W.rel ess Transm ssion of Layered Signals in a Relay Network Field of the
I nventi o esent invention relates generally to y

transm s{s%[iogzrq;rdg@gf%yered signals in a relay network, andmp%%él%?:@?oa&? 6y, but
not exclusively, to wireless transm ssion of |layered signals in a relay
network using nmultiple relay nodes inplenenting a cooperative rel ay
strategy to relay the layered signals froma source node to a destination
node. 10 Background of the Invention The %dfggand on rm#t hm(ifl a a!t()pl i cations
such as video st Viiseiess TAABSTIsSHPRSAT Laysrest SignalpdDiaRely Naswmark over

wi rel ess communi cations has dramatically 15 increased in recent tines. A
fixed nultinedia base rate for transm ssion over such wreless

comuni cations is generally undesirable due to wirel ess channel conditions
t hat fl uct udliedmfdhe hoventidgran wired |inks, and the resulting | ow perceptive
quality due to service outages. 20 One way in which to inprove the
reliability of the transm ssion of nultinedia informtion between a
transmitter and receiver over a wireless network is to inplenment a coding
techni que. Epanpleganpinention gretated riemeesllyi fc lwidesal itanpinissetes of ilptdred

codi ng (MDC) and successive refinenent coding (SRC). in NMDC, the video
signal is engpardid Bt felapddtRbek, daRC papicliRny, alut didifeichrivehnuocrireleds ng
rates. Each description can be decoded i ndependently, and a better quality

of video canpemAGREYEhySREN sTRG MEE GBIyt heRriRRINEARitpR rélay heasty. | n

SRC, the video signal 1s encoded into nultiple |layers at different source

coding rat e?rgpﬂen%ntingze? 538;%&%@\\/@ r@lay SHRRGLHE lay WEdverdd sightis’ BGAI yer. an

enhancenent ayer eco and Successively refines the description in

t he previous_enhan t . ers as long as the previous |layers are
recei ved coPP@?F%;?%%K%%&%%?@%Q%%{M codi ng technique is disclosed for

poi nt-tQ-point Single-Input Single-Qutput (SISO and Miltiple-Input
wul ti pl dPaut put (M MD) systens in "Source and channel coding for

quasi -static_ fadin hannels,” by D. 10 GUndtiz and E. Erkip, Proc.

Asi | omar Corﬁa."kaﬁm%l“gﬁ‘gﬁé‘? h'ﬁi’?ﬁ‘@%\s and Conputers, Pacific Grove, CA Nov.
2005, pages 18-22. Assuming that the channel state information (CSI) is
avai l abl e at  the receiver

The demand on multimedia applications such as video streaming and Internet
Protocol Television (IPTV) over wireless communications has dramatically
15 increased in recent times. A fixed muliimedia base rate for transmission over
such wireless communications is generally undesirable due to wireless .channei
conditions that fiz)ctuate much more than wired links, and the resulting Jow

perceptive quality due to service outages.

20 . One way in which to improve the reliability of the transmission of multimedia
information between a transmitter and receiver ovef a wireless network is to
implement a coding technique. Examples of coding techniques include multiple
description coding (MDC) and successive refinement coding (SRC). In MDC,

the video signal is encoded into multipie descriptions at different source coding
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but not at the transmtter, in a slowfading scenario, once a channel is in

deep 15 §adgyq4Q%sng no longer hel ps to increase the relda@hdoddoodds t he
transm ssion. In such cases, the natural performance nmeasure becones the

out age probability, which is the probability when the nmaxi num supportabl e
rate is lower than the fixed transm ssion rate R Therefore, the
performance netric of |ayered video transm ssion over w rel ess

conmuni cat i QagshEasREstisticeX St betiecbdes irdssHntleatly, M a Ater duakty Ybof it
has becone increasingly inportant to mnimze the expected video

di stortion. yoaddehddkhitved IMRIORBRIHeb &ptloht G#é ?eééiﬁe&&&@é&tg?ﬂw_ sRicect s of

fading is by way of diversity techni ques, such as antenna divérsity and

cooperat i ve it YR8 dighal is-BhédtRdARAR R bKLEEdiehY 3hEE e%i@@a?égo' oys

mul ti pl e antennas at™ the recelver an e transmtter, a cooperative

diversity syst t)4 1 equi.g] - .l _ at
cach terminit: DAY g §erA bffudetant bers A L Hole: oh EnfiHCERE
channel ¢oding for cooperati,v lLaying, "~ | EEE 5 Trans. Inf.. Theory, vol.
53 no. 0. ues 48SHEE, Fb0" Bl BVeO0eines, s S5RCRRIe Philh e P BKR e and
channel codi ng using a s sten] consi StHﬁg of Yg\ne sour ce, node, one r.elgy node
and one destSHEFFYRCHOAE PR 'RYE6H AP alANPe 2 RN PERYPYSH VAR 857 J56S4P
related to the single re%@/ ode assi sting a direct |ink comruni catjon

bet ween t he CBESWE AhE*aEBIS RYEreSh CRIAE deCmauRinmiee'asedTiRE PORENPPOR 1 n
general terns, the present invention uses |ayered source codi ng and

nul tipl e relSngierpag SinplecRemut d§1S0L 688eMattiplarinpet MulbplefPetgyt (BING) ay

| ayered signals 15 froma source node to a destination node. According to a
first speci BystiemspneSobme and channaigedingdal quasirsdaticiaging /¢hasmels, st Bod of
operating a relay node for wireless transm ssion of |ayered signals in a
rel ay nédwoiGindithanaedt. iolipe Hinpe.ifsilnmar BentarpSigotts, Bytemscarid/Complizyer ed

Pacific Grove, CA, Nov. 2005, pages 18-22.

Assuming that the channel state information (CSl) is available at the receiver
but not at the transmitter, in a slow-fading scenario, once a channel is in deep
15 fade, coding no longer heips to increase the reliabiiity of the transmission. In
such cases, the natural performance measure becomes the outage probability,
which is the probability when the maximum supportable rate is lower than the
fixed transmission rate R. Therefore, the performance metric of layered video
transmission over wireless communications becomes the expected video
20 distortion. Accordingly, it has become increasingly important o minimize the

expected video distortion.

An alternative development to mitigate the undesired effects of fading is by way

of diversity techniques, such as antenna diversity and cooperative diversity.
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20 signals froma source node, (ii) receiving, froma destination node, a

rel ay al@catiqgRarameter to inplenent a cooperative rlaycRidabfay W th
one or nore other relay nodes, and (Hi) relaying the layered signals to the

destinati on node using the cooperative relay strategy. Wth the proposed
met hod as described in the detail ed description, |ayered signals can be

rel ayed fromthe source node to the destination node using a cooperative
techni que that not only benefits frominproved reliability resulting 5 from
| ayered coditnjikbuan antamndodiversiip\sydienh whishremployementtiplsf anteginpe @t the nk

bet ween the source node and the destination node. Accordingly, the nultiple
rel ay nodes reosivarasmd/bhthec tapsmaiierr angeopatabive tdneerdity eystehi nkiizestaveslay t he
source and destination nodes is not available (i.e. by exploiting the relay
nodes' spat ivdthodt veqsiirigy nudtiyde ansennass hatneacht teemined| At BeotionaisiB detkipi deo
signals at the 10destination node. Step (ii) of the first specific

expressi on gy BOARIHABG ih €8oLienghdchidrings obdinpdvetodptrahae felafing hEEER| ay
nodes to inplenment orthogonal anplify-and-forward. Alternatively or

addi ti ongl | Yprasd GRf. (ihebr/T8)]. BP0 30, FE6R YA5-3876€ RYolid? @071 BrdpBgégat i ng
whi ch one of the relay nodes shoul d be used to inplement selective

relaying. Fuyi, Qfaﬁ?% %Sﬁr'&étdg\ée&ﬁén%i &sifthg bgﬂglal Hrsteth @Bnkisling BBYNEHPES S

recei ving a value use by each of the relTay 'nodes to calculate their
transmt power,.tQq.i i i } $g¥p@% Y,
prior t?_stQ%M§FP?%f@h?qﬁgkﬁggﬁ%gz?@%gggéﬁgﬂgg%ﬁ?ﬁggﬁ%%g_ ? p ﬁ&gﬁ??@ of
cooperative ay_str s ] e n st.at.e. r o]

avai l abl e attﬁ?e%é%?%ﬁfsﬁgf/l %%%tgé %oﬁ' e%r%?e,ré%%?t ﬁgg%nésélgmﬁ]i ?yaﬂ;ﬁ%- ?r(])kr war d
or selective rel ayi be sel ected_if only .backward channel state

1t or at 1 on e R ERR Fi SSUE A BERPRRTHBEN ng my be. cel ect ed
if backward and forward channel state information for each Say node is
avai | abll8 to the respective relay node.

SUMMARY OF THE INVENTION

in general terms, the present invention uses layered source coding and multiple
relay nodes implementing a cooperaiive relay strategy to relay layered signals

15  from a source node to a destination node.

Accoréing to a first specific expression of the invention, there is provided a
method of operating a relay node for wireless transmission of layered signals in
a relay network, the method comprising the steps of: () receiving layered
20 signals from a source node, (i) receiving, from a destination node, a relay
allocation parameter to implement a cooperative relay strategy with one or more
other refay nodes, and (iii} relaying the layered signals to the destination node

using the cooperative relay strategy.



According to a second specific expression of the invention, there is .
provi dedv\;a0 f’ﬁlﬁrfﬁg*‘b&d of processing |ayered signals receiy&c}s Olﬁmcgﬁééi nation
node frommnul'tIpl€ relay nodes, the nmultiple relay nodes I'inpléenmenting a
cooperative relay strategy to relay |ayered signals froma source node, the
met hod conprising the steps of: (1) determ ning channel state information
fromthe received | ayered signals, (ii) determ ning which one of a
plurality of cooperative relay strategies is 10 inplenented by the nmultiple
relay nodes, (iii) determ ning, using the channel state information, a
relay allocatjon paranmeter tq control the cooperatjve relay strate

|l oment od BB PaPDTS S1EPA S GeRsDed il ey st Ry RGO dpygTd

al | ocation paraneter to the ltiple relay nodes, 15 Step (iii) of the
second speci $9taleean s elayasalforo r?oé’éc%élpéﬁlﬁtﬁ"ﬁgd%t@?g%ﬂoﬂemafor
each of the multiple relay nodes to inplenent orthogonal = .

anpl i f y- andf eroraraiive Apelutiaeg ﬂ%mpf&nlyggan%ﬁt@ﬁwm ympgaves reliebiitynigpuleapri se
calculating a relay index indicating which one of the nultiple relay nodes
shoul d bé uskemtlayarap|eting béteblaetdoge awdapithgtheRwauiremeat oérndirdol dibly or
additionally, step (iii) may 20 conprise calculating a value for use by
each of the ativbépltee sebme modkesnd dhe alestihation hbed.r Atcadingiyt, thewariigle

i npl enent di stri buted beanform ng. Advantageously, the nethod further

conpri si ng tialyshens Ofcredge) thietevarage mgngd whet ehdafirdeedink eberlvagahé n
channel state information, and (vi) if there has been a change in channel

state i nfor reduré@hand abstiniioh h@das fesauetalslgl(i 8l BabkABitRG HRETRIISY nbdegont 1 ol
the generation of |ayered signals at the source node so as to mnim ze

expect ed di sgpyiibi Gemity) S8 RSt dritrinte Ahe QB8 Iityadttreb vk maﬂgi@aai%m% th&sour ce

optim zation paraneter to the source node. 5 Preferably, the“resource

optim zaty orl?éé%m,%deqorrpri ses a base | ayer transm ssion rate, an
enhancenent layer transm ssion rate, and one of: channel allocation for the

base and enhancenent |ayers, or transmt power for the base and enhancenent
| ayers. I n one enbodi nent, step (vi) conprises presetting an 10 out age

probability Qf the _enhancenen %}gqx'/r . etermning, .fromthe. preset
DLt age pr obatep D B SRE e, oRECsiof Bl Releddvind & FebABH PORE] o
transm ssion rate and one of channel uses and transmt power to. be
i mpl ement ednfﬁ’f %8B gom%@%&de" © ﬁ? n'frm?%en&ﬁét%'f}%”%li E&Sp‘g’r‘%ﬂ&é’f"“ﬁlfﬁe
destination node. 15 Were the |la ereél signals are progressive transm ssion
signal's, stepiamativelagr raddifiapailg oBiEPi did- M) Comprses recalvig (hdelgisBAeXy er
transm ssion rate at a m ni num )
15  indicating which one of the relay nodes should be used to implement selective
relaying. Further alternatively or additionally, step (i) may comprise receiving a
value for use by each of the relay nodes to calculate their iransmit power to

implement distributed beamforming.

20  Advantageously, prior to step (iil), the method comprises selecting one of a
piurality of cooperative relay strategies based on the channel state information
available at the retay‘nodes. For example, orthogonal amplify-and-forward or
se.lective relaying may be selected if only backward channel state information is

available, whereas distributed beamforming may bz selected if backward and
4



transm ssion rate, (b) determ ning the enhancenent |ayer transm ssion rate

fromthe_pr tage probability and the base |ayer t 3312&59 | rate,
(c) 20 d‘g&ﬁﬁﬁif% t he channel uses using the determ nelg ase(ﬁ(ﬁg);‘;gérﬁ
transm ssion rate and enhancenent |ayer transm ssion rate, (d) determ ning

t he expected distortion using the determ ned base | ayer transm ssion rate,
enhancenent |ayer transm ssion rate and the channel uses, (e) increasing

bace | ayer 1 PRIH Garbie Ao Taton oAb, B ShBec Rtz Wil ) "

determ ni ng whi c%_ val ues of the base |ayer transm ssion rate, enhancenent
| ayer transHESREGHTEBY "HE: channel uses result in a m ni num expect ed
distortion. 5 Wiere the | ayered signals are superposition coding |ayered
signals, step (vi) may further conprise: (a) initializing the enhancenent

| ayer transmi ssion rate at a mnjnmumtransm ssion rate, (b) determ ning the
transmt powkecAiding do BheetoRR SMESHE fXPreppian pf tisinveriigsh theleds &rﬁ%"'@‘?‘iﬁapr eset
outage probability, (c) determ ning the base |ayer transm ssion rate, (d)
det er m nisng mathodxpk preaessgdiayewc: pigRalss F‘?@'Y@% 2l e ctaglinaliprp agde | Byar
transm ssion rate, enhancenent |ayer transm ssion rate and transmt power,
(e) i ncreasimgttiplecretyhaotasihe muliplr refaanetes stpiameating a(aoppeadvatreldy st eps
(b) to (e) until the enhancenent |ayer transmi ssion rate is at a maxi num
transm ssi orstraégy toarthy(igyerdd signaisirong abowheraideetheohethod doageisingytee
transm ssion rate, enhancenent |ayer transm ssion rate 15 and transmt
power resul tstbfs @f:MiNHewmMimRe chathali staier hfematibechod the teceret Haysted

speci fic expression of the invention, there is provided a nethod of

wirel ess tragighiis SiPdetefmindigeniigh sherilaplimlity sedctpeniveesiay stltegies is
10 implemented by the muttiple relay nodes, {iiiy determining, using the channel
state information, a relay allocation parameter to control the cooperative relay

strategy implemented by the ﬁlultiple relay nodes, and (iv) sending the relay

allocation parameter to the multiple relay nodes. |

15  Step (ifi) of the second specific expression may comprise calculating a transmit
power for each of the multiple relay nodes to implement orthogonal amplify-and-
forward. Alternatively or additionally, step (ili) may comprise calculating a relay
index indicating which one of the multiple relay nodes should be used to
implement selective relaying. Further alternatively or additionally, step (i) may

20 comprise calculating a value for use by each of the multiple relay nodes to

calculate their transmit power to implement distributed beamforming.

Advantageously, the method further comprising the steps of: (v) determining if

there has been a change in channel state information, and (vi) if there has been
5



met hod ‘conprising the steps of: (i) transmtting |layered signals froma

source 29‘{{3?@?’8#322@' tiple relay nodes, (ii) relaying thgﬂgéﬂ%q%%g{wgqi igc:l S

fromthe Telay nodes to a destination node usi h

relay strategy, (iii) receiving the |layered signals at the destination node
fromthe nmultiple relay nodes, (iv) determining, fromthe received | ayered
signals, relay allocation information indicative of a transmt power of
each relay node or indi.catiye, qf the ropriate relay node to. uyse.in step
(ii) to mni "i’n'éj‘@”%?s'Po?'?WWY(?f&?h'EPOr”é‘@z-‘iggeﬁl%fee{%’F'B@I 3 iTgRaHEe ?R(}smiza ion
determning, fromthe recejyed |ayered signals, resource optimzation

i nf or mat i on PHAME, fﬂ@&O&?"OB‘ SEREFFICE B S, SRR AL I 3VYCHNOPR SAAY t
power of the source node to mnimze distortion of the received |ayered 5
signal's, (vilP MRS exnasied disteriprpt dhe glestinglion Apdenand dvidtsending thel ti pl e
relay nodes, and (vii) transmtting the resource optimzation inforrnation
to the sour c@sp@ge optimizatiopgrasampley to repoyrre nodenpri ses i npl enenti ng one
of : orthogonal anplify-andl0 forward, selective relaying and distributed
beanf or ming. Advant ageously, the |ayered signals conprise a base |ayer and
an enhancenent |ayer, and step (v) conprises presetting an outage

pr obabi | i ty Brfeférhielyerthancestente |eplienizationd meametdrnicagpribeona t basepriageat

out age probability, the 15 base | ayer transm ssion rate, enhancenent |ayer

transm ssi onrdrasheission rats eaw Enbhduanedntuaes tanSnisAans rtk, Heene b dhannel
i npl emented by the source node to mnimze expected distortion at the

destination gRdgionNte e bhse bal SheEnseraBAl ByaFfe oP HABEMR PokRr FHHRS Hagsi ON
signals, step (v) may 20 further conprise: Xa) initializing the base |ayer

oy gl ST sS4, (P BASERUOR B,
the based aygliadd BRHELTH BN tHPESharkBnent layer, and determining, from the preset
outage probability, the base layer transmission rate, enhancement layer
transmission rate and one of channel uses and fransmit power {o be
implemented at the source node fo minimize expected distortion at the
destination node.
15
Where the layered signais are progressive transmission signals, step (vi} may
further comprise: {a) initializing the base layer transmission rate at a minimum
transmission rate, (b) determining the enhancement layer transmission rate
from the preset outage probability and the base layer transmission rate, (c)
20 determining the channel uses using the determined base layer transmission
rate and enhancement layer transmission rate, (d) determining the expected
distortion using the determined base layer transmission rate, enhancement

layer transmission rate and the channe! uses, (e) increasing the base layer

transmission rate, (f) repeating steps (b) {o (e) until the base layer transmission
8



determ ning the channel uses using the determ ned base | ayer transm ssion
rate andggiaipement |ayer transmssion rate, (d) detergpiddg;dRgigxrect ed
distortion using the determ ned base |ayer transm ssion rate, enhancenent

| ayer transm ssion rate and channel uses, (e) increasing the base |ayer
transm ssion rate, (f) repeating steps (b) to (e) until the base |ayer
transm ssion rate is at a maxi mumtransm ssion rate, and (g) determ ning
whi ch val ues of, tpe 5 base I%¥en transnisstB rate,. enhancenent | ayer
transm ssi ofAiFds 8t & MPXIRYMERNUEEoN FG) 8NY )OSIRHTIRNG WRisB vakesd for t i on.
Where the | ayered signals are superposition coding |ayered signals, step
(v) may fur PR&? laySHERNEBISS(OR) rate, enhansomart lever sainiseienata antbehanne!
transm ssion rate at 10 a mininumtransm ssion rate, (b) determ ning the
transnmit poWees [psUlidn amainEmuafeReiat disfgdiont r ansmi ssion rate and the preset
out age probability, (c) determning the base |ayer transm ssion rate, (d)
determ ning the expected distortion using the determ ned base | ayer

transm ssion rate, enhancenent |ayer transm ssion rate and transmt power,
(e) i ncreasWipre Hbe dayesad exighdls 28 lsupenpositiansendig dayared ejgn@ls) stepéal i ng
steps (b) to (e) until the enhancenent |ayer transmssion rate is at a
maxi mum t r ansyi fatha@nconagrese: dadnifigizinke trey anmdrognwint ¢diyer dtanesission fage base

| ayer transm ssion rate, enhancenent |ayer transm ssion rate and transmt
pover resul & infhirdufi GraRsHiiseiope edted (I8 déemindly R tAaReritpBeet Qsigl e th
specific expression of the invention, there is provided an integrated

circuit (I ChnhsMicetdr! l@yernatdasmision! e | axeties prbgnfabstabt 0MoBabRy! ¢6 node
to a destination node, the IC conprising: a processing unit confrgured to

receive | ayBeRnBNNS ve8Mal e BALNRINiRe r(@)c?iie‘l’é'r{)niﬁiﬁg%éh& %{;éd nation

node, a relay tion paraneter to iInplenmenht a cooperative réla

strate i ) I n (.6 he si gnhal s
Lo the d2s M fan S R ddtiind kKo NaPES raffhigToralel B iEERES! 00
may be used, in rel ay. st at.i on. rding to, a fifth eci fic expression
0t the | yolvPo et Bl HanSaR it 18, herkera the PinetieT BN, ococs
received |l ayered signals fromnultiple,rel nodes,. the L C conprising: a
e ey o oakbretedeaet e hiaPeatfe Sitrul) I EIERY herrneReS BBRLRYEY ) ve
relay strate X inglenented by the nultigle rela¥ nodes, determ ne, using
channel st alraNSTIESPRIFIEIR A1 TONEYT BAD TRSS|OBCEr ANt @) FEiRETING Wikl s, a
relay allocation paraneter to control the cooperative relay strategy, and
send t he reV@lye%lp{3 hedaseiaysi tEnsMgsiqroraidenhancemeat laypaljangaissionsaieh an | C

may be used in a conmunication device.
15  and transmit power resulf in a minimum expected distortion.

According to a third specific expression of the invention, there is provided a
method of wireiess transmission of layered signals in a relay network, the
method comprising the steps of! (i) tfransmitling layered signals from a source
20 node to mulfiple relay nodes, (i) relaying the layered signals from the multiple
relay nodes to a destination node using a cooperative relay strategy, (iii)
receiving the layered signais at the destination node from the multiple relay
nodes, (iv) determining, from the received layered signals, relay allocation

information indicative of a transmit power of each relay node or indicative of the
7



Preferably, the IC of the fifth specific expression further conprises: a
resour.cewlézeqé)lws%iszati on processing unit configured to P ﬁ§§%1@&,09&t age
probabi | Ity“of an~enhancenent |ayer of the |layered signals, determne, from
the preset outage probability, a base |ayer transm ssion rate, enhancenent

| ayer transm ssion rate and one of channel uses and transmt power to be

i npl emented by a source node to mnim ze expected distortion at the
destination node,. ?nd Isend tge base Sﬁo I.ﬁyer transm,ssi on rare, enhancenent
| ayer transrAPRLGRSA [laY Ande JRISHrN P FRAR MBINMEEISiRtiq el PeFREs S poner
to the source node, There al.so b rovi ded a | ay node configured to
cormmuni cat e [y&ed §‘9®J&r@ége¥?fm‘”91h§° nienfgsive ehed SIEna FaRU5PE devi ce
configured to conmunicate with a relay node according to the method of the
second specigtigizalipp cgiarpration HCatiys it @ JRRNSMIBHI0BT Tales ChRAPRGIoWSEST Of he
Drawi ngs In order that the invention may be fully understood and readily
put into prdarsedlpover &t the saice NREe o Fuliniee distentippad the ragevediaygred
non-limting exanple only, an exenplary enbodi nent of which the description
i's provi ded sigriabsy (W tttersnitingr bacrelayoalidratian ciofgraafiongtol theuswitipts taday
drawings in which: Figure 1 is a block diagramof a relay network having
mul ti pl e relmdescaeis(vii} transthiiting the régowne opBrazationl iotdormdtiag tathe source
respectively showing the |ayered video 15 transm ssion strategi es of
progressi ve dodansm ssi on and superposition coding, Figure 3 is a block
diagram of a framework illustrating the flow of information via feedback
links fromthe destination node to the source node and to the nmultiple

rel ay nodes, 20 Figure 4 is a block diagram showi ng the feedback

| nformation ﬁré@%ﬂcﬂ,gﬂi?g@) ARpidrRas | iR |MURing0 ohd SofMérhoBbRal’ &haify-aR4ES when

ort hogonal anpli ward 1s adopted,
10 forward, selective relaying and distributed beamforming.

Advantageously, the layered signals comprise a base layer and an
enhancement layer, and step (v} comprises presetiing an outage probabiiity of
the enhancement layer, and determining, from the preset outage probability, the
15  base layer transmission rate, enhancement layer transmission rate and one of
channel uses and transmit power io be implemented by the source node to

minimize expected distortion at the destination node.

Where the layered signals are progressive transmission signals, step (v) may
20 further comprise: (@) initializing the base layer transmission rate at a minimum
fransmission rate, (b} determining the enhancement layer transmission rate
from the preset outage probability and the base layer transmission rate, (c)
determining the channel uses using the determined base layer transmission

rate and enhancement layer transmission rate, (d) determining the expected
8



Fi.gure 5 is a bl ock diagram show ng the feedback information flow fromthe

desti naty o the nmultiple relay nodes when sel ecd hxg 1S
W%Sﬁﬁs dﬁﬁc{oﬁéfﬁt)ﬁh& .

adopt ed, igure 6 is a block diagram show ng the feedbac ormati on
flow fromthe 5 destination node to the nultiple relay nodes when
distributed beanform ng is adopted, Figure 7 is a flowhart of the process
occurring at the destination node during one channel realization for the
proposed fr afigtagion, usiog Ahgudetegminedabasegyair trapsmishiendralel esbancement
optim zation framework for progressive transm ssion, Figure 9 is a

fl owchart oflaydre transwissiad ratet ianil z ahanrel f usasewm) kincorasingpdhpobasd dayer
15codi ng, and Figures 10A and 10B are graphs show ng expected distortion
resul ting friemshtiesion cates@drepeiating stpsob) to e thealsasmolipar gdndmission
exhaustive search for the SEL schene. 20 ‘Detailed Description of the

Preferred Erfagdisngnrtmakituph ebesmizdiopniacesliameint) abicrmening @RI valieeoi then
conprises a framework and the correspondi ng net hodol ogy for cooperative

Wi rel ess svi deRelis IS ERSHiSNsn File, Eniiaficainaheliayer kankintssiBH fatd bAd chmyeinodes
Ri -RN as shown in Figure 1. The relay nodes are anplify-and-forward (AF)

rel ays and spcR9e4.Qf M imEaEaRIcdd Gistplich/i ng between a source node s and
a destination node d. The |link between the source node s and the rel ay

nodes Ri-RN is the backward |ink having a

Where the layered signals are superposition coding layered signals, step (v}
may further comprise: (a) initializing the enhancement layer transmission rate at
10 a minimum transmission rate, (b) determining the fransmit power using the
enhancement layer transmission rate and the preset outage probability, (c)
determining the base layer transmission rate, (d} determining the expected
distortion using the determined base layer transmission raie, enhancement
Jayer transmission rate and transmit power, (e) increasing the enhancement
15  layer transmission rate, (f) repeating steps (b) to (e) until the enhancement layer
transmission rate is at a maximum transmission rate, and (g) determining which
values of the base layer transmission rate, enhancement layer transmission rate

and transmit power result in a minimum expected distortion.

20  According to a fourth specific expression of the invention, there is provided an
integrated circuit (IC) for a relay node to relay layered signals from a source
node to a destination node, the IC comprising: a processing unif configured to
receive layered signals from the source node, receive, from the destination

node, a relay allocation parameter to implement a cooperative relay strategy
9



5 backward |ink channel gain Lis. The link between the relay nodes R -RN
and the @esfphd)@lsban node d is the forward |ink having apdéammneodobdsk
channel gain hd. In the follow ng detailed description, it is assuned that
perfect instantaneous backward and forward |ink channel gains hs and hd are
not avail able at the source node s, but only at the destination node d. 10
The source node s is configured to inplenent one of two different |ayered
vi deo transm ssion strategies: progressive transmssion as illustrated in
Fi gure 2A anwitbupre pusinpreowtierdraigy awdes| @ seleyl the IByeredesigBalsl fo the
progressive transm ssion, layers are transmtted at different rates (R8 and
RE) and chandestinadies npdk usingdthtoppemstive rblay stratégyt. [BuchamelQ neaystd tsgabwer
(Ps). In superposition coding, layers are transnmtted at different rates
(RE and RE) analrdlapsttioh. power (al's and (1- a)P8) but in the sane channel
uses (L). It will be appreciated that such |ayered coding techni ques encode
the source signal into nultiple layers with different significance and the
order of decoding is fixed such that the base layer is 20 decoded and

enhancenent haystirigStoa B apadHid ¥xsiessidadrithe iMRnlas kA R prosidsd eregst ul |y
decoded. Accordingly, "layered signals" as used in this specification are

general ly reffrd adsfirtitheidde® Srosbsy ré@{‘%ﬁdfé?%réaegﬁﬂgg%rﬁ%ﬂmpiet Bl ver

| ayer. The relay nodes R -RN are configure I npFenent cooperativ

di versity by a %@ﬁ; Ve, r y g [ vai | abl e
CSlI at ther g*%s'gtfggets(‘? vrgmg’l'garlalﬁla?og;ﬁ)%éragi{oﬁvémg‘?\glgﬁgi Wt %%9%5@8@ g’
cooperative I.ple.an .echni I i r Xim,si.n ot al
net wor k. chanh %Q'Saghl%t fgg@bga% Eﬁggg}ﬁ%%}é "l Eee%%{@%ﬁgﬁ ﬂ% W'ﬁ‘g‘é%&faﬁb t he
conbi ned signal of,the .relayed signal and.the direct .sigpal in a wreless
networ k. 1 n PR IARIRNG.nGUY i <BRNT e E oo SET et SariRs PE, 1R, Feement ed
froma tiple rel,ag standeﬁ)oi ntl, ?nd so diversity is achieved by decoding
the conblhed®PETaPIBrSoASHY AIRTFISN RREMBEhIGRNR! the reooperive relayy ed
signals. Adirect signal is therefore not required 10 (although a direct
link can be Stsdagwni pend dhexialay Aleegtionspaigrmateigioythe muttiples relpe dgesat i on,
‘cooperative relay strategy' and its variants denote a cooperative

t echni que wh&ueh anll€ inHvebs vsed/infoeRemunicasiaoideyisaf i gured to relay signal s
to a destination node so as to allow signals fromtwo or nore relay nodes
to be used by the destination node for cooperative diversity. O course
where a direct link is 1b5available, 'cooperative relay strategy' includes
usi ng si gnal Brdferabiymitid 1(pbé theefifily spedis expressitni fnaheocomptidest lreredonest | i nk
signal for cooperative diversity. Three exanpl e cooperative rel ay
strategi€s thstimiaatorl pastessing imipeefityured tepreskinamioutige: pbabiigobakn
anplify-and-forward (QOAF), selective relaying (SEL) 20 and distributed
beanf or m ng ¢AMcemERe iyt 3y tn@d@,a?er@@eg&@a@s,bcvet_éﬁhm,l e Beehiadt basgeed
signals fromthe source 'node s to the destination node d based on one of

t he cooperatg,eésﬁfémi Y ekt AR HaRsANSIRAERE MhafcbRbAMiafdd RERINSNoRAEBTEL er

received fromt estination node d. This allows the tooperative relay

strategy to LaKgnk rendfifiQUles &% tahsiitdlovsr R if¥RHARE bdla source

node to minimize expected distortion at the destination node, and send the base
20 layer transmission rate, enhancement layer transmission rate and one of the

channel uses and the transmit power to the source node.

There may also be provided a relay node configured to communicate with a

plurality of communication devices according to the method of the first specific
10



WO 2010/ 098725PCUSG2010/ 000066 the destination node d. Details of each of
t he exerrs{(?r(r}:1 coog_erati ve relay strategies will be described |later in this
speci ficat? SHY R ferring to Figure 3, the flow of inforRalPEHIPPER he
destination node 302 to 5 the source node 300 and the relay nodes 304 is
shown. Specifically, the destination node 302 includes a relay allocation
unit 306 and a resource optim zation unit 308. The relay allocation unit
306 functions to determ ne the CSI and, depending on the cooperative relay
strategy bei FPEIRIERINtR, NYRNPS: AN R eHBMURIGR)ioR| Heviae i eenfigaresirdeer to
be sent back via feedback channel 10 310 to the relay nodes 304 to control
t he cooper at $aramueicale with &t ety trdeoRerongng 4o the neshod Dhéhe ssmmdapecific

optim zation unit 308 functions to assess the CSI and, based on the CSI, to
assess and sexpiessicn ofdbedlnngntiohannel 312 resource optimi zation paraneters
relating to rate, power, and channel uses to be used by a video codec at
the source node 300 so as to naxim ze the quality of the 15reconstructed
video at the destination node 302. A detailed explanation of the

met hodol dgy Beef Deskripiormbf acDraWingse source node, nultiple relay nodes
and destination node will now be described. 20 1.0 Source Node - Layered
Vi deo Transmi ssion Strategies Normally, the commbn termused to eval uate
the quality of the received i mage/ video signal at the destination node is

\r;\?glé si gnal -fh Qi thst fhatihferiBRMRy B8 fiIREshdiFstooki 2 reblifly FANRiolSrabg; 0

effect, there will nlow be described by way of a non-limiting example cnly, an
exemplary embodiment of which the description is. provided below with

10  reference to the accompanying illustrative drawings in which:
Figure 1 is a block diagram of a relay network having multiple relay nodes,

Figures 2A and 2B are block diagrams respectively showing the layered video

15 transmission strategies of progressive transmission and superposition coding,

Figure 3 is a block diagram of a framework illustrating the flow of information via
feedback links from the destination node to the source node and to the multiple
relay nodes,

20
Figure 4 is a block diagram showing the feedback information fiow from the
destination node to the multiple relay nodes when orthogonal amplify-and-

forward is adopted,

11



(1) where B is the nunber of bits per pixel and MSE is the nean-squared

error beW@ﬁqW54§§2J ecei ved i mage/ vi deo conpared to the &/%%%Ijoq(w& For

si nmplicity, & t¥ansm ssi on of a successi vel y refinabl €ss, zero
mean, unit 5 variance conplex Gaussian source is considered over a fading
channel to the destination. The single-letter squared-error distortion

bet ween the source vector = 151132 sKIT E CR and its reconstruction
vectorgl,&ir CIC is defined as A = -17-1 Ak),(2) 10 where
d(sk, k and Kiguss dhis Q&IP%dtﬁ%%‘H 9f thheT ﬁ%e@%ﬁqke'ﬁ iR framfen-rat e
function is given by (R) = 2-H where Ris the source coding rate in bits
per synbol gestisiation inodetie tisa)uwéi@i%@m rodes wherpelectie @RNINGS adeptesiour ce
rate is bits per pixel. Furthernore, a block fading channel nodel is

consi dered paraneterized by a finite and fi xed coherence tine, details 15
of which are disclosed by E. Biglieri, J. Proakis, and S. Shamai in "Fading
channel s: | Figurardt Isoa- ibelo detgram ssicwiragmihe ifeed baak sinfspadios "flonEEEMTthens .
Inf. Theory, vol. 44, no. 6, pp. 2619-2692, Cct. 1998. Specifically, the

channel §s pgasinatibenedid it thenmbltiplel idy abdéadiig distibted bbhameorinitey hannel
fading coefficient h wwthin each block of length L is constant. Typically,
each randonpghsnegel 20 coefficient can be nodeled as a circularly symretric
conpl ex Gaussian random
Figure 7 is a flowchart of the process occurring at the destination node during
one channe!l realization for the proposed framework,
10

Figure 8 is a flowchart of the disclosed optimization framework for progressive

transrnission,

Figure 9 is a flowchart of the disclosed optimization framework for superposition

15 coding, and

Figures 10A and 10B are graphs showing expected distortion resulting from the |
proposed optimization framework as compared to an exhaustive search for the
SEL scheme.

20

Detailed Description of the Preferred Embodiment

The preferred embodiment of the present invention comprises a framework and

the corresponding methodology for cooperative wireless video transmissions in .
12



variable (r.v.), i.e.,GA (0, 1), where CAr(P., a2) denotes a conpl ex

ci rcul argyy 208yd¥gBEri ¢ Gaussi an distribution with nean pcand¥aidodiee a2. It
is assuned that a source realization of K synbol sanples are encoded and

mapped to L channel uses and then transmtted over each of the fading
bl ocks. Therefore, a bandw dth expansi on factor can be defined as (3)
| eading to a channel code of rate Rib bits per channel use. It is assuned

that L and K are suffjciently |arge to, apprQach the instant us _capacity
and Gaues an e Btk 3P HIBIREY Ny BRIt Barower A ey

sl owfadi ng scenario, once a_chanpel _is in deep fade, coding no |anger

hel ps to i nepqassare BEY ‘54"?‘?;\%?‘9’1”?91[1 Z‘?‘F)t Fiay$ @r‘%ﬁﬁgs‘?wml ﬂo%'g%g?r@é%té’ , the
natural performance measure becones the outage probabpility (assum ng, as
bef ore, per feaingCBptweaenn@d BOHIES) Neds & agf a Aestiaticpdiodsud. Ui (nkabetwgen
destination). For an arbitrary fixed transm ssion rate of Ri b bits/channel
use, the 15theuseugee Mbmiaﬂﬁtt§ei, relap(ngdes RiRp)s Hisebackwary link Ravingréixi num
rate supportable by the channel h. Adopting a |ayering transm ssion
approacht t backwiate tinis ocbamres! igairehe otedinknbeiweso thayelag nodesBiyRuoakthand
enhancenent |ayers wth transm ssion rates of RB 20 and RE respectively,

such that thesteabaneedend isl tagegorveard diek Siavelgya rfefwane dink lobadesicgaipthi;on i n t he
base | ayer as long as the base layer is received correctly. In the

fol I owi ng dgectdiBhviren detiledi Hesavibtibmoit disf fssianed | thsiepetesti theearttamstami ssi on
strategies (progressive.transm ssion and superposition coding) are

consi der ed. padwhrdH@ RIWaKE Tk IRSAMSSEARs IH) MO BLeFsinge dvadasisi gsihen, the
L channel uses are divided into two portions as
source node s, but only at the destination node d.
10
The source node s is configured to implement one of two different layered video
transmission strategies: progressive transmission as illustrated in Figure 2A and
superposition coding as illustrated in Figure 2B. In progressive fransmission,
layers are transmitted at different rates (Rg and Rg) and channel uses (al. and
15 (1~a)L) but with the same transmit power (Ps). In superposition coding, layers
are transmitted at different rates (Re and Rg) and transmit power {(afs and (1~
a)Ps) but in the same channel uses (L). It will be appreciated that such layered
coding techniques encode the source sighal into multiple layers with different
significance and the order of decoding is fixed such that the base layer is
20 decoded and enhancement layer is subsequently decoded if the base layer is
successfully decoded. Accordingly, “layered signais” as used in this

specification are generally referred to when the higher layer has dependencies

on its lower layer.

13



5.shown in Figure 2A. The base layer is transmtted in the first alL channel
uses at @ iRhedEyssion rate RB, where a is real and a EP&"E}FGQEH@@(mOéﬁhe

enhancenment layer is transmtted in the rest of the channel uses at a
transm ssion rate RE. At the destination node, the received video
signal is obtained by first decoding 10 the base |ayer followed by the
enhancenent |ayer fromthe associ ated channel uses. Therefore, the overal

expect ed di Sfrggréaggéfo%& ﬁzﬁﬂﬂié&ﬂf‘c&ﬁqﬁ%ﬁd %np;ﬁ?r@@ﬁ?’éra*ﬁvgldwe@&%?'f) *

(PE - PB) D ah wher e R) dénotes ra stortion function

cor respondi ”&ang 5*&%0?%\%99& {P%a% ﬁgﬁkeggedae?ggﬂ%gpc?n 5 :S\}aﬁ!ab{ée?gpﬁﬁﬂﬁ relay

probabilities associa W ncement Tayers
rver age val vaot TRaReRiehE" BobREhut 4 RER ol B8R Bhal Il aRihRe © e
Vi deo | ayer selPR ISEhEREETBUTE) CLUBOr TIBUETE 19 "ENEE e Pa el o
{ransri s on#BBhe RIS Uk Ersty bl drRBIng ReCHBREES SUBH<o! R YRR (o
t he base and enhancenent | ayers respectively, where Ps denotes the source
power const r #gpal ay}giCWetQi@p( gignal in a wireless nétwork. In the present invention, the
cooperative diversity is implemented from a multiple relay standrjoint, and so
diversity is achieved by decoding the combined signal of one relayed signal with
one or more other relayed signals. A direct signal is therefore not required
10 (although a direct link can be used when it is available). Accordingly, in this
specification, ‘cooperative relay strategy’ and its variants denote a cooperative
technique where multiple relay nodes are each configured to relay signals 1o a
destination node so as to aliow signals from two or more relay nodes to be used
by the destination node for cooperative diversity. Of course where a direct link is

15 available, ‘cooperative relay strategy’ includes using signals from multipte relay

nodes in combination with the direct {ink signal for cooperative diversity.

Three example cooperative relay sirategies that are used in the preferred
embodiment are: orthogonal amplify-and-forward (OAF), selective relaying (SEL)
20 and distributed beamforming (DBF). The relay nodes operate by relaying
received layered signals from the source node s to the destination node d
based on one of the cooperative relay strategies and based on a relay
allocation parameter received from the destination node d. This allows the

cooperative relay strategy to take into account the CSI that is only available at
14



At. the destination, successive decoding is performed under perfect

know ed%®@5,0@5 Moreover, the decoding order is fix xf‘(gr@éﬁiwbd%@&s t he

receiver w always try to decode the base llayer first by assumng that
t he enhancenment | ayer is noise. After that, the enhancenent |ayer is
decoded by first renoving the base |ayer fromthe recei ved signal.
Therefore, the overall expected distortion (En) is given by ED = 1 -

PE) D(bRs + hRa) Etit(agtlrf)n ng@gbﬁg@aué’ d?Beré] ot 4he- d&éﬁ?@g}g ﬁ?ﬁgﬁg relay

Mul ti pl e- Rel ay oper ative rat egl es e consl Is a

mul tipl e- re'sg%aeq%%“@"%e szé& S htms sp%cﬂiéa{kﬁﬁ i.e. one source, one

destination enatrc IS ustrated in Figure 1. The
rel ay nodes are used to aSSI st the | ayered video transm ssion fromthe
source node to the destination node where a direct link between t he source

node and the_desti na n va| l.abl e. te.kn_ a
comon frequ%‘f'?c@gf‘F‘Satﬁdé gHE :gdtg ff?“hﬁf QAR fﬁ%et fgesg'ﬁgt' ﬁ%ﬁ”%g‘?n
vectors fromthe source node to the rel agq{geodes and fromthe reI nodes
to the déstithatsaiceswdeasd EWoths f%’éaé sj 304 1s ﬁ%owngﬁafﬁﬁ%fvz[th&M

h2d: -h , Trespectively, where h"-" CAI(U G ) and lin - CARO, arts). 19
In the firstdastination sede 3R dutivdes ﬁoéﬁ‘abr%@@éﬁgfﬂ sUft*hé”O@r aRe n? t'e8RHMSR gnal

vect or
opfimization unit 308. The relay allocation unit 306 functions io determine the

CSl and, depending on the cooperative relay strétegy being implemented, to
determine the relay allocation parameter to be sent back via feedback channel
10 310 to the relay nodes 304 to confrol the cooperative relay strategy according to
the CSI. The resource optimization unit 308 functions fo assess the CS! and,
based on the CSI, to assess and send via feedback channel 312 resource
optimization parameters relating to rate, power, and channel uses to be used by
a video codec at fhe source node 300 so as ito maximize the quality of the

15  reconstructed video at the destination node 302,

A detailed explanation of the methodology carried out at each of the source

node, multiple relay nodes and destination node wili now be described.

20 1.0 Source Node - Lavered Video Transmission Strategies

Normally, the common term used to evaluate the quality of the received
image/video signal at the destination node is peak signal-to-noise ratio (PSNR)

defined as
18



",.(2),,}! denoted asass .| to all relay nodes. Xs is either a concatenated

si gnal Vﬁ&)tﬁgaﬂ%'!ﬁ superi nposed signal vector dependi ngﬁ,@ﬂs ?&/&ﬁ{)GGS
progressive transm ssion or superposition coding is applied at the source

nede, and xT is the transmtted synbol at tine 1 under an average

transm ssi on power constraint of Ps where | =1, 2, . . . , L. The received
signal at the relay nodes can be witten as YR = h5\/P541) +,(6) 10 where
4" is the (Nx 1) /-th received signal vector at the relay nodes and zlit)
At(0, 1) is the (N x1) 1-th noise ﬁ\ﬁ%gr at ti#fe_rel ay nodes. At (P, 53)
denotes a conpl ex K-variate Gaussi P PFbutiem with a mean vect o) p and
a covariance matrix E. 15 For non-regenerative relaying, the relay nodes

sinply transpj.f s rsi ej. r [ si.gnal s whil e satisfying
the total religresiedfe SREHE Segl bhel SRENSE £ P ket Bk Joner
consunption . at the . n-th relay node Therefore, the (Nx 1) [-th transmtted
si gnal vect %@?W@h@c?@?gﬁ%ﬁgﬁ&?e&c?’ﬂ@rﬁgstpith%ﬂ@ﬁ‘%&ﬂé; égf, S'F@[‘ﬂern by
(1) the transmission of a successively refinable, memoryless, zero mean, unit
5 variance complex Gaussian source is considered over a fading channel to the

destination. The single-letter squared-error distortion between the source vector
s =lsus.. a]” € € and its reconstruction vector =i dn. . kT € CF g

defined as
Dis,8) = = 3" d(sx, &), (2)

10 where %(ss:8) = (st — 87 and K is the source biock length. The
corresponding distortion-rate function is given by D(R) = 27 where R is the
source coding rate in bits per symbol sample. If the source sample is pixel, the
unit of the source rate is bits per pixel. Furthermore, a block fading channel
model is considered parameterized by a ﬁnite and fixed coherence time, details

15  of which are disclosed by E. Biglieri, J. Proakis, and S. Shamai in “Fading
channels: information-theoretic and communications aspects” IEEE Trans. Inf.
Theory, vol. 44, no. 8, pp. 2619-2682, Oct. 1998. Specifically, the channel is
partitioned into multiple flat fading blocks, where the channel fading coefficient b
within each block of length [ is constant. Typically, each random channel

20  coefficient can be modeled as a circularly symmetric compiex Gaussian random
variable (r.v.), ie., * ~ CN(0.1) where CA'(#. %) denotes a complex circularly

16



XR ="yrt (7) 20 WD 2010/ 098725PCT/ SG2010/ 000066 where G denotes the (N x
N) di agaqg lzo%gijhzé representing relay gains. The di agongly,gthislHse of G
ensures that each relay node only requires know edge about 1ts own received
signal. 5 After processing the received signals, the relay nodes transmt
the processed data to the destination node in the subsequent tine slots
whil e the source node remains silent. The relay gains and the received
signal at the destination node depend on the cooperative relay strategy

i npl enent ed SEPMEIEC augsian SiRigbution Vf‘ﬂb”fe@nl!bﬁp‘gﬁg '?Fé’s‘}édgﬂsaﬁ‘?' d ee
consi dered AF cooperative strategi es, nanely OAF, SEL, and DBF, which are
sel ect ed depgepeliieg malization phel GyMbol samplednie 8rcqdes paf Jygpped tp ol
assuned that all backward and forward channel gains, i.e. hs and hd, are
perfectly kebaneitusehanddben ranpwiiatoeermachnetihaifading binsks cEherplere.cd ay
nodes. Mbreover, perfect synchronization at the destination 15 node is
assuned. OABandwidtie éxpdresian tactoy caadlevdaimedSis i s avail abl e at the rel ay
nodes. The transmt power Ps for consunption at the n-th relay is

determ ned by a power allocation al aritrfm erfoymed at a relay allocation
unit in the destination nad ZOZI Q_.%“.M' - hew}ut age probability(3jhis

al | ocat ed power informationAs sentrehawkbelosarter el ay nodes via the

f eedback®channel 310 as shown in Fi gure 4 when the instantaneous CSI is
changed. leading to a channel code of rate R/b bifs per channel use. It is assumed that L

and K are sufficiently large to approach the instantaneous capacity and

Gaussian rate-distortion bound.

10  As highlighted earlier, in a slow-fading scenario, once a chanﬁel is in deep fade,
coding no longer helps to increase the reliability of the transmission. In such
cases, the natural performance .measure becomes the outage probability
(assuming, as before, perfect CSl is not available at the source, but only at the

destination). For an arbitrary fixed transmission rate of R/b bits/channel use, the
15  outage probability is P{I (k) < RB/b)where I(h) is the maximum rate supportable

by the channel h.

Adopting a layering fransmission approach, the video source is encoded into
two layers, namely base and enhancement layers with transmission rates of Rs
20 and Re respectively, such that the enhancement layer successively refines the
description in the base layer as long as the base layer is received correc;t!y. in
the following description, details of two different layered-video transmission

strategies (progressive transmission and superposition coding) are considered.



SEL is al so used where only backward CSI is available at the relay nodes.

The rel nz%gtﬁog%ztsh the | argest product of backward an%éﬁéﬂ%i(ﬂodﬂé}d@k
Yo i

channel orwards its received signal with full relay power constraint
while the rest keep silent. The selection is determ ned at the relay
allocation unit inplementing a 5 selection algorithmin the destination
node, after which a selected relay index nsei is sent back to the relay
nodes via the feedback channel 310 as shown in Figure 5. DBF is used where
each relay node knows its backward and forward |link 10 channel gain but not

t he gl obal ongsi Ther efgﬁe! t he. destination node needs to feedback via the
f eedback cha re siye A2l ue ¢ used for calculating the power
consunption at the relays as shown in Figure 6. 2.1 O'thogonal

Amplify-and-Forward 15 In OAF, each relay node transmts its own signal in
a different tine-slot, i.e. the n-th relay node transmts during the n-th

tine slot wil peowesdys treapissioneite L shaprd! ases arg dvidadinta wapeliersas or
transmitting the video signal fromthe source node to the destination node
is N + 15 Tishowntin Rigirei3fed heihpsallavar is Fans@dtadiadhe first ol wbgenglusashe n-th
relay node during the n-th tinme sl-ot can be witten as (I1)_ Yet -

nree, dget hs & irafsriisibe, ey Rb(Where zid @bl 2ad 01 P06lHTENNMIHE Enhdncement

layer is transmitted in the rest of the channel uses at a tfransmission rate Rg.

At the destination node, the received video signal is obtained by first decoding

10  the base layer foliowed by the enhancement layer from the associated channet
uses. Therefore, the overall expected distortion (&n) is given by
Ep = (1 — Po)D(abRy + (1 — )bRg) + (Ps — Pa)D{abRg) + Ps, (4)
where D{R) denotes rate-distortion function corresponding to the encoding rate
R. Ps and Pe denote the outage probabilities assaciate?d with the base and
15  enhancement layers respectively. In case of base layer outage, the receiver

simply outputs the average value of the source distribution, i.e., the highest

possible distortion of one.

1.2 Superposition Coding

20

In superposition coding, the video layers are transmitied by superimposing the
enhancement layer at a rate Re with the base layer at a rate Rs, as shown in

Figure 2B. The transmission power aPs and (1~ a)Ps denote the power levels

18



WO 2010/ 098725PCT/ S&010/ 000066 ( where '411,11 r"'j CAT(, nand .4? r']j
C-I\/kcn‘ the noi se at thenthrelay node an tion
node respec‘%l vegi%y, and z( 4:dl) represents the effectl\%éﬂg?%g(ﬁ@?&%
destination node. The n-th diagonal elenent of the relay gain matrix Gis
given by Pyr 5-P9111,3,,d2 (9) The optimal power allocation anong the

relay nodes is obtained by using a water-filling sol ution (see Y. Zhao, R
Ad d T. J. Li oy ' lify- d-f
ot oo T R AR b B0y B e v,

vol. 6, no. 8, pp. 3114-3123, Aug. 2007)._ The power consurrptlon at the n-th
rel ay node ithe gburen poywer constraint such that ¢ € (0.1,

At the destination, successive decoding is performed under perfect knowledge
5 of CSl. Moreover, the decoding order is fixed such that the receiver will always
try to decode the base layer first by assuming that the enhancement layer is
noise. After that, the enhancement layer is decoded by first removing the base
fayer from the received signal. Therefore, the overall expected distortion (nlis

given by

&p = (1 — Pe)D(bRy + bRg) + (Pg — Pa)D(bRg) + Ps. (5)
10

2.0 Relay Nodes - Multiple-Relay Cooperative Sirategies

The considered sysiem model is a mulfiple-relay network comprising of N + 2
15 nodes, i.e. one source, one destination and N relay nodes. A schematic is
iflustrated in Figure 1. The relay nodes are used to assist the layered video
fransmission from the source node to the destination node where a direct link
batween the source node and the destination node is not available. All nodes
operate in a common frequency band and are in half-duplex mode.
20
The channei gain vectors from the source node to the relay nodes, and from the

relay nodes to the destination node are denoted as It = [fies 2 han]" and

by = g, hcal respectively, where s~ CN(0:0%n) gy fne ~ CN(0,07).
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PSih...14 + Pslhs,n12Ps+ 1 \ - |hn,d12114, 412/ where A is chosen such that
En=1 P :\gF(ﬁo 0/@%2%, it is assuned that the backward CSI.P&? (ﬁ%?ﬂ/d@ﬂ&ﬂﬁe at the
odes tl)u a?

relay n not the forward CSI. Thus, the 15 power ocati1on for each
relay node is perforned at the relay allocation unit in the destination
node and the allocated power information is sent back to the relay nodes
fromthe destination as shown in Figure 4. 2.2 Selective Relaying 20 1In
SEL, the transm ssion occurs only in tw tinme slots. In the first tine
slot, the source node broadcasts to all relay nodes (sane as OAF). However,
only one rel

destination ‘ﬁﬁﬁg%?ﬁ tﬁ%%g’g@%dé @ré%ﬁ@ﬁ%% .ré%ﬁﬁtgs?ﬂ%n}-ééé%ﬂina?{g?o@ arl]tgggifol?f he

recei ver conpares whi ch |inksyhas Lﬂe | ar gest product of backward and
forward | i nkdariothas i . 8, 'Fhn tdiedl-raley. nddes. Kelisipitherde comecatenated
corresponds to the |l argest product gain is then selected for rel ay
transm ssi onsigivdieveesr t te ainsghathmibetdelsignahodestododependim@nsmi whathgr
signals in

5 progressive transmission or superposition coding is applied at the source node,

and = is the transmitted symbol at time !/ under an average transmission
power constraint of Ps where / = 1, 2, L , L. The received signail at the relay

nodes can be written as.

yg) = h, Pga:g” +zg}, {6}

4
10  where ¥ !{2-) is the (N = 1) /th received sighal vector at the relay nodes and

2y ~N(0.I}is the (N x1) Ith noise vector at the relay nodes. (%)

denotes a complex K-variate Gaussian distribution with a mean vector x and a

covariance matrix 2.

15  For non-regenerative relaying, the relay nodes simply transmit scaled versions

of their received signals while satisfying the total relay power constraint (Pr), i.e.

Z:ﬂ P, = Pr where P, is the power consumption at the n-th relay node.

Therefore, the (N x 1) i-th transmitted signal vector from the relay nodes to the

I B
destination node, “R, is given by

x = Gyl | (7)
20
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10 the second ti rre slot. Wthout |oss of generality, it is assunmed that the

desti nat send a feedback signal to the rel ndi cat e
EPRRERES anal_ AGsR s

which re n selected as shown in Figure 5. Th I'agonal
elenment of Gis then gi ven by gn = 0, Pp Psihn,sl12 -1-i n = nseh

ot herwi se, 15 where nser denotes the selected relay node. Therefore, the
received signal at the destination node can be witten as ;(0_r

=hs" "1 i dgn. LR % dénote(sla')e (- ﬁh@'dﬁégéﬁ&ltrﬁﬂﬁﬁeﬁéﬁr@ééﬁm?l ;%Qalyn Bk, The 1S

assuned that the n-th relay node has access to its |locally- b| di recti onal

Csl, i.e h%:'ag%ﬁgi E’Er’ S g Bl efifed 81t Yathdeidy hEdE 8AIVDRATTES Rhdfledge

about its own received signal.

5  After processing the received signals, the relay nodes transmit the processed
data to the destination node in the subsequent time slots while the source node
remains silent. The relay gains and the received signal at the destination node

depend on the cooperative relay strategy implemented by the relay nodes.

10 The following gives details of three considered AF cooperative strategies,
namely OAF, SEL, and DBF, which are selected depending on the type of CSI
available at the relays. It is assumed that all backward and forward channel
gains, i.e. hs and hg, are perfectly known at the destination node but not at the
source and relay nodes. Moreover, perfect synchronization at the destination

15 node is assumed.

OAF is used where only backward CSI is avaiiable at the relay nodes. The
transmit power P, for consumption at the n-th relay is determined by a power
allocation algorithm performed at a relay allocation unit in the destination node
20 to minimize the outage probability. This allocated power information is sent back
to the relay nodes via the feedback channel 310 as shown in Figure 4 when the

instantaneous CS! is changed.
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24 WD 2010/ 098725PCT/ SG2010/ 000066 Each rel ay node can therefore

si mul tanw;dl%ogsgﬁllsm t its own signal to the destinati P@r@&g(ﬁgfofﬂmwe
second tine slot.

he n-th diagonal elenment of Gis then g
optimal relay power allocation is given by 1 ( |hs,"142.
c ahs, Thi2 Ps + ihn, d12pR +1)2) where Ihs,,,h,,,df2(1 +Ps)
+ Ihr| di2 PR + 1) 2.

SEL is also used where only backward CSi is available at the relay nodes. The

relay node with the largest product of backward and forward link channel gain

112 (1 +P\
C =(hs,

5 The
- = S)
.12 Ps

forwards its received signal with full relay power constraint while the rest keep

silent. The selection is determined at the relay allocation unit implementing a

5 selection algorithm in the destination node, after which a selected relay index

nses is sent back to the relay nodes via the feedback channel 310 as shown in

Figure 5.

DBF is used where each relay node knows its backward and forward link
10 channel gain but not the global ones. Therefore, the destination node needs to

feedback via the feedback channel 310 a constant value ¢ used for calculating

the power consumption at the relays as shown in Figure 6.

2.1 Orthogonal Amplify-and-Forward

15

in OAF, each relay node transmits its own signai in a different time-slot, i.e. the
n-th relay node transmits during the n-th time siot while others keep silent.
Therefore, the total time slots for transmitfing the video signal from the source

node fo the destination node is N + 1. The /-th received signal at the destination

20 node from the n-th relay node during the n-th time siot can be written as

y(z} = hnd gnhs,n:rg} + A, dgnzf{ }n . ¢(5}5

"

Lt
“d

22
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In (14), the termin the parenthesis is a function of the relay node's
| ocal | y- Idi.tectional CSI and ¢ is the sanme for all whi ch
can be b?,(%)gzggdé@tlsz fromthe destination node as shown iPnLr g%’?dg &%Thus,
the relay nodes can calculate their own power consunption. The received
signal at the destination can be witten as ya(1l) = hTdChsx(1) + tz(1)-(1)
SRs'd(16) -7(1) 15 3.0 Destination Node - Overall Method The overall
met hodol ogy at the, destination n pe is shown in Figure 7. The nethod begins
with the estinsmé lzgjﬂ ofCAIG, lﬁaﬁdmgrw GNa0E brawsritle clotsangl thgan-trs rdlayp noddie
received signals in step 700. In step 702, the nethod proceeds to the
relay allocation unit and a determ nation ignnmade as to the cooperative
rel ay strategy theidegtinafion made: respeetivaly, fpdey. regresantsi the @ffeglive apise at
dependi ng on whether OAF, SEL or DBF is enployed, the relay allocation unit
wi |l det er nitine desfirsiont hasiep dier nHthy dingonek glementhel thel rglayngriasnaikep i504) , a
relay index to select 5 a particular relay (step 706) or a ¢ value for each
rel ay node fgivethiyer m ne their own power use (step 708). Once determ ned,
the relevant relay allocation paraneter is sent back to the relay nodes in
step 710. In step 712, the desti natd nonitors to see if there are
any changes to the channel statigticsf{i.e. CSI). If there are chapges, the
net hod proceeds to the resoufce Pzonti-2ation unit in step 714 to ‘conpute
optimal Balues for R5, RE and a (i.e. base |ayer rate, enhancenent | ayer
rate and channel uses/transmt power) for coding at the source node. These
resource optimzation paraneters are then sent back to the video codec at
the source node in step 716. 15 If, in step 712, the destjnation node
det er i nes et optiealepdvaer Blanatind armentgdha delarenadesnitedbiainge By U8IBY 4 he
met hod proceeds back to step 700 and repeats the above net hodol ogy.
water-filling solution {see Y. Zhao, R. Adve, and T. J. Lim, “Improving amplify-

and-forward relay networks: optimal power allocation versus selection” |EEE
10 Trans. Wireless Commun., vol. 6, no. 8, pp. 3114-3123, Aug. 2007). The power
consumption at the n-th relay node is given by

1{72-“1@31[4 + Pslhls,nig PS{hs,nfg 41
P = max {G" (\/ - Fonaf? o nal? )J ’ 0o

where X is chosen such that Zf:'l Fo=2"F R Here, it is assumed that the
backward CSl is available at the relay nodes but not the forward CS\. Thus, the
15  power allocation for each relay node is performed at the relay allocation unit in
the destination node and the allocated power information is sent back to the

relay nodes from the destination as shown in Figure 4.

2.2 Selective Relaying

20

23



3.1 Optimzation Framework 20 As noted earlier, the resource optimzation

uni t fun@blzgfhg,ggﬁscorrpute I ndi cations of opti mal base |@¥echab@ooss
enhancenent | ayer rate, power and channel uses for use by t%e sour ce node.

This is done to mnimze the overall ED in (4) and (5) subject to a total
source power constraint Ps and total relay power constraint PR where the
out age probabilities of the base and enhancenent |ayers are cal cul ated from

5 Towbver , TRE SR SRR SRE DI 0 175 HPaS 317 b Dk T 9k 81 on
bl whi ch di f | t lt, th pt | t
Channel | andoUiShRodR PEERCRER a7 ragmmq%¢253{’edaaéa«r%r Bhaicre onkiets ve

search with conmplexity 0(01&7212) A =10 64. 28A,n and R=R . OR, Emn
2817. retay node is chosen 1o forward the transmitted symbol to the destination node

in the second time slot.

At the destination node, the receiver compares which link has the largest

product of backward and forward iink channel gain, ie, thn,ahis.nl” The relay
node that corresponds to the largest product gain is then selected for relay
transmission, whereas the unselected relay nodes do not transmit any signals in
10 the second time slot. Without loss of generality, it is assumed that the
destination node can send a feedback signal to the relay nodes to indicate
which relay has been selected as shown in Figure 5. The n-th diagonal eiement

- of G is then given by

—r n = n
g'n, = : pﬁihma!"'i'll ! Se-h (11)
g, otherwise,

15 where nsy dencies the selected relay node. Therefore, the received signal at the
destination node can be writfen as

AN ; Lo (1
Ud(i ) h’“wi !dgnsei il-"'vﬂ-wlzg:. - _h'“'whdgnﬁef ‘3!(1.}11“; e ﬁé} * . (12)

.
&zt
Za.

2.3 Disfributed Beamforming

20 In DBF, it is assumed that the n-th relay node has access to its locally-
bidirectional CS!, i.e. by, and hyq and it can perform distributed beamforming.
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10 are the set of possible a and rates, i.e. RB and RE, respectively, and
8,4 and quSoldaeeshsstep sizes. In "Optinmal |ayered transgpsatBih/Rv&s

guasi -stﬂgpi C dfjagiﬁng channel s" in Proc. IEEE Int. Synp. on Inform Theory,
Seattle, USA, Jul. 2006, pages 1051-1055, 15 the authors (F. Etenmadi and H.
Jaf arkhani) proposed an iterative algorithmfor-resource optimzation with
| ower conplexity as follows. In the case of progressive transm ssion, the

<ol o o AN BAHEHEE TP PiRe B IARRP VY, (N Aarofe SPLSR &0 11 om

a closed-formfunction, |V;Zs, RE) _ when and are given. The aut hors
further appldasiinatins prdsHipdba sese @P?@é"o{ﬁr—% ¥ *ﬂ%oﬁg@%?”tﬁfgbﬁsgﬁﬁﬁm on
coding in "Rate and power allocation for |ayered transm ssion with

super posi t i diivesolell ng" | EEE Signal Process. Lett., vol. 14, no. 11, pp.
773-776, Nov. 2007. The proposed algorithmis the conbinati on between the

rate allocation proposed in thefr 2@06 puw;inca%g;idon and a binary s?g)ch for
a Lagrange = A Belhonl + 1 Tl Tonl

&  The optimal relay power allocation is given by

e a2+ a2 Ps) )
Pnz—_.w]: ]il?; ,dl( +I2, l 5)2>’ . (14)
c (ihs,n{ Fs+ ]hn,dl Pr+ 1}

where

— i lhé“nhn,dizz(l + Fh&’ﬂ-PPS) . (15)
et (Jhan|*Ps + lAnal*Fr + 1)

In (14), the term in the parenthesis is a function of the relay node’s locally-
10 bidirectional C8] and ¢ is the same for all relay nodes which can be
broa.dcasted from the destination node as shown in Figure 6. Thus, the relay
nodes can calculate their own power consumption. The received signal at the

destination can be writien as

) = W Gl 4+ BIGafl + =) (5)
\.—'—V"-__"
&5

15 3.0 Destination Node — Overall Method

The overall methodology at the destination node is shown in Figure 7. The
“method begins with the estimation of the backward and forward channel gains
from the received signals in step 700. In step 702, the method proceeds to the

25



myltiplier A C (0, Alornt) for power allocation. Wth these proposals, the
conput at { | exity was reduced to OPI R-Df or progr m ssi on
MRt al bR A AT OXI LY Pr 00N e/ 1 HARET

5and 0(2 E)) g, max,for superposition coding, re Eis the
desired accuracy to the optimal A In the present invention, an algorithm
is proposed that can further reduce the conputational conplexity at the
destination to ORD for both transm ssion 10 strategies. The main ideais to

preset the oul20e, RLARANIL 4% 8falilinRBNANGERI. LaXSind!coBRlidal iayel Ue

7th and t hen power ~and c | oc ase nthis

val ue. The value of 7th to et end th
transm ssi ona{ t?%)f é’&f}’g gf)% qWl i’}ﬁ %Set‘?}oc"s%a Q?‘p eg %@ﬁ’%g @%{S%rﬂdr]% on
mul ti nedi a cont ans si on nd it can be o
priori 15 ba‘é’B@t Og{}aﬁ §b§ ’ %Eﬁgfﬁa]@éé aglﬁgam HRE Wi tﬁ g?tgrm'BSWer
and channel uses are obtalned the destlnatlon no sends thi.s resqurce
optim zati one‘IW&"%@W@HOtQ? wirsl aldhe cdlan padeyiaiep &@4 C'Pd@%%?ﬁi?c 1312 as
shown in Figure 3. The details of the algorithmfor each of Progresm ve
transm s$i ona @ﬁdlosltﬁﬁéﬁiipmﬁtﬁpgﬂsé@ﬁlan@\’aﬁué fasene reiay node ta detaminedhelit i on
for Progressive Transm ssion The flowchart of the algorithm for
progressi ve twarmwessish (btepshodin Pnceridgtermined,| hes reipvagorelah aliecatien] ayer
rate is initialized as RB = Rittin and the expected distortion EIS = 1,
wher e SNR dep@bamtavisr aget badndai thesrajanlnadesnoi stepr at100.1n THtep entiartbenent
| ayer rate RE, which is associated with a preset PE = 7m 1is
destination node monitors to see if there are any changes to the channel
statistics (i.e. CSI). If there are changes, the method proceeds to the resource
10  optimization unit in step 714 to compute optimal values for Rs, Re and a (i.e.
base layer rate, enhancement layer rate and channel uses/iransmit power) for
coding at the source node. These resource optimization parameters are then

sent back to the video codec at the source node in step 716.

15 If, in step 712, the destination node determines that there has been no change
to the channe! statistics, the method proceeds back to step 700 and repeats the

above methodology.

3.1 Optimization Framework

20

As noted earlier, the resource optimization unit functions to compute indications

of optimal base layer rate, enhancement layer rate, power and channel uses for

use by the source node. This is done to minimize the overall &0 in (4) and (5)

subject to a total source power constraint Ps and total relay power constraint Pr
26



5.determined in step 802 fromthe inverse function of PE, i.e. RE =

rnax( RE, wRFso1diods®d - The maxi mum operation is used to Wg@&@;}%ﬁﬁ RE

since the enhancenent |ayer is useless if the base layer is in outage.

Then, a (which determ nes the channel uses aL and (1- a)L)) is calcul ated
in step 804 froma closed-formexpression as follows: 10 a = f (RE, RE)(18)
1(1 - PE)(RE - RE) =10" bRE2 (PE - PORE The value of a is checked in step

806 to ensure s in ther t he carrespondi ng
oxpected di gore: b olides PeotiRscel ﬁ%t%%sego%*dt Sbaac et '8 GiRr ¢ han
t he |n|t|aI|z d expected, di stortion va e expect

di stortion \Fél @ qa %H?gﬂ%u{‘ﬁgﬁ‘ pt@'?e‘?f’tﬁﬁ'*é?@ﬂ &) D, g%md t he
15 correspondi ng f%% RE and a val ues are saved in step 810 as the opti mal
val ues Ri p F§ashRzifHeWRet hod t hen proceeds to step 814 to check if RE =If

min Eo{a, Ry, Ry, b, SNR
o Ry Ay bD( B } (1’?)
s.t. o€ (0,1]

However, the optimization probiem in (17) is a non-convex optimization problem,
which is difficult to solve. As a result, the optimal rate, channel, and power

allocation are generally obtained from an exhaustive search with complexity

C}(E"q‘!inig)x A = [G 5.,41 26.4? s ” and R = {Rm.in:?e-miu + 5’.‘2: Rmin -+ 2512 te Rm]

10  are the set of possible ¢ and rates, i.e. Rs and R, respectively, and 94 and or

are fixed step sizes.

In “Optimai layered transmission over guasi-static fading channels™ in Proc.
JEEE Int. Symp. on inform. Theory, Seattle, USA, Jul. 2006, pages 10511055,
15 the authors (F. Etemadi and H. Jafarkhani) proposed an iterative algorithm for
resource opfimization with lower complexity as follows. In the case of
progressive transmission, the rate search over the 2-dimensional grid search is
replaced with 2 single-dimensional searches and the optimal « in (4) can be
caiculated from a closed-form function, iR, Re) when Rs and Re are given.
20 The authors further appiied the proposed rate allocation to the case of
superposition coding in “Rate and power allocation for layered transmission with

superposition coding” IEEE Signal Process. Lett., vol. 14, no. 11, pp. 773»776,'
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yes, the nethod ends at step 816. O herw se, the nethod proce'eds to step

812 to i e base layer rate to RD -E6R and to gepedhifHt@Rg 802
onmrds.WV%@%f%#OQSUSPCT/ SG&2010/ 000066 Simlarly, if 1n step 806 it is

determned that the value of a is not within the specified range, the
met hod proceeds to step 812 to increase the base layer rate to RB +57? and
to repeat steps 802 onwards. 5If in step 808 it is determned that the

ted di t | ' I h he | dnitiali d
i otortion JiuctOihe HorHBaCRRD AT, ot SrBTBidEsERE e HRES ©
TiCitta. As ' this is,. . he, net hod d 12
nor eage 1 heBAEN RlpapsekPdheis 2065 BEoIERAR <l £ EFBRr sSTEh &R ARG ds.
| f, however, RB 7?,mmx,. the nethod ends in step 816. 10 As will be

appr eci at ed multpiier he F1(Bviver t fof pBingur elidatibhe Withhddeses prepesdigd tiny
i ncreasing the base layer rate to R13-E6R, until RB Rrsx and until the

opti nal ani‘éﬁh‘r“pu‘t’e&ldﬁ%ﬁc%b%&itMsmeégcéd‘% XD stoghRtiveAfarRtiddiod 4) are

attai ned.

5 and C(2RIlogAmax/€}) for superposition coding, where € is the desired

accuracy to the optimal A.

In the present invention, an algorithm is proposed that can further reduce the

O(RY) for both transmission

computational complexity at the destination to

10  strategies. The main idea is to preset the outage probabiiity of the enhancement
layer at a certain value 7 and then determine the rate, power and channel
allocation based on this value. The value of 7t {o be set depends on the video
content and transmission strategy. Specifically, the value Ti depends on the
muliimedia content and transmission straiegy and it can be obtained a priori

15  based on statistical information. Once the optimal rate, power and channel uses
are obtained, the destination node sends this resource optimization information
to the source node via fhe feedback channel 312 as shown in Figure 3. The
details of the algorithm for each of progressive transmission and superposition
coding are as follows:

20

3.2 Optimization for Progressive Transmission

28



3.3 Optim zation for Superposition Coding The flowhart of the algorithm

for supeﬁ,g%g%h;jéggﬂzscodi ng i s shown in Figure 9. The net MJ%%QW%%%G step
an = u

900 where the en cenment layer rate is initialized 20 as and t he
expected distortion § -= 1- Since the outage probability of the
enhancenment layer is a function of RE and 4 a (which is associated with a

preset PE = thiL and RE and which determ nes the transmt power aPs and (1-

a)Ps)) can

PEI ( RE, 700

to the enha
i ncrease in
max(, PE- (
| evel for t
step 904 to

and to repe
5

10

15

bihecfidwidHamt sfcthé aydrithne farmpregee sivartpdnsaisHbn REshown indFigure 8.

However, this may result in nost of the power being allocated

cenen ayer. resulti dn -C Pgonhi gh then causes .a

15 RO BoDC B BVt (19 10 Bidleel e T her i P i 368e1R0,,

RE, 7th)')5*is applied in step 902 where 6 is the 5 m ni num power
ay%rl, syhehne tSNR deBote's—4vétBge Tirenswat signaficandise catecked in

hitstbame

a

ensure it isintherange 0 s a5 1. [If it is not, the method

proceeds t 0 Lphiffchent Hyerase ANVHANANGRRMed AMBTa preket T RBum (RE  6R

at steps 902 onwards.
determined in step 802 from the inverse function of Py , e

| -1 L
Rg = mex(Bp, Fg (7)) The maximum operation is used to ensure that
Re > Rp since the enhancement layer is useless if the base layer is in outage.

Then, a (which determines the channel uses ol and (1- g)L)) is calculated in

step 804 from a closed-form expression as foilows:

a = f(Bp, Rg) (18)
_ Ly, (1- Fr)(Re — Rp)
. bRg 0 (Pe—Fa)Rs

The value of ¢ is checked in step B0B fo ensure itisintherange O sa s 1. it is,
the corresponding expected distortion value is checked in step 808 to see ifitis

lower than the initialized expected distortion value. I it is, the new expecied

distortion value is set as the initialized expected distortion value, and the

corresponding Ry, Re and a values are saved in step 810 as the optimal values

Ry, Rg, and o" The method then proceeds to step 814 to check if fis = Roumes if

yes, the method ends at step 816. Otherwise, the method proceeds to step 812

o increase the base layer rate to Rp +6z and to repeat steps 802 onwards.
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10 If the value of ais within the specified range, AB is then cal cul ated

in step %%3201(%%?%)% and a' the optinmal base |ayer rat 51]75‘;%1@{9‘%?%
m nimzes en'in S, e

is the dED - , solution of dRBIn other”wor
optimal lilais the zero of the follow ng equation: (a- - (1 - a) (22RB -
1)Ivelc2aN2"21')Re (2'2-1-4-3 - 1)N-1 -- 0,(19) 15bBsPsiv where PB << PE is
assuned, ci and (.2 are constants that depend on the relaying strategy as

given in Table 1 bel ow and =.(1 : PE - PE* The RB optinizalion
probl em can §5“’é6§véfdmb eﬁsﬁ%g‘tdé ?@F%m"f‘%fﬁit %Fg‘(ﬂ*?’?h%%‘st ﬁ'ghu"\{ﬁ]{hﬁ]l S

i I | exi h h i h. T 1: Th I
819 mé,Ut Z;hoggsp&?&. (?Wm tgl_ﬂ‘tle 3{'@@%‘@5%‘&32%3 %tasg %r15 to %(c);reasgbt"lg base Ia&erva ue

rate to B +6r and to repeat steps 802 onwards.

5 Ifin step 808 it is determined that the expected distortion value is not lower than

the last initialized expected distortion value, the method proceeds fo step 814 to
determine if Bz = R, Assuming this is not so, the method proceeds to step
812 to increase the base layer rate to Rp+4r gnd to repeat steps 802 onwards.

f, however, fir = Rusx, the method ends in step 816.

10
As will be appreciated from the flowchart of Figure 8, the method is repeated by
increasing the base layer rate to 18+ & until f8 = Ruww and until the optimal
Ry, By, and o® yalues which minimize the expected distortion &b in (4) are
attained.

15

3.3 Optimization for Superesition Coding

The flowchart of the algorithm for superposition coding is shown in Figure 9.

The method begins at step 900 where the enhancement layer rate is initialized
20 as Be = Ruis and the expected distortion &b = 1. Since the ogtage probability
of the enhancement layer is a function of g and g, o (which is associated with a
preset Fe =’)"f;h and Re and which determines the fransmit power aPs and (1-

. —3
0)Ps)) can be calculated from the inverse function of Fb: ke &= Py (R, yun).
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Once RB is obtained, the nethod proceeds to step 910 to check the
correspoaqgﬁ ,&%Qgcted distortion value to see if it is&éﬁ&@ﬁn&&ﬁ t he
initialize expécted distortion value. If it is, the neM/expecteg
dirstortion value is set as the initialized expected distortion value, and
the corresponding Rs, RE and a values are saved in step 912 as opti nmal
values Rh, R, and a* The nethod then proceeds to step 914 to check if

Rs = nqua-N. If yes, the nmethod ends at step 916. O herw se, the nethod
proceeds to fi‘?"@p))é%g"’% o"\aﬁcf%%\'gte ] HBO%hPin@@rré?ﬂquayéP‘gl@"P%ﬁtédt?9 e - g

and to repeat steps 902 onwards. As_can_be seen fromthe flowchart of
Figure 9, t emhaetdnoehtilsyerepesuling it ¥ /REvhicRithan amtises @nl intleaset itmal /it
RE4dval ues which mnimze the expected distortion SDin (5) are attained.
15 Exanpl e expected didistrtioron vaToes fpremstthe altioiwe optthen zatcomatrimamewor k
as conpared to known exhaustive search techniques are shown in the graphs
of Figures 10A @ng. &0BmBabh g’ @hs,dhaw £Riyal M?étécporgoﬁ hbfABS i on of
one layer and two |ayers with progressive transn ssion and superposition

codi ng 2Q schenmes. For each of the | ayered schemes he exhaustive search
t echn?qu minimum power level for the base ia}//er stich that 1B < }BE.

The value of a is checked in step 804 to ensure itisinthe range 0 sas 1. ifitis
not, the method proceeds to step 806 to increase the enhancement layer rate to

Rg = Rg +ér and to repeat steps 902 onwards.

10
if the value of e is within the specified range, £z is then calculated in step 908.
Given Rz and  the optimal base layer rate s that minimizes & i (5) is the

. Lo — . ) . .
solution of 47s In other words, the optimal #iz is the zero of the following
equation:
' R v SR B Lo LAy Surs) Sy MUY S .
15 (e—(1-a) (2027 — 1)) bes T 2 B (2978 — 1) 0, (19)

where & << Pe is assumed, ¢ 2nd ¢2 are constants that depend on the
relaying strategy as given in Table 1 below and ¢ = (1 — Pe)27°% + P, The

HB optimization problem can be solved by using a zero-finding algorithm with
much less computational complexity than an exhaustive search.

20
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and the above optim zation techniques were applied. Figure 10A shows the
results %eieﬁi/&g‘é%srel ay nodes are used, while Figure 10B-s&{@Wdd06s" esul ts
where four ay nodes are used. In essence, the performance of the
proposed optim zation franmework is conparable to the exhaustive search
techni que, but 5 the advantage of the proposed optim zation technique lies
inits reduced conputational conplexity (O(l El) as opposed to O(2IRI)). It
wi Il be appreciated fromthe above that the preferred embodi ment of the

present invention provi degaife fif FABVALK cfAuELQAR! ¢ oLy, of l|ayered video 10
transm ssion over a wlrrmfmmmg advant ages

i ncl ude increasing the o —eHTanc Wélwqual ity of received
video by virtue of exploi ti@the s%t:' i a:,tz—d*veﬂm ty"/dflthe mul tiple rel ays,
and relying on |ayered codigyg for t sfrissj on }rel i agl lity. A summary of
the preferred enbodi nent franmework dl Bt hoddliogy fo6llows. 15 At the
source node, either progredsB¥e tr%nﬁrﬁ ;I-l-en{—ei’—- supepgposition coding is
used as the | ayered vi deﬁ'"ﬁ"a'ﬁS‘m—S‘Sr“O'l‘l“‘S“ ' RC type strategies
are used since the quality of the received video is significantly inproved
when 't he

Once BB is obtained, the method proceeds to step 910 to check the
corresponding expected distortion value {o see if it is lower than the initialized
5 expected distortion value. If it is, the new expected distortion value is set as the
initialized expected distortion value, and the corresponding Rs, Re and «a values

are saved in step 912 as optima! values Ry, Fp, and @ The method then

proceeds to step 914 to check if Ap = Ronex_|f yves, the method ends at step 816.
Otherwise, the method proceeds to step 806 to increase the enhancement layer

10 rate to Be = R +4= and fo repeat steps 902 onwards.

As can be seen from the flowchart of Figure 9, the method is repeated until
Rz = Rmax and until the optimal Ry, Ry, and o~ values which minimize the

expected distortion Spin (5) are attained.
15
Example expected distortion values from the above optimization framework as

compared to known exhaustive search techniques are shown in the graphs of
Figures 10A and 10B. Both graphs show &b values for the transmission of one
layer and two layers with progressive transmission and superposition coding

20 schemes. For each of the layered schemes, the exhaustive search technique
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nunber of decoded layers is high and it has | ower coding conplexities. In

the 20 pyefgide@dgnbodiment, it is assumed that the vidqeyst@abeob& encoded
into only two |ayers, i.e. base and enhancenent |ayers; since the maxi mum

| ayering gain can be achieved with only encoding two |ayers and the
overhead and the conplexity of the encoder/decoder is noderate. These
different layers are transmtted at different transm ssion rates and

di fferent cha | uses or.. transpitted with different. power .dependi,ng on
the | ayer ed S0BUTE RN EA PRIy AR Jetridisiorers Apeiednerlin TAShaR Wrer o
necessary or desired. At the nmul.tiple relay.nodes, a i fy-and-forward
(non-r egener’%’iq‘?@e“)’h‘?@l Q{ﬂ ngay doges, arg Ysgd; %ﬁ“@%ﬁ?recggéeﬁ%’ﬂ% & &Y
strategies to reduce the processing delay at the relay nodes. Three

cooper at i ve Werajoutelgy 1pdes aﬂ%h’éﬁ‘gi lResseneRethersaiogmapes ohthe pwrpasdy
nodes may be used: OAF, SEL and DBF. Due to the delay constraints in video
t ransni ssi o@ptimizadiop femegwerl ie peaanEie todbe axbaustigesraral itsehnituse bt at
the relay nodes, which is sinpler and requires |ow 10 conplexity

processi fig tunpsivantage of Hee Ryenesats optoweation, teciinigguss ligetinl itei tedneednd
ot her schenes (e.g. decode-and-forward) may be used where there is little

or no del ay cs@gﬁarﬁehaicmﬁs;eismfﬂ@ﬁﬂ S2bhPssdiPREO(2Rpl ay al | ocat i on

algorithmis rformed and réelay 15 allocation paraneters are fed back to
the relay nodes. In addition, resource optim zation with preset enhancenent
| ayer outage probability is applied and resource optim zation paraneters

t b t i 1.00.: ity f
The 1 ayer edroulr b BAIRLEFE PER T SbSEL B B8 SRR TRt bEt Y 1"
i t d ch I to, diff t 0 efficientl
25t o ma, PSR ha AP OSReE 2 RTehE Gbbclelione e Rt TRvlpaei Y

tim [ t hodol ' i.npl d I i know ed f t
channel T8t afPGETES PP e LR PORIog! e Tl TP i ARteaagss Redioul
t he destination node only requires to feedback the optimal rate, power, and

. ) Op . p
channel use#creasinktheoer\EEagR MRNGEHAME CBRaRFRT the gHalty af deraived yidse Bhe

| ayered video ,
virtue of exploiting the spatial diversity of the multiple relays, and relying on

layered coding for transmission reliability. A summary of the preferred
embodiment framewerk and methodology follows.
15
At the source node, either progressive transmission or superposition coding is
used as the layered video transmission strategy. These SRC type strategies are
used since the quality of the received video is significantly improved when the
number of decoded layers is high and it has lower coding complexities. In the
20 preferred embodiment, it is assumed that the video signal is encoded into only
two layers, i.e.-base and enhancement layers; since the maximum layering gain
can be achieved with only encoding two layers and the overhead and the
complexity of the encoder/decoder is moderate. These different layers are

transmitted at different fransmission rates and different channel uses or
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strategi es changes. Al so, although the performance of the proposed

optim zaﬁj(pﬁ)lgfﬁﬁ%vmr k is conparable to those previ Ouﬁp&\f%@?@%oﬁé he

al gorithnms have a much | ower conputational conplexity ( as opposed to
OC2IRI)). 5 The above franmework and correspondi ng nmet hodol ogi es may be used
for any wirel ess video transm ssion over relay networks, which include any
future wreless systemincorporated with relays e.g. LIE (Long Term

Evol ution) Advanced syst r systens. This i.s because the prefgrred
erbodi ment 16V eRprect RAF e atu " dotiig o e BV et A7PBRNl ke to
i ncrease the coverage area as, well .as to inprove the Jipnk reliability in
wirel ess vi &BBrSFr’Hﬂ'%ﬁ%%rﬁgﬁPys%? quécéeq/\)f‘fﬁ%rﬁ Sa%ﬂr(dfﬁ[r%df or any future
wirel ess systemthat includes relays. The cooperative and optim zation

framework can also be applied in IP television (I1PTV) services and
mul ti medi a broadcast services (MBVS), where it involves 15 the transm ssion

of nultipl eAbltae sustinie relaydiasigss pRRAlvsarirorward nonsiedeapraiival relgwn@its. | n
such applications, different contexts are transmitted in |ayering format by
way of edt hased e ippiegest sporeralive iglay stiglegiamioseivne thapretassingtdedayr esent
optim zation framework can be directly applied to such | ayering

appl i cat i onst thebredmyvredeswil hegeeseopesaiive retajesiraiegies ependibp yorgihiertgpe of be a
part of 20 future cellular networks. The proposed franework will continue
to be usefulCSiat theablayenadesemap\wer usddsOAF | QHLcand | DBF aDuadbwbe kivlayThe
foregoi ng descri bes preferred enbodi nents, which, as will be understood by
t hose skil | egnstmittBeirantidecrayansenissibns Ccthd mreforieat iephtsodmefd didelscabh-ons i n
35 design, construction or operation wthout departing fromthe scope of

the clains. &pinepaePidenty hetichridy abaes adhenho dimBRE AhasrdRess des.cri bed

with reference to relaying video transmssions, this is not linmting. \Were
?ES:O ggg?%ls'ee?@b%xﬁy hescesEiRE cohtRfed kIBHE? sERIMBS HEREGR HieH ndYBRfmger . 1t
and other schemes (e.g. decode-and-forward) may be used where there is little

or no delay constraint.

At the destination node, a relay allocation algorithm is performed and relay
15 allocation parameters are fed back fo the relay nodes. in addition, resource
optimization with preset enhancement layer outage probability is applied and
resource oplimization parameters are sent back to the source node to reduce
the optimization complexity for the layered-source transmission. The resource
optimization algorithm assigns rate, power, and channel uses to different layers
20 efficiently so as to maximize the quality of the reconstructed video. The
proposed optimization methodology is simple and only requires knowledge of
the channel statistics for computation of the optimal resources. As a result, the
destination node only requires to feedback the optimal rate, power, and channel

uses to the source node whenever the channel statistics or the layered video
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5.change the cooperative relay strategy on-the-fly by recal culating the

rel evant whpsdmisesss, and all nodes acquiring the requirgd, ghanshodsnow edge
and synchroni zing accordingly. Furthernore, although the 1 nvention has been
described froma no direct link' viewoint (i.e. there is no direct link
bet ween the source and destination nodes, and all comunication is via the
relay nodes), 10 skilled persons wll appreciate that the invention can be

i mpl d h ' K. el , [
oy St at cgyees ngvinsBnc A aldot " BHTOlRRGE” ofc M cBARBRRY of
appr oci at o (FMEHENSEIERIR Re CHPERIATEAC fOBTH Rt oG nBPagoDae

i npl enented as nodul es in hardware, for instance usi n%%@qﬂi vi dual or

separ at e pr calgsitoms havepr oeeb $dwey aompidaiored campizkity d ~Cat 1/yasoepposbd to

di scl osed nethod steps. The steps may alternatively be inplenmented in

sof twar e, as@@[ﬁey)i es of instructions which, when executed by a processor
or 20 ot her conputiing device, performthe same function as the hardware
enbodi nerg . A conbination of hardware and software inplenentation may al so
be used. For instance, a hardware arrangenent may be configured to read,

froma CO”p“T’J?J n%ﬁ%gﬁgﬁw%u%ﬂghgg‘gﬁaﬁrégﬁéﬁ ﬂwétﬂé{nﬁiHﬁtﬁFEgﬂ%BQruée%b??ﬁgti ng

the disclose od 1n the rrangenen ove varla ns,
MCSLLP LAl nrosk (RO HEHF s, BORE S8y HabldRan FREN b 8F S e
the steps. ofviriesseevsiey gy Bl Iaredls ohon e LaR ol (pifieh) = 19
e 0. e el R0 ol YL e D RRATE LR e
and 10  exploits the spatial diversity in multiple relay networks fo increase the coverage
area as well as to improve the link rehability in wireless video transmission
service, which are applicable for any future wireless sysiem that includes refays.
The cooperative and optimization framework can also be applied in IP television
(IPTV) services and multimedia broadcast services (MBMS), where it involves
15  the transmission of multiple classes of layered signals over wireless cellular
systems. In such applications, different contexts are transmitted in layering
format by way of either the progressive or superposition scheme. As such, the
present optimization framework can be directly applied to such tayering
applications. Moreover, wireless reiay nodes are inevitably going to be a part of

20 future cellular networks. The proposed framework will continue to be useful for

such services over these future celiular networks.

The foregoing describes preferred embodiments, ‘which, as will be undersiood

by those skilled in the art, may be subject to variations or modifications in
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(i.ii) relaying the | ayered signals to the destination node using the

10cooper?,|y' \CoboghRAY strategy, wherein the method furtheg-G td/sBdes Prior
to step i%(, sel'ecting one of a plurality of cooperative relay strategies

based on the channel state information available at the relay nodes, which
I ncl udes sel ecting orthogonal anplify-and-forward or selective relaying if
only backward channel state information is avail able, and 15sel ecting

di stributed beanform ng if backward and rward channel state jnformtion
for each r cldRy thoaenHaLAP T 26PETPE WG} SepainD S DI ovg s tho OB et hod
according to claim1l1, wherein step (ii) conprises receiving a_ transmt
power for eduti example. rwhig thedeetferred nyrbpdimentr hbasgbeRN f%@ﬁf'b?@/-w'th
20and-forward. 3. The nethod according to claim1, wherein step é&H)'
conpri ses rdeErenasgtcarelayiag vidageltansidissians nfisvis ciet dmiting Wherer éesfpdnodes
shoul d be used to inplenment selective relaying. - 4. The nethod according
to claimil, sidreisbihestiegn vide)d signajsr ey dercarsnitied. Movadves, it &y pessdidyo each
of the relay nodes to calculate their transmt power to inplenent
di stri buted dhaags dhevicogpetative . relay nattategy oh-thefiyl s sedalautaiings tieorel®fant ayer ed
signals in a relay network,

parameters, and all nodes acquiring the required channel knowledge and

synchronizing accordingly. Furthermore, aithough the invention has been

described from a ‘no direct link’ viewpoint (i.e. thére is no direct fink betweenlthe

source and déstination nodes, and all communication is via the relay nodes),

10 skilled persons will appreciate that the invention can be implemented where
there is a direct link. in such cases, the cooperative relay strategy of the
invention may be used to improve the reception of direct link signals via

cooperative diversity.

15  Skilled persons will also appreciate that the steps of the prefefred embodiment
method may be implemented as modules in hardware, for instance using
individual or separate processors or processing units programmed to carry out
the disclosed method steps. The steps may alternatively be implemented in
software, as a éeries of instructions which, when execuied by a processor or

20 other computing device, perform the same function as the hardware
embodiment. A combination of hardware and software implementation may also
be used. For instance, a hardware arrangement may be configured to read,
from a computer readable medium, executable instructions for implementing the

disclosed method in the hardware arrangement.
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t he method conprising the steps of: transmtting |layered signals froma
source oiPodiHst i pl e rel ay nodes, 10(ii)relaying theplpyeigsosb@nal s
fromthe multiple relay nodes to a destination node using a cooperative
relay strategy, (iii) receiving the layered signals at the destination node
fromthe nmultiple relay nodes, (iv) determining, fromthe received | ayered
signals, relay allocation 15information indicative of a transmt power of
each relay node or indicative of the appropriate relay node to use in step
(i) to mnimze distortion of the received | ayered signals, (V)
determning,_ fromthe received | ayered sjgnals, resource optim zation

i nf or mati on INSARSYE YREABPNS, TOF Hﬁg%f;@s?{?n‘ epded tonhe feversd yethesicope Shs i t
power of the source node to mnimze distortion of the received | ayered
signals, (vithe ElEmSmitting the relay allocation information to the nultiple
rel ay
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nodes, and MCSLLP (vii) transmtting the resource optim zation
information to the source node, wherein step (ii) conprises inplegeating
one of: orthogonal anplify-andforward, selective relaying and distributed
beanform ng. 5 6. The nethod according to claim5, wherein the |ayered
signals conprise a base |ayer and an enhancenent |ayer, and wherein step
(v) conprises presetting an outage probability of the enhancenent | ayer,

and deter% fromthe preset outage probability, the base | ayer
transm ssi e, enhancenent |ayer transm ssion rate and one of channel
uses and transmt 10power to be inplenmented by the source node to mnimze
expected distortion at the destination node. 7. The nmethod according to
claim6, wherein the | ayered signals are progressive transm ssion signals,
and whereih st eb nethod \of taperatyunp riekyysnodes (o) winglesatiapismissioe ob ayeredyer
transm ssion rate at a mninmumtransm ssion rate, (b) determ ning the
enhancenmendighaiy & atrelmysatestiothe atethdd oomphisingrtheetemudfage probability and
the base layer transmssion rate, (c) determ ning the channel uses using
the detger m ned @ase ded¥Ring layered signals from a source node,
(i) receiving, from a destination node, a relay allocation parameter to
implement a cooperative relay strategy with one or more other
relay nodes, and
{(iii) relaying the layered signals to the destination node using the
10 cooperative relay strategy, wherein
the method further comprises, prior to step (iii), selecting one of a plurality of
cooperative relay strategies based on the channel state information available at
the relay nodes, which includes selecting orthogonal amplify-and-forward or
selective relaying if only backward channel state information is available, and

15  selecting distributed beamforming if backward and forward channel state

information for each relay node is available to the respective relay node.

2. The method according fo claim 1, wherein step (ii) comprises receiving a
transmit power for each of the relay nodes to implement orthogonal amplify-

20  and-forward.

3. The method according to claim 1, wherein step (ii) comprises receiving a
relay index indicating which one of the relay nodes should be used to implement

selective relaying.
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20transm ssion rate and enhancenment | ayer transm ssion rate, (d)
determ ning the expected distortion using the determ ned base | a
transm ssion rate, enhancenent |ayer transm ssion rate and channgﬁfs&é‘gs,
(e) increasing the base |layer transm ssion rate, N CSLLP (f)repeating
steps (b) to (e) until the base layer transm ssion rate is at a maxi num
transm ssion rate, and (g)determ ning which values of the base |ayer
transm ssion rate, enhancenent | ayer transm ssion rate and
channel uses result in a 5m ni mum expected distortion. 8. The nethod
accordin o claim6, wherein.the | ayered signals are superposition codin
layered Sidmal s| NERPOPRAEFHOLIGE PFIM flu MRS N SRR (1 SRUmPISHS TSP Pzing
t he enhancenent | ayer transm ssion rate at a mnimum 10transm ssion rate,
value for use by each of the relay nodes to calculate their transmit power to

implement distributed beamforming.

5
5. A method of wireless transmission of layered signals in a relay network,
the method comprising the steps of:
{i) transmitting layered signals from a source node to muitiple relay
nodes,
10 (i) relaying the layered signals from the multiple relay nodes to a
destination node using a cooperative relay sirategy,
(i)  receiving the layered signals at the destination node from the
multiple relay nodes,
(iv) determining, from the received layered signals, relay allocation
15 information indicative of a transmit power of each relay node or
indicative of the appropriate relay node to use in step (i) io
minimize disfortion of the received layered signals,
(v) determining, from the received layered signals, resource
optimization information indicative of a transmission rate, channel
20 uses or transmit power of the source node to minimize distortion

of the received layered signals,
(vi)  transmitting the relay allocation information to the multipie relay

nodes, and
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(b) determning the transmt power using the enhancenent |ayer transm ssion
rate and the preset outage probability, (c) determning the base I@ EE
transm ssion rate, (d) determ ning the expected distortion usingmphi

det erm ned base 15l ayer transm ssion rate, enhancenent |ayer transm ssion
rate and transmt power, (e) increasing the enhancenent |ayer transm ssion
rate, repeating steps (b) to (e) until the enhancenent |ayer transm ssion

rate s Al a el LGS SRR BeddhEn 206N SRRAE1N N8 W Rlneal ves

of the base layer transm ssion ra ncenen ransm ssion rate
and transmt power result. in a mninumexpected distortion, 9.. An

[t egr at ed "% Maretn Sep (i Comptes, MREERodns oF 2ilbeagnal aiy Fsm a
source node to a destination node, the IC conprising: (i)a processing unit
confi gur edorwandeselective sglaying asdgliaributadbeaMEOrElg-ce node,

5 6. The method according to claim 5, wherein the layered signals comprise
a base layer and an enhancement layer, and wherein step (v) comprises
presetting an outage probability of the enhancement layer, and determining,
from the preset outage probability, the base layer transmission rate,
enhancement layer transmission rate and one of channel uses and transmit

10  power to be implemented by the source node to minimize expected distortion at

the destination node.

7. The method according to claim 6, wherein the layered signals are
progressive transmission signals, and wherein step (v) further comprises:
15 (a) initializing the base layer transmission rate at a minimum
fransmission rate,
{(b) determining the enhancement layer transmission rate from the
preset outage probability and the base layer transmission rate,
() determining the channel uses using the determined base layer
20 transmission rate and enhancement layer fransmission rate,
(d)  determining the expected distortion using the determined base
fayer transmission rate, enhancement layer transmission rate and
channel uses,

(e) increasing the base layer transmission rate,
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5receive, fromthe destination node, a relay allocation paranmeter to

i npl ement a cooperative relay strategy with one or nore other rel ayaoédes,
sel ect one of a plurality of cooperative relay strategies based on the
channel state information available at the relay nodes, 10 which incl udes
sel ecting orthogonal anplify-and-forward or selective relaying if only
backward channel state information is available, and selecting distributed

beanf ' i f | St '

beantor 09, L1 BRI RpSaPRl IR B S PEOREL Bl I FIEPL IR PBTEN
signals to the destination nod usi n the selected cooperative relay
strategy. 10. A rret"%c?d”@?‘"%‘ﬂ@ Eﬁrlsmj SHOP &Sy ade for wireless transm ssion

of layered signals in a relay network, the method conprising the steps of:
20r ecei vi ng | 2y ed dstgHRINNG Mdtiet Vebins Of thaebase iIFYLCcEROPRIFSIAN daitca
destination node, a relay allocation paraneter to inplenent a cooperative
rel ay strategy w th erercemant éayer iemsmessign matdesnd anahndliusel reseyimg t he
| ayered signals to the destination node using the

5 minimum expected distortion.

8. The method according fo claim 6, wherein the layered signals are
superposition coding layered signals, and wherein step (v) further comprises:
(a) initializing the enhancement layer transmission rate at a minimum
10 transmission rate,
{b) determining the ftransmit power using the enhancement layer
transmission rate and the preset outage probability,
(c)  determining the base layer fransmission rate,
(d) determining the expected distortion using the determined base
15 layer transmission rate, enhancement layer transmission rate and
transmit power,
(e) increasing the enhancement layer transmission rate,
(f) repeating steps (b) to {(e) until the enhancement layer transmission
rate is at a maximum transmission rate, and
20 (g)  determining which values of the base layer transmission rate,
enhancement layer transmission rate and transmit power result in

a minimum expected distortion.
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cooperative relay strategy, wherein step (ii) conprises receiving a
transmt power for each of the relay nodes to inplenment orthogonakcg)ip
anplify-and-forward. 5 11. A nethod of operating a relay node for wreless
transm ssion of layered signals in a relay network, the nmethod conprising
the steps of: (i) receiving |layered signals froma source node, (ii)
receiving, froma destination node, a relay allocation paraneter to

10i npl ene a cpo i | ] n

nodes, “and(;1 41 PEPAAEIRAPYGTha e tokde RERAL ATRER B PO Ui ng
t he cooperative rel sfrategy, wherein.ste i) conprises receiving a

val ue for %C%Qo‘g%g%aéiesﬂﬂ%t%’b?%@ﬁ'ﬁﬁ%é@ CPHPFB'&I‘%%I ate their transnit

15power to inplenment distributed beanform ng. 12. A relay node configured to
communi cate with 6) pl uRdIrpegssHIg %@ﬁﬁ@ﬁmg’}&@@gfh devi ces according to the

met hod of any one of clainms 1 to 4, 10 and 11. 20
receive layered signals from the source node,

5 receive, from the destination node, a relay allocation
parameter to implement a cooperative relay strategy with one
or more other relay nodes,
select one of a plurality of cooperative relay strategies based
on the channel state information available at the relay nodes,

10 which includes selecting orthogonal amplify-and-forward or
selective relaying if only backward channel state information
is available, and selecting distributed beamforming if
backward and forward channel state information for each
relay node is available to the respective relay node.

15 relay the layered signals to the destination node using the

selected cooperative relay strategy.

10. A method of operating a relay node for wireless transmission of layered
signals in a relay network, the method comprising the steps of:
20 (i) receiving layered signals from a source node,
{ii) receiving, from a destination node, a relay allocation parameter to
implement a cooperative relay strategy with one or more other

relay nodes, and
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MCSLLP

(i}  relaying the layered signals to the destination node using the
cooperative relay strategy, wherein step (ii) comprises receiving a
transmit power for each of the relay nodes to implement

orthogonal amplify-and-forward.

5
11. A method of operating a relay node for wireless transmission of layered
signals in a relay network, the method comprising the steps of:
(i) receiving layered signals from a source node,
(ii) receiving, from a destination node, a relay ailocation parameter to
10 implement a cooperative relay strategy with one or more other
relay nodes, and
(i)  relaying the layered signals to the destination node using the
cooperative relay strategy, wherein step (ii) comprises receiving a
value for use by each of the relay nodes to calculate their transmit
15 power to implement distributed beamforming.
12. A relay node configured to communicate with a plurality of
communication devices according to the method of any one of claims 1 to 4, 10
and 11.
20
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