A met hod of communi cation FIELD OF THE | NVENTI ON The present invention
relates to a nethod of comrunication. 5 BACKGROUND I n point-to-point (PtoP)
comuni caWPANB/098MW8re is a restriction on the transmt BOWSG20iI1/0000123
transmtter due to the cost and conplexity of radio frequency (RF) chain
including many anplifiers, filters, and digital-to-anal ogue converters. To
10 enhance the communi cat i oA pesthodeheemui@sicatibase ci rcunst ances,
multiple transmtters cooperating with | ow power have been consi dered as
candi dates for future comuni cations. Exanples of such cooperative

comuni cation protocols wth relays are physical |ayer network coding,

analogue Yol vari ous hybrid nethods. However, the rel aying
FRALDHE TER NN ft?N

prot ocol s WeNt1 o rom 15spectral efficiency |oss due to the two

channel es requi.red for rans n and reception at the relay
nodes. ﬁﬁtpﬁ@ %’?‘éﬁgt'oglrﬁ e% hame n{}iﬂa 02)90('}%)'”'?@ ey cannot sinul t aneously

receive and transmt signals, additional tinme, frequency, and/or code
resofrces are required. 20 SUMMARY OF THE | NVENTION I n general terns the
invention relates to double space-tine transmt diversity two path rel ay
syst ens. BAGKGRGUWNDon may al so relate to phase rotation processing at the
relay nodes, link selection based on signal to noise ratio (SNR), frane

struct ur p poit-tslpoiat [PtOP) cOMra@aIEaNGES, tﬁér@n§rélrbstr%6nrcﬂﬂ%\tﬁaﬂ§ﬁﬂﬁs of two
relays 25 and/or cell planning strategies. This may have the advant age of

reduced P?wer of ﬁ]léatF'é}@ml{t?F %1% % ?L%g%gﬂ&?&ﬁéwﬁﬁyo{‘ E%jlé & Meﬂﬁggﬁcer educed

i nter I nterferen ror
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10  enhance the communication performance under these CIrcumstances, multiple
transmitters cooperating with low power have béen considered aé candidates for
. future communications. Exqmples of such cooperati\)e comr’nu.nication protocols
with relays are physical layer network coding, analogue network codving:, and |
various hybrid methods. HoweVer, the reléying protocols mentioned _suf.fer from
15 spectral efficiency loss due to the two channel uses required for the transmission
and receptioh at the relay nodes. In other words; since a Half—duplex (HD) rélay
cannot simultaneously receive and transmit signals, .édditional fime, frequency,

and/or code resources are required.

26 SUMMARY OF THE INVENTION
In general terms the invention relates td double space-time transmif diversity t.wo-
péth relay systems. The invention may also relate to phase rotation procéssing at
the relay nodes, link selection based on signal to noise ratio (SNR), frame
structure jncludiné training sequence, transmit- and receive-modes of two relays

25 and/or cell planning strategies. This may have the édvantage of reduced co-



At time=t: a first multiple antenna relay node decodi ng and
forwarding a first STBC coded signal froma source node, and a first
decoded awo 2howosaroded STBC 10si gnal from a second nul ti pe/santamnes el ay
node, and a destination DSTTD receiver decoding the first STBC coded
signal fromthe source node, and the first decoded and forwarded STBC

si gnal f eRanrdlentedemsiitendCI) BeRvatiH BaNa|dyehdded) 96@uce intdrigeat +1: 15t he
second nmultiple antenna relay node receiving a second STBC coded si gnal

fromthe; romthe
st ol aEReB e, réddedy bR EARr e CARAG: ARl bR b ot T
receiver, goeco |ng t he second STBC caded si gnal fromthe source node, and

t he secoHI 'T&8ed and forwarded si gnhal from 20the first nmultiple antenna
relay node. The nethod may further conprise phase rotation pre-processing.
The nethod may further conprise optimsing a pre-progessing matri x based on
a 25 post-processed SNR 3 A direct Ilink or a relay Iink may be sel ected
bas eoﬁp onlnaa fitst speeific expssismpoithe imentiontthaee isqproristim metwdel . The

decodi ng and forwardi ng may include DSTTD detection. The method may further
conpr i secarhmunéatieatdomgdrishgy:based on an orthogonal training sequence in a
frame structure for each of the STBC coded signals and decoded and -

f or war degt gihgsgl signals. 10 A cell may be divided into sectors, each
sector having an orthogonal frequency band, and the first nultiple antenna

relay node and %h?st?ﬁ@ﬂﬁ Eﬁh&’?&ia?ﬂbﬁ@%&ﬁ IrftyYantPt EPJ?Q {§‘f'§§d

within each sec ster e forne

dj t cel | f d a
" & second €190 AP S paEoedE te?aaﬁeﬁre@%%%ﬁ&c LR SoaE, 2 ng.

t he f| rst nmulti pI e antenna rel ay node and the second nultiple antenna rel ay
node!ray cong@naldraeiasecany @UF’@'%@ntﬁﬂﬁé relaytnpde; iandt sector that is

cl osest to the second sector as either the first nmultiple antenna rel ay
node 20 or the 3destinatian DS meemendecetiag thediest IMBC veldedtsigrpl drorel ay
node in the second sector that is closest to the first sector as the either
the second miktdopiree AbHE AR the) firgt destRicd athd forivarddd sTBG @ibﬁaﬂfﬂbmrtna relay

node respectively.
second multiple antenna relay node;
At time=t+1:

15 - the second multiple antenna relay node receiving a second S‘TBC codedv
signal from the source node, and a second decoded and forwarded signal
from the first multlple antenna relay node, and

“the destination DSTTD receiver decoding the second STBC coded sngnal

from the source node, and the second ~decod‘ed and forwarded signal from :

20 the first multiple antenna relay node. -
The method may further comprise phase rotation pre-processing.

The method may further compnse optimising a pre-processing matrix based on a

25 post- processed SNR.



The STBC coded signals and decoded and forwarded signal signals may
conprise 25 a two-path relay time-division-duplex (TDD) frane structure,
wher ei n tWe 2011198795\WDO 2011/ 093795PCT/ SG2011/ 000023 4 st PaEiSG2el 1088023 ncl ude
slots for uplink data transfer, downlink data transfer feedback on phase
rotation, and feedback on lIink selectiong ~The nethod may further
conprise bi-directional communication including an uplink 5 and a downl i nk.
An integrated circuit may communi cate according to the nmethod. A nobile

station : ' i . . y
communi cALNSEant ﬁ%Sé'?xa"ﬁﬁiﬁ%etﬂﬁgéfé%‘%ﬁ%@ﬂaﬂ%%sﬁ&&?ééi%eﬁ{r%‘ﬁf‘ééﬂtﬁ@
accordi ng t.o _t.he d. 15l n a second specific expression of the invention
t here isg%$55%885ﬂgfﬁ@§ﬁﬁﬂy%%tion system conprising a nultiple antenna
source configured to transmt STBC coded signals .= -  at |least two

mul tiple antenna DSTTD rel ay nodes configured to alternatively decode and
forward the STBC coded signals, and 20a DSTTD recei ver configured to decode
t he STBCThkededodingenidsfonnardingmaylinglsde HDYhuDsietection. o ‘

Thé method may further comprise channel es_tim'at.ing based on én orthogonal
training sequence in a frame structure for each of the STBC coded signals and
décoded and forwarded Signal signals.

10
A cell may be divided into sectors, each sector.having an orthogcl)nal.frequency,
band, ‘ahd the first multiple antenna reléy node and fhe secbnd multiple antenna -

relay node may be selected within each sector.

15 A cluster may be formed out of a plurality of adjacent cells, wherein a firs t sector in
a first cell and a-second sector in a second cell may sharé the same frequéncy
band, and wherein selepting the first multiple antenna relay node and the second |
multiple antenna relay node may comprise selecting a relay node in the first séctdr»
.that is closest t6 the éecond sector as Qither'_the firs_t multiple antenna relay node | :
20  or the second multiple antenna relay node, and sel'ecting a relay node in the
second sector that is closest to the firsf sector as the either the seéond multiple

antenna relay node or the first multiple antenna relay node respectively.

The STBC coded signals and decoded and forwarded signal signals may comprise

25 atwo-path relay time-division-duplex (TDD) frame structure, wherein the frame



Certain enbodi nents of the nethod of transm ssion of the present invention
may have one or nore of the advantages of: 5 having perfornmance

i mpr ovenaNO20oNVEB799r i or art systens, e.g. PtoP direct cegmsG2eatonens

syst ens; having a |ower bit error rate (BER) when conpared to. prior
art systens; using a mniml about of feegdback information to bring about

an i npr oyegetasy ﬁ{a‘?ﬂhaﬁdé%Td’@ft?r%plmR%‘élté‘%aﬁs%?edé\ﬁlﬁllinkedatfa%é‘r&?é(r that is the

sanme as that for a full-duplex system reduced inter-relay interference;

reduced %rélgpggﬁghl ﬂa%%hi'oﬁngﬁd orwa d{ rﬂy%a?gnor elimnating the noise

collecte Uhe destination when
conpared to prior art systems, e.g. systems using anplify-and-forward

rel ayi ng. BRI EF DESCRI PTI ON OF THE DRAW NGS One or nore exanple
enbodi nents of the invention will now be described, with 15reference to the
f ol | owi ndheirgathes, mav futthesieonmriser - dirgcsionakesiamanioation avlugingraniplinka

met hod of transm ssion according to the exanple enbodi nent; Figure 2(a) is
a schenmatind addawnlink: showi ng the structure of a tth space-ti'ne bl ock coded
franme at a source for atinme slot t as used in the nethod of Figure 1;

An integrated circuit may cdmmu_nicate according to the method.

A mobile station may communicate according' to the method.
10

A base station may communicate according to the method.
A relay station may communicate according to the method.

15 ]n a second specific expression of the invention there is provided a communication
system comprising |
a multiple antenna source configured to transmit STBC coded signals
~at Ieast two multipie anfenna DSTTD relay nodes configured to alternatively
: decode and forward the STBC coded signals, and |
20 V. a DSTTD receiver confngured to decode the STBC coded sngnals and the

relayed signals.

Certain embodiments of the method of transmission of the present invention may -

have one or more of the advantages of:



20Fi gure 2(b) is a schematic drawi ng show ng the structure of a tth
space-tine block coded frane at a relay node for a tine slot t as used in
t he net hodlOeh11IRi9gse 1; Figure 3 is a schematic draw ngPSHEGRG/0DNR3
transm ssion pattern of the nodes across different tinme slots as used in
t he met hod of Figure 1; Figure 4 is a schematic drawi ng show ng an

efficient cel haghgpefformafée impidvendr®bletpMdr drt gystems, e.d FtbBWich is a

schematic drawi ng showing a cluster structure-for the cell plan of Figure

4; Figure 6(adohmudichidaRisteme agram showi ng the spectrum usage of a
conventional point-to-point Tine Division Miltiplexing (TDD)/ Ot hogonal

frequency-di vi si.on mul ti.pl e acce OFDMA) communi cat.ion for, a frame of a
base stati 6n';|!' “&%?3%’?5&’“%5"05 r@@h@ﬁ%k W%&B%’%ﬂ&%ﬂ%’ ?rﬁéyitﬁgbst'rum usage
of a conventional poi nt-Lo-goiogt TDD/ %DI\/A communi.cation as in Figure 6(a),
but for a uset¥SIA@@MINEMglRROY Q)fepebacksipismation taibARoARUH o mgrevRs
spectrum usage of TDD/ OFDMA commruni cations for a frame of a base station in
t he et hod of sysitgurperformemcei gure 7(b) is a schematic di agram show ng t he
spectrum usage of TDD/ OFDVA communi cations as.in Figure-7(a), but for a
user node; -Fi iyavieg a(spectral effisEmeyabatds dhagama sdithait fior 4 idl-dupsiex systensage of
TDD/ OFDVA -comruni cations as in Fi-gure 7(a), but for a first rel ay node;

Fi gure 7(d)- igeducesvBRIdISY HtageAsAcehow ng t-he spectrum usage of TDO OFDVA
15 conmuni cations as in Figure 7(a), but for a second relay node; Figure

8(a) is a qr IRkt BER cae rmance of the direct and relay |inks
for DSTTD ba:ggjut%\g\o- p%’t Egl} Ea'ﬁgg/f cor%%h%f"?:)ati ons as the received SNR for the

link fromthe spurce tq.the.destination,is varied; .~ FEiqure 8(b) js a
o aph compéir; FERE nBRHas M Ba5 3y ratetiH e relaye Mty farided.dn o
DSTTD- based two-path rel ay communi cati ons as the received SNRs for the
i nKI9 from t ht® g destinatirn whepgomprargd do paior et systeus <e-9( systeRsais§itph
conparing the BER performance under different feedback conditions for
DSTTD- based t amppifytand-tareward ostayingcat i ons as the received SNR for the |ink
fromthe source to the destination is varied; . o
BRIEF DESCRIPTION OF THE DRAWINGS
"One or more example embodiments of the invention will now be deécribéd, wifh ,
15 reference to the following figures, in which:
Figure 1 is a schematic drawing showing a method of transmission according to
the example embodiment;
4 Figure 2(a) is a schematic drawing showing the structure of a fth space-time block -
- coded frame at a so,u'rce for a time slot t as used.in the method of Figure 1;
20 - Figure 2(b) is a schematic drawing showing the structure of a tth.s'.paf;e-time block
coded frame at a relay node for a time slot t as used in the method of Figure 1; |
Figure 3 is a schematic drawing showing the transmission pattern of the nodes
across different time slots as used in the method of Figure 1;

Figure 4 is a schematic drawing showing an efficient cell plan for use in the

25 method of Figure 1;



7 Figure 9(b) is a graph conparing the BER performance under different

f eedback conditions for DSTT. D-based two-path relay comruni cations as the
recei ved WRRE1198796he | i nks fromthe source to the rel apST&GRONAP023; and
Figure 10 is a flowchart showi ng the nethod of transm ssion of Figure 1
across bdifferent tinme slots. DETAILED DgSCRI PTI ON The fol |l owi ng notations

may be usigdré B i$ BistheRricidraaiCshowifg @clﬁ@fé?%fru@fur@?érrthé ce‘l'ﬂﬁéﬁéper scripts
'T and “*" respectively denote a transposition and a conpl ex 10conj ugat e

trans,posp:&J pDy4- For a scalar w, the notation Iw ‘denotes the absolute value
of w. For ~a matrlx W the notation IIWIF denotes the Frobeni us- normof W

Ow denot x_and | w d ot es enti.t

The not a '9856 %"B ﬁoﬁ"g&"}fqﬁa@['?sﬂr?“? ﬁk}%‘?'gﬁgo e(ﬁpepﬁ’g %’arqexorsg C?W%/Qt',ona not es
the I'th diagonal. el enment of W EH denotes the expect ation of a random
vari abl ePO'TgthP@;'GF dime dhysionduiiplexing 0P RBY Orthaganaldftediensybyigiong to t he
exanpl e enbodi nent. The transm ssion uses two-path doubl e space-tine .

t ransni t meitiple steess((CETOWA) sothroaniestipn e frame of asbasestalionp2 to a
destination D 120 via relay stations RL 110 and R2 112. The relay stations

Rl 110 aFiguR26@t)2s seyheaiatle diagran?Sholeingdheapdciramesahe &R caﬁmmonal n
contrast with systens using other forns of relay, e.g. the

anpl i fy- gadt-fppynt TDDFORDMAL cohhﬁuﬁreaﬂen ak iPFigiY 613) But R PO¥GHRRE

reducing or elimnating the noise collected at  the relay that 1s forvvarded

on tot hlelgq?w{dg% ?%hen%ﬂc%é@"a?n §I9(§F/infg' tﬁéts'p(egtruﬁhl?ség%rcg?T[HB%FD'NFA “.Seo' to

refer to uncti oni ng

communications for a frame of a base station in the method of Flgure 1;
1»0‘ Figure 7(b) is a schematic diagram showing the spectrum usage of TDD/OFDMA
communications as in Figure 7(a), but for a user node; |
Figure 7(c) is a schematic diagram showing the speetrum USage of TDD/OFDMA
communications as in Figure 7(a), but for a first relay node; |
Figure 7(d) is a schematic diagram showing the spectrum usage of .TD‘D/OFDI\‘/IA
15  communications as in Figure 7(a), but for a second relay node; |
Figure 8(a) is a graph comparing the BER performance ef the direct and reray links
for DSTTD-based two-path relay communications as the received SNR for the link
from the source to the destinarion is varied,; | |
Figure 8(b) is a graph comparing the BER performance of the direet and relay links
20 - for DSTTD- based two- path relay communlcatlons as the received SNRs for the
~ links from the source to the relays are varled .
Figure 9(a) is a graph comparing the BER performance under different feedbaek
conditions for DSTTD-based two-path relay communications as the received SNR

for the link from the source to the destination is varied;



source, a relay station, or a destination in the nethod 100. The

transm ssion occurs over nmultiple time slots. As an exanple, the

transm sswonr0pAws®sn of the nodes for two slots t=2 andPCESE26MSHOEADWN i n
Figure 1. Int= 2, the S 102 and 5R1 110 function as transmtters while R2
112 and D 120 function as receivers. In ¢ =3, S 102 and R2 112 function as

transm tgigufe Wb)liealgkaph CompdriRg 178 BER pkHermascd BRGENEErentfdatack Shows
t he structgurewg?, (6%1 rglﬂttFﬁlhribgp<'lilp§:;e-ti me EI ock coded (STBC) frame 10 202 at a

source %o]r%(;n%rfor‘ D@T@)—ﬁ!ﬂ%&d ttw%%% f%]%ﬁ%oﬁwtrnurﬁg%%r{]sr ?ﬁeﬁ&%&%d? relay

node for a tinme stot t. ure 'S | strate onai n

ort hogo st uct ur ut the structuyre may be applied o an orthogonal
frequengﬁl&s\;?rsﬁ@ﬁ'%lqﬁrﬂﬁgaisﬂﬁrcf%c—'%)? rglﬁé?@ﬁ‘? 85@?"’@ uency domain. 15 The
tth STBC franes, 202, 204 have a tjne-domain orthoggonal structure each
conpr i s BURSTHEEISR Hewscharbshawipgrthe raetag of tramsausgien oE Figwee dragipse
training bl ocks 230 containing training sequences for optionally carrying
out Shardiferesdtimeasldtsn on rel ay and/or direct Iinks. The training sequences
are arranged to have an orthogonal training structure. The optional channel
estimation may be 20 perforned when any node is functioning as a receiver.
Each node used in the nethod 100 has two antennae. It is however also

envi sagPETARLED ' DESCH#IPTION each have nore than two antennae. The data to
be transmtted may thus be represented by bl ocks of 2-by-2 STBC synbol s

B eTH I ol e SR BRI S0} g o eoer
"epresentetudinddipts 77 bnd - FE8pddivEl déndik G tramdpoStion ard & eorpiéx )
10  conjugate transposition. For a scalar w, the notation [wi denotes\ the absolute
value of w. For a matrix W; the notation ||W]|- denotes the Frobeﬁius;norm of W. .
0., denotes a w-by-w zero matrix and /,, denotes a W—by-w idehtity. matrix. The
notation W ’ denotes a matrix inversion of the matrix W. [W],, denotes 't:h'e fth
diagonal element of W. Ele] dénotes the expectation of a random vériable.
15
Figure 1 shows a method 100 of transmissfon according to the example
embodiment. The transmissioﬁ uses two-path double space-time trénsmit diversity
(DSTTD) and takes place from a source S 102 to a destination' D 120 via relay
stations R1 110 and l§2 112. The relay statidhs R1 110 and R2 112 may relay in a
20 : 'decode-and-for\/:\/ard (DF) rﬁanner. In cpntrast with systemé using cher' forrﬁs Qf
relay, e.g. the amplify-and-forward relaying, th‘e u:sé:ge of DF may’ have the |
advantage of reducing or eliminating the noise collected at the relay that is

forwarded on to the destination.



-xl:(t,L, Ly where xn(t, /) is a transmt synbol satisfying Elxn(t, /)12 =
Es, and n E {1, 2} 5 represents the synbol index in the Ith STBC bl ock and
Es i s an woepHye3®gnbol energy. Figure 10 is a fl ow chaPCTSGaN1M0G00RMhe

met hod 100 of transm ssion across different tinme slots. Figure 3 shows the
transm ssion patterns of the nodes acrosg the 10different time slots. The

met hod 1R0he spdcition SiHantehh *hods” .@%&,@altserefem%fa déviide ﬁn\%t.amﬂtgca‘s &1 gures
10 and 3. Assuming that the source S 102 has T franes of data.to transmit

o the desiiBasialy Qkdf of BerckRhiith A0RetAemol o RAghRgA e sl ot s

to conple ran the oss of gener IS

assunmed that T i r. owever be an od

e o, dgurs pvpEmiiEle Bty Ghtss A Sxatelts fhe BAnem SRt nfng'i% any

ot her nunber. In the description that follows, the following notations are
used. | nnedes fastweisints f (hand hdekareheur it Figyre Aelrsra@, Enebgw Q2anshi t t ed.
yk,",,,(t) denotes the signal received at the nth antenna of the node N E
{ D, Rb, R2R ¥1érfunhtiors ag transivitters eduievia2 tlilRearkDD@funcion as r@geivérsSIFBC
synbol of the tth frame. nN,mn(t) denotes additive white Gaussi an noi se

(AWGN) weB3h SZe0Dang R drRifaictiones ttansntigpewhiig R0t thand® 120 €inction _
N2Ni (t) is a 2-by-2 matrix used to denote the M MO channel fromthe node Ni

t0 .25 nogerdizigdieh that Ni and N2 E {D,RL,R2,S}. 10 h,-, NNi, 1,1, (t)
hN9N1,1,2(t) 111t" (t) = h ‘ : -
. Figure 2 shows the structure of, (a) a tth spacé-time block coded (STBC) frame
10 202 at a source S 102 for a time slot t, and (b) a tth STBC frame 204 ét arelay
node for a time slot t. Figure 2 is illustrated with a time-domain orfhogonal

- structure but the structure may be applied to an orthogonal'fréquency-divisi_on

multiplexing (OFDM) system over frequency dOmain.

15 ‘The tth STBC frames 202, 204 have a tlme domaln orthogonal structure each
comprise L STBC blocks 210. The frame may also comprise one or more trammg
blocks 230 containing tralnlng sequences for optionally carrylng out channel
estimation on relay and/or direct links. The training sequences are arranged td
have an orthogonal tr'aining structure. The optional channel estimation may be

20 performed when any node is functioning as a receiver.

Each node used in the method 100 has two antennae. It is however also
envisaged that the nodes may each have more than two antennae. The data to be

transmitted may thus be represented by blocks of 2-by-2 STBC symbols with the



-N91,2,1(0 hN2Ni ,2,2(t) xiv."(t) denotes the nth STBC synbol of the tth
frame at the Nth node. 17,,,"(t) denotes an estimted version of xN, n(t) 5
The net hosto0D/0e8195 now be described in three parts i.epcrlse26i1/086025TBC
frame part (t = 1), the DSTTD frane part (2 =t =T),.and the | ast STBC
frame part (t =T+ 1). A First STBC Frgne Part (t = 1) In 1010, the tine
s t= 1 af & thADIdCKYTBRDbGVE Rpréddhifing det forldlich dteRRlal theist rat ed in

the transm ssion pattern 310 of gure king an assunption that the

at the i freriiopin 1l Lﬁ%@?ﬁé@&%%ﬁ%@@ e ltey e = TR CTR

- X 3(11- 11D11£k% I\/D;Zl( )1y (|) 22(1))1I x2(1) xvi)'np,2,1(1)
11D. 2. 2(1) [ F { j h'é?2 gc) Jved signals, the |linear nodel
obtained is )[ 1(1) fﬁzi %rﬁ (&) ds2, 2(1) (4) (1)

where xn(t /) is a transmit symbol satisfying E|x,,(t I)| =Es,andn e {1, 2}
5 represents the symbol index in the fth STBC block and Es is an average symbol |

energy.

Figure 10 is a 'ﬂow chart showing the method 100 of transmission across different
time slots. Figure 3 shows the transmission patterné of thé nodes across the‘

10  different time slots. The method 100 of transmission will be described next with the
aid of Figures 10 and 3. Aséuming that the source S 102 has T frames of data to
travnsmit to the destinatioh D 120, the method 100 uses T+1 transfnissi_on time
slots to completely transmit the data. W'ithou‘t ahy loss of generality, it is assumed'
that T is even number. T however may be an odd_numbér. As an exémple, L=1 is

15 used for simple description. L however may be any other number.

In the description that follows, the following notations are used. In all notat.ions', the
index representing the STBC block is omitted, yn.m,n(f) denotes the signal received
at the mth antenna of the node N ¢ {D,R1 ,R2}, for the sequential receive time

20 indexn e {1, 2} ‘of STBC symbdl of the tth frame. nnm n(f) denotes additive white-

Gaussian noise (AWGN) with zero mean and o variance corresponding to the |

Y N,_m,‘n( f).

H, . (t) is a 2-by-2 matrix used to denote the MIMO channel from the node N1 to

25 node N2 such that N1 and N2 < {D,R1,R2,S}.



SD,,,(1) is a 2-by-2 matrix nodelling the effective STBC channel fromthe S
102 to the nth antenna of the D 120 and np,,, (1) E C2x1 is a vector

nodel | i ngWOWEN/09&9Ser nultiplying (4) with VD,,, (1) andPComs6ailngoeyer m
we have 9 111/ Ds(1)1$+nD(1) STri. (1) YD, n(l) = WO

2011/ 093795PCT/ SG2011/ 000023 11 where np¢g)=Z..1 2 S*D,n(1)np, (1) is.a

noi se vector after e alrz |on t,rerates , 1 (1) and xD.2(1) may be
obt ai ned from tHey [} har r]L—_‘ datlgr] 5 by using a nmaxi num

| i kel'i hood (M) or I i near der'. a2@Pilmates are respect i vel(®)denot ed
Is,,,,(1). and 1p.2(1). 5 At the sarre initial timet = 1, RL 110 receives at

Its antenpag) denBRs\Ré.nth BTBC ¥ihbol 8f thelith fdmenatshe Ntk roklk. 2 (1) 1+ L. (1)

denotes an estimated version of x,,(t)

5 The method 100 will now be described in three parts i.e. the first STBC frame Vpa‘rt

(t=1),the DSTTD frarne part (2 =t=T), and the last STBC frame part (t=T + 1).-

A. First STBC Frame Part (t=1)
In 1010, the time is t = 1 and S 102 transmits to R1l110 and D 120. This is
10 iIIustrated in the transmission pattem 310 of Figure 3. Making an assumption that
the channel is static for two consecutive symboils, the signel received et D 120 at
the initial time t = 1 can be written as | |
[”D T ’(1)} 02 Hos(1) ] [ ) ez ] ; [mlm' nn,l.zu)]
| yp.2.1(1) yp.2.2(1) [1 2(1) wy(1) ] np.2.1(1) ‘”'D.z_.z(%) ('3) :

- After reformulating the received signals, the Iinear model obtained is-

(12 ] = om1) = [ Rz L@ ] [28] 4 [ D]
15 = Spm() [50)] + no.m() (4)

So.m(1) isa 2-by-2 matrix modelling the effective STBC channel from the S 102 to

the mth antenna of the D 120 and np (1) € C*"is a vector modelling AWGN.

After multiplying (4) with $* (1) and cornbining over m, we have

2 , _
>~ Sbu(Wypm(1) = [Hps(1)]3 [720)] +np(1)
20 . om=1 ) . . (5)



[(1) YR .2.2\1/x2(1) Xj(1)UR] ,2.11,-.-1 nizt1,1,2(1)] Tt1il.2,2(1) (6)
Simlarly, estimates of xn, (1) and xin2(1l) nay be obtained by using a

maxi num MWOl20kigl9Bwdod (M) or |inear decoder as is donePCh/SGael1meee3 D 120.
These estinmates are respecti vely denoted iR1,1(1) and iR1,2(1). The
estimates 1/21,1(1) and "iR1,2(1) then mpy be retransmtted or rel ayed on

fromR1 ds 13829, f r (2 =t
Lrom L Ahers Aot 19285 Q10D Sind ddor oo BSPARATEAm RS or (2 7 ¢

115 ona BoitSkhee b ahs BRI PR el REEAIA paRRLORE 56 o ™

Figure 3 for the tinet = 2. 20 In 1030, the tinet is 2. =t T and is
odd. S 108ngraamsxiniemtlikeiflodd (Miahor Iheki @leshder Tﬂaféséb%tinmteaaséﬁ ts what it
had received earlier to RL 110 and D 120. This is . illustrated in the

transm 5@5?@ eIl YeRo0 égFérnglie for the timet = 3. WO
2011/ 0937 CT/S 011/ 0000 12 1fh*each tine slot in (2=t =T), the S 102

node transmts fresh STBC synbols denoted with {xi(t), x2(t)) to the nodes
D 12 and Ra, where RaE {R1, R2}. In the sane tinme s|ot, the STBC synbol s
retransmtted by the nodes Rl 110 or R2 112 are denoted by t_ib,i(t,(t -1)1
wher e RbAEtI'{q:a_amez;_n}ltnallmhettﬁat RRh1#¥0 Receives atitsantennae - 1)1 are the
synbol s estlnated at Rb in the previous tinme slot. For exanple, at t = 2,

R1 110 retra J]gs t(ﬁ estimates -f'R1, 061) a . ”((1 to 1t) e nodes D
120 a % ii(l JEd )3 a9 Surhbds (tlh]aE[fh@ T’Toéﬂﬁﬂfﬁ r9%m1(1 % 't hél)rlel ay nodes
R1 110 and R2 112] are 10t he same ak!tHHt “df)  He sourlc . qey =

In the follow ng description, .

Similarly, estimates of x,,,(1) and x,,,(1) may be obtained by using a maximum
10  likelihood (ML) or linear decoder as is done in the node D 120. These estimates
are respectively denoted ,,,(1) and %,,,(1). The estimates ,,(1) and %, ,(1) then

may be retransmitted or relayed on from R1 110 to the nodes D 120 and/or R2

112.

15 B.DSTTD Frame Part(2=t=T)
In1020, the time tis 2 =t = T and is even. S 102 transmits to R2 112 and'D 120 -
while R1 110 retransmits what it had received earlier on to R2 112 and D 120. This

is illustrated in the transmission pattern 320 of Figure 3 for the time t = 2.

20 In1030, thetimetis2=t=Tandis odd. S 102 trénsmits to R1 110 and D 120
while R2 112 retransmits what it had received earlier to R1 110 and D 120. This ié,

illustrated in the transmission pattern 330 of Figure 3 for the time ¢ = 3.



when t is an odd nunber, the notation of {Ra, Rb} = {Rl, R2} is used. Wen
t is an even nunber, the notation of {Ra, Rb} = {R2, Rl) is used. In both
cases, RWwpepfigwa®srel aying while S transmts fresh STBECHERGAVKPAINBES. S
102 and Rb may transmt their respective two independent STI3C franes

simul taneously. It can 15 thus be seen that the relay nodes Rl 110 and R2

112 al t enpakickeinie §|wrp(f12i)p£m,efhetsa@§rﬁddé thensHils freSi ISTB spmBes from one
time slot to the next. The spectral efficiency may thus be seen to be the

Shonarr SeEbtedibatR cth ot 3“%&@“ D@%@%ﬁﬁ%@%ﬁ%ﬁ {%hgﬁgé"%&%? FZPtSme
and nma e repres (- 1, 1( D 1.2(t)+nD, 1. 1(t r?2.1.
119 "B Sapis Bing 0t e STatisvibold iphapghites o) Hedtosos ) SRR (7

where P is a 4-by-4 pre-processing matrix. 13 As the receiver nmay be a
convent i @haidenatery E‘G.ei WerD), ¥helist girawheredRs eclR aR2}eamicbdbat Bel = Re- Equat i on
7 may be reordered to yield a linearized nodel. up (t) = SD(t)x(t) +
rip(ty(8ysThe: DGt ati gp_ Fel A0 : * - 2t enot es
a rec%i ve{é"”tsl?gng?’@ﬁ""gec%io ér)aetthte h%mﬁl%%se%%%g@(\# %t %é‘ﬂath%@ly?g?%ég%%% Iiov‘e DSTTD

channel matri x. : ‘ o
For example, at t = 2, R1 110 retransmits the estimates %,,,(1) and %,,,(1) to the

nodes D 120 and R2 112.

It is assumed that the transmit power of the relay nodes R1 110 and R2 112-are

-

10 the same as that of the source, i.e., E " —Es. In the following description,

fny
when t is an odd numbér, th.e notation of {R,, Ry} = {R1, R2} is used. When tis an
even nuAmber, the notation of {R,, Ry} = {R2, R1} is used. In both caseé,‘Rb
performs relaying while S transmits fresh STBC data symbols. S 10_2 énd R; may
transmit their respective two independent STBC frames simultaneously. AIt' can

15 -thus be seen that the relay nodes R1 110 and RZ i12 alternatively switc.h:: béfvs?een_ _‘
transmitting and receiving modes from one time slbf to the next. The specfral |

| efficiency may thus be seen to be the same as that for a full-duplex relay system.

At the‘time slot ¢, the signal received at the D node may thus be interpreted-as one
20 DSTTD frame and may be,represented as

i'l’c.b,l (t“l) _i"f:,b,g(t-]-)

| p1a(®) ypa2(t) | _ g ] I, 2(t—1) 2, 4 (t-1) [ rpaa(®) nnaa(t)
|:!~/D.‘1(f) '!ID,'_’.‘z(t)] - [HDL"(t) HDc'(t)] P ‘Il(t) _133(1) [’Il[;g_ﬂlt) 11,D~g_g(t):| )

3 (t) zy(t) (7)

where P is a 4-by-4 pre-processing matrix.



x(t) =[RRb.,1(t,- 1) kRb,2,,(. - 1ix1(t)x2;(01 is a transmtted synbol
vector. Estimates of x(t) nay be obtained fromthe reordered signal from
Equat i on BORY1WMBTg a M. or |inear decoder. This esti nmaPCHSGaen/p@2sone at
the D 120. The estinates obtained are denoted 10= {-4,"D,i (t -1)
--R,.D,2(t -1)1EO0, 2 or, the elenents 1030f 10 respectively being estimates

of the cAgtesRMIIN aarenécsrnfernﬂahél(msﬁ@ ﬂ@cb%’rythetg*@aﬁlr@ém ed §§€i ved at
the rel ay node Ra may be expressed as x(t) nR'(t)(9).

et 1 mat SR TR T IR 7 TRy B M ‘%ﬁeé‘ 09 fabssiel FBl 2 0.

1(t)= [1(t) In the subsequent tinme sIot t +1, it is noted that where Ra =
Rl, Rl becones Yaéhotelp tﬂf‘@lﬁ 5 ()| arly, where Ra = R2, R2 becorres penot ed
by Rb. In other vvords the relay, node Ra t hat does receiving in t%e tinme

lot t, * I ayj« f Rb
ot e PRSP SR ORO T OAO LA L Aty ©

b d b = KR R 2 | T
o TRy owetmﬁemsnt i e e St S DY cemper mabt) ) 5610 s
t hus retransmtted fromthe node Rb to the nodes Ra and D 120. In 1040,
while t k@)25sL ,B-T) Lheestops(9k,302% @ﬂ@n%ﬂﬁ%@éﬁnb@%&dEsﬂ_Meé he 5

step 1020 is perforrred for every even nunbered tinme slot fromt =4 tot =
T. The tran@in ssion attern 340 shows the transm ssion between nodes for

the ti meOkylst may-bero mmapmh? re@ﬁ’@f@@ signebiom Eapatieryd lyasing addlery - odd

numbered tinme slots fromt=5to t = T-1. 10 The transm ssion pattern
duri ng eecingdr debodér. Mhisestirfaidn Ehaty be. ﬂbﬁé afithe De120. The estimates

obtained are denoted i(t)ﬁ[)‘cquD,l(t—l) fR,,.D,é(f—l) %p,(¢) )?D.ZtT,the elemenvts‘:

10  of %(¢) respectively being estimates of the corresponding elements from x(¢).

Similarly, the signal received at the relay node R, may be expressed a's

YR, (t) = Sk, (£)2(t) + nr, (¢) |
)
The relay node Ra may also employ ML or linear detector to obtain an estimate of -

15 ’x(t)=[xk,,,1(t) xR,_z(f)]T- The estimates obtained are denoted 32(1)=[321§,,,1(t).5 sz(t)}'

In the subsequent time slot t + 1, it is noted that where Ra R1 R1 becomes
denoted by R,. Similarly, whereRa = R2, R2 becomes denoted by R,. In other
~‘words, the relay node R, that does receiving in the time slot t, performs :

20 retransmission or relaying under the node notationjef Rp in the time slot t + 1.

Accordingly, the estimates x(z)= [fcRuJ(t) fka.z(t)]f obtained in R, in the time siot ¢

become denoted by i(r)= [fckb.1 (t) '£Rb.2(t)jr in the time slot ¢ + 1. In the time slot £ +



generalized as transmtting fromthe S 102 node to the D 120 node a DSTTD
signal, while in the sane tinme slot receiving the sane signal at a relay
node, | uswoas811/d98796t her rel ay node transmts a DSTTD si §eAISGRHidt000023
previously received in an earlier tinme slot. In the next time slot the sane
t hi ng happens, except the relay 15nodes ghange roles; the receiving one

transmt | {4 C vers SJTTD s dlrectly
from the 'Stubatan) Rivetd (ol feBas AL PN T RuReRRE, bt o
DSTTD system and may thus enpl oy a DSTTD receiver. 20 C. Last STBC Frane
Part (t=andD1j20.n 1050, the tinme is t= T+1 and R2 112 retransnits to D 120
what it has received in the time slot T. In other words, R2 112 relays on
to D 120 AT) {iR,,(T) iR2,2(T)IT . This is illustrated in the transm ssion
pattern 350 of Figure 3. The signal received-at D 120 is - Af ter

ot i ned a4} YT (82399 . S of 1086 108 i e ePRRRd G Y Ry

172, ' 2( Jtep@OZ?)%e’rfo’n%%g fonlé\Téry evegpu]mbel%% tﬁie_"slot ?er+%l'4 i%zf 2 ﬁ'T)I'Le
transmission pattern 340 shdws the transmission between nodes for the timé SIof t

= T. Accordingly, the stép 1030 is performed for évery odd numbered time slots

fromt=5to t=T-1.

10  The transmission pattern during each of the time slots of 2 < t< T thus may be

generaliZed as transmitting from the S 102 node to the D 120 'nod_e a DSTTD
signal, while in the same timé slot receiving the same signal at a relay node, just
as the other relay node transmits a DSTTD signal that was previous'_ly received in
an earlier time slot. In the next time slot-the_ same thing happens, except the relay

15 hodes change roles; the receiving one transmits ahd vice versa. Since the D 120 :
receives a DSTTD signal directly from the S 102 éﬁd R1 110 (or R2 112), the D
120 may function like a‘PtoP DSTTD system and rﬁay thus employ a DSTTD |

receiver.

20 C.LastSTBC Frame Part(t=T+1)
In 1050, the time is t= T+1 and R2 112 retransmits to D 120 what it has received .

in the time slot T. In other words, R2 112 relays on‘tb D120

~

#(7)=[%,,(T) %,.(r)]. This is illustrated in the transmission pattern 350 of

Figure 3.



[np,m1 (T + 1) + *I np,m2 kT +1) SDmMT +1) R2,1(T) 1?2,2(T)n
DT +1) (11) SDAT+1) is a 2-by-2 matrix nodelling the effective STBC
channel fWORIR293I2 to 10 the nth antenna of the D 120 ROd/SG2{L1r000021) E
C2x1 is a vector nodelling AWGN. As was done to Equation 4 in order to
obtain Equation 5, Equation 12 that foll gps may al so be obtai ned from
Equation 11.

The signal received at D 120 is

nga (T) —i3, 5(T) ' |
ypa.1(T+1) ypa2TH1) | _ e NS np.1.1(T+1) np..2(T+1)
[y[)_zj(T-H) yr>.z.2(T+1)] = [Hor, (T+1) 0.2][ [‘”Rz-z(T)O“"RzJ(T) H + [nm.,(ﬂl) n,D,g,_,(T+1)]

(10)

5  After reformulating the received signal of Equation. 10, a linéar model may be

obtained as

2o [lnnl) hm;?(m) ]{ o, {np,,,,,xmi)}

y*D,m,Z (T'*'l g n12(T+1) DR ml(T+1) xR, 2(T) ”I),n;,2(T+l)
- 01, o
=S, @+1)."" (len,, (T +1
o) 20 01 .
| (11)
So.m(T+1) is a 2-by-2 matrix modelling the effective STBC channel from R2 112 to

10 the mth antenna of the D 120 and np ,(T+1) € C**' is a vector modelling AWGN.

As was done to Equation 4 in order to obtain Equation 5, Equation 12 that follows

‘may also be obtained from Equation 11.

o, o
ZSDm(T'*'l)YDm(T'*'l) HHI)R (T 1)” I: RZI( ) +nD(T+1) _ _(12) ‘
m=1 . o
15 |

Estimates of x,,(T') and ’éo,z (T') may be obtained from the signal of Equation 12

by using a maximum likelihood (ML) or linear decoder. These estinﬁates a‘re

respectively denoted %, ,(T) and %, ,(T).

20 [il. PRE-PROCESSING DESIGN -



Estimates of xt,,,(T) and XD,2 (T) nay be obtained fromthe signal of
Equation 12 by using a maxi num | i kelihood (M.) or |inear decoder. These
esti mat eswanei1vespPsécti vely denoted 2 1 (T) and 11,2 (T). PCT/SGR0ITHAWAS i ng t he
met hod 100 to a typical point-to-point (PtoP) conmunication system S and
Rb E {Rl, R2} when perform ng DSTTD coop‘%ratl ve transm ssion according to

the met hodmkdl .ngaue%tnb&%@ 8% @pfdan bt Q?‘E§B6§P§fﬁrﬁo}ﬁhﬂﬂlcgﬁ§hce W th

f our antennae. pre-processi ng meth o t'o 1 nprove 5 system

ot enna ShurTh STyRERE ofc LaRghvhBh BRBhRY oRETFE R B isdion ™

re- processi ere block dlagonal matrix with the formof P
g.CCOIPdI n@c‘f%g%@[}a ﬁh%ﬁ"eﬁo&é\ég@w 8 viemed ag@Sipgleddpll 1 Pdransmittng exanpl e in
the Equation 7 for the nethod 100. [b 02 1 L When conpared to
convent i @RFe MitbHopSATENEgE t APe- NPQQSSWQEWW%E’@W@P userktonmprevelat a to be
transmtted may not be shared between the S 110, and Rl 110.and/or R2 112
nodes. | sysiemeperfamasce twith QiméIéedbuﬂkdnfdﬁﬂmﬁannfaxﬂwadmlélmetﬁmueinghe
entire current frame that is being transmtted fromS 110. When contrasted

t o pre- pasieansishafiimy BedSr SerRkties. antenna shuffling and sel ection, the
matrix P.of Equation 13 perforns pre-processing for the two STBC frarres of

the S 102 and rel ay nodes independently. In .addition to the bl ock
20di agonal structure, a diagonal phase rotation matrix nmay be -adapted using

Optionally, distributed pre-processing may be used where a block diagonal matrix
WIth the form of P accordlng to Equation 13 is applled ThIS may be applled for

10 example in the Equation 7 for the method 100.

=[5 ]

(13)
When corﬁpared to convéntibnal PtoP DSTTD systems, with pre-proce's.sing, the
whole data to be transmitted may not be shared between the S 110, and R1 110
and/or R2 112 nodes. In other words, the R1 1‘10_‘and/or R2112 nodes do not

15  have the entire c_urrent fra'me that is being tra_nsmitted from S 110.

' Whén contrasted to pré—processing methods such és antenna shuffliﬁg a'm‘d |
selection, the matrix P of Equation 13 perforﬁns pre-processing for the two:STBC
frames of the S 102 and relay nodes' indepeﬁdently. In addition to the block

. 20 diagonal structure, a diagonal phase rotation matrix méy be adapted using
Equation: 14, thus providing convenience in the pre-processing .matrix désign, as

well as utilizing a moderate quantity of féedback information.

(14)



Equation 14, thus providing convenience in the pre-processing nmatrix
design, as well as utilizing a noderate quantity of feedback information.
eJoN. i . O Wwo\2U{1/087198N, 2 (14) 17 In Equation 14, 6.4., EPLU/SBZ)11/0000a8 es t he
phase of the signal fromthe nth antenna of the node N. Consequently, PN
may be used as the distributed pre-procesgsing matrix P of Equation 13, It

i s noted \ . di 98, | | ' ' ove a
post - pr otea e AP -0 B aToH B e o e T R B b TR o
is used to denote the SNR froma node N1 to another node N2, where N1 E

{S, Ra} athe NateeN{ Sorsequetlypdhit Mgy deassastiasR dislribited ppa-pensedsingr DSTTD as
SNRN2N1- [(Li EO- 8N 22 St,12(t)SN2(t)1 ) 10 and {1. or 2, if NI = 11." 3

or 4, 1T PkixPBf Equation 13, It is noted that P, is a diagonal matrix, and P, may be

designed to improve a post-processed SNR at the Vdestinatio_n as follows. .

5
The notation of SNRN2N; is used to denote the SNR from a node N¢ to another
node Ny, where Ny € {S,R,} and N; e {D,R;}.The post-processed SNR may be |
expressed for DSTTD as
- , 1 o
SNRn,N, = 5 — -1
(11 + Ewo2St,0Sn,(4) '] | o
ST AR (15) .
10- and
y _A lor2, 1ifN;=R,
3ord, ifN; =8 (16)
By focusing the post—procéssed SNR at the D 120 :node, the minimum SNRDN1
may be bounded ‘
15 min(SNRopN,) = Beop i (So(£)*Sp () o Can.

min(4) is the minimum eigenvalue of a matrix A.

The relay pre-processing matrix maximizing the lower bound of the mini,mu.m post-
processing SNR of Equatiqn 17 may be obtained from the optimization problem of

20  Equation 18.

PR P} = arg max  Amin Sp(t)*Sp(t
{Pg,. P} Al (Sp(t)*Sp(t)) 18)



By focusing the post-processed SNR at the D 120 node, the m ni mum SNRDN
may be bounded 15m n(si\IPt>A(.6 (1..) - -saD ?"i,(...4) is the mninmm

ei genval NEO@P1IAIFEBri X A The rel ay pre-processi ng nmRCTISG20M0002%i ng t he
| ower bound of the mninmum post-processing SNR of Equation 17 may be

obtai ned fromthe optim zati on probl em ofg 20Equation 18. {P .Rf;} = arg nax

A . (SOl RBERHPBSTD ohdiHlol ALY IR/ BEPEICSGRRANP00023 18 Since

the effective DSTTD channel matrix SD(t y be represen y SD (t) =

: e b .1 e-)61R" hpRb 2.1 (t)eb A h-(t)e- j 8
II.:).lél ’2| D(RE) )Zeg h[DR,!?;[JG(tE(Ia’ F‘bp I}DR%I(Q(I‘?P%R)JG h,Ds_l.P(t)eJ"SJ /713.(@,1_2(0'67"3'2 ( ) J

v N T v T . —jhg - - y o ifg
S (f) | "Dryaa(t)e TRp2 ~hpr, .11 (e TTRe- his.1a(t)e” 8.2 —hig 4 (e
D i h.DRb.‘QJ(t)CJHRh‘l l),DRh“l.g(f»)ngRb'Q , ]I.Ds_2_¥(t)€jas'l h.Dsqgvz(t)C:i‘)S‘z

hli_)Rb.eg(t)e—jen,,fz —17'133,,,2,1(f*)€_J9H""1 h’]SS_Q_Q»(‘t)e_jUSAQ A—'"‘E)s.-zg(f-)e—ja?‘i ' - (19) .
by substituting Equation 13 intQ Equation 7, the opﬁmization'formulation of

Equation 18 can be reformulated as

{08, 1,08, 2,681,685} = arg max  Amin (Sp(£)*Sp(t))
’ ' Or,, 1.0, 2.05.1,0s .2}

(20)

Further, by using the specific structure of the DSTTD matrix Sp(?) from Equation 19,

the minimum eigenvalue of Equation 20 may be derived as

e — Vi — A(crea — 1)

/\mi‘n. (SD (t)*.SD(t)) =

o

(21)

s

10 where G4 = ISi_ilz ‘i"IS:Lgl2 + 534

e+ %

1,0 = |51.3 + |51.a.

2 + Isg.élz,

Cy3 =0y + Cz,and

[N}

1= ( [s11l + l51.2|-')1:|51.3|:.+ |51,-:|‘)+( sl + sz )U533|
51.251,4)(5 31553 T 532532 }'i' ZRE-{(51.151.4 - -51.251.3:) ,53.15“;.f ~ 832 53.3)}

. s;;denotes the (i, j)th.entry of Sp(f). :

15  Consequently, knowing that ¢4, ¢, and c; are independent of &, , the

optimization problem of Equation 20 may be rewritten as

{910?1, 1s 6?{1, 2:081, 03 ')} = arg n’lil'é bs.0) n
v ’ ’ - Or,.1.0r,.2:05.1,05 2 '
| ’ o (22)

Applying the sum and difference identities of angle and trigonorhetric functions, i.e.,

. — : . . % P -
20  coslf * &) = cosf cosd; F sind; sind, and ecos§ + gsing=\/a= + ﬁ;;os(d — %an 1:}!, a



//Dub .1.2 (t)ejRhhDS.1,1(t)e)63.111D5.1.2(0ei"S 2 -11D*Rb . 1.1
(*--i6R6hi S5.1.2(1)e-1(48.2 /),DRh .2.2 (t)ejeRbhns. 2.1 (t)e-i's

1hE) s. 0. 2/00ei199379R1" 2. 1 (t)e-3ARb .1 hb. s.,,(t)e-jus. PETISHRO{1980023 ( 19)
by substituting Equation 13 into Equation 7, the optim zation fornulation
of Equation 18 can be refornul ated as O 4g b. 90g9} = argmaxAmin (SD (t)*
SD(t)) 5&&%ltl&ﬁlfdrhﬁé gﬂhéﬂ%hﬁge?&ﬁtléﬁ%hfnh&lr@tvﬁ HPEEG@U(S’H 22 A¢a TD matrix
SD(t) from Equation 19, the m nimum ei genval e of Equation 20 may be -
derlvedg \@En (SD (t)* SD(t)) - -4(cie2 - 77) 9 (21) where ci
=1s111--981PA3%.i + | Es., , ¢ = Ists. ++ Pis | + Iss.A, Ca =c,,and -,,

- ta‘n‘1 (%zi.(%%) , if Im(p) >0
2 —tan™' (£58), if Im(p) <O

3w
2
0ROk, 0081 — 03, = { .
Im(p) v (’23')
where

5 P= (hDR, 1.1(1)ADR, 2,2(t) = hBRb,l,Z(t)hBR,,,Z,l(tv))(hDS,l,l(t)hDS,2,2(_t) — hps,1,2(t)hps,21(t)):

Without loss of generality, Equation 23 may be set to be 83, , = 62, =62, = 0. Thus,

only relay pre-processing may remain to be considered. The D 120 node uses

Bx,.1 € [0,27] for computation in Eqdation 23. This may be done according to the

10. channel state information (CSl) and is fed back to the R;, node for the relay pre-
processing. The CSI may be estimated at D 120 by using the orthogonal training

sequences. In order to reduce the amount of information feedback, '6354 may be

considered to take on the values{0,=}. This may thus use only 1-bit to feedback
information. This may thus provide the advantage Qf using a minirhal amd‘un_t of

15 feedback information, but may still be effective for improving system perfdfmahce..f

IV. SELECTION SCHEME

Frame-by-frame ML detection rﬁay be performed independently for each frame. -

This may have the advantage of overcoming the computation c_:omplexity réquired
20 . for performing optimal ML sequence detection (ML,SD). Performing optimal ML.SDV

over T frames'may be unfeasible in practice due>to' the tremendous co’mputatibn |

complexity resulting from processing MQT candidates (because there are T frameé

with symbols including M-bits).



= ( 151.112 151.21 ) 051.31 151,4 12) ( 153,112 + 153.21 )OE3312+l
123.4 1., ) 2ReC(StiSt3 + 51.151.4)(53.152.3 + 53.153.4)) 2Re((5 51.1.-
1.4 - 51"80.2001/00575151. 4 - 53.153.3)) . Sid denotes thePCT/SGRoN/080023y of
SD(t). 15Consequently, knowing that cl, c2, and c3 are independent of 19N.,
, the optim zation problemof Equation 2 may be rewitten as ferthb,i,
Otb.2, eg.1, eg.91= argm n77 } Applying the sumand difference identities
of angle and trigononetric functions, i.e., 20005(61 62) = cos oli cos62-T

S e Rlr 60 EaohE AL 18 i pe e i kst nieD VO,

m ni m zi ) r7n1ay0<;btaE% toI é)s |ma2tersn?gr x?e td_e,rj Q/e;(r:l_al% ’eétl ¥ flf%gmmunlcatgon tim /‘]O -

for (t=2,..., T + 1). In other words, th'e D 120 node I_(nowsA thé estimates

5 [Frpalt—1) §§bn2&n-1)f’and[fbiiz—-1)§53{t?{1ﬂTthroughthetﬁ1and(ﬁfTﬁh"
co,rhmunications, respéctively. The' former estimate is derived from thé fecéi\)ed' ‘.
signal through a relay—iink (ie. a source-to-relay-fo—destination link) and the latter
estimate is derived from the received signal through a direct—link‘ (ie.a source»-to-

destination link). Thus, the detection performancé for the two estimates may be

10 different depending on the link conditions.

A link -selection method according to the example embo_diment may be __used. The |
link selection method selects the most reliable estimate based on the bdst- |
processed SNRs of the direct links and>relay links. It is noted that siﬁce the

15 method 100 uses relays of the DF type, the soft comblnmg of #p,

e

#2.=( = 13 may not be applicable.

In the link selection method, the selection criterion for the nth STBC symbbl 'of (t-

1)th frame is

ipn(t—1),  if SNRpg > min (SNRpg,, SNRR,s)
En(t—1) = '

IR, Dm(t — 1), if SNRpg < min (SNRpg,,SNRR, s
20 ‘ Dalt 1) ( ) (24)
This selection cfiterion may work well for a ML receiver in spite of the post-

processed SNR'being derived using the assumbtio‘n that linear processing is

performed. The dominant factors for the system performance are the link gains



{3r - tan-1 611,30 , k. Im(p) Lif Imp) <O 7-17;tan-1 (Re(p) ) if Imp) >
0 (23) where 5P - (hbRo,i(t)hia,"2,2(t)hbRb, 1,2

(t)h' 6R" ,MORODYWOBT9S, i,i (t)hDS, 272 (t)hDS, 1, 2(t Pl DS72, 1PCUISGHL1H0R3 | 0ss of
generality, Equation 23 may be set to be 64, O,i== 0. Thus, only relay
pre-processing may remain to be considerad. The D 120 node uses G [0, 27]

for conpytat | avhicth aksitightiyorelatdd td the prﬂﬁedQéwsmmEdﬂgﬂidrpw.hﬁwiéo

channel state information (CSI) and Is fed back to the node for the
relay preprocessing. The. CSI be estimated at D 120 by using the
orthogorfﬁgyg?aﬁer?i“d ,%&%&Smﬁog?ﬁo@@%@ 8i%e the anount of information
feedback, CR I may be considered to take on the valuesto,,z). This may
thus use only 1-bit to feedback information. This nmay thus provide the
advant age of using a mniml anmount of 15 feedback information, but may
still bdnefrélecto perfdror thenmkadlediony ee SNFR irff@nmativnemal e (BleldEgETheN SCHEME
Frame-by-frame M. detection may be perforned independently for. each .frane.

Thi s smayddstinatiomaoddVemne 3B Rf arty SNRYE], htayt be esHiBtdat 18 90D et ¥ _
required 20 for performng optimal M. sequence detection (M.SD). Perform ng

qui red 2 _ quence i |
{1 emondon R oebs BTN g e Ry 1o PR RS RAPE N o gat e

b T . | ncl udi Mbits).. 20 T f :
usi mg. Qe AL Mo ghh8 e hhg KA Rl G Ol B8 by e rsbReRn 20°
may obtain two estimates for [A-1(t -at a tth conmunication tine -

signal perf%rmance enhancernents'may however be obtained.

10  Atleast two frame length memories may be required at the D 120 node in order for .
the selection to be carried out. However, no selection at each relay may need to
be carried out since each relay retransmits the signal received from S 102 in each

subsequent transmission time.

15 V. CELL PLANNING AND FRAME STRUCTURE
Relay‘ nodes may be located close to each other, in which case the strong
interference amongst the rela-y‘ nodes may deterioréte the relay signals. Tﬁus, :
metiéﬁlqus planning may be required when deplo:yiérig the relays ln cellulé:ri ‘ :
systems. B |

20
Figure 4 thus shows an efficient cell plan 400 according to the example
embodiment. Four cells respectively labelied Cell #1 to Cell #4 are shown. Each
cell is m_ade up of three sectors and each sector has two relays. As an example, |
Céll #1 thus has six relays 430a to.430f. The cell pian 400 may have the

25 advantage of avoiding inter-cell interference (ICl) arising when the proposed



for (t =2,..., T+ 1). In other words, the D 120 node knows the estimtes 5-
D.1" x-ft - 1.Aand [i:t -1). 17s.-7 6.ruo.D.2. 1)] through the tth and
(t-1Dth WOrMWN9BEEi ons, respectively. The former esti mRC&SIG0AMOIREd from
t he received signal through arelay-link (i.e. a
source-to-relay-to-destination |ink) andy4he latter estlnate i's derived

f rom t hepsTae)-pased WioHath PGy Sis@nil eeag%méa %tr(é cEluldr SRigPRdMdest i nation

| ink). Thus, the detection perfornance two estinates may be

2225LFL%'E#'S”?'V“%P-%'PE'ﬁtﬁﬁoaé REfiahals AT B TR,

sel ects the | abl e stl mate based on the post- processed SNRs of the
di rect IPﬂﬁ?g 'h@t hsq 3”‘9 is noted that since the 15method 100 uses
relays of the DF type, the soft conbining of ID(t - t) wth - 1) may not be

applicable. In the link selection nethod, the selection criterion for the
nth STBC synbol of (t - 1)th frame is 94) (t--1),if SNRDs > nmin (SNRDR,,
SNRR 3) XRe(cell plar) 400 megNREzs two sirateg&NRDR,  SNRRI i s) 20(24) This sel ection
criterion may work well for a M. receiver in spite of the post- processed

SNR bei ngtraesdy 9dUdsith@el dertErSH Bpd0td ihbhsk ithe degRIc06EBSedtin ifér rdgdyf or med.
The domi nant factors for the system performance are the |link gains
deployment with less mterference. ‘
Strategy 2. Use the same communication mode (i.e. to function either-as’

transmitters or receivers) for the nearest two relays who use the same frequency

10 but are located in different cells.

In accordance with Strategy 1, the cell plan 400 has~ three eeotors, i.e. Sectors A
410, B 412, ahd C 414, using orthogonal freque‘ncy bands respectively:also
labelled A, B, and C..A two-peth relay deploy method is also used |n the cellutar .

15  environment-shown where each sector has the two relay nodes. Taking sector 420
of Cell #1 as an-example, that sector 420 has two relays lR1 430a and R2 430b

performihg DSTTD-based two-path communications.

In accordahce with Strategy 2, the neighbouring sectors of different cells ehering -

20 the eame frequ’ency are also arranged to avoid interference by ensuring that the
nearest two relays in the respective neighbouring sectors are deSighated to be the
same mode. As an example, Cell #1 and Cell #3 are neighbours and sector B 412
shares the same frequency band. Relay 430e of sector B Cell #1 is nearest to the -
relay 454 of sector B Cell #3. The relays 430e and 454 are thus designated to

25  function similarly as receivers (i.e. Rx mode relay) in the same time slot and same



WO 2011/ 093795PCT/ SG2011/ 000023 21 which are tightly related to the

post - processed SNR in Equation 15. This nay be seen in .nunerical results
to be pregendddIBAber. In order to performthe |ink sel @TiS6Ga01110h&@2SNR
information may be used at the 5 destination node. The SNRDs and SNRDRb may
be estimated at the D 120 node, while SNRRbs nmay be obtained at the Rb node

and fed ﬁ%&lﬁeﬁé)ﬁﬁbﬁ@.esﬁﬁlag?dﬁetr‘éh%@d%% &dé-CeTl(wgies r¥%‘§rr{9§t @ddktbppal

signalling may be required for t sl gha r mance

enhance e in 0. At ast two frane, | th nenories
may be ?ggﬁusr°g§¥8{5?\teﬁ§8E#?zliﬁgf!;%‘@yg%%%’@é@ ‘H} g5t ggldfgé{qn&t]ecf be carried
out. However, no selection at each relay may need to be carried out since
each rel qil@ﬂr%mﬁﬁﬁ'x as {rpasaytiRfa .8 cDeiMpds refayladring she samedime siptegdent
transmission-tine. 15 V. CELL PLANNI NG AND FRAME STRUCTURE Rel ay nodes may
be | ocat eaM& ferauansydwdd. ot her, in which case the strong interference
anongst the relay nodes nmay deteriorate the relay signals. Thus, neticul ous
pl anrb ng may be required when deploying the relays in cellular systens. 20
Figure 4 thus shows an efficient cell plan 400 .according to the exanple

enbodi MeluchRLErraddrieitahag ebhie? itile habshtagd iRk etbnf Félé?hboiﬁﬁ'sftro%gsr‘zs"mén

Each cell -is made up of three sectors and each sector” has two rel ay

exanpl e, ir%ﬂférﬁ%etfmr'ﬁt ﬁeéﬂeﬁlt ﬁgllgﬁﬁlﬁgﬁﬁ@g?l%?sz@mt e m@&f&%b}:%?%gﬂ/vé&o may

have t he 25advantage of" avoi I'ntérference arising when
the prop 22 _DSTTD- based. two-pat elay s i pplied to the

cel | ul ar Pejﬁgpﬁgﬁﬁér%'.o“ﬁpﬁeﬁgﬁ%w R\en$%{qdr%¥ﬁ7y$${fg§?e§é%ce may al so be
renoved by enpl oyi ng DSTTD detection at the relay nodes.

10  This design method may aiso result in a cluster structure with four cells i.e. Cell #1

" to Cell #4.

Figure 5 shows a cluster structure for the cell plan 400 according to the example
embodiment. It shows a possible way of arranging the clusters in airepeatable
15 manner. It also shows that each cluster may comprise four cells, e.g. Cluster 1

comprises the cells 510 to 540.

Figu’re 6 shows the spectrum usage of a conventidﬁal point-to'-poi:nt TDDZVOIi:D;'MA |
communications for é kth user in a Sector A'.410'015c .a pth cell, Whére Figu:r:e. »é(a)

20  shows that for a frame for a base station, and Figu‘re 6(b) shows that foré user
node. The vertical axis reflects the freduency domain while the h'ofizontal axis
reflects the time domain. The Transmit/receive Transition Gap (TTG) is required to
switch from transmit to receive mode and the Receive/transmit Transition Qap
(RTG) is required to switch from receive to transmit mode.

25



5 The cell plan 400 may use two strategies. Strategy 1: Use three sectors
in order to increase the degree of freedomfor relay deploynment with | ess
i nt er f er NOE011/0938br at egy 2: Use the same communi cat i onPEDH$62¢11/080028 0
function either as transmtters or receivers) for the nearest two rel ays
who use the sane frequency 10but are locgged in different cells. In
accor danegyuié t7hshgwsathedpebtruiassgd bf POBNOFDMARSnirhlfitafisid oF %gdh - €.
Sectors A 410, B 412, and C 414, using orthogonal frequency bands

respecti : e , . - péa e V. hod is
al so usegg%%lnﬁgegﬂgf?u‘?g?s&@p gﬁ\?lelfgg%?ﬁ{r@s%\é%nB%eP (rae ée@éﬂg@g%ﬁbwﬁgé% t he
two rel ay. nodes., Takin ctor 420 of Cell #1 as .an e, that sector
420 has. FITs dray s el B ahfiams taSoiaserstaton mioneTib) Baska Fadopar h
conmuni c?ti ons. In accordance with Strat eg%fZ, t he nei %hbouri ng sectors of
di f f er enfraE8 0§ adtser inpge PDIgURR 7 G shiopsdhatios\a fsarmedpa Tisstralayawden aadoi d
interference by ensuring that the nearest two relays in the .respective

nei ghbouFiguge Iéd) showsathat frs trasteddr a seisend ielay anvelenPlase Astationeradpl €,
Cell #1 and Cell #3 are nei ghbours and sector B 412 shares the sane

f r equenciinbealdctidied ane Aifven ohlyectiplinkBedmunicdationsNERE QektichPakibeefladtay 454
of sector B Cell #3. The relays 430e and 454 are thus designated to

25f unct i ek fédqudritly! doraginVAGR M orlzontal AR BB RE e LiBnbile same time
2ot "oy T frede i dordin AR M Hforizontl s REEIS e eqeuencyhﬁand. |
Simlarly, the relay 430d of sector C Cell #1 is nearest to the relay 440b

of sector C Cell #2. The relays 430d and 440b are thus designated to
function_sinilarly as transnmtters (i.e., Ix node ay) during the sane
time. sl of NEREIEHarRs SHUERES® [AiThe ubliak b h o akgRRbincias dBert or o
advant age where every relay avoids strong interference fromthe nearest
nei gHbouFPmNYisatipas may betinterpretast fremdnigees hewsommunigationmares as shown
reflected by the dotted boxes 450, 452, 454. 10Thi s desi.gn nethod nmay al so
resul t i detined teshedat tramsmissioni fromftbeiuses fosthe.baseGhtion#BS ) whikIDI#4.
communications are defined to be data transmission from t.he.BS to the users. Itis
understood that for DL communications, the BS would be the S 102 while the
users would be the D 120. Fof UL communications, the BS would b-e the D 120

15  while the usefs would be the S 102. In both cases, it is also understood that the

relays R1 and R2 may be users or base stationé.

.As can be seen, Figure 7(b) depicts the UL comr:anlrilications for the kth us;er{in. ithéj;

sector A of the pth ce‘II. A kth user in a sector A may use a cert'aki'n:portior.lg:of:ba:nd;‘E
20  which is orthogonal to othér users within the same frequency band A. By t:ra‘cing

the dotted paths in Figure 7 It can be .seen as to how and when ‘tﬁe desti‘nationA

and relay nodes obtain information for link selection and/or phase rotation.

Also, it is noted that the downlink communication protocol is reciprocal to the -

25  uplink communication protocol, so that we can get downlink frame structure by



Figure 5 shows a cluster structure for the cell plan 400 according to the
exanpl e enbodinent. It shows a possible way of arranging the clusters in a
repeat abl WORBHB®S. It al so shows that each cl uster napPCESGRITIIH0MRDUr
cells, e.g. Custer 1 conprises the cells 510 to 540.. Figure 6 shows the
spectrum usage of a conventional point poi nt TDD/ OFDVMA conmuni cati ons
for a kt i él);lé}] u 0 shows
t hat forgva’m?ﬁﬁ H%#F%?E%fre tatr%&sgrpb% ghéré(agm grerf%r%éssh %'a a user
node. The. ver axi s refle S uenc whi |l e the ori zont al
axis ref Q&'{%%{Cﬁek‘w ﬁgnﬁ%%'ivﬁ e}Q ar/er%eteégr\r;@ %fgﬁ‘&’?ladr@ BS(TTO is
required to switch fromtransmt to.recej ve node_and the Recejve/transmt
Transi t i SROYWRAM FigHEgS i &) gD cn exclusivelyicrossing Meand/ Bxigode nsni t node.
WO 2011/ 093795PCT/ SG2011/ 000023 24 Figure 7 shows.the spectrum usage of
TDD/ OFDMBesigned actess kotb torelay& Rl as@R23.n a Sector A 410 of a pth cell
according to an exanpl e enmbodi nent, where Figure 7(a) shows that for a
frane5 for a base station, Figure 7(b) shows that for a franme for a user
node, Figure 7(c) shows that for a frame for a first relay node, .and

SFi gure yf. c§|my]9m|c§|h¢(5§g|‘_1-s frame for a second rel ay node. Phase
rotations-and link selections are shown only for uplink communications. The

vertical | i #& Jng(?\ESB;{ Eﬁ?ﬁh‘afé’ HBtn‘?aMﬁEr Eft?st‘ bl E%)%éﬁlkjvaaﬁa@ (u),

reflects rarre ures
downl i nk_( edhack. 10 corrrrunr cations may be int er preted from-
Figure 7' Iﬁ%ﬁ?@ﬂb@zﬁ 6P¢186% defined to be data transmission fromthe
users to the base station (BS), while DL communications are defined to be
data transm ssion fromthe BS to the users. It is understood that for DL
communi cations, the BS would be the S 102 while the users would be the D
120. 10For InUbegeerfarnmiansei evadyations, B8 fatbodvithgbas sumptions 20e haade .| Badhhmodesisr s
woul d be the S 102. 1n both cases, it is also understood that the
assumed to have two antennae, each transmit antenna of the S 102 and relay
nodes R1 110 and R2 112 consumes an average transmit »power. P, and quadratic
PSK (QPSK) modulation is used. It is assumed that a frame includes 80 QPSK
symbols, i.e., 20 STBC blocke (L = 20), and the MIMO channel matrix Hyon iS
15 generated from ihdependent Gaussian random variables with zero mean and

0s.x, vVariance. N1¢€{S,R1,R2} and N2 ¢ {D,R1,R2}. Channels are fixed during one

frame, but may vary independently over frame. Additionally, for the sake of
comparrson the performance of a PtoP system wrthout relays is mcluded |n the .j,ﬁ ‘
plots and labelled “PtoP STBC”. Fora falr comparrson the average transmrt power_
20 for each antenna of the “PtoP STBC” system is set to be twrce as much as the |
transmit power of the two-path relay systems, i.e., each transmit-antenna to_f‘ the
“PtoP STBC” transmitter uses an average transmit power of 2P. In the simulations,

the received SNR from the N4 nede to the Nztnode is defined as

2

E,
RxSNRy,, & — Nl



relays Rl and R2 may be users or base stations. As can be seen, Figure 7(b)
depicts the UL comunications for the kth user in the Il sector A of the
pth cel | WR2RtIN¥®Er in a sector A may use a certai n poPCIrSG201f1/06e0ns 20
which is orthogonal to other users within the sane frequency band A By
tracing the dotted paths in Figure 7, ltyfan be seen as to how and when the
destination and relay nodes obtain information for |link selection and/or
phase rotation. Also, it is noted that the downlink comruni cati on protocol

downt 1 i EREE Do s pRrGERIRNE 8l 8 %&%ﬁ@%ﬁ&&g Bt %Eﬁﬁs@%@éﬁ?ﬁg
T
Fraure T PO uEROHBBIAAIORs AsEofdae afmBesTaRSHi BRLS Bidly and

as shown in Figures 7(c) and (d), an exclusively crossing Tx and Rx node is
desi gnedshewe e performanse whey HaiecsiveBNR for theslingfrom e ReEgRItTthe n t hi s
section the Bit Error Rate (BER) performance of the DSTTD based two-path

rel ayp meDMR0 is0Giried. Higaie Bligoshald thet perfqraTdneervaineretheymiceded BN Rs tfbre
foll owi ng assunptions are made. Each node is assunmed to have two ant ennae,

each tr afidksarsramne sofoZ fethS R savd 1nelRR N VIR arRlandd [AMbIRRigFSs
consunes an average transnmt power P, and quadratic PSK (QPSK) nodul.ation

otk (£ 4 AL R A PR R OISR s
dendens RS AALShL e A8 AR BREIEE oo N €
estimation. The curve 804 shows the performance for a 2-path relay link using
10  MMSE estimation. The curve 806 shows the performance for a 2—patn using ML

joint-link estimation. The curves 814 and 816 respectively show fhe same type of

performance results as the curve 804 and 806, except that for curves 814 and 816,

the estimation done at the relays are error free.

15 _For comparison with the optimal MLSD systems, the number of frames is set to be
two (T = 2) for each communications. The results are then obtained as the
average of 10° commu_nications rea'lizafions. In the MLSD sysfem, the relays R1
'. 110’and.R2 112 employ aiML.detector for the first :STBC frame, and the
destination D 120 detects jointly the first and second frames under the assu‘mptlong'

20 thatthe relays correctly detect the first frame and retransmits it.

As can be seen from the curve 8186, if there is_no error at the relay nodes, ML-
based scheme can achieve the best performance. Otherwise, it can be seen from
curve 806 that the performance of a ML-based scheme is worse than other

25 schemes for certain received SNR values. As an example, when the relay links



frame, but may vary independently over frane. Additionally, for the sake of
conpari son, the performance of a PtoP systemw thout relays is included in
t he pl ot swandilv@p®s|l ed "Pt oP STBC'. For a fair conpari s®&QT/SGheligoenage
transmt power 20 for each antenna of the "PtoP STBC' systemis set to be
twi ce as much as the transmt power of the two-path relay Systems i.e.,

Cransm 1 RO RESESRbRS ary paPrer (e a‘féﬁgéf“eécéfé%ﬂﬁ‘?%ﬁ“ i Hene node
2011/ 8933@5@@%&%@%&8@?) B BB B 5 of (ne

direct and rel aé | inks in DSTTD based two-path relay communi cations

accor di ng'aes A angngfbe respsstivelgnthe C!:r%wek@pa)mgweagonw'tbém MMakce when
the received SNR for the link fromthe S 102 to the 5 D 120 is vari-ed.

Fi gure 8basedlinedr deiectpefifeo cotvec80rartiarins betterithenl tieNRintflok t he |i nks from
the S 102 to the relays Rl 110 or R2 112 are varied. In both Figures 8(a)
and & b) cotheurdcations&0ith theovt-tdyedudatéotontine euhas 806). Pt oP STBC'

transmtter. The curve 802 shows the performance for a 2-path direct link
usi ng MVSE estinmation. The curve 804 shows the performance for a 2-path
relay link using 10 MVBE estimation. The curve 806 shows the perfornmance

for a 27?@%%%%9 ofﬁfenfbgollﬂ §¥B§%\fs?% @8 cJil8 &0 %B?alﬁslé Qor?albqe

respectiv show e sare rmance resu curve 804 and
806, except that fo.,.r curves the estimation done at, the relays
are erroPSHPERANCE;IPCO Hb%a??%ﬁ??af ‘Faf]'f‘ﬁec%'awﬁ&? IRpSH j ﬁaeetcmi nunber
of franes is set to be two (T= 2) for each comuni cations. The results are

t hen obt ﬁreh@ar\&SQ%eTakﬁéféa@en@r mqusmrfrem thetfrshthat the palydifferencen the
M.SD system the relays Rl 110 and R2 112 enploy a M. detector for the
first0 STBeWeaeantbemaisdhe transmidisgipoatdrat tie $20021sodetie. jpeicauseg thehe first and
second franes under the assunption 20that the relays correctly detect the

first fraveragadrarshiiaingridveerifor cive@DD BawiREhat farmunesoRr Mendifosel f there
is no error at the relay nodes, M-based schene can achieve the best

per f or mapeRnts Gt RRyVhS Seen fhéf%”t‘illﬁﬁ%%ﬁﬁ%efé&i@h%ﬁé@eﬁ@f?eo %%ahﬁ%lr%%f formance

of a M.-based schene Is worse her 25 schenes rtain received

SNR val URSks r’ﬁ%y%% gmrmégeeo \g[nen the relay links 27

15 _Figure 9 shows the BER performance of DSTTD-based two-path relay
communications with a Iink selection according‘,to the example embodiment where
there is no feedback (F_B),‘1-'b‘it FB or full FB. Figure 9(a) shows the performance
Whe'n the received SNR for the link from the S 102‘ to the D 120 is varied‘ Figore |
9(b) shows the performance when the received SNRs for the Ilnks from the S 102 |

20 totherelays R1 110 or R2 112 are vaned in both Flgures 9(a) and 9(b) the curve
900 shows the performance for a “PtoP STBC” transmitter. The curves_902, 904
and 906 respectively show the performance for a 2-path relay link using MMSE
estimation where there is no FB from D 120 to the relays R1 110 or R2 112, where
there is a 1-bit FB from D 120 to the relays, and where there is full FB from D 120

25 o the relays. The curves 908, 910 and 912 respectively show the same type of



m n{ RxSNRRas, R«xSNRDRa} are poorer conpared to the direct Iink RxSNRDs i.e.
inthe right (RXSNRDs 12 dB) and left (RxSNRDRL=RXxSNRDR2 5 6 dB) regi ons of
Fi gures 8yWaRoamd3®Eb) respectively, the direct-1ink comPGRISGa0T1190802% t h t he
MVBEbased |inear detector (i.e. curve 802) perforns better than the
joint-link 5conmuni cations with the M-bgsed detector (i.e. curve 806). The

perfor mﬁﬁﬁom\aﬁ&ere%hﬂggg‘ 'F%Ctﬁﬁgésgﬁr%goﬂialﬁéﬁ& S tgfaltt%@?eﬁ{n%eﬁqgonabl €

performahce gai n comnpar conmunt ¢ ons W Mnear
detector _(i.e. curve 802).. Thi,s tendency nmay cone fromthe fact that the
only di ffq({raeﬁ'@@ﬁlf%ﬂﬁ%‘é?‘islpﬁg\‘}ﬁi?ﬁmgopr ansnmitting power at the S 102 node,
i.e. because the average transmtting pOsner for curve 800 is twice that for
curve 802. Fromthese results, it nay be seen that utilizing link selection
between the relay and direct |inks nmay be advantageous. 15 Figure 9 shows

t he BER Wéhdretheneds faf FBSIEDrelmsakhawthepexadctvales afargmfor thet please with a
| ink selection according-to the exanpl e enbodi nent where there is no

the. rocelaa e oo ReR el ppied adticniabe B0 rRBErREIO R, i”i’é%?'epﬁﬁﬁi‘e
b h f wh h ived SNRs f | i pks: .f 1 S
102 20t 0" He- TaF BJaV R sl Rohg 1AL BREed SV ENS pRAtIER Homhy B a) and

9(b), the curve 900 shows the performance for a "PtoP STBC' transmitter.
The cur vBY- agigctigpinsigad olzequenyatdeteetion.show t he performance for a 2-path
relay |ink using MVBE estimation where there is no FB fromD 120 to the
relays R1 110 or R2 112, where there is a 1-bit FB fromD 120 to the
relays, and where there is full FB fromD 120 25 to the relays. The curves
908, 910Feurd iR Pesuttsgienini ineffiguh 0wt tansseeethe)mfodinand8 gpdaheemence resul ts
as the curves 902, 904 and 906, except that the results are for a 2-path

rel aypl i Pl‘mﬁtﬁid"ﬂy Me ﬁﬂ@éé@&ﬂi&ﬂ(co\ﬁgﬁré do2akin 998 b weliBis fultef €l ays know the

exact values of eL for the phase brotation. The results are then obtained

e’ v SRS e Ok ARRTYOR A0e forSnl e SEBi bR B Y o 17
Eg?? gpﬁ;ﬁé@%ﬁﬁ?%@{&gﬁo" Q?\é qufeﬁ\uel &No?Bé’tY‘u“ sylsrt]érﬁls'%trheMR/IS% fe%rt]c.)rs(?g. t he

curves 902, 904 and 906) achieve worse performance compared to th"_e'PtoP
system (i.e. curve 900) in certain SNR fegion, for example where tﬁe RxSNRps is
15  greater than 9 dB, the curve 900 reflects better pérformance than the curve 902. It
can also be seen that the ML-based systefns (i.e. curves 908, 910 and 912) show
better performance than the MMSE detector based systems (i;e. curves 902, 904 :
andV906)-or the PtoP systém (i.e. curve 900) for all SNR values used in thev
simulation. In the caée of fhe PtoP system (i.e. c_uf\ke 900), the ML-based‘fsystemisé | _
20 - may achieve a. SNR gain of about over 8 dB. Fuﬁhér, it can bei seen that'th‘e |
performance gaps between systems using full FB and 1-bit FB with ML_détectors
(i.e. the perfor'mance,gap between curves 910 and 912) is smaller than the same
pei'formance gap for MMSE-based systems (i.ej. the gap between curves 904 and
906). | | |

25



10provided by the link selection (conpare 902 with 908) as well as further
performance i nprovenent from phase rotation (conpare 900 with 904 and 906,
or conparw0208/088198 900 and 912). The two-path systens WRCTisGREBRI@eRSs ect or
(i.e. curves 902, 904 and 906) achi eve worse perfornmance conpared to the

PtoP system (i.e. curve 900) in certain SN\R region, for exanple where the

RXSNRDs : ddd@dh y=1e ] or mance
than the Baresedss EmuoRiicfis hauld Rofbt Kniithd &5 FFaRu g Fo SaiBiiey” o
curves 908 and 912). show better nce -than the det ect or
based sy _eecriés]t?ﬁb_%g_erﬁta?%)g‘@n&ggsgt% tg%ﬁf)%gzﬁargfawﬁ%aIge%tgog%yvfgﬁyc(qlsg{e curve
900) for all SNR val ues used in the sinmulation. In the case of the PtoP
syst em ( APRaregythal the piethed ;ay be, iarlgmaided ag axdevies e Racificalik@sgai n of
about over 8 dB. Further, it can be seen that the performance gaps between
syst ens @Bilmggrated Giguitr(tC)1 Imthis Fasevithe IMmdyinatude 8 pfocassingeniper f or mance
gap between curves 910 and 912) is smaller than the same performance gap

f or MVBEcbefiriedys perfornithe vatites gmthde stependissurssed c20Herabdt SBejwise WO
2011/ 093795PCT/ SG2011/ 000023 29 The descri bed enbodi nents shoul d not be

const r uegpasté bBdirig/® thEQEIREATBbAM UNReatiRSSHtRe FFa@inmetse descri be
the DSTTD relay as a nethod but it would be apparent that the nethod nmay be

i pl e.nenH@chﬁJ%dael‘qﬁéHﬁr‘?‘entﬁ?@‘ﬁr’t@gf‘aql‘yfdsce%lliM.aac?ell?ﬂbrl Qﬁé‘%ﬁgh nga%'dst (10.
In this case, the may i nclude a’processing unit confrgured to perform
t he varigu t.hod, st eps,di scuss earlier, but otherw se-operate according
to the r B QARG LEi oo ok Bacine GescrBRt ATEST T o 7 Be e

enbodi ment is particularly useful in a cellular network,: such as a 4G

net wor k, UpeR I ethepyineiesscomipapication etwerks. dbys mahilg sdalinudavaes.hdseal so
be used in other wreless communicati on networks. Thus nobile station

devi ties, station and athat hetwark infrastricturetrasy kndondorate suadt I@sonatherwiserheor at e
such 1 Cs or otherw se be programmed or configured to operate according to

t he descprdggdmmmsdodcoMigured tespsmpite aeobaiiigmthe ddsctibed iniwthodi on have been
described in detail, -many variations are possible within the scope of the

invention as°will be clear to a skilled 15reader. For exanple, it should be
appreci ated that whilst the source, relays and destination are described as

havi o St . " _ b
NVt 09 SOl bfaAPE dphbTn O Flohi Bl D8en LASKIOBY W BUBNCERY
ol or bR AR R R bR T aR OBl R RS Bkl 26
20 hoc manner, for exanple where a source or destination may act as a

rel al® ofeagiesopicexaimpiealt sauidke apPresiaind Hipt whilst the source, relays and

destination are described as having specific and distinct roles in the method, they
may however be implementéd using similar hardware. Optionally, the sources,
relays and destinations may interchange their roles and funcvti'onsA between eéch
other and/or between other groups of sources, réléys and deétinations lnan ad- |
20 hoc manner, for example where a source or destiﬁation may act as a relafl:y,'jdr:a 3

source and a destination éxchange roles.



WO 2011/ 093795PCT/ SG2011/ 000023 30 CLAIMS 1. A nethod of communi cation
conprising: At tine=t: 5a first nultiple antenna relay node decodi ng and
f or war di goaofivawst9sSTBC coded signal from a source nodepcarsd2eiifonoas
decoded and forwarded STBC signal froma second nultiple antenna rel ay

node, and a destination DSTTD receivegydecoding the first STBC coded
signal fromthe source node, and the first decoded and forwarded STBC
si gnal 10fF @%e second nmultiple antenna relay node; At tinme=t+1: t he
second nul :P'ﬁ antenna rel ay node receiving a second STBC coded si gnal

fromthe source node, and a second decoded and forwarded signal fromthe
first multiple antenna relay node, and 15the destination DSTTD receiver
decodi ng the second STBC coded signal fromthe source node, and the second
decoded ant foAvaethed aficgnumnunication hemprisiig: mul ti pl e antenna rel ay node. 2.
The nethod in claim1 further conprising phase rotation pre-processing. 20
3. The netAbtimekt:claim 1 or 2 further conprising optimsing a
pre-processing matrix based on.a post-processed SNR WO

2011/ 0%3795PCT/ SR Gitdt/AOBPR3antenna relay node decoding and forwarding a first

STBC coded s_ignal from a sourciénode,. a_nd a first decoded ahd :
forwarded STBC signal from a second muitiple antenna relay node, and .
a destination DSTTD receiver decoding the first STBC coded signall
from the source node, and the first decoded and forwarded STBC signal
10 from the second muitiple antenna relay node; |
At time=t+1:
| ~ the second rhulﬁple éntenna relay node receiving a éecond_STBC
‘coded signal from the source node, a'hd a second decoded and forwarded
signal from the first multiple antenna relay node, and | |
15 the destination DSTTD receivér decoding the second STBC coded
signal from the source node, and the second decoded and forwarded

signal from the first multiple antenna relay node.

2. The method in claim 1 further comprising bhase‘ rotation pre—proc::e:s:sing.
20
3. The method of claim 1 or 2 further comprising optimising a pre-'proéesSing

matrix based on a post-processed SNR.



31 4. The method in any one of the preceding clainms further conprising
selecting a either a direct link or a relay |ink based on a post-processed
SNR at t hwoaestismsi on DSTTD receiver. 5 5. The net hod i rCarsgon®o@k3t he
precedi ng clai ns wherein the decoding and forwardi ng includes DSTTD
detection. 6. The nethod in any one of the preceding clains further

conpri sing channel estimating based on an orthogonal training sequence
ina franme str tur for each t he STBC coded, sjgnal s and decoded and

f or war ded &i gn g 3’?\%‘?@ any ?fis O?r&Q%Brc?ceﬂ'né;n am%fl‘d#h%trﬁg B&%i ng cl ai ns
further conpri 5| n [ intg sectors, each sector having an
ort hogonal fre3fl %W%ﬁﬁﬂer %Hﬂe%@ﬁ‘i %rc"i f@iﬁﬂ'ﬂ%b?ﬁ?@@”rﬁjpwtmr@c%ﬁ%na rel ay
node and the second nultiple antenna relay node within each sector. 8.The
met hod in cl ai BNR atuheldestioatiqn PSP fepeivang a cluster out of a plurality
of adjacent cells, wherein a first sector in a first cell and a second
sector in 20a second cell shares the sane frequency band, and wherein

sel ecting the first multiple antenna relay node and the second multiple

antenng resay TS RGP 80P oR8 0P Hd PrecRd @x.nﬁ@%eran&ﬁ@débwh HRel o
that is closest to the second sector as either-the first nulti pIe ant enna

node’ 1 tne. B SO BEROPLRRF oS 5 oo ot st ATl

6. The method in any one of the prepeding claims further comprising channel
estimating based on an orthogonal training sequence in a frame structure --
10 for each of the STBC coded signals and decoded and forwarded signal 4

‘'signals.

7. The method in any one of the preceding claims further comprising dividing
a cell into sectors, each sector having an orthogonal frequency band, and
15 selecting the first multiple antenna relay node and the second multiple

- antenna relay node within each sector.

8.  The method in claim 7 further comp_rising forming a cluster out of a plurality. |
bf adjacent cells, wherein a first sectbr |n ékfirst cell and ai second:i $§ct0r |n
20 a second cell sharés thé same frequency bénd, and wheﬁein selve;:crtiin'glﬁ the -
first multiple antenna relay node and the sécond multiple antenna relay |
node comprisés selecting a relay node in the first sector that is clésesf to '
the second sector as either the first mulfiple antenna relay nodé of the |

second multiple antenna relay node, and selécting a relay node in the



second sector that is closest to the first sector as the either the second
mul tiple antenna relay node or the first nmultiple antenna rel ay node
respect i WEDR011399795The net hod i n any one of the precedi RETSIGAIITHOMAZI ei n

t he STBC coded signals and decoded and forwarded signal signals conprise a
two-path relay tine-division-duplex (TDD) 4x ane structure, wherein the
frame structure includes slots for uplink data transfer, downlink data

transfer feed t at . ack on Link sel ectign. 10 10.
The method- i n BeoTa RSt iRt sRielhte, B isF REARE fs i el PELERgNS

bi di rectional copmunicati-on jncluding an uplinpk and a downli nk. 11.
An int egrat ed BHPY ‘?nt@BHf’ir@‘?b’éﬁ’d@oorgaﬁg\ﬂﬁp@ﬁtt@led%%ﬂBPrﬁ@'at/d‘qdﬁe net hod
15in any of clains 1 to 10. 12. A nobile station configured to communicate
according to trReP@elive¥l in any of claims 1 to 10. 2013. A base station
configured to conmuni cate according to the method in any of claims 1 to 10.
14. A relay station configured to conmunicate according to the nethod in
any of clains 1 to 10. 33 15. A communication systemconprising a nultiple

ant enng sogIr CeTRORTetigod RrahPohé aREHE pre2eBrgcaaris wherah shabTReEAs ddd0
mul ti pl e antenna DSTTD rel ay nodes configured to 5 alternatively decode and

decode t he. STEOAg S SRRl SmdBivarded s HSIFTAL BERPHEE LARLAH o 10
relay time-division-duplex (TDD) frame strﬁcture, wherein the frame - |
' structﬁre includes slots for uplinkvdata transfer, downlink data fransfer-
feedback on phasé rotation, and feedbaék bn‘ Iink selection. -
10

10. The method in any> one of the preceding claims further comprising bi-

directional communication including an uplink and a downlink. -

11. An integrated circuit configured to communicate according to the method

15 in any of claims 1 to 10.

12. A mobile station configured to communicate according to the method in

any of claims 1 to 10.

20 13. A base station cohfigured to communicate according to the methbd'in EaniyZ

of claims 1 to 10.

14. A relay station configured o communicate according to the method in any

of claims 1 to 10.
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33

' 15. A communication system comprising
a multiple an‘tenna source configured to transmit STBC coded signals-
at least two multiple antenna DSTTD relay nodes configured to-
5 alternatively decode and forWard the STBC coded signals, and
a DSTTD receiver configured to decode the STBC coded sigﬁals ahd ‘the

relayed signals.



