1 A nethod of communication FIELD OF THE | NVENTI ON The present invention
relates to a nethod of comrunication. S BACKGROUND I n point-to-point (PtoP)
comuni cawPans/098198re is a restriction on the transmt POWSG2e11/006023
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 cati oA pRsthedeiesmpdficatibase circumst ances,
multiple transmtters cooperating with | ow power have been consi dered as

candi dates for future communications. Exanples of such cooperative
comuni cation protocols wth relays are physical |ayer network coding,

anal ogue t Yol various hybrid nethods. However, the relaying
pr ot ocol E@W#WWQ?WOm 15spectral efficiency loss due to the two
channel es required for the trans ssign and reception at the rel ay
nodes. Ilr.t Gthese qw\&g\tlog,rﬁ e$iha methag b commyniedliefy cannot si nul t aneousl y

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

struct ur g etk wipaigt (ptaplybasmsmum tﬁé@nwr@strﬁs&ienr&n%\tﬁ‘a gs of two
rel ays 25and/or cell planning strategies. This nmay have the advantage of

Pl Lot e e P e
quantit Ye émfuﬁ‘%d%&kméﬁ‘& glrnnﬂlers filters, and digital-to- analogue converters. To
.10 enhance the communication performance under these CIrcumstances, multiple
transmitters cooperating with low power have been considered aé candidates for
future communications. Examples of such cooperati\)e comr’nu.nication protocols
with relays are physical layer network coding, analogue network codving:, and |
various hybrid methods. HoweVer, the relaying protocols mentioned _suf.fer from
15  spectral efficiency loss due to the two channel uses required for the tranemission :
and reception at the relay nodes. In other words; since a nalf-duplex (HD) relay

cannot simultaneously receive and transmit signals, additional time, frequency,

and/or code resources are required.

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

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



51n a first specific expression of the invention there is provided a

nmet hod of conmunication conprising: At tinmert: a first nultiple
ant enna rwbayimmeg®sdecodi ng and forwarding a first STBCpecogdedosrogsmas from a
source node, and a first decoded and forwarded STBC 10signal froma second
mul ti pl e antenna rel ay node, and a destination DSTTD receiver decodi ng

the fi erhaﬁTMim@ﬁ@ﬁérﬁk@(wlz befBdm eI CRod fed @l kg delir st decoded and

forwarded STBC signal fromthe second mul'ti ple antenna rel ay node; At
time=t+1; ! ; e, I v cond STBC
coded 31 iarerpnos SHE ecad B B BRt ARG, e SR B8 Ged
signal fr mnjtﬁge first multiple antenna relay node, and t he

dest i nat |"g?f 'PPD recei ver decodi ng the second STBC coded signal fromthe
source node, and the second decoded and forwarded signal from 20the first
mul tiple antenna relay node. The nethod may further conprise phase
rotation pre-processing. 3 Adirect link or arelay link my be selected
based onlnea fitst sppeific exprassBRoidhetimerdiont thaee isqyroDiSEd@ metted/ef . 5 The
decodi ng and forwardi ng may include DSTTD detection. The method may further
conpr i secarhmunédatieatoomsrishgg:based on an orthogonal training sequence in a
frame structure for each of the STBC coded signals and decoded and -

f or war deg ghygogl signals. 10 A cell nay be divided into sectors, each
sector having an orthogonal frequency band, and the first multiple antenna

rel ay node and ' r _

W thin each sect oSt THERAR Fehiet P RpB8 BBk BaRe AR B 5L STBE”

adj acent cells, wherein a first sector in irst . cell and a s sect or
in a second ¢gd W&S}a'fﬁ%mea BOHICE QRder AR @éﬁé{/d%%ﬁﬂfd %%m@%@qigggﬁ‘ecti ng
the first nmultiple antenna relay node and the second nultiple antenna relay
nodelGray conggnaldraeiasesang multipieagntepna relayinede apdt sector that is

cl osest to the second sector as either the first nultiple antenna rel ay
node a destination DSTTD receiver decoding the first STBC coded signal from

‘ thé source node, and the first decoded and fodNarded .STBC signal frdm the
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 multiple antenna relay node, and

“the destination DSTTD receiver decoding the second. STBC coded éignal
from the source node, and the second decdd‘e_d and forwarded signal from :

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

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

25 post-processed SNR.



20 or the second nmultiple antenna relay node, and selecting a relay node in
the second sector that is closest to the first sector as the either the
second mmWwOi2plign9amsenna rel ay node or the first nultipl @CasGeomA0eRs ay node
respectively. WD 2011/093795PCT/ SG2011/ 000023 4 structure may i ncl ude
slots for uplink data transfer, downlinkgdata transfer feedback on phase
rotation, and feedback on Iink selection. The net hod may further _
conprise bi-directional comrunication including an uplink 5 and a downli nk.

ta Péﬁg’%ﬁgaﬁ%ﬁyé* B0k Be SIS ALBAER B 4 AotehtplB R AT, ©

conmuni ¢ to the net hod A relay station may communicate
accordi n‘g 5?[6‘ Eﬁ%fﬂ'adec%? a second specific expression of the invention
there is provi ded a communi cation system conprising -a multiple antenna
source configured to transmt STBC coded signals at | east two
mul ti pl e antenna DSTTD rel ay nodes configured to alternatively decode and
forwey d The dstaiingeueifosivanling mayridciade ISTTD detectioner conf i gured to decode
the STBC coded signals and t he

The method may further comprise channel estimating based on an orthogonal

training sequence in a frame structure for each of the STBC coded signals and

decoded and forwarded Signal signals.

10
A cell may be divided into sectors, each sector having an orthogbnal frequency

band, and the first multiple antenna relay node and the 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



rel ayed signals. Certain enbodi nents of the nmethod of transm ssion of the
present invention nmay have one or nore of the advantages of: 5 having
per f or marmo 20np9d%&nent s over prior art systens, e.g. PPOP/SG208600023
commruni cation systens; having a lower bit error rate (BER) when conpared
to prior art systens; usi ng a myni mal- about of feedback -

i nf or mat gpicthe Hfdyﬂﬁclﬁ@@‘é}ot@ r UPinR \fa %%ﬁ%fe‘?na&ﬁgﬁr?{l ?@Bgﬁar’s@r\“ ng a

spectral efficiency that I.s the same as that for uplex systen .

reduced j - int e ; educed.inter=cell interference; and

r educi ng*e%trdggf:%%hﬁ%h |S§grgﬁ%@hngﬁgge%%qﬁcg(cQ%Wla§§?ﬁtéOQ'eI ays that is forwarded
on 10to the destination when conpared to prior art systems, e.g. systens
usi ng anplify-and-forward rel ayi ng. BRI EF DESCRI PTI ON OF THE DRAW NGS

One or nore exanpl e enbodi ments of the invention will now be described,

wi t h 15r dherraeihedirsay huthesicoswirisg birditacdenal commiualeatish dueledibgian aplink
schemati c drawi ng show ng a nethod of transm ssion according to the exanple
enbodd neand a downlink. -

An integrated circuit may cammu_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  In 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 least two multiple anfanna DSTTD relay nodes configured to alternatively
) decoda ‘and forward the STBC coded signals, and |
20 o a DSTTD receiver canfigured to decode theE'STBC coded s‘ignals and thve

relayed signals.

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

have one or more of the advantages of:



Figure 2(a) is a schematic drawi ng show ng the structure of a tth
space-tine block coded frane at a source for a tine slot t as used in the
met hod ofwbi2gure3s 20Fi gure 2(b) is a schematic draw n@CIIscGeIN@oans
structure of a tth space-tine block coded frane at a relay node for a tine
slot t as used in the method of Figure 15 Figure 3 is a schematic draw ng

showi ng the tﬁa«nﬁ?rﬁeﬁbﬂnaﬁ@é trﬁpmvefnértteove.dsﬁora&rt astefls’ b&d. bPidirRt Sl ot s
as used in the od of Figure 1; Figure 4 is aschenatlc drawi ng

show ng an ef for use in the 25method of Figure 1; 6
hEReAB Rl

Figure 5 is a schematic g showing a cluster structure for the cel |

I f Fi d h th
feageof o cofing PIFMEF pRieRor ralERR L SafMARERID Rt s Rusibins o

(TDD) / Ot hogonal frequency division 5 nultiple access (OFDVA) comrunl cation
for a frame o¥SIRIGJBBIRAkabet of ﬁ?@@#%ckeoﬁarmaéloa t@&t@ﬁeah%ltana@imaw%ow ng
the spectrum usage of a conventional point-to-point TDD/ OFDVA communi cati on
as i ® Figure s(sigm parformance; user node; Figure 7(a) is a schematic di agram
showi ng the spectrum usage of TDD/ OFDVMA communi cations for a frane of a
base station havihhe speichratiefficidnicyuhat i thd Gafiegas that fdr) a full-dupiex epstet

di agram showi ng t he spectrum usage of TDD/ OFDVMA comruni cations as in Figure

7(a), but forre@ju@ggqntgpﬁg fitgHEfRNEeE) 1s a schematic di agram showi ng the
spectrum usage of DIV}& comuni cations as in Figure 7(a), but for a

first relay ng i schemati c di agram show ng the
%Fedwééﬁkﬁ%g&(e%e and

spectrum usage o comruhi catr ons as in Fi gure 7(a), but for a

second relay n re 8 i s a C in nce of

the direct anrc?cﬁéi "g‘?LIWP('QaQ@ ”ﬁS‘cﬁ* 6885%%%{%3 ﬁ?ﬁ? BﬁWﬁFF?%‘gﬂl ons as

the recei ved SNR for the link fromthe source to the destination is vari ed,
10 to the destination when compared to prior art systems, e.g. systems using

amplify-and-forward relaying.

BRIEF DESCRIPTION OF‘THE DRAWINGS
‘ One or more example embodiments of the invention will now be descri‘bed, w‘it‘h ,

15 reference to the following flgures in which: |
Figure 1 is a schematic drawmg showing a method of transmrssron accordlng to
the example embodiment;

4 Fioure 2(a) is a schematic dra\rving showing the structure of a tth space-time btoCk :
- coded frame at a source for a time slot t as used <in the method of Figure 1'

20 - Figure 2(b) is a schematic drawmg showing the structure of a tth space-tlme bIock‘
coded frame at a relay node for a time slot tas used in the method of thure 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;



Figure 8(b) is a graph conparing the BER performance of the direct and
relay links 20 for DSTTD-based two-path relay conmunications as the

recei ved WBIRS11/®8796he | i nks fromthe source to the rel apST&HGRONMANI023;
Figure 9(a) is a graph conparing the BER performance under different

f eedback conditions for DSTTD based two-path relay communications as the
recei vedrighi 6 aldefiehialis dra@ifid it auLRy SHACARS TamALILRN dian ¥pr i ed: 7
Figure 9(b) is a graph conparing the BER performance under different
feedbackF@%%hti ons for DSTTD based two-path relay comruni cati ons as the
received SNRs for the links fromthe source to the relays are varied; and
Figure 10 is f.l.ow chart show ng the nethod of , transm ssjon of Fjgure 1
acr oss S'g'Qfereggar}t's fi emaé'f’s‘ﬁa%é%hﬁll%“@égéﬁp@ﬁrm H$A9 IEI"BRPYPd“Wg‘la tions
may be used in this specification.  For _a vector or matrix, the superscripts
' 7' and Peipt-ta-paipk Eime dlivisigadduliiptexindadde¥Prihegoaaldreaueneptdivisionc onj ugat e
transposition. For a scalar w, the notation |w denotes the absol ute val ue
of wb FomuliiptmactessOkDEA) coatmomicatitin fordeframesoftehbase statiohus- nor m of W
Ow denotes a wby-w zero matrix and /", denotes a wby-w identity matrix.

The not aFigare Bfb)deaGichentivadiagram BNGWRgthe @petheniiddgeofd cOMentdmapt es
the /th di-agonal elenent of W EH denotes the expectation of a random

vari abl epqni —h & S : fin i SSI i o the
ol o RORBLEHI FDbOFDMAZCREhARaAEN 20in FIGRS BER LR GRS BLL R

et 1 nat - OH By EUGF arsepaats Herb BRoi e SpRf A B IEBIOEOMR ot ons
Rl 110 and R2 112 ma re%a inf a, 20 d%&ode- aﬁd-fokv\/gr? (C]:29 manner. In
cont r ast CUPTINEPEREORA RN, PhRaps Salioprn dar Aethed of Figwe 11

amplify-and-forward rel ayi ng, the usage of DF may have the advantage of

r eddd® ngFisEreY(blimarschgniatis diegres elvwisettbe spectrie wssge,oft HAD/QEDMA war ded

on to the destination. ' S ‘
communications as in Figure 7(a), but for a user node;

Figure 7(c) is a schematic divagram showing the speétrum 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; |

Figuré 8(a) is a graph comparing the BER performance of the direct and reiay links

for DSTTD-based two-path relay communications as the received SNR for the link

from the source to the destinafion is varied,; | |

Figure 8(b) is a graph comparing the BER pe'rformance of the direét and relay links -
20 - for DSTTD-based two-path relay communications aé the received SNRs fo'r'.tHe

~ links from the source to the relays are Varied; . | .
Figure 9(a) is a graph comparing the BER performance under diﬁerent feedback
conditions for DSTTD-based two-path relay communications as the received SNR

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



8 In this specification, the term"node" is used to refer to a device
functioning as a source, a relay station, or a destination in the nethod
100. The woansmos®son occurs over nmultiple time slots. RETHG2eNANPRE, t he
transm ssion pattern of the nodes for two slots t =2 and t = 3 are shown
in Figure 1. Int= 2, the S 102 and 5R1 110 function as transmtters while

R2 112 gngufe 9@ id a@abweo%agﬁgqiﬁag@ Fbﬁo?mén@e uiddildifiarght fRedblkf unct i on

as transmtters while RL 1 , 120 function as receivers. Figure 2
shows t : t - 1 -t 0 0, frame 10
200 at ALRHE DS TDbAked ko bR iRy Colfin Ao F R bRt 502 at
relay n fQr t slot, t. Fiqure 2 is illustrated wwth a tinme-domain
ort hogoﬁgﬁR§ﬁ?h@\edF{é&%tf[ﬂmﬁlﬂ%sg't‘ﬁp%tipgpg rRlays pLe é{ﬁﬁ?‘#’e@i‘cimo an ort hogonal
frequency-division nmultiplexing (OFDM system over frequency domain. 15 The
tth STBC igHEeEQ ivafowseharhshewingithaunefbetial tansruisgier Pl Eiguie flg@osaich
conprise L STBC bl ocks 210. The frame may al so conprise one or. nore

t r ai Bi nedifierseit §mesglotsont ai ni ng .t rai ni ng sequences for optionally carrying
out channel estimation on relay and/or direct links. The training sequences

are arranged to have an orthogonal training structure. The optional channel
estimation may be 20 perfornmed when any node is functioning as a receiver.

Each nodgepafceEpDESERIBYIY 100 has two antennae. It is however also
envi saged that the nodes may each have nore than two antennae. The data to

wi th ther bR pb eang o PR BRERI o Kp Bt AEARIE Eof ARt or ' cach

antenna.  The informafion  in the L STBg_bI ocks may accordingly be
r epr eserfP8FUREI§Criptsy 7. apd 't regpagtively denote a transposition and a complex

10  conjugate transposition. For a scalar w, the notation |w| 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. E[e] denotes the expectation of a random variable.

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.



) xxgity[i(t) x; xx,(t:Li) -x;(?. EL))] ft where xn(t, 1) is a transmt
synbol satisfying El x(t, 012 = Es, and n E {1, 2} 5 represents the synbol
i ndex i n wheof1'd9389FBC bl ock and Es is an average synbol PEm&SGI911/0B00g8ir e 10
is a flow chart showi ng the nethod 100 of transm ssion across different
time slots. Figure 3 shows the transm ssgon patterns of the nodes across

the 10di ff @fLaibedifidiRion! MeStern hﬁodé’e"s'l%@djtg%%fr tb %\Wéﬁln‘éﬂ

described next wth the aid of Figures 10 an Assum ng t%at t e source S

102 has JoEATESonl AR, bPalieaididn nkRefiga!] d@aﬁ Qi didsghe method

100 uses transm ssion |ne S 0 conpl et data

Wt hout any | oss of ralit Is assuned that T i s even nunber
however B@Vﬁhﬂ}&‘&gﬁ%ﬁ IO%A@%?H‘ %mﬁqen%q_trangmﬁbsl%p%a dhe si rrpl e
description. L however may be any other nunmber. In the description that
fol | ows, N@ders fasitwewaly t Mot and 6isd areeshewnin Figuse 1. ot 22, s 102anthdex
representing the STBC block is omtted. yN ",,,i(t) denotes the signal

r eceibvedRat1 tOnfeinntién astranamittdrs whilerd2d 1R dnd D, 1R0, fRBEtiorn as red:mvsnsqheht i al
receive tinme 20index n E {1, 2} of STBC synbol of the tth frane.

nN, 1, ,, n¢3) SleowhRg RIIT 2 furetivhidserdsamsigerwine R { TGS DM 20 firttionnean
andvari ance corresponding to the YNmn(OH s a 2-by-2 matrix used to

denot e tg@ré\éljé}@rghannel fromthe node N to 25 node N2 such that N| and N2
E {D Rl

: Figure 2 shows the structure of, (a) a tth spacé-time block cbded (8TBC) framé
.10 202 at a source S 102 fdr 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 orfthonaI
' structuré but the structure may be applied to an orthbgonal'fréquency-divisi_on

multiplexing (OFDM) system over frequency dOmain.

15 ‘_The tth STBC frames 202, 204 have a time_—domairj orthogonal structure each |
comprise L STBC blocks 210. The frame rhay also.comp-rise one or more :tr.a'in.ing
blocks 230 containing training sequences for optionally carrying 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



h, N2N1, 1, 1(t) hN2N1 J.2 (t) HN2N (t) =[ (t) hN2111 22(t) x","(t) denotes
the nth STBC synbol of the tth frame at the Nth node. i'","(t) denotes an

est i mat edwvoensiiosref x(t) 5 The nethod 100 will now be eesscrbrmosnst hree
parts i.e. the first STBC frane part (t = 1), the DSTTD franme part (2 =t
7), and the last STBC frame part (t = T+gl). A First STBC Frame Part (t =

1) In 10 t | 120. This
is 10 i Im%?gtﬁgglﬁstr%gbﬁtgnsm%sm %%%mglfgfdr?téi%ﬁ%ﬁ%%{%ﬁgégﬁh%kl ng an

t t cy nbol s, the

i gnal L‘é@oe.”&@é" T E3NEE oS fipy BebSlangll peeBREt =g e en as 02 =

02 Hps(1)71 1711 1) 1 (1\ rtn2ly.) nD. 2,2(1)1(3
I[-Iz Z(E)S(x)l( 1)[1;3 1&4) et {jrﬂl(azl Xl(tglfl‘li: %@e‘;{)\g%d signals, the linear nodel
obtained is y 1“2’ ) (ot y,,. ey EYD (1) = (1)
i hp' Ds. 7- 1( 1) [ x1( 1) 1H DD: . 21( (i | 1 1DS. m2 (1) -hUS."..l(l)XZ(l)VIit* =
SD, m(1) Whé) x.1t, hax a(tra?r@mnégdnbol satisfying Elx.(t, )]’ = Es, and n € {1, 2}

5 represents the symbol index in the fth STBC block and Es is an average symbol .'

energy.

.Figure 10is 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 folléws, 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}.



1.) (4) Sp,mM1) 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
vect or nmowlel2bimy3ANGN. After nmultiplying (4) with Sibm PCI)SGaeud/o@edi ni ng
over m we have 20, 777=1= Hps(1)112F [:1441] + np(i)(5) WO _
2011/ 093795PCT/ S&2011/1) 1) 1) 1) 23 11 \/\/nere?0 nat) =Zni =12S*D,,,,(1)no,m1) is a
noi se vector after e aI I zat i on mat es( x1(1) and X0.2(1) may be

obt ai ned from tHey,0q &N"Nhaf ( dé’[l?!’] 5 by using a maxi mum

|'i kel'i hood (M) or [i near 3! éé mat'es are respecti veI(;Z)denot ed
1,(1) and 10,2(1). 5 At .the sane |n|t|al time t= 1, R1L 110 receives at its

ant ennae A{i,_l%ld%hé{e%)thmth STBE6§hBbl of thel fth Beldithé N bl B, 68 (1) X1(1)
02 Tim x. 1{ ' B ,

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 frarhe 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, thé signél réceived at D 120 at

the initial time t = 1 can be written as

yp.2.1(1) yp.2,2(1)

[”D“(” yp.1, ’(“} (02 Hos(1) ] [[4:1(1)03135(1)” + ["’”D-“(”l "‘D“(”}

wa(1) i) reaal) nozall) ] g -
-After reformulating the received signals, thé linear imodeIAobtained is |
(i) = vom = [z ) 28] + [
5 = Spm(1) [ 2] + np.m(1) @

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 cdmbining over m, we have

S S (Dypm(L) = | Hos(1)3 2]+ mo()
20 . om=1 . : ] (5)



(6) Simlarly, estimates of xR',(1) and xRl.2(1) nay be obtained by using a
maxi mum 10l i kel i hood (M.) or |inear decoder as is done in the node D 120.
These estwoRbHH93M& respectively denoted 1,11.1(1) and RCT{SGRo117Dh@23
estimates ;ALI(1) and i ,,,(1) then may be retransmtted or relayed on from
R1 110 to the nodes D 120 and/or R2 112.445 B. DSTTD Frane Part (2 =t=T)

In 1020, ma1 385, (1 i 482 2 and
D 120 mwg%Rﬁb(&(; rét rgDn;(m'l)"tTDs \AE;@ alnt%'%g&it‘éf% vedd%ag'r&??%rﬁ 9%%9{(1%%%0* 12

or The. ool 4R, bR SERERADY LR, hEAHTAS AR ot ERfafR adly "5 °

transmits to RL 110 and 0120 while R2 112 retransmits V\/nat it had received
earlier tsingh rhaQinaund |Relliiod (MLBor linddrldesbdat. dthese dstindtegiassri ssi on
pattern 330 of Figure 3 for thetinet = 3. WO

2011/ 093/5pRetY RhdicH 1) 1 1).n each time slot in (2 =1t = 7), the S
102 node transmts fresh %‘*E)%C synﬁﬁzfls denoted with {xi(t), x2(0) to the

nodes D 120 and Ra, where Rae {Rl, R21. In the sane tinme slot, the STBC
syrrboﬁs retransmtted by the nodes Rl 110 or R2 112 are denoted by
t-17:b.1(r -1)} where Ro E {Rl, R21 such that Ra # Rb. fr--1).42,.,(t
- 11 arAt.tHeesammimitial tirse if Freit, Yl 410 Receives beitpastgnoas tinme sl ot. For

exanpl e, at t = 2, R1 110 retransmts the estimtes ii-RI(l) and im2(1) to

t he node and 112. 1t is pssumed tha r of 't he
rel ay noE1 ;ELIO R 01 sl B E 2] s?&hlélv% T gg) ;L'Ff X ' a i.e.,
Ellab.1 = n ‘the fol | ow ng des ‘f*é]cl gL an odd qg t he
not at i on of {Ra, Rb} = {Rl, R2} is used. Went is an even nunber, %he
notation of {Ra, Ra} = {R2, R1} is used. In both cases, Rb perfor-ms -
relaying while S transmts fresh STBC dat a synbols S 102 and Rb my -
L;ﬁnsm tS;[nt?l arr , eSiima etsI C\)/fexml é’iﬁﬁﬂﬁ'erﬁéy eo té.ﬁgg‘%i ussllnng}“atrﬁgﬁ%lfjsrn Y

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 transmits to R1 110 and D 120
while R2 112 retransmits what it had received earlier to R1 110 and D 120. This i's,'

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



15 thus be seen that the relay nodes RlL 110 and R2 112 alternatively sw tch
between transmtting and receiving nodes fromone tine slot to the next.
The spectwal20gi®s®sency may thus be seen to be the samePa3/SGae1/0h@n3 a

full -duplex relay system At the tine slot t, the signal received at the D
node may thus be interpreted as one 20 D$JTD frane and may be. represented

Eils n( ?Er | 14 laaéh tlh!i(')ﬂot ﬁ)()zé ?Eﬁ%tH%fS ﬁ@?tnfgézt}arkér?%féééﬁ @ZT?B% % l?tlbols

U ageeé@aé@@mm@ R

recei ver, the.si S esented in Equa lon. 7 may be reordered
to yiel dS3dM§ Wé‘ﬁg‘ﬁ H‘%%ﬁé al??'?)rg{ca (Y therh '3?3)110(“ RZjd2
notation yN(t) = [YN 1,1(t) Y*N.1,2(1) YN21(125% 20fr denotes a
recei ved a¢ gleaptes! l'%e&t-erftat 1t fre.2 Hodé) INVhesSB@i s fthatRi weRDSTTD
channel matrix. x(t) [Rao. -1)5-KR- 1) 11-J0 1-2; (017 Is a transmtted I
synbok v ; _EStdl te ) t I si gha
P00k, V361 Ske SERLLIH 25, Py LB BER LI B BRI Bohe
done at the D 120. The estimates \;-

For example, at t = 2, R1 110 retransmits the estimates z,,,(1) and xm( ) 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

;i*;,b_z.l‘ = Es. In the following description,

when t is an odd number, 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 casesj,‘R[7
performs relaying while S transmits fresh STBC data symbols. S 102 end R; may
transmit their respective two independent STBC frames S|multaneously It can

15 -thus be seen that the relay nodes R1 110 and R2 112 alternatlvely SW|tch between _‘
transmlttpng and receiving modes from one time slot to the next. The spectral

| 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

g (t=1) =33, 2(t=1)

yp,1.1(t) yo.1.2(t) &p,.2(t—1)  &f, 4 (t-1) [ rpaa(®) nnaa(t)
|:1/D 1(t) yp,2.2(t) ] [Hm (t) Hos(t )] P ‘;1:1(1,) r-—11,(1) + [71[).2.1(7") 77'D.2.2(f’)j| o

3 (t) zy(t) (7)

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



obtained are denoted li(t)--=1[1140] (t -1) x -0 ID1I (0 10.2 Wr , the

el ements 10of 1(5) respectively being estimtes of the correspondi ng

el enent s Woem@ss Simlarly, the signal received at tReTIS62en/0n@ds2 Ra may
be expressed as yR'(t) = SR (t)x(t) nR'(t)(9) The rel ay node Ra may
al so enploy ML or linear detector to obtg n an estimate of 15x(t).[xRAt)

I CR (01As tHdRecMdriRaEbe @PEGHVRRHoRRIDITTOL @@e&b},ﬁhgg@wﬁécei\béu hbe

subsequent tine slot t"+ 1, it is noted that where = R1 becones
denot ed i ;M = INeS; y R In other
wor ds, t%?r%né% mnogé%%”.méféigg%‘??de%%%‘?g? H@W%Wé&%@g%t t, perforns
20retransm ssion or relaying under the node notation of Rb in the tinme sl ot
t+ 1. Accordi ngyt) ThpE@skithates(ti(t), [iRc.](t) iRa.201 obt ai ned gy
Rainthe tine.slot t becone denoted by 1.7(r)=T114.,(t) 14,2 (01. in the

et ransm ¢ BB NS GG ho el donEal T SoBRGR A rocBvehsoRal S ¢

is 25 tS T, the steps of 20 .and 1030 are repeated. Thus the 5 step 1020
S &1 OVeRr AgneREIN vl fAtianed aHoriva ST 15 shatnel mats. t - 1. - The

transmnissi on pattern 340 shows the transmission between nodes for the tinme
slot t =yf ﬁﬁ[ggﬁq?;m ggltgxw ik hel)%ﬁ@:?é}i?ﬁo i & tRAShIKSEEyhebl V86 EQflhategrber ed

time slots fro = ot=T-1. e transm ssion pattern during each of
the tine slots of 2 5t T thus may be generalized as transmtting fromthe
S 102 no@lﬁex@bmayeb@b; stbliemathpseedesed signal filem Equatiarm8 byaising amdl s| ot
receiving the sane signal at .a relay node, just as the other relay node

transni t ér indab HEBoden Miis E&tahallers midiyede Quneé ¥t fREBi 1280 The adfinfaedi er time
slot. In the next time slot the sane thing happens, except the relay -

15nodes change rol es; the recgeiving one transnits é)r)\dﬁvig versa. Sinece the
D 120 re@létiamsi,%rem@rrpme%ig(;ﬁbr xelionEctl y 3, okt He 35, 2% a fmhq@@mmtsm
112), the D 120 may function |li ke a PtoP DSTTD system and may thus enploy a

DSTHY T e6EL{Flespectively being estimates of the corresponding elements from x(t).

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

yr, (t) = Sr, (H)x(t) + ng, (t) (9)

The relay node Ra may also employ ML or linear detector to obtain an eétifnaté of -

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

In the subsequent time slot t + 1, it is noted that where R,a = R1, R1 becomes
denoted by R,. Similarly, wheréRa = R2, R2 becomes denoted by R,. In other
‘words, the relay node R, that does recéiving in the time slot ¢, perfbrms :
20 retransmission or relaying Qnder the node notationfdf Rp in the time slot £ + 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 £ +



20 C. Last STBC Frane Part (t = T+ 1) In 1050, the tine ist = T+l and R2
112 retransmts to D 120 what it has received in the tinme slot T. In other
wor ds, RwWORB1wm@B®Y$s on to D 120 (T), [IR (T)(T)IT. Thi #CrsGiliwsemat ed in
the transm ssion pattern 350 of Figure 3. 15 The signal received at D 120
Is [a/D.1,17+1) yr,,,.2(T+1)] [HDR2 CT +{ 02 .2.1CP+1)-yo0.2.2 (T+1)

(o2 MR B ATl eﬁférérﬁ%d FREPPBRALES 1 o . 72,

10, a linear nodel rray be obtained as [ Y(-T +1)(T +1) Y*+ 01- Drr(T + 1) =
hp. R2, 1, apd BDR2).m - 2( T +1)i hDR2, ",,2(7' +1)T + [D aro

in 1040, whrle tis2 st< T, the steps of 1020 and 1030 are repeated Thus the -

5 step 1020 is performed for every even numbered trme slot from t=4 to t= T The:
transmission pattern 340 shows the transmission between nodes for the tlme SIot t
= T. Accordingly, the s‘rep 1030 is performed for every 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 'node a DSTTD
signal, while in the same time 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 rrodes change roles; the receiving one transmits ahd vice versa. Since the D 120 .
receives a DSTTD signal directly from the S 102 eﬁd R1 110 (or R2 112), the D
120 may function like a‘PtoP DSTTD system and rrray 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‘te D120

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

Figure 3.



Dl 22, 10k1)R2,2) R ,1n(T +1) nam2kr +1) DmMT +1) )21 IR 2 ::(p) 1+ (11)
SOAT+1) is a 2-by-2 matrix nodelling the effective STBC channel fromR2 112
to 10 t hewot2hiizes®ana of the D 120 and np, m(T+1l) E C2x1PC3/S&2400v@R3

nodel i ng AWGN. As was done to Equation 4 in order to obtain Equation 5,
Equation 12 that follows may al so be obtg ned from Equation 11. Sb,",
+1)y(T +1) =nr=1 2 11}11 ' (T #1111 n .2 [xli (T) + X R (M1 2,2 15

The signal received at D 120 is

IR .I(T) _i';t Z(T) .
ypa.1(T+1) ypa2TH1) | _ e NS np.1.1(T+1) np..2(T+1)
[1/[).2,1(714—1) yr).2.2(T+1)] - [HDRQ (T+1) 0.2 ]I: l:mﬂz'z(T)Ox“‘Z'l(T) ] } + |:’I'LDA2.1(T+1') "7‘D,242(T+1)]

(10)

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

obtained as

A T N AR AR F

* * A +
Y*pma (T +1 hI)Rz,m,Z (T + 1) - hDR_Z,m,l (T + 1)_ XR,.2 (T)

=S, T+ l)rmgﬂ . n‘D,m (T +1)

Xg,.2

{na"’u (T + 1)}

n;),n1,2 (T + 1)

(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.

2 ' 2[5, ,(T) o -
> Sp (T 41y, (T +1) = [H, (T + 1)”{;2,1 (T)} +n,(T +1) - (12)
m=l1 R,.2 . .
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 xD, 1 (T) and XD, 2 (T) nmay be obtained fromthe signal of
Equation 12 by using a maxi num | i kelihood (M.) or |inear decoder. These
est i mat eswane11/093795especti vel y denoted 2 RL (T) and xx PCESG01i@o@aspari ng
the nethod 100 to a typical point-to-point (PtoP) conmunication system S
and Ro E {Rl, R2} when perform ng DSTTD gooperative transm ssion according

to the ngp r.%gqhérwethsdwm%da fBicAl gbm't& B&T;(ﬂ(gmada?ﬁ?nhmcaﬂgﬁevi ce wth

four antenn pre- processi ng I Mprove 5 system

Bt enna SHIFH “fﬂﬁﬁeﬁi,ﬁfﬂtﬁ%}c%%%re%?@%& ORI TR i agmission

pre- procesmg used where g bl ock diagonal matrix with the formof P
accor di ngc%d¥ %@Jatth%mefboqiéoggmw g viewsd apaSipgleddpl i Bdranssnittingexanpl e i n
the Equation 7 for the nethod 100. p rh 02 ap-ps (13) When conpared to
convent | éedre RitbFopsaMBNage: A pse- WQ%WF@MH@V@ usérbtoninuprevelat a t o be
transnitted may not be shared between the S 110, 'and R1 110 and/or R2 112

nodes. | systemgrerforndmce twith Rimé ¥eedtrabkanfdrthatida, for déxanthle rwdthddhasiagt he
entire current frame that is being transmtted fromS 110. ‘Wen contrasted

t o pre- paReAnsishaffim] BRdSr sRltiss. antenna shuffling and sel ection, the
matrix P.of Equation 13 performs pre-processing for the two STBC frarres of

the S 102 and rel ay nodes independently. In addition to the bl ock

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)



20di agonal structure, a diagonal phase rotation matrix nmay be adapted using
Equation 14, thus providing convenience in the pre-processing matrix

desi gn, a8Oowello9a®sutilizing a noderate quantity of feesbask2omfoormsti on.

ei ON. 10 ej N. 2 (14) 17 In Equation 14, 6.4, E [0, 27]. rotates the phase of

the signal fromthe nth antenna of the ngde N. Consequently, PN nmay be used
asthed e e-Prose ted that
s e 1SR S 1 s

post processed SNR at the destination as foll.ows. 5 The notation of SNRN2N1
is used the rsieoNeConee@rantly; din mayidgeused as thendistributed gee-pioceshigge N1 G
{S,R} and N2 e {D, Rb}. The post-processed SNR may be expressed for DSTTD as

o) P B Rsafoft % A pfRe i 45 Bagqiel g 494 43 no%%e’fhé i

m ni rrum SNRDNi may be bounded
designed to improve a post-processed SNR at the destlnatlon as follows

5 .
The notation of SNRN2N is used to denote the SNF\-> from a node N to another
node Nz, where Ny € {S,Ra} and N, € {D,Rb}.Tﬁe post-processed SNR may be |
lexpressed for DSTTD as
SNRy,, = S -
[(14 + E,o2 Sk, (1) S, (1) | ]u | .
10- and
’ :‘ {1 or2, ifN;=R,
3or4, ifN; =S (16)
‘By focusing the post—procéssed SNR at the D 120 Enode, the minimum SNRDN1
may be bounded | o
5 win(SNRo) > Euopth (So(0S()  an

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,. PS} 8 Ahax (Sp(t)* Sp(t)) | (8)



15n(SNIitav, ) > Es0-62 Aram (SD(t)* SO) X, th.M is the m ni nrum ei genval ue
of a matrix A The relay pre-processing matrix maxi m zing the | ower
bound of wbeona9mam post - processi ng SNR of Equati on 17Pe@sGhel1®beas ned
fromthe optim zation problemof 20Equation 18. {M= arg max Anmu (SOD*
SD(t)) - (18) WO 2011/093795PCT/ S&2011/ 00023 18 Since the effective

DSTTD chgpipgl el . I, .t
h6RS. 1C2§'{H)&§ o E“Yﬁ??%ﬁ??’i‘?e. IMQ%F)ﬁ?’W? reé‘reg%h?e&@}?lp 1,1 (0

) 6nb it nRyz 2(t CthiR; 1(1‘2 7Ry 1 h‘DRb.IAQ(t)eJGRh’- /m>.1.1(t)6’6"1 | ’7DS.1.2(t)€]HS'~’
S t) = hpr,.1.2(t)e” Ry 2 —]"ﬁRb.1.1(t)¢;jHRb’l hps.1.a( 7‘)‘3.“9Q 2 —hpgs ., (t)e77%s
D( ) - h-DRb.‘Q.l(t)eﬂ,Rl" hDR,.,.z.z(f)f’jgf‘b"  hpsa 1(1‘)€J93 ' hpsoo(t)e 1052 .
o 250070 b o (€M D (752 ~hie e 51 | (qg)

by substituting Equation 13 intQ Equation 7, the opﬁmization'formulation of

Equation 18 can be reformulated as

0R,1:0R,0. 08,1, 08} =g | max A (S(t)" $o(6)

OR,.1.05,.2.05.1,05 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

Amin (SD( )* SD(T)) €3 — \/(2; — 4(c1e9 — 1)

o

(21)

s

534

+ |53.4:|2,

{,Ca = |51.3 + |51.A.

10  where ¢, = Isia|” +]sea] + +|saal

Cy3 =0y + Cz,and

’}—( syl + [saal” )Hsul +|51 i \H"( Jssal +
51.2512) (531553 + 53253)} + ZRe{(512514 — 512503) (53 15“;.4—53.253.3)}
. Sjjdenotes the (i, )th entry of Sp(f). '

.
s3a|

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

optimization problem of Equation 20 may be rewritten as

{910?1, 1s el?{b 2:081, 03 ')} arg{ 0 lIlil'é bs.0) n
v ’ ’ - Or,.1.0r,.2:05.1,05 2 '
, b T (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



11.1)14.1 .2.1(t)eh by substituting Equation 13 into Equation 7, the
optim zation formulati on of Equation 18 can be refornulated as 5 1=

ar gmax AmMwoQesD/85*SD(t)) {ON,b .2,0S 1 .OS Further, BETES200g/006023
specific structure of the DSTTE) matrix SD(t) from Equation 19, the m ni num
ei genval ue of Equation 20 nmay be derivedigass Amn (SD (t)* SD(t)) = C9

10wher e ghnditibn fdr-the optinfat phaséd rotafion MAindiZing n éf EqGaiord2Z magtbe |1 S -

derived as
Be0)) | if Im(p) >0
3 —tan™ (Im(p)) , if Im(p) <0 o (_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).



1 =s1.1 151.205131 131.412) ( 153.11- + 1-73112)(15.3.312 113.4n + 2R
ft-71.1SM + 51. 151.4)(5-3.15;.3 + 312514)) 2Reasl1.1.51/4 5175123 (57.151.4
521 53. 3)W0.208/¥3¥8notes the (i, j)th entry of S(t). 15€@cmsequandiog3

knowi ng that cl1, c2, and c3 are independent of @r. , the optim zation
probl em of Equation 20 may be rewitten s 10Kb,i 042, 9g.ii O0g.9 }arcmn
fhb., ,On, 2,9s.1,0s.2 Applying the sumand difference identities of angle
and trigononetric functions, i.e., WD 2011/093795PCT/ S&011/000023 19

condi 1 OfndforbDEsiAB'ERoRS B%nd 95,3t hfy B8 BLE Heltdh8luellindtMHRND22 MY
be derived as , - v -
120 may obtain two estimates for [x,{t — 1) x-(z — 1)]7 at a fth communication time
for (t=2,..., T + 1). In other words, th'e D 120 node knows the estimates
5 [.532,.3_1{:5 —13 ,ih’;;b‘g,g.{fr - 1)}1’ and [£54(—1) 1:, {z‘—?i)]'r through the tth and (t—v1v‘)th‘ |
communications, respectively. The former estimate is derived from the received -
signal through a relay—iink (i.e. a source-to-relay-to-destination link) and the latter -
estimate is derived from the received signal through a direct—link‘ (i.e. 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 embodiment may be used. The |
link selection method selects the most reliable estimate based on the bost-
processed SNRs of the direct links and relay links. It is noted that since the

Plac

15 method 100 uses relays of the DF type, the soft combining of #p...(¢t — 13 with

~

#2.=% = 1) 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,, SNRg,s)
20 ‘ ' (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



where P =(hF)II, .1(t)iliab ,2,2(t)It) h _Ro ,2(t)111)R2 .1 (t)) (hDS O.
(t) hDS ,2,2(t) - hps .1,2 (t) hips .2 (t)) Wthout |oss of generality,
Equat i on W0 2nmyddwsset to be elL,=== o. Thus, only rel ay POTSGRo10®EERE Ng may
remain to be considered. The D 120 node uses [0, 27] for conputation in
Equation 23. This may be done accordi ng#o the 10 channel state information

(CSl) anglis) fvﬁdcrbéﬁé(h%ﬁtlyi RdatBl t@@l‘i’@ﬁb@lr pidtess&d SN IERHOSRSTS1 R IThidhe CSI

may be estirmated at D 120 by using the orthogonal training sequences. In
order to reduce the anount of information feedback, U 1 nmay be

consi der'8@Y 3qe§§\én5wmq{écq,5q%@§(t@)be1prfsem dateky thus use only 1-bit to
feedback information. This may thus provide the advantage of using-a

m ni mal anount of 15 feedback information, but may still be effective for
i mprovi ng system performance. |V. SELECTI ON SCHEME Frame-by-frame M

det ect i dn ardgr foeperéorfrotheeihki sedeqtiond g BNR inforesationf magibe iSydsattay have t he
advant age of overcom ng the conputation .conplexity required 20 for

per f &r mi qutinBtibMAbJALTEES CarftE S RRGRP dyMbSBEtimBRIS &1 RS 100tHode! M.SD
over T frames may be unfeasible in practice due to the trenmendous

comput aty,ai SRIRLLHIYhd SBfr:T&bﬁe% 5t the ¥ d@é}@&ﬁfgk{lﬂyw EATHLR! f5gd hpcause

there are erertore, usilng

ot i n 106 2 i?ﬁ&aﬁssﬂm?%% 2365937 bea e PRALOTTRTBA RO rw%?y( t
, T+ 1

=2, ). In other words, the D 120 node knows the estimates. r - 5-,
xab. 0. 7 signal P&”&H@a[‘ge9}51{7300%'?82th3be}’@%{ REARi®Nede tth and (tH)th:
comuni cations, respectively. The former estimate is derived fromthe
recei ved S|gnal through a relay-link (i.e. a source-to-relay-to-destination
link) and the latter estimate is derived fromthe received signal through a
di r det - | Atrisagt twe. frame demgth-rhemiesies nady ba réquired aftheD 120@odetie ordenfor

perfornmance for the two estinates may be 10different depending on the Iink
condi ti QR selection to be carried out. However, no selectlon at each relay may need to
be carried out since each relay retransmits the signal recelved 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



A link selection nethod according to the exanple enbodi nent may be used.
The link selection nmethod selects the nost reliable estinate based on the
post - pr ocwexet/8dRS of the direct links and rel ay |inksPCIiSG2611000028 t hat
since the 15nethod 100 uses relays of the DF type, the soft conbining of
iDa(t -1) with i'perEL 1) nmay not be appjj cable. In the link selection

t hod, 1)th f
e (D n( PETTIY DRSO KPR iR 'g%ﬁ%“N%%?‘?g‘% 5‘%"‘?5’” gRlromentcd] ot on

criterio in s ocessed
SR bei ngPiRrRlR st ey "ﬁérfgfs%%ﬁprﬁﬁﬁﬁ B R oy 8?:02%'89?§E.P[Berfor red.
The donla g% fac s for t system perfornmance are the link gains - WO

2011/ 09399 Egﬁﬁf¥@b69 21 (4j, which are tlghtly related to the

post -processed SNR in Equation 15. This nay be seen in nunerical results to
be presented later. In order to performthe link selection, the SNR.
informati on may be used at the 5 destination node. The SNRDs and SNRDRb may
be esii nhhedeliplarh4é0DniROusotie. strafelgiesSNRRbs may be obt ai ned at the ‘Rb node
and fed back fromthe Rb node to the D 120 node. Thus, while additional

si gnal | i Bgrat@yy 1e Useanideeskdtors .h@edérq@dha;@bsesh@aa (R PSR for relay
enhancenents nay however be obtained. 10 At |east two frame | ength nenories

may be r&SHb?ﬁQn@‘WFh@sQn@@er@ﬂ@@ in order for the selection to be carried

out. However; no selection at each rel ay may need to be carried out since

each rel [ S| gna eived fromS_10 ach subsequent
transm S§¥rgﬁ§é¥%‘aﬁsEéﬁ@sa%ﬁ(ﬁ&m\RN aﬁl@ ARES’%MVEO W@@e Fay nodes may
be located clgse to each otp in which case the strong

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 Seétors, i.e. Sectors A
410, B 412, and C 414, using orthogonal freque‘ncy bands respectively:alsd
labelled A, B, and C..A two-péth relay deploy method is also used |n thé 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 fwb-path communications.

In accordénce with Strategy 2, the neighbouring séctors of different cells éhéring -

20 the éame frequ’ency are also arranged to avoid interference by ensuring that the
nearest two relays in the respective neAighbouring sectors are des’iéﬁated to be thé
same mode. As an example, Cell #1 and Cell #3 are neighbours and sector B 412
shares the same frequency banAd. Relay 430é 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



interference anongst the relay nodes nmay deteriorate the relay signals.
Thus, neticul ous planning nmay be required when deploying the relays in
cel | ul ar wP20amM937920 Fi gure 4 thus shows an efficient ceCir/Sohen/04@Q23
according to the exanpl e enbodi nent. Four cells respectively |abelled Cel

#1 to Cell #4 are shown. Each cell is ma up of three sectors and each
sector I ' ato
3301 TnaCgupfiof Patd SeipfRr g R, atBrcpddn C RSP R BrdfeRfoBpEY: |

interfer | en the ose TTD- base path rel ay
syst ens ?‘ga%ﬁﬁﬁgﬁ? b?‘hggcﬂ‘] ?Iﬁyséﬁ\ba ng‘hqb araoqugrggslqpa cm\or rel ay
mterference may al so be renmpved by .enpl oyin DSTTD detection at the relay
nodes. 'OEé'm"%’lhﬁsif@OsWdﬁerﬁé'eet% edeRy) dyringthe sage time gt angr ee
sectors in order to increase the degree of freedomfor relay deployment
with | essametfeequansydmnd.  Strat egy 2: Use the sanme communi cati on node
(i.e. to function either as transmtters or receivers) for the nearest two
rel ays who use the sanme frequency 10but are located in different cells. In

accordance with Strategy 1, the cell plan 400 has three sectors, i-e.
Sectors BughQn Frddgemamdn %errlilﬁé Bgvaifa BYARAL JVERINSAF ¥vBRBE
respectively al so labell edgyA B, and C. - wo- pat h réﬁay%e\pl)@oy mgtnﬁod IS

el ay no é%”eﬁéﬁﬁfﬁ’;d"éz“ *%sﬁﬂgfﬁ“%eﬁﬁﬁ‘ii&a a%“@ieiwgﬁ&jﬁé% Bé%f]eéwt?éot““
h 30 i TT
cgm;\?cgﬁ ?}Sﬁé'rs as S (93‘6\'@@%%‘139 %e t%@,%\e%@eagﬁbohwngagectors of

different cells sharing 20 the same frequency are al'so arranged to avoid
interference by ensuring that the nearest two relays in the respective

nei ghbouring sectors are designated to be the same node. As an exanpl e,

Cel 1'1%1 Ahis drsign #eethod mayi ajad ceswt iaraiclueter struBtutd Avithfaue selisice sGatb# 1
frequency band. Relay 430e of sector B Cell #1 is nearest to the reiay 454
of sectoto Bell#4l #3. The rel ays 430e and 454 are thus designated to
25function simlarly as receivers (i.e. Rx node relay) in the same tine

sl ot and sane ' o

Figure 5 shows a cluster structure for the cell plan 400 according to the ‘example
embodiment. It shows a pOSSIble way of arranglng the clusters in a repeatable
15 manner. It also shows that each cluster may comprlse four cells, e.g. Cluster 1

comprises the cells 510 to 540.

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

20  shows that for a frame for a base station, and Figu‘re 6(b) shows that fore 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



WO 2011/ 093795PCT/ SG2011/ 000023 23 frequency band. Simlarly, the relay
430d of sector C Cell #1 is nearest to the relay 440b of sector C Cell #2.
The rel ayw0480d93md 440b are thus designated to functi oRCTiSGR01A0DY02AS
transmitters (i.e. Tx node relay) during the same tine slot and sane
frequency band. 5 Such an arrangenent meys confer the advant age where every

rel ay aveigife ¥13HoM thatspdcupnGadd 8T DEPOREMASH uﬁreg@cgr ef:ghays Le.

the interferences between relay pairs as shown ref ecte otted

St nct ur 855 Tre P00 AFTEbFa 8 Ee'?’rg%é”afngl e gﬁ%pr_ﬂe%fﬂbéd'nzegﬁo&bgf cl uster
hove o BILEP B0 B RL R4 5 BRe Tebadian U BhE abats ' dataner . 1

al so shows that each cluster nprise four cells;, e.g. Cluster 1
conpr i seframefog @l yser nedet biosue 7¥CF)|S@QN§ thatfes\esframe fepe dirstuelayagie, anda
conventional point-to-point TDD/ OFDMA communi cations for a kth user in a
Sect v Akiguref7(d) sitowscthiak forehameRogarsectndrela noldewPhabatothtionsahdane f or
a base station, and Figure 6(b) shows that for a user node. The verti cal

axi s ref liekselettiond aecsivmy oflgrei 0;1)_ | tsmirimidtiongonh@heaichPaxig rblsdts t he
time domai-n. The Transmt/receive Transition Gap (TTGQ is required to

swi tch foQmrbg @Ry dorh@nVAsRI the riﬂ?%n%ﬂ%x fhenBekahyhid GBﬁﬁ'i Transition

gap (RTG is required to swtch fromreceive to transmt no 24 Figure 7
shows the spectrum usage of TDD/ OFDMA communi cations for a kvt h user in a
Sector A 410 of a pth cell accordi ng to an exarrpl e enbodi nent, where Figure

7(a) shows that for tion, ure 7( shows that for
a frame &%?%@E@'JF""’W&&& &Eﬁ%&e tl(;‘e F%‘hé‘v@ tdﬁéﬁn“f‘lﬁ k). farn&’n%ef’B@C@ first
relay node, and
0 communications may be interpreted from Figure 7. uL communrcatlons are

defined to be data transmission from the users to the base statlon (BS), while DL

communications are defined to be data transmission from the BS to the users. ltis

understood that for DL communications, the BS would be the S 102 while the

users would be the D 120. For UL communications, the BS would b-e the D 120

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

relays R1 and R2 may be users or base statione.

.As can be seen, Figure 7(b) depicts the UL comernlcatlons for the kth user ln. thej;

sector A of the pth ceII A kth user in a sector A may use a certaln portron of band
20  which is orthogonal to other 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 ‘the 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



SFigure 7(d) shows that for a frame for a second relay node. Phase
rotations and |link selections are shown only for uplink communications. The
vertical wRi281wvm®s198cts t he frequency donmain whil e the hecrscaoalooes s
reflects the time domain. The logical frame structures for the uplink (U),
downlink (DL), and feedback 10 communi cajd ons may be interpreted from

Figure 7 s a m t he
usars t o VeI ER BPIFFIANS 2y t’a‘iﬂté‘eﬁ*?@% ASTHERESE, 38 BRWRUA™ o oe
data trapsm s n.fromthe BS_to S .S er st oo tha for DL
cormunt chEng (B b BRI T onRX aids s des dnl HEoRe TaBYI AMtbas he b
120. For UL communi cations, the BS would be the D 120 15while the users
woul d beShewn & Fgpires A(Qand (Ehstsexglusivelygressing daranchBy mede ist he rel ays RL
and R2 may be users or base stations. As can be seen, Figure 7(b) depicts

t he UL cdesignédaciaassbdtbiwohelays Rugmd R2y t he .sector A of the pth cell. A
kth user in a sector A may use a certain portion of band 20 which is

orthagonal to other users wthin the same frequency band Al By tracing the
dotted paths in Figure 7, It can be seen as to how .and when the destination

and rel ayy, rgmmenggﬁgirgatl on for link selection and/or phase
rotation. - I's noted that the downlink conmmunication-protocol

downt | n T PR 0?15@ 3@@%“%@%% @%é’a%@a@%@%fﬁ?ﬁ?>%aa%d?@%é&hget

swi t chi ng ,BS ure 7 and user kin Figure 7(b). Therefore,

shown in%li? U}%h GEH cutive Tx or Rx nodes are designed for one
rel ay and as shovvn in Fi gures 7(c) and (d), an exclusively crossing Tx and
Rx nmode is designed across both two relays Rl and R2. 5 VI. SI MJLATION
RESULTS In this section the Bit Error Rate (BER) performance of the

DSTTI® babethet pasfqatanceadvajuatenh pithefolowmgdessumpiimtis are made. Each node is,

assumed to have two antennae, each transmit antenna of the S ‘1 02 and relay
nodes R1 110 and R2 112 consumes an average transmit »po‘wer. P, and quadratic
PSK (QPSK) modulation is used. It is assumed that a frame includes 80 QPSK
symbols, i.e., 20 STBC blocks (L = 20), and the MIMO channel matrlx HN2N1 is

15 generated from independent 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
comparlson the performance of a PtoP system WIthout relays is mcluded |n the .j,ﬁ ‘
plots and labelled “PtoP STBC”. Fora falr companson the average transmlt power_
20 for each antenna of the “PtoP STBC” system is set to be tW|ce 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,y, 2 L‘Q%



10l n the performance eval uations, the foll ow ng assunpti ons are made. Each
node is assuned to have two antennae, each transmt antenna of the S 102
and rel aywadagIR®s5110 and R2 112 consunmes an average t PamsSGo11006028 P, and
guadratic PSK (QPSK) nodulation is used. It is assunmed that a frane

i ncludes 80 QPSK synbols, i.e., 20 STBC g ocks (L = 20), and the M MO
channel matrix HN2ryl is 15 generated from i ndependent Gaussi an random

vari ables with zero nmean and o-- variance. Ni E {S,Rl, R21 and N2 E

| niopendbifts oy PRRER KElfPHhar of 1% apectiusty) wiRin i Togmse,

performance of a PtoP systemvmthout rela s is included in the plots and

| abel | edWapaiH iSigyeompRinications acegrding f‘%ﬁw e’@iﬁplﬁ\%’ﬂa@@mﬁns'ﬁﬁfe BRler 20
for each antenna of the "PtoP STBC system is set to be twice as nuch as
the transhows fumeerfaimanes when fae reqeived, SHisfoeting link from dech 102403Me t
antenna of the "PtoP STBC' transmtter uses an average transmit power of

2P. 15 t Det 20 iswaniedoAgure Béb)rshmavs/ibed v rirrameetvise Nthenedeivied SMRsK@r node i s
defined as RXSNRN2 Na2 S N2N, (25) 2 2 WD 2011/093795PCT/ S&011/ 000023 26

Fi gure 8tehpug fidif tIREB ﬂ?Zfd)ﬂh@&Bﬁﬁfs@1 t1he HIRE¢Y2 @P@véﬁé@wnmdﬂﬂfe.gu?es
DSTTD- based two-path relay commni'cati ons according to the exanple .

enbodi ne i ﬁ%ﬁ t v or the
i nk froﬁh) d%é’(kgztﬁ%%{\%@% Ifgglspmé rire 8 I gure %‘F)g; b ?r%n%hlﬁté
perfor ke when eceil ved SNRs t gs fro t he to the
el ays RiNS RN 805 Sh0HS e BEutptruznce fori i pat Hipelh L’zﬁ”%wgéb the
curve 800 shows the performance for a "PtoP STBC' transnmitter. The curve
802 showsstimatigneriihe shiNe S0sihovsthsnarfamasee fer aR-Rathriglavii using
10  MMSE estimation. The curve 806 shows the performance for a 2-path using ML
joint-link estimation. The curves 814 and 816 respectively show the 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° communicaticns realizafions. In the MLSD sys’rem, 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‘mptlon

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



estimation. The curve 804 shows the performance for a 2-path relay link
using 10 MVBE estimation. The curve 806 shows the performance for a 2-path
usi ng M. WoOi20t1/d98T9& estimati on. The curves 814 and 816 PEFSEC011NI03 Show
the sane type of performance results as the curve 804 and 806, except that
for curves 814 and 816, the estinmation dgne at the relays are error free.

15 For c Wi e i re@b _f S is
set 1o bATGo PR R RN BBbrct ol Wihe WpEe RIS ERon L8 B o ne
as the ayera f 0 icatjio r jzatio In_the M.SD system the
rel ays .eﬂ%’eta(%éskg;%%z%)Wda{eﬁ/zl?dg%%?h¥§&%ﬁés ‘5@} regm@/?ﬁ ame, and
the destination D 120 detects jointly the first and second franes under the
assunpt i 6igues ) angB (Peregpecively cthe) giresddiak copraunications withdhe NIMSE-
retransmts it. As can be seen fromthe curve 816, if there is no error at
t he rel abaseditingarMdiectod (isclcante 802) parfirmschatter thas themiritdnkance.

Q herwi se, it can be seen from curve 806 that the performance of a

M_- bats e dcomingurcativneavitrethiein-seer detctde ieRueBOGE! t ai N recei ved SNR

val ues. As an exanple, when the relay links 27 m n(RxSNRRas, RxSNRDRal are
poorer conpared to the direct link RXSNRos i.e. in the.right (RxSNRDs 12
dB) and left (RxSNRDR1=RxSNRDR2 6 dB) regions. of Figures 8(a) and- 8(b)

respecti i S i i OAS W | i,near

et oot or [ gerioifiobbEBblne LItk STEC 8 GRCpvh BAB IR HFEEConaE
5conmuni cat.ions with the M- gsggl et eﬁi Rr g}iﬁ.e.. cgrve Sg%‘ Tge :

per f or maREECTERARGEIH sempated 49 thefirgst ligk communisaions with inean dptegstnabl e
per formance gain COfT‘[I)_a]’ ed to the direct link communications with |inear

det ect or (i@ c8IVe:g8Q2)e TBEARNdamEs My RPEne {rormatheciaakthat te enly diffierenedat t he
only difference 10between themis the transmtting power at- the S 102 node,
i . e.1becheteantbenvisrthgdransemingtgaweg gidine S 1@2 node Vviee. 8@Bause thve ce t hat for
curve 802. Fromthese results, it nay be seen that utilizing link selection

bet ween hberageltmnsabingi poRedr fbf BlSeB00 Bawrdihat fFeWe 802, Ficayfesd shows
t he BER performance of DSTTD based two-path relay conmunications with a

link sel pady n'tﬁﬁ.ﬁf%&k@&ni tiRfiziRY FR R IHBAY | ifegt NO

f eedback (FB ’,I 1-bit FB orr'%f Hﬁﬁz@g FsEisgurel B?a%mgﬁgvyswfﬁggl %gpﬁl)ﬂre%nce when
t he recejved f link fromthe S 102 to the D 120 is varied. Figure
9(b) sho!hg/l?%wgv?eeré)%vrabgﬁeeo en the received SNRs for the links fromthe :S
102 20to the relays RL 110 or R2 112 are varied. In both Figures 9(a).and

9(b), the curve 900 shows the perfornmance for a "PtoP STBC' transmitter.
The curves 902, 904 and 906 respectively show the performance for a 2-path

rel dp | i higuie Srihovedbedt R perfoomanne 0é DSTdre-based wempath eefap 120 to the
relays Rl 110 or R2 112, where there is a .1-bit FB fromD 120 to the
rel ays, eominuncationsevith a dink skleckiBn faccording 0th2betampleemiddigent Whergur ves
908, 910 and 912 respectively show the sane type of »
there is no feedback (FB), 1-bit 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.‘,Figure _
9(b) shows the performance when the received SNRs for the iinks from _tﬁefS 102 :
20 tothe relays R1 110 or R2 112 are varied. in both Figures 9(a) ahd 9(b), the curv'é:
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



28 performance results as the curves 902, 904 and 906, except that the
results are for a 2-path relay link using M. estimation. Were there is
full FB, wbeor#loais know t he exact values of eL for thePph&s2018r0000281 on.
The results are then obtained as the average of 105 transmissions, i.e. T =
105. The relays and source in the M- bas?éj systens perform franme-by- frarre

I
M oo o SPE bRl i 8300 Qﬂrfe%n%de’f?’bﬁameﬂsﬁ{@%% Bt e RS, | i
selectio re 90 as further. performance inprovenent
from phagg,(arg'tpég] gHay ﬁ%‘f‘rﬂﬁ'rng%gg 904 and 906, or conpare 908 with 900
and 912). The two-path systens with MVSE detector (i.e. curves 902, 904 and
906) achi eve worse perfornmance conpared to the PtoP system (i.e. curve 900)
in certain SNR region, for exanple where the RXSNRDs is 15greater than 9

dB, the Where tb&e is &l BBt thebretlayey krav fhor exactevaluesoftdge foutheepfE2 |t can
al so be seen that the M-based systens (Le. curves 908, 910 and 912) show

bet t p %\4\/&& Q?% e urve 902,
904 gjnd S‘Béﬁ‘s ) t hre%Bﬁ Ig}ésl)aqs em Eﬂ%td.egcur gg?%}(% gﬁpg@&%o val UES%I—JSEd in
the sinul t he ase of . t P s . curve 900), the
M- based- 2t Ene Fav gy athre o' B8 Al Bt F B af ot MgeIBy rims ner | i
can be seen that the performance gaps between systens using full FB and
1- bi t FBMA detertionjinsteadpksqqueatiat detegiion.or mance gap between curves 910 and
912) is smaller than the sane performance gap for MVBE-based systens (i.e.
t he gap between curves 904 and 906). WO 2011/093795PCT/ SC2011/ 000023 29
The described enbodi nents should not be construed as limtative. For
exarrpl €, From the result shown in Figure 9, we can see the performance enhancement
10 provided by the link selection (compare 902 with 908) as well as further
performance improvement from phase rotation (compare 900 with 904 and 906, or
compare 908 with 900 and 912). The two-path systéms' with MMSE detector (i.e.
curves 902, 904 and 906) achieve worse performance compared to the PtoP
system (i.e. curve 900) in certain SNR fegion, for example where the 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 systems (i.e. curves 908, 910 and 912) show
better performance than the MMSE detector based systems (| e. curves 902, 904
and 906)-or the PtoP sy_stem (i.e. curve 900) for all SNR values used in the
simulation. In the case of the PtoP system (i'-.'e. curve 900), the ML-based: systsm'sz _
20 may achieve a SNR gain of about over 8 dB. Fuﬁher, it can be seen that the -
performance gaps between systems using full FB and 1-bit FB with ML detectors
(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).
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t he descri bed enbodi nents describe the DSTTD relay as a nethod but it would
be apparent that the nmethod nay be inplenented as a device, nore

speci fi cavbyoaseansl ntegrated Circuit (1C. In this casecTisceoliBomay
include a processing unit 5 configured to performthe various nethod steps
di scussed earlier, but otherw se operate,qaccording to the rel evant

par 41 cul A1y oS Slbogin SR a0 (s kORSIrEs AR SRPiBu: i1
B ek R

station and other network infrastructure may incorporate such ICs or

ot her wi s@8PPept Hiat dhermetoed My beiprlemanted as & deies dnarengpadfiaal¥ agescri bed
met hod. Wi | st exanpl e enbodi ments of the invention have been described in
detai |, eadytegeatediGimut ((0)e Iptischse, thietiGimay irelsdoperofessitg umivent i on as
will be clear to a skilled 15reader. For exanple, it should be appreciated
t hat &hi tsifigured 3o pedermitied axtodd thelitsd srplsi iscudsed @eskdri batotagnkiggi ng
specific and distinct roles in the nethod, they may however be inpl enented

using si Bpbatte BRESHIH o tHBUERABAY é’@mhﬂﬁ\ic%ldfncﬁ%tocfo?'@f%)éﬂg)rlg?ﬁéi nations

may interchange their roles and functions between each ot and/ or ‘bet ween

ot her gr 8?%&&9%% efbdbGifventi€ ggxggge{?gl l%%sfﬁliiﬂ%;ééq@i f %@Qrggpgﬁg%ﬁgmnner ’

for exanp ere a source nat1 on source

and a destj nation .exch e roles. 2011/ 093795PCT/ SG2011/ 000023 30

Gl s 1 et RBIETOE e ARt CtisTe SorBgd SRDQYimEDt MayAIRD be

mul tiple antenna rel ay node decoding and forwarding a first STBC coded

si gnal f H?H i Qlber wirersgecoamynicatiph retwedsdEusmphilgratatiarededres basgnal
froma second multiple antenna relay node, and ° a destination DSTTD

r ecelWer sttioodindgotheenéiwak irdieR@uchde dnay grearpdrmatasudiel Goor otheneide beand t he
first decoded and forwarded STBC signal 10fromthe second nultiple antenna

rel ay nogeigrammed or configured to operate according to the described method.

* Whilst example embodiments of the invention have been described in 'detail', many
variations are possible within 'the scope of the invention as will be élear to a skilled
15 'reader. For example, .it should be appreciatéd that whilst the source, reléys and
destination are described as having specific and distinct'roles in the methovd, 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.



At tinme=t+1: t he second nmultiple antenna relay node receiving a
second. STBC coded signal fromthe source node, and a second decoded and

f or war dedweizgnalosfosom t he first nultiple antenna rel ay rotsc2engdodas he
destinati on DSTTD recei ver decoding the second STBC coded signal fromthe
source node, and the second decoded and foggparded signal fromthe first

mul tiple antenna relay node. 2. The nethod 1n claim1 further conprising
phase rotae |"w#e»processing. 20 3. The nethod of claim1 or 2 further
conprising<§h sing a pre-processing matri x based on a post-processed
SNR.  W0O2011/093795PCT/ SC2011/ 000023 31 4. The nethod 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 the destination DSTTD receiver.
5 5. The nethodAimethoy afreenuhiunibatign ecegrisgpge! ai ns wherei n the decodi ng and
forwardi ng i ncludes DSTTD detection. 6. The nmethod in any one of the
precedi ng At twnest:f urther conprising channel estimating based on an

ort hogonal training sequence in a frane structure 10for each of the STBC

coded g gnal s andacﬁgﬁqﬂ@mpré%téﬁﬁmlgg%%%dmﬁg&gd faryafail§S dFgt 10 1 1

any one of the preceding clainms further conprisi 1 VI di ‘ ~a cell
1550l ecting the' P S PRRRt ARt MRay B g P G mul 11 pi e
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.



antenna relay node within each sector. 5. The nethod in claim7 further
conprising formng a cluster out of a plurality of adjacent cells, wherein
a first swotoridesrea first cell and a second sector in 2@eTsecongoaes |
shares the sane frequency band, and wherein selecting the first nultiple
antenna relay node and the second nultipl egantenna relay node conprises
selecting a relay node in the first sector that is closest to the second
sector as r th first multi Ie ant enna rel ay_node or the second

mul 1 pl 6 bt enhi® A0 fEeny s oF L BRcRRE a-CRER il compiig o

2011/ 093795PCT/ SG2011/ 000023 32 second sector that is closest to the first
sector as the ¥le¢inNg a githara dhgchiink oA eelanlishhasedoaya pesterrocessad f i r st
mul ti pl e antenna rel ay node respectively. 5 9. The nethod in any one of the
precedi ng cl ai A¥RwtdheidestinaticdTBS Tddleetediegnal s and decoded and forwar ded
signal signals-conprise a two-path relay tinme-division-duplex (TDD) frane
structure, wherein the franme structure includes slots for uplink data
transfer, downlink data transfer feedback on phase rotation, and feedback

on links se$ ect TR metfod th ady Sng%tf'ﬂ%jn%té%eamg A8 IhEFLﬂn @ﬁ@@@%c{ﬂﬁ%%\l nal e

further conpr|5|ng bi di recti onal ni catl on- i ncluding an uplink and a

downl i nk. fowv&gd w@% !}Efe%%éuf%g &ét Sﬁgr{ configured to conmuni cate

according to the et I'n any of c alms 1 to 10. 12. A nobile station
configured to communi cate according to the method in any of clains 1 to 10.
2013. A base station configured to communicate according to the nmethod in
any of clalms 1 to 10. 14. Arelay station configured to conmunicate
accordi ng @o t hiee mathed in anwane of ftaaiawdmgt@ams further comprising channel

estimating based on an orthogonal tralmng_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
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10.

11.

12,

13.

14.

32
second sector that is closest to the first sector. as'the either the second
multiple antenna relay node or the first multiple antenna relay node

respectively.

The method in any one of the preceding claims wherein the STBC coded
signals and decoded and forwarded signal signals comprise a two-pat’h. o

relay time-division-duplex (TDD) frame strﬁcture, wherein the frame -

* structure includes slots for uplink data transfer, downlink data transfer

feedback on phasé rotation, and feedback on link selection. -

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

directional communication including an uplink and a downlink. -

An integrated circuit configured to communicate according to the method

in any of claims 1 to 10.

A mobile station configured to communicate according to the method in

any of claims 1 to 10.

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

of claims 1 to 10.

A relay station configured to communicate according to the method in any

of claims 1 to 10.
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