Wrel ess Transm ssion of Layered Signals in a Relay Network Field of the

I nvention The present invention relates generally to wireless transm ssion
of | ayer edto0gma®sin a relay network, and particul arl ypCsG2001000066
exclusively, to wireless transm ssion of |ayered signals in a relay network
using multiple relay nodes inplenenting a cooperative relay strategy to
relay the layered signals froma source node to a destination node.
Background of the Invention The demand on nultinmedia applications such as

video stream ng aggrdBkETrsh .ﬁiﬁa&ﬁ%‘r LAgbRY Sighald hPMelsvﬂEtwbn@gess

comuni cations has dramatically 1 ncreased in recent tines. fixe

mul ti nedi a base rate for transm ssion over such wreless comunications is
general ly undesirable due to wirel ess channel conditions that fluctuate

much nore th i1 i nd the resulting | ow perceptive quality due to
servi ce out aﬁ%woéigem‘;}ﬁwrﬁhi ch to inprove the reliability of the

transm ssion of nultinedia informati on between a transmtter and receiver
over a wireless network is to inplenent-a coding technique. Exanpl es of

codi ng technigues incl ude | tiple description.codin MDC). and, successi ve
o | nomens. cOBEreBSRCTverRoREREs, GEPPily (o) BirEless SrRBaRaN St VR | pl o
descriptions at different source codi ngrates. Each description can be
decoded i nde§iERalntn @, regy ngtwerkt @ndgeaiticylgrips but not exclusively, to wireless

transmission of layered signals in a relay nétwork using multiple relay nodes
implerhenting a cooperative relay strategy to relay the layered signals from a
source node to a destination node.
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Background of the Invention

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 multimedia base rate for transmission over
such wireless communications is generally undesirable due to wireless .channel
conditions that fldctuate much more than wired links, and the resulting low

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 ovér a wireless network is to
implement a coding technique. Examples of coding technigues include multiple
deséription coding (MDC) and successive refinement coding (SRC). In MDC,

the video signal is encoded into multiple descriptions at different source coding
. P _



vi deo can be achi eved when nore descriptions are received correctly. In
SRC, the video signal is encoded into nmultiple layers at different source
codi ng r ave010/098725base and several enhancenent | ayers. PAT/SGhelore@es ver, an
enhancenent | ayer is decoded and successively refines the description in

t he previous enhancenent or base |layers as long as the previous |layers are
received correctly. An exanple |ayered coding technique is disclosed for

poi nt-to-point Single-Input Single-Qutput (SISO and Miltiple-Input

Ml ti pl e- Cut pafes.( RpDfesgriptioRscambe Jegeded HsiepeRdentt andd hettgroguality of

guasi -static fading channels,” by D Ghdz and E. Erkip, Proc. Asilonmar

Conf. on Si gnigles,caBybe anieued whenpuore deschptivns areasened@arrety.. InZBRG,

pages 18-22. Assumi ng that the channel state information (CSI) is avail able
at the recei Wer vidao sigmal & endosledrintesmultipierlayens a diffevent salirce) cesdingaates, once
a channel is in deep fade, coding no |longer helps to increase the

reliability dé bhse tandnsevesali emhancensne tayers cat tHd eedeniatf ah grtiahosmente
nmeasur e becones the outage probability, which is the probability when the

nmaxi mum sspp@yenls edéctided ant o¥wicebsiddly t lefinks xipe HESHHPADA Shothe pFévidlis
Therefore, the performance netric of |ayered video transm ssion over

Wi rel ess COMBHRARcnéitSoP BReERRYEIRE a8 XBRG LI thé dSBvidUSTIBYdrsORre PENH Nal Y,

it has becone increasingly inportant to mnimze the expected video

di stortion. comectly. An example layered coding technique is disclosed for point-to-point
Single-Input Single-Output (SISO) and Multiple-Input Multiple-Output (MIMO)
systems in “Source and channel coding for quasi-static fading channels,” by D.

10  Gindiiz and E. Erkip, Proc. Asilomar Conf. on Signals, Systems and Computers,

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

Assuming that the channel state information (CSI) 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 helps to increase the reliability 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 to 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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An alternative devel opnent to mitigate the undesired effects of fading is
by way of diversity techni ques, such as antenna diversity and cooperative
di ver si t ywOnbiok®s®a ant enna diversity system which enplPeyscGaulotongice
antennas at the receiver and/or the transmtter, a cooperative diversity
systemutilizes a relay wthout requiring multiple antennas at each
termnal. A Sendonaris, E. Erkip, and B. Aazhang in "Source and channel
codi ng for cooperative relaying,"” |IEEE Trans. Inf. Theory, vol. 53, no. 10,
pages 3454-3 Qct oher 2007 roposed c erative rce and ch el

codi ng usi ng%%g?/sﬁneﬁp%gﬁgi ‘S'Y‘?’Frgy 39 gtSFﬂa V%@%Bceﬂl%%,rﬁ@ﬁ@gr%qa}gg}n??o%{;ﬂhend one
destination node. The cogperative technique.in that. proposal _ related to the
S gl o1 el ay MHoReT TS I et & CPRReTeaMVERM B, R BEabyr co
and destinatiQn nodes. SUMVARY OF THE | NVENTION | n general terns, the
present i nveN{iNgH! [RAMring, e Sptrnpes A &ach tsrainghi2q §P%d9faﬂa;&n§a'§e1

i npl enenting a cooperative relay strategy to relay layered signals froma
source node tB®dP- aRgtin oRowseaNdeNEeNg| sRAIRG fl aqoperatiygdelaying."dkFFessi on
of the invention, there is provided a nethod of operating a relay node for
wi rel ess br adsaissdnforfheery, 49k 53d i §P.apagesB4b4r-81 49, Qetoher RO0T heopesasbd

conprising the steps of: (i) receiving layered signals froma source node,
(ii) receivi cgppénative soutestandathaonelmading usinghsysteh ocnsisting gfanersstiere t o
i npl enent a cooperative relay strategy with one or nore
node, one relay node and one destination node. The cooperative technique in
that proposal related to the single relay node assisting a direct link
communication between the source and destination nodes.
.10

SUMMARY OF THE INVENTION

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

15 from a source node to a destination node.

According 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: (i) receiving layered
20 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 (iii) relaying the layered signals to the destination node

using the cooperative relay strategy.



other relay nodes, and (iii) relaying the |l ayered signals to the
destination node using the cooperative relay strategy. Wth the proposed

met hod aswoesuvioked in the detail ed description, |ayere@C3isgaaiogowan be

rel ayed fromthe source node to the destination node using a cooperative
techni que that not only benefits frominproved reliability resulting from

| ayered codi ng but al so does away with the requirenent of a direct |ink

bet ween the source node and the destination node. Accordingly, the nmultiple
rel ay nodes increase the coverage range when the direct |ink between the
source and destination nodes is not available (i.e. by exploiting the relay

nodes' spati akitidlitve [prbposedamétifdds Bs eldtanibed imehs Wdtiled Bésdriptidhy &jerddieo
signals at the destination node. Step (ii) of the first specific expression

ey conpri se sifafy Mam%eafeiary@asmrh tﬁ@%ﬁrc,feOﬁo@wtﬁé dbStndiiBhavodiPd8Rg P
i npl ement orthogonal anplify-and-forward. Al ternatively or addltlona ly,

step (ii) rraxeosaépemé%e&mﬁjevmag nt bﬁiyqyedefﬂ&eﬁohﬁﬂh&?%d‘%wﬂ Eﬁf r%ifﬁr%f the

rel ay nodes should be used to | npl emrent sel ective rel ayl ng

al ternati el ¥rfo9ri e]agg c8aRk! %éoeao é'a}fvaWItﬁWrr%c;f\glhern? o é‘%lr@?tvrﬂ'we. for

use by each o re ay n o calculate their smtU power

I mpl enent  di t Q n Y Qus I or ..t ep (lii),

nmet hod conpr ?’é@@é}e&eﬁ% ?ﬁ%ﬁgg r{?g‘e ?nd ﬁ% 8%;1 'on(ﬂ&é o%}? gi[ch}g, &'8 @'“Ple)

strategi es baslg)c/i n%%e%hlﬁc%gggntﬁe ggvaetfaegtal rrgnogrermtf'uen the direct link between the
source and destination nodes is not available (i.e. by exploiting the relay nodes’

spatial diversity) and also enhance the quality of received video signals at the

10 destination node.

Step (ii) of the first specific expression may comprise receiving a transmit power
for each of the relay nodes to implement orthogonal amplify-and-forward.
Alternatively or additionally, step (i) may comprise receiving a relay index
15 indicating which one of the relay nodes should be used to implement selective
relaying. Further alternatively or additionally, step (iij) may comprise receiving a
value for use by each of the relay nodes to calculate their transmit power to

implement distributed beamforming.

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

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



avai l abl e at the relay nodes. For exanple, orthogonal anplify-and-forward
or selective relaying nmay be selected if only backward channel state

i nf or mat iwo 208/@8a8| abl e, whereas distributed beanf or m rgTI$&R010M0666 ect ed

i f backward andforward channel state information for each relay node is
available to the respective relay node. According to a second specific
expression of the invention, there is provided a nethod of processing

| ayered signals received at a destination node frommultiple relay nodes,
the mul tipl e fomtaay cheoheel istatee mormatign afoc oegadr aelay enode dy apailablegio the r el ay
| ayered signals froma source node, the nethod conprising the steps of: (i)
det er m ni ng cbspurtile sélay aodaf ormati on fromthe received | ayered signals,
(ii) determ ning which one of a plurality of cooperative relay strategies
is inplemented by the nultiple relay nodes, (iii) determ ning, using the
channel state information, a relay allocation paraneter to control the

cooperative r/ﬁ!c@bﬂlﬁgf [@b%\éohmbeamafeagréaxuohhﬁ tﬁyhﬁ\remt@nr fHe?é’ ld“?l%‘@ﬁjedaé\d
(iv) sending the relay allocation parameter to the multiple relay nodes

Step (iii) Ofpmdf Fsd S@;@ﬁ’@esgﬁ% IEyére@XQiPﬁé@ (deeieY QP'EPBE%a‘ﬁéhChﬁdg i &

transmt power e nul'tiple rel'ay nodes to I nplenent orthogonal

calcul bt ing APVBNE oG EHRE eTinRle GRS IRRAMpemBheTR o by RIAY 2
shoul d be use?'rg tgl??lsy‘?zﬁéerégls%?\glsvf?orﬁ%ls%'répnoé:é’ thEFhethbd ESHBHéIKSHP(e or

additional ly,
steps of: (i) determining channel state information from the received layered

signals, (ii) determining which one of a plurality of cooperative relay strategies is
10 implemented by the multiple relay nodes, (iii) determining, using the channel
state information, a relay allocation parameter to control the cooperative relay
strategy implemented by the rhultiple relay nodes, and (iv) sending the relay

allocation parameter to the multiple relay nodes.

15  Step (iii) 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 (iii) 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 (iii) 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



conprise calculating a value for use by each of the nultiple relay nodes to
calculate their transmt power to inplenent distributed beanform ng.

Advant agew02b1o/098128 net hod further conprising the stepsPof/SGevip/od@ser m ni ng
i f there has been a change in channel state information, and (vi) if there
has beena change in channel state information, determ ning a resource
optim zation paranmeter to control the generation of |ayered signals at the
source node so as to mninize expected distortion at the destination node,
and (vii) serdchangehén chaonelcstatptinfaimatiany dgtemeiniepea resotiice eptimizatiorode.
Preferably, the resource optim zation paraneter conprises a base |ayer

transm ssi on pasdneetento emiteol tisergaheratiye of layereitigaalorat tid eourdthode&o0ds
channel allocation for the base and enhancenent |ayers, or transmt power

for the basetamsinienberxpaeat disteion al theodsstpabioninvae! andt@i) §eding eEgpr i ses
presetting an outage probability of the enhancenent Iayer and determ ni ng,

fromthe pre$@§o@é€6ﬂﬁnﬁéﬂ&@5#ﬁdrﬁé&erbﬂﬂe%@ﬁﬁ;e'rﬂid%r transm ssion rate,
enhancenent | ayer transm ssion rate and one of channel uses and transmt

power to Be inplenented at the source node to mnimze expected distortion
at the destination node. Were the | ayered signals are progressive

Lransm si on s ¢ Sabich UBlmIAENCPaBABIE] YomdRlel 81 bhal | B g0 he

base Iayer transm Slon rate at a m ni mumtransm ssi o

det erm ni ng R&Rsﬁ&h%n rate, Zh é%%%eﬁ%ﬁpﬁ%rsﬁér%mﬂsgigﬁ rate, and one of: channel

allocation for the base and enhancement layers, or transmit power for the base
and enhancement layers. In one embodiment, step (vi) comprises presetting an

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

15
Where the layered signals 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 channel uses, (e) increasing the base layer

transmission rate, (f) repeating steps (b) to (e) until the base layer transmission
6



fromthe preset outage probability and the base | ayer transm ssion rate,
(c) determ ning the channel uses using the determ ned base | ayer

t ransm sswonotreamse72and enhancenent | ayer transni ssion raPel/SGA)100e4066 M ni ng
t he expected distortion using the determ ned base | ayer transmi ssion rate,
enhancenment | ayer transm ssion rate and the channel uses, (e) increasing
the base |l ayer transm ssion rate, (f) repeating steps (b) to (e) until the
base | ayer transnmissionrate is at a maxi numtransm ssion rate, and ()

determ ni ng yhkGdalVaMBEmam tralmI3$isn kA¥eand (@%ﬁﬁhﬂ@ WL vaBY Bf nt

| ayer transm ssion rate and channel uses res In a mninum expecte

di stortion. %bhﬁahﬁ%@ﬁﬂ r%tég%hﬁn@érﬁ?ﬁt)qu‘fé srrﬁugé]or‘??%h”a%d' Ahe

si gnal s, step conpr 1z e en ncenent

| ayer transnjssl %uft%ﬁn%hnn%@é}hé&%tcﬁﬁgﬁl SsSi on_ rate, (b) determ ning the

transmt power usin hance lI"ayer transm ssion rate and the preset
outage probability, (c) determ ning the base |ayer transm ssion rate, (d)
determning the expect ed di stortion usi ng the determ ned base Iayer
transm ssion,r.ate, hanc nment er transm ssion rate d trans ower ,
(e) increksi W ﬂéh% r‘?&?ﬂalsf égﬁeF”P?’QHétttPequ&m %y ‘{]ﬁ'ﬂnf"'épé t@ st eps
(b) to (e) unt|I the enhance er transm ssion rate I s at, a maxi nrum
transni ssi onMaYOS PR Sed@é?'ﬁ?@'?ﬂ;t%? neeMest layer fraasmission ratpeat
transm ssion rate, enhancepent |ayer transmi ssion rate and transmt power
result in a @i Wi%%;{ﬁ@@ﬁ@&lq&y gqtg,r {B)odetermining the transmit power using the

enhancement layer transmission rate and the preset outage probability, (c)
determining the base layer transmission rate, (d) determining the expected
10 distortion using the determined base 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 (g) determining which
values of the base layer transmission rate, enhancement layer transmission rate

15  and transmit power result in a minimum expected distortion.

According to a third specific expression of the invention, there is provided 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
20 node to multiple relay nodes, (ii) relaying the layered signals from the multiple
relay nodes to a destination node using a cooperative relay strategy, (iii)
receiving the layered signals 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



According to a third specific expression of the invention, there is
provided a nethod of wireless transm ssion of |ayered signals in a relay
net wor k, wbeorgtoBrad conprising the steps of: (i) transmpPCriSegoioay@ced
signals froma source node to nultiple relay nodes, (ii) relaying the

| ayered signals fromthe nmultiple 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) determning, fromthe

recei ved | ayapppaagn@isy nodd &y ust limeipl @Nto RiipiMiIEE idistortionlicf aié Yeteieda
transmt power of each relay node or indicative of theappropriate relay

node to use iagesédeai_ghbis) (VP detedmifiidg ForittAEticeBivell [bleretiesighalsdrdsayreed
signals, (v) determning, fromthe received | ayered signals, resource

opti m zati onopfihRhtisn | iRforindtlbe ahtieativ of 4 AMRHliSSb® taldt &arrBRUI8S 4fSes or
transmt power of the source node to mnimze distortion of the received

layered si gn%ﬁsmégg%& Bﬁﬂ%\%ql{r&@ﬂo&@fb ﬁﬁ{iﬁ&eﬁgﬂ%ﬂ Sfthb '?é%i\@cf I'ag elo the

mul tiple relay no and transmtting e resource optim zation

| i emant  ng *Beeo (17 SAREARAG e 1EeS ko i iBrhatdn, XA bASile sofayy and

di stributed heanf orni ng.. Advant sl the.l ayered .signal s rise a
base | ayer aR80%h ADAHEREAHRMIgIES Yesation PRImBATOT IRPTRIRD 8BS Bvich, an
out age probability of the enhancenent |ayer, and determi ning, fromthe
preset outagB°P-obability, the

Preferably, step (ii) comprises implementing one of: orthogonal amplify-and-

10 forward, selective relaying and distributed beamforming.

Advantageously, the layered signals comprise a base layer and an
enhancement layer, and step (v) comprises presetting an outage probability 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 to 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: (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)
determining the channel uses using the determined base layer transmission

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



base | ayer transm ssion rate, enhancenent |ayer transm ssion rate and one
of channel uses and transmt power to be inplenented by the source node to
m ni m ze wRpenkw@s72di stortion at the destination node. WreTSGRémw/oba@ger ed
signals are progressive transm ssion signals, step (v) may further
conprise: (a) initializing the base |ayer transm ssion rate at a m ni num
transm ssion rate, (b) determ ning the enhancenent |ayer transm ssion rate

(et Bkl e BBl B0 i
transm ssion rate and enhanc ment eLransm ssi.on rate H&m) det rm ni ng

t he expect edd‘?yse{orr?"%ﬂ'sﬁ'gpnéa ?h@ngie? éﬁeﬁaég "}ﬁf&f"s'{‘Pa b§§?o YFGt e,
enhancenent er .transm ssion rate and channe i ncreasi.ng the
base | ayer  t REASTSSSTL G A0esePering sigaa ohig e uptl 166 pabe ey UBRETISo hase
| ayer transmission rate is at a naxjimumtransm ssion rate, and
det er mi ni ng WAiEdR aY aI@YMYM FaRSMISSEN ralpe ANE (@rigtewaintg which Valéﬁﬁé’r"r@%ﬁrent
| ayer transm ssion rate and channel uses result in a mni mum expected
di storti of. \NAEP davendranamigsian @t@rﬂrr@naer@e@ﬁjgwrﬁmsméﬁoncsarenay
signals, step (v) may further conprise: (a) initializing the enhancenment
| ayer { r ans miuses eesultsn @ minimumi eXpegtedtdistagieonssi on r at e, (b) determning the
transmt power using the enhancenent |ayer transm ssion rate and the preset
out age probability, (c) determning the base |ayer transm ssion rate, (d)
determ ning the expected
Where the layered signals are superposition coding layered signals, step (v)
may further comprise: (@) initializing the enhancement layer transmission rate at
10 a minimum transmission rate, (b) determining the transmit 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 rate, enhancement
layer 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 unit 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



di stortion using the determ ned base |ayer transm ssion rate, enhancenent

| ayer transm ssion rate and transmt power, (e) increasing the enhancenent
| ayer tr WO HLBRSrate, (f) repeating steps (b) to (e) PGHRSIGROKNQB0066
enhancement |ayer transm ssion rate is at a maxi numtransm ssion rate, and
(g) determ ning which values of the base |ayer transm ssion rate,
enhancenent |ayer transm ssion rate and transmt power result in a mninmm
expected distortion. According to a fourth specific expression of the

i nvention, th ' | de |t eqar d_cireuit (] for a rel node to
relay |ayer edﬁgﬁgéna g’ i 19?4 {3% gtrgégu}re@%' %‘8@%& 88‘3 d Eas}'t ff%a?%y&ﬁe c?d%ﬂa?st ﬁé the
conprising: a,processing unit .configured tg recejve Layered_.signals from
t he source no S,t'n?ﬁ%'épgg? uﬂ"@r‘?ﬁ? ﬁgog%@?'}'%é@ﬂﬁﬁgﬂ{?@& éH 'P@ng 'HgY g@éds?gn
parameter to j:%I magt .a cooperative relay strategywith one or nore other
rel ay nodes, Rrfti'S® $9lhe | ayered signals to the destination node using
the cooperative relay strategy. Such an I1C nmay be used in a relay station.
According to a fifth specific expression of the invention, there is
provided an IC for a destination node to process received |ayered signals
from nul t il eAeeardingte @cfdfth sprcificcexsagsion ohthe iavertialy therede arovidedand@ssi ng
unit configured to determ ne the cooperative relay strategy inplenented by
the mul tipl e foeleagesiipatien ngde de rraegssursicatyedHayeret! sigrale fionf ovultiptlé oelay
derived fromthe received | ayered signals, a relay allocation paranmeter to
control the coeges; dhevi€ colrgyising: a relay allocation processing unit configured to

determine the cooperative relay strategy implemented by the muitiple relay

nodes, determine, using channel state information derived from the received

10 layered signals, a relay allocation parameter to control the cooperative relay
strategy, and send the relay allocation parameter to the muitiple relay nodes.

Such an IC may be used in a communication device.

Preferably, the IC of the fifth specific expression further comprises: a resource
15  optimization processing unit configured to preset an outage probability of an
enhancement layer of the layered signals, determine, from the preset outage
probability, a base layer transmission rate, enhancement layer transmission rate
and one of channel uses and transmit power to be implemented by a source
node to minimize expected distortion at the destination node, and send the base
20 layer transmission rate, enhancement layer transmissidn 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



strategy, and send the relay allocation paraneter to the nultiple relay
nodes. Such an I C nay be used in a comruni cation device. Preferably, the IC
of the fiwOhlRomp®ei2ki c expression further conprises: a resvEGeE0®Patcen zat i on
processing unit configured to preset an outage probability of an
enhancenment | ayer of the |ayered signals, determ ne, fromthe preset outage
probability, a base layer transm ssion rate, enhancenent |ayer transm ssion
rate and one of channel uses and transmt power to be inplenented by a

source node egpressioni of tegpaticatonli $indr bi edrmmuriibatiote devivat iconfigliee, toand
send the base | ayer transm ssion rate, enhancenent |ayer transm ssion rate

and one of tgemphaided withes ralag nbbe dcterdfy fo RVRELHOE dfftRe SEEKIRESIMRIR:
There may al so be provided a relay node configured to conmunicate with a

plurality of e¢eRE4BhHRIHLMVERNGEes according to the method of the first
speci ficexpression of the invention, and a conmuni cati on device configured

to conmmunicate with a relay node according to the nethod of the second
specific expression of the invention. Brief Description of the Drawi ngs In

or der thag ie’*B\égﬁtibggwr?f?/mgemjaw&%%under stood and readily put into

t
practical "efrect, now scribed by way of a non-limting
exanpl e only, an exenplary enbodi nent of which the description is provided
bel ow with reference to the acconpanying illustrative drawi ngs in which:

In order that the invention may be fully understood and readily put into practical
effect, there will nvow be described by way of a non-limiting example only, 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

16 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 flow from the
destination node to the multiple relay nodes when orthogonal -amplify-and-

forward is adopted,

11



Figure 1 is a block diagramof a relay network having multiple relay nodes,
Figures 2A and 2B are bl ock diagrans respectively show ng the | ayered vi deo
t ransm ssworosvmstegi es of progressive transm ssion andPSUSE2pOINW066 N
coding, Figure 3 is a block diagramof a framework illustrating the flow of
information via feedback |inks fromthe destination node to the source node
and to the nultiple relay nodes, Figure 4 is a bl ock diagram show ng the
feedback information flow fromthe destination node to the nultiple relay

nodes when ofibhRI9NE!a MUK didgrinsl fsPEWHgtHeS feRdBREIE thibiratich flowSfrém theck
di agram showi hg t he feedback rnformation flow fromthe destination node to

the mul tipl B ThlayhotBs NHeAGdIsttiRd PRBFHg i€ Lgs5tedS 1S a
bl ock di agrgdn%s?h?v{\?mng t te %28@3%% Fr?yor mat i on % ow from ?ﬂg ldes?tls nation
node to the nmultiple relay nodes when distributed beanform ng i s adopted,

Figure 7 is a flowhart of the process occurring at the destination node

lowcnart  or BHE fifsch IR ABPrT Subhie HaRaREeet APH BRIy, ToB g thbs 2
transm ssj hart of the d i mzation

fr anmewor ]9 2&?es§ih %rﬁg%p%%ﬁhééﬁmﬁle rgm nodes wi\gr(%ld?s%relgutggtbeam orming is
adopted,

Figure 7 is a flowchart of the process occurring at the destination node during
one channel realization for the proposed framework,
10

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

transmission,

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 ffom 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



Fi gures 10A and 10B are graphs show ng expected distortion resulting from
t he proposed optim zation franework as conpared to an exhaustive search for
t he SEL swbenw/098&fai |l ed Description of the Preferred ERDDHGRE40{0000G€
preferred enbodi nent of the present invention conprises a framework and the
correspondi ng net hodol ogy for cooperative wireless video transm ssions ina
relay network with nmultiple relay nodes Rl -RN as shown in Figure 1. The
rel ay nodes are anplify-and-forward (AF) relays and so perform

hon-r egener aj Mgy hetwdrk MathDALNBR YefaySRIHeS R ORE @sShald i FiRFEINFhksIapode d.

el AN L AN
o et LTS 1
ﬁ:sgﬁdht Q?gegéé?{%\iti : n;lt Zn?grncgogsd?eg%(r?gv\gﬁianf ?orf\)/ar gd'l [ n? clﬁan.neﬁngai ns
oot et on WGBS Ak IR o B VIR R By 1o
o 11t iAo B o e nf WALECA B M
rates ( B andestpa neﬁg%i@thgg‘ggm(rgﬂingﬂ;@v' E-aﬁ'ﬁ’)a"i)m‘ ?W@rﬁ?@?%aw'én erent

transmt power gPs). . In superposjtion coding, |ayers )
the following detailed description, it is assumed that perfect instantaneous

backward and forward link channel gains hs and hy are not available at the
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 iliustrated in Figure 2A and
superposition coding as illustrated in Figure 2B. In progressive transmission,
layers are transmitted at different rates (Rs and Rg) and channel uses (oL and

15 (1-a)L) but with the same transmit power (Ps). In superposition coding, layers
are transmitted at different rates (Rg and Rg) and transmit power (aPs and (1-
a)Ps) but in the same channel uses (L). It will be appreciated that such layered
coding techniques encode the source signal 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 signals” as used in this
specification are generally referred to when the higher layer has dependencies

on its lower layer.

13



are transmtted at different rates (RB and RE) and transmt power (aPs and
(1- a)Ps) but in the sane channel uses (L). It will be appreciated that
such | ayewecomodsT§ t echni ques encode t he source signal PCHSG20mlonées e

| ayers with different significance and the order of decoding is fixed such
that the base | ayer is decoded and enhancenent |ayer is subsequently
decoded if the base |l ayer is successfully decoded. Accordingly, "layered
signal s" as used in this specification are generally referred to when the
hi gher | ayer Tesralapaodes®eBy @ne i donfiguredrtol impemehe coepargtiverdiverdly bYRN ar e
configured to inplenment cooperative diversity by way of a cooperative relay
strat egy depewali ofga ecopdratiey eeldy birate@rdepéndihg ondheavaitalds CSTat Wientalanal
cooperative diversity involves a cooperative nultiple antenna techni que for

i nproving or rpyesNiCeri@ntionl cosperative aivinsig)l inaeR td aopbiative empltipld S
user diversity by decoding the conmbi ned signal of the relayed signal and

the direct sigféind lRcAniyus oraRfproRhyBF axinising&ofdl AERMTk icR¥AMEI cAPacitiée
cooperative diversity is inplenented froma multiple relay standpoint, and

so diversigty miciReRbRHE Lty dARFAH BY debBdifgThe NFhhad dlgrdl of e rethgyed
er relaye l's. A ﬁ%refore

signal with one or re ot sign Irect signal i1st

ot reaui red Sath hauaRc dultt Sghal N WEBRSDRNAEH. VIFHE blesk AUBHADYR .

Accordi ngly, 'S specl on, "cooperative re strategy

vari ants denol SoBHOSRITAMLY i, MFERGAKS #OR"E kb efy SaiipdREShos cach
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
techniqgue where multiple relay nodes are each configured to relay signals to a
destination node so as to allow 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 multiple relay

nodes in combination with the direct link signal for cooperative diversity.

Three example cooperative relay strategies 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



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
di rect |iwk200/@9B5| abl e, 'cooperative relay strategy 1PCHSGaa®®0aséng
signals fromnultiple relay nodes in conbination with the direct |ink
signal for cooperative diversity. Three exanpl e cooperative rel ay
strategies that are used in the preferred enbodi nent are: orthogonal
anplify-and-forward (OAF), selective relaying (SEL) and distributed

beanf or mi ng ¢HBMestidationr abdy dobetailopéresoh by thes lexgmpipry ecomipeeative angdayed
signals fromthe source node s to the destination node d based on one of

t he cooper at isyatdgrisayill e ddsegbes laterdn ltheis egecificationel ay al | ocati on paranet er
received fromthe destination node d. This allows the cooperative rel ay
strategy to take into account the CSI that is only avail able atthe
destination node d. Details of each of the exenplary cooperative relay

strategi es Wigds HﬁﬁgC{?q—ﬁg&@eﬂ thatfBiv bMintdratisR et e b StihatiBRTRIdel 302 i
Figure 3, the f?ow of inhformation fromthe destination node 302 to the

source noge 300 SBifhd ASdL IRy dgﬂ?gﬁaﬁﬁ%&gpﬂﬁh ST, C8bddificalifiethe

destinati on node inc l'ocation unit 306 and a resource
OpLI Mzl on Ul ARS ol Pl BT BRI S0 DS, Hcfie T e
(oot e 1° el HAEEASRBTSREBABh o, 26 Py glhdef el
strategy acc%ﬁi arllrgd,tc?epending 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 control the cooperative relay strategy according to
the CSI. The resource optimization unit 308 functions to assess the CSI 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 the source node 300 so as to 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 will 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
15



the CSI. The resource optim zation unit 308 functions to assess the CSI

and, based on the CSI, to assess and send via feedback channel 312 resource
opti m zatworropamsreet ers relating to rate, power, and chaomSIG2u9®800660 be
used by a video codec at the source node 300 so as to maxim ze the quality
of the reconstructed video at the destination node 302. A detailed

expl anation of the nethodol ogy carried out at each of the source node,

mul tiple relay nodes and destination node will now be described. 1.0 Source
Node - Layered Video Transmission Strategies Normglly, the conmon term used
to evaluate the quality of the recepsgd- yBY déo signal at the (4

destination node is peak signal-to-noise rati o'V(SF’SNR) defi ned aswhere B is
t he nunber of bits per pixel and MSE is the nmean-squared error between the
received i mgetiered®ds tlempamber tod Hitseperrpigéirsld MSE idthe Ricapldquiatad efrde
transm ssion of a successively refinable, nenoryless, zero nean, unit

vari ance conpetvechatheseosive® imhageiviicd tmpRedto MELoginhPehe) & orkifpRityt 0 the
destination. The single-letter squared-error distortion between the Source

vector and j the taRSMNEIdN & | T5UBESWely %eﬁ?édl@e%&%ryié% €28 IS dhi
source bl ock I'ength. The correspondi ngydi stortion-rate %’unc'trtfglrlle%nz Lg]nsen by
D(R) = 2-5R YAgaReRedmpleR®aussian source is considered over a fading channel to the
destination. The single-letter squared-error distortion between the source vector
s = lsi55..5x]" € € and its reconstruction vector =81 - 8T € CX g

defined as

K
N 1 N
D{s,8) = 7 E d(sk, 8). {2}
k=i

2

10  where d(s:3%) = (s —%)" and K is the source block 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 ﬁ'nite 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. 6, pp. 2619-2692, Oct. 1998. Specifically, the channel is
partitioned into multiple flat fading blocks, where the channel fading coefficient h
within each block of length L is constant. Typically, each random channel

20 coefficient can be modeled as a circularly symmetric complex Gaussian random
variable (r.v.), i.e., # ~ CN(0,1) where CA(1,9%) denotes a complex circularly

16



source coding rate in bits per synbol sanple. If the source sanple is

pi xel , the unit of the source rate is bits per pixel. Furthernore, a block
fadi ng chaionelo/oystel i s consi dered paraneterized by a fiPniriSe2erdodocsed
coherence tine, details of which are disclosed by E. Biglieri, J. Proakis,
and S. Sharai in "Fading channels: Information-theoretic and comruni cati ons
aspects" |EEE Trans. Inf. Theory, vol. 44, no. 6, pp. 2619-2692, Cct. 1998.
Specifically, the channel is partitioned into nmultiple flat fading bl ocks,

wher e the chaph@letfi@atgsiaR idttishtRMwith WebRi NarRPedtidicBcR, 10fs A0aida that S
constant. Typically, each random channel coefficient can be nodel ed as a

ciroul arl y SYTEEfECraERRIGR oIS IBRIAGE A6 | SRoBieh” alk Imadndit to (Wher &
denotes a conplex circularlysynretric usstan distribution wth nean m and
vari ance s2. ' r r [ | . es
are encoded ghé”@ﬁ%%%Lé{ﬁgqné'gﬁraarq%gﬁ%ﬁsggerae%%htcﬁgﬁ\é ?erggérbniétctﬁ%%\yee@%ch of
the fadi ng blocks. . Therefore o] 1 dt) ansi on factor can be defined
as | eadi ng tBagg\gﬁamﬁ@ar@bo&fagfo%c%ﬁg}gﬁl%ﬁt per channel use. It is
assuned that L and K are sufficiently large to approach the instantaneous
capacity and Gaussian rate-digtofti oghdxgehdsesAs Hi ghlighted earlier, in a
sl owfadi ng scenario, oncé=a haqiqo C' ,'1 ] m%fefjasde, codi ng no | onger
hel ps to gncrease the reliability o THE transm ssion. In such cases, the
nat ural performance neasure becones the outage probability

leading to a channel code of rate R/b bits 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(Z(R) < R/b) where I(h) is the maximum rate supportable

by the channel h.

Adopting a layering transmission approach, the video source is encoded into
two layers, namely base and enhancement layers with transmission rates of Rg
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;tly. In
the following description, details of two different layered-video transmission

strategies (progressive transmission and superposition coding) are considered.



(assum ng, as before, perfect CSI is not available at the source, but only
at the destination). For an arbitrary fixed transm ssion rate of Rib

bi t s/ charmel2owg®s726he out age probability is (I (h) < R brTsieeew/b@ed is the
maxi num rate supportable by the channel h. Adopting a |layering transm ssion
approach, the video source is encoded into two | ayers, nanely base and
enhancenent |layers with transm ssion rates of R and E respectively, such
that the enhancenent | ayer successively refines the description in the base
| ayer as |long as the base layer is received correctly. In the follow ng
description, details of two different |ayered-video transm ssion strategies
(progressive 1t 1 PregiessiveTransmigsipar posi ti on coding) are considered. 1.1
Progressive Transm ssion I n progressive transm ssion, the L channel uses
are divided into two portions as shown in Figure 2A. The base | ayer is
transmtted in the first aL channel uses at a transm ssion rate RB, where a

is real and g bRyg rédsuveTﬂsﬁsmtsB%nem\eﬁémm ukésysre dl%tdbﬂ%rﬂmbtpﬁﬁtldr{% adre

rest of the channe uses at a transmssion rate RE. At the destinati on
node, the re% bR HiiRe oAl FRelbaks 18R A F5Rk
| ayer foI ﬁ‘gy th@q'gnhancerrer?t éé}%r ?r on'ﬁmﬁe Iigieo@?g?ggﬂﬁli&ﬁﬁg uses
Ther ef ore, overal.l expe d| storti o y D =
o) D abRe + @ HEnsTSyibpsa erﬁg) B reaﬁﬂg? o & @ F”fbﬁﬁ @ﬁ&@%ﬁﬂye%not es
rate-distortion function orres dflﬂg e encodln ate

layer is transmltte in the est thec anne uses at a tra smussuon rate RE.

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

10 the base layer followed by the enhancement layer from the associated channel

(€b)

uses. Therefore, the overall expected distortion is given by

where D(R) denotes rate-distortion function corresponding to the encoding rate
R. Pg and Pe denote the outage probabilities associated 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 transmitted by superimposing the
enhancement layer at a rate Re with the base layer at a rate Rg, as shown in
Figure 2B. The transmission power aPs and (1- a)Ps denote the power levels

18



R PB and PE denote the outage probabilities associated with the base and
enhancenent | ayers respectively. In case of base |ayer outage, the receiver
si nply owpubr/mBrsaver age val ue of the source distri buPComsG2010800066 he

hi ghest possible distortion of one. 1.2 Superposition Coding In
superposition coding, the video |ayers are transmtted by superinposing the
enhancenent |layer at a rate E with the base layer at a rate RB, as shown in
Figure 2B. The transm ssion power aPs and (1- a)Ps denote the power

| evel sal | ocatatidcdted thehdbase and enhaacemertiayédyrespedtivene ahiere B demdess Ps
denotes the source power constraint such that a (0, 1). At the destination,
successi ve decoding is perfornmed under npeefrgacti knowl edge of CSI. Mreover,

t he decodi ng%b? ﬁ%tfrg?go\”%(gan?[?dﬁt ™ ?h?theér(e’ceji ver will always try to
decode the base layer first by assum ng that the enhancenent |ayer is

noi se. After that, the enhancenment |ayer is decoded by first renoving the
base |l ayer fromthe received signal. Therefore, the overall expected

distortion (Atthe d@?\'f@’i'oﬂySEPC—eS(Sﬁ’e-dqﬁES’DQUR@eﬁSFEE?d HndpEperfed) knoyigsige. pp,
(5) 2.0 Relay _ Nodes - Miltiple-Relay Cooperative Strategi es The considered
syst em nodlel of £ Maraaver.dhe slegpdingtafdends dixag sush daptdhe Keoeivermuyill @ways e.
one source, one destination and N relay nodes. A schematic is

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

layer from the received signal. Therefore, the overall expected distortion (€n)is

given by

&n = (_1 — PE_)D(bRB + bRE) + (PE. — PB)D(I)RB) + Bg. (5)
10

2.0 Relay Nodes - Multiple-Relay Cooperative Strategies

The considered system model is a muitiple-relay network comprising of N + 2
15 nodes, i.e. one source, one destination and N relay nodes. A schematic is
illustrated in Figure 1. The relay nodes are used to assist the iayered video
transmission from the source node to the destination node where a direct link
between 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 channel gain vectors from the source node to the relay nodes, and from the
relay nodes to the destination node are denoted as I« = s, huz. -+ hsn] and

- — 7 2 . ) 9
hd == [}Ll,d: h2,d: Y h’i\f,d}.l respectively’ Where h's,n CN (U, Us:-n) and hm,d ~ CN(O, U,ﬁ‘d).
19



illustrated in Figure 1. The relay nodes are used to assist the |ayered
video transm ssion fromthe source node to the destination node where a
direct |iwR2bsrose®n t he source node and the desti nati onPoOGE2019/00@k6
avai l able. Al nodes operate in a conmon frequency band and are in

hal f - dupl ex node. The channel gain vectors fromthe source node to the
relay nodes, and fromthe relay nodes to the destination node are denoted
as and Vespectively, whereln the first tine slot, the source node
broadcasts the transmtted signal vector denoted as to all relay nodes. x s
is either a concatenated signal vector or a superinposed signal vector
dependi ng on Imhied fiest time glogsthevadurceansde bsoamtasts thepeansostted signaddeéctgr i s
applied at the source node, and x' is the transmtted synbol at tine

under an average, tr ansp=ssi'of” powet’icongtrai nt of Ps. [ = oo

, L. The rec@aeagt?ds?ﬁnal S[at QJ‘?he‘re‘l $§°r?§dsgyék?ﬁ%8egwﬁr%‘ﬁ‘§ﬁ e(a O'Q/ﬁ%éerne%’t?% t he

(Nx 1) I-th received signal vector at the r Iaé/ nodes and is tnehéggx 1)

| -th noise védd&® ¥gCPhed & a%%@&qsegeﬁ&@g Ve FRBENRING, 97 WNEARGE si an

distribution with a nean vector mand a covarjance tri>§ . For

non- r egendr atArQepEVa aRgMISSIAD PFURFTRRSIADN CGaiRg B ’i‘,rﬁ'ﬁgrﬂ {he 8Q¥1el NPEEs; ons

of their recei ved” signals while satisfying the total relay power constraint

(PR .e. and 7 is the transmitted symbol at time / under an average transmission
power constraint of Ps where / = 1, 2, .. ., L. The received signal at the relay

nodes can be written as.

yg) = h;, Pgitg) -{-zg}, (6)

&
10 where YR is the (N x 1) I-th received signal vector at the relay nodes and

zg’ ~N(0.T) is the (N x1) I-th noise vector at the relay nodes. Ny, )

denotes a complex K-variate Gaussian distribution with a mean vector 4 and a

covariance matrix b

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

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

-ﬁ:x 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

w
destination node, *& , is given by

xg) = Gyg), . (7)
20

20



where Pn is the power consunption at the n-th relay node. Therefore, the (N
x 1) /-th transmtted signal vector fromthe relay nodes to the destination
node, , iwogowastipwhere G denotes the (N x N) di agonal PeaiSG2&iI0re@eesent i ng
relay gains. The diagonal structure of G ensures that each relay node only
requi res know edge about its own received signal. After processing the
received signals, the relay nodes transmt the processed data to the
destination node in the subsequent tinme slots while the source node_ remains
silent. The métess G sienstagntner (¥ x AR sliaganad ingaieK reprasgBliog selan faitsn e
depend on the cooperative relay strategy inplenmented by the relay nodes.
The fol | owi ngiagionakstoestuiel ef Gfensiresethad eschldelay nadeceoly sedititegeknowledasyi es,
nanely OAF, SEL, and DBF, which are sel ected depending on the type of CSI
avai | abl e at abbaet itschvary secdited sigsalsuned that all backward and forward
channel gains, i.e. hs and h , are perfectly known at the destination node
but not at the source and relay nodes. Moreover, perfect synchronization at
t he destination node is assuned. QAF is used where only backward CSI is

avai | abl esat Affee pfederRingothesrecdived tsignatyyithe pelagrnddesf wdnsesin themptdcessed t he
n-th relay is determ ned by.,a power allocation algorithmperforned at a

rel ay al | ocalyh@itoURkiddsiinatih GG inAé isiBse it tithedIBisTAIR thBeodrieatRle
probability. This allocated power information is sent back
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 ail 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 CS! is available 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 CSl is changed.
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to the relay nodes via the feedback channel 310 as shown in Figure 4 when
the i nstantaneous CSI is changed. SEL is al so used where only backward CSI

i s avai | aWbeowrosst?é rel ay nodes. The relay node w th thecrasciestoo@meoduct of
backward and forward |ink channel gain forwards its received signal with
full relay power constraint while the rest keep silent. The selection is
determ ned at the relay allocation unit inplenenting a selection algorithm
in the destination node, after which a selected relay index risei is sent
back to the rSHlag aleniused wherdenlydiaskwaid Shhisnavailshle atdthetielan nodesi tha e 5.
DBF is used where each relay node knows its backward and forward |ink
channel gai nrélay node witrethd (zigéstpreduct T dackward, and fordesd iinlaichannel @ééin needs
to feedback via the feedback channel 310 a constant value c used for

cal cul ati ng titvevapdeiits receigedrpignahwith falheslayepeawer esnstiaiminwhile fRegresekéep 2. 1
Ot hogonal Anplifv-and-Forward In OAF, each relay node transmts its own
signal in a diléftcmestsdlédtdnsistdeteimifed tdieha rélay ratloaatisro dait timpemdriting cr i ng
the /7-th tinme slot while others keep silent. Therefore, the total tine

sl ots forstragpatibn 'a;%ﬂ)rftmﬁ Mltﬁeme%h@étain hodEN dflte VALK Gesdlestedtrelaynfdex
destination node is + 1 he Z-th received signal at the destination node

fromthe n-th 1 el SintNKk tetthzerrmakj%d@st\m tHeReetbatk EAANME 310 4 SRovasiere a
are the noi se At the n-th rel ay node and the destination node respectively,

and repr esentﬁgl}rgg_ effective noi se at

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 signal in a different time-slot, i.e. the
n-th relay node transmits during the n-th time slot while others keep silent.
Therefore, the total time slots for transmitting the video signal from the source
node to the destination nbde is N + 1. The I-th received signal at the destination

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

[
1(1) - hn,dgnhs,nxg) + h‘n dgnz}(}_)n + z(g): (8)

v

-~
A:(H
=
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t he destination node. The n-th diagonal elenent of the relay gain mtrix G
is given by The optimal power allocation anong the relay nodes is obtained
by usi ng wowatoen9s2sl | i ng sol ution (see Y. Zhao, R AdvepPCarsd2d1.0/000066i m

"I nmproving anplifyand- forward relay networks: optinmal power allocation
versus sel ection" |IEEE Trans. Wreless Conmun., vol. 6, no. 8, pp. 3

114- 3123, Aug. 2007). The power consunption at the n-th relay node is given
by where | is chosen such that . Here, it is assuned that the backward CSI
is available at the rel es but n  forward CSlL. Thus, the power

al | ocation f¥heechnr elcggllf((?fgg%“cﬂ &d per?%fr(gbh@ age ﬂ?%@”ﬁ@l%ﬁ“%ﬁﬁ%dﬁiqy it in
t he destination node and the all ocated powe\rmﬁli) nformation is sent back to
the relay no . i i on. X | i : : ive
Rel ayi ng! n Serd th, S8poRiRideVRkpata, SHATH, Iehicedits Sue'eficeifoTRiSERL
first time slot he.. e I I - AS
o). tonevel™ BaHlRRE bRy MeCue RRCBRRE Biskfbs® at 1€ raky HRHF atdERiE3
synbol to the destination node in the second tine slot. At the destination
node, the re8¥EIH compares which Iink has the |argest product of backward
and forward |ink channel gain, i.e, The relay node that corresponds to the

| ar gest product gain is then sel eqted Lor rel ay
S S LA 1)
5 n I'ﬂ).‘.‘,-'lh.s;n}2 + 1 ( )

The optimal power allocation among the relay nodes is obtained by using a
water-filling solution (see Y. Zhao, R. Adve, and T. J. Lim, “improving amplify-
and-forward relay networks: optimal power allocation versus selection” |IEEE
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

2honl® + Pslhanl,  Pslhsn|* +1
Pn:ma.x{(),(\/PSlh" + Polhenl®y  Pollanl )} (10)

lh’ﬂ,d§2 Uhn,dtg

where ) is chosen such that Z;Ll Po =P Here, it is assumed that the
backward CSl is available at the relay nodes but not the forward CSl. 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
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transm ssi on, whereas the unsel ected relay nodes do not transmt any
signals in the second tine slot. Wthout |oss of generality, it is assuned
t hat t he wexvimmsizon node can send a feedback signal toPChSGeeloagonaedes to
i ndi cate which relay has been selected as shown in Figure 5. The n-th

di agonal elenent of Gis then given by where nsel denotes the selected
relay node. Therefore, the received signal at the destination node can be
witten as 2.3 Distributed Beanformng In DBF, it is assuned that the /7-th

rel ay node has SEIC @S5S trafsmissionasoalutyOnigiin 80 tifRaslofsSin the first BisiersiGNthdn, d
and it can performdistributed beanform ng. Each relay node can therefore

si mul t aneouslsiuideditsdd broabiSagtéfo %'lIQ‘QI%}I ridRes N8aM8sdd O%FZ.OHO\H%, .Bﬁly'fl_cﬂ%

second time slot. The n-th diagonal element of Gi1s théen given

optimal rel a)feIQ?‘ﬁ?ﬁe% lRG&EH R fohpardl tK@rlr%\ﬁgWSP@cf g’éﬁp?@%ﬁhe otegﬁnét%wﬂd the

parenthesis is a function of the relay n Irrectional | and
c is the san%1{ rséﬁoh %ﬁkgmopodes whi ch can be broadcasted fromthe
destination noé% as sﬁomm In"Figure 6. Thus, the relay nodes can cal cul ate
t heir owngpower consunption. The received signal at the destination can be
witten ag

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

product of backward and forward link channel gain, i.e, /mahsal® 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 element

- of G is then given by

2 _
g = {\/ il 310 T sl (11)

0, otherwise,
15 where ng denotes the selected relay node. Therefore, the received signal at the
destination node can be written as

1 ] i (1
yé) = ]l"wlrdgnm-lh'srnwfxg) +_h’”‘schdgnnel’zl({,)%; + Zt(i) : (12)

“—
25
Zq

2.3 Distributed Beamforming

20 In DBF, it is assumed that the n-th relay node has access to its locally-
bidirectional CS|, i.e. hsp, and h,4 and it can perform distributed beamforming.
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3.0 Destination Node - Overall Method The overall nethodol ogy at the
destination node is shown in Figure 7. The nethod begins with the

esti mat i omoabiwdeg72backwar d and forward channel gai ns fr ecTiSleeondo@icyed
signals in step 700. In step 702, the nethod proceeds to therel ay
allocation unit and a determnation is made as to the cooperative relay
strategy being used by the relay nodes. As outlined earlier, depending on
whet her OAF, SEL or DBF is enployed, the relay allocation unit wll

determ ne ei tehek, (Y ROHE cahOthefefbizesinilitah8Cudif tRinsAMARS owit Signdlth) thea
relay index to select a particular relay (step 706) or a c value for each

rel ay node “be@ﬁﬁﬁfowrflﬁ eliRGhé sE¥ShdPRNESIdSPhd AltR R | efchfent 8e6as Maed,
the rel evant ay allocation paranmeter is sent back to the relay nodes in
step 710. gz\;gﬁn the destination node nonitors to see if there are
any changes '] channel statistics (i.e. CSlI). If there are changes, the

nmet hod proceeds to the resource
optimal values for RB, RE and a

on unit in step 714 to conpute
d i . ePrbasehfaybiairate, enhancenentlﬁ?yer
rate and channel uses/traﬂ%nft ngﬁ)ifmqwﬁoqqﬂgdat t he source nod% These
resource optimzation paraneter are then sent back to the video codec at
the source node in step 716. in step 712, the destination node

det er mi ne$ t hie aptigral relay PQE’@ﬁa“RPa@ﬁ'aﬂE)@V‘F%the channel statistics, the
met hod proceeds back to step 700 and repeats the above net hodol ogy.

bg nfln ’2 hs’nQP
poo 1 Ihs g Al (1+02, l S).Q). (14)
(lhspnl*Ps + lhnal*Pr + 1)

where

— Z lh ,nhu dl2 1 + ;hs 1L|2PS) (15)
(|hs,n)2Ps + |hnal?Pr + 1)

In (14), the term in the parenthesis is a function of the relay node's locally-
10 bidirectional CSI and c¢ is the same for all relay nodes which can be
broadcasted 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 written as

@ = hTGhz® + T G2 + 2. (16)
N rer——
&0

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



3.1 Optimzation Franework As noted earlier, the resource optimzation unit
functions to conpute indications of optinmal base |ayer rate, enhancenent

| ayer ratwQ 2poves72and channel uses for use by the sourceCmsde010Mhéos6i s done
to minimze the overall e in (4) and (5) subject to a total source power
constraint Ps and total relay power constraint PRwhere the outage
probabilities of the base and enhancenent |ayers are calculated fromthe
upper bound anal ysis. This optimnm zation problemcan be cast as foll ows:

However, the rgpyidlogafioronnitramal &raeterniidation 8 maderas wvex copberativintdlan
problem which is difficult to solve. As a result, the optimal rate,

channel , and gpawRyy BbhgCadddPbyathe ERAETRdEY. MRt sitRed feameraicpshaingt o e
search with conpléxity and are the set of possible a and rates, i.e. B and

E, respecti Veineth&GARNSER! & DBKaS ehipfdyedl ARSreldyafiddtiBh! unlitalifi'dtermine
transm ssi on over quasi-static fading channels” 1n Proc. IEEE Int. Synp. on

10 Ot Bl R AR AT Sl st s
oPt 720501 o ol Y B 861 95, U4 el B v
replaced with 2 ondr Sl (8OS' ARG iRl GORPmARY, e QRIVaAPeBy' dickdtiof 2" Pe
parameter is sent back to the relay nod.es in step 710. In step 712, the
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 Rg, Re and a (i.e.
base layer rate, enhancement layer rate and channel uses/transmit 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 channel 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 € in (4) and (5)

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



calculated froma closed-formfunction, f(RB, RE) when RB and E are given.
The authors further applied the proposed rate allocation to the case of
super posiwpaniogosi2zag in "Rate and power allocation for PaySGeelotop@kem sSsi on
wi t h superposition coding” |EEE Signal Process. Lett., vol. 14, no. 11, pp.
773-776, Nov. 2007. The proposed algorithmis the conbination between the
rate allocation proposed in their 2006 publication and a binary search for
a Lagrange multiplier (0, Imax ) for power allocation. Wth these

proposal s, thhef®RE! BliagBabroBMtes | &fY thHds8AUAG dehitarieerleht ) laf&s are
progressive transmssion and O (2| R log( nmax/e)) for superposition coding,

where |s thecgﬁzﬁiaié‘djg%fllfl%é‘%pbpbbﬂﬁd UYalySR, Thi %piiﬁﬁza@ibﬁ%?r%le?-r{‘\éﬁﬁt'é)m an

al gorithmis propose at can further reduce the conputational conplexity
at the destipati Qrohigu&X I R) for both transm ssion strategies. The main
idea is to preset the outage probability of the enhancenent |ayer at a
certain value nth and then determ ne the rate, power and channel allocation
based on this value. The val uginof néietBe, B 6&NRHepends on the vi 2??73
content and transnission stréagedy. Spegifiically, the valued . depends on
the nultimedia content and transni ssion strategy and it can be obtained a
priori based on statistical information. Once the optimal rate, power and
channel uses are obtained, the destination node sends this resource

optim zation information to the source node via the feedback channel 312 as
shown in Fi gliocweyer, thg optimization problem 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

OGAHRP), A= [0 6,,4; 25,4; Ty 1] and R = {'R’min:‘Rmin + ’5‘}2: Rmiu =+ 26’R Y Rn:mx]

10 are the set of possible a and rates, i.e. Rg and Rg, respectively, and da and O®

are fixed step sizes.

In “Optimal layered transmission over quasi-static fading channels” in Proc.
IEEE Int. Symp. on Inform. Theory, Seattle, USA, Jul. 2006, pages 1051-1055,
15 the authors (F. Etemadi and H. Jafarkhani) proposed an iterative algorithm for
resource optimization 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 a in (4) can be
calculated from a closed-form function, iR, Re) when Rg and Rg are given.
20 The authors further applied 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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details of the algorithmfor each of progressive transm ssion and
superposition coding are as follows: 3.2 Optim zation for Progressive

Tr ansm sswonttegtzewchart of the al gorithm for progressiPCe/SGeandnisei on i s
shown in Figure 8. In step 800, the base layer rate is initialized as RB =
Rmin and the expected distortion , where SNR denotes average transmt
signal -to-noise ratio. The enhancenent |ayer rate RB, which is associated
with a preset , is determned in step 802 fromthe inverse function of P,

i.e. The maxiNByM2@T' afHeO HroSosete digavitlanSikr thel kdnbirdtionBbetwded e rate
enhancenment |ayer is useless if the base layer is in outage. Then, a (which

det erm nes t'&ﬁo@dﬂn@ﬁ'ﬁ%pdé‘é@ﬁn@ﬁelﬂﬁdoé ﬂ:ublﬁ:hhc))ﬂ ah§ abih&ry! stapch foh aLlagfarigfed rom

a cl osed- formexpre35| on as fol ovvs The value of a i's checked in step 806

Wstorti on vandiipe A (f245P aneaoysg @'l?ceté%n. Wiy ©fHgsp o perbasin fe_ "

initialized expected distortion val ue. é) 2, the new expected
distortion vabmputatiopal camplexity Mnasuedwe_tbtp ﬂ@ Jifed prvgressive transmission and
the corresponding RB, RE and a values are saved in step 810 as the opti nal

val ues Thg hao@(ilﬁém@ﬁﬂﬁée)ds otroséﬁeﬁ moﬁnﬂbec{ﬁ/hgf'e .« id t)HgS eénté?j

nmet hod ends at step 816. O herw se proceeds to step

i ncrease the to R B+ R and to repeat steps 802
onwar ds. Si m r"gﬁ?'fécyﬁt?‘e OPZi ep 806 it is determned that the value of a is

not within the

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

computational complexity at the destination to OURD for both transmission

10 strategies. The main idea is to preset the outage probability of the enhancement
layer at a certain value ¥t and then determine the rate, power and channel
allocation based on this value. The value of 7t to be set depends on the video
content and transmission strategy. Specifically, the value V:» depends on the
multimedia content and transmission strategy 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 the 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
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specified range, the nethod proceeds to step 812 to increase the base |ayer
rate to RB + dR and to repeat steps 802 onwards. If in step 808 it is

det er m newiozhB098128 expected distortion value is not | owemr/SGhaw/opéves | ast
initialized expected distortion value, the nethod proceeds to step 814 to
determine if RB = R nmax. Assuming this is not so, the nethod proceeds to
step 812 to increase the base layer rate to R B + dR and to repeat steps
802 onwards. _If, however, R B = R pax, the nethod ends in step 216. As wi ||
be appr eci at ddeflloweharof the,AISREINM i PEPYIEPYVE trangmisSiaR: IR SHOWE 1p E|NER 8d by

i ncreasing the base layer rate to RB + dR until R B = R max and until the
opti mal val ugs sy 800 nhei aseelalbera Re HitReliz8d $isofti B RiidtHeddxpicked
attained. 3.3 Optimzation for Superposition Coding The flowchart of the

al gorithm for, superpgsitijon codi iS _shown in Fiqure.9 .. e nmet hod begi ns
at step 900 ?'@Wh?enha%’?ﬁ%rﬁm? ﬁ@?grsa"l“@r?%e it'%f’ﬂ"étl §lgrégg-§o,§egagom n
and the expected distortion Since the outage probability of the enhancenent
| ayer is a fUheterhangementlayaaraie Re, (MiohoR assoeigtegdowith adreseth’ & présés  and
RE anc | which determines the transmt power aPs and (1- a)Ps)) can be

cal cul at eg f iqafBridied NVer Stef UBDRI Oftodl HINGEV @verddi Sumtinr esul £ein mest of
the power being allocated to the enhancenent |ayer, resulting in PE PBwhich

then causes P LN CORE P, o (I%QE' The maximum operation is used to ensure that

Rg > Rp since the enhancement layer is useless if the base layer is in outage.
Then, « (which determines the channel uses aL and (1- a)L)) is calculated in

step 804 from a closed-form expression as follows:

o = f(Re,Rg) (18)
_ 1. (1= Ps)(Rs— Rp)
T bRg 0 (Pe—FPs)Rp

10

The value of a is checked in step 806 to ensure it is in the range 0 sa < 1. If it is,
the corresponding expected distortion value is checked in step 808 to see if it is
lower than the initialized expected distortion value. If it is, the new expected
-distortion value is set as the initialized expected distortion value, and the
15  corresponding R, Re and a values are saved in step 810 as the optimal values
Ry, Ry, and @ The method then proceeds to step 814 to check if iB = Ruaex, If

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

to increase the base layer rate to Bip+6z and to repeat steps 802 onwards.
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expected distortion. To prevent this, the constraint is applied in step 902
where is the m ninum power |evel for the base |ayer such that PB P . The
val ue of woOi281001982ked in step 904 to ensure it is in thecrscgeo®oooas 1. |f
it is not, the method proceeds to step 906 to increase the enhancenent

| ayer rate to R=1 + n and to repeat steps 902 onwards. If the value of a
is wthin the specified range, RBis then calculated in step 908. G ven
REand the optimal base layer rate RBthat mininmzes e Din (5) is the

sol ution of IginMaAErif Werstisp 80BEit GptictemhinddBhiat theealer of afis trint Vithin dhe ng
equation: where PB" PE is assuned, cl and c 2 are constants that depend on

the relayi ng §{Mb8TUngs, Sev@LtHdd drabkedsltdelepV8 Nt Gicreade the Bide 1dyBE +
PE. The R B optim zation problem can be sol ved by using a zero-finding

algorithmw th nuch lLess conpu [ I ity than an exhaustive
sear ch. Once Ha¢ s Bt %‘i 2‘0 r?hgét%%o%miéés to step 910 to check the
correspondi ng expected distortion value to see if it is |lower than the

initialized expected distortion value. If it is, the new expected
distortion value is set as the injtialized expected. distortion, val and
t he corre$ponflimyemrsos fgs QREP’H"QFA %@Ethéreé‘%ﬁﬂ?g "T’tﬂrt?t"e‘b“‘t"@& nat "B’Kﬁrit{ﬁ%'i‘
values and a * . The nethod then proceeds to step 914 to check if R =R
the last initialized expected distortion value, the method proceeds to step 814 to

determine if 8 = Rmax. Assuming this is not so, the method proceeds to step
812 to increase the base layer rate to Rp+4r and to repeat steps 802 onwards.
If, however, & = Ruax, 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 78+ 9% until £z = Ruax and until the optimal
Ry, Ry, and o* yglues which minimize the expected distortion €p in (4) are
attained.

15

3.3 Optimization for Superposition 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 Fz = Rumin and the expected distortion € =L Since the oqtage probability
of the enhancement layer is a function of Rz and a, o (which is associated with a
preset Fe ="f¥ and Re and which determines the transmit power aPs and (1-
#)Ps)) can be calculated from the inverse function of Fe-ie. @ =TFg "B, ven).
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max. |f yes, the method ends at step 916. Qtherw se, the nethod proceeds to
step 906 to increase the enhancenent |ayer rate to RE = RE + and to repeat
st eps 902worrwaw¥8725As can be seen fromthe fl owhart of PET$GReE0Dpo066He
method is repeated until R R mand until the optimal and a val ues which
mnimze the expected distortion e Din (5) are attained. Exanple expected
distortion values fromthe above optim zation franework as conpared to
known exhaustive search techni qgues are shown in the graphs of Figures 10A

and 10B. Bot laNeRBRStHIIOWaf FsUR! HEMOST of et PBNEMN SSihNalffcalite tbawRy and
two | ayers with progressive transm ssion and superposition codi ng schenes.

F h of the_l h t her t.i h techni d,th
ooveon: P AT i B P PR AL SE TR BTN
where two rel aé Qo‘?es a(ije Hsed, ile Figure 10B shows the results where
four relay n&YeCeTe usHHOMGN- essele, tHIEVRUrfor Mfice of'S he SPBRTERY

optim zation framework is cq @g@bl e 50 t he exhaustive search techni que,
but the advart&de 6f %H& B Gpoe ddiEopt) hisz applied tiecstap 22 Iwharei % ist the
reduced conputational conmplexity (O(IR) as opposed to (2|R)). It will be

appr eci at 8d iffunBoRBPeel Bfthd hiseRafduchthantiodi Fent of the present
i nvention provides a framework and nethodol ogy of |ayered video

transm ssion over a nultiple-relay network. The resulting advant ages
i ncl ude

The value of a is checked in step 904 to ensure itis in the range O sa s 1. Ifitis
not, the method proceeds to step 906 to increase the enhancement layer rate to
Rg = By + 6z and to repeat steps 902 onwards.

10
If the value of a is within the specified range, £s is then calculated in step 908.

Given Rz and ¢ the optimal base layer rate Bs that minimizes D in (5) is the

“p — () , . ,
solution of dfs " In other words, the optimal £z is the zero of the following

equation:

15 (Cl _ (1 . a) (Qrc,zRB _ 1))¢V+1 _ %Q(CQ'FMRB (‘ZQR}% . 1)N—~-l — 0, (19)

where P8 << Pt is assumed, ¢t and ¢z are constants that depend on the
relaying strategy as given in Table 1 below and ¢ = (1 — Pe)27°% + Py, The

3 oc! 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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i ncreasi ng the coverage range and enhancing the quality of received video
by virtue of exploiting the spatial diversity of the multiple relays, and
rel yi ng owmolzayemertscodi ng for transm ssion reliability. PATSGoMm@I0goosé t he
preferred enbodi nent framework and met hodol ogy foll ows. At the source node,
ei ther progressive transm ssion or superposition coding is used as the

| ayered video transm ssion strategy. These SRC type strategies are used
since the quality of the received video is significantly inproved when the
nunber of decoded layers is high and it has | ower coding conplexities. In
the preferred enbodi nent, T@ﬂ@g &b watedoft handtdaén eq.dg8).si gnal is encoded

into only two | ayers, i.e. stragyand enhancenent | ayers; since the maxi num
| ayering gain can be achiev Ny ERcaodin ,+ rs and the
overhead and the conplexity of the Her s decader derate. These

different | ayers are transmSEIed at p[l"ff qi.,lt_ ansmgslon rates and

di fferent channel uses ortra tted f nt power dependi ng on the
| ayered source strategy. O rse e—d a?:er*S"T]’;y be? provi ded where
necessary or desired. At the nultiple relay nodes, anplify-and-forward
(non-regenerative) relaying is used to inplenment cooperative relay
strategies to reduce the processing delay at the relay nodes. Three
cooperative rel ay strategi es depending on the type of CSI at the relay
nodes may beOnsedf BOAF obtfitedhn theDBRethDd e ptaceicde el stgp CONGt toaichesk ithevi deo
transm ssions, the preferred enbodi nent uses nonregenerative

corresponding expected distortion value to see if it is lower than the initialized

5 expected distortion value. If it is, the new expected distortion vaiue is set as the

initialized expected distortion value, and the corresponding Rs, Re and « values
are saved in step 912 as optimal values &> Bi: and a®  The method then

proceeds to step 914 to check if R = Ruax_|f yes, the method ends at step 916.
Otherwise, the method proceeds to step 906 to increase the enhancement layer

10 rate to He = He +dr and to repeat steps 902 onwards.

As can be seen from the flowchart of Figure 9, the method is repeated until

I Rﬁ ng and o®

Rg = Rmax and until the optima values which minimize the

expected distortion ¢pin (5) are attained.

15
Example expected distortion values from the above optimization framework as
compared to known exhaustive search techniques are shown in thAe graphs of
Figures 10A and 10B. Both graphs show D 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
32



schenes at the relay nodes, which is sinpler and requires | owconplexity
processi ng conpared to other schenmes. However, this is not limting and

ot her scheoes1(®ss decode- and-forward) nmay be used whePeTSIGRo®/0DE66i tt] e
or no delay constraint. At the destination node, a relay allocation
algorithmis perfornmed and relay allocation paraneters are fed back to the
relay nodes. In addition, resource optimzation with preset enhancenent

| ayer outage probability is applied and resource optim zation paraneters

are sent backnd qhé bovBUSSHMRAEHh tethhRflids SwbRE apPiddT ﬂ?»itn"eo‘i‘oﬁcﬁﬁb_b\%xihby for

t he | ayered-source transm ssion. The resource optim zation algorithm

assigns rat er%s%ﬂWrrerértWoC Rbdes &fe Lledl! \M‘l% ;ﬁété)urle?_‘%(;ﬁ %h@\ﬁ/gitﬁé ¢8lrng so as

to maxi m ze the quality of the reconstructe roposed

channel st at PAETPET SPEY ghick s bEsdTA igeted. e pe Bt Rl GG pdelf

channel stat I'CcS n of t resour ces. aresult,

TCESnﬁZZ t L_Zgi bRl pRESy St %@gé%‘e? Eié %ﬁﬁ%%g?@i%egf‘éhs{q%h§iu3€»°wé’ e
pr oposed bpt TR PAVREROE - St Ropeseis aplmaran: BePRElE. [Fu ot FSPYse8hosed.
the al gorithnms have a much Iomerig)@ﬁﬁput ational conplexity ( 1 1) as opposed

to O 2| R)) . cdinpuiational dorgptexityr( ammpmzspdrtdiéﬁ I@Bt)hodol ogi es may be
used for any

It will be appreciated from the above that the preferred embodiment of the
present invention provides a framework and methodology of layered video

10 transmission over a multiple-relay network. The resulting advantages include
increasing the coverage range and enhancing the quality of received video by
virtue of exploiting the spatial diversity of the multiple relays, and relying on
layered coding for transmission reliability. A summary of the preferred
embodiment framework 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 transmission rates and different channel uses or
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wi rel ess video transm ssion over relay networks, which include any future
W reless systemincorporated with relays e.g. LTE (Long Term Evol ution)
Advanced w2085 4G systens. This is because the prefrersedowbads ment
exploits the spatial diversity in nultiple relay networks to increase the
coverage area as well as to inprove the link reliability in wireless video
transm ssion service, which are applicable for any future wrel ess system
that includes relays. The cooperative and optim zation franmework can al so

be applied i trahdinittetawitts differéntFiofersdspsnaig & thaTidyerate db@rchr € StOf
services (MBVM5), where it involves the transm ssion of nultiple classes of

| ayered si gnabsrs@viireWayerb Ay epiov|deY whert pBBesddiy SHaBsiARP! | cat i ons,
different contexts are transmtted in layering format by way of either the

progressive or superposition scheme. As such, the present optim zation
framework can be directly applied to such |layering applications. Moreover,

11l e23 LAY URPHERI FoRpOUKEoh oL bR GoRtbheflefud g

networks. The propos continue to _ _
o ef er o enbt] EoRnShP ooy 1qH) ShikGies I Teu s R ARSI B8RV 1 (e
art, may be subject to variations aor npdifications iindesjgn onstrucgtion
or operati onae\ﬂ;% Q?gﬁgrj[ 9§ F9RHALE rg@éﬂﬁgrah?g'?%ge%?réd'&p"I%E‘ﬁ‘ ®8§ | e,
while the pr rred enbodi nent has been, riped w erence to
el ayi ng.vi dEST B IR FRYNSHES TR D5y Uit ORE nPEL AN BB DiE fiayoSiay
constraints in video transmissions, the preferred embodiment uses non-
regenerative schemes at the relay nodes, which is simpler and requires low-
10  complexity processing compared to other schemes. However, this is not limiting

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
156 allocation parameters are fed back to the relay nodes. In addition, resource
optimization with preset enhancement layer outage probability is applied and
resource optimization 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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signals other than video signals may be transmtted. Mreover, it is

possi bl e to change the cooperative relay strategy on-the-fly by

recal cul aworegioideg72sel evant paraneters, and all nodes acqairsiGagiotobh@es equi r ed
channel know edge and synchroni zing accordi ngly. Furthernore, although the

I nvention has been described froma 'no direct link' viewoint (i.e. there

Is no direct |ink between the source and destination nodes, and all

comuni cation is via the relay nodes), skilled persons will appreciate that

the inventiotaryide thHENgesENARd, Walticughhethe iperferanest of i the. propesedh
cases, the cooperative relay strategy of the invention may be used to

i mprove the rGRdieR RhmEworktis! copaiabial s YhdseC PRRbEdlY VEroPby&d,s the -
Skilled persons will also appreciate that the steps of the preferred

enbodi nent nmet hod may be inplenpented as dul es in har e, for instance
Going § ndi vi GREA RS Says Amicts ki Sopuaongl EannExitg TN 2 as cBhpstihidl s o
carry out the @gﬂ)osed met hod steps. The steps may alternatively be
i mpl emrent ed i R4 ware, as a series of instructions which, when executed
by a processor or other computing device, performthe sane function as the
har dwar e énbodi nent. A conbi nation of hardware and software inplenentation
may al so be used. For instance, a hardware arrangenent may be configured to
read, from a Thenghdverfraraewatk andrediresponeirer otediddolaogies mayt beonsed dor any
i mpl enenting the
wireless video transmission over relay networks, which include any future
wireless system incorporated with relays e.g. LTE (Long Term Evolution)
Advanced systems or 4G systems. This is because the preferred embodiment
10 exploits the spatial diversity in multiple relay networks to increase the coverage
area as well as to improve the link reliability in wireless video transmission
service, which are applicable for any future wireless system that includes relays.
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 layering
applications. Moreover, wireless relay 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 cellular networks.

The foregoing describes preferred embodiments, which, as will be understood

by those skilled in the art, may be subject to variations or modifications in
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di scl osed nethod in the hardware arrangenent. The above variations, for

I nstance, are intended to be covered by the scope of the clains. CLAIMS 1. A
nmet hod ofwoperzsTg a rel ay node for wrel ess transm ssiPpom/sSeRoloay@ced
signals in a relay network, the nethod conprising the steps of: (i)
receiving layered signals froma source node, (ii) receiving, froma
destination node, a relay allocation paraneter to inplenment a cooperative
relay strategy with one or nore other relay nodes, and (iii) relaying the

| ayered si 9“%@@%6&%&&&& bﬂ%é@ﬂoﬂmo@é&ﬁ%fréﬁ%ér@bbé of fritl @dims.

strategy. 2 e method according to claiml, erein step (ii) conprises
(r)(ra;: ﬁl)\é;)_zgl aa%???égaﬁ%-gp}lﬁi%?g? eg&l?eltfged_ ;Jeﬁ%(ﬁh%ﬁgor_ i flbgéeﬁpldgﬁ g@rﬁndgfwi'{/'\)ner ein
P15, U L) SOTRIER, BRI S LA b SRS R SOl
aCo0r 19, 0Py er MHBL b BB bk B TERATFRRET & AR oL
g Iofr;; : gr;gd l&ﬁggfgeo [r”&rg ggg[ger@pﬁ] )?c,alg? ts?r% eg?lcgr(\)-rﬂ%-ﬂ)g btyore%laiaciumtirl]g tkgrrteré%rant
parameters, and all nodes acquiring the required channel knowledge and
synchronizing accordingly. Furthermore, although the invention has been
described from a ‘no direct link’ viewpoint (i.e. thére is no direct link between‘the
source and destination 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 preferred 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 series of instructions which, when executed 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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selecting one of a plurality of cooperative relay strategies based on the
channel state information available at the relay nodes. 6 . The nethod
accor di ngvocoul@sTes5, wherein the step of sel ecting onePofli/S&2pilowneiesty of
cooperative relay strategies conprises selecting orthogonal anplifyand-
forward or selective relaying if only backward channel state information is
avai l abl e, and selecting distributed beanform ng if backward and forward
channel state information for each relay node is available to the
respective relay node. 7 . A nethod of processing |layered signals received
at a destination node fromnultiple relay nodes, the multiple relay nodes

i npl enenti ng hAakik teqy: I Iaﬁgﬁ I m a
source node,Tﬁﬁgﬁﬁg§ﬁ%ﬂhﬁﬁﬁ%??gyﬁ%hFﬁéﬁgﬁg%gdgﬁ}3¥F3 etﬁf%?%@%%aﬁﬁggﬁel
state infornﬁk%agmﬁgon1the received | ayered signals, (ii) determ ning which
one of a plurality of cooperative relay strategies is inplenented by the
multiple relay nodes, (iii) determning, using the channel state
information, a relay allocation paraneter to control the cooperative rel ay
strategy inplenented by the nultiple relay nodes, and
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(iv) sending the relay allocation paraneter to the nultiple relay nodes. 8.
The met hod according to claim7 , wherein step (iii) conprises calcul ating
a transmwopowas2er each of the nmultiple relay nodes t @Cirsphen®nioss

ort hogonal anplify-and-forward. 9. The nethod according to claim7, wherein
step (iii) conprises calculating a relay index indicating which one of the
mul tiple relay nodes should be used to inplenent selective relaying, 10.
The net hod according to claim7, wherein step (iii) conprises calculating a
val ue for useLAWMSach of the nmultiple relay nodes to calculate their
transmt power to inplenment distributed beanform ng. 11. The net hod
according to any one of clains 7 to 10, further conprising the steps of:

(v) determining if there has been a change in channel state information,
and (vi) if theréA nmthttehoperiinggerdlay obden ferl wistles= tranémissizin offfayered
determ ning a resource optim zation paranmeter to control the generation of

| ayer ed si gnsigsalain 4 helap astwerkniheanethod soinprisingithe stepexgfect ed di stortion at
the destination node, and (vii) sending the resource optim zation paraneter

to the s@urce noqp. lZeceilifg@diod syhaRITEiNTE dobrdd fbdB,11, wherein the
resource optimzation
(i) receiving, from a destination node, a relay allocation parameter to
implement a cooperative relay strategy with one or more other
relay nodes, and

(i) relaying the layered signals to the destination node using the

10 cooperative relay strategy.

2. The method according to claim 1, wherein step (ii) comprises receiving a

transmit power for each of the relay nodes to implement orthogonal amplify-

and-forward.

15
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.

20 4. The method according to claim 1, wherein step (ii) comprises receiving a

value for use by each of the relay nodes to calcuiate their transmit power to

implement distributed beamforming.
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parameter conprises a base |ayer transm ssion rate, an enhancenent

| ayertransm ssion rate, and one of: channel allocation for the base and
enhancenewO 20ey®@8®5 or transmt power for the base and ecmsceer®ntocs ayers.
13. The method according to claim 12, wherein step (vi) conprises
presetting an outage probability of the enhancenent |ayer, and determ ning,
fromthe preset outage probability, the base |layer transm ssion rate,
enhancenent | ayer transm ssion rate and one of channel uses and transmt
power to beb.i npl Ehemettiodt acdoedingutocelaimdt fudhet conmiprisirey peidretd stept (i)t i on
at the destination node. 14. The nethod according to claim13, wherein the

| ayered si gsedbcting en@obgrsiamiiineot cooparatdé pslag istafddies BASeddpr BkthahARl (Vi)
further conprises: (a) initializing the base layer transm ssion rate at a

M ni mum t r aASE PdmatioM vailable A19heTRIY Mskdshe enhancement | ayer |
transm ssion rate fromthe preset out adgle probability and the base | ayer

transm ssion rate, (c) determ ning the channel uses using the determ ned
base | ayer transm ssion rate and enhancenent |ayer transm ssion rate, (d)

Cransm 51 dh rat D SN SRERITGJE PIRTLRsHheiET: e Siep aher ieRing Han i
usgs, plurality of cooperative relay strategies comprises 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

10 node.

7. A method of processing layered signals received at a destination node
from multiple relay hodes, the multiple relay nodes implementing a cooperative
relay strategy to relay layered signals from a éource node, the method
15 comprising the steps of:
(i) determining channel state information from the received layered
signals,
(ii) determining which one of a plurality of cooperative relay strategies
is implemented by the multiple relay nodes,
20 (i)  determining, using the channel state information, a relay allocation
parameter to control the cooperative relay strategy implemented by
the multiple relay nodes, and

(iv)  sending the relay allocation parameter to the multiple relay nodes.
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(e) increasing the base layer transm ssion rate, (f) repeating steps (b) to
(e) until the base |layer transmssion rate is at a maxi numtransm ssion
rate, andwo)othawersi ni ng whi ch val ues of the base | ayer PCT#6G20M0980006 r at e,
enhancenment | ayer transm ssion rate and channel uses result in a mninmm
expected distortion. 15. The nethod according to claim 13, wherein the
| ayered signals are superposition coding |ayered signals, and wherein step
(vi) further conprises: (a) initializi ng7 t he enhancenent |ayer transm ssion
rate at a ni i nunt ke medhed acenidingita claim)/, wdreseinistem (it samprisesnalaulgiioger
usi ng the enhancenent |ayer transm ssion rate and the preset outage
pr obabi | i ty, a(teanseit pewemion gach of Hae multipje relay aodes deiimplenend, orihdponal
determ ning the expected distortion using the determ ned base | ayer
t ransm ssi onamplity;arehfoawarirent | ayer transmi ssion rate and transmt power,
(e) increasing the enhancenent |ayer transmi ssion rate, (T) repeating steps
(b) to (e) until the enhancenent |ayer transmission rate is at a maxi num
transm ssion rate, and (g) determ ning which values of the base |ayer
t ransmi ss$ ongr at eThe method according to claim 7, wherein step (iii) comprises calculating

a relay index indicating which one of the multiple relay nodes should be used to

implement selective relaying.

10.  The method according to claim 7, wherein step (iii) comprises calculating
10 a value for use by each of the multiple relay nodes to calculate their transmit

power to implement distributed beamforming.

11.  The method according to any one of claims 7 to 10, further comprising
the steps of:
15 (V) determining if there has been a change in channel state
information, and
(vi) if there has been a change in channel state information,
determining a resource optimization parameter to control the
generation of layered signals at the source node so as to minimize
20 expected distortion at the destination node, and

(vii) sending the resource optimization parameter to the source node.

12. The method according to claim 11, wherein the resource optimization

parameter comprises a base layer transmission rate, an enhancement layer
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enhancenent |ayer transm ssion rate and transmt power result in a mninm
expected distortion. 16. A nethod of wireless transm ssion of |ayered

si gnal s iwoaoroalosgesnet wor k, the net hod conprising the sPepsGadLo(00)066
transmtting |layered signals froma source node to multiple relay nodes,
(i1) relaying the layered signals fromthe nmultiple relay nodes to a
destination node using a cooperative relay strategy, (iii) receiving the

| ayered signals at the destination node fromthe nultiple relay nodes, (iv)

determ ni ng, yhh&MistiRA raRE ahY el GBY &R hePhIbRALISN ferhé‘lSa@é laA8 &nh@ARcement
information indicative of a transmt power of each rel ay node or indicative

of the appropyial e Qhé’ﬁﬂltg%%r?&tHé%aéé‘aﬁ&%Hhér‘\de)mérﬁ e ze distortion of

t he received ayere sl gn determning, fromt received | ayered
signals, resource optimzation information indicative of a transm ssion
rate, channel uses or transmt power of the source node to mnimze

i stortion ofiat he yiecsiaiedl ! BYalAfleSlEnal, 01 hrbIASHd (9 oty

al l ocation i orrratlon ay node
5 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
power to be implemented at the source node to minimi‘ze expected distortion at

the destination node.

10
14.  The method according to claim 13, wherein the layered signals are
progressive transmission signals, and wherein step (vi) further comprises:
(a) initializing the base layer transmission rate at a minimum
transmission rate,
15 (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 distortion using the determined base
20 layer transmission rate, enhancement layer transmission rate and

the channel uses,
(e) increasing the base layer transmission rate,
® repeating steps (b) to (e) until the base layer transmission rate is

at a maximum fransmission rate, and
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(vii) transmtting the resource optimzation information to the source
node. 17. The nethod according to claim 16, wherein step (ii) conprises

i npl enentwogomm®ss: ort hogonal anplify-and-forward, selPegiSGeeioredoayi ng and
di stri buted beanform ng.18. The nethod according to claim 16 or 17, 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 determ ning, fromthe preset outage probability, the

base | ayer. {ransiicss! OfbisAlifingSRRACEAREL RS phea Al SGhRnkERE AR On°

of channel uses transmt power to i np e source node to

mnimze expected di st I ination, node. 19..The nethod
according to claim 18&{\5#8?%“%& llt”algg'i Q%@#rg@g'gpdﬁgﬁ gncg?%almebw%ssgqs\y na
transm ssion signals, and wherein st v) further conprises: (a)
initializing the base TAYBIMPERS SC§§8§1' ate at a mini num transmission
rate, (b) determ ning the enhancenent |ayer transmssion rate fromthe

preset outage probability and the base | ayer transm ssion rate, (c)

determ ni ng e channel uses using the determ ned base |ayer transm ssion
rate and nhigrcen&ﬁ? mgihad areridindsty Slaipal$, wherein the layered signals are

superposition coding layered signals, and wherein step (vi) further comprises:

(a) initializing the enhancement layer transmission rate at a minimum
transmission réte,

(b)  determining the transmit power using the enhancement layer

10 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 rate, enhancement layer transmission rate and
transmit power,

15 (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

(g) determining which values of the base layer transmission rate,
enhancement layer transmission rate and transmit power result in

20 a minimum expected distortion.

16. A method of wireless transmission of layered signals in a relay network,

the method comprising the steps of:
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(d) determ ning the expected distortion using the determ ned base | ayer
transm ssion rate, enhancenent |ayer transm ssion rate and channel uses,
(e) incressizng/wBEsbase | ayer transm ssion rate, (f) repeaisScGagogr@ees (b) to
(e) until the base layer transmission rate is at a nmaxi numtransn 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 mninmm
expected distortion. 20. The method according to cl.aim 18, wherein the

| ayered signals ar@® supeingaditingdayered isimalsalyemesl ssigsalcdie tandultplerreiay st ep
(v) further conprises: (a) initializing the enhancenent |ayer transm ssion

rate at a mnimumtransigdesi on rate, (b) determning the transmt power
using the enhancement |ayer transmission rate and the preset outage

probability, (c) dpferbRyMg fHeelahaes $igyas derﬁriﬁg‘rﬁﬁl'hBB lre?é)ﬁno&éis) to a
determning the expected distortion using the determ ned base |ayer

transnission rate, enhgReEREN r'\é%e&suﬁé Q%ﬁ})ér%{tl%‘ réIQ{/ Strafagdyt ransmit powver,

(e) increasing the enhancenent |ayer ttansnission ra
5 (i)  receiving the layered signals 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 appropriate relay node to use in step (ii) to

10 minimize distortion of the received layered signals,

(v) determining, from the received layered signals, resource
optimization information indicative of a transmission rate, channel
uses or transmit power of the source node to minimize distortion
of the received layered signals,

15 (vi)  transmitting the relay allocation information to the multiple relay
nodes, and

(viiy transmitting the resource optimization information to the source

node.
20 17. The method according to claim 16, wherein step (ii) comprises

implementing one of: orthogonal amplify-and-forward, selective relaying and

distributed beamforming.
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(T) repeating steps (b) to (e) until the enhancenment |ayer transm ssion
rate is at a maximumtransm ssion rate, and (g) determ ning which val ues of
t he base wayero/®8®RAsMm ssion rate, enhancenent |ayer tralrsFiSE200R000E6 e and
transmt power result in a mninmmexpected distortion. 2 1. An integrated
circuit (1C) for a relay node to relay |ayered signals froma source node
to a destination node, the IC conprising: (i) a processing unit configured
toreceive | ayered signals fromthe source node, receive, fromthe

desti nati on téde, The rretthpd aadoocding do glaimah®togr17, ovharpinethentayaredosigealat i ve
relay strategy with one or nore other relay nodes, and relay the |ayered
signal s to témmphss ianbasenapedands angettiEncemeperiayery eande ivdhersinr stepgv) 22.
An integrated circuit (1C for a destination node to process received

| ayered si gn@driprisedmprasetting anr elidge nedBabilityhef ke crrancemegt I4yer, andel ay
al l ocation processing unit configured to determ ne the cooperative rel ay

strategy i NDYABRANRY, fn the ﬂf@ééﬂd@k@gé SloBHbig IR bate! IaySi thensmissiog ratbannel
state information dérived fromthe
5 enhancement layer transmission rate and one of channel uses and transmit
power to be implemented by the source node to minimize expected distortion at

the destination node.

19. The method according to claim 18, wherein the layered signals are
10  progressive transmission signals, and wherein step (v) further comprises:

(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,

15 (c) 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
channel uses,

20 (e) increasing the base layer transmission rate,
f repeating steps (b) to (e) until the base layer transmission rate is

at a maximum transmission rate, and
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received | ayered signals, a relay allocation paraneter to control the
cooperative relay strategy, and send the relay allocation paraneter to the
mul ti pl e wel2zal/meés. 3. The I C of claim 22 further compCIrsiGagLo/00dtes a
resource optim zation processing unit configured to preset an outage
probability of an enhancenent |ayer of the |ayered signals, determne, from
the preset outage probability, a base |ayer transm ssion rate, enhancenent

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

i npl emented by a gpur cgeteadiningOwhichi Thiues exfeet edsdlilajerr tramsmigbiohheate,
destinati on node, and send the base |ayer transm ssion rate, enhancenent

llayer transm ssion ratgnpinement Riyef BENSHRBIA! rateSHTd afghrieN8sés ASsRIIiR apover
to the source node. 24. A relay node configured to communicate with a

plurality of conmmuni catifRuRfdbidetfdBRs@HHO to the method of any one of
claims 1 to 6. 25. A conmuni cation device configured to conmunicate with a

rel ay node according to the nethod of any one of clains 7 to 15.

5 20. The method according to claim 18, 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
transmission rate,

(b) determining the transmit power using the enhancement layer

10 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 rate, enhancement layer transmission rate and
transmit power,

15 (e) increasing the enhancement layer transmission rate,

() repeating steps (b) to (e) until the enhancement layer transmission
rate is at a maximum transmission rate, and

(@) determining which values of the base layer transmission rate,
enhancement layer transmission rate and transmit power result in

20 a minimum expected distortion.

21.  An integrated circuit (IC) for a relay node to relay layered signals from a
source node to a destination node, the IC comprising:

(i) a processing unit configured to
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receive layered signals from the source node,
receive, from the destination node, a relay allocation
parameter to implement a cooperative relay strategy with one
or more other relay nodes, and

5 relay the layered signals to the destination node using the

cooperative relay strategy.

22. An integrated circuit (IC) for a destination node to process received
layered signals from multiple relay nodes, the IC comprising:
10 (i) arelay allocation processing unit configured to
determine the cooperative relay strategy implemented by the
multiple relay nodes,
determine, using channel state information derived from the
received layered signals, a relay allocation parameter to
15 control the cooperative relay strategy, and
send the relay allocation parameter to the multiple relay

nodes.

23.  The IC of claim 22 further comprising:
20 (i) a resource optimization processing unit configured to
preset an outage probability of an enhancement layer of the
layered signals,
determine, from the preset outage probability, a base layer

transmission rate, enhancement layer transmission rate
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and one of channel uses and transmit power to be
implemented by a source node to minimize expected
distortion at the destination node, and

send the base layer transmission rate, enhancement layer
transmission rate and one of the channel uses and the

transmit power to the source node.

24, A relay node conﬁguréd to communicate with a plurality of

communication devices according to the method of any one of claims 1 to 6.

25. A communication device configured to communicate with a relay node

according to the method of any one of claims 7 to 15.
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