Wireless Transmission of Layered Signals in a Relay Network Field of the Invention 5 The present
invention relates generally to wireless transmission of layered signals in a relay network, and
particularly, but not exclusively, to wireless transmission of layered signals in a relay network using
multiple relay nodes implementing a cooperative relay strategy to relay the layered signals from a
source node to a destination node. 10 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 WRIGSSCARRRNRESINRNGHE LRNIEIPRYHIIE S SyaN B Aless channel

conditions that fluctuate 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 over a wireless network is to implement a coding
technique. Examgfésidbf dhenbpvestiieiques include multiple description coding (MDC) and successive
refinement coding (SRC). In MDC, the video signal is encoded into multiple descriptions at different
source coding rates. Each description can be decoded independently, and a better quality of video
can be achieved \iapé%n more descriptions %Ee received correctly. In SRC, the video signal is encoded
r

into multiple 13yerd 5 ARl CYRRIOUJGIREP2 RIS BIN A0 ilieless, A URISSIR% e fYESRSs. At the
receiver, an enha&%;ﬁ%‘ﬂh%‘%‘ié js ‘?&fc}ﬂ?da%d C5emt ,e'%Jtefrif%?Se%@?ugﬁé.%;ptﬂogviirgltehs% previous
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enhancement or base layers as’long as the’previous layers are received correc n example layered

coding technique i dissiosen B?ﬂ&@ﬂéﬁ%@iaksmaleeha[wﬁém&l@-&mg%(ﬁlﬁ@)ré\a? hydeple-Input

Multiple-Output (MIMO) systems in "Source and channel coding for quasi-static fading channels," by
D. 10 GOndfiz anginpldhtédting racobpidoatiae Gelal: etafignalts, rélggtenes lansrédonignirr sroiaeific Grove,
CA, Nov. 2005, pages 18-22. Assuming that the channel state information (CSI) is available at the
receiver source node to a destination node.
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Background of the Invention

The demand on muitimedia applications such as video streaming and Internet
Protocol Television (IPTV) over wireless communications has dramatically
16 increased in recent times. A fixed multimedia base rate for transmission over
such wireless communications is generally undesirable due to wireless bhannei
conditions that fiiJctuate 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 muitimedia
information between a transmitter and receiver ovef a wireless network is to
implement a coding technique. Examples of coding technigues include multiple
desbription coding (MDC) and successive refinement coding (SRC). In MDC,

the video signal is encoded into multiple descriptions at different source coding
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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 diversityrates.coapke eeiseripligsy sity. be datikdeshindependatithersingd sy beliar wadhy evhploys
multiple antennas at the receiver and/or the transmitter, a cooperative diversity system utilizes a relay

without requiring Vi8Rt ARHERYWERNPHR AescriBting® fapisereistkiprErrin A& Mang in
"S dch | coding f fi laying,'[IEEE5 T . Inf, Th , vol. 53 . 10,
I 7 RS o s T R S RO
consisting of one;soyige.nada. QRR L, '@ﬁﬂ%%ﬁ%ﬂz%%&(g?maﬁﬂa%%eﬁ &G Qg dechnique in

that proposal related to the single relay node assisting’a direct communication between the source

and destinatign nages.is 9ssbiMMARY QUecEssivENY FINRISNneliBsRRIMACTA ShthiASES! invention

uses layered source coding and multiple relay nodes implementing a cooperative relay strategy to
relay layered sigraisabzdroenia Go s niagerto asdestinationhzogesviegortinegdoadirsicgpasific
expression of the invention, there is provided a method of operating a relay node for wireless
transmission of |ayerecfigighalsxample layered coding technique is disciosed for point-to-point
Single-Input Single-Output (SISO} and Mutiiple-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 wireiess 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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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 (Hi) relaying the layered signals to the
destination node using the cooperative relay strategy. With the proposed method as described in the
detailed description, layered signals can be relayed from the source node to the destination node
using a cooperative technique that not only benefits from improved reliability resulting 5 from layered
coding but also does away with the requirement of a direct link between the source node and the

destinati de. Accordingly, th Itiple rel d th hen the direct
ink between the WU 3hFHSCHAB ABH S TSR A0S BB 4P AR AU By Moces:

spatialciversy) 30d sp SODANGE WAL 0L ESENeR VISR SRIPIS Al didestinatiyy node

Step (ii) of the first specific expression may comprise receiving a tr power for each of the relay

nodes to implemegtpribesomnahg militrRNShieANAE CatAdtRINaEMAIMAT AJHERAGHXFSIED Hhkipay

comprise receiving a relay index 15 indicating which one of the relay nodes should be used to
implement selectiard SlajurhangrtheBalirmm atidetyiarrad diidingfyr sieppéatvayraapnyiS¢ErEeiving a
value for use by each of the relay nodes to calculate their transmit power to implement distributed
beamforming® 20 avantaligdbesty, pebrid, srepifipabesnddirbBddmfrsedeclitiiponessida plurality
of cooperative relay strategies based on the channel state information available at the relay nodes. For
example, orthogdtRARSFAYING SEWICR ARE ChBRRE SeHIG NIRG RSHRIS D SURtIsEngyaf B7f5RYLGvard
channel state information lo aaRBN: WhPisasSLsHigHinc B iRE dosh oAy Ra g iselss f packward

that proposal related to the single relay node assisting a direct link

communication between the source and destination nodes.
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SUMMARY OF THE INVENTION

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

15  from a source node 1o a destination node.

Acccrciing 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
aliocation parameter to implement a cooperative relay strategy with one or more
other relay nodes, and (jii) relaying the layered signals to the destination node

using the cooperative relay strategy.



forward 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 5 method of processing
layered signals received at a destination node from multiple relay nodes, the multiple relay nodes
implementing a cooperative relay strategy to relay layered signals from a source node, the method
comprising the steps of: (i) determining channel state information from the received layered signals,
(H) 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 multiple relay nodes, and (iv) sending the
relay allocation parameter to the multiple relay nodes. 15 Step (iii) of the second specific expression
may comprise caldlitatthg propossditipetived fos efskrikthemibitpleteley Wedespiiom idyerent
orthogonal amplify-andforward. Alternatively or additionally, step (iii) may comprise calculating a relay
index indicating V#d8RI® Farb e ERYRH EVBI AFrRRiEses ABHRI tetiR AILRINRHNB MEAE J8B&IFe relaying.
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determining a reSQuRSARAMIZANCR PRAMSIE (R RARRAIAR JRARIANORAIYIP ARSIHnRISA! the

source node so as to minimize expected distortion at the destination node, and (vii) sending the

resource optimizaéipy PR ateidadbetiso woermade rdnfscinablhthairesolirte ingtimination parameter
comprises a base layer transmission rate, an enhancement layer transmission rate, and one of:

channel allocatiosderctharidadestination nmeies risemti ayaiiabler (iranbnitpéniingfthratTeléimsecssd
enhancement layers. In one embodiment, step (vi) comprises presetting an 10 outage probability of
the enhancemenBRajig!, HrarsivcaRmnaRp RoRTIRR e srebiia)ssseins th@??n%'Qﬂ?g% ghyee
transmissior%éate, er{]hancement layer transmission rate and one of channel uses and transmit power
to be impler&ntetFEPTALCERTEE node to minimize expected distortion at the destination node. 15
Where the layered signals are progressive transmission signals, step (vi) may

Step (i) 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 (ii) may comprise receiving a relay index
15  indicating which one of the relay nodes should be used to impiement selective
relaying. Further alternatively or additionally, step (if) may comprise receiving a
value for use by each of the relay nodes {o 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
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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 rate is at a maximum transmission rate, and (g) determining which values of

the base layer trafsmisigiotheRige e shascrfoanitryefdraBsnns sy aiedndsChoamaliyses rpsult in a
minimum expected distortion. 5 Where the layered signals are superposition coding layered signals,
step (vi) may furthesspetiipeiselaaydditializing the enhancement layer transmission rate at 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 10 dlstortlon sm the determined hase layer. transmission rate, enhancement layer
transmission rate aﬁ%of t%%ﬁ?&" r({] PRC bé/ﬁ%o %ﬁf&ﬁ%ém’&ﬁ?'%}e S s gré"[e )

IC
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repeating steps (anEQh(&? %it$ﬁgge$%8n%ase ﬁ grq,ggmon raatedgs%{“s};11 Xrl‘lgl em[ éa smission

rate, and (g) determining w alues’o ayer transmission rate, enhancem yer

transmission rate ARAMELFBRSTHERNY SR RSURIR 3BIN RBHEY w&%ﬁ@%&eﬁm@&%ﬁo a third
specific expression of the invention, there is provided a method of wireless transmission of layered
signals in a relay setwaykidheiay iayered signals from a source node, the method 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
10 implemented by the multiple relay nodes, (i) determining, using the channel
state information, a relay allocation parameter to control the cooperative relay

strategy implemented by the fnultipie 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 multipie relay nodes to implement orthogonai amplify-and-
forward. Alternatively or additionally, step (iii) may comprise calculating a relay
index indicating which one of the multipie 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

calcuiate their transmit power {o 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



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, (Hi) 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
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 ta ehaimizdndigtannan efdlee irdoenatidiaydwrarbisionals résduren iptitingdba relay
allocation information to the multiple relay nodes, and (vii) transmitting the resource optimization
information to thepsoamsianddsontreb tbiegsnigratien ¢fijavensgrisigsala gibtne stooce meds:. sorgonal
amplify-and10 forward, selective relaying and distributed beamforming. Advantageously, the layered
signals comprise 12 FABINZFPARRFEA diftania iR s iaai NPER: I SHEE8HERY an outage

probability of the enhancement layer, and detterrpi%neg from the preset outage probability, the 15 base
issiofERgUreg gex iz%tori Raameter 1o source node. :
layer transmissionrate, énfiancementiayer transmission rate and one of channel uses and transmit

power to be igiplemented 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 basedayapiyanpiseisslraée apniniiion MparaRRIFSR8eE0)delssminipe the
enhancement layer transmission rate from the preset outage probability and the base layer
transmission ratetrémsmission rate, an enhancement layer transmission rate, and one of: channel
allccation 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 fayer 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



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, (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 (g) determining which values of the 5 base layer transmission rate,
enhancement layer transmission rate and channel uses result in a minimum expected distortion.
Where the layered signals are superposition coding layered signals, step (v) may further comprise: (a)
initializing the enhgacementiaxephirRTRRSHMNdRIE! 1A BLHIKAG IRISR 0B AL
determining the transmit power using the enhancement layer transmission rate and the preset outage
probability, (c) depagmiaing thmbarsiey eat aasmaiscianratey Bt delamasingrie sx@eatpmhaistortion
using the determined base layer transmission rate, enhancement layer transmission rate and transmit
power, (e) increasses tieetdnhanwimrennlseptedrdistrrtiesion 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

It | ini ted distortion. 20 A ing to a fourth ifi ion of th
invention, thée ANBEIJBE JH/FHRSFIRER AL e POPUTEI S5 D8IRUSVER T R FEB S from a

source node (0 & deoYANON BRI JCARIPHSIIG BRSSAER WLERUIGNiEdR iscelye 1ayered

signals from the source node, recel stination node, a relay allocation parameter to

implement a coopefalivaRIaYHEARIILAVIEION® PHEIHAIRING 'Y HRARS parelaihenlayered
signals to the destination node using the cooperative relay strategy. Such an IC may be used in a relay

station. 5 Accordinthimeefifinspeeificrexsraission ehtheaind/ahtioprabereigyo \passhaiitiC for a
destination node to process received layered signals from multiple relay nodes, the IC comprising: a
relay allocation pdstessimogutitecbafigulaydioidasmisiientieteodgeraatamiting stretegypéttedmented by
the multiple relay nodes, determine, using channel state information derived from the received 10
layered sigrlQs, diedesijon| s ineadaifsmings cBR IBYEcHGHeraBviore FARst2RBaYcRENend the

relay allocation parameter to the multiple rglay nodc.?s. Such ?r’s IC maay.be lfﬁ,ed in a communication
device. layer fransmission rate and transmit power, (e) increasing the enhancement

fayer transmission rate, {f) repeating steps (b) to {e) until the enhancement layer
transmission rate is at a maximum fransmission 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 mulfiple relay nodes, (i) relaying the layered signals from the muitiple
relay nodes fo a destination node using a cooperative relay strategy, (iil)
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



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 transmission rate and one of the channel uses and the transmit power to the
source node. There may also be provided a relay node configured to communicate with a expression

of the invention, a}@EaeRigaiinedeVies COBRGUMkEOERIMIHENIAE IR ficlay sgeeyaccording
to the method of the second specific expression of the invention. 5 Brief Description of the Drawings In
order that the invé&ayeoednsigniaé fuly detiersioogl drovraheiepaiviedolpyactit aigritdsy, rereomill now be
described by way of a non-limiting example only, an exemplary embodiment of which the description is
provided below wakfilizasiite Hiartoalien atsiiatien ah qillianmissonviaigs thamighussgues 1 is a
block diagram of a relay network hﬁvin multiple relay nodes, .. . Figures 2A and 2B are block

diagrams respectiEIS SR NG RG] MRS 1B Rrnirsdisiodivaahibe mosiveidasied
transmission and rpositiqn. coding, Figure 3 is a. block diagram of a framewaork illustrating the flow
of informationg viasiélggﬁagwiig{?sg rrg\}ﬁ%ﬁe{%ges%r% tigahnor?% cénto Oenggd?geiﬂc} gﬁﬁhg%hg?ﬂultiple relay
nodes, nodes, and (vii) transmitting the resource optimization information to the source

node.

Preferably, step (i) 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 presetiing 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 fransmission 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



20 Figure 4 is a block diagram showing the feedback information flow from the destination node to
the multiple relay nodes when orthogonal amplify-andforward is adopted, Figure 5 is a block diagram
showing the feedback information flow from the destination node to the multiple relay nodes when
selective relaying is adopted, Figure 6 is a block diagram showing the feedback information flow from
the 5 destination node to the multiple relay nodes when distributed beamforming is adopted, Figure 7
Is a flowchart of the process occurring at the destination node during one channel realization for the
proposed framewark, 10 Figure 8 is a flowchart of the disclosed optimization framework for

progressive transPHRHAN UsiEgy ihe FRISEEENARSE  IR¥CHiSaRSEiPsioind SR hansemsht for

superposition 15 odirn_q{aand Fiﬁgures 0A arddC OB are rggh§ ihowin exgieﬁ%ed distorfion resulting

€ nsmussion rdte  an annel &) Nereasin as
from the propose Bptlmlzasuon ramework as compared 10 an‘€xhaustive arch Por the™EL scheme.

20 Detailed Descyjgiign,gLigie-BtefaiiReb EdIRG ol e @ielRKiale BRRAERtahtinaRiGRen"
invention comprises a framework and the corresponding methodology for coOperative wireless video
transmissions in dte is at a maximum transmission rate, and (g) determining which values of the

5 base layer transmission rate, enhancement layer transmission rate and channel

uses result in a minimum expected distortion.

Where the layered signals are superposition coding layered signals, step (v)
may further comprise: (a) initializing the enhancement layer transmission rate at
10 a minimum transmission rate, (b) determining the 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 (g) 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 signais 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 o implement a cooperative relay strategy
8



a relay network with multiple relay nodes 131-RN as shown in Figure 1. The relay nodes are
amplify-and-forward (AF) relays and so perform non-regenerative relaying between a source node s
and a destination node d. The link between the source node s and the relay nodes RI-RN is the
backward link having a 5 backward link channel gain hs. The link between the relay nodes Ri-RN and
the destination node d is the forward link having a forward link channel gain hci. in the following
detailed description, it is assumed that perfect instantaneous backward and forward link channel gains
hs and hd are not available at the source node s, but only at the destination node d. 10 The source

node s is configur%%ocjmeplgrmr%n% Ece)ncghoefrtwecladifferg{gé Iag/%ed E;deé%strj:nsmis ion strat gigqs:
progressive transmission as 0% ated 1 FEguP’e DK Ghd superﬁg/ itih ORI 29Masrited'm Figure

28. In progressive,uanamireiRid e fie tamniiad iy leaghioesdiiaed R kandaganne
uses (aL and 15 (1-4) but with the same transmit power (PS). In superposition coding, layers are
transmitted at differentgiaiesidfishand RE) 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. Accbrdifgserdiciea §ifharecilc Rxemespionsolfbeiflemmivarthgenisrangviesdrasdi® when the
higher layer has dependencies on its lower layer. The_relaj nodes Ri-RN are configured to implement

cooperative diverdRy %ﬁ%&??ﬂ% d&fﬁefﬁtwg_ %f&yr SHRIYES W@Hoﬁ@%ﬁ {ng"h%ﬁ Bie @@Iyat.the
relay nodes. Convr%rgé%n%L%o%eégwﬁq_é%%%r%tyr e'arl]élgl\c(:t Sd %)r?]?geﬁg%té\éeﬂrpulgﬁ);te %rgﬁgréﬁ% cLeghmque for

. . F10 O .
improving or maximising total networ nel capacities 5w exploits user diversity by decoding

the combined signgkigfiie retayedopenahanibitie SFaeanalidhRMEE BFSRE WRApID [aRpresent

invention, the cooperative diversity is implemented from a multiple relay standpoint, and sodiversity is
achieved by decodifnitheicemiiingdsiggatinimre seleyesiaignabyiteanedormompothesraiayed
signals. A direct signal is therefore not required 10 (although a direct link can be used when it is
available). At@ordagsgdnsthimbpeifigatioxl|ccalape rieeaidaytstauy dm dtoperativis ddmpte a
cooperative technique where multiple relay nodes are each configured to relay signals to a destination
node so as to allofraigaulandseRtotar My AIRGRHRHStRMRIRIsintBy uliiatieirioRadsse for
cooperative diversity. Of course where a direct link is 15available, ‘cooperative relay strategy' includes

using signals fronPHICIEBIEG SR REHEETH LB RBTPRYBICHIDN #R-YBfect 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 poges-8RETRAE oY SEIRY RaH apRVMEE SriesiSIoRAAdFUPMPRsIRUECRREGRS to the

destination node d based on one of the cooperative relay strategies and based on a relay allocation
parameter reigeivepiirmization gestession notlecdnfiiizdllowsésetcasparaidecpelpytsitateywio take into

account the CSl that is only available at
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 transmission rate and oneg 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



the destination node d. Details of each of the exemplary cooperative relay strategies will be described
later in this specification. Referring to Figure 3, the flow of information from the destination node 302 to
5 the source node 300 and the relay nodes 304 is shown. Specifically, the destination node 302
includes a relay allocation unit 306 and a resource optimization unit 308. The relay allocation unit 306
functions to determine the CSI and, depending on the cooperative relay strategy 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 functiongipassees tie S| mrEnbascdan hedchnithastRss asdisensbririrasback channel

312 resource optimization parameters relating to rate, power, and channel uses to be used by a video
codec at the soureammuaiac3Hd withas telayaxdaézeactiredipmlibytiod hethbrb od tirirestedd/ipeoifd the
destination node 302. A detailed explanation of the methodology carried out at each of the source
node, multiple relexprrsgienaidngdsvaation node will now be described. 20 1.0 Source Node - Layered
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 (28 - 1)2

Ersrcl)\er =10 Iggl%@%?néélr%%%;‘eg Eérﬁrg‘%p‘%%r of bits per pixel and MSE is the mean-squared

In order that the invention may be fully understood and readily put into practical
effect, there will now 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

15 transmission strategies of progressive transmission and superposition coding,

Figure 3 is a block diagram of a framework iliustrating 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 muliiple relay nodes when orthogonal -amplify-and-

forward is adopted,
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between the received image/video compared to the original one. For simplicity, the transmission of a
successively refinable, memoryless, zero mean, unit 5 variance complex Gaussian source is
considered over a fading channel to the destination. The single-letter squared-error distortion between
the source vector s = 191, 92agirC" and its reconstruction vector , aKl7 defined as D(s, A) =(2) 10
where d(sk, sk) = (sk - )2 and K is the source block length. The corresponding distortion-rate function
is given by D(R) = 2-R, 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 parggpteszed by adiniitaarfisrear s e iR ARIRIMAR.R! HRFRAeHisclosed by

E. Biglieri, J. Proakis, and S. Shamai in""Fading channels: Information-theoretic and communications
aspects” |IEEE Trginkfon node to the multipie relay nodes when selective relaying is adopted,

Figure 6 is a block diagram showing the feedback information fiow from the
5 destination node to the multiple relay nodes when distributed beamforming 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 from the |
proposed oplimization framework as compared fo 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 fransmissions in
12



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., h(0, 1), where CAr( 0:2 ) denotes a complex circularly 16
symmetric Gaussian distribution with mean p and variance uZ2. It is assumed that a source realization
of K symbol samples are encoded and mapped to L channel uses and then transmitted over each of
the fading blocks. Therefore, a bandwidth expansion factor can be defined as leading to a channel

code of rate Rib Bits porERABRGHRnipIRTRIMP S8dBER, - ;idzé SrewhiicEslIRe largedgagproach the

instantaneous capacity and Gaussian rate-distortion bound. 10 As highlightéd earlier, in a Slow-fading

scenario, once aghaaks imgapmfatibraadtingyr Rngey Bapsio pesiensednerégbabiiyel the
transmission. In such cases, the natural performance measure becomes the outage probability
(assuming, as befdayime Helvtdes la snotcavaildble attha desticetibntrodly dt e dektettiean For an

arbitrary fixed transmission rate of Rib bits/channel use, the 15 outage probability is P(1 (11-) < Rib)
where 1(h) is thethfagRHian radesssEsHiRgoptHoeRafeRy. kdbstPackwa fing tavisaiasion

approach, the video source is encoded into i
5 backward link channel gain hs. The link between the relay nodes R;-Ry and the

destination node d is the forward link having a forward link channel gain hg. in
the following detailed description, it is assumed that perfect instantaneous
backward and forward iink channel gains h: 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 illustrated in Figure 2A and
superposition coding as illustrated in Figure 2B. in progressive transmission,
layers are transmitted at different rates (Ks and Rg) and channel uses (gl and

15 (1-a)l) but with the same transmit power (Ps). in superposition coding, layers
are transmitted at different rates (Rs and Re)} and transmit power (aPs and (1~
a)Ps) but in the same channe!l uses (L). it will be appreciated that such layered
coding technigues 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 1o when the higher layer has dependencies

on its lower layer,

13



two layers, namely base and enhancement layers with transmission rates of RE; 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 correctly. In the following description, details of two different
layered-video transmission strategies (progressive transmission and superposition coding) are
considered. 1.1 Progressive Transmission In progressive transmission, the L channel uses are
divided into two portions as 5 shown in Figure 2A. The base layer is transmitted in the first aL channel
uses at a transmission rate RB, where a is real and a E (0,11 Then, the enhancement layer is
transmitted in the Tast efidhenchianri|-Baearat eotrimerrissiomigitariaht coopbthpvdesiionitgrbyode, the
received video signal is obtained by first decoding 10 the base layer followed by the enhancement
layer from the asswajatéd chapeedtvece!|ayheiratesy, dhrendinglpoxbecediidion@BinalSm) islgiwen by
where D(R) denotes rate-distortion function correspondingy:o the encoding rate R. PB and PE denote

the outage probaiRfes aSsuviantianalicaneeativea tivesbnHavehgR R |sporReratyR ciMiPlan case of
base layer outage, the receiver.simply outputs the average val f the spurce distribution, i.e., the
highest possible dISIEBHET BHALS 15 STRIWAY 5 MERIyS Jotal network channel capacitiss

5  which exploits user diversity by decoding the combined signal of the relayed
signal and the direct signal in a wireless network. in the present invention, the
cooperative diversity is implemented from a multiple relay standpoint, and so
diversity is achieved by decoding the combined signal of one relayed signal with
one or more other relayed signals. A direct signal is therefore not required

10 (although a direct fink can be used when it is available). Accordingly, in this
specification, ‘cooperative relay strategy’ and its variants denote a cooperative
technigue where muitiple 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



In superposition coding, the video layers are transmitted by superimposing the enhancement layer at a
rate RE with the base layer at a rate RB, as shown in Figure 2B. The transmission power aPs and (1-
a)Ps denote the power levels allocated to the base and enhancement layers respectively, where Ps
denotes the source power constraint such that a E (0,1]. At the destination, successive decoding is
performed under perfect knowledge 5 of CSI. Moreover, the decoding order is fixed such that the
receiver will always try to decode the base layer first by assuming that the enhancement layer is noise.
After that, the enhancement layer is decoded by first removing the base layer from the received signal.

Therefore, the ovefalldggrnatee disdstion Hefdjids oiveriyot (de BERMHIMAB cobREMVE ketay
PB)D(bRB)+ Eh.(5) 10 2.0 Relay Nodes - Multiple-Relay Cooperative Strategies The considered
system model is &matdtjge willedasestieddatgrinitiissipcification,

Referring: to Figure 3, the flow of information from the destination node 302 to

5 the source node 300 and the relay nodes 304 is shown. Specifically, the
destination node 302 includes a relay aliocation unit 306 and a resource
optimization unit 308. The relay allocation unit 306 function-s to determine the
CSl and, depending on the cooperative reiay strétegy being impiemented, to
determine the relay allocation parameter {0 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 fo be used by

a video codec at i:he source node 300 so as to maximize the quality of the

15  reconsiructed video at the destination node 302.

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

node, muitiple relay nodes and destination node will now be described.

20 1.0 Source Node - Lavered Video Transmission Strategies

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

defined as
15



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 layered 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 hs = ihsi h.hs,Nrand In the first time slot, the source node broadcasts
the transmitted signal vector denoted as XP ix.S11)'to all relay nodes.is either a concatenated signal
vector or a superimposed signal vector depending on Whethgg 5 gogressive transmission or
superposition coding is applied at the source negig: -amghag) iS-the transmitted symbol at tippe 1 under
an average transmission power constraint of Ps where 1= 1, ﬁ“ .., L. The received signal at the relay
nodes can be written as li’gsl_)hs,/PsraH 6) 10 where YP%;% is the (N x 1) /-th received signal vector at the

relay nodes and &8 s hahennehsh Horlls PecBikat ane (MR 18 dbe. ResR- S BRI complex
K-variate Gaussign dstiHERAUNLE MSBRVREIOLBARS 50 LG ABRRE Fror simptitty,
the transmission of a successively refinable, memoryless, zero mean, unit

5 variance complex Gaussian source is considered over a fading channel to the

destination. The single-letter squared-error distortion befween the source vector

y 'S . . S o [&. & S A rE
s ={s1,82.....8x]" € € and its reconstruction vector B=[hd... 8] €C s
defined as
1 o
e 8) = — a5y, 83, 2
(5,8 = p 2 dlow 52). 2)

10 where 4(st:3) = {5t — &) and K is the source block length. The
corresponding distortion-rate function is given by D(R) = 278 where R is the
source coding rate in bits per symbol sampie. If the source sample is pixel, the
unit of the source rate is bits per pixel. Furthermore, a block fading channel
model is considered parameterized by a ﬁnite and fixed coherence time, details

15 of which are disciosed by E. Biglieri, J. Proakis, and 8. Shamai in "Fading
channels: Information-theoretic and communications aspects” |EEE Trans. Inf.
Theory, vol. 44, no. 8, pp. 2618-2682, Oct. 1998. Specifically, the channel is
partitioned into multiple flat fading blocks, where the channel fading coefficient i
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. o) denotes a complex circularly

16



15 For non-regenerative relaying, the relay nodes simply transmit scaled versions of their received
signals while satisfying the total relay power constraint (PR), i.e. R2-en,-=1= PR where P, is the power
consumption at the n-th relay node. Therefore, the (N x 1) /-th transmitted signal vector from the relay
nodes to the destination node, xs , is given by where G denotes the (N x AO diagonal matrix
representing relay gains. The diagonal structure of G ensures that each relay node only requires
knowledge about its own received signal. 5 After processing the received signals, the relay nodes
transmit the processed data to the destination node in the subsequent time slots while the source node

remains silent, T@ﬁﬁ#@fm@amﬁﬁsﬁh@ﬂ@mﬁéﬁ thelesination podedeRepl Pihde

cooperative relay strategy implemented:by the relay nodes. 10 The following gives details of three

considered AF cogpasatiee Bisaaaias, sfaralyrbbl saibleand @ Bincodieh g seippied depending on
the type of CSl available at the relays. It is assumed that all backward and forward channel gains, i.e.

hs and hd, are pecfestheknssernattiieddstirmitiachods bathaifah¢hizdiogroeeisd Tekpgfnoges.
Moreover, perfect synchronization at the destination 15 node is assumed. OAF is used where only
backward CSI is Saa2XpansEn fadieesarke tefingdidpower 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 probakility.{This a{mﬁ@uegg@pwer}nformation is sent back to the relay

nodes via the feedback channel 3f(Fa$;'sho DR FIGHIGCH SWRRRhe instantaneous CSI is(%hanged.
SEL is also uBed where only backward CSI is available at the relay nodes. The relay node with the

largest product of backward and forward link chanpel gain forwards its regeived sign ith full relay
o metiaint [T A2 R0R Snde o e AL TS Re BT S A AT deion
implementing a 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 CSi is not available at the source, but oniy at the

destination). For an arbitrary fixed transmission rate of R/b bits/channel use, the
15  outage probability is P(I (R} < 12/b) where K(h) is the maximum rate supportable

by the channel h.

Adopting a layering transmission approach, the video source is encoded into
two iayers, 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;tty. in
the following description, details of two different layered-video transmission

strategies (progressive fransmission and superposition coding) are considered.



5 selection algorithm in the destination node, after which a selected relay index n se, is sent back to
the relay nodes via the feedback channel 310 as shown in Figure 5. DBF is used where each relay
node knows its backward and forward link 10 channel gain but not the global ones. Therefore, the
destination node needs to feedback via the feedback channel 310 a constant value c 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 node is N + 1. The /-th
received signal at the destination 20 node from the n-th relay node during the n-th time slot can be
written as v(1)g hix1Probragsiv® krakgmisgien--A Ti Sort sRtn1(1 'aessers,..seesins." z(1) tt where n
CA1(0, 1-)and 4/1)CAr(0, 1)

In progressive transmission, the L channel uses are divided into two portions as

5 shown in Figure 2A. The base layer is transmitted in the first oL channel uses at

a transmission rate Rg, where a is realand & € (951]. Then, the enhancement

fayer is transmitted in the rest of the channel uses at a fransmission 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

uses. Therefore, the overall expecied distortion p} i given by
Ep = {1 - Pg)D{abRp + (1 — a)bRg) + (Ps — Pp)D{abRg) + Fg, {4)

where D(R) denotes rate-distortion function corresponding to the encoding rate
R. Pz and FPe 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 vaiue of the source distribution, i.e., the highest

possibie distortion of one.

1.2 Superposition Coding

20
In superposition coding, the video layers are transmitted by superimpesing the
enhancement layer at a rate Rz with the base layer at a rate Rg, as shown in
Figure 2B. The transmission power aFs and (1- «)Ps denote the power ieveis

18



and the destination node respectively, and are the noise at the n-th relay node zfi) 44 represents the
effective noise at the destination node. The n-th diagonal element of the relay gain matrix G is given
by Pfl 5ga - Palk,"12 + 1. (9) 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

aliocated to the base and enhancement layers respectively, where Pg denotes

the source power constraint such that @ € (0,1},

At the destination, successive decoding is performed under perfect knowledge
5 of CSL. Moreover, the decoding order is fixed such that the receiver will always
try to decode the base layer first by assuming that the enhancement layer is

noise. After that, the enhancement layer is decoded by first removing the base

layer from the received signal. Therefore, the overall expected distortion (“n}is

given by

1 Ep = (1 — Pg)D(bRg + bRg) + Pz — Pr)D{bRp) + Fs. (5)
0

2.0 Relay Nodes - Multiple-Relay Cooperative Strategies

The considered system model is a multiple-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 layered video
fransmission 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 s = {1 bz -+ ] and

hy = [ Foa. - hud"respectively, where e ~ SN .70 gng o ~ CN(0, 03 0.
19



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 where A is chosen such that n=1 Pr?,= PR . Here, it is assumed that the
backward CSl is available at the relay nodes but not the forward CSI. 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 In SEL, the transmission occurs only in two time slots. In the first time slot, the
source node broadcasts to all relay nodes (same as OAF). However, only one relay node is chosen to
forward the transmitted symbol to the destination node in the second time slot. 5 At the destination

node, the receiver compares which link has the largest Ic.
In the first time slot, the source node broadcasts the transmitted signal vector

Xy = %xin’ $§2)= see IiL}] . .
denoted as . 17 T to all relay nodes. Xs is either a concatenated

signal vector or a superimposed signal vector depending on whether

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

and =¥ is the transmitted symbol at time [ under an average transmission
power constraint of Pswhere / = 1, 2, . . ., L. The received signal at the relay

nodes can be written as.

£ ; } \
vk = bevPexl + 2ff, (6

A8 , .
10  where "R is the (N x 1) I-th received signal vector at the relay nodes and

zﬁ{) ~N(0.Dis the (N x1) Ith noise vector at the relay nodes. Ny, T)

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

covariance matrix >.

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

of their received signals while satisfying the {otal relay power constraint {Fg), i.e.

ZQ@ Fn = Pr where P, is the power consumption at the n-th relay node.

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

NG
destination node, *&, is given by

o = Gyl | ¢
20
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product of backward and forward link channel gain, Le,h,,,dhs,"12 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 fin =VPsi 0, 15 where
Rs& denotes the selected relay node. Therefore, the received signal at the destination node can be
written as (I) =idgn.J1111.0i,dgnmeft,nizd ' L,;(0 -e (12) 2.3 Distributed Beamforming 20In DBF, it is
assumed that thewhéerdlagenciesh featdesdModisgonallynatrix representing relay gains. The

diagonal structure of G ensures that each relay node only requires knowledge

about its own received signal.

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

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

10 The following gives details of three considered AF cooperative strategies,
namely OAF, SEL, and DBF, which are selected depending on the type of CSI
available at the relays. It is assumed that all backward and forward channel
gains, i.e. hg and hy, 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
aliocation algorithm performed at a relay allocation unit in the destination node
20 to minimize the outage probability. This allocated power information is sent back
1o the relay nodes via the feedback channel 310 as shown in Figure 4 when the

instantaneous CSl is changed.
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bidirectional CSl, i.e. hs,n and h,,,d and it can perform distributed beamforming. 24 Each relay node
can therefore simultaneously transmit its own signal to the destination node in the second time slot.
The n-th diagonal element of G is then given by 5 The optimal relay power allocation is given by (llIs"
"h. "di2(1 1h.,.12Ps) C2Ps + jh,dVPR + i)2 where ihs,nha,di2 (1 +Ps) 112,817,12 Ps + lhn,d12 PR +
1)2. In (14), the term in the parenthesis is a function of the relay node's locally-

SEL is aiso used where only backward CSIi is available at the relay nodes. The
relay node with the largest product of backward and forward link channel gain
forwards its received signal with full relay power constraint while the rest keep
silent. The selection is determined at the relay allocation unit implementing a
5 selection algorithm in the destination node, after which a selected relay index
nse: is sent back to the relay nodes via the feedback channel 310 as shown in

Figure 5.

DBF is used where each relay node knows its backward and forward link
10  channel gain but not the global ones. Therefore, the destination node needs to
feedback via the feedback channel 310 a constant value ¢ used for calculating

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

2.1 Orthoegonal 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

) i i
'yc(il} = hmd.gnhs,nxg) + hn,dgnz%{?n + z&}g (8}

L
g%
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10 bidirectional CSl 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 d(l = d Chsr(1)hT GZ(1)-(i) + 4-d
A:(1) (16) 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 relay allocation
unit and a determination is made as to the cooperative relay strategy being used by the relay nodes.

As outlined earlier, depengling er OAF, BF is employed, the relay allocation unit will
determine either MB%@W@MO k?ew@?y “’refﬁf ﬁ%@é /@ heongise i b itk Wakensdss a

particular relay (step 706) or a c value for each relay node t determine their own power use (step
708). Once deterrmiemetb@gte{aﬂmtrf@iaweéwimpaﬁam PSRRI ERK 46BERVECIRYsBAsES in Step

710. In step 712, the destination node monitors to see if there are any changes to the channel
statistics (i.e. CSithéf destinatienchagigjesheha-thatizgdmiocelestsntoafhthecstiay a0 mptimiZation unit in
step 714 to compute optimal values for Ra, RE and a (i.e. base layer rate, enhancement layer rate and
channel uses/trar@1a® Sbjwer) 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.

Py .
gn = Rglhs,ntﬁ _+_ 1 . (g}

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. 8, no. 8, pp. 3114-3123, Aug. 2007). The power

consumption at the n-th reiay node is given by

PRlhenlt + Psthon|? Psthenl® +1
e {G, (\/ S hn.af® A Honaf? ’ (10)

N .
where ) is chosen such that Yoret P = P R 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 reiay allocation unit in
the destination node and the allocated power information is sent back to the

relay nodes from the destination as shown in Figure 4.

2.2 Selective Relaying

20

23



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 eD in (4) and (5) subject to a total source power constraint Ps and
total relay power constraint PR where the outage probabilities of the base and enhancement layers
are calculated from the upper bound analysis. This optimization problem can be cast as follows: 5

However, the optimizatiothprphemidaich dds.rs GMyCRNMRRREBISRIG PoRISMinhish iedifficult to
solve. As a result, the optimal rate, channel, and power allocation are generally obtained from an
exhaustive searchouitte caiplerbdcasts to all relay nodes (same as OAF). However, only one

relay node is chosen to forward the fransmitted symbol to the destination node

in the second time slot.

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

product of backward and forward link channel gain, ie, ihnahsal® 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 generalily, it is assumed that the
destination node can send a feedback signal to the relay nodes o indicate
which relay has been selected as shown in Figure 5. The n-th diagonal element

- of G is then given by

P,
g = Pilhei1s T Taeh (11)
n .
g, otherwise,

15  where ns; denotes the selected relay node. Therefore, the received signal at the
destination node can be writien as

14 1) i (1 .
yfg) = hnmlrdgﬂmlhsﬂn»uixi i +_h,ﬂ'w|’dgn'“’l zl{{)ﬂﬁl’! + zé) : (12)

-

"

DA}
E

2.3 Distributed Beamforming

20 In DBF, it is assumed that the n-th relay node has access to iis iocally-
bidirectional CSl, i.e. hsp and h,q and it can perform distributed beamforming.
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GAD-R.12), A =10, (5A,2(5A, J and R.=ri?101="7?-nun 6R,Rmin+ 26R. ,R.ci 10 are the set of
possible a and rates, i.e. RB and RE, respectively, and OA and 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,
f(RB, RE) when RERRA&E, ai6aei\&ih Aiisre WnairhsiriARrlirehin aPOReSGghEtR aigeation to
the case of superposition coding in "Rate and power allocation for layered transmission with

superposition codigtiHatdn highainRtecessotdtimeelofl 4,Ha0n-1h digyohéd eldmeit o¥ 28AkKed he
proposed algorithm is the combination between the rate

given by
Pn h:- L 7] h": )
On = - 2 5 R 13
4 v PSihs,-ngg +1 lhs.nl 1h'n,til ( )

5 The optimal relay power allocation is given by

1 ih’srhndzgfl -+ Ih'anFPg)
P - — : e ] B, . . 14
te (ﬂhs,n-!?‘Ps T il Pr + 1}2) ' (14)

where

N
- lhs nhn.dég(l + ihs‘nPPS)
a TP ‘ : 15
€= 2. Thunl®Ps + Vo Pt 17 (18)

In (14), the term in the parenthesis is a function of the relay node’s locally-
10 Dbidirectional CSl 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

¢ = WIGh,z® 1+ WGl + 2. (16)
W—/
&0

15 3.0 Destination Node — Overall Method

The overaill 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
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allocation proposed in their 2006 publication and a binary search for a Lagrange multiplier A E (0,
Amax) for power allocation. With these proposals, the computational complexity was reduced to
0(2120for progressive transmission 5and 0(217el lo3E1) ,,» for superposition coding,
where 6 is the desired accuracy to the optimal A. In the present invention, an algorithm is proposed
that can further reduce the computational complexity at the destination to (9(ilai) for both transmission
10 strategies. The main idea is to preset the outage probability of the enhancement layer at a certain
value "hh and then determine the rate, power and channel allocation based on this value. The value of

7th to be set depeagy endbatividemeament detiminatyssiomritetegytSpRCtinsibrathe valag 7th

depends on the multimedia content and transmission strategy and it can be obtained a priori 15 based
on statistical inforatatiegy ®aivg theashtmdheatelaoweden dichanliriaksentier obepisedinthenlestination
node sends this resource optimization information to the source node via the feedback channel 312 as

shown in Figure 3VIe{BI<ANG. Gitthe R IgBRtimProp xR H19FelE MReatom shilswib feisaminBerposition

di follows: 20 3.2 Optimizati ive Transmission The flowchart of the algorith
o progrossive NG ARPESHOR HoPAGEH s, TRUBESB0 e F0e RAAATECR IAERSoa as RIS

e e e 88T S SRR A s U st o e
from the inverse fyppligRREPELE (step 708). Once determined, the relevant relay allocation
parameter is sent back to the relay nodes in step 710. in step 712, the
destination node monitors {0 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
{o 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 1o a total source power constraint Ps and total relay power constraint Pr
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RE =PE-1(70.)). The maximum operation is used to ensure that RE RB since the enhancement layer is
useless if the base layer is in outage. Then, a (which determines the channel uses aL and (1- a)L)) is
calculated in step 804 from a closed-form expression as follows: 0 = f (R33, RE)(18) 1(1 - PE)(RE - RH
) log2 bRE(PE - P13) Rn The value of a is checked in step 806 to ensure itisintherange05a5 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 Rg, RE and a values are saved in step 810 as the

optimal values fq,aagkChnd N5, Mg dhLNIRECEFIRLC SRR BidtorABRkdFRR = AfRaxafeyes, the
method ends at step 816. Otherwise, the method proceeds to step 812 to increase the base layer rate
to RD + 5R and tedepeassteemoheé apyerdsund analysis. This optimization problem can be

cast as follows:

min Eo{c, Rp, RBg, b, SNR)
o, Ry Ry Eoler, fa. e : {(1m)
8.t. a € {0,1].

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

aliocation are generally obtained from an exhaustive search with compiexity

0(%«4“?}2), A = IO 5,4, 2544! T, 1} and R = [(R-mim Rmin + 5'31: Rmin + 26‘}2 e ’R'x;mx}

10  are the set of possible a and rates, i.e. Rs and Rg, respectively, and ¢4 and S

are fixed step sizes.

In “Optimal layered transmission over quasi-static fading channels” in Proc.
IEEE Int. Symp. on Inform. Theory, Seattle, USA, Jul. 2008, pages 1051-1055,
15 the authors (F. Etemadi and H. Jafarkhani) proposed an iterative algorithm for
resource optimization with fower 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, fRs, Re) when Rg and R are given.
20 The authors further applied the proposed rate allocation to the case of
superposition coding in “Rate and power aliocation for layered transmission with

superposition coding” {EEE Signal Process. Lett., vol. 14, no. 11, pp. 773—7?6,-
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Similarly, if in step 806 it is determined that the value of a is not within the specified range, the method
proceeds to step 812 to increase the base layer rate to RE +67? and to repeat steps 802 onwards. 5If
in step 808 it is determined that the expected distortion value is not lower than the last initialized
expected distortion value, the method proceeds to step 814 to determine if RE r= Rama. Assuming this
is not so, the method proceeds to step 812 to increase the base layer rate to RI3 6R and to repeat
steps 802 onwards. If, however, RB 1rnnx, 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 RB (5R

Until RE = Rtuax gggl usii fheraptimaiidssy Raigitiin VRl U WEIGHL I BHZ 8 dRR-exPRiFedlistortion en

in (4) are attained. 15 3.3 Optimization for Superposition Coding The flowchart of the algorithm for
superposition codingcistish@rapisédgtnedir 2bespetiedtbaging atsiemOsawhase shexgahgacement
layer rate is initialized

multiplier A € (0, Amec} for power ailocation. With these proposals, the

computational complexity was reduced to O(2R|}for progressive transmission
5 and OCRNog(Ama/€)) for superposition coding, where € is the desired

accuracy to the optimal A,

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

computational complexity at the destination to O([R) for both transmission

10 strategies. The main idea is to preset the outage probability of the enhancement
layer at a certain value "4 and then determine the rate, power and channel
allocation based on this vaiue. The value of 74 {o be set depends on the video
content and transmission strategy. Specifically, the value 7t 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 opfimization 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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20as RE = 1.?"mi,, and the expected distortion Ei") = 1- Since the outage probability of the
enhancement layer is a function of RE and a, a (which is associated with a preset PE = 'yth and RE
and which determines the transmit power aPs and (1- a)Ps)) can be calculated from the inverse
function of PE, i" = PE-i(RE,700. However, this may result in most of the power being allocated to the
enhancement layer, resulting in PE 5 PR which then causes an increase in the
expecteddistortion. Topreventthis,theconstraint a> a, i.e. a = Tneic(ii, PE- (RE, Dth )) is applied in step
902 where Li is the 5 minimum power level for the base layer such that PE PE. The value of a is
checked in step 904etdawvatiaed of ibhinaigeritng foopseo@ssivE tignsonistiomie givavprioddedre . step 906
to increase the enhancement layer rate to RE = RE +4 and to repeat steps 902 onwards. 10 If the
value of a is withimtepBadfittbrange, IRErsdfeis ailtiiasadbs Ste908uGarentREapdasthe optimal
base layer rate R8 that minimizes ED in (5) is the

distortion &0 = 1, where SNR denotes average transmit signal-to-noise ratio.

The enhancement layer rate Rg, which is associated with a preset o=, is

5 determined in step 802 from the inverse function of Py . lLe.
~1 ) . .

Rg = max(Re, Pz (7)) The maximum operation is used to ensure that

Rz > Rgsince the enhancement layer is useless if the base layer is in outage.
Then, a (which determines the channel uses al and (1- g)L)) is calculated in

step 804 from a closed-form expression as follows:

o = f(Bs,Rp) (18)
_ 1, (1= Pe)(Be - Ry)
= R B (Po- Po)Rp

10

The value of ¢ is checked in step 806 to ensure itisinthe range 0 =a = 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

18 corresponding Re, Re and « values are saved in step 810 as the optimal values
Ry, Ry, and o* The method then proceeds to step 814 to check if 8 = Rumas, if

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

to increase the base layer rate to /%8 + 9= and to repeat steps 802 onwards.
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0 solution of dRs In other words, the optimal RB is the zero of the following equation: (a - (1 -(2R0O
-1))N+1cic2a-(2°2143 -- 0.(19) 15b03./V7 where P8 << PE is assumed, ci and n are constants that
depend on the relaying strategy as given in Table 1 below and Qi = (1 - PE)2-bR PE. The RE
optimization problem can be solved by using a zero-finding algorithm with much less computational
complexity than an exhaustive search. 20 Table 1: The value of c1 and 02 in eq. (19). strategy c2
OAF

Similarly, if in step B06 it is determined that the value of ¢ is not within the
specified range, the method proceeds to step 812 to increase the base layer

rate to B8+ 6r and to repeat steps 802 onwards.

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

the iast initialized expected distortion value, the method proceeds to step 814 to
determine if 2 = Rmwx, Assuming this is not so, the method proceeds to step
812 to increase the base layer rate to I8 +9R and to repeat steps 802 onwards.
If, however, Re = Rux 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 7%+ 9% until 2 = R and until the optimal
By, B, and & yglues which minimize the expected distortion €o 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 fir = Rmin and the expected distortion €5 = 1 Since the outage probability
of the enhancement layer is a function of Fr and g, a (which is associated with a
preset Ps = '}'th and g gnd which determines the transmit power aPs and (1-

a)Ps)) can be calculated from the inverse function of P& be. = Py (fg, 7).
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However, this may result in most of the power being allocated to the

enhancement layer, resulting in 7 = P& which then causes an increase in the

expected distortion. To prevent this, the constraint
® > & ie o=max(& Pr'(Re. ) is applied in step 902 where & is the

minimum power level for the base layer such that Fos By

The value of « is checked in step S04 toensure itisintherange O <a s 1. lfitis
not, the method proceeds to step 906 to increase the enhancement layer rate fo

Bg = By + 6z and to repeat steps 902 onwards.

If the value of o is within the specified range, fs is then calculated in step 908.

Given Rs and © the optimal base layer rate /s that minimizes P in (5) is the

#p

solution of d¥s " In other words, the optimal fe is the zero of the followin
g
equation:
(a— (1 - a) (27 — 1))+ = 222N pteritiha (gmas _ 1)V L g (19)

beg P
where P& << P& is assumed, @ end ¢ are constants that depend on the
relaying strategy as given in Table 1 below and ¢ = (1 — Pe)27%%% o+ Py, The
Rg optimization problem can be solved by using a zero-finding algorithm with

much less computational complexity than an exhaustive search.
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DBF WI riff =i [TA; +71-12 Once RB is obtained, the method proceeds to step 910 to check the
corresponding expected distortion value to see if it is lower than the initialized 5expected distortion
value. If it is, the new expected distortion value is set as the initialized expected distortion value, and
the corresponding RB, RE and a values a" are saved in step 912 as optimal values.fq, andThe method
then proceeds to step 914 to check if RE = R-inat If yes, the method ends at step 916. Otherwise, the
method proceeds to step 906 to increase the enhancement layer 10 rate to RE = RE -4- 412 and to
repeat steps 902 onwards. As can be seen from the flowchart of Figure 9, the method is repeated until
The, = 'R-1:flax and until the optimal RE, RE andvalues which minimize the expected distortion (CD in

(5) are attainad. Table 1: The value of ¢; and ¢ in eq. {19).
strategy & <
OAF Mo s+ N+l
SEL Hf:& [ﬁ - 7;%“:] :
DBF  HILL [+ @
i n T,

Once Fs is obtained, the method proceeds to step 910 to check the
corresponding expected distortion value o see if it is lower than the initialized
5 expected distortion value. If it is, the new expected distortion value is set as the
initialized expected distortion vaiue, and the corresponding Rg, Re and a values
are saved in step 912 as optimal values fh; Bk 89d @ The method then
proceeds to step 914 to check if & = Rmax_ If yes, the method ends at step 916.
Otherwise, the method proceeds to step 906 to increase the enhancement layer

10 rate to Be = A + 4z and 1o repeat steps 902 onwards.

As can be seen from the flowchart of Figure 9, the method is repeated until
Rg = Ruas and until the optimal 78+ 4 80d o” yajyes which minimize the

expected distortion €D in (5) are attained.

15
Example expected distortion values from the above opiimization framework as
compared to known exhaustive search techniques are shown in th-e graphs of
Figures 10A and 10B. Both graphs show D vaiues for the transmission of one
fayer and two layers with progressive transmission and superposition coding

20 schemes. For each of the layered schemes, the exhaustive search technique
32



15 Example expected distortion values from the above optimization framework as compared to known
exhaustive search techniques are shown in the graphs of Figures 10A and 106. Both graphs show ED
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
and the above optimization techniques were applied. Figure 10A shows the results where two relay
nodes are used, while Figure 108 shows the results where four relay nodes are used. In essence, the
performance of the proposed optimization framework is comparable to the exhaustive search

technique, but 5 the ayafiage %mﬁmss&ﬁqmz%?@ (GGRRIAUE ieRein B retNeS dhe
computational complexity (1i) as opposed to OPIRI)). It will be appreciated from the above that the
preferred embodiggifk GG two relay nodes are used, while Figure 10B shows the results

where four relay nodes are used. In essence, the performance of the proposed

optimization framework is comparable to the exhaustive search technigue, but

5 the advantage of the proposed optimization technique lies in its reduced

computationat complexity ( (™) as opposed to P{2IR]).

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 quaiity of received video by
virtue of exploiting the spatial diversity of the multiple relays, and relying on
layered coding for fransmission reliability. A summary of the preferred
embodiment framewark and methodology follows.

16
Af the source node, either progressive fransmission or superposition coding is
used as the layered video transmission strategy. These SRC type strategies are
used since the guality 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 fwo layers and the overhead and the
complexity of the encoder/decoder is moderate. These different layers are

transmitted at different fransmission rates and different channel uses or
as



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 decodgshlamrisdisditigligBebithasvomesroding eanintciiefed sHiecOspaigyedt

embodiment, it is assumed that the video signal is encoded into only two layers, i.e. base and

enhancement layengssinuw¢haysraxmay ive ayevidedgeereamebesaahyevediaibdonly 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 transmitted with different

power depending\tc‘)sn the l}?l}%?red source strategy,, Of corrse more layers may be provided where
. ikl

. |
necessary or dedielie APHIPIH GRIBY 1RESH nAYRLYRAM W&’-Iﬁ‘ﬂv’ﬁ?ﬁgﬁnﬁ{%‘ﬁéﬁgﬂﬁ%ﬁelaﬁng is

5 used to implement cooperative relay strategies to reduce the processing delay
at the relay nodes. Three cooperative relay strategies depending on the type of

CSl at the relay nodes may be used: OAF, SEL and DBF. Due to the delay
congtraints in video transmissions, the preferred embodiment uses non-
regenerative schemes at the relay nodes, which is simpler and requires iow-

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
15 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 fo 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
34



5 used to implement cooperative relay strategies to reduce the processing delay at the relay nodes.
Three cooperative relay strategies depending on the type of CSI at the relay nodes may be used:
OAF, SEL and DBF. Due to the delay 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 15 allocation parameters are fed back to the relay

nodes. in additiongfaagjise Ringgationssith itesedien fiancemesinaeeowRItheropabikeds applied
and resource optimization parameters are sent back to the source node to reduce the optimization
complexity for thedpijraizdtizo ufleerizaosinissionripaeaids otorc8roptinpzetionshig pridposed sidns rate,
power, and channel uses to different layers 20 efficiently so as to maximize the quality of the

reconstructed vid%oﬁhwagwmmmmmmmmmwmﬁ%%ﬁIgsreﬁyir@ailqaowledge of
the channel statistics for computation of the optimal resources. As a result, the destination node only

requires to feedba@kffd)pptimal rate, power, and channel uses to the source node whenever the
channel statistics or the layered video strategies changes. Also, although the performance of the
proposed 5

The above framework and corresponding methodologies may be used for any
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 muitipie 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 celiular
sysiems. 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 celiular networks. The proposed framework will continue to be useful for

such services over these future celiular networks.

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

by those skilied in the art, may be subject to variations or modifications in
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optimization framework is comparable to those previously proposed, the algorithms have a much lower
computational complexity ((1711) as opposed to 0(2IR,l)). 5 The above framework and corresponding
methodologies may be used for any wireless video transmission over relay networks, which include
any future wireless system incorporated with relays e.g. LIE (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 oiipizatioRsiraceneriopaR MR ARRIShIRAE fRIRVIROLOR ¥ sERsRRand
multimedia broadcast services (MBMS), where it involves 15 the transmission of multiple classes of
layered signals owesrwisesagsieeiuiae siate preidradcbrapplitpeanhaifferent cestentedravigansmitted
in layering format by way of either the progressive or superposition scheme. As such, the present
optimization framéeferkregnt® aakindotyvidaslid@nsnsissiohmy dhis iappiickndting. Méneny egsivae)ess relay
nodes are inevitably going to be a part of 20 future cellular networks. The proposed framework will

continue to be us&fANT SHigh tavivided sisgnpls Jaavidpdreammiiatk(errevand ismepstedescrives

preferred emhodiments, \g/hich as will be urderfgtood b ttﬁ%eﬂskilled in the art, may be subj:ect to

variations or Modifleat&hdR Cé’é’gfaﬁ',t%%r{g AYCRBA'BY SEr YA SEEAEHEHNG HE RIS ope of the
laims. F | e th f bodi b , { it 1 layi
Video transmissione ot e e o g, 2 IR AR LRt R SURERE S D e

transmitted. Morewhﬂém@s%@ﬁei@marrqaﬁeﬁrr@epeé@ﬂasgﬁlquestﬁat@%mm-ﬂuééh

recalculating the relevant parameters, and all nodes acquiring the required channel knowledge and
synchronizing acateslirighd frorikzeroaiealingUgbvpeim\eeatitehss heelrelaseiisshiean eo direct
link' viewpoint (i.e. there is no direct link between the source and destination nodes, and all
communication isSftregeandagastortinn Tpdrilcangeddormiminioptiosiasevindhth edlayemideskan be
implemented where there is a direct link. In_such cases, the cooperative rela@;gte%/ of the invention

may be used %o irifi5se RRS B8 PHORPBI BRI iRt Lt ANV U 558 DR EMRERERed S¥BRIfed persons
il al i hat th f th f d bagdi d be impl ted

mocules 1 nar WS 108 MSUAEb [Ring noo.ER B ot SR R R RGS i SYSURRERG s

programmed to C?ﬁ%rﬂ#gnthﬂ ISEIOSRL AN SN QAFIRRS G SIERRIM % AFRSPAtHR YR dPlpmented in

software, as a series of instructions which, when executed by a processor or
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 {o 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 io read,
from a computer readabie medium, executable instructions for implementing the

disclosed method in the hardware arrangement.
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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. The above variations, for instance, are intended to be
covered by the scope of the Sims. CLAIMS A method of processing layered signals received at a
destination node from multiple relay nodes, the multiple relay nodes implementing a cooperative 5relay
strategy to relay layered signals from a source node, the method comprising the steps of:
(hdetermining channel state information from the received layered signals, (H)determining which one
of a plurality of cooperative relay strategies 10is implemented by the multiple relay nodes,
(iif)determining, Ushgdhevehamagbakatinfatanaiiomra istedaipratiocpasmteietie eonobihe
cooperative relay strategy implemented by the multiple relay nodes, and

the claims.
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(iv) sending the relay allocation parameter to the multiple relay nodes; 15 wherein 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 a change in channel state information, determining a resource optimization
parameter to control the 20generation of layered signals at the source node so as to minimize
expected distortion at the destination node, and (vii) sending the resource optimization parameter to
the source node; and wherein the resource optimization parameter comprises a base layer
transmissiongaigpan enhancement layer transmission rate, and one of: channel allocation for the
base and enhancement layers, or transmit power for the base and enhancement layers. 2. The
method according to claim 1, wherein step clip comprises calculating 5a transmit power for each of the
multiple relay nodes to implement orthogonal amplify-and-forward.

1. A method of processing layered signals received at a destination node
from multiple relay nodes, the multiple relay nodes implementing a cooperative

5 relay strategy to relay layered signals from a source node, the method
comprising the steps of:

(i determining channel state information from the received layered
signals,

(i) determining which one of a plurality of cooperative relay strategies

10 is implemented by the multiple relay nodes,

(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 refay nodes;
15  wherein the method further comprising the steps of:
(v} determining if there has been a change in channel state
information, and
(viy if there has been a change in channel state information,
determining a resource optimization parameter to control the
20 generation of layered signals at the source node so as to minimize
expected distortion at the destination node, and
(vii)  sending the resource optimization parameter to the source node;
and wherein the resource optimization parameter comprises a

base layer transmission rate, an enhancement layer transmission
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3. The method according to.claim 1, wherein step (Hi) comprises calculating a relay index indicating
which one of the multiple relay nodes should be used to 10implement selective relaying. 4. The
method according to claim 1, wherein step (iii) comprises calculating a value for use by each of the
multiple relay nodes to calculate their transmit power to implement distributed beamforming. 15 5. The
method according to any of claims 1 to 4, wherein step (vi) comprises presetting an outage probability
of the enhancement layer, and determining, from the preset outage probability, the base layer

transmission rate, enhanaeieeriraysidransmissiendidestiithdoe hiechasaelnssesantttnarsmit
20power to be implemented at the source node to minimize expected distortion at the destination

node. 6. The method accerging i elaimerhitwbereiichehayerss sighalshareprognessjeedransmission
signals, and wherein step (vi) further comprises: 39
2. The method according to claim 1, wherein step (iii) comprises calculating
5  a transmit power for each of the muitiple relay nodes to implement orthogonal

amplify-and-forward.

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

10  implement selective relaying.

4, The method according to claim 1, wherein step (iii) comprises calculating
a value for use by each of the multiple relay nodes to calculate their transmit
power to implement distributed beamforming.
15
5. The method according to any of claims 1 to 4, wherein step (vi)
comprises presetting an outage probability of the enhancement layer, and
determining, from the preset outage probability, the base layer transmission rate,
enhancement layer transmission rate and one of channel uses and transmit
20 power to be implemented at the source node to minimize expected distortion at

the destination node.

6. The method according to claim 5, wherein the layered signals are

progressive transmission signals, and wherein step (vi) further comprises:
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(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, 5(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 the channel uses,
10(e)increasing the base layer transmission rate, (f) repeating steps (b) to (e) until the base layer
transmission rate ig&f a maxisizndgratismission réigeanttanggjisitermimaieg \which valueawhthe base
layer transmission rate, enhancement layer transmission rate and channel uses result in a 15minimum
expected distortion. 7.Thetiraagnod siononsting to claim 5, wherein the layered signals are superposition
coding layered signals, and wherein step (vi) further comprises: (a) initializing the enhancement layer
transmission rate af minietemafiranshessiohaéement layer transmission rate from the
preset outage probability and the base layer transmission rate,
5 (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
the channel uses,
10 (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
(g) determining which values of the base layer transmission rate,

enhancement layer transmission rate and channel uses result in a

15 minimum expected distortion.

7. The method according to claim 5, wherein the layered signals are
superposition coding layered signals, and wherein step (vi) further comprises:
(@) initializing the enhancement layer transmission rate at a minimum
20 transmission rate,
(b}  determining the transmit power using the enhancement layer
transmission rate and the preset outage probability,

(¢)  determining the base layer transmission rate,
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(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 layer transmission rate, 5(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 migimundexpecheia glisher tioxp détd Atistdegnatacs it Uit ¢l Cdierrmidestibaien node to
process received layered signals from multiple relay nodes, the IC comprising: (i) a relay allocation
processing unit configureddger transmission determaitateceondmtivetratayrivsimyystapiamented by
the
transmit power,
(e) increasing the enhancement layer transmission rate,
5 H repeating steps (b) to (e) until the enhancement layer transmission
rate is at a maximum fransmission 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.
10
8. An integrated circuit (IC) for a destination node to process received
layered signals from mulfiple relay nodes, the {C comprising:
(i) arelay allocation processing unit configured to
determine the cooperative relay strategy implemented by the
15 multiple relay nodes,
determine, using channel state information derived from the
received layered signals, a relay allocation parameter to
control the cooperative relay strategy, and
send the relay allocation parameter to the muitiple relay
20 nodes, wherein the IC further comprises
(i) a resource optimization processing unit configured to

preset an outage probability of an enhancement layer of the

layered signals,

41



15multiple relay nodes, determine, using channel state information derived from the received layered
signals, a relay allocation parameter to control the cooperative relay strategy, and

send the relay allocation parameter to the multiple relay 20nodes, wherein the IC further comprises (ii)
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 and one of channel uses and transmit power to be

implemented by a source node teigidTimiae, dxpected peisistrinnajdhasinstingtion bese |apst send the
base layer transmission rate, enhancement layer transmission rate and one of the channel uses and

the transmit power to the source frademiésBA cammenibatioardevicananfiguechgssnmuaricate with
a relay node according to the method of any one of claims 1 to 7.
and one of channel uses and transmit power to be
implemented by a source node to minimize expected
5 distortion at the destination node, and
send the base layer transmission rate, enhancement layer

fransmission rate and one of the channel uses and the

transmit power to the source node.

10 9. A communication device configured to communicate with a relay node

according to the method of any one of claims 1 to 7.
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