A met hod of communi cation FIELD OF THE | NVENTI ON The present invention
relates to a nethod of comrunication, a relay station, a base station, a
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FIELD OF THE INVENTION

The present invention relates to a method of communication, a relay
5  station, a base station, a communication network, a user equipment and an
integrated circuit, and relates particularly though not solely to distributed rate

'setting and coding schemes.

BACKGROUND
10 | The following abbreviations may be used in this specification:
MAC multiple access channels |
CMAC A cooperative MAC
MARC multiple access relay channels
BRC broadcast relay channels
15 DF decode-and-forward
SNR signal to noise ratio
FER frame error rate
RSC . recursive convolutional code
LO local oscillator
20 AWGN additive white Gaussian noise
BPSK binary phase shift keying
CC convolutional code

BS base station



CC convol utional code BS base stationUE user equi pnment OFDM ort hogonal
frequency division nmultiplex SCCP single carrier cyclic prefix OFDVA

or t hogon f y division multiple access SC-FDMVA si - '
frequenc?klgiz\(}ﬁ)ygjr}srml ti pl e access DFT- Spread- OFDM di sc?g?}gﬁﬁg@@:b@r%
transform spread OFDM FEC forward error_correction STBC space tinme bl ock
code LLR | og-likelihood ratio IR increrental redundancy CP cyclic prefix
TDVA time division nultiple access RS relay station MMO multiple input
mul ti pl e & put ACK acknowueeeqwpmeRhCK negati ve acknow edgenent SDVA
spatial division nmultiple access EXIT extrinsic information transfer

OFDM orthogonal frequency division-multiplex
SCCP single carrier cyclic prefix A
OFDMA orthogonal frequency division muItiple access
5 SC-FDMA single-carrier frequency division multiple access

DFT-Spread-OFDM discrete Fourier transform spread OFDM

- FEC forward error correction
STBC ~ space time block code
LLR ' log-likelihood ratio
10 IR incremental redundancy
CcpP cyclic prefix
TDMA time division multiple access
RS | relay station
MIMO - multiple input multiple output
15 ACK - acknowledgement
NACK negative acknowledgement
SDMA | spatial division multiple access
.EXIT ‘ extrin»sic information transfer
S source
20 R relay
D destination
CC(e) convolutional code with settings in parenthesis

PCC(e) parallel concatenated code with settings in parenthesis



S source Rrelay D destination CC(.) convolutional code with setting PCC(")
paral l el concatenated code witl Pout () probability of information outage

/() mut u%pgz%%é?%%i on gLB the SNR fromA to B SNR t he §EJE{SH§&WW@)O|E‘§VB in

the L/-t SUMVARY COF THE.| NVENTI ON I'n gener al ention
rel ates to conbining distributed Al anpbuti spacetinme coding with

decode- and-forward cooperative relay stBategy using distributed

rat e-conpati ble error correction codes. This may have one or nore

advant agespsygh as: 1. a sigrpbabifyHfarformatisiButsgd echni que for designing a
code for a “ooperative relay network may provide-increased wireless

capacity an@ link quality; 2. a cading technique for a cooperative relay
networ k wi £) a | ow i npl enerPdtRbiNT@MIANi ty, for exanpl e using
convol utional codes; and/or 3. a code design for a cooperative rel ay

net wor k \Ahj,A%h may have an ¢ré INR from 4 to B

SNRYY * the SNR from 4 to B in the N-th time slot

SUMMARY OF THE INVENTION

In general terms the invention relates to combining distributed Alamouti space-
time coding with decode-and-forward cooperative relay strategy using
distributed rate-compatible error correction codes. This may have one or more

10 advantages such as:
1. a simple and/or systematic technique for designing a code for a
cooperative relay network may provide increased wireless capacity and link
quality;
2. a coding technique for a cooperative relay network with a low

15 irhplementation complexity, for eXamplé using convolutional codes; and/or

3. a code design for a cooperative relay network which may have an error

performance that is close to the theoretical optimum.

In a first particular expression of the invention there is provided a method of

20 communication according to claim 1.

- In a second particular expression of the invention there is provided a RS as

claimed in claim 11. -



performance that is close to the theoretical optinmum In a first particular
expression of the invention there is provided a nmethod of comrunication

accordin In a second particular expression tion
Swb%0 d@ dﬁ‘é s . ( g@fr/sfc'i@m}oﬁ%%‘

there is prow as claimed in claim1l.1n a third particular
expression of the invention there is provided a RS as clained in claim 12.
In a fourth particul ar expression of tt invention there is provi ded a BS
as claimed in claim13. In a fifth particular expression of the invention
there is provided a comruni cation network as clainmed in claim14. In a
sixth particul ar expression of the invention there is provided a UE as

cl ai med i nn althirdphbticlar expression lof plae iriventian tisererie psovidedt RB@si nvent i on
there is provided an IC as clainmed in claim16. The invention may be

i mpl ement e4himesqr digh 12 any of the enbodinments in clainms 2 to 10. BRIEF
DESCRI PTI ON OF THE DRAW NGS One or nore exanpl e enbodi nents of the
invention will now be described, with reference to the follow ng figures,
i n which:

5 In afourth parti_cular expression of the invention there is provided a BS as

claimed in claim 13.

In a fifth particulér expression of the invention there is provided a
communication network as claimed in claim 14. |

10
In a sixth particular expression of the invention there is provided a UE as

claimed in claim 15.

In a seventh particular expression of the invention there is provided an IC as

15 claimed in claim 16.

. The invention may be implemehted according to any of the embodiments in

~ claims 2 to 10.

20 BRIEF DESCRIPTION OF THE DRAWINGS

One or more example embodiments of the invention will now be
described, with reference to the following figures, in which:
Figure 1 is an illustration of a simple 3-node relay channel model

according to a first example embodiment,



Figure 1 is an illustration of a sinple 3-node relay channel nodel
according to a first exanple enbodinent,Figure 2 is a graph of a

Di stri but oding at destination for a relay net ] = 0.5,
= -3dB an‘gezzigg].r/@%? Figure 3 is a graph of -an Enhanced %?@g‘%&fg@g@)ﬁ rel ay

for arelay network with a = 0.75, = 0.1 dB, = -3dB and = -1.2dB, Figure 4
is a graph of an Enhanced Turbo Code at3destination for a relay network
with = 0.75, gSR=0.1dB, = - 3dB and = -1.2dB, Figure 5 is a graph of a
Di stri but ed nulkigpiee? Rua lgraptodbaddistributed Torboacadih@at destimationviot b relay 0. 75
, SR =-0.2 dB, gSD =- 3dB and g = -1.5 dB, Figure 6 is a graph of a

Di stri but esbtiaid Wihg J@l,slg%mcgd@,dgaﬁl@syti pabigBfor a relay network with a =
0.75, =-0.2 dB, D = -3dB™and gRD =\% |, F gure 7 is a graph of an outage

and FER of distributed Turbg ceodi at d inatign for a.relay network with
B 05 gurods £ 5.2 grdoh 6ban EhrGneadd uihs ceiRab felal farmeieba Tur bo

coding and nultiple Turbo coding at destination for a relay network with =
0.75 , Fi quateork with aure 0.7 s, Felt- 198, pf, a—3 dB-ansky ,,CVAC28H5st em according to a
second exanpl e enbodi nent, Figure 10 is an illustration of a two-user MARC

systemsaccor di nggh &id HigrabiSPERIERH2REEY TIRBS Code at destination for a relay

network witha = 0.75, 7, =0.1dB, 7., =-3dB and y,, =-1.2dB,

Figure 5 is a graph of a Distributed multiple Turbo code at relay for a

relay network witha =0.75, ¥, =—-0.2dB, y,, =-3dB and y,, =-1.5dB,

Figure 6 is a graph of a Distributed multiple Turbo code at destination for

10 arelay network witha =0.75, ¥, =-0.2dB, y,, =-3dB and y,, =-1.5dB,

Figure 7 is a graph of an outage and FER of distributed Turbo coding at
destination for a relay network with a =0.5,
Figure 8 is a graph of an outage and FER of an enhanced Turbo coding
and multiple Turbo coding at destination for a relay network witha =0.75,
15 Figure 9 is an illustration of a two-user CMAC system acéording toa
second example embodiment,
Figure 10 is an illustration of a two-user MARC system according to a
third example embodiment,
Figure 11 is én illustration of a two-user BRC system according to a forth
20 example embodiment,
Figure 12 is a graph of a Multiple Turbo code at destination for a

cooperative network with a,=a,=0375, y;, =ys, =-3.3dB,



Figure 11 is an illustration of a twd-user BRC system according to a forth
exanpl e enbodi nent, Figure 12 is a graph of a Miultiple Turbo code at

dest i nat i‘ga 2591909%?990perat ive network with , = a2 = 0. 3%§T/SGQ(§IQQI—M[08§b([))

=-3.3 dB, Figure is a graph of an outage and FER of a nulti

codi ng and an enhanced Turbo codi ng at destination for a cooperative
network, Figure 14 is an illustration of the Network configurations, Figure
15 is an illustration of the CMAC. 1st and 2nd tine slot, Figure 16 is an

i | lustration ofFigueviEis 3igsaph atar botage and EER-obpmultiplerlurbogodingl7 i s an
illustration of a CMAC. 3rd tinme slot with cooperation, Figure 18 is a

fl owchart arfd ahenbhanoéd Tatbwedding @t dbstimationefioe adiouperativemetwbdk,i s an
| ustration of the MARC. 1st and 2nd tinme slot, Figure 20 is an

il
il Tustration offigypdiis h diustraRos bPihe'\NERBHk CoRfiBEFationgn, Figure 2 1 is an
illustration of a MARC: 3rd time slot with cooperation, Figure 22 is an

i

[ ustration of g BRE clsh ifisiRnsh 8F ind CHIKE 5ha 2Nyl disd rat i on of a

BRC: 2nd time sl i T hout "cooperatt on, gure I's an’i stration of a
encodi fg st uctiuBues 1675 & SEelalioRa" eZaAG: s s WiguiPBOPeRTPR.  ho-
rolfowng one qr, TR 7 52 an Mustration of 8 CMAC: 3% fime Siot with cooperation

Figure 18 is a flowchart of the Joint network and channel encoding,

Figure 19 is an illustration of the MARC: 1%t and 2™ time slot,

Figure 20 is an illustration of a MARC: 3" time slot without cooperation,

10 Figure 21 is an illustration of a MARC: 3" time slot with cooperation,

Figure 22 is an illustration of a BRC: 1% time slot,

Figure 23 is an illustration of a BRC: 2™ time slot without cooperation,

Figure 24 is an illustration of a BRC: 2™ time slot with cooperation, and

Figure 25 is a flowchart of the encoding structures for distributed coding.

15
DETAILED DESCRIPTION

In the following one or more example embodiments are described including
a siﬂrﬂﬁple relay channel and three MAC network topologies in which multiple
users need to exchange information sequences (packets) with a base station,
20 namely, CMAC, MARC and BRC. In MARC, one or more Mdedicated relays are
deployed to assist users’ transmission to the base station, whereas in CMAC,
no dedicated relays are available. In BRC, only one user is broadcasting with

the help of one or more dedicated relays.



a sinple relay channel and three MAC network topol ogies in which nultiple
users need to exchange information sequences (packets) with a base station,
nanely, QvBSoidb5Rz,and BRC. In MARC, one or nore dedi cabeqd s ﬁ)ﬁﬁoa%e

depl oyed t 0 assist users' transm ssion to the base station, ereas in
CMAC, no dedicated relays are available. In BRC, only one user is
broadcasting with the help of one or nofe dedicated relays.1l. System Mdel
Figure 1 shows a relay channel nodel 100, with a S, R and D. The channel
coeffici ent stbBystem BlddelS-D and R-D nodes are g0, , , and g2 ,
respectively. W assune a quasi-static fading channel, where the channel
coherence tine is considerably |arger than the code word. The channel
coefficients are independent and identically-distributed random vari abI es,

whi ch renai nm‘?qlrpét@gﬂov&g/%rrekg%h‘é/ﬂ ﬂHéla'f Pt ald'R & ﬁ chsﬁﬂ%ﬁ’ ween t he

Equation 1: re/z anne 'galrns dnd

transmtter dre elver S e attenuatio onent. is b
(e.qg., Eﬁ'eqtﬁ ELyeRR S[)& ngé id%%b _"?H%S AES &y Sorfdd tges qSReRtY$lY dupl ex
node, where the transmtting and |isteni ng nodes cannot occur

si mul t anedlislassuie & lqeabFstatiofading chameelpwbeke tife clyarinell sokéidnckaimgé s n i s
split into two phases. In the first phase, the relay is in |istening node

and recei \@nsidefasiy dargler tHAMNe O RONERE Thel cHdhePBSeffitichd srePhase, the
independent and identically-distributed random variables, which remain

constant over the whole duration of the codeword, given by Equation 1:

hi
7"

&= (1)

10 whereh, and d, are the channel gains and distances between the transmitter
and receiver, respectively. The attenuation exponentis 8 (e.g., B =2for free-

space propagation).

The relay operates in half-duplex mode, where the transmitting and listening
15 modes cannot occur simultaneously. In the DF protocol, the block of symbols
- with-length r is split into two phases. In the first phase, the relay is in listening
mode and receives the signal from the source. At the end of this phase, the
relay decodes the source information message. The relay then switches to
transmitting mode in the second phase and éends symbols to help the
20 destinatioh decode the source message. During the first phase, the signal
received by the relay is given by Equation 2:

yr,k = goxs.k + vk 3- k = 17 2,...,an, (2)



rel ay decodes the source information nessage.

transmtting node in the second phase and sends synbols to help the

The relay then switches to

destinati t he source nessage. During the first h i gnal
recei ved ‘ggzgﬁozog%’g’lzay is given by Equation 2: yr,k =go Qeggﬁﬁg}o@mﬁmi
=\,2,...,an, (2)and the signal received by the destination is given by
Equation 3: = ,* + W k =\,2,...,an. (8) where xsk denotes the codeword

that is to be transmtted fromthe source,

vk denotes the additive noi se

i nt r oducedandthersigndlanceived dy\the niestivatiaruisagivem By tHigiatione8;, and wk denot es

the additive noise introduced in the channel

bet ween the source and the

destination a denotes the prgopargion pf sypbqls that is to be devot@ to

s,k

the first phase. During the sécond™”phaSe (i.e "the relay transmtti

phase), the signal received by the destination is given by Equation 4:
=gi X s_w(heregcs,,zglenptes the codeword that is to be transmitted from the source, v,

10

15

denotes the additive noise introduced_in the channel between the source and

the relay, and w, denotes the additive noise introduced in the channel between

the source and the destination. @ denotes the proportion of symbols that is to

be devoted to the first phase.

During the second phase (i.e. the relay transmitting phase), the signal received
by the destination is given by Equation 4:

Ve =8&X, t X, tW, k=an+l,..,n (4)
Here, x, =[x,,---x,,]" is the source codeword, drawn from the code ¥, . We
assume that the symbols x, , transmitted by the relay are from an auxiliary code

x, with length 7 .Only the last (1-a)n symbols of a codeword are effectively

 transmitted in the second phase. In the first phase, the relay is idle because of

~ the constraints of half-duplex communication.

20

The noise variables v, ~ CN(0,67) and w, ~CN(0,52) atthe relay and
destination, respectively, are mutually independent. v, and w, are complex
variables and the notation ~ CN(e) denotes a complex Gaussian distribution.

We also impose the same per-symbol average power constraint for both the

source and the relay in Equation 5:

y k



+wkk=an+\, ..., n. (4) Here, xs = [csL--- ¢ nf is the source
codeword, drawn fromthe code ¢ s . W assune that the synbols xr k

transm tt‘?ﬁ 29{0/69'3'%2”' ay are froman auxiliary code xr %tr;%(;lzﬁa%g&h@ .Only
-a ed I'n

t he | ast n synbols of a codeword are effectively transm t he
second phase. In the first phase, the relay is idle because of the
constraints of hal f-dupl ex comunicati of. The noi se variables vk ~ CN(O, sv
2) and wk ~ CN(O,sl ) at the relay and destination, respectively, are

nmut ual Iy i ndependent. vk and P eC arii pbl-es and the not at | ~
ﬁ?idﬂs—ﬁ?f.%?@‘fg%r,k’l vk ok

OV(") denotes a conpl ex Gauss afso inpose the s
per - synbolwherer Egdennies the symbebemergy @ndo 51 | deimetasham espectdtione rel ay in
Equati on 5:where Esdenotes the synbol energy and E[ ] denotes an

o B> soand e Bteg TUSNRIRER/H oddhneRk 18R B eided B < Bl e "oz 52

2 . 2. Alanouti-DF Scheme A DF protocol with the relay code ¢ r such that
t he si gnal y eec giod e tesplectiely de$ tanh b, @anfle cifoseh Aambiat is’coa3t el | ati on,
shall be referred to as the Alamouti- DF scheme. Assuni ng that the relay

can degode t he signal, the signal

2. Alamouti-DF Scheme

A DF protocol with the relay code y, such that the signal received at the
destination forms an Alamouti- constellation, shall be referred to as the Alamouti-
‘10 DF schéme. Assuming that the relay can decode the signal, the signal
transmitted by the relay at time k& is given by Equation 6:

(6)

v = X, 0> k=an+l,an+3,...
rk = * .
—X > k=an+2,an+4,...

x, .., denotes the complex conjugate of x

s.k41 "

The signal seen by the

destination for an+1<k <n is an Alamouti constellation. Through linear
.15 processing of the received signal, the destination obtains the sufficient statistics

for decoding, as are given by Equation 7:

3 { g%, + W, k=1,..,an

1. 2 R 7
¢ |g1|2+|g2l2xs,k+wk> k:an+l,...,n . ()

where the statistical properties of w, are identical to those of w, . The mutual

information per symbol at the destination is.given by Equation 8:

0 1(r,2.2,) =g 7 )+ (- a)il(g +|g.[ ) o ®



transmtted by the relay at tinme k is given by Equation 6: f *.* | k
=an+l ,an +3,... [-xs k_, k =an+2,an+4,... x .k+\ denotes the conpl ex

conj ugat f he signal seen by the destination fo + 1< k < nis an
AI'aergt i e‘@@ﬁ&@%’?? i on. '?’hr ough linear processing of th%ciégé&\%)aooé?gnal ,
the destination obtains the sufficient statistics for decoding, as are -
given by Equation 7: v I i + 2 x . +w KO=an+l,...;n where the statistical
properties of wk are identical to those of wk . The nutual infornmation per

synbol at @h¢heletidrindoif the sgurenddns hofutedngmit Quring the sedondPphades tieg her
hand, if the source does not transmt during the second phase, the nutual

i nf or mat i QAufual GifyeRatidh YR BY Ejualibhy:a large n , the probability of a
FER is the information outage probability which is defined in Equation 10:

Pt (y,R=?r{l(y,g |,g2) R, (10) whene Ri\s the yargat transm ssion rate in
bits per channel use. For Igﬁ’@a R,“It(jﬁ }’F)dn(ﬂl—@yilgjl\i’n i n Equation ;

5 With a Iargén , the probability of a FER is the information outage probability

which is defined in Equation 10:

Pout(79R)=Pr{1(7=gl’g2)SR}’ (10)
where R is the target transmission rate in bits per channel use. For large SNR,

the P,, is given in Equation 11:

10 P«)ur(}/aR)~K7_d7 (11)
where «is the coding gain independent of y and d is referred to as SNR

exponent or diversity.

3. Distributed Coding FEC
15
A distributed turbo coding scheme may use a recursive convolutional code
(RSC). When decoding the message at the relay, the interleaved message is
encoded with another RSC code. To further improve the decoding capability at
the relay, an enhanced turbo code scheme may be used.ﬂlnstea‘d of the RSC, a
20  turbo code may be used at the source node in the distributed turbo coding
scheme. In addition to the systematic bits, the source node transmits a
punctured sequence of parity bits from the fi»rst and second, constituent

encoders. The relay then transmits all the punctured parity bits. The punctured



PouLr, R~ r d . ( 1 1) where Kis the coding gain independent of g and d is
referred to as SNR exponent or diversity. 3. Distributed Coding FEC A

distri but\ggzgﬂlr/@%ﬁodi ng schene may use a recursive Con‘ﬁﬁlr}éﬁzgﬁﬁ)boo(zi?de _
[

(RSC). When decoding the nessage at the relay, the interleaved nessage is
encoded wi th another RSC code. To further inprove the decoding capability
at the relay, an enhanced turbo code sdhene may be used. Instead of the
RSC, a turbo code may be used at the source node in the distributed turbo
codi ng scherbe. cade bBakimorre parity biteatsthetdastinatiomiresyltingén soenhancede
transmts a punctured sequence of parity bits fromthe first and second

const i t uenurbenssude Note Tt in alllaie tabeve nientmet schemdsheyptentiticradigeari ty
bits. The puncturedturbo code has nore parity bits at the destination,

resul ting 4r8 y3Bd SPhé arefbutl RerbodiRiind\ahe thé8hhafcet turbd @08l LReRi! | Oned

schenes, systematic codes are used. e distributed turbo coding and the

code at -t RApBe EERRIAET BRATRL & BRI WIPE cb o My BB thdlirk bR B e

code at the destinati on e di's ode sthene,
the source, al.so transnjts using a turbo, code. |nstead of . sending, the
et s ed A RetnTRla fs cpde SohSinBottia sl ARA I HRUBLS BoNG EHBRed i th
anot her constituent code. The codi ng techni ques gsuch as but not limted to
RSC, tur b&odedkstend efggnding the punctured parity bits at the relay, the interleaved

message is encoded with another constituent code.
The coding techniques (such as but not limited to RSC, turbo codes or their
corresponding constituent codes) may optionally employ puncturing.
10 In the following, we assume an AWGN channel (i.e., the channel gaink =1)
where the SNR of source-destination channel is insufficient to support the

desirable rate R .

The setup for the distributed turbo coding scheme is as follows. The non-

15 systematic RSC C, at the source is CC(4/7) with R =1 and the RSC C, at the
relay is CC(7/5)with R, =1. These codes are used together with BPSK
modulation as shown in Equation 12:

%, = {—E..JE.}, (12)

producing an overall rate of R =1/2 bits per channel use for half-duplex

20 mode witha =0.5. The SNR of the S-D channel is set as shown in Equation 13:

750 =10log,, |g[ 7) =-3.04B, (13)



correspondi ng constituent codes) may optionally enpl oy puncturing. In the
following, we assume an AWGN channel (i.e., the channel gain =1) where the
SNR of s nati on channel is insufficient to su i rable
rate R Ee)czgleoﬂ'%%?or the distributed turbo coding sche%ge{sg;zg@%?@qusom.
The nonsystematic RSC Cl at the source is CC(AIl) wth 1= 1 and the RSC C2
at the relay is CC(7 / 5 with, = 1. tRese codes are used together wth
BPSK nmodul ati on as shown in Equation 12: producing an overall rate of R=1/2
bits per chawhich mayebbcsufﬂir&érﬁt—fdupl%hitsrpdechartrfel ase0 The. relﬁyetrmmmme S-D

channel is set as shown in Equation 13: =101ogl 0 ( | | - 3. 0dB,
(13) whi ch coaBweed ﬁBHGCIa%ahnfﬁg thid SNIR 65th2eS-FC8manifd| ;usus h ﬁ‘énb@bﬁ%r _
transmts the codeword from C2 assum ng the SNR of the SR channel gSR is

T 00 e ey oS Ptesi Bl TEGERZE fﬁ'zr'@ié’%ﬁm%%m@rmn

the SNR of the R-D channel Is set as out in Equation 14: = 1010910 (]| g2|V)
= -2-1 dBthigdistrifuleddyehoending sebeme when tha SNR pkthelR-® channgldelseras unnel

exists to allow for the convergence of iterative decoding towards a | ow
error rsat eut ik Equatiaf 1472 bits per channel use is achievable for g -2.6dB.
Hence, this code operates _

Y =10log,, (Ig2|2y)=—2.1dB. : (14)

The average decoding trajectory is also included. A tunnel exists to aliow for -
the convergence of iterative decoding towards a low error rate. A rate of 1/2

bits per channel use is achievable for y,, =-2.6dB. Hence, this code operates

10  approximately 0.4 dB from the theoretic limit.

When y, is low, the enhanced turbo code scheme is required for the
message to get across reliably to the relay. Again, we select our target rate to
be R=1/2 bits per channel use for half-duplex mode. Since y, is low, we need

15 toincrease a to get the message across to the relay. We selecta =0.75. The
SNR for the S-D channel is set at y, =~3.0dB. The codeword sent by the
source is formed by puncturing the turbo code which is made up of constituent
codes C,andC,. The puncturing patterns for C,and C, are [1011] and [1110],
respectively. Since the relay only receives data in the first time slot, the relay

20  would only see C andC,, which constitutes a rate 2/3 punctured turbo code.

The EXIT chart for the iterative decoding algorithm is given in Figure 3. A tunnel

exists to allow for convergence of iterative decoding towards a low error rate at



approximately 0.4 dB fromthe theoretic Iimt. Wien gSRis |low, the
enhanced turbo code schene is required for the nessage to get across

reliably Lay. Again, we select our target rate R= bits
per chann‘&i3 2&@20915%3 hal f - dupl ex node. Since gSR is | ow, P&i/sﬁ(é%]ﬁmf)@f" ncrease

a to get the nessage across to the relag. W selector = 0.75 . The SNR for
the S-D channel is set at gSD = -3. adBl3The codeword sent by the source is
formed by puncturing the turbo code which is nade up of constituent codes

Cland C2 .y Jhe.pdBi.cThe SNR [waittfer asatedq?/3@ a0\@dB2 TheeelayQhed kraasohits thé 10]
respectively. Since the relay only receives data in the first tine slot,

Lur bo- con@thriedRainERs b Parasoaiot FBGER Ak SR Ter R L on T

Figure 3. A tunnel exists to, allow for convergence of iterative decodi ng

t owar ds a'ﬁewv@rff%ﬁoﬁ%ﬁ at Q@g@ﬂ'ﬂab‘?'}éﬁ.’”ﬁ%\@x 1q plipw fergronyerggncenfs | s
-0.7dB. The relay then transmts the punctured parity bits to the

dest i nat i dterathegdgcoding tdwartds dow ermoneateXatTy g art.211Br Thedhéoretiaali SNRdecodi ng
at the destination. A tunnel exists to allow for convergence of iterative

decodi ng tavecd t G rors - r & i RIimt
o 2. 3 atiE 23 B AERCS h o isbperath abboxMatehy" 1 FORLTEC ¢ he
theoretic Jim ]i I nstead of sending the punctured parity bits, the relay
uses a enéB%%’F 'FHm[' e distributed nultiple turbo code schene. The encoder

can optionally use

Instead of sending the punctured parity bits, the relay uses a encoder in the
distributed multiple turbo code scheme. The encoder can optionally use

10  puncturing in its coding scheme. The constituent codes C,, C, and C,are

CC(4/7), CC(4/7) and CC(3), respectively. In Figure 5, a tunnel exists to allow

for convergence of iterative decoding towards low error rate at y,, =—-0.2dB,

which is lower than the enhanced turbo code scheme in Figure 3. The
convergence of iterative decoding towards low error rate is possible at

15 Ypp=-1.5 dB as shown in Figure 6. This code is operating approximately 0.8

dB from the theoretical limit.
4. Alamouti-DF Scheme with Distributed Coding

20 According to an example embodiment, an Alamouti-DF scheme is used with

a distributed turbo code, an enhanced turbo code and a multiple turbo code

schemes. The fading coefficients {h,.} are Rayleigh distributed as represented in

Equation 15:



puncturing in its coding schenme. The constituent codes Cl, C2 and C3are
CC(4/7), CC(4/7) and CC(3), respectively. In Figure 5, a tunnel exists to
al l ow for ce of iterative decoding towards | ow t gSR—
-0.2 dB, V\Xﬁ ﬁw% ower than the enhanced turbo code sc g';rr{ss%z%m@hﬁ)& :
The convergence of iterative decoding towards |low error rate i s possi bI e at
g =-1.5dB, as shown in Figure 6. Thi d4code is operating approximtely 0.8
dB fromthe theoretical limt. 4. Alanouti-DF Schene with D stributed

Codi ng According to an exanple ermgdgm,ngt" an>éd amouti - DF schene ig|g)sed
with a distributed turbo code, an enhanced tur bo code and a multiple turbo

code schenes_. The_f d| ng, coefficie A h di striputed, .as
repr esent ed FW“@]J f? quitage pral "Lty a}ndaIEiR O(T Pcﬁlz AMaYtios t he
outage probability and FER performance of an Al anputi- DF scherre W th

di st ri but & sehemeytiedistritsitedturbagoge. The selting,ofthedalay is sueh dhat = 1and

d~b = 1.23 , where dx denotes the di stance between the source and the

desti nati offfantantldfenpbeswhbfe di slenors thetdistancé betwedritheassurcbend
destination. The slot allocationis a = 0.5 and the target rate isi? = 0.5

. Wth BP dul ation, e, ou iversi of 2. The
FER of 5t hgh?iggﬂ‘" l?crb%”q Gh &%%ﬁled %‘f'& Weeg?%[ﬁ(]?y faa t%'éom t he outage
limt and has

destination. The slot allocation is a =0.5and the target rate isR =0.5. With

BPSK modulation, the outage probability has a diversity of 2. The FER of the

distributed turbo code (C, and C,) is about 1dB from the outage limit-and has

the same order of diversity.
10
Figure 8 shows the outage probability and FER performance of an Alamouti-

DF scheme with enhanced turbo code and multiple turbo code. We seta =0.75,

d7” =1andd;” =1.51. The outage probability has a diversity of 2 only

ifR<(1-a).WithR=0.5, only a diversity of one may be achieved. Similarly, the
15 FER of the enhanced turbo code PCC(4/7+5/7)and the multiple turbo code

PCE(B+4/7+4/7) is around 1dB from the outage limit with diversity one.

5. Rate setting

20 According to the first example embodiment a node (for example the relay)
acquires the channel state information, e.g., the SNR parameters, via, e.g.,

estimation based on preambles sent by the node, or feedback from the other



t he sanme order of diversity. Figure 8 shows the outage probability and FER
performance of an Al anouti- DF schenme with enhanced turbo code and nultiple

turbo co = 0.75, d~b = land d2 ~b - 1.51 .
pr obabi | S??Z aé®§3gi versity of 2 only WVR < (1- ) . Wth}g%/ggg&@%,ﬁoogﬁly a

diversity of one may be achieved. Simlarly, the FER of the enhanced turbo
code PCC(4 /| 7+ 5/ 7) and the nultiplelfurbo code PCC(3 + 4/ 7 + 4/ 7) is
around 1dB fromthe outage limt with diversity one. 5. Rate setting

Accor di ngnodes liretie netwoek.ahipg rapamissionerate as aetdeagedoon thenoiparingl Istateel ay)
acquires the channel state information, e.g., the SNR paraneters, via,

e.g., estinfeirhaliorb§edinga piteasdimparenithray the node, or feedback fromthe
ot hernodes in the network. The transnm ssion rate is set based on the

channel state information by using a rate setting algorithm Firstly a
target rate is set for the user. If the channel quality information shows

that the tar e t ' A0 sion is
used. I|f the'gif t%%ia?fp%ﬁ%t%gsn%wgéﬁesg%%roBﬁ@g%&ﬁﬁ%l&d&ﬁ& %ﬁ%ﬂﬁﬂgﬁsm ssi on,
then distrjbuted coding is used. For distriputed coding, given the SNRs of
the net woPROWS dnaBEdROIE B3 TR SUPBNTE® BROGINEC LTk Sandm IS soi on 1<
possi bl e. For exanple, the sl|ot _ 3 , o

used. If the target rate cannot be supported by direct link transmission, then

distributed coding is used.

For distributed coding, given the SNRs of the network, parameters may be

10  selected to ensure reliable transmission is possible. For example, the slot
duration for each phase of transmission should be minimized, e.g., by using
high-rate coded modulation, so as to improve the overall efficiency. The slot
duration in some communication phases can be optimized‘ by, e.g., using an
information theoretical approach to obtain the rate region of the protocol

15 adopted. This rate region provides a minimum SNR threshold which is required
for operating at a certain rate. With these values, the minimum power to support
the target rate can be obtained. If the SNR is below the minimum threshold, the

target rate is reduced and the rate setting procedure starts all over again.

20 As discussed later a FEC approach is taken to achieve the selected rate.
The rate information and the FEC pafameters are transmitted to the nodes in
the network and the nodes then start the transmission based on the set rate,

code, and protocol.



duration for each phase of transm ssion should be mnimzed, e.g., by using
hi gh-rate coded nodul ation, so as to inprove the overall efficiency. The

sl ot durafhapidddzS9ne comuni cation phases can be opti MygeRByron§ods: USing
an i nfornmation t%eoretical approach to obtain the rate region o% ?he )

protocol adopted. This rate region provides a mninmum SNR threshol d which
is required for operating at a certainlfate. Wth these val ues, the nini mum
power to support the target rate can be obtained. If the SNRis belowthe

m ni num t . dsansmission Peotgeblrate i s reduced and the rate setting
procedure starts all over again. As discussed |ater a FEC approach is taken
to achieve the selected rate. The rate information and the FEC paraneters
are transmtted to the nodes in the network and the nodes then start the

transm ssi onTRasRmshilsdibh p?&bc&%ftf%%ﬁéﬂﬁnéﬂ%lrmﬁ & 18will Hoyeg1 ssi on

Prot ocol The transm ssion protoco e relay network in Figure 1 wll

now be desgri e ' i it R to |iver
its packetds:fas gsgd'N/g\de Sﬁflg@%ﬁf ﬁé‘%bﬁcrlgﬁr@ﬁgﬁtbtaoﬁgyg th(?pgﬁ\gaﬁilgséaacﬁg?ﬁ\bde R
receives the coded hits agd tried to ode its information, consi der
o di St r it B80S Dt e Tdms SBf Notlacs ERbRmiLs B NOARR teePiver dny net vor k
and channel coding. Their encoding structures are shown 'in Figure 25. For
i ncr ement #odefibits agshisied todlagodelils ivipnmatied. \Me considentweudistijutase fir st
time slot. cu is the codeword ‘

coding scheme: (i) incremental bits and (ii) joint network and channel coding.

Their encoding structures are shown in Figure 25. For incremental bits, Node S

sends the codeword (c,,,c,,) during the first time slot. ¢,, is the codeword

10 produced by Encoder 1 and c,, is the codeword produced by Encoder 2 during

the first time slot. When joint network and channel coding is used, Node S

sends the codeword (c,,c,) . ¢, and ¢, respectively are the codewords

produced by Encoder 1 and Encoder 2. ACK/NACK information is sent out from
node R to Node S and D.
15

In the 2™ time slot, if NACK is received from Node R, the source will operate

cooperative mode. In cooperative mode Node R sends either (c,,c,,) or (c;)
with the source using a STBC. ¢,, andc,,are the codewords produced by
20  Encoder 1 and Encoder 2 respectively during the 2™ time slot while c, is the

codeword broduced by Encoder 3. In the non-cooperative configuration, Node S

transmits additional coded bits during the 2" and last time slot for additional



produced by Encoder 1 and c2 1 is the codeword produced by Encoder 2 during
the first time slot. Wen joint network and channel coding is used, Node S

sends the\ggﬁ n\é\@ge%(c c2) . ¢, and c, respectively are 5@‘?5?;991%)’6960%

pr oduced 1 and Encoder 2. ACK/ NACK information is sent out from
node Rto Node S and D. In the 2nd tine slot, if NACK is received from Node
R, the source will operate in a non-codperative node. |f ACK i s received,
Node S and D will operate in a cooperative node. |In cooperative node Node R
sends eit redu(an@b €22 incremeptd bitsi Sh sehds équegr widlerfgr pirg Bvorklandindc 22
are the codewords produced by Encoder 1 and Encoder 2 respectively during
the 2nd ti e codeword produced by Encoder 3. In the

sl ot ilg,ci i,s t
non-coopercgqugijﬁ%%gg’ggp §FP8§|§C3 de S transmts additional coded bits
during the 2nd and last tinme slot for additional redundancy. For increnental
bits, S 1 sends (C 125C22 ) while for joint network and channel coding, S 1
sends (c3) . 7. Encoding scheme Two types of distributed coding schenes are
shown in F7 Ehcodihg Sdhiemhéy the incremental bit encoders are rate 1
convol utional or recursive convolutional codes with appropriate puncturing
patterns. The rate of codeword (c,,,c2 1) is

Two types of distributed coding schemes are shown in Figure 25. Firstly the
incremental bit encoders are rate 1 convolutional or recursive convoiutional

codes with appropriate puncturing patterns. The rate of codeword (c,,,¢,,) is

optimized for the SNR of the source to relay channel, while the rate of codeword

10 (61,610,655 Cy,) iS Optimized for the SNR of the relay to destination and the

source to destination channel. Optimization of the code is done by pairing the
extrinsic information transfer function of each of the component code, so that

the SNR of the decoding threshold is minimized.

15 The joint network and channel coding encoders are rate 1 convolutional or

recursive convolutional codes with appropriate puncturing patterns. The rate of

codeword (c,c,) is optimized for the SNR of the source to relay channel, while
the rate of codeword (¢, c,,c,)is optimized for the SNR of the relay to

destination and the source to destination channel. Similarly, extrinsic
20 information transfer functions are used to minimize the SNR of the decoding

threshold.



optim zed for the SNR of the source to relay channel, while the rate of
codeword (C1P C125C215C22 ) is optimzed for the SNR of the relay to

destinati source to destination channel. Optim i he code
i s done b‘&aﬁgﬁ?@%%gt he extrinsic information transfer f?ﬁi@?%ﬁl%@%oé‘%ch of

t he conponent code, so that the SNR of the decoding threshold is mnimzed.
The joint network and channel coding ed@oders are rate 1 convol utional or
recursive convolutional codes with appropriate puncturing patterns. The
rate of codeWithidinccern@htal bitsphithe zedpémationlphaSkRthef sduree andrthe relayrast ay
channel, while the rate of codeword c ¢c ¢ ) is optimzed for the SNR of the

rel ay to qﬁ(%té WﬁijMll@l@sﬁsﬁ@msé’r\H &énd thdesddvisrdl A &baﬂé‘iﬂb;a STEd. Uy
extrinsic information transfer functions are used’fd* m ni i ze the SNR of

t he decoding threshold Wth Incremental bits, |n the cooperation phase, the
sour ce andoihaehg@riangdghannetcadipg, infhe apoReralipe Rhasendhe epercerrncbievor d
(c2 1,c22 ) using a STBC. Wth joint network and channel coding, in the
cooper at i oelgynactdiketahdrtgalMiMO=systerheandesend cadeworkle(ca) usinguEEbTBIOVO syst em
and send codeword (c3) using a STBC. 8. Extension to O her Systens The

Al amout.i - DF scheme with distributed coding for the relay network can al so
be extéended to other systens, |ike the second exanpl e enbodi nrent CMAC shown

in Figure 89 Etxktleenstiglnrtg Gl yestgﬁpsodl ment MARC shown in

The Alamouti-DF scheme with distributed codiﬁg for the relay network can
also be extended to other systems, like the second example embodiment
10  CMAC shown in Figure 9, the third example embodiment MARC shown in
Figure 10 and the forth example embodiment BRC shown in Figure 11.
Orthogonal channels can be assigned to each pair by using, e.g., TDMA,

OFDMA, SC-FDMA, DFT-Spread-OFDM or SDMA.

15 8.1 CMAC topology
We consider two users, S1 and S2, communicating with the BS using -
OFDM/SCCP in Figure 9. The cooperative distributed coding and Alamouti

transmission may use three time slots to complete one cooperation cycle.

20 8.8.1 Time slot 1
S1 transmits a FEC-coded and OFDM/SCCP modulated sequences, where

the FEC code rate is given in Equation 16:

R<aIlSNRY) (16)



Figure 10 and the forth exanpl e enbodi nrent BRC shown in Figure 11.
Ot hogonal channels can be assigned to each pair by using, e.g., TDVA

OFDVA, SQ—XBE%%%:J- Spr ead- OF-DM or SDMVA. 8.1 CMAC top%:v?%@égé?lfr‘?%ﬁahg]er t wo

users, S communi cating with the BS using OF Igure 9.
The cooperative distributed coding and Al anouti transm ssion may use three
tinme slots to conpl ete one cooperationlgycle. 8.8.1 Tine slot 1 S1
transmts a FEC-coded and OFDM SCCP nodul at ed sequences, where the FEC code
rate is gi vewhere bkpisadhedraction oRktime $lof SldRd) SNR@ ih theeSNR Bomh®1 to &2t i on of
time slot 1 and SNRVI is the SNRfromS 1 to S2. The coding scheme used in

the t 1, SSi f S 1 . Qpt i | Ly. | turjng., 8. 1. 2 Ti | ot
22" 1 ranahe e SEe ustd et SR SRRl Cha Rl o8y e rec
code rate is given in Equation 17: R2 a 2l (sNR(tmIli ) (17) where a 2 is

the fract iPYICBIINGi e slot 2 and is the SNRfromS2 to S 1. 8.1.3 Tine slot
3 .

5 8.1.2 Time slot 2
S2 transmits FEC-coded and OFDM/SCCP modulated sequences, where

the FEC code rate is given in Equation 17:

R, <a,I(SNRY) ) (17)
where q, is the fraction of time slot 2 and SNR¢); is the SNR from S2 to S1.

10
8.1.3 Time slot 3
In this time slot, Alamouti-DF scheme with the enhanced turbo code and the
multiple turbo code schemes can be used. The procedure of encoding for the
enhanced turbo code scheme is the same as that for the relay network
15 illustrated in Figure 1. As for the mulfiple turbo code scheme, each user

interleaves the two information sequences separately, followed by feeding the

sequences alternatively to an encoder.

S1 and S2 then transmit the sequence with distributedMAIamouti STBC. The
20  Alamouti STBC provides diversity gain and reduces outage in a fading channel.
The BS collects the received sequence, and computes the LLR based STBC
decoding for the IR. It thén performs FEC decoding using all the LLR

information collected during the 3 time slots.



In this time slot, Alanouti-DF schene with the enhanced turbo code and the
multiple turbo code schenes can be used. The procedure of encoding for the

enhanced ‘tvgrzlgﬁ)/(%ggg schene is the sane as that for the %%E%Y}z&%%\ﬂ‘@ﬂﬁ Lser

illustrate rgure 1. As for the nmultiple turbo code schene, eac

interl eaves the two information sequences separately, followed by feeding
the sequences alternatively to an encod® . S 1 and S2 then transnit the
sequence with distributed Al anmouti STBC. The Al anputi STBC provi des
diversity gain and reduces outage in a fading channel. The BS collects the
recei ved sequence, and conputes the LLR based STBC decoding for the IR It

then perf or nFhErSietieemsh fo@ tinsd BBt 8lfbr thecenndhdedltarbtRéo RsEBrh8 ¢s Siehildir i ng

the 3 tine slots. The rate region for tine slot 3 for the enhanced turbo

code scheng thst o melt lay Refittk. EGF th%hﬁuﬁﬁi@ﬂg?@%lgﬁ% Ffﬁgﬁ%gm%j@ |r%:<5i§t1(e SR +

turbo code schene, e Tate region I's given
B1 (SNRm.+ R+R2 < LI (SNR, + ail (sNR, )+o 3l (sNR(tm
+SNR(t m , 'fgg@mﬂ}l@éégéa@nﬁe fraction of time which slot 3 occupies, at = |

. The achievable (=1 rate  of the sy terrzlis giy n by the intersection of the
rate regions. Note tRaf aII(SNRé,}) +a,l SNR§,$+SNR§ZZ§

5 R, < a,I(SNRS, )+ a, I(SNRS), + SNRY), ) (18)
R +R, <o I(SNRY) )+ &, I(SNRY), )+ a, I(SNRE) + SNRZ,)

3

where a, is the fraction of time which slot 3 occupies, Za, =1. The achievable
t=1

rate of the system is given by the intersection of the rate regions. Note that

Users 1 and 2 do not have any new information to send during this slot.

10 8.1.4 BS processing

At the BS, iterative decoding is performed to decode the information bits of
Users 1 and 2, which is the same as the relay network if the enhanced turbo
code scheme is used. For the multiple turbo coding scheme, iteraﬁve decoding
s .ars‘o used for the information sequences.
15

Figure 12 illustrates the EXIT chart for the multiple turBo coding scheme

when y;, =y, , =-3.3dB in an AWGN channel. y,, and y ,respectively

denote the SNRs of the S1-D and the S2-D links. The settings of the network is

such that d57 =1andd;], =1. d;,, denotes the distance between S1 and D while

20 dg, denotes the distance between S2 and D. The slot allocation used is



Users 1 and 2 do not have any new information to send during this slot.
8.1.4 BS processing At the BS, iterative decoding is perfornmed to decode

the infor sbs of Users 1 and 2, which is the samg y
net wor k |‘?Bt he en anced turbo code scherre is used. For t %GEF'%{"% é@tur bo

codi ng schene, iterative decoding is also used for the information
sequences. Figure 12 illustrates the EXLT chart for the nulti pl e turbo
codi ng schenme when gSiD = gSiD = -3.3 dB in an AWGN channel. gS D and
respecti vet, = deaot3@sand thelRarget rateds B1=R, art23.He1 88d 32 uskthe Mindtipdet t i ngs
of the network is such that d D= land d D= 1. dS D denotes the distance

ol | oogt ofTHRLpARRCCUE,# 5P I e hBeChalfY ?@2%@%%9%8” 5 s

and S2 use the nmultiple turbo code PCC(3 + 4 | + 4 | ) . The upper
bound cur mungwrmdzeﬁw$MrvelydUmtratarth%emmﬁlqlegpreb@ﬁ;f/rgnyG.Iamdn ,rate the
extrinsic log-ratios fromCland C2 for the EXIT function | (um;Em (Ul)E

Ul S t ) i 0f td its f S.1,.while E(|
() onarer R TR b ARG R P TR i e sl &°1 ™ b
vertical step in the EXIT chart corresponds to an activation of the
I terat kve erRgtiod bits from %1 WMIé'E‘Og&‘?%hae}?@ uOFa¥hdte th Bxtritfsi/LLRACH

hori zontal step corresponds to the ivatio f the iterative decoding for

S2 until convergence occurs. The step curve 1202 corresponds to the mnutual
from the C,and C,of S1. Each vertical step in the EXIT chart corresponds to an

activation of the iterative decoding for S1, until convergence occurs. Similarly,

each horizontal step corresponds to the activation of the iterative decoding for

S2 until convérgence occurs. The step curve 1202 corresponds to the mutual
10 information measured at the output of the decoders under such an activation

scheme. For lower complexity, we considered the activation of S1 (C, - C, - C;)
and S2 (C, -C, - C,). The step curve 1204 corresponds to the mutual

information measured at the output of the decoders. The convergence of
iterative decoding towards low error rate is possible since a tunnel exists at
15 -3.3dB. The theoretic limit for the target rates is -3.6dB.
Figure 13 shows the outage probability and FER performance. The outage
probability of the multipie turbo code has a diversity of 2, which is higher that of
the enhanced turbo code scheme, which has a diversity of 1. The multiple turbo

20 code PCC(3+4/7+4/7) has an outage that is around 0.3dB from the outage

limit.



i nformati on neasured at the output of the decoders under such an activation
schene. For | ower conplexity, we considered the activation of S1 (C- C2 -

C) and {oLHtinesa2- C3) - The step curve 1204 correspopds <iQofoRGoiakit ual
i nformation neasured at the output of the decoders. The convergence of

iterative decoding towards low error rate is possible since a tunnel exists
at -3.3dB. The theoretic limt for the2farget rates is -3.6dB. Figure 13
shows the outage probability and FER performance. The outage probability of
the mul ti @B.¢.5 Trdivingfter dheanrel eistienatiory of 2, Wi ch is higher that of the
enhanced turbo code schene, which has a diversity of 1. The nultiple turbo
code PCC(3 + 4/ 7+ 4 /| 7) has an outage that is around 0.3dB fromthe

outage |im t NgrhaPtrainidorGimteP5lof hMAimE Sidt TRAhPBriNBaomAl tididihg! Ng for time
slot 1 and tine slot 2 and orthogonal training sequence, e.g., the training

, orthe q
Syncnr ont ZaERoBle oEitne rening seGhendds offa At id S TRy RN SZ L P Can be used

for tinme slot 1 and tinme slot 2. For tine slot 3, the two sequences shoul d
be aligned within the CP at BS so as to maintain subcarrier orthogonality.
The two users should al so use the sane LO reference, e.g., the BS LO

frequency, for easier frequency synchronization at BS.
5  8.1.6 Time and Frequency Synchronization

Conventional time and frequency synchronization can be used for time slot 1
and time slot 2. For time slot 3, the two sequences should be aligned within the
CP at BS so as to maintain subcarrier orthogonality. The two users should also
use the_ same LO reference, e.g., the BS LO frequency, for easier frequency

10  synchronization at BS.

8.1.7 Transmission Protocol

For the CMAC network in Figure 9, S1 and S2 work in cooperation to deliver
their packets to a common destination BS. In the 1% time siot Node S1 transmits,
15 ‘ while Node S2 transmits in the 2™ time slot. Each S node receives the coded
bits sent by its partner node and attempts to decode its partner information. The
transmission scheme for these 2 time slots is shown in Figure 15. The
codeword transmitted depends on which distributed coding scheme is used. For

incremental bits, Node S1 sends the codeword (¢;,¢5,) - When joint network and
20 channel-coding is uséd, Node S1 sends the codeword (c,,c,) . If decoding is

successful, then this information will be relayed to the destination BS.



8.1.7 Transm ssion Protocol For the CMAC network in Figure 9, S 1 and S2
work in cooperation to deliver their packets to a common destination BS. In

the 1st tj I Node S 1 transmits, while Node S2 tra ' ' 2nd
time sl ot‘!.‘lgégjz%&%”ﬁode receives the coded bits sent by ??@s&:}ﬁp@g@oﬂ%ode and
attenpts to decode its partner information. The transm ssion schene for
these 2 time slots is shown in Figure 28. The codeword transnmitted depends
on which distributed coding schene is used. For increnental bits, Node S 1

sends t he ACKSINACKS$ informatidn is. setbent frommthensstunce kodes! ta malicete wietherg i s
used, Node S 1 sends the codeword (c,,c2) . If decoding is successful, then

this infonAgy bp@pcy@déragﬁ? of hayYRthe®B™ firpedgstt | nat i on BS. ACKs/ NACKs
information 1s sent out Tromthe source nodes to indicate whether they are

cooperating or not in the 3rd tine slot. In the 3rd tine slot, cooperation
occurs when both the sources send ACKs. O herw se, the sources wll operate

in a non-cooperatiye node., In the cooperatjve,canfiguration own in
Hgure 17, - NBtbes ) fmoeies cafeyaion SR wht Reblb e dtbes Bang ATKT or
jointly or_separately and transmt themto the destination BS using a STBC.
For separ {2Geamissdthegsouraes wileRgiate (nca poncpppepative mode) Inithesent by s 1
and S2 using STBC. For joint network and channel encoding, as shown in
Fi gur e 18,coBperativeSDnfiguchtione as shiownrid Rigure) 171, NadeSt end $2aenocade dodo usi ng
STBC. c12 and c22 are the codewords sent by S 1 while '

information bit streams either jointly or separately and transmit them to the

destination BS using a STBC. For separate encoding, the codeword

(€15C5y,C105Cyy) IS sent by S1 and S2 using STBC. For joint network and channel
10  encoding, as shown in Figure 18, S1 and S2 send the codeword (c}) to the
destination, also using STBC. ¢,, and c¢,, are the codewords sent by S1 while

¢,and ¢,, are the codewords sent by S2.

In the non-cooperative configuration, as shown in Figure 16, Node S1 and
15 S2 transmit their own additional coded bits in turn during the 3™ and last time

slot for additional redundancy. For incremental bits, S1 sends(c,,,c,,) while for

joint network and channel coding, S1 sends(c,).

8.2 MARC topology
20 Figure 10 shows S1 and S2, communicating with a BS through a RS using

OFDMA. Orthogonal subcarrier sets are assigned-to the two users.



cl2 and C22 are the codewords sent by S2. In the non-cooperative
configuration, as shown in Figure 16, Node S 1 and S2 transmt their own

addi ti One\{vo%@%ﬂs hts in turn during the 3rd and |ast tipg g3l @%058{45
al’ ‘redun ?C ,Cé S

addi tion ancy. For increnental bits, S 1 sends while for
joint network and channel coding, S 1 sends(c3) . 8.2 MARC topol ogy Figure
10 shows S 1 and S2, comunicating witB%a BS through a RS using OFDVA.
Ot hogonal subcarrier sets are assigned to the two users. The proposed
cooper at i ve The peopased| caopemativenogrespental tddundandy spaes-tine-cedaghtalay on nay
need two tine slots to conplete one cooperation cycle. 8.2.1 Time slot 1 S

1 transm tranphisdion ethyrided twie timanslotsiibNomsletead wel cseprrationsycieher e t he FEC
coded-nmodul ation rate \sR S R according to Equation 19: , is the fraction

of time slot 1. When TDMA is used for user nultiple access, a, denotes the
fraction of tinme user 1 occupies in slot 1. 8.2.2 Tine slot 2 S2 transmts
punct ur ed OFDM SCCP nodul at ed sequences, where the FEC
coded- m)dug'gtgll gﬁqrg%'tlgp?si ?S according to Equation 20:

5 S1 transmits punctured FEC-coded and OFDM modulated sequences,
where the FEC coded-modulation rate is R, according to Equation 19:
Ry, < & I(SNRY, )= RY (19)
~a,is the fraction of time slot 1. When TDMA is used for user multiple access,
a, denotes the fraction of time user 1 occupies in slot 1.
10
8.2.2 Time slot 2
S2 transmits punctured FEC-coded and OFDM/SCCP modulated sequences,
where the FEC coded-modulation rate is R, , according to Equation 20:
Ry, < azl(SNRg‘;;)= R (20)
15  a,denotes the fraction of time slot 2 used for transmitting S2’s information. For
- frequency division-based orthogonal multiple access such as OFDMA, SC-
FDMA and DFT-Spread-OFDM, «, =a,. For TDMA, «a, denotes the fraction of

time that S2 occupies in slot 2. R¢, and R, may or may not be the same. The

BS and RS collect the received sequence. The RS will also decode the
20 information sequence from S1 and S2. The BS then computes and stores the

LLR.



RS2R a2l {sNR'R) =R (20) a2denotes the fraction of time slot 2 used for
transmtting S2's information. For frequency division-based orthogonal

mul tiple h as OFDMA, SCFDVA and DFT- Spread- OF =32, TDVA,
a2denot esﬁﬁcﬁgﬁ@rﬁ%ﬁi on of tinme that S2 occupies in slot %/Sﬁg&gﬁ) 6?)&%

2R may

or may not be the sane. The BS and RS coll ect the received sequence. The RS
wi Il al so decode the information sequedée fromS 1 and S2. The BS then
conputes and stores the LLR 8.2.3 Tine slot 3 and 4 The RS re-encodes the

i nformati 08.28Jimecsst8farRl4 and S2 with their original rate-conpatible

FEC. The RS then maps the punctured coded bits to synmbols, and t

hen uses

OFDMVA t o nmodThatRes Fdventades Biemfeidlionssefuchtes oMS 1usel S2 withitherd S2 wi | |

al so produce the sanme codeword and map the punctured coded bits

to the sanme

mbol : t ' ' i OFDM
Y ansm sor s (EE Lo p AR TG TREBS b nRY BRI LRI IR

oL e A RSl S NS o BN

5 users.

all rate
e two

S1 and S2 will also produce the same codeword and map the punctured

coded bits to the same symbols as that of the RS, and then to the assigned

subcarriers for OFDM transmission processing. Then S1, S2, and the RS

10 transmit the signals simultaneously to the BS, using Alamouti coding scheme.

The overall rate region is given by Equation 21:

R, < aI(SNRU) )+ a,I(SNRZ) + SNRZ) )= R®
R, <@ I(SNR®) )+ @ I{SNRE), + SNRE) )= R

where a, and «a, are the fraction of resource which S1 and S2 used,

.15 respectively. The overall achievable rates are given by Equation 22:

S R < min(Rl('),Rl(z))
R, <min(R{",R{)

(21)

(22)

However, if multiple turbo code is used with joint network-channel coding,

STBC cannot be employed. The rate region is similar to that of the CMAC.

20



R2 CCI(SNR') + CCAI[SNR +SNR') = R where 3 and a4 are the fraction of
resource which S 1 and S2 used, respectively. The overall achievable rates

are gi ver\vgyéﬁj_%gﬁ%&on 22: However, if nultiple turbo CO?ET}sﬁzb'l%ﬁﬂoo%th _

j oi nt networ annel codi ng, STBC cannot be enpl oyed. e rate region is-
simlar to that of the CMAC. 8.2.4 Rate setting Select a target rate for S 1
and S2, while assuming values for the @®RS and SNRS2D . The val ues of SNRSD
and SNRSi D may for exanple be estinmated through the process of channel

est i mat i orB.24f Ratecsettilmghel is found to have a transmission rate that is
sufficiently high, a direct transm ssion node may be used. For exanple, if

bot h SNRSD ageieshNBIakyarrgteopBa endS2dwhits ass@fingVa689Fshtha direct
transm ssi on node may be used. For given values of SNR and SNR, we can

select , aggpa t ral.l a loRpl 0N, ' n both
channel s. wlégl”s%gfwffﬁa%nv%h%%%%‘Qgi‘lhgﬁfgrknﬁgéﬂ%%ig&%ﬁ% b%i gh-rate
coded nodul ation, so as to inprove the overall efficiency based on two
consi der at@séimated rouigh $he poorsssafahaonei estinmatiord dictbaathannel is feuhd e t o
work, the RS needs to be close to the source nodes; The second

consi der athave a san$messioraratentisstiio sufficidritigdagh, vandisectittardenissibn imode any
space-tine diversity at the BS, whereas the second sl ot sequences have.

Wither, . mafb8RetFof 8ksmpRYifBbth WNEAANISAR, |, ChreaiBval APrRdRE miREgSho! d

threshold, a direct transmission mode may be used.

For given values of SNRg)and SNRZ,, we can select o, and o, such that

10  reliable transmission is possible on both channels. The slot duration should be
minimized, i.e., using high-rate codéd modulation, so as to improve the overall
efficiency based on two considerations. The first consideration is, for decode-
forward scheme to work, the RS needs to be close to the source nodes; The
second consideration is, the transmission in these two slots dp not have any

15  space-time diversity at the BS, whereas the second slot sequences have.

Withea,, a, and the rate region, we can look for a minimum SNR{) threshold

which satisfies the target rate. If SNR) is too low, we will have to lower our

target rate and start all over again. Once the rate is determined, a FEC scheme

20 can be chosen to apprbach this rate.

8.2.5 Receiver Processing

The decoding process is similar to that for the relay network.



which satisfies the target rate. If SNRis too low, we will have to | ower
our target rate and start all over again. Once the rate is determ ned, a

FEC sche hosen to approach this rate. 8.2.5 Rggej ssi ng
The decodr‘?gga%rldg%ggs is'simlar to that for the relay ngt%\%}ospgﬁlg%g&ég

Trai ning for channel estimation Training signals can be transmtted in both
time slots. In this case, constantnoduldis training signals can be used by
the S nodes in tine slot 1 with which the S RS channel estimtes can be
obt ai ned and constant-nodul us training signals can be used by the RS in
time slot 3 with which the RS-BS channel estinmates can be obtai ned.

Al t er nat i &P Ti#in ol sHdithdl @stinddomt training signals only in tinme slot
3. In this case, orthogonal training sequences need to be used between the

S and the RSTiginklaceib SSRREhBer SHiRHeH! if bt Y YBch ecSBIchathrine

RS- BS channel coeffi€ients can be obtaine I e an equency
Synchroni zat i,on ncurrent transm ssiqgns,shoul d be aligned w.thin the CP at
The reco TRt TEREH0 SENaS FAT RERR MR P hotes i imeiRart Wb Whteh ", % g
RS shoul d al so_use the sane LOreference, e.qg., the LO reference of the BS,
for easi etherxRReranng) gsimatas can ba Oﬂa'ﬁﬁia%dd%o“ﬁ?@tﬂm&'“s training

signals can be used by the RS in time slot 3 with which the RS-BS.channel

estimates can be obtained.

Alternatively, we can choose to transmit training signals only in time siot 3.
10 In this case, orthogonal training sequences need to be used between the S and
the RS in the respective subcarriers from which the S-BS and the RS-BS

channel coefficients can be obtained.

8.2.7 Time and Frequency Synchronization

15 Concurrent transmissions should be aligned within the CP at the receiving
node so as to maintain subcarrier orthogonality; S1, S2 andvRS should also use
the__,sahe LO reference, e.g., the LO reference of the BS, for easier frequency

synchronization at the D or the R.

20 8.2.8 Transmission Protocol
Two source nodes S1 and S2 work in cooperation with the RS to deliver
their paékets to the BS. In the 1% time slot, node S1 transmits while node S2
transmits in the 2" time slot. The R receives the coded bits sent by both nodes

and attempts to decode their information as shown in Figure 19. For



8.2.8 Transm ssion Protocol Two source nodes S 1 and S2 work in cooperation
with the RS to deliver their packets to the BS. In the 1st tinme slot, node

S1tran 't§ 54 node S2 transmits in the 2nd tinme s cei ves
t he coded izt!sowger?? by both nodes and attenpts to decodge{rﬁg}%{on Or3$mation

as shown in Figure 19. Forincremental bits, the node S 1 sends the codeword
(c,,,c2 1) . For joint encoding, the ndde S 1 sends the codeword (C1,c2)

| f decoding is successful, then this information will be relayed to the
desti nat i ancrBBentdlititdA@ie hode Stedenus the codawoalifc, f ¢,gmFdnoiRSenandimgli cat e
whet her they are cooperating or not in the 3rd tinme slot. In the 3rd tine
sl ot, coopgrati,0 ccurs.when, the rel a nds .an . r i .S 1 and S2
will oper gﬁ% nloﬁe§ ﬁ%%’%%%‘&@&%"\’i’é%%nfey- I?ﬁe?ﬁgl%gdgggF%%s\?@, @%ﬁﬁpbsur ation
that is shown in Figure 2 1, the information is decoded correctly. The RS
can encodénfoanhatiomfilt batrelayedito the destiratioe B8 AASKYNAGK infarmation is sent
additional coded bits with the correspondi ng source together with a STBC,

or the RS giafron®tHs RS teria@idatedahbthen tivsynare cobperatig beasEinahe 3f%tnem t to
the BS. If the RS fails to decode information fromeither of S 1 or S2,

then S.1 gjgl S2 will operate in a non-cooperative node. In Figure 20, Nodes
S1 ané S2 transmt their own additional coded bits in turn during the 3rd
and last tine slot for :

In the 3™ time slot, cooperation occurs when the relay sends an ACK.
Otherwise, S1 and S2 will operate in a non-cooperative mode. In the
cooperative configuration that is shown in Figure 21, the information is decoded

10 correétly. The RS can encode both information bit streams separately and
transmit the additional coded bits with the corresponding source together with a
.STBC, or the RS can jointly encode both information bit streams and transmit to

the BS.

15 If the RS fails to decode information from either of S1 or S2, then S1 and S2
will operate in a non-cooperative mode. In Figure 20, Nodes S1 and S2 transmit
theirown additional coded bits in turn during the 3 and last time slot for
additional redundancy in the non-cooperative configuration. Similarly, for

incremental bits, S1 sends(c,,,¢,,) and for joint encoding,-S1 sends(c,).

20
8.3 Broadcast Relay System
Figure 10 shows a downlink scenario where the BS communicates with two

users, S1 and S2 through a RS using OFDMA.



addi tional redundancy in the non-cooperative configuration. Simlarly, for
increnmental bits, S 1 sends (c,2,c22 ) and for joint encoding, ~S1 sends(c
3) . 83 Rel ay System Figure 10 shows a downl wher e

t he BS co\ﬁ%}ﬁﬂ)@gt%% with two users, S1 and S2 through alpgilsi’gfﬁﬁ%é f)I\/A The
proposed cooperative increnental redundancy space- t| me- coded reI ay

transm ssion may use two tinme slots to2(90rrpl et e one cooperation cycle.
8.3.1 Tine slot- 1 To conmunicate with S 1, BS transnmts a punctured

FEC- coded and OFDM nodul at ed sequence, where the FEC coded-nodul ation rate
IS 1. The rate is set such that the BS can decode the data correctly with a
hi gh probabi Theropesst dosyserativecimepémenta? Bedundamcl (spiiBs-timé-23Yiedinelag a, is
the fraction of time slot 1 and SNRis the SNRfromthe BS to the RS To
conmuni CcatesninkiSsieR may 8sBawé tifits BlotStoPcdtHpete bRE cEEEeFéﬂéﬂ%:g%@

nodul at ed sequence, where the FEC coded-nodul ation rate The rate IS
set such that the BS can decode the data correctly with a high probability.
According to Equation 24: where , denotes is the remaining fraction of tine

sl ot 1'5 8.3.1 Time slot 1
To communicate with S1, BS transmits a punctured FEC-coded and OFDM
modulated sequence, where the FEC coded-modulation rate is R,. The rate is
set such that the BS can decode the data correctly with a high probability,
according to Equation 23:
0 R <a I(SNRY) | (23)

where ¢, is the fraction of time slot 1 and SNR}, is the SNR from the BS to the

RS.

To communicate with S2, the BS transmits a punctured FEC-coded and

15 OFDM modulated sequence, where the FEC coded-modulation rate is R, . The

rate is set such that the BS can decode the data correctly with a high probability.
Accordung to Equation 24:

R, < a,I(SNRY) (24)
where a, denotes is the remaining fraction of time slot 1. |

20
S1, S2 and the RS use the received sequences for decoding. The RS will
decode both the information sequences meant for S1 and S2. S1 and S2 will

then compute and store the LLR.



S 1, S2 and the RS use the received sequences for decoding. The RS w ||
decode both the informati on sequences neant for S 1 and S2. S 1 and S2 w ||

then comyhe,anfesshore the LLR 8.3.3 Tine slot 2 The BSP%E%G%&?/O@%W |1
. the in [

both transmt concurrently as follows. The RS reencodes ormati on:
sequences of S 1 and S2 with their ori %i nal rateconpati ble FEC. The RS then
maps the punctured coded bits to symboP8 and then OFDMA nodul ates the

nodul at ed synbols of S 1 and S2. The BS will al so produce the sane codeword
and maps the punctured coded bits or new coded bits to the sanme synbol s as
that in the RS, and then to the assigned subcarriers for OFDM transn ssion
processi ngg. 319 qime s1efi2t he RS then transmt the signals sinultaneously to S
1 and S2, using an Al anouti coding schene. The rate region for time slot 2

is given by ' ; a, wﬁ] _(sNRg]

+SNRg] ) V\heﬁgg?g’aﬁﬁdﬁ§s§pvéncl:ltléo\/tglt§?hasﬁ1 eI t ea@reart‘(f:ly :&gnfbg?‘ﬁ%eg%%ﬁ?eég in which

User 1 and User The over al.l ach(%s abhﬁ rates .f poth slots are
€

Wl use. r
const rai nEBCBICE M TR S ES R S1ESM S sl gnalratery, i
di to Equat| 26: R_)+cc3l {SNRg] +SNR
accor Isngco%pa i%?e ;:Eré 'Phe RS ?he%cma stheg unctureg r).:gded bits to symbols and

then OFDMA modulates the modulated symbols of S1 and S2.

The BS will also. produce the same codeword and maps the punctured
coded bits or new coded bits to the same symbols as that in the RS, and then to
10 the assigned subcarriers for OFDM transmission processing. The BS and the
RS then transmit the signals simultaneously to S1 and S2, using an Alamouti

coding scheme.

The rate region for time slot 2 is given by Equation 25:

R < o, I(SNRY )+ &, I(SNRY + SNR2))

15
R, <a,I(SNRY) )+ @, I(SNRY) + SNRE)

(25)

. where a, and «, respectively are the fraction of resources in which User 1 and
User 2 will use. The overall achievable rates for both slots are constrained by
the right-hand side of the above inequalities. Thus according to Equation 26:

R, <min{o(SNR ) o, (SNRSS )+ .1 (SNRE, + SNRE)

R, < min{at (SVRQ) s (VR )+ (s 4 svm) 0

- 20



R2 m(a 2I (SNR< a 2|1 (SNR% 2)+ a 4l (sNR +SNRg] ))8.3.4 Transm ssion
Pr ot ocol The BS works in cooperation with RS to deliver its packet to S 1

and S2. P Eﬁ){og§§3 t| ne slot, the BS transmts, as Sho%ﬂc’r@g’%&ﬂ%ﬁﬁmgz For

|ncrerrenta node S 1 sends t he codeword (c, .-

encodi ng, node S 1 sends the codewordné ,€2) . The RS receives the coded
bits and attenpts to decode its infor ﬂlon I f decoding is successful,
this information will then be relayed to S 1 and S2. Alternatively if it
fails, the8B3transmjssiandPriatoeohon-cooperative node. The ACK/ NACK
information is sent out fromthe RS to indicate whether the nodes are

cooper ati ng Phie BY wbrks iRtcodperatiofewith ®S td delivie? itdpacket® S$1 ahd Snaper ati on
occurs when the RS sends an ACK. O herwise, S1 and S2 will operation in a

non- COOPeRL i GniDet ggggsdé BEnSARBLASLHYEN GRRIGAULY FOR ifciefiofil Birg4 wher e

the information is correctly, 't SJOInt ytransmts

't he. noROBBGRLRERIS BGHERIPAR -6n) ?%?rugr&%%ga PR bPated ol B

transmts additional coded bits during the 2nd and the last tine slots for

addi ti enalodedordiz)ey).. THeeRSaeewwes tie t3ded Bits hntsatteenitsitd devodaits enent al
bit is used, and t he codemord (c3) is sent when joint encoding is used. The

har dwar e SL* rmation. WF dec%sdmg%J IES gu&essfu?riﬂlssl }drm% ion W|II thehne bg ‘?&ta%‘b to S1

and S2. Alternatively if it fails, the BS will operate in a non-cooperative mode.
The ACK/NACK information is sent out from the RS to indicate whether the
nodes are cooperating or not in the 2" time slot.
10
In the 2™ time slot, cooperation occurs when the RS sends an ACK.
Otherwise, S1 and S2 will operation in a non-cooperative mode. For the
cooperative configuration in Figure 24 where the information is decoded

correctly, the BS and the RS jointly transmits additional codewords (c,,c,,) or

15 (c,) to both destinations using a STBC.

In the non-cooperative configuration illustrated in Figure 23, the BS
transmits additional coded bits during the 2™ and the last time slots for

additional redundancy. The codeword (c,,c,,)is sent if an incremental bit is

20 used, and the codeword (c,) is sent when joint encoding is used.

The hardware such as the ICs, UE (eg:S1 and S2), RS, BS, the central

office and other network equipment may be programmed with software to



of fice and ot her network equi pment nmay be programmed with software
tooperate according to one or nore of the exanple enbodi nent nethods, and
ot her wi sgyg0l khe with common standards such as 3G V\EE?@QZW%W““G
These standards "are incorporated herein by reference. I'Tst exanple

enbodi nents of the invention have been described in detail, many variations
are possible within the scope of the idd%ention as will be clear to a
skilled reader. In this specification, the terns "user", "user equipnment"”

(or its aldpesstecddocondihglt pnerrdeor® df thedxante Sthbadiment methodscapdet ed as
equi val ents. I n some network topol ogi es such as CMAC, other users may act

as a RS, aiHediséBEmipatibR With BEmnibiPsRNEERSS S8GPa81BEYbyedd Antfior 4. A et hod
of conmuni cation conprising: determ ning whether to use distributing coding

bet ween a ﬁ1es|§. &Qﬁd%sbﬁé%ﬁﬁgﬁﬁiﬁﬁg‘gﬁbﬁgﬁedéénsm ssion rate; if the

determ nation IS posSitive, rd error correction schemne
using distributed Al anouti space-tinme coding, wherein the schene is
determ ned based on the predeterm ned transm ssion rate, a channel SNR and

a network topol ogy; relaying coded data fromthe Sto the D using the
det er nisnedVhilstaxempie embadimnests pidhe invention have been described in detall,

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

a skilled reader.

In this specification, the terms “user”, “user equipment” (or its abbreviation “UE”),
10 node S1 and node S2 are to be interpreted as equivalents. In some network

topologies s‘uch as CMAC, other users may act as a RS, and RS and R are to

be interpreted accordingly.



2 . The nethod in claim1l wherein the forward error correction schene is
sel ected fromthe group consisting of distributed turbo codi ng, enhanced
turbo codipg,ARfdszy! tiple turbo coding. 3. _ The net hodphq/sgzﬂomh&)dmerei n
the selection 1s based on which forward error correction schenme has the
rate region that includes the predeternm ned transm-ssion rate. 4. The

net hod in any preceding clai mwherein Ble deternination to use distributi ng
coding is made by determning if the SNRfromthe Sto Dis too lowto
support diClAlMSr ansmi ssion. 5. The nethod in any precedi ng cl ai mwherein
the network topology is selected fromthe group consisting of a relay
network, a CMAC network, a MARC network and a BRC network. 6. The nethod in
any preceding claimwherein the forward error correction schene includes a

plurality pf Shetethbl of BEmiriMcaRIRESmpAsiyf St sl ot being used by S to
transmt a code word, if R can decode Phe code word then in a subsequent

ot e rel aviagGaiRwiBhibr 8 UABARRY BbANS R B RAM & 7. The

met hod in any preéced erein ng coded data uses rate 1
convol uti g)nal or recursive, caqvol ut.ional codes with puncturing patterns. 8.
I

The nmefhodaSSIMY2 predaiaimipes EnsMIAYPEiITAe: code word i's optini zed based on

t he channel SNR . o
if the determination is positive, determining a forward error correction

scheme using distributed Alamouti space-time coding, wherein the scheme is
determined based on the predetermined transmission rate, a channel SNR ahd
a network topology;

10 relaying coded data from the S to the D using the determined forward

error correction.

2. The method in claim 1 wherein the forward error correction scheme is
selected from the group consisting of distributed turbo coding, enhanced turbo
15 coding and multiple turbo coding.

3. The method in claim 2 wherein the selection is based on which forwérd

error correction scheme has the rate region that includes the predetermined
transmission rate.

20
4. The method in any preceding claim wherein the determination to use

distributing coding is made by determining if the SNR from the S to D is too low

to support direct transmission.



9. The nmethod in claim®6 wherein the code word is relayed using a STBC. 10.
The nmethod in any preceding clai musing COVA, TDVA, OFDMA, SCFDVA,

DFT- Spr eag 35 SDVA. 11, A RS configured to comuni '
plurality o%@@ accor ding to the nmethod of any of clains 9%?%{;‘34)1%60@55 A RS

configured to conmunicate with a BS according to the nmethod of any of '
clainms 1 to 10. 13. A BS configured t o 3ommuni cate with a plurality of UE
according to the nethod of any of clains 1 to 10. 14. A Conmuni.cations
net wor k cdnf i gurheimethedimamy peeicedingcdaigh whereintthe networkdopblogyys of cl ai s
1 to 10. 15. A UE configured to communicate with a BS according to the

met hod of seected frohathegrbupcokistih@. of Areldy Rgtwrkda GMAGI fetworiyraocessor
i ncluding stored instructions, the instructions when executed control

communi catmgg@ﬁéwg a@,d%SBp{@dn@m}ﬁkaccor ding to the nethod of any of
clainms 1 to .
5 6. The method in any preceding claim wherein the forward error correction
scheme includes a plurality of slots in the time domain, a first slot being used by
S to transmit a code word, if R can decode the code word then in a subsequent

slot the relaying coded data is done cooperatively by the S and R.

10 7. The method in any preceding claim wherein the relaying coded data uses

rate 1 convolutional or recursive convolutional codes with puncturing patterns.

8. The method in any preceding claim wherein a code word is optimized
based on the channel SNR.
15

9. The method in claim 6 wherein the code word is relayed using a STBC.

10. The method in any preceding claim using ODMA, TDMA, OFDMA, SC-
FDMA, DFT-Spread-OFDM or SDMA.

20
11. A RS configured to communicate with a plurality of UE according to the

method of any of claims 1 to 10.
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12. A RS configured to communicate with a BS according to the method of

any of claims 1 to 10.

13. A BS configured to communicate with a plurality of UE according to the

method of any of claims 1 to 10.

14. A communications network configured to communicate according to the

method of any of claims 1 to 10.

15. A UE configured to communicate with a BS according to the method of

any of claims 1 to 10.

16.  Anintegrated circuit or processor including stored instructions, the
instructions when executed control communication between a BS and a UE

according to the method of any of claims 1 to 10.



