes that Full-duptex Mode is used
during coopera@tefivrRiinrisiha. TrEBakckeivern 3dserchrifigUssd & and the base station.

The embodiments also assume that the power amplifier factors ¢ and g are
known. The power ampilifier factors « and g, the parameters Gy(n) and Gz(n)

(or G(n) ), as we_:l! as parameters ~+1(n) and Hx(n) optionally can be estimated

during the channel estimation step 420.

The embodiments are also described with the assumption of an amplify and
forward (AF) scheme but as the skilled reader will understand, the combining
schemes are also equally applicable for decode and forward (DF) schemes

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

Combining Scheme 1

Combining Scheme 1 will now be described with reference 1o 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
%,,(n) during the cooperative transmission time siots 1, 2 and 3. The three
signals are in time domain and respéctively are:
oy (1) =y () ()5 7,
X ,(m)y=h,(n)e u, ,(n)+7,(n)
x 3(n) = Iy (n) © B, (—n) ~ by(n) e ity (~n) + 13,(n)
n,(n), n,(n) and n,(n) ‘are additive noise introduced by the respective channels

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



46 receive two signals(n) and x (n) during the cooperative transmission time slots 1 and 2. The two
signals are in time domain and respectively are: xtt: (n) = h1l (n)*u, (n) h2 (n) UK,2 (i7) + 771 (77) -;
.2(n) = h (N)RREMi@led6za} 712(n) m (0 and 772 (n) are additive noise intregyeesh by g sspective

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 xko (n) and - (n) In step 620, a discrete Fourier
transform (DPI) is performed on the time domain sigr#ils xk,I(n) and(n) , resulting in the frequency
domain signals X (n) and X o(n) H1 (n)Ski(n) + 112 (k' (n)(ii) Xkl(n)=(n)160:,(n)-- Fir,(n)atT ,(n)+ F2(n)
F, (n) and 112 (n) respectively are frequency domain equivalents of nt (n) and 112 (TO . 0kI(72) and
Cc) (n) respect‘ix\\/ely ar%ige FTs of zik,t(n) and z2kt2(n) . Assuming that the channels between User 1
and User 2 are tetiprocal, (70tny 4§ B CirrBEeRédnsdats: discarded from the signals

x,,(n), x,,(n) and X5 (n).

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

Ky(n), X, ,(n) and X, ,(n):
X, (n)y=H, (n)S, () +T',(n)
X, (m) = H,(m)S,,(n) + T, (n)
Xy s(m) = B\(m)BU, , () ~ H, (m)aU; (n) + T (n)
[y(n) . Th(n) and T,(n) respectively are frequency domain equivatents of 7,(n),
7,(n) and n,(n). U, (n) and U,,(n) respectively are the DETs of %, ,(n) and

ﬁk‘z (n).

Assuming that the channels between User 1 and User 2 are reciprocal, (7“(71)

and U,,(n) can be expressed as:
Us(n) = G(1)S,., (n) + W, (n)

Uya(n) = G(m)S, 5 (n) + Wy ()

X, ;(n)can thus be expressed as

Xis(n) = BH,(mG ()8, ,(n) = aH, ()G (n)S}, (1) + A(n)



Laik,i(n) G(n)Sko(n) + (n) WO 2010/056203PCT/SG20091000403 47 L,2(n) G(r()S k,2(n) W2 (n)
XL2(n) can thus be expressed as XA (n =fl H ,(n)G' (n)S (ii)- a H 2(n)Gs (n)S;,, (n) + A, (n) where A2
(MH (NW2* @ s@dddpiiV:(n) + 1, (n) and K2(n) is Ar.k.2 (n ) = igrac (n)G{prxa296Snddos
(N)G(n)S,,,,(nN)+ A;(72) In step 630, linear combinations are applied to the frequency domain signals.
Assuming that the power amplifier factors a =Yk (n) can be obtained from

4]

where
Ay(n) = BH (MW, (n) — aH,(m)W, (n) + T,(n)

and X} ,(n)is

X;,z(”) = ﬂH;(”)G(”)Sk.z (n)- aH;(n)G(n)Sk’,(n) + A;(”)
At step 630, linear combinations are applied to the frequency domain signals.

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

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

where

A(n) = BG(m)T|(n) + aG(m)T",(n)

Y,(n) can be combined with X () to produce Z,(myand Z,,(n):
Zyy(n) = BH ()G (n)Y, (n) — aH,(n)G () X} ()

Z,2(n) = aHy(n)G ()Y, (n) + BH (n)G (n) X (n)

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

constant p(n), thus obtaining the original signals S +(n) and Ska2(n).

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



Xk (n) as (n) = G(n)4.1(n) = a | )(n)G(n)Sko (n) + FI2 (n)G(n)S2 (n) + A(n) where A(n) = aG(n)1-1(n) (n)

can then be combined with A (n) to produce Zo(n) and 21,2(n) Zk,i (it) = all (n)G*(n)rk (n) - 112 (n)G

(N)X;..2(N) Z 4P ToddhstRass- ()Y 00+ aH (n)G (n), ric.2 (n) WO 2010/056%&{6@%@@ 9/000403 48
nj),

In step 640, the combined signals of 630 are divided by a channel related constant p(n) , thus
obtaining the original signals Sk,i(n) and Arranging 17, (n) and XL, (ii) into a matrix, it can be shown
that (n)aG(n)! 1,(n)aG(n)112(n)) 8 (n)7-A(n) LXka (njad-(7all;(12)G(n)(n)G(n),)(n)

Y, (n) }[ BH,(mG(n)  aH,(n)G(n)Y S,..(n)] [A)
Xoai(m) ~aH§(n)G(rz) BH (n)G(n) )| S,,(n) ’ Aé(n)l

Based on the orthogonal property of the matrix, we have
S, () = Z. () p(n)y+7Y,(x)

Sia(n) = Z, ,(n)/ p(n) + Y, (n)

where
p(n) = fH (MG(n) | Flal, (MG P Gn) F (| BH, (M) F +|aH, () F)
Y, (n) = ~[BH (n)G" (n)A(n) ~ aH,(n)G (m)AL(n)]/ p(n)

Y,(n) = ~{aH,(m)G (M A(n) + SH,(n)G (n)A(n)}/ p(n)

The signals Sk 1(n) and S () 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 aescribed
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 fhree signals x, ,(n), x,,(») and x,,{r) during the cooperative

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

respectively are:



Based on the orthogonal property of the matrix, we have S u(n) Z ko(n) p(n)(n) Ska(n) = where POO
=la Hi(n)G(n) r 1 a H 2(n)G(n) = a2 G(n) 20H, (12) 2 jH,(n) 12) '11(n) =(n)A(n) - all,(n)C (n)A;(n)11

p(n) I 2(n) = -[aH: (N)G. (n)A(n) aH,(n)G* (n)A;(10] P(n) The signals Ski(n) and 5k,2(n) originating from
User 1 and soe%dé%l/geféﬁpzé%tively can thus be obtained by dividing Zic., (n) a%r?g /E%Z?H())g%%%) n).

Combining Scheme 4 A fourth combining scheme, Combining Scheme 4, will now be described with
reference to Figure 6 again. The parameters are thagthe channels between User | and User 2 are not
reciprocal and the channel from User Ito User 2 is 49 denoted g (1) , while the channel from User 2 to
User 1 is denoted g2(1). This scheme a&,g;(ﬂ‘pes;;lr@{)ldailgf;ggm%}}ﬂode is used during cooperative
transmission. The base station would have received thrée signals’.1),,,(n) ,

Xy a(n) = h,(n)e u, 5 (n)+17,(n)
X {ny=Hh(n)e ﬂ&;,z("‘n) —hy(n)e a{‘;,x (=n)+n,(n)
m(n), ,(n) and n,(n) are addifive 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

Xea (n) xk,z(n)l and Xia (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, (), X ,(n) and X, ,(n): -
X, (n)=H,(n)S, ,(n)y+T,(n)
X (n)=H,(n)S, ,(n)+T,(n)
Xy a(ny = H(m)BU,, (n) = H,(mal;, (n) + T ,(n)
Li(n), I(n) and I, () respectively are freqqency domain equivalents of 7,(n),
ny(n) and n,(n). U, (n) and U,,(n) respectively are the DFTs of @, (n) and

i, ,(n).

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

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



Xka (n) and XL3 (n) during the cooperative transmission time slots 1, 2 and 3. The three signals are in
time domain and respectively are: xk,i(71)-hl(n)*ILKk,1(n)+77,(n) xk,(0= h2(n).(n) 77,(n) (0= h1 (ii) g;(-n).
fi (-n)- h2 (n)weDa0arasédod 773(n) 771(n), 772(n) and rh(n) are additive nois& jEtrRdssGEARY 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 xt,(n) ,(n) and(n) In step 620, a
discrete Fourier transform (DFT) is performed on the4ime domain signals x kj(n) , x2(n) and ;3(n),
resulting in the frequency domain signals Ark:, (ii), k2(n) and Xk.a(n) : Hr (n)S k.,(n)(n) xk.2 (n)

=(n)sk,2(n) F2 (n) Xkfi Hi(n)G;(n)S;Z(n)-QH(Z{%mn&?A{MWBXn) WO
2010/056203PCVSG2009/000403 50

0;:.2 (n)=G(n)S, ,(n)+W,(n)

X, ,(n) can thus be expressed as

X, 5(n) = BH,(m)G ()5, , ()~ 2 H, (MG (m)S; () + Ay (n)

where

Ay (ny = BH,(m)W, (1) — aH,(m)F, (n) + T, (n)
~In step 630, linear combinations are applied to the frequency domain signals.

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

W, ,n):

Wea(n) = H (X, (1) + aBH () |G(n) [ X, ,(n) - aH,(n)G () X} ,(n)
AH (W 8,,(m)+aBH ()| G)E H,(n)S,,(n)

- @H,(n)G (m) BH ()GM)S,, (1) + H, ()G (m)aH, (mGm)S,, (1) + T, ()
=(1H (n) f +a’ | H,(n) F|Gn) )8, () + ¥, (n)

() = Hy ()X, () + QB ()| G(n) P X, () + BH, ()G (m) X ()
A Hy(m) P S,(n) + GBH () G P H,(m)S,,(m) |

+ BH,n)G (B (1)GI)S,(m) — BH,(mG ()l ()G, (n) + T ()
= (| Hy(n) [ 47 | H(m) PG 1S, 5 (n) + T, (m)

where



Ft (ii), F2 (7/) and A (n) respectively are frequency domain equivalents of 77, (n) , 772(n) arid 7 ,(n)
rk,3 (n) can be expressed as 42(n) = a2(n)H; ()s k. (n) - O, 001-4 (n)S ki(n) A-43(n) where (n) = aG1
(n), 62(n) PGggMyd)edbC, (n)respectively are the DFTs of gt(1) and g2(AJp&tsmSaidulinear

combinations are applied to the frequency domain signals. The signals X ki(n) , X k,2 (n) and x, (it) are
combined to produce W4 (it) and (n) qgik,1 (n) = H@) X k (n) + a 2 (n)a; (n)Il; (n)X k.2(n) - (OH
2(n)X70(n) H 1(n) sk,r(t) 02 (n)O; (OH, (n)I12(n)S 42() a =H 1(n) f +(n) 12 )112 (n) i)sk,(0+.1,(n) Fka
(n) =11.2(n)X k.2(n) + (n)O*2 (N)H2(n)X43 (n) (n)H1(n)/11-0(n) =(11 2(n) R 2(n) + 62(n) 1'1(n)f )5 k
2(n)r 2(n) T\(n) = H (WL, (n) + afH (n) | G(n) f T, (n) -2 H, ()G (m)A3 ()

T,() = By (mT, () + aBH, () | G(n) [ T, (n)+ BH,(m)G" (m)A; (n)

In step 640, the combined signals at step 630 are divided by channe! related

constants p,(») and p,(n), thus obtaining the original signals Sk 1(n) and Sk2(n):

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

Sk,z(”) = Wk,z (n)y/ p, (")

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

pomy = Hy(n) @ 82 {H, (m) 1 G(m) )

The signals S4(n) and Ska(n) originating from User 1 and User 2 respectively

can thus be obtained by dividing W, , (n)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 6 again. This scheme assumes that Full-duplex Mode is

used during cooperative fransmission. The base station 130 is configured ;co



51 where 2 (n)= H; (n)F2 (n) OI(n) ;(n)H;(n),71(n) O; (n)H,(n)A;(n) At step 640, the combined signals at
step 630 are divided by channel related constants 16,(n)and, thus obtaining the original signals Ski (n)
and Sk,2(n) Ski(a)re/&s286n) where :61(n) = H (n) lai(n)21 H 2(n) (2) .:02(Mc1/562009/000403
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receive two signais x,,(n)and x,,(n) during the cooperative transmission time
slots 1 and 2. The two signals are in time domain and respectively are:
X, () =hmyeu, (n)+h,(n)e U, (n)+n,(n)
Xea (1) =y (n) @ By, (—n) = By (n) o @iy, (~n) + 1, (n)
n,(n)and 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 w1 (#)yand
X
| Xpo(n)y = H(m)5,,(n) + H,(m)S, ,(n) + T, (n)
Xy2(n) = H(m)BU, () ~ Hy(m)aU, ((n) + Ty ()
I (n) and T, (r) respectively are frequency domain equivalents of 7, (n)and

75(n). Uy,(n) and U, ,(n) respectively are the DFTs of #,,(x) and 4, ,(n).

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

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

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



= 112(11) The signals Sm(n) and Sk.2(n) originating from User 1 and User 2 respectively can thus be
obtained by dividing W. k3 (ii) and Wk2 (n) by )5,(n)and /51(n) . This combination scheme has a
diversity of svdenasctihe data rate is two-thirds that of a structure whereqmsaopeiedion is used.
Simulations Simulation results are next provided to show the advantages of Ih described embodiment.
While the results shown are for OFDM modulation, the skilled reader will understand that results for
SCCP or SCZP would be the similar. An OFDM blotk size of N = 256 is used, along with coded
prefixes of length 64. 52 The simulations further use the Half-duplex Mode. It is understood that a

comparable Full-duplex Mode simulatio ity ) BerfermBhée) that is similar to that for the
Combining Scheme 1 at Half-duplex Mode. It 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

X,,(n) canthus be expressed as

Xo(n) = fH,(0)G (1)S, , (1)~ aH,(n)G (n)S, ,(n) + A, (n)
where
A, (n) = BH (W, (n) —aH,(m)W, () +T,(n)

and X, ,(n)is

X;.z (n)= ﬂH; (n)G(n)S, ,(n) - aH; (MG()S, (n) + A (n)
in step'GSO, linear combinations are applied to the frequency domain signals.

Assuming that the power amplifier factors o= 4, ¥, (») can be obtained from

X, (n)as

Y (n)=aG(n)X,,(n) = aH,(n)G(R)S,,(n) + aH,(n)G(n)S, , (n) + A(n)

where
A = aG(T, ()
¥,(n) can then be combined with .X;, (») to produce Z, ,(n) and Z,,(n):
Zy (m)=aH, (MG (WY, (n) ~aH, (m)G (mX,,(n)

Z,,(n) = aH,(m)G ()Y, (n)+ aH (n)G" (n) X, , (n)



profile: E(1 g(1) 1) = exp(-21), | = 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 channelswrengnesesiprocal will be the same. It is also assumed that t%{;}g@g&g%}m{& User 1 or
User 2 to the base station is frequency selective with 62 taps each [.e. L1 =L 2 = 61. Equally expected
power is 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 ber Correspondingly, y #also the SNR for User 2 receiving signals from
User 1 in the time %c;}t ]5.4Iq isthassum d that the received signals SNRs at the base station for the both
users are the same. it i3 als0 asSAHeBhE[SEREt ohfFaklardodiiakien iy ey adigdiat FRgase station
for both the co [ heme and, non-cooperative scheme, and that the system is synchronized.
For the non-co%%ﬁeérgét?\(/ié%%’e%%? Zero-TOIBiHY dsteinshsiomaedSwo and Sya(n). _
2010/056203PCT/SG2009/000403 53 Complex Gaussian random numbers are generated for the
channel taps and the channels are different for every different Monte-Carlo realization. The symbol
error rate (SERy,j j fro 0 different Monte-Carlo realizations. The power amplifier factors
aand )6 are cﬁgﬁﬁw&i %ﬁeﬂS t%gﬁs(ﬁ?iffgﬁ LigHalBowear Beessbawe thatiifferent 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 Sﬁf&ﬂ@ 1, gfm@ﬁmglﬁahema(amzwhj[@kgg@jo %of[ is used.

-+

X/:,z (n) Sea ()

~@H,(n)G(n)  aH; (n)G(n) As()

Based on the orthagonal property of the matrix, we have
Su(ny=2Z, (n)/ p(n)+ Y, (n)

Sia(n) = Z,,(n) p(n)+ Y,(n)

where
p(n) =laH (n)G(n) [ +'i aH,(n)G(n) F=co’ | G(n) P (| H ) [ +[H,(n)F)
Y00 = —eH] ()G (MA(R) - aH, (1)G ()AL (m)/ p(n)

To(n) = ~[aH;(n)G" (n)A(n) + e, (MG (M)A, (1))/ p(n)

The signals Si1(n) and Sy z(n) originating from User 1 and User 2 respectively

Can thus be obtained by dividing Z, , (») and Zy2(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 fs



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. 7 =10dB ), the

cooperative $ghemesdda; Combining Scheme 1 and 2) obtain a much lowggp&RiRleaNg lower than
25dB, but higher SER for SNR higher than 25dB. Figures 7(c), 7(d) and 7(e) respectively show the
average SER when 7 = 20 dB and BPSK, 4 QAM and 16 QAM modulations are used. When the
channel between the two users becomes better (i.e. %= 20dB ), the cooperative schemes obtain better
remains WO 2010/056203PCTISG20091000403 54

f | : ve sch
e same. 1t oo o SN et 15 DRAEE 1 LGPl R 4erdpRe< b cmoieios SERThirformance

than the non-g(&?}%g{gtivsessc%era%ggﬁg SNR values below 36 dB. This better SER performance is
especially true when CombINAg SR MApdE funse T dyring ranpstaiveespectively show the

average SER%@@QQeJrgg%matio {or the channels between the users, and the channels between

the . ase siation would have received 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 ére:

5y ()= (1) 14 () 7,

%o (1) =k (n)eu, ,(n)+n,(n)

Xy ()= hy(n)e gy (~n)e fuy,(~n)~hy(n)e g (=n) » au, (-1} +1,(n)

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

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

fn step 610, the cyclic prefix Or zero padding are discarded from the signals

x,(n), %, ,(n) and X 4(n) .

In step 620, a discrete Fourier transform (DFT) is performed on the time domain
signals x,,(n) , x,,(n) and %:{n), resulting in the fréquency domain signals
Xy, X ,(n) and Xes(m):
X, (m) = H (m)S, (n)+T (n)
4 X)) = Hz(n)SkYZ(n) +f2(n)

X, 51 = BH, ()G (1S, (m) — aHy (WG (1), (1) + M)



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 NmSE =E(p) Eai r 112)
where f and Maoedeoscisal and estimated channel, respectively. When thgggaee@ugigia channel
estimation, both the cooperative and noncooperative 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 th 0 i training schemes may pe used for different applicatians. For
example, they %{é@bggflﬁgdéf@?g ﬁwlr?&%gﬁggﬁ%% Len F%ﬂ%%ﬁcé% OPRLRASKE'SRE 8hUiSaged that

multiple users ar%éiividoed iE"o different groups with each group having N number of users. For users in

different groupéz,2 nvent I'techniques can be used to allow multiple WO :

2010/056203PCT/SG2009/000403 55 access. For example, it is possible to use frequency division
multiple access (FDMA), that is, users in different groups using different frequencies; or time division

multiple access, (TDMA) may be used, that is, users in different groups
P )lel?n) c?arrﬂ)g expressed as ’ group

Xpa(n) = Gy (W) H ()8, o (n) = G, (W)H (1) S, (n) + Al ()
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 X7 ,(n) are combined to produce #,,(r) and

Wk.z (n):

Wea(n) = H (0) Xy, (m) + Gy ()G (0H] ()X, ,(r) = G, (m) H(m) X, (n)
= H,(m) ! S, (n)+ G, (MG, (WH] (W H,(n)S,, (n)

-Gl H, ()G, () H; (n)S, ,(n) + & (m)H,,(n )G, () H; (1), ,(n) + T, (n)
=(H,n F + |G () PLH, () F)S,, () + T, ()

Wy, (n) = Hy(m) X, , () + G, (m)G, (MH(n) X,y (n) + G (m)H,(n) X} ,(n)
=L H,(n) [ $,,(n) + G, (MG () H () H,(n)S,, (n)

+ Gy (MH, (MG, (MH ()5, ,(n) - G, (mH, ()G, () H; (n)S,, () + T, ()
=(H,MF +1 G P HMPS,m+ Ty



using different time slots; or orthogonal frequency division multiple access (OFDMA) is used with users
in different groups using different OFDM subcarriers. Within the same group, it is preferred that the
users use theszpang freguency or frequency band, that is, TDMA is used wij E,W %s%rp% roup The
proposed schemes may be for cooperation within a group to increase signal'r i %?%

destination, The described embodiments should not be construed as [imitative. For example the
described embodiment of Figure 1 uses TDMA. Altefative methods of supporting multiple access may
also be used WI hin the group, e.g.: code division multiple access (CDMA), frequency division multiple
access (FDMA err%lrthogonal frequency division multiple access (OFDMA). The users may have one
antenna each, or they ma optionally have multiple antennae. Embodiments of the present invention

may have multiple base’statigrg, An ofhbkiple) GromE ¢ ofr)Befs wHare: iz yniliey of users in each

group may be different. in the case where there are multiple groups of users, conventional techniques

may be used to allow miyftipje-aetess;,on RME; EBMA(}??}’(W+L@%% lj’ff in different groups

use different frequencies. Alternatively, TDMA may be used where tHe Usérs i rent groups use
different time slots. Further embodiments may alternatively use OFDMA where users in different 56
groups use different orthogonal frequency-division multiplexing (OFDM) subcarriers. The usage of

multiple accesétteEmitiEstherottatheeisynationotep s ardntsrieienss Mihnel retated
constants 5, (nyand 3,(n), thus obtaining the original signals Sy 1(n) and Sga(n):
Sy () =W, ,(n) | p(n)
Sia(n) =Wy ,(n)/ 5, ()
where
Am) =&, (n) [ +1G,(n) | Hy () )
Ay =(H,m ¥ +1G,m P H,(mF)
The signals Sk 1(n) and Sya(n) originating from User 1 and User 2 respectively

can thus be abtained by dividing #,, (n) and #,,(r) by p,(n)and B,(n).

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

thi'r;is that of a structure where no cooperation is used.

Simulations

Simulation results are next provided 1o show the advantages of the described
embodiment. While the results shown are for OFDM mddutation, the skilied
reader will understand that results for SCCP or SCZP would be the simitar. An

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



It should also be apparent that the described embodiments also apply to SCOP 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, butgahglGee90Perate in a daisy chain fashion. While exampl%gﬁmmgw%%f the
invention have been described in detail, many variations are possible within Inc scope of the invention

as will be clear to a skilled reader. MCSLLP 57 CLAIMS 1.A space-time coded cooperative
communication method for a wireless communicatiogynetwork, the network including a first
communication device and 5 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 commliific&iBH!désise fortransisdssion tadliciopiemdnadestination ascastodirstyauted
message and to the common destination in a same time slot; and receiving a second message from
the second cdiimRAiRBKOR WkoResMedr sinylerion thllgdeinaperdstination tma isesiendrouted

message.
9% tothat for the Combining Scheme 1 at Half-duplex Mode.

it is assumed that the channel between User 1 and User 2 is frequency
selective with 4 taps ie.L=3. The ~channe1 taps have exponential decay
profile: E({ g(/) ) = exp(=2/),/ =0,1,2,3 . While the simulation assumes that the
‘channels between Usér 1 and User 2 are recipr;;cal, the skilled addressee will

understand that results for the case where the channels are non-reciprocal will

be the same.

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

is 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, » is also the SNR for User 2 receiving
signals from User 1 in the time siot 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
cogperative scheme and non-cooperative scheme, and that the system is

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



A pace-time coded cooperative wireless communication method 15 according to claim 1, wherein
transmission of the first message to the second communication device and receiving the second
message froggdhgspcend communication device are carried out in the saefims slgf, H,sPace-time
coded cooperative wireless communication method 20 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 differgnt time slots. Amended Sheet IPEA/AU
MCSLLP 58 4. A space-time coded cooperative wireless communication method according to any
preceding claim, further comprising the steps of:

Complex Gaussian random numbers are generated for the channel taps and
the channels are different for every different Monte-Carlo realization. The

symbol error rate (SER) is obtained from 50000 different Monte-Carlo

realizations.

The power amplifier factors @ and g are chosen such that the transmitted

signal power is the same at different time siots.

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. y =10dB), the cooperative schemes (i.e. Combining

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

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

when y = 20dBand BPSK, 4 QAM and 16 QAM modulations are used. When the
channel between the two users becomes better {i.e. y =204dB), the cooperative

schemes obtain better performance whiie the non-cooperative scheme remains



discarding a first padding from the received second message; performing a complex conjugate on the
received second message; 5Sre-ordering of the received second message; and inserting a second

padding into g sefRieRSecond message, to form the second routed meg E%J/rﬂ?igﬂssion to the
common destination. 5. A space-time coded cooperative wireless communication method 10according

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 slogjfor transmitting the first message 6. A
space-time coded cooperative wireless communication method 15according to claim 4 or 5, wherein

the first paddind Arg6iené seasbrive perizfinthirichtdes-apyalic RIfooderARRASEHINESOSRT,

cooperative wireless communication method according to any of claims 4 to 6, further comprising the

step of decodingeliRs SFSepenomessagthaftehdiscardingseeding Rafding frgmythe gacond nessage,

below 36 dB. This better SER performance is especially true when Combining

Scheme 2 is used.

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 -20dR
The NMSE is defined as
NMsE = B0 =)
BOI£])

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

ft 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. Jt 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 aliow multiple



MCSLLP 59 B.A space-time coded cooperative wireless communication method according to any
preceding claim, further comprising the step of amplifying the second message. 9. A space-time

coded coopegafiygmiggless communication method according to any precgging:SlaiRedysiher
comprising the step of: negating the second message. 10. A space-time coded cooperative wireless

communication method 10according to any preceding claim, further comprising the step of converting
the second message from frequency domain to time ggmain. 11. A space-time coded cooperative
wireless communication method according to any preceding claim, wherein the second routed

message is 15waresnitient singnBEDW impdulitien 1ol 2s4 SRARASHEIEHASRH GAARRIBINEWEless

communication method according to any of claims 1 to 8, wherein the second routed message is

transmitted usifitPSIAgIdCAriseruSrslitnPiiferambdyiatips . 1 Ring HiflespRcadinengesd sopperative
wireless communication method according to any preceding claim, further comprising the step of; the
second commUHKEEABIIEIRe aecesnrd A raiayebsagethrtransmissionitodife destinatios.

using different time slots; or orthogonal frequency division multiple access
(OFDMA) is used with users in different groups using different OFDM
subcarriers. Within the same group, it is preferred that the usérs 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 1o 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 multipie access (CDMA), frequency division multiple access (FDMA) or

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

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

Embodiments of the present invention may have mulfiple base stations and/or
multiple groups of users where the number of users in each gréup may be
different. in the case where there are multiple groups of users, conventional
techniques may be used to allow multiple access, for example FDMA may be
used where users in different groups use differant 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



Amended Sheet IPEA/AU MCSLLP 60 14. A space-time coded cooperative wireless communication
method according to claim 13, further comprising the steps of: the second communication device,
discarding asfitstp@gdings from the received first message; perforthing a ce@piR®apris@aie 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. 10 15. A space-time coded cooperative Bdreless communication method according to
claim 14, wherein the discarding, performing a complex conjugate, re-ordering and inserting steps are
performed in adfipPs|EeiHEiRIRDfrofnege tish &emufsiaedbiiging halfipkxingsa5OM)

subcarriers. The usage of multiple access technigues permits the elimination of

multi-user interference (MUI).

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 possibie within the scope of the invention as will be clear to

a skilled reader.



15 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 messagq\mrﬁcgly
from the first communication device, 20 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. MCSLLP 61 17. A space-time coded cooperative wireless communication method
according to claim 16, wherein the decoding comprises the steps of: converting the received first
and second MessaAges from time to frequency domain; and 5obtaining a first combination sequence by
linearly combiningthe frequency domain first and second messages.

10

15

20

1. - Aspace-time coded cooperative communication method for a wireless
communication network, the network including a first communication device and
a sacond 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 & first message to the |
second communicat&oh device for fransmission to the common destination as a
first routed message and to the common destination in a same time slot; and
recafvirsg a seéond message from the secdnd communication d_e\iice 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 slots.

Amended Sheet
IPEA/AU



18. A space-time coded cooperative wireless communication method according to claim 17, further
comprising the step of 10obtaining a second combination sequence by linearly ‘combining the ﬁl{/ﬁﬁSLLP
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: 15converting the first and segond routed messages from time to frequency
domain; and wherein the first combination sequence includes linearly combining the frequency

domains of the first and sgeang aessagascaehtig fistand seeand ieaties messages. 20 20. A
space-time coded cooperative wireless communication method according to claim 16, wherein the

decoding compiisesdhe stepsyairecedicomiating thereosmed fisstnetaaieland the first and second

routed message from time to frequency domain; and Amended Sheet IPEA/AU
discarding a first padding from the received second message;

performing a complex conjugate on the received second message,
5 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
10 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
15 according to claim 4 or 5, wherein the first padding and/or the second padding

includes a cyclic prefix.

7. A spéce—time coded cooperative wireless communication method
according to any of claims 4 to 6, further comprising the step of decoding the

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

Amended Sheet
IPEA/AU



MrSLLP 62 obtaining a first combination sequence by linearly combining the frequency domain
first message and the first and second routed messages. 21A space-time coded cooperative Wire
communication method 5according to any of claims 18 to 20, fUrther.comprising the step of:
dividing the first combination sequence or the second combination sequence by a channel related
sequence which characterizes a first transmission pa between the first communication device and
the Gammon destination, and a second transmission path between the second 10communication

device and the glestinafign, .22/ $PAc8-timp Saded creraatvwilplesssomBMmstcation method
according to claim 21, wherein the channel related sequence is obtained by combining a first channel

parameter whichcehatmeiesiaag phecticintraizsmidsitmet Soraghizing trsetemdichapifgingrameter which
characterizes the second transmission path. 23. A space-time coded cooperative wireless '
communicationgaethddnessage.according to any of claims 16 to 22, further comprising the steps of,
prior 20to the decoding step, the common destination, discards a first padding '

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

second massage.

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

second message from frequency domain to time domain.

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

15 transmitted using OFDM modulation,

12, A space-ﬁmelcoded cooperative wireless communication method
according to any of claims 1 to 8, wherein the second routed message isk
transmitted using Single CarrierQ Cyc!ié Prefix modulation.

20
18. A space-time coded cooperative wireless communication method
according to any preceding claim, further comprisihg the step of; the second
communication device, receiving the first message for transmission fo the

destination.
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from the received first message; discards a second padding from the first routed message. 63 24. A
Space-time coded cooperative wireless communication method according to any preceding ijﬁj@mp
further comprising the step of: the first communication device transmitting the second muted
message to a third communication device of the network, and the third communication 5device
relaying the second routed message to the destinatiog. 25. A space-time coded cooperative wireless
communication method according to any preceding &aim, further comprising the step of: the second
communication device transmitting the first routed message to a fourth 10communication device of the
network, and the fourth communication device . relaying the first routed message to the destination.
26. A space-timgscodedscapparnativewielesspeatimunieation soethathiaatordingtitodlaim 22, further
comprising, prior to decoding the received first 15and second messages, the common destination
estimating the fissteliannel garamétdu thseehor daigingating eignal transmitted by the first

communication device, o
the second -communication device,

5 | discarding & first padding from the received first message;
performing a complex conjugate on the received first message;
re-ordering of the received first message; and | |
in.sert‘ing a second padding into the received bﬂrst meésage, to form the

first routed message for transmission to the common destination..

10 _ | |
| 16, A space-time coded cooperative wireless Commqn-icaﬁcm method
acdording to claim 14, wherein_the discérding, performing a complex conjugate,
re-ordering and inserting steps are performed in a time slot different from the
tirrie slot for receiving the first message.
15

~16. A space-time coded cooperative wireless communication method
according fo any‘preceding claims, further comprising the steps of: |
_ the common destination, o
receiving the first message directly from the first communication device,
20 recelving the second message directly from the second cdmmunidaﬁgn device;
and
decoding the received first and second messages and the first and second

routed messages.
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27. A space-time coded cooperative wireless communication method 20 according to any preceding
claim, further comprising the steps of, prior to transmitting the first message, the first commum%ast'[_qdr}j
device transmits an auxiliary training signal to the second communication device, MCSLLP 64 an
obtains an inter-device channel parameter which characterizes an inter- device transmission path
between the first and the second communication deyice based on the training signal; and transmits the
inter-device channel parameter to the common destination, 5 28. A space-time coded cooperative
wireless commynication method Aesesdipgoissciaine irard wdrenrdepeatigntrehcldim 26, wherein the
main training signal is the auxiliary training signal. 10 29.A space-time coded cooperative wireless
communicationsgretdng to claim 16, wherein the decoding comprises the steps of.
converting the received first and second messages from time to
frequency domain; and |
| 5 obtaining a first combination sequence by linearly combining the

frequency domain first and second messages.

18. A‘space-tinﬁe coded cooperative wireless communication _method
according to claim 17, further comprising the step of
10 : obtaining & second combination sequence by linearly combining the first

sombination sequence and the first and second routed messages.

19. Aspace-ﬁme coded cooperative wireleés communication method
~ according to claim 17, wherein the decoding further comprises the steps of:
15 converting the first and second routed messages from time to"frequency
domain; and wherein the ﬁrst"combinaﬁon sequence includes linearly combining

the frequency domains of the first and second messages, and the first and

second routed messages.

20 20. A space-time coded cooperative wireless i:ommunication method
according to 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
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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 communicaNWn%LLF"
method 15 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. 20 31.A space-time
coded cooperative wireless communication method according to any of claims 27 to 30, wherein

transmitting the inter-deyige,ehanpe! Raramsieh CUBRIsEs anﬁé@wr&%sﬁmgl%conjugate of the
infer-device channel parameter. Am ended Sheet IPEA/AU 1 SLLP 65 32.A space-time coded

cooperative wirglegsseemaaumantion mesbagk and the first and second routed messages.

21. A space-time coded cooperative wireless communication method
5 accordfng to any of claims 18 to 20, lerther comprising the step of:
dividing the first combination sequeﬁce or the 8ecénd combination
sequence by a charnnel related sequence which characterizes a first
transmigsion path between the first Com’munication de\_/ice and the common
destination, and a secor;d transmission path betweeh the second

10 communication device and the destination,

22. A space-time coded cooperative wireless communicaﬁor) method

according to claim 21, whérein the channel related sequence is obtained by

cqmbining a first channel parameter which characterizes the first transmission
15 path and a second channel parameter which characterizes the second

transmission path.

23, A space-time coded cooperative Wireiess communication method
acerding to any of claims 16 1o 22, further comprising the steps of, prior
20 to the decoding step, the common destination, discards a first padding
frorn the received first messags;

discards a second padding from the first routed message.

Amended Shest
IPEA/AU



according to claim $1, wherein the transmitting the inter-device channel parameter further comprises
transmitting a negation of the complex conjugate of the inter-device channel parameter. AMCSLLP
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 training signal;
and 10in a second signal interval, a second training gignal, the second training signal being a negation
of the first training signal. 34.A space-time coded cooperative communication method for a wireless -
communication petwork siheaeamocided udiogeasinst eomimmication dewice anetidia second
communication device, each of the communication devices being associated with respective users and
configured to cormvidicate AithraccaaREnHESITHIBR PRIMREE OB #REBN device being configured
to transmit a first message to the seconqdcgrg{raqkmication d .vicet and to the common destination in a

first time slot, the second BSHATREEEH davdice %%FH%HCS% |'g§|'1 e%etget?grﬁgrﬁ% %ﬁ% W%?S%%sage asa
first routed message, the mathad coppysing:thesiens Aork, aileremMmeBHgstinatiapreceiving the

. first message from the first communication device in the first time slot and the first routed message
from the segondscamendnigatianaasioadnausetonssentfitd theelsialnaMGSLLP 66

25. A space-time 5oded cooperative wireless communication method o
according to any preceding claim, further comprising the step of: the second
communication device transmitting the first routed message to a fourth

10 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 cdmmunication method
according to claim 22, further comprising, prior to decéding,the réceived ﬂrét

15  and second messages, the common destination estimating the first channel
parameter based on a méin trafnin_g signal tran_smi‘rfed by the first

communication device.

27. A space-time coded cooperative wireless communication method
20  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,
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and receiving a second message from the second communication device in the first or second time
slot and a second routed message from the first 5communication device'in the second or tHitd ibhé&
slot, the second routed message including the second message transmitted by the second
communication device. 35. A space-time coded cooperative communication method according to
inany preceding claims, wherein the wireless commuygpication network is a cellular network.  36. A
space-time coded cooperative communication method according to any preceding claims, wherein the
communication gleyvisesiaemabiledkheammanmicatiaradericesh 3%, dhaerterimisationtdevice configured
for space-time coded cooperative communication with a second communication device in a wireless
communication ttaptiarteisagmimaichesreaadite Entane Bectrid pd communiealivh device being

associated with respective user% and, . |
device based on the training signal; and

transmits the inter-device channel parameter to the common destination.

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.

10 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

15 accofding to any of‘ claims 27 to 29 and dependent on claim 8, the secénd
communication device retransmitting the auxiliary éignal to the cormmon.
destination which estimates an amplification facfor based on the auxiliary signal

for decoding the amplified second message.

20 31. A space-time coded cooperative wireless communication method
according to any of claims 27 to 30, wherein transmitting the inter-device
channe! parameter bompn‘ses transmitting a complex conjugate of the inter-

device channel parameter.
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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 comm&CSLLP
destination and to the common destination in a same time slot; and to MCSLLP 67 receive a second
message from the second communication device for transmission to the common destination. 38. A
communication device according to ciaim 37, wherein.the 5communication device is configured to
transmit the first message to the second communication device and receive the second message from

the second CO”HE_“”“,@%B&@M?%% e sampeimessiflsRIsACammmitaaHoneyice according to
claim 37, wherein the 10communication device is configured to transmit the first message to the
second commusigatigingirviteiqut redeivarthiesdeeonthitiogthgerfror dhisesebentetommunication
device in different time slots. 40. An integrated circuit (IC) for a communication device which is
configured parameter further comprises transmitting a negation of the complex conjugate

of the inter-device channel parameter.

33; A space-tim‘e coded cooperative wireless communication method
according to any of the preceding claims, wherein the second routed message
somprises: , |
in a first signal interval, a first training signal; and
10 - _in ;':1 second signal'intewal, a second training signal, the second training

~signal being a knegaﬁon of the first training signal.

34, Aspace-’cime coded cooperative communication rﬁethod for a wireless -
communication network, the network including a ﬁrst communication deVice and
15 a second mﬁmunication device, each of the communicatioﬁ devices being
associated wi‘ch‘ respective users and configured vto'cmmmunicate with a
common destination,.thé flrst communication device ‘belng configured to
transmit a first xﬁessage to the second communication device and to t‘hek
common destination in a first time slot, the second Communica{ion device being
20 configured fo transmit the first message as 'a first routed message, the method
comprising the steps of: |
| the common destination, receiving the first message from the first
communication device in the first time sbt and thé first routed message from the

second communication device in a second or third time slot,
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15for space-time coded cooperative communication with a second communication device in a wireless
communication network, the communication device and the second communication device bgjpg, | p
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 20communication
device for transmission to the common destination ar%(g to the common destination in a same time slot;
and to receive a second message from the second communication device for transmission to the
common destination. Amended Sheet IPEA/Ali IVICSLLP

10

15

20

and

receiving a second message from the second communication device in
the first or second time slot and a second routed message from the first
communication device in the seco'nd or‘third time slot, the second routed
message including the second message transmitted by the second’

communication device,

35.. Aspace-time coded cooperative communication method according to
any preceding claims, wherein the wireless communication network is a cellular

network.

36, A spaceftime'coded cooperative communication ‘method according to

any preceding claims, wherein the communication devices are mobile

communication devices.

37. A communication device configured for spacé-time coded cooperative
communication with a second’vcommunication device in a wireless
communication :netv&ork, the communication device and the seéond
communication device being associated with respective users and
configured to communicate with a common destination, the
communication device further éonﬁguréd to transmit a first message fo
the second communication device for transmission to the comman

destination and to the cormmon destination in a same time slot; and to -
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68 41. An Integrated circuit (IC) for a base station of a wireless communication network incltﬁigg fLrﬁt
and second communication devices configured for space-Urns coded cooperative communi rli'
each communication device being associated with respective users and configured to communicate
with the base 5station, the first communication device being configured to transmit a first message to
the second communication device and to the base sgation in a first time slot, the second
communication device being configured to transmit the first message as a first rouied message, the IC
including a processorreceifigaredcmn Oneesingatfechirstnassage sronmuridrteesiavfenieation device in
the first time slot and the first routed message from the second communication device in a second or
third time slot, and ~ TaRSEERALR %%W&%’é EFUIRYHE second communication device In the first
or second time slot and a second routed message from the first 15communication device in the
second or third time slot, the second routed message including the second message transmitted by

the second communiatign daMiss:dd AN ReeoENRIICRIANG A wMdereithshe processing unit is

further 20configured to: convert the received first and second messages from time to frequency

domain; arld  communication device is configured to transmit the first message to the second
communication device and receive the second message from the second

communi jcation devxce n the same tima siot

39, A communication device according to ¢laim 37, wherein the
10 commumcatlon device is conﬁgured to transmit the first message to the second
commumcatkon device and receive the second message from the seoond

communication device in different time slots.

40.  An integrated circuit (IC) for a communication devi’belwh.i.ch is configured
15  for space-time coded couperative communication with a second communication
dévice in & wiraless communication network, the communication device and the
| ~ second communication device being associated with respec‘civé users and
conﬁguréd to’ communicate with a common destination, the I1C comprisihg:
 a-processing unit configured to transmit a first message to the second
20 communication device for transmission to the common destination and to.
the common destinaﬁon in a same time slot; and to receive a second
message from the second communication device for transmission to the

common destination.
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obtain a first combination sequence by linearly combining the frequency domain first and second
messages. Amended Sheet, IPEA/AU MCSLLP 69 43,An IC according to claim 42, wherein thg SLLP
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. 5 44. An IC according to
claim 42, wherein the processing unit is further configgired to convert the first and second routed
messages from time to frequency domain; and wherein the first combination sequence includes
linearly combiniity theAmdoegnaizdioimaliis| 69 fhe dilsasmdtsticomd mebskgescamdtheddmirst and
second routed messages. 45. An IC accordina to claim 41, wherein the processing unit is further |

configured to coROERHRCRABR SEFHARTTECORE S ARUMRRIFRUC A fiP WEe B ca HHRH SR it SE568 from time to
frgquency dom%ir%%rg e%bé inpgrg{ﬁtecgmfpﬁion, each communication device being
associated with respective users and configured to communicate with the base
5 station, the first oo'mnﬁunication device being configured to transmit a first
message to the second communication device and té the base station in a first
time slot, the second communication device being configured to transmit the
first message as a first routed message, the IC including
a processor conﬁgured io:
10 | receive the first message from the first communication device in the first
time slot and the first roufed message from the second communﬁca’cion device in
a second or third time slot, and |
-receive a second message from the second communication d’evi&e in
the first or second time slot and a second routed meésagé from the first
15 communicat_ionfdevioe in the second or third time slot, the second routed

message including the second message transmitted by the séoond

communication devicea.

42.  An1C according to claim 41, wherein the processing unit is further
20 configuréd to: |
| convert the received first and second messages from time to frequency
domain; and |
obtain- a first combination sequence by linearly oombinihg the frequency

domain first and second messages. -
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15 sequence by linearly combining the frequency domain first message and the first and second
muted messages. 45,An IC according to any of claims 41 to 45, wherein the IC is further configLgedro
divide the first combination sequence or the second combination 20 sequence by a channel related
sequence which characterizes a first transmission path between the first communication device and
the common destination, and a second transmissioggpath between the second communication device
and the destination. Amended Sheet IPEA/AU MCSLIP 70 47. An IC according to claim 46, wherein
the channel related sequence is obtained by combining a first channel parameter which characterizes
the first transmission path and a second channel Rarameter which characte_ri%es the second
transmission p‘ﬁih. 5An 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,  AnIC according to claim 42, wherein the processing unit is further
configured to convert the first and second routed messages from t.ime to
frequency domain; and wherein the first combination sequence includes Iin'earlvy
comibining the frequency domains of the first and second messages, and thé

10 first and second routed messages.

45, An IC according to claim 41, Wherein the processing unit is further
configured to convert the received first message and the first and 'aecovnd routed
message from time to frequency domain; and obtain a first combination

15  sequence by linearly combining the frequency domain first message and the

first and second routed messages.

46,  AniC according to any of éisims 41 10 45, whereibn the 1C is further
configured to divide the first combination sequence or the second combination

20 sequence by a channel related secjuence which characterizes a first
fransmission path be{\&een the'ﬁrs’c coh‘rmunicaﬁoh device and the corﬁmon
destination, and a second transmission path between the second

communication device and the destination.
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48. A base station including an IC according to any of claims 41 to 47. 49A wireless communication
network comprising more than one communication device according to any of claims 3@&§8F§1nd
one or more 10base stations according to claim 48.

10

70

"~ 47.  AnIC according to claim 46, wherein the channel related 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 including an 1C according to any of claims 41 1o 47,

49. A wireless communication network comprising more than one
communication device according to any of claims 37 to 38 and one or more

base» stations according to claim 48.
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