WO 2011/ 108992PCT/ SG2011/ 000080 1 Met hod and Device for Relaying Data Field
of the Invention The invention relates to a nmethod and device for
rel ayi ng wietza1fimso9a Wi rel ess 5 frequency divi sion mul ti pce/saccamsooset wor k.
Background of the Invention 1In a technical specification for Long-Term
Evol ution (LTE)-Advanced (LTE-A) that ii bei ng devel oped under the 3rd
Ceneration Partnership Project (3GPP), 10 the technical specification ains
for enhanced performance, e.g. the target peak data rate is 1 Gops in the
downl i nk and 500 Mops i n MatheghapdiDeyice f?hBeiﬂi@EQi%ﬁtaeffi ci ency of the
downl i nk and uplink respectively targeted at 30 bps/Hz and 15 bps/Hz. The
present LTE specification may not have such enhanced performance. Anot her
aimis for cell-edge users to be supported with a nmuch 15hi gher data rate
t han i n thpejeld &f hedavémtiorl i on in order to guarantee quality of experience
(QE). In order to neet the ains of the LTE-A specification while

suppor ti ngTﬁgm'iiep%Mfobé hidttlodahd dRHCLiBF rdiRg Yabstp HBAirsldsd as the

Rel ease 8 LTE, 20multicarrier nodulation techniques in which the data

synbol s ar r nal t ach ri.n phe frequency domain nmay be used,
for ex%l@?a%é'{]%ﬁ'g}&n ﬁ?@'ﬁf?e cgc;e@%inve%t\gpéwﬁ mul ti pl e access (OFDMA) and
single carrier frequency division nultiple access (SC FDVA) based on
di screte Fourier transform (DFT)- Spread OFDM wi || be used in LTE-A. 2 In
OFDVA and SC-FDVA, different users are allocated to non-overl apping
subcar ri er Baekgrouad efitheninveatien channel quality information (CQ) and their
requested data rate, Wihile this scheduling process nmay |lead to nultiuser
In a technical specification for Long-Term Evolution (LTE)-Advanced (LTE-A)

that is being developed under the 3rd Generation Partnership Project (3‘GPP),~
10 the technical specification aims for enhanced performance, e.g. the target peak
data rate is 1 Gbps in the downlink and 500 Mbps in the uplink» with the spectral
efficiency of the downlink and uplink respectively targeted at 30 bps/Hz and 15
bps/Hz; The present LTE specification may not have such enhanced
- performance. Another aim is for cell-edge users to be supported with a mvuch
15  higher data rate than in the LTE specification in order to g'uarantee quality of

experience (QoE).

In order to meet fhe aims of the LTE-A specificaﬁon while supporting backward
compatibility with earlier access schemes such as the Release 8 LTE,

20 multiéarrier modulation techniques in which the data symbols are orthogonal to
each .other in the frequency doméin may be used, for example, orthogona’|"
frequehcy division mQItipIe access (OFDMA) and single carrier frequency

. division multiple access (SC-FDMA) based on discrete Fourier transform (DFT)-

Spread OFDM will be used in LTE-A.



5 diversity, very limted frequency diversity may be achi eved for each
user. It is thus an object of the present invention to provide a nethod and
devi ce fowoneliawsey data whi ch addresses at | east one ofctrise2prnobdosos of
the prior art and/or provide the public with a useful choice. 10 Summary of
the Invention In a specific expression,of the invention, there is provided
a nethod of relaying data for a wireless frequency division nmultiple access
network conprising: receiving data carried by respective subcarriers;
15network coding the data of at Ieast tvvo of the subcarriers having

m nimzed correl ation; and ing the network coded data to a
plurality bfOFDAAESE STEERYAS dﬁef@lt&Wfﬁga[Q)a@C@é%i fonR@n-gMerlaRgf er abl vy,

t he network coding includes |inear network coding. Advantageously, the at

| east two siibddnderssdis basedion thas chahpeleptaliboinfairetioo(Ctpagd theine
subcarriers between their respective frequency domai n channel coefficients.

WO 2011/ 108RRiéBel R4t QAld. Wﬂi@ﬁlé)’sa’i@fﬁhg r¥cedsaledde@hultiveepf t he

subcarriers is spaced integer nultiples of NIL subcarrier indexes apart,

wher e 2**}' Sdi@ef%l’t&t)@%rgs{ Féb[)ﬁ lﬁérgflyzqﬂlé}s ?ﬁmaﬁ}’@éé&l@b@%eforaé%hhée? a nunber of

mul ti paths to era one 0 plurality of resource
bl ocks further conprises un-coded dat a.

It is thus an object of the present invention to provide a method and device for
relaying data which addresses at least one of the problems of the prior art

and/or provide the public with a useful choice.

10
Summary of the Invention
In a specific expression of the invention, there is provi'ded a method df relaying
déta for a wireless frequency division multiple access network comprising:
recelvmg data carried by respective subcarriers;
15 ~ network coding the data of at least two of the subcarrlers havmg

minimized correlation; and
mapping the network coded data td a plurality of resource blocks for

relaying to a destination.

| 20 Preferably, the network coding includes linear network coding. Advantageously,
the at least two of the subcarriers has a lowest correlation amongst the

subcarriers between their r_es’pective frequency domain channel coefficients.



5 The step of receiving the data may further conprise applying forward
error correction to the data of the subcarriers, and interleaving the
forward ewoaniicesgecti on coded data. Optionally, the merbeodcren/ocaspri se
forward error correcting the data of the subcarriers, and interleaving the
forward error 10 corrected data. In thege cases, the step of receiving the
data may further conprise mapping the interleaved forward error correction
coded data_onto plurality, of dul ation symbols. . -~ Preferably, in one
variati on, Pf‘l[’}gr%?}"él‘%é ‘qarsia’ﬁ%ﬁ ed?‘ﬁ?céir%‘?fsﬁiPP?W%'"&%&%&U@B{%&]C\MPK uses
Orthogonal Frequency Division Miltiple Access. In a second variation, the
wirel ess fpebgarrieyindexes apartnwheiepNds aduwaberiisubeariese i tberibsatigitnel -
Frequency Division Miltiple Access. In such a case, the network codi ng may
further coapdilsie acumabet ofrgultipathdatbdhé destimatiore frefecabl@ Coroobihe by

perform ng Fourier transform In both the first and second vari-ations,
pref erabl ypiir&ifty bf Fesource bRcks furtiRsidoRirise8 unscdded dgtat | e domai n.
Optionally, the network coding is dependent on a relay techni que sel ected
fromt group consi sting of decode-and-forward rel aying, WO

2011/ 108992PCT/ SG2011/ 000080 4 anplify-and-forward rel aying and

denodul at ecand-forward. rel ayi nq. Advantageously, the.network coding is

opt i m zed BASSERA Goemnafestrta e st Eammrite apPBins IR By "o
mnimumbit-error rate performance, maxi num throughput and nj ni num ener gy
for rel ayi A@rredtiamie thestata af thﬂﬁut@am%rfsearacbfrxt?rlqayénmm@maigowwg conpri ses
applying to the data a unitary matrix. In a third variation, the network
codi ng conpoireetioregpuded datat Optibeallyathe metherhmaycaompnisedorwvardeirour t h
variation, the network coding conprises applying to the data a rotated

di scret e Feoifre€ting therddtaofithieasuboarriéns, and iifteHeaving the forwatderrdd net wor k
codi ng conprises applying to the data a pernutation matrix. In all

vari at4 nscoﬁ@f’te tRia Oh thESEENSRY KRR FrEESTINGYhE FBRL AidyMartREPCAr I | ers
preferably 1 ncludes receiving fromat [east two sources. I'n such a case,

the at | ea%mtpwge WABLITS Pt R8Y EFBrWaﬁd Yrrdt BFEcSn coded data onto a

- plurality of modulation symbols.

Preferably, in one variation, the wireless frequency division multiple access

15  network uses Orthogonal Frequency Division Multiple Access.

In a second variation, the wireless frequency division multiple access network
uses Single Channel — Frequency Division Multiple Access. In such a case, the
network coding may further comprise converting the data to the frequency

20 domain by performing Fourier transform.

In both the first and second variations, preferably, the relaying to the destination
is in the time domain. Optionally, the network coding is dependent on a relay .

technique selected from the group consisting of decode-and-forward relaying,



15 In a second specific expression of the invention, there is provided a
decodi ng nethod for a wireless frequency division nultiple access network
conpri si Ngo 2011/108992ecei vi ng net wor k coded data whi ch i sPoasoeal 11000020
plurality of resource blocks, the network coded data being fornmed from data
which is network coded 20 from at | east ,t wo subcarriers having mni m zed
correl ations; de-nmappi ng the network coéed data fromthe plurality of

resource bl ocks: and decoding. the t wor. oded . data to recover the data.
U6 20151 1080 P RCH AR 60BRBE SRR dgEoaGHorad SeUSor decodi ng ¢ he
networ k coded data conprises applying a decoding matrix which renoves a
channel r edg¥asiagapuslycibedieiworecoding s aplimied hased an a crilerioamselected. |1 n
such a case, the step of applying the decoding matrix preferably conprises
denodul at i frgnt the gretpoksisting df ddanienubn bi-grardateperdrimarete; naxiratomes, t he
soft nmetric val ues being a decoding of the network coded data, and

de-interl eww?hﬁd’(%n‘d%tniﬂﬁﬁhf bfergglfoeelaying f H déstinaflonf the decodi ng
nmet hod, the network coded data conprises nultiple data streans and the
met hod gurther conprises jointly denpdulating 10 the multiple data streans.
In such a case, one of the plurality of resource blocks preferably further

conpri ses un-coded data,and the de-mappi ng separ.ates the network coded data
From t e ubrelairy 408 eofork fodfnd GoBRaSs AeSERGHBUEE siatn WPHER! Mol on.
there is.provided a, . ) . .

In a third variation, the network coding comprises applying to the data a »
Hadamard matrix. In a fourth variation, the network coding comprises applying

to the data a rotated discrete Fourier transform matrix. In a fifth variation, the

10  network coding comprises applying to the data a permutation matrix.

In all variations, the step of receiving data parried by respective subcarriers
preferably includes receiving from at least fwo sources. In such a case, the at
least two sources may be antennas of a device. |
15
In a second specific expression of the invention, there is provided a decoding
method for a wireless frequency division rﬁultiple access network comprising
receiving nétwbrk coded data which is mapped to é plurality of resource
blocks, thé network coded data being formed frorh data which is network coded
20  from at least two subcarriers having minimized Qorrelations;

| de-mapping the network coded data from the plurality 6f resource blocks;

and

decoding the network coded data to recover the data.



15 communi cation nmethod in a wireless frequency division nultiple access
network conprising receiving at a relay data carried by respective
subcarri ewe;2011/108992 net wor k codi ng the data of at | east PCwsGab110h@s0
subcarriers having mninmzed correl ation; 20mappi ng the network coded data
to a plurality of resource bl ocks for Iaylng to a destination; receiving
the network coded data at the desti nat|§ de- mappi ng the network coded -

data f | lity bl
281?/ 16399&&@?%‘%@&)’ db@@ﬂépeag‘g%‘icﬂ%@g 8?%"‘?@9\%%)??‘1%%9@@ CRIPRMSSS r ecover the

data.” In a fourth specific expression of the invention, there is provided a
rel ay deviapplying sdedading matiix whithreynanes arlhannal respanseansedecadaswor k
conprising 5a receiver configured to receive data carried by respective

subcarri erthe rgtdork coded data gtithe samer timenini guchealcase, ke stapkofcapplyinge dat a
of at |east two of the subcarriers having mnimzed correlation; and

wher ei n 1 hgeRIR@@frinatri ;BHé'férBBry @d?ﬁéﬁ@sr@anb@umﬁg tenawoR bhde@dath 10dat a
to a plurality of resource blocks for relaying to a destination.
5 to produce soft metric values, the soft metric values being a decoding of the

network coded data, and de-interleaving the soft metric values.

In a variation of the decoding method, the network coded data comprises
multiple data streams and the method further comprises jointly demodulating

10 the multiple data streams. In such a case, one of the plurality of resource blocks
preferably further comprises un-coded data and the de-mapp'ihg separates the

network coded data from the un-coded data.

In a third specific expreséion of the invention, there is provi.ded a
15  communication method in a wire_less frequency division multiple access network ‘
comprising | |
recéiving at a relay data carried by respective subcarriers;
network coding the data of at Iéa‘st two of the subcarriers having
minimized correlation; |
20 mapping the network coded data to a plurality of resource blocks for
relaying to a destination; |
| receiving the network coded data at the destination;
de-mapping the netwbrk coded data from fhe plurality of resource blocks;

and



In a fifth specific expression of the invention, there is provided an
integrated circuit for a relay device of a wireless frequency division
mul ti pl e wocesigiosmwor k conpri sing 15an interface confi garsd20a/n@sei ve

data carried by respective subcarriers; and a“processing unit
configured to network code the data of at | east two of the subcarriers
having m nim zed correl ation; and wherein the processing unit

is further configur the Kk ZOCode to a plurality of
resour ce bl ocksdg ’P% h*%/"%g' %@30 "’thtrPSﬂ"e é}ag"?‘ xth specific
expression of the invention, there I's provided a rel aying nethod for
network coding in a wreless frequency division nultiple access network
conprising WD 2011/ 108992PCT/ S&011/ 000080 7 receiving data carried by
respect i velnsafmath specific expressioaof tred invekticndherg isipeovided aoklat déwest t wo
of the subcarriers; and mappi.ng the network coded data to a plurality of

resource bfo?‘ék\ﬁlréléﬁs fr@hﬁé‘h@gd'ﬂ/%lcﬂn Hﬁ&tdl@ébééﬁbn&wb?k sb@plisinge apparent -t hat
features relating to one specific expression nay also be used or applied to

anot herg specif '% gﬁeqvgrs&in?guré:oo{o %?@frgloeat H&eﬁffésﬁgﬁﬁﬁé ahbHtigfoposed in |

t he flrst specifiC expressron 1s SO app I ca or'the sixth specific

expression_of the invention. 10
and ,

a processor configured to network code the data of at least two of the
subcarriers having minimized correlation; and
wherein the processor is further configured to map the network coded

10 data to a plurality of resource blocke for relaying to a destination.

In a fifth specific expression of the invention, there is provided an integrated
circuit fer a relay device of a wireless frequency di;/ision multiprle access
network comprising
15 an interface configured to receive data carried by respective subcerriers;
and
a processing unit configured to network code the data of at least two of
- the subcarriers having mihimized correlation; and
wherein the processing unit is further configured to map the network

20 coded data to a plurality of resource blocks for relaying to a destination.

In a sixth specific expression of the invention, there is provided a relaying
rhethod for network coding in a wireless frequency division multiple access

network comprising



It can be appreciated fromthe descri bed enbodi nent(s) that the nethod and
devi ce may: support cell-edge users with a higher data rate than that in

t he LI E swechfiiwsgeon and may thus guarantee QOE; 15explpairtsGzéua/obsosguency
diversity in the relay node to destination node; - introduce frequency

di versity gain and hence inprove the pox?/er: efficiency of the system, and
require no design nodifications for use term nal s as the coding schene
requires action only at the relay node and thus may ensure backward
20conpat i bi | i t yreogiviRg @’@s%@rf'ﬁtjlbdr{eﬁ?e‘fw& ari&sSBy way of exanple only,
one or nore enbodinents wll be described with reference to the

acconpanyi ng dr bngargmtwork euding the daiaxy at laaxs deo piessrucarriosoesd 8

Figure 1 is a schematic drawi ng of a comuni cations system having two
source nodes, amappig thedeetadrk codbesdatadbizopluralitieof msoarad igckofar preferred
enbodi nent; Figure 2 is a schematic drawing of a structure of an OFDVA
synbol forréaﬁﬁ atd’e’%ﬂﬁ igsi ons performed in the communications system of
Figure 1, Figure 3 is a ow di agram of a nethod for network coding at the
rel ay ﬁde of the communications systemof Figure 1; Figure 4 is a
bl ock agram of an apparatus for network codi ng according to the rret hod of

cont ai n_dalEneRIcaamEPp R i frellity BAISRIBane SHectic Sdretilon may S46°
be used or applied to another specific expression. For example, m|n|m|zed
correlation proposed in the first specific expression is also appIiCabIe for the
sixth specific expression of the invention.
10

It can be. appreciated from the described embodiment(s) that the method and-

device may:

support cell-edge users with a higher data rate than that in the LTE
specification and may thus guarantee QoE;
156 - exploit the frequency diversity in the relay node to destination node;
- introduce frequency diversity gain and hence improve the power
efficiency of the system;' and
- require no design modifications for user terminals as the coding scheme
requires' action only at the relay node and thus may ensure backward.

20 compatibility.

Brief Description of the} Figures

By _wéy of example only, one or more embodiments will be described with

reference to the accompanying drawings, in which:



Figure 5 is a block diagramof a variation of the apparatus of Figure 4
when OFDMA is used and where the plurality of coding groups contain data
streans fworma/wsfber ent nunber of resource bl ocks; PCT/SG26i19000806 i S a
bl ock di agram of a variati'on of the apparatus of Figure 4 15 when SC FDVA
is used and where the plurality of codi g9 groups cont ain data streans from
two resource blocks; Figure 7 is a flow diagramof a nmethod for decoding at
t he destination_node of Figure 1l ere tihe nmet hod qf net rkhcodi of
Figure 3 is usel'9Ue¢ Jus @ sshemafic ﬁ\é’f%?caﬁ?'é'\mq{ﬁcagpnlsﬁéfs u@f"l.rl‘lgga’é’f an
OFDVA synbol for 20 OFDVA transm ssions encoded at. the relay node using the
met hod of SPyGedcgiesaadelay node gridy destination npdg, gsrordingyioaPefedgdappar at us
for decoding at the destination node according to the nethod of Figure 7.
WD 2011/ 108a®dBmiémis2011/ 000080 9 Detail ed Description of the Preferred
Enbodi ment Figure 1 shows a communi cati ons system 100 according to the

preferred embodiFpRié 2 id AeschemBiRi draiviry \6f & ¥ et 60as ORDNAGy Nty ferour ce
nodes - a first source node 120 and a second source node 122, a relay node

110 and; a @upﬁ@?}ximﬁm@siaﬁéggﬂféﬂnd h#th%ocsammh@fégkigg@ sgéiérnem ﬁigeré pus

conpri ses pl'e source nbdes or users capa comuni cating with a

nodes. Duri no- ah G ik anieah Brocdn i = Prlne (P Befii aliRL S B PR, =

transmt information to the destination_node 130 via a comon relay node
110 using hage RbEe communications sysiep phkigereilace during a first tine slot
where the source nodes 120,122 both transmt their data to the destination
node 110. Figure 4 is a block diagram of an apparatus for network coding according

~ to the method of Figure 3 when OFDMA is used and where a plurality of coding
10  groups contain data streams from twovresource"blocks; |
Figure 5 is é block diagram of a variation of the apparatus of Figure 4
when OFDMA is used and where the plurality of coding groups contain data
stream.s from adifferent number of resource blocks;
Figure 6 is a block diagram of a variation of the apparatus of Figure 4
15 when SC-FDMA is used and where the plurality of coding grbups contain data
| streams from  two resource blocks;
Figure 7 is a flow diagram of a method for decoding at the destination
node of Figure 1 where the method of network coding of F'igure 3is used;
Figure 8 is é schematic drawing of théstructure_ of an OFDMA symboi for
| 20 OFDMA transmissions encoded at the rélay node using the method of Figure 3;
and
FigUrel 9 is a block diagram of an apparatus for decoding at the

destination node according to the method of Figure 7.



Dependi ng on the relay technique used, for exanple where a
decode- andf orward relay technique is used, relay node 110 nay decode the

i nf or mat iwo 2011/1b8vas recei ved. Alternatively, other rel agTiSechniogusse such
as a denodul ate-and- forward or an anplify-and-forward schene hay be used.
After receiving the information fromthg source nodes, relay node 110 then
transmts the |nformat|on on to destination node 130 in a second hop during
a second tj e used for the transm ssions nay
for exanpl HEH =S FIEM nultiple access (OFDVA) or
single carrier - frequency di vi si on rrultl pl e access §SC- FDMVA), or may be
any ot her higyre dtshows @ samnunicationsrsystena 19Riaqceripg te e prn&wﬁk Codi ng
the Transm ssion ~ WD 2011/ 108992PCT/ SG2011/ 000080 10 A net hod 300 for

rel ayi ng tembbdimenti The ¢comrhonicatiomnsysitéin 109 ceeprisdsetivansourceinodes kea ai d  of
Figures 2, 3 and 4. The transm ssion is perfornmed in the conmunications

syst em 100fifsk SHURBHER TEBIERd b%coha%ohﬂ:é hedélesh ] aedla noa@dqoleﬁm yia the
rel ay node 110. OFDMA transm ssion is used as an exanple. Figure 2 shows

(1 oL BRSSP OB B |1

respectively are source nodes, 120, 122 f

source-t o- ?%ll"&? rtO%% L??f%ﬁapﬁqﬁeofoﬂmh&“i%"lgh‘%@“ ﬂ/rﬁolhem?ﬂg%%%%tlﬁnce bl ocks
210, 212 may be consecutively nunbered, the n t o occupy

cont i guousn@d® ek pase statiopdReought ane o mer F?E%N”Og‘ﬁ% DuigAtte bl ock
RBN 218 nmay be all ocated to ot her source nodes Two of the resource

bl ocks 220upifik tsarsmsisbioar thesiveo souree aodes 18001 B2 trangmdiintosmiation ke thecach
OFDVA synbol 200 has N nunber of subcarriers which are grouped into 15NRB

| ocal i zed destinatioa rildeck30 (iBE) coraaeciclayehodel tnd usithgRido, hdgis2 The firfBNR, |
Each RB has NG nunber of subcarriers such that NRBXxNG=N. Turning nowto

Fi guref 3 A tdkes! f8caBLARE aFi6t fARE il viRaRRé Ysurtethddels 12roe1mbbmd 300
wi || be described. Figure shows the nethod 300 for netvvor

transmit th_elr data to the destination node 110.

Depending on the relay technique used, for example where a decode-and-
forward relay technique ie used, relay node 110 may vdecode thé information it
15 has received. Alternatively, other relay techniques suchAas a demodulate-and-
forward or an amplify-and-forWard scheme may be used. After receiving the’
informetion from the source nodee, felay node 110 then transmits the
informetion on to destination novde 130 in a second hop during a second time
slot. The modulation technique used for the transmissions may for example'be
20 orthogonel frequency diVision multiple access (OFDMA) or single carrier —
frequency division multiple access (SC-FDMA), or may be any other modulation

technique known to a skilled person.

Network Coding the Transmission




20 coding at the relay node 110 the transmtted information fromthe source
nodes 120, 122 to a destination node 130. Figure 4 is a bl ock diagram

showi ng awmoappamsgnas for |inear network coding at the recagcodeodz0 when
OFDMA is used WD 2011/108992PCT/ SG2011/000080 11 and where the coding
groups each contain data streans from typ resource bl ocks. In Step 310, the
transm SS|on is transmtted fromthe two source nodes 120, 122. This occurs

durlngthe irst t ot wh he firs eno s the
data symbofid" %&wd[é@e f%fe'éy'ngig? n]smé'itfcf}ﬂi o8N 'ﬂi&ﬁ%"ﬁsa E
transmts X2 X2,2 , X2,1vG . In Step 320, the relay node
110 recei vwﬁhghﬂagé@leélgy@f’éh?eaw énghﬁélﬁf@mlfﬁﬁi@mﬂsmﬁ'qu@ﬁd indheand t he
second source nodes 120,122. In this step, an.-estimate of the synbols in

t he transntessimumicationstsystend 100 faensduicet nares 120, Hp2detbel destinationand

decodi ng. Each resource block in the transm ssion results in a decoded data

stream af t gdEMBHRYia fd fel hede 110 symbol estimation techni que used
depends on the relaying scheme:deployed in the nmethod 300. In this exanpl e,

15 the glecode-and-forward scheme is used and perfect decoding is assumed at
the relay node 110. In Step 330, the data streans received fromthe source

done. usi ngORRBG PR Foiions =5 B aeiiieRbra? shol 6p e sl A bups

of hi gher dinensions; artitioning the data streang into i.pl e coding
groups: an@FDMAsymbal 38 tfﬁréngé\ﬂrﬁ,tr@@smlswsapgl{fqr in thegne Eﬂjr@ Oyr oups.
WD 2011/ 108992PCT/ S&011/ 000080

Two resource blocks (RBs) i.e. RB4 210 and RB; 212 respectively are assigned

to the two source nodes 120,122 for source-to-relay transmission. It is.noted
10 that while the resource blocks 210, 212 may be consecutively numbered, they
do not have to occupy contiguous subcarrier blocks within the OFDMA symbol.

The resource block RB, 218 may be allocated to other source nodes. Two of

- the resdurce blocks 220,222 are subcarriers allocated to other resource blocks.
Each OFDMA symbol 200 has N number of subcarriers which are grouped into

15 Ngrs Iocalized resource blocks (RB) respectively denoted-RB4, RBy, ..., RB,, .

Each RB has Ng number of subcarriers such that NrgxNg=N.

Turning now to Figures 3 and 4,.t_he method 300 and an apparatus 400 for the
method. 300 will be described. Figure 3 shows the methdd 300 for network

20  coding at the relay node 110 the transmitted information from the sodfce hodes
120, 122 to a destination node 130. Figure 4 is a block diagram showing an

apparatus for linear network coding at the relay node 110 when OFDMA is used



12 These strategies will be described to a greater detail later in this
description. In the present exanple, the data streans fromthe resource

bl ocks ofwohe1ffios®z and the second source nodes 120, 122 parsGgoiamwp@doi nto a
single coding group 5 which conprises NG = 2 subcarrier pairs. The nth pair
of this subcarrier group conprises the1 th decoded data synbol fromthe two
data streans, i.e. In Step 340, the codi ng groups are subjected to Forward
Error Correctiqgn 10(FEC), interleaving and,then constellation mapping and
modul ati on@ng WV %?'iﬁ)ﬁfa&'as@gomea%eg@am JRfaRlegRs ﬁ%@,t%@sea@? contain
data streans fromtw resource blocks (i.e. the data streans 402 and 404
for the coblogsgroup 480, and the data streams 412 and 414 for the coding
group 482). The data streans 402, 404, 412 and 414 from correspondi ng
resource blocks are bit streans 15- originating fromdifferent source
nodes. These data streans 402, 404, 412 and 414 are denoted using the

expr essi onjnftepd310, the trAR%MASFor RStPATEmMittEH Yro#e i &b Soured nbdes¥28, SK,i and

SK,2 . In the expression SA, B denoting a data stream the subscript Ais

an index mt'g%efhigf c[:gr% (ﬁﬂﬁ'l;dmewr%qﬂ?gfslott&ﬁ}e%%@ fﬁét(rfgoﬁgbe Egﬁeﬁﬂgscri pt Bis

an i ndex nunber 0 € source node from ch the stream 20 is

received. FEC is first perfornmed on each of the da strea by the FEC
units 420. T§REMES the.datasyimbals s)flr"e%ai)g,zt'he%&ﬁtﬂ"éﬁ%@cﬁet%ng?spyhﬂ BP9 avi ng

by an interleaver 430 and then constellation mapping and nodul ati on by a
nodul at i onq99itdandits Xlig[x@p@ ep.. 360, 1l inear network coding (LNC) is
applied. The LNC matrix i s”appfied ¥6r each coding group by a coding unit
450. Taking the coding group 480 as an exanple, a LNC matrix is applied
pair-wi se individually to each subcarrier pair

In Step 320, the relay node 110 receives and processes the transmission from

10  the first and the second source nodes 120,122. In this step, an estimate of the

symbols in the transmission is obtained by demodulation, or by demodulation

and decoding. Each resource block in the transmission results in a decoded

data stream after symbol estimation. The symbol estimation technique used

depends on the relaying scheme deployed in the method 300. In this example,

15  the decode-and-forward scheme is used and perfect decoding is assumed at

the relay node 110.

In Step 330, the data streams received from the source nodes are arranged into
coding groups. Optionally, this arrangement may be done using any
20  combination of the strategies of:
- having.coding groups of higher dimensions;
- - partitioning the data streams into multiple coding groups; and

- optimizing the grou.ping of data streams into coding groups.



5 of a coding group 480 as follows XLNC 1 XLNC, 2 = XLNC, 1,1 XLNC, 2,1 -
XLNC, 1,2 XLNC, 2,2 -T =T X1'1 X2,1 -x1,2 X2 2 , T denotes the 2x2 unitary
LNC mat r iwo 2o0h1e10899THT = TT" = 12. XL, Nc,i,i and XLNC, 2, PCrsGxuio00039 NG and
XLNC, 2, NG respectively denote X1,1 and X23 to XING and X2, NG after the
application of LNC. It is noted that th|(=2bdata streans assigned to 10 the
two resource bl ocks RBi, RB2 woul d have“been all ocated according to the

strategies nti oned, aboye in Step ,330. Al so, - precodi.ng data. streans
fromat | ekBese aateaissurl belesorber {0 @rpéeﬁtseé@\?g%l;'ﬁ{edd 5 deSER A onal
frequency diversity gain may be introduced and.- hence may.i nprove the power
efficiency of the communi cations system 100. ' '
In the present example, the data streams from the resource blocks of the first
and the second source nodes 120,122 are grouped into a single coding group
5  which comprises Ng = 2 subcarrier pairs. The n™ pair of this subcarrier group
comprises the n" decoded data symbol from the two data streams, i.e.

X, =| 2 | p=t,2,,N (1)
p_X :p_a, 34V G '

2,p

n Step 340, the coding groups are subjected to Forward Error Correction
10 (FEC), interleaving and then constellation mapping and modulation. In the
apparatus 400,»the coding groups 480, 482 each contain data streams from two
- resource blocks (i.e. the data strearﬁs 402 and 404 for the coding group 480,
and the data streams 412 and 414 for the coding group 482). The data streams
402, 404, 412 and 414 from corresponding resource bloqks are bit streams
. 15 . originatiﬁg from different source nodes. These data streams 402, 404, .412 and
414 are denoted using the expression Sa g i.e. they are respectively denoted by
S11, S12, Sk.1 and Sk . In the expression- Sa, g denoting a data stream, the |
subscript A is an index-number of the coding group of the data stream. The
subscript B is an index number of the source node from which the data stream
20 s received. FEC is first performed on each'of'the.dét‘a-s’tllreém's :by'\the':FEC'ur‘litsv' R
420. The corrected d.ata stream is then ‘subjected to bit-interleaving by an
interleaver 430 and then constellation mapping and»mc‘)dulation by a modulation

unit 440.



15 In general, given S data synbols, the LNC outputs S LNC coded synbol s
such 14 XL,Nc,n = TX" , n = 1, , NG . The LNC coding matrix of size S by
S, is giweo2by/08992 tI 1 t21 t12 t22 t1S PCT/SG2011/000080

13

In Step 350, linear network coding (LNC) is applied. The LNC matrix is applied
for each coding group by a coding unit 450. Taking the coding group 480 as an
éxample, a LNC matrix is applied pair-wise individually to each subcarrier pair

5 of a coding group 480 as follows

. _ - —
XLNc,1 _ ))({LNc,l,l T j((l,l :l
| “LNC,2,1 | 2,1
X, = —XLNC,1,2 | - T _X1,2 :|
9 ’ _X LNC,2,2 | _X 2,2
: (2)
X -~ XLNC,I,NG _T X, 1,Ng
et X LNC,2,Ng X 2,Ng

.

T denotes the 2x2 unitary LNC matrix, where T'T = TT" = I,. X,,.,, and
Xincas 10 Xincan, @nd X yc,y, fespectively denote X, and X, to X, and
X, x, after the application of LNC. It is noted that the data streams assigned to

10 the two resource blocks RB4, RB2 would have been éllocated according to the |
strategies mentioned- above in Step 330. Also, by precoding data streams from
at least two resource blocks in the frequency domain, additional fréquency
diversity gain may be introduced and hence may improve the power efficiency
of the communications systerh 100.

15

“In general, given S data symbols, the LNC outputs S LNC coded symbols such

that



t2S (4) tS1 tS1tSS and THT=TTH=I's, with Is. being a SxS identity
matrix. The coding matrix T optionally nay be a Hadamard nmatri x. The
Hadanmar d watnixiosm®y be constructed using any nethod thatrcrsceewawnoosn t he
art. If S=2K for sone positive integer K, theh T nmay be obtained as T =H ,
where Hs is constructed using Syl vester nstruction. In this case, Hk =
H2 H2kA for a 10positive integer Kk, Wne1re 0 denotes the Kronecker product
and HL = [1] , i.e., a matrix of size 1 with the single elenent being 1.
Al ternatively, X?ﬂl@){ < dXf metLon,My. al.so be used to forma Hada@rd
matri x. Qptionall'y,” the coding matrix T may al so be a Rotated Discrete

Fourier 15_Transform (DFT). trix,. In.this case, T = FD where Dis a
di agonal r’rﬁh?il-)[\'é\ﬁ?a']“éﬁ@ae’i'xt SRSy P I8 IOMBRRY gi ven by e-j (n-Dr1(2S) for

n=1,..., S, and Fis the DFT matrix with the (mn) th el enent given by
Clnz/ (2S) for n¥lj¢,.¢,S;--amd|n=1,..., S
- T, | | @
In I 0 lss

and T"T=TT"=l;, with Is. being a SxS identity matrix.

The coding matrix T optionally may be a Hadamard matrix. The Hadamard
matrix may be constructed using any method that is known in the art. If S=2

for some positive integer K, then T may be obtained as T=H; , where H; is
constructed using Sylvester Construction. In this case, H, =H, ®H ,, for a
10  positive integer k, where ® denotes the Kronecker product and H, =[1]., ie., a

matrix of size 1 with the single element being 1. Alternatively, Paley

.construction may also be used to form a Hadamard matrix.

Optionally, the cdding matrix T may also be a Rotated Discrete Fourier

15 Transform (DFT) matrix. in this case, T =FD where D is a diagonal matrix with
the n th diagonal element given by ¢ /"""7?% for n=1,..., S, and F is the DFT |

- matrix with the (m,n) th element given by ¢*?® form=1,..., S, and n=1,..., S.



WD 2011/ 108992PCT/ SG2011/ 000080 15 Optionally, the coding matrix T may al so
be a Pernmutation matrix such that ep(l) is a pernmutation matrix, where p(.)

uni quel y wapsiiarnsdndex in the set _ep(S) {1,..., S} to aanTiseden/ 00086 he set
{1,..., S} . enis a rowvector of length Swith 1 in the n th colum
position and O in every other position in optimal coding matrix T

i npl ement | ng LNC may be sel ect ed depend1 on the relay processing
performed prior to LNC for e t rocessing . for the different relay
D ohenes: subiptgoaly’ dERcadng Babnd VQ%B% RN HERRATE sHoR URdtar o

schene, or a
al so be sel ec
a nininizeﬁ?b

lify-and-forward schene. The optinmal coding 10 matri x may
€ ased on an optim zation criterion, for exanple to achieve

tpe ror rate, perfor nc or Lm t hr. to
i i e & et bner yF BEREIAERaR g et BLHERNED Pal HBIRHENE the 2, o
360, the synb yresulting from netvvork COdI ng are nmapped onto 15
subcarriers in resource blocks for transm ssion onto the desti nati on node.

The network, codgd s rrb |'s. a to subcarrle rat us 400
by the RB bﬂppl z%(bn hqémtg{qnot -ndt ARY \138 E%ngﬁoi‘%ﬁdsgd by
the relay node 110 for onward transm ssion to the destination node may not
necessari | theoe th belu&&ﬂpomﬂsmandeé)lblmkysotrmlpmhmah the relay node 110
receives data. 20 If a coding group contains data to be mapped to two

resourcg bl ocks, the output synbols fromLNC for each coding group is
re-organi zed respectively into two WD 2011/ 108992PCT/ SG2011/ 000080

An optimal coding matrix T implementing LNC may be selected depending on
the relay processing performed prior to LNC, for example the processing for the
different relay schemes such es a demodulate-and-forward scheme, decode-
and-forward scheme, or amplify-and-forwe'rd scheme. The optimal coding

10  matrix may also be selected based on an optimization criterion, for example to
achieve a minimized bit-error rate performance, or a maximized throughput, or

to minimize the energy used for relaying onto the destination node.

In Step 360, the symbols resulting from network coding ere mapped onto
15  subcarriers in resoerce blocks for fransmission onto the destination node. The

network coded symbols are mapped onto subcarriers in the apparatus 400 by
the RB mapping unit 460. It is noted that the resource bIocks used by the relay
node 110 for onward transhission to the destination node may not necessarily

‘be the same reseurce blocks upon which the relay node 110 receives data.

20 |
A Ifa coding group contains data to be mappedl to two resource blocks, the output

symbols from LNC for each coding group is re-ofganized respeetively into two



16 streanms, each of which contains NG synbols. The first stream consists of
the first synbol of each output vector fromLNC, i.e., XL,Nco,i , X LNC 1,2
5 X LN€o2oNGoseyd t he second consists of the second syaivsiG2oif/oee@sh out put
vector fromLNC, i.e., XLNC 2,1 XLNC2,25 5 X LNC, 2, NG Thus, in the
present enbodi nent where two resource ‘bié)cks for relay node to destination
node transm ssion-are assigned to the two data streans, the output after

appl yi ng LNC can be ,denot e XLNC, RBI = [ XLNC, LNC, 1, 2. = - X

XLNC, RB2LNEIr¢amgneach QPWF"CE C{Oﬁtﬁ‘{ﬂ;‘ m%&@%%@#é reamLa)5 %L’EHYQ:, RBI and
XLNc wi Il be mapped respectively to two resource blocks RBi and RB In

al t er nat i viirsé spmtvoheheachapetput veetor fiami INCnjse.e fart adXoq, sat-aXgich gans
received fromnore than two resource bl ocks, then the re-grouping of the

LNC 15 out gt 12y B0 B3sidtS of the'bBAdY syhBGH Wt B Vedfor IR Y NGy DO S

are

.., Xinca Xincaz> ™" XLNc,z,NG T

Thus, in the present embodiment where two resource blocks for relay node to
destination nodé transmission are assigned to the two data streams, the output

after applying LNC can be denoted

XLNC,RB, = [XLNC,I,I XLNC,1,2 XLNC,I,NG ] :
= : . (5)
XLNC,RB2 - [XLNC,Z,I XLNC,2,2 ) XLNC,Z,NG ]

10 where X, gs and XLNC.,RBZ will be mapped respectively to two resource blocks

RB. and RB,.

In alternative embodiments where the LNC is implemented on data streams
received from more than two resource blbocks, then the re-grouping of the LNC
15  output symbols may use a similar procedure where the output symbols are

m'épped onto the same number of resource blocks as that of the.resource
blocks upon which the data streams arrived at the relay node. In other words, if
LNC were to be applied to a coding group comprising 3 data streams from 3
resource blocks the output symbols from LNC may be mapped onto .3vres.ource

| 20 bIocks for 6nwafd transmission. Further, data from other sources 490 which are
not subjected to LNC may also be mapped 6nto rersource bIlocks for onward

transmission. -



mapped onto the sane nunber of resource bl ocks as that of the resource

bl ocks upon which the data streans arrived at the relay node. |In other

wor ds, | fwoN@wmes®2t o be applied to a codi ng group conpPCIiSGg01R3/0desa
streams from 3 resource bl ocks, the output synbols from LNC may be napped
onto 3 resource 20 blocks for onward trgnsm ssion. Further, data from other
sources 490 which are not subjected to LNC nay al so be napped onto resource
bl ocks for onward transm ssion. 17 Figure 8 shows the structure of an
OFDVA synbol 800 for OFDVA.transm ssions fromthe relay node 110 encoded at
the relay node using the nmethod 300 of Figure 3. The resource bl ocks RBi
810 and RBPiggIe8shopsdhe stugtuiapf apPBEPNA sembelRAP o) QFPMAXL NcABI  and

XL, Nc, RB, The resource block RBN. 818 may contain coded synbols from ot her
codi ng gr onpssmiBkiwnis| frork shS Alay Bade drl6 encodead at thesradhy node edingdhet her
resource bl ocks and may for exanple contain data synbols which are not
coded i n Siekhotb800 & Figus 3t Thé hesSIrEdBIGKEIRE, 8 and IRB,EMesprotialy 800

has N nunber of subcarriers and while the 10 resource bl ocks RBi and RB2

810, 81% rra%ag%og?g]ﬁﬂqgg{ﬂg YyfiH eged, 4 3[%&0 ”O‘rh%ar\éﬁgﬁ@gcebg&‘g%?w@he

conti guous subcarti er oc i Nk Ne&ebol .

OFDMA synbol 800 conprising. the resource blocks RBi and RB2 810, 812 is
transni t t e818 mayheordaistdodetli synbalsl frorsothepnodinggreeps-adte bleck®n 20,6822
Transform (1 FFT) is performed by an I FFT unit 470 to convert the frequency

conponent saf subtaridrbidilosxtedab oBEr resbarceltstotks@ndlonayifor exdrhplencdritaia
enbodi nents of the apparatus 400 will be described next. Referring now to

Figure 6, Eé@%@@égg@mq é‘rebrliéi%d%%fsi‘@bQBO?‘SMW&r%h%‘OF‘DI\PIR%gﬁMr atus 20

of Figure 4 wh i's used and where the codi ng groups 480, 482

contains d I f ! ki / processes
T gur e GBS IR BN FEEN bl Unchlis SAERANETHE' B OTS
codi n roups 2480, 24 ar e, e nd each codi roup, cont @i ns_ data
str eagkogf r GISPHIES '?'8%%%%@! %pd%é%gﬁaéﬁtrﬂ%y Eﬁt‘:&r@??@& ngbgr ; ¥3r the
coding WO 2011/ 108992PCT/ SG2011/ 000080 o :

not have to occupy contiguous subcarrier blocks within the OFDMA symbol.

In Step 370, the OFDMA symbol 800 comprising the resource blocks RB4 and
RB; 810, 812 is transmitted to the destination node 130. An Inverse Fast
15  Fourier Transform (IFFT) is performed by an IFFT unit 470 to convert the

frequency components of the OFDMA symbol 800 into the time domain.

Alternative embodiments of the apparatus 400 will be described next. Referring
now to Figure 6, Figure 6 shows a block diagram of a variation of the apparatus
20 of Figure 4 when SC-FDMA is used and where the coding groups 480, 482
contains dafa streams from two resource blocks. Like components/procesées in
Figure 6 use the same references as those émployed in Figure 4. Two coding
groups 2480, 2482 are present and each coding group contains data streams

from two resource blocks i.e. the data streams 402 and 404 for the coding



18 group 2480 and the data streans 412 and 414 for the coding group 2482.
In Step 340, a NG -point Fast Fourier Transform (FFT) is perfornmed by a NG
- poi nt FRVOwniw1029945, 2446 or 2447 to convert the signalPCrasabtiiongsd r om
constel l ati on mappi ng and nodul ation i.e. ‘the signal resulting fromthe
nodul ation-unit 440 to 5 the frequency mai n. The output from each FFT
unit 2445, 2446 or 2447 has NG synbol s d is then arranged for LNC by a
codi ng unit 450 45 the roup 2480 as an ex NG = 2.
The out put QH?UPc ?Pétt %a a&% § for the ﬁ?anQWR)?%[Ee'"codl ng
group, 2480 are each NG= 2 10 synbol S Iong The output fromthe first FFT
unit 2446 Btems4® e Msi-psint Feat bourersTransiormefFiT) is perorsedby afNeorpoing
second FFT unit 2447 forms the second row of the 2 x NG matrix. LNC is then
appl i ed onFFleuriit 24465 24d6ror244y tblvoneediting signiat resatinglftdrardonetellation St ep
370, an N-point IFFT unit 2470 is used instead of the IFFT unit 470. The

N-poi nt | FRbgping aﬁdlﬁ%dflﬂ'étfd?f i the fsldh%ﬂrés%lﬂﬁfd'frérﬁﬁﬂ_e o RBENGH tinit 480 Jt\loe

frequency corrponents of the mbol 80071 nto the time domain.

OFDMA s .
the st it egies @@énq@;aaﬂg.whg%hww 7 Wk #E5: i85 SRS ArShap 330 20

wi Il be’ descri I's note Pe&ECL rategies rmay be usef ul
there are rea om nor e reso ce b t hat have to be
net wor k cogii 94?)3 W’ﬁ@%ﬁﬁ&“@f%e& nghi"@'ltlg% ﬁ‘g%sl ons
2011/ 108992PCT/ SG2011/ 000080 19 I nst ead of havi ng NG nunber of codi ng
groups of subcarrier pairs (i.e. with a dinmension of 2), NG coding groups
containing sets of subcarriers may be forned. In this case, the coding
groups may Teking thacedmgsgroup24i80rassan exampleSNist 2. $helookput af thee fitste
dimension is S). Each n th coding group thus conprises the n th decoded
dat a synbohndl sesvedEFTainits'?448 st 2441 bEMEcoding group, 2480 Xreledich Ng= 2
10 symbols long. The output from the first FFT unit 2446 forms the first row of a 2 x
Ng matrix. The output from the second FFT unit 2447 forms the second row of
the 2 x Ng matrix. LNC is then appiied on the 2 x Ng matrix by the coding unit.

452.

15  Further, in Step 370, an N-point IFFT unit 2470 is used instead of the IFFT unit
470. The N-point IFFT unit 2470 performs a fixed length IFFT to convert the

frequency components of the OFDMA symbol 800 into the time domain.

.Next, the strategies for arranging data streams into coding groups in Step 330
20 will be described. It is noted that these strategies may be useful when there are -
- data'streams from more than tWo resource blocks that have to be network

coded.

Step 330: Having coding groups of higher dimensions




XS n ,nN 6) A 5x5 unitary LNC coding matrix is then applied to the
subcarrier set of each coding group individually in Step 350. In Step 360,
The LNC owOpuoti/iog9sehen regrouped into S coded data streaos/SGeaaho@sded dat a
stream havi ng NG LNC- 10 encoded synbol s and napped to S resource bl ocks.
Step 330:. Partitioning the data streamslgi nto multiple coding groups In
cases where there are nore than two resource bl ocks to be network coded,

t he resource bl pcks nay, pe rtitioned into | tiple codin ragps, wth
cach 15 or BRIPAD RIS erunost GheodTieaBiPe ' subBatie PRSI us " ¢ he
nunber of resource bl ocks assigned to each coding group may be different -
some codi ngimgnsigsohdl Maeoding Depvds containing ssts pggmenf@elm makde ot her

codi ng groups nay have higher dinensions. LNCis then applied to each

codi ng gr ofopmedpbar thistase, The sogiagtgroups may each Hevedasebeartibr sétewith Sw of
optim zing the grouping of the 20resource blocks into coding groups as wll

be descri bggtd syinfols (WD tRE Hikhd PR 2 ST/ E4FOA IH B6NIAG Grdip Rrissdomprisdso Fi gure

4, the enbodi ment of Figure 4 partitions the data streans into K coding

9roups d - eincCol B0cddt Badntifdl O BAcPpPHe $@ata SREAMEOW.NG group

cont ai ns WO T esource ocks.
X],n
X2n ,
X,=| .7 Ln=12,--,Ng _ (6)
. XS,n

A SxS unitary LNC coding matrix is then applied to the subcarrier set of each
“coding group individually in Step 350. In Step 360, The LNC output is then re-
grouped into S coded data streams, each coded data stream having Ng LNC-

10  encoded symbols and mapped to S resource blocks.

~ Step 330: Partitioning the data streams into multiple coding groups

In cases where there are more than two resource blocks:to be network coded,
the resource blocks may be partitioned into multiple codiﬁg groups, with each
15  group containing two or more resource blocks. In other words, the number bf
resource blocks assigned to each coding group may be different — some coding
groupslhave be aséigned.a pair of resource blocks, other ching groups may
have higher dimensions. LNC is then applied to each coding group separately.
This partitioning may be done with the view of optimizing the grouping of tﬁe

20 resource blocks into coding groups'as will be described Iafer;



Referring next to Figure 5 Figure 5 is a block diagramshow ng a variation
of the linear network coding at the relay node 110 when OFDMA is used and

| i ke conpwoentislogrecesses use the sanme references as thaCTissed /000080 gure 4.
The coding groups 1484, 1482 contain data streans froma differerit nunber
of resource bl ocks. The data streans arg, partitioned into K = 2 coding
groups. 10 Sone coding groups may contain data streans fromtwo resource

bl ocks e.g odi n roup 1482 which has the dajfa streans 41 nd 414, while
some may cgﬁ’f%ff'ﬂgg‘é%r Pu Aeé’?v%emb(?ﬁirﬂ%'ﬁa&é’fté}%wet, aaé@aﬁtﬂ&"eéﬁ‘%o%k%a”és.g.

codi ng group 1484 which has data streans 402, 404 and 406 from 3 resource
bl ocks. Beifd@ &ecadieg gealnsg.-&ycodingigraupBs to ceging groupAR2. Bashodi®50 wher e
LNC i s 15applied, the coding unit 1450 applies a 3-by-3 coding matri Xx.

Ref erri ng gmup corftaipsrdat® strebmsdrdm dvoresowrte Bignkse 6 uses SC- FDMA and
partitions the data streans into K = 2 coding groups i.e. coding group 2480
and codi ng group 2482. Each coding group contains data streans fromtw 20
resource bl ocks. As-is done when OFDVA nodul ation is used, the application’

S011) 10500 ReterPBOSB ROl 5o (B RIS BeBram wing 2 veriation of
Boni unct | oteteer aape (e ke Tefadh £16 AreRralofiA s (iR e ' "

specification. Step 330: Optim zing the grouping of data streans into

codi ng gr oGRRAPONBRISAreregpasttsethe samey referanses astthabieed in lHousutnth®yr oup
may conpensate for frequency diversity |oss due to the localized subcarrier
assi gnment coding lgro@pDIAS4,eBH82 cantain dataistreamsAromdedifferent amgdrasof may be to
have two or nore resburce blocks that are as uncorrel ated as possible in

one codi ngrexouwde bIBSRS.IT g dataadtrddmes aed partitioded iro des 2 crlinggroupde channel
has L i ndependent and identically distributed conplex Gaussian nultipaths

with za50 BBAML &5HInY gF&@ﬂkCﬁa%/cbntd'in Bata §HEarh 8 fidYn BRE fedduréeBldcRaeign node

channel ~has a w de-sense stationary uncorrelated scattering (WSSUS) uniform
gﬁ‘g’g;r ??L?X&&ﬁgfdrin% rﬁllgf V\&‘ﬁcﬁ ﬁggrﬂ@&é'tadé?@rﬁstﬁ?fgﬂﬁl41%99\%%@0% may"

contain data streams from more than two resource blocks e.g. coding grbup

1484 which has data étreams 402, 404 and 406 from 3 resource blocks.

Becauéé the coding group 1484 has 3 data streams, in Step 350 where LNC is

15 applied',' the coding unit 1450 applies a 3-by-3 coding matrix.

Referring now to Figure 6, the embodiment of Figure 6 uses SC-FDMA and
partitions the data streams into K = 2 coding groups.i.e. coding group 2480 ahd
coding group 2482. Each cod-ing group contains data streams frorﬁ two

20 resource blocks. As is done when QFDMA modulation is used, the application

of LNC 350 is performed in the frequency domain.



Hk =hle Nk = 0,1,- ,N-1 1=0 Nis the total nunber of subcarriers present
In the transm ssion synbol. The subcarrier correlation my then be witten
as E{HkHvp 20ins®2/ k L-1.2irpm Eke | N Eh*ej 1=0p=0 L- PCIAG20mpmod7r 1l c
=EEE{ hi h*p}ej N e N 1=0 p=0 .27rL(mk) J 1 L-1 j27¢f1(mKk)...N. I- e

21
It is notable that the strategy of partitioning the data streams into multiple coding

groups may be used in conjunction with any of the other strategies disclosed in

this specification.

5. Step 330: Optimizing the droupind 6f data strea(hs into coding groups
Optimizing thé grouping of data streams into coding group may compensate for
frequency diversity loss due to the localized subcarrier assignment in the
'OFDMA resource allocation. An ideal arrangement may be to have two or more

o reé‘ourée blocks that are as uncorrelated as possible in one coding groﬁp.

» . 4

| - Assuming that the relay node to destination node channel has L independent
and identivcally distributed complex Gaussian muItipathé with zero mean and
variance 1/L, i.e., the relay nQde to destination node channel has a wide-sense
stationary uncorrelated scattering (WSSUS) uniform powef délay profile, the

15 frequency domain channel coefficient for subcarrier k is .
Hy=Yhe ¥, k=01-,N-1 NG

N is the total number of subcarriers present in the transmission symbol. The

subcarrier correlation may then be written as



= -Ee N=.27r(mk) L 1=0.
NI L subcarrier indexes or integer
apart, theoroch@seyel

be uncorrel ated, hence independent.
profile for the relay node to destinati
conpl ex Gaussian nultipaths with zero

node channel

l-e NIf two subcarriers mand k are spaced
mul tiples of NIL subcarrier
coefficients (which are al so Gaussipam/sdietironimse ed) nay
As'sum ng an exponenti al

i ndexes

power del ay
with L independent

an and vari ance e-al//3, 1=0,

L-1, where =i-e-aL (8 P 10 the frequency domain correl ati on between
channel coeffickE H or the subcarrier k and mmay be witten as E{HkH:}
{L-1.21r1k L-1.2 m =E_ JEke-J '7>Lm h* el 1=0p=0 PN L-1 L-1.2gpm 2z1k JN (9)
—E{p he’ v Zh | v
1=

p=0

_27rpm 2rlk

L-1L-1

* J -J .
=ZZE{h,h }e Ng N (8)
1=0.p=0 ?
2xL(m-k)
K — F
_1“ j_z_fr’(;"_’c)_l_e N
_Z € - j27r(m——k)
= l-e ¥

" If two'subcarriers m and k are spaced N/L subcarrier indexes or integer
multiples of N/L subcarrier indexes apart, their channel coefficients (which are

also Gaussian distributed) may be uncorrelated, hence independent.

S
‘ASSIUming an eXpone’htiaI power dalay brafile for the relay nddel ta, destination
node channel with L independenfcomplex Gaussian multipaths with zaro mean
and variance e/, I=0, ..., L-1, where
p-=, ©)
l1-e
10 - the frequency domain correlation between channel coefficients for the
subcarrier k and m .may be written as
E{HH"
—f$inF S
1= p=0
L1 L1 2zrpm ',erlk _
_ggE{hh} | 10)
] &L k) gy -l_efﬂ,:"‘ﬂ-u
“FE

g j27t(m—k)_a
,B l-e ¥



L-1 2r/(mk) al a Ee pi=0i2r(mk) ati[i_e N W 2011/108992 Hence,
1E{HkH: ) :23 PCT/SG2011/000080 " 1+ e-2aL -2e"L cos( 271' (mk)) (m- k))
WO 2011/108992 _ PCT/SG2011/000080

23

1+e72% —2¢7 cos(gj—vir£ (m- k))

l+e™* —2¢™ cos(—zjg(m—k)) ()

When the two subcarriers m and k are spaced N/L subcarrier indexes or integer
multiples of N/L subcarrier indexes apart, the correlation betweén their ch.anriel

5 coefficients inay be lower than other subcarrier spacing vaIiJes.. Thus, resource
blocks allocated to each coding group may be spaced N/L subcarrier indexes or
integer multiples of N/L sijbcarrier indexes apart.to minimize correlation

~ between subcatrriers.

10 It is envisaged that while the minimization of correlation is performed in this
example for two subcarriérs m and k, in the case where the strategy of having
higher dimensional coding groups is used in conjunction with the present
strategy, the minimization of correlation may not be doné pair-wise, but rather
may be done with the aim of minimizing the correlation amongst all the

- 15 subcarriers of the higher dimensional coding group.

Further, where the strategy of partitioning into multiple coding groups is also

used, the min.imization of correlation may not be locally optimum within each

coding group, but the aim of minimizing the correlation amongst subcarriers
20 may be a globally optimum allocation of subcérriers across the 'multiple coding

groups.



When the two subcarriers mand k are spaced NI L subcarrier indexes or
integer nmultiples of NIL subcarrier indexes apart, the correlation between
t heir chawoebi1Bioswef ficients may be | ower than ot her sulpcarscGeer/os@aci ng

val ues. Thus, resource blocks allocated to each codi ng group may be spaced
NI L subcarrler i ndexes or i nteger nultllies of NIL subcarrier indexes apart
to mnimze correl ati on between subcarriers. 10It is envisaged that while
the minimzation of correlation is performed in this exanple for two
subcarriers mand k, in the case where the strategy of having higher

di mensi onal coding groups is used in conjunction with the present strategy,
t he mi ni nm Pecodingdhe Fansuisgiomn may not be done pair-w se, but rather may
be done with the aimof mninmzing the correlation anongst all the 15
_subcarri eAsthef dédtimation mededi3te i natwork added trgnemissidruistieeeivediagde t he
strategy of partitioning into nmultiple coding groups is also used, the

m nim zat | Qéc&fed?@'dtfrleaﬁ sr%WéTEYnélﬂbd%d@Péébddlﬁ@fthéTHélvVMrk t('theGaCh codi ng
group, but the aim'of mnimzing the correlation” anongst subcarriers 20my

o oups.” b@‘@M%%%%&%8%%%‘8%%%%33@3’5@“&%c',%?ng%& Gt el on A

the destination,n 0 e net ed transn s and
decodeq.  FagRmat ot dec thg ¢ ﬁrra e e indde e Pl s
transm ssion at _the desti natl on node gure 9 is .a block diagram of
an appar at Gigus®@. Tbe metbedi’Rg vl b@rﬂ&es&é@?ﬂ rﬁ‘&?‘t with ﬁ'ﬂﬁlé'da‘éfd:dg'drqfid @@gﬁhe
nmet hod of Figure 7. The nethod 700 will be described next with the aid of

Figures 7 and 9. In Step 710, the network coded transmi ssion is received
at the destination node 10130. The received signal is converted into

frequency moB®ip710) tiidAetirkicated transmission is received at the destination node

10  130. The received signal is converted-into frequency domain in the apparatus

900 by performing Fast_Fcurier Transform (FFT) ina FFT unit 970.

| In Stepv720, the resource blocks present in the network coded .trarrsmission are
de-mapped by a demapper 960. When doing eo, the resource blocks may be
15 .eeparated into two categories i.e. LNC resource blocks 955 which have. LNC
applied, and non-LNC resource blocks 950 which do not have LNC applied.
_f Other forms of coding however may be applied to the non-LNC resource blocks

950.

20 In Step 730, demodulation and de-interleaving are performed on the LNC
resource blocks 955 and non-LNC resource blocks 950. Demodulatlon is
performed to calculate the soft metric values for the decoders 920 which
perform FEC decoding. For the signals from the LNC resource blocks 955, joint

detection may be implemented for each subcarrier pair-or collection of



900 by perform ng Fast Fourier Transform (FFT) in a FFT unit 970. In Step
720, the resource bl ocks present in the network coded transm ssion are

de- mappedwbyon/wesvapper 960. Wien doi ng so, the resourcechiscekd/onego be 15
separated into two categories i.e. LNC resource ‘bl ocks 955 whi ch have LNC
applied, and non-LNC resource bl ocks 95{ which do not have LNC appli ed. .
O her fornms of coding however may be applied to the non-LNC resource bl ocks
950. 20 In tqeﬁp_730, denodyl.ati on and de-intfe | eavi n ' rfornmed on the
LNC r esour sbEEieangURRd In e trding gicireel hedeiey B TIE AWIPEE on i s
performed to calculate the soft nmetric values for the decoders 920 which
per f or m FEdel@stionisaiemedinownetogdhgskilledfnessen maylhaaprliesh eek the ocks 955,
joint detection may be inplenmented for each subcarrier pair or collection
of WO 201dakiBIMARETh&SEP Gatec600Blis 25 dend trathel apparatsis@0iuped joint t he codi ng
groups of the relay node 110. Any joint detection schene known to the

skil | ed pegs@adiRitoS458Rd ifjoit-dbridulgiex 0aBthlis HetodmrotedNEeblmy this
is done in the apparatus 900 by a joint denodul ator 945 and the joint

denDdng'lt O{ha?@%;%ﬁggﬁgﬁgcé?a Ib?)ﬁ’ ! I\fg‘cqggbmetdp@éksi%@_resent in the data of

the LNC resourc e signals originating fromLNC resource
bl ocks 955, taking for exanple the case where the coding groups conprise
two RBs, (e.g. the enbodiment of Figures 4 or 6), the signals YLNC Ici and

1LNC, k2 ma¥ be witten as 10 [YyYLNC ki[H oki HO 2 T xXki vVki k2k
or the signals originating from LNC resource blocks 955, taking for example

the case where the coding groups comprise two RBs, (e.g. the embodiment of

Figures 4 or 6), the signals Yincy, @nd Yy, may be written as
Y ING; K H k 0 ] X K Vk1 ) .
= T +
Y, LNC,k, 0 H I X k sz o ‘
10 s . - (12)
, - X, | |V v ‘ :
X k, sz

where subscript index k; and k; denote two. LNC resource blocks. Similar

equations may be derived for cod:irig groups of higher dimensions.

T denc;tes the coding matrix that was applied for LNC in Step 350 of the relay
15 node 110. Hkl and H, respectively denote the channel response on the
subcarriers of the ks and k, LNC resource blocks. The signals originating from
LNC resource blocks 955 may thus be decoded in block unit 945 by applying
the decoding matrix H, . This generates the soft metric values Whic_:h are de-

interleaved by the de-interleavers 930. The de-interleaved soft metric values are

20 then subsequenﬂy used by the decoders 920.



= HT [ XXkk: + [VWVkk: where subscript index k1l and k2 denote two LNC
resource blocks. Simlar equations may be derived for codi ng groups of

hi gher diwernsiiomngy2 T denotes the coding nmatrix thacmsagoappéosed f or
LNC in Step 350 of the relay 15 node 110. Hki and 11k2 respectively denote
t he channel response on the subcarrier f the k1 and k2 LNC resource

bl ocks. The signals originating fromL resource bl ocks 955 may t hus be

decoded i n_bl ock t 945 b th matri x: HT. Th

generates [ HESQBP Fm the "P\Q/Tla\i‘g réﬁ?‘@ﬁ 5’?%?(83;% conventiona} g%’é‘\?@ﬂfa@wt he
de-interleavers 930. The de-interl eaved soft netric values are 20 then
subsequent maykeimpgmentediesiogany teclniquethatds knaws do Hrecskiled persono0080 26
For signals fromthe non-LNC resource bl ocks 950, conventional denodul dtion
nmay be i npThisEistdeteus it apparatescd00 hya ¢draentisndrdemodudaton®46kThéed person.
This is done in the apparatus 900 by a conventional denmodul ator 940. The

si gnal s Orb@haﬁstcbrﬂj]nétir@ﬁrér'ﬁethé%n'—LN¢CW@§<§I%é%Ié&I@C9®O &5ftaimQii-abdled!n- coded 5

data i.e. data wh IS not network coded and may be witten as Ynon-LNC, k -

= He Xig VKGR, S o Bl Biludfl AR FRYBRIiRLY abhe 1 equency

domai n Chann response on a subcarrier user data and the
Additive Wiite Gaussian Noise (AWGN). The signals originating fro he

non- LNC r esour dex-1@.57 &eKks 950 may t hus be denpdul ated with any Pﬁﬁ
conventional schenes-in blocks 940. Soft netric values are generated by the

convent i on@heds MRAM, Ainar vV.odéhae dedpgirtivelgtie flequBhey demeaticthanridie
de-interleavers 930. The de-interleaved soft netric values are then used by
the deCOdefésp%%ge on a subcarrier k; the non-LNC user data and the Additive White
| Gaussian N0|se (AWGN). The signhals orlglnatlng from the non-LNC resource
10  blocks 950 may thus be demodulated with any conventional schemes in blocks
~ 940. Soft metric values are generated by the conventional demodulator 940 and

these are de-intefleaved by the de-interleavers 930. The de-interleaved soft'".

metric values are then used by the decoders 920.

156  In Step 740, the signals after the demodulation and de-interleaving are decoded
in decoders 920. The decoders 920 perform FEC decodihg and may be

implemented using any technique that is known to the skilled person.

While the communications system 100 of Figure 1 is illustrated with two source
20 nodes i.e. the first and the second source nodes 120, 122, alternative
embodiments may have rﬁore than two source nodes. The method 300 fof
network coding a transmission and the method 700 for decoding the network
coded transmission are not limited fo a dommunicatidns system with ohly two

source nodes. When more than two source nodes are associated with the relay



15In Step 740, the signals after the denodul ati on and de-interleaving are
decoded in decoders 920. The decoders 920 perform FEC decodi ng and nay be

i npl enentwad 206i/10899any t echni que that is known to the skipCrsd2marsaso Wil e
t he conmuni cations system 100 of Figure 1 is illustrated with two source
20nodes i.e. the first and the second rce nodes 120, 122, alternative
enbodi rents may have nore than two sourTe nodes. The nethod 300 for network
coding a transni ssion and the nethod 700 for decoding the network coded
transni ssi BRderBedNC schemesandeaepliad ie dbihediala sysaas Rmrhe sPyrdewo
source nodes. Wen nore than two source nodes are associated with the relay
WD 2011/ 10808e$ T4 SR ¢odidg @souR Opliatellyt e soutce ohdes mayrbepaditiphédd t o
all the data streans fromthe source nodes in a single codihg group.

Opt i onal | yintd Benurabéicst disjdins codinglaonps,tard IONEds iapphiediseparataly ¢ edtisj oi nt
codi ng groups, and LNC is applied separately to each codi ng group.

Al ternativgyg b@&nts may al so use other relaying approaches known to the
skilled person; "e.g., anplify-and-forward approach or
denodul at e- and- f or war d. Al ternative enbodi nents may al so use other forns

of nodul ati on schenmes 10 ot her than OFDVA or SC-FDVA by applying LNC to

dat a st_rea'r@ in.t he'frqt)asﬂuen dom?i n. Alternative enbodi,nents maé%j | so use -
the met hod"46Enatiye SRRUMENELTEN PSP V52 ALIR" (SlaYnaARPraAChaRKkIRNH 0 for
decodi ng the network coded 15 transm ssion with comuni cation devices with
nul ti pl e aBkilechaersomy eyicamality=and-foswaediaprroash©r demadulatgyansefoRyartbed f or
havi ng nmul tiple source nodes. Rather; each antenna may be regarded as a

source node. Data streans transmtted on each antenna of a single source
node will be received as data streans frommultiple source nodes at the

rel ay nodepkdthzANE enfisstimentsdmaglalstduss ethr ferndof nbaaRtioncherescodi ng nmay
be applied. The described enbodi nents shoul d not be construed as _
i m tatd Ve e WA SMEE-EONIR HesI)iRE LNRTRP dhiERdticartiS Rifiiebe the
net wor d coayﬁeg tgﬁ?@ ansdﬁss('bsi on ‘an c%ﬂgngﬁf)r?pa networ k coded -
transm ssi ARSI hogs 300
h requency domain. =
Alternative embodiments may also use the method 300 for network coding a
- transmission and/or the-method 700 for decoding the network coded
15  transmission with communication devices with multiple antennas. In such a

| case, as an example, there may be no need for having multiple source nodes.

Rather, each antenna may be regarded as a source node. Data streams

transmitted on each antenna of a single source node will be received as data

streams from multiple source nodes at the'relay node 110 and resource block

20. grouping and linear network coding may be applied.

The described embodiments should not bevconstrued as limitative. For
example, while the described embodiments describe the network coding of a

transmission and decoding of a network coded transmission as methods 300



WO 2011/ 108992PCT/ SG2011/ 000080 28 and 700, it woul d be apparent that the
nmet hods may be inplenented as a device, specifically as a nobile device or
an | nt egrapedidioswait (1 C). The nobil e device or | C rmayPCmSIGad/0a0080
processi'ng unit configured to performthe various nethod steps discussed
earlier. 5 Also, while the method 300 apd nethod 700 are described using

| i near network codi ng, however it is envisaged that the network coding

applied does have be lin d other,-suitable netwyrk coding
morhods g OsEoud Be Foptetitha PR an5Hs ek Baimg R tebaS iy Lake t he
formof a bit-wi se XOR 10operation. Further, while the conmunications

syst em 100de¥caesradifisaly as amohie HepiceanmmintiagratadCisguit da.wia @obiie

transm ssion fromthe source nodes to the relay node takes place during a
first ti medevVioé oal@ maeinchalesarpexiessingrunit cdrdiglbedbtcageniardetheovarioas
destination node takes place during a second tine slot, it should be

apparent t haithddstepsaidduessedieadigrent may be used in a multiple-hop
comuni cations system In this case, there may be nmultiple internedi ate

rel ay nodes between the source nodes and the destination node, and the
relay nodes may relay data originating fromthe source nodes between

t hensel ves ,20befqre finall ansym t L. h i | OF t her,
whi e the AEDnSEMEGac Hikhed AhBEThbliR el Hed b IR i iBmotk (1oL
be understood that the nethods y. be used Oﬂ(e after a é)éger for, receiving,
Chen ol ayPARINGi ROWRVRL LIS RfviSaged that thenatwerk soding @pplied depsBPENANR i ce VIO
2011/ 108992PCT/ SG2011/ 000080 29 may for exanple performthe nmethod 700 for,

decodi ng t ebe inearandoined suitabis metwordrcading metieds aaydesyseshfs albon whi ch
t he met hod 300 for network coding a transm ssion is then perforned.
example, the network coding applied may take the form of a bit-wise XOR

10 operation;

Further, while the corﬁmunications system 100 is described as a two-hop
communications system where the transmission from the source nodes to the
relay node takes place during a first time s_Idt and the transmission fromv the

15 relay node to the destination nOdé takes’pléce during a second tirhe sl;)t, it
should be apparent that the example ehbodiment may be used in a rﬁultiple-

" hop communications system. In thisvcase,vthere may:be multiple intermediate

relayv_nod_e's betwe‘e.n the source nodes and the destination node, and the relay
nodes may relay data originating from the source nodes between themselves

20 before finally transmitting to the destination node.

Further, while the method 300 and method 700 are described as two rhethods,
it should be understood that the methods may be used one after another for

receiving, then relaying within a single device. In such a case, the single device



5 Wil st exanpl e enbodi nents of the invention have been described in
detail, many variations are possible within the scope of the invention as
will be cweanitwsm2skilled reader. 30 Clains 1. A netlra/sScRomnsb@go ng dat a
for a wireless frequency division multiple access network conprising
Sreceiving data carried by respective sgbcarriers; net wor k codi ng
the data of at |east two of the subcarriers having mnimzed correlation;

d d I L it ' bl ock
For rol ayi AV SXaR RAaFaL eir%eﬁeddﬁ%fﬁsaocieﬁéﬁﬁhﬁw% GF&m 1 wher ei n
t he network codi ng includes 1inear network coding A pet hod according
to any pr cE@nsmigsondparofésaeatarseeams PBQ‘%WW%”@me@Qd@%{%@ﬁFW‘P rs has a

| owest. correl ati on arongst the subcarriers between their respective .
frequency ctlimg a tedresnmission e fHfancperfarsned. 4. A net hod according to claim 3
wherein the at |least two of the subcarriers . is spaced integer nultiples of
NI L subcarrier indexes apart; 20 where N is a nunber of subcarriers in the
subcarriers; and L is a nunber of nultipaths to the destination. :

5 - Whilst example embodiments of the invention have been described in detail,

many variations are possible within the scope of the invention as will be clear to

a skilled reader.



WO 2011/ 108992PCT/ SG2011/ 000080 31 5. A nmet hod according to any preceding
claimwherein one of the plurality of resource bl ocks further conprises

un- coded wat2ai1/108992 A nmet hod according to any pr ecesicag 10b@sm
wherein receiving the data 5 further conprises applying forward error
correction to the data of the subcarrlg and interleaving the forward
error correction coded data. nmet hod according to claim®6 wherein
receiving the data further 10 conpri ses ‘mappi ng the interl eaved
forward er m orrection coded data onto a plurality of nodul ati on synbols.
8. .A nmethod according to any preceding claimwherein the wireless 15
frequency di vision nultiple access network uses Othogonal Frequency

Di vision Multiple Access. 9. A nmet hod according to any preceding claim
wher ei n t he, wi r Rlnesthotirof geleying ddita fari a)wweidsslfmcmeacyeimsmemmmkleuses Single
Channel - Fr equency 20Dt vision Multiple Access. 10.” A nethod according to

claim9 whgg ,{eh\@oﬂ@édpﬁgﬁs,ﬁgdl ng furt her .conprises WD
2011/ 108992PCT/ SG&2011/ 000 ' conver ti ng. the dat a to the frequency

domai n §y per f ofdTbRehd Qe &rribd %Q%Q%Etlve subcarriers;
network coding the data of at least two of the subcarriers having
minimized correlation; and
mapping the network coded data to a plurality of resource blocks for

~ relaying to a destination.

10
2. A method according to claim 1 wherein the-rjetwork coding includes
linear network coding.
3. A method according to any preceding claim wherein the at least two of

15 the subcarriers has a lowest correlation amongst the subcarriers between their

respective frequency domain channel coefficients.

4. A method avccording to claim 3 wherein the at least two of the subcarriers
is. spaced integer multiples of 'N/Lv subcerrier indexes apart;
20 where
Nis e number of subcarriers in the scharriers; and

L is a number of multipaths to the destination.



11. A nmethod according to any preceding claimwherein the relaying to the
S5destination is in the time domain. 12. A nethod according to any preceding
cl ai m wheweinitttogoonet wor k codi ng i s dependent on a reIayctemhmnqmmmselected
fromthe group cohsisting of: decode-and-forward rel aying;

10ampl i fy-and-forward rel ayi ng; and deg?vzlate and-forward relaying. . 13. A
met hod according to any precedi ng cl ai erein the network coding IS

optim zed based on criterion selected fromthe group co fshstl n%
15ni ni mum i t - efrBet hpate@csed'm@maﬂwrewgrﬁmm NYRrgiRRnRe oft ity
energy for relaying to the destination. 14. A met hod according to any

pr ecedi ng -of reisoundechlocks ﬁmeneommnsesmrc@ezmampn ses applying to the dat a
a unitary matrix. WD 2011/108992PCT/ SG2011/ 000080 33 16. A nethod ,
according to any of cl aims 1 to 13 wherein network coding conprises.
appl ying to the data a rotated discrete Fouri.er. transformmtrix. -
' © 6. A method according to-any precedlng claim wherem recelvmg the data
5 further comprises -
applying forward error correction to the data of the subcarriers.; and

interleaving the forward error correcti'on_ coded data.

7. A method according to claim 6 wherein receiving the data further
10 comprises
mapping the interleaved forward error correction coded data onto a

plurality of modulation symbols.

8. A method according to any preceding claim wherein the wireless
15 frequency division multiple access network uses Orthogonal Frequency Division

-Multiple Access.

9. A method according to any preceding claim wherein the wireless
. frequency division multiple access network usesSing|e Channel - Frequency

20 Division Multiple Access.

10. ~ A method according to claim 9 wherein the network coding further

comprises



17. A method according to any of clains 1 to 13 wherein the network codi ng
conprises applying to the data a pernutation matrix. 18. A nethod

accor di ngvoeoampspeecedi ng cl ai m wherei n recei vi ng dat aprcarsczed/0byoso
respective subcarriers includes receiving fromat |east two sources. 10
19. A net hod according to claim18 mhergg? the at | east two sources are
antennas of 'a device. 20. A decoding hod for a wirel ess frequency -
division multiple acgcess network conprising 15recei ving network coded data
whi ch i s mappedoRRyeLting fheateodhe frEQHERELIRMBEEY PEHEMBORIUECE oded dat
being forned fromdata which is network coded fromat |east two subcarriers
havi ng ni ntransfetmcorrel ati ons; de- mappi ng the network coded data fromthe
plurality of resource bl ocks; and 20decodi ng the network coded data to
recover the data. 21. A decoding nethod according to claim20 wherein
decodi ng the network coded data conprises W) 2011/108992PCT/ SG2011/ 000080

34 app! Vi AgnathdacREbRAng® bhy préicding BT ShetemtABM8layingsBARse and
decodes the network coded data at the sane tinme. 22.A decodi ng met hod

accor diglg okl bMid h AR UoRRRhY N the decoding

12. A method according to.any preceding claim wherein the network coding
ié dependent on a relay technique selected from the group consisting of: |
decode-and-forward felaying;
10 amplify-and-forward felayirig; and

demodulaté-and-forward relaying.

13. VA method according to ény preceding claim wherein the network coding
is optimized based on a criterion selected from the group consisting of:
15 ‘minimum bit-error rate performance;
maximum throughpht; and

minimum energy for relaying to the destination.

14. A method according to any preceding claim wherein the network coding

20 comprises applying to the data a unitary matrix.

15. A method according to any preceding claim wherein the network coding

comprises applying to the data a Hadamard matrix.



5 matrix conprises denodul ati ng the network coded data to produce soft
nmetric values, the soft netric val ues being a decodi ng of the network coded
dat a; andwdeeimtembeavi ng the soft metric val ues. 10 23prcAvsdeciawmnengo net hod
according to any of clainms 20 to 22 wheréin the network coded data
conprises nultiple data streans and thquethod further conprises jointly
denodul ating the nultiple data streans.” 15 24. A decodi ng nmet hod codi ng

accordi ng claim 23 wherej.n one of .the pluralijty of resource bl ocks
further coa?%'ri sedng 99&?@8“&%930 éﬂlﬁlofﬁgmgj#ﬁgﬁ‘ﬂ er@é’bﬁ?éﬂ%g CPANInet wor k
coded data fromthe un-coded data. 25. A communi cation nmethod in a wirel ess
frequency eompssesapplyingdpdhe data 8 setaterbdiserate Fonper tangform malkiki ving at a
relay data carried by respective subcarriers; network coding the data of at

| east two of the subcarriers having mnimzed correlation; WO
2011/ 108992PCT/ SG2011/ 000080 35 mappi ng the network coded data to a

plurality ¢f reaqHet@dMRekding 8 ahf bR¥laiis 11Goa HRREeNRHORStWoRK 8bYinGY t he
network coded data at the destination; de-nmapping the network coded data

fromt p N : (S A ing the network coded data
tor ecgs\?er Hg’rhgl'%%%’ gBE)nyn%stBLlﬁg Qlall QP muBtbndRSes
18. | A mefhod according to any preceding claim wherein receiving data

carried by respective subcarriers includes receiving from at least two sources.

10 19. A method according to claim 18 wherein the at least two sources are

antennas of a device.

20. A decoding method for a wireless frequency division multiple accessv
network comprising | |
15 receiving network coded data which is mapped»to.a plurality of resource
blocks, the network coded data being formed from data which is network coded
from at Iea‘st two subcarriers having minimized correlations;.
de-mapping the network coded data from the plurality df revsource blocks;
and | |

20 - decoding the network coded data to recover the data.

21. A decoding mefhod according to claim 20 wherein decoding the network

coded data comprises



26. A relay device for a wireless frequency division nultiple access
networ k conprising 10a receiver configured to receive data carried by

respect i wwouhiemsyeers; and a processor confi gur edTiSG20Wt00msk code
the data of at |east two of the subcarriers having mnimzed correlation;
and - wherein the processor i3's4further configured to map the

network coded 15data to a plurality of Tesource blocks for relaying to a
destination. 27. An integrated gircuit for a rel device of a wreless -
frequency di vi SFBWVWQI%’ET?%&}%E@EX H‘&'%W%‘(ﬁ%‘?‘ F@gﬂ@&a{ﬁsﬁ’-?ﬂs@r?r& e ~
configured to receive data carried by respective subcarriers; 20 and

a processi figcedas thedqiatvgls eefdaddataraldhe sa@dimee data of - at |east two of -

t he subcarriers having mnimzed correlation; and wherein the
processing unit is further configured to map the network coded data to a
plurality of resource blocks for relaying to a destination. 36 28. A

rel ayi ng npphodaAfddcoafig@elhaabadddeding té crdimel eahefdin app thevdedoding
mul ti pl e access. network conprising receiving data carried by respective
sub' cargi eﬁ%tri?é&%ﬁ%eé‘etmrk coding the data of at |east two of the
subcarriers; an _ o , '

demodulating the network coded data to producé soft metric values, the
soft metric values being a decoding of the network coded data; and

de-interleaving the soft metric values.

10 23. A decoding method according to any of claims 20 to 22 wherein the
network coded data comprises multiple data streams and the method further
comprises

jointly demodulating the multiple data streams.

15 24. A decoding method coding according to claim 23 wherein one of the
pIUraIity of resource blocks further comprises un-coded data and the de-

~ mapping separates the network coded data from the un-boded data.

25. A communication method in a wireless frequency division multiple
20 access network comprising
| receiying at a relay data carried by res.pective subcarriers;
ne’Mork coding the data of at least two of the subcarriers having

minimized correlation;



mappi ng the network coded data to a plurality of resource bl ocks for
relaying to a destination.
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mapping the network coded data to a plurality of resource blocks for

- relaying to a destination;

r'e_cei'ving"t'h‘e‘_netvvbrk} coded data at the destination;
de-mapping the network coded data from the plurality of resource blocks;
and

deCoding the network coded data to recover the data.

26. A relay device for a wireless frequency division multiple access r}1etwork~
comprising

a receiver configured to receive data carried by respective subcérriers;
and

é processor configured to network code the data of at least two of the
subcarriers. having minimized cqrrelation; and

wherein the processor is further configured to map the network coded

data to a plurality of resource blocks for relaying to a destination.

27. Anintegrated circuit for a relay device of a wireless fre‘que‘ncyv division
multiple access network comprising
an interface configured to receive data cal;ried by respective subcarriers;
and
‘a processing unit configured to network code the data of at least two of
the subcarriers having minimized correlation; and
wherein the processing unit is further configured to map the network

coded data to a plurality of resource blocks for relaying to a destination.
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- 28. A relaying method for network coding in a Wireless frequencyAdivision
, m,ultiple access network compr.i‘s'ing_ H |
o receiving d_éta car,.riédrby reépectiye _sub_“carrier-s;, -
Iineér network codihg thé data of at Iéast two of the subcarriers; and
mapping the network coded data to a plurality of resource blocks for

- relaying to a destination.



