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Abstract: A network-coding-based multisource LDPC-coded cooperative MIMO scheme is proposed, where multi-
ple sources transmit their messages to the destination with the assistance from a single relay. The relay cooperates
with multiple sources simultaneously via network-coding. It avoids the issues of imperfect frequency/timing syn-
chronization and large transmission delay which may be introduced by frequency-division multiple access (FDMA) /
code-division multiple access (CDMA) and time-division multiple access (TDMA) manners. The proposed joint ”
Min-Sum” iterative decoding is effectively carried out in the destination. Such a decoding algorithm agrees with the
introduced equivalent joint Tanner graph which can be used to fully characterize LDPC codes employed by the
sources and relay. Theoretical analysis and numerical simulation show that the proposed scheme with joint iterative
decoding can achieve significant cooperation diversity gain. Furthermore, for the relay, compared with the cascade
scheme. the proposed scheme has much lower complexity of LDPC-encoding and is easier to be implemented in the
hardware with similar bit error rate (BER) performance.
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1 Introduction

( MIMO )

technology, in which both the transmitter and re-

Multiple-input multiple-output
ceiver of a communication link are equipped with
multiple antennas, can significantly increase com-
munication reliability. However, many mobile
devices may not be able to support multiple an-
tennas due to size or weight limit, etc. To over-
come the issues in MIMO technology and main-
tain its benefits, cooperation techniquest™ have
attracted much attention, via which the single-
antenna mobiles can share the use of their anten-
nas to form a virtual antenna array. For single-
three

source single-relay cooperation system,

main categories of protocols that support coopera-
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tive communications have been introduced re-
cently, i. e. , the amplify-and-forward (AF)™?,
detect-and-forward (DF)™! and coded coopera-
tion"*! protocols. In the AF protocol, the relay
node simply amplifies signals received from the
source to destination. In the DF protocol, the re-
lay node first detects the noise-corrupted received
signals by hard decision and then forwards the es-
timated signals to the destination. Generally,
both AF and DF modes may not be suitable for
the systems where high error-performance is
strictly required in the destination. To further
pursue higher transmission reliability, many pre-

[4-9]

vious studies concentrated on these attractive

topics of high-performance coded cooperation, in
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particular, using various low-density-parity-check
codes (LDPC)O7,
digital video broadcasting (DVB), worldwide in-

They are widely employed by

teroperability for microwave access (WIMAX),
and Wi-Fi standards. We refer to that coded co-
operation protocol employing LDPC codes as LLD-
PC-coded cooperationt'!”.

Here we focus on the so-called LDPC-coded
cooperation with multiple sources rather than a
single one. Compared with a single-source single-
relay coded cooperation system, the multisource
cooperation system faces new challenges. If the
relay cooperates with multiple sources simultane-
ously by frequency-division multiple access (FD-
MA) /code-division multiple access (CDMA), it
introduces the issue of imperfect frequency/tim-
ing synchronization. Similarly large transmission
delay is inevitable in time-division multiple access
(TDMA) manner. To overcome these challen-

12131 4 technique originally

ges, network coding'
developed for routing in networks, has been re-
cently used in multisource cooperation sys-
tem"*?*), In Ref.[14] a network coding approach
to achieve cooperation diversity is proposed,
where the partner transmits the algebraic super-
position of the locally generated codeword and the
relayed codeword. A kind of space-time network
coding is adopted in Refs. [15,16] to achieve full
spatial diversity with low transmission delay and
eliminate the issue of imperfect synchronization.
In Ref. [ 18] the authors introduce a complex field
network coding for multiuser cooperative commu-
nications, via which full diversity gain can be
achieved regardless of the underlying signal-to-
noise ratio ( SNR) and the constellation used.
However, the complexity of encoding and deco-
ding is too high. Relative to complex field net-
work coding, the complexity of network coding in
Galois field (GF) is much lower. In Refs. [ 20,
217 the joint designs of network coding and chan-
nel coding in GF are considered. Another advan-
tage of network coding in GF is that it is practical
to implement the joint decoding for the network
coding and channel coding in the destination. To

efficiently perform the joint decoding for network-

coding-based LDPC-coded cooperation is the main
contribution of this paper, which is rarely dis-
cussed in the previous literatures.

In this paper, the network-coding-based mul-
tisource LDPC-coded cooperation is formulated in
the following scenario. As mobile users, the
sources and relay have a single antenna; while as
a base station, the destination is equipped with
multiple receiving antennas. This kind of cooper-
ation model is known as the cooperative MI-
MO | which can achieve the receiving diversi-
ty as well as cooperation diversity gains. We con-
sider the network-coding-based multisource LD-
PC-coded cooperative MIMO over Rayleigh fading
channels, where multiple sources transmit their
messages to the destination with the assistance
from a single relay. The equivalent overall parity-
check matrix in view of the destination is obtained
based on the network-coding scheme, and the
equivalent joint Tanner graph corresponding to
the overall parity-check matrix is described in de-
tail. A novel joint iterative decoding algorithm is
introduced to decode multiple detected signals
coming from the sources and relay in the destina-
tion based on the proposed equivalent joint
Tanner graph that can fully characterize all the
individual LDPC codes adopted by the sources and

relay.

2 System Description

A network-coding-based multisource LDPC-
coded cooperative MIMO with K sources, one re-
lay and one destination is shown in Fig. 1. As
mobile users, the sources (S) and relay (R) have
single antenna; while as a base station, the desti-
nation (D) is equipped with L receiving antennas.
Sources S;, **+, Sk broadcast their messages en-
coded by LDPC-1, -+, LDPC-K to the relay and
destination by TDMA manner. After receiving
and decoding all the messages from sources, first-
ly the relay R combines the decoded messages by
network coding scheme which is denoted as bit-
wise exclusive OR (XOR) operation in the Galois
field GF(2), then R encodes the combined messa-
ges by LDPC-R to generate parity-check bits,
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which are finally transmitted to D. It is known
that K+1 time slots are needed to accomplish the
transmitting period, however, for the separate
processing by TDMA manner without network

coding in the relay, 2X K time slots are required.

Fig. 1 Network-coding-based multisource LDPC-

coded cooperative MIMO

Assume that S-R channels linking sources
and relay R are ideal, which implies that R can
inerrably recover all the messages from sources.
Suppose all messages over S-D and R-D channels
suffer from independent Rayleigh block fading
and complex additive white Gaussian noise
(AWGN), where channel gains are independent
and identically distributed (IID) zero-mean unit
variance circularly symmetric complex Gaussian

random variables.

3  Encoding Scheme for Network-
Coding-Based Multisource LD-
PC-Coded Cooperative MIMO

In this section, encoding scheme for net-
work-coding-based multisource LDPC-coded co-
operative MIMO that employs regular LDPC
codes is designed, and the overall parity-check
matrix in view of the decoder in the destination is
obtained. Here, the superscript " T" denotes the
transpose of a matrix/vector, and 0y is an M X

N zero matrix.
3.1 Encoding scheme for sources

Assume that S;, -+, Sk transmit independent

,K), a block of infor-

mation bits is encoded into a codeword

messages. For S, (=1, -

c, = (P yeeecP)HT (@)
by encoder LDPC-k, which is defined by its
sparse parity-check matrix (H ) w, scn- The degree
distributions for the variable and check nodes are

Alx) =24, p(x) =4 (2)
where each bit of the codeword participates in ex-
actly d, parity-check equations and each such
codeword bits.
,cx to Rand D

equation exactly involves d,
Sources S, s+*+, Sk broadcast ¢; s ***

by TDMA manner, respectively.
3.2 Encoding scheme for relay

In the proposed network-coding-based multi-
source LDPC-coded cooperative MIMO), the enco-
ding scheme for the relay is depicted in Fig. 2,

which includes three steps as follows.

LDPC- 1,/
1

\
1 1
1

t i
1 ]

XOR LDPC-R/

-

Fig. 2 Encoding scheme for relay in the proposed net-
work-coding-based multisource LDPC-coded co-

operative MIMO
Step 1 R decodes the contaminated messa-
ges from the sources, and the codewords ¢;, .
cx are recovered.

Step 2 R operates the recovered codewords
¢, ,cx with bitwise exclusive XOR operator de-
noted as @, and the new corresponding codeword
¢’ is achieved.

¢ =c, @ @Dex =y, O (3)

Step 3 As information bits, the whole block
of achieved bits ¢’ is encoded by LPDC-R to gen-
erate a new codeword

cR:(L‘/l,'--,C/N,p],---,pMz)T )

by appending M, additional parity-check bits p=
Cpro s pu )"

LDPC-R is gi-ven as

Hy = I:AMZXN BMZXMZ :l 5

whose degree distributions for the variable and

The parity-check matrix of

1

check nodes are A(z) =x% " and o(x) =291, re-
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spectively, with d, and d, having the similar
meaning as d, and d. in Eq. (2). To ensure that
cr is systematic as Eq. (4), the rank of sub-ma-
trix By, .y, should be M,, i.e., rank(By, .y, ) =
M,. The parity-check bits p of the codeword cy

are sent to the destination.

3.3 Equivalent overall parity-check matrix in

view of destination

Subjected to the constraint between the pari-
ty-check matrix and the codeword, the following
equations are given as

Hic, =0 (k=1.---,K) (6)

’

c

p

where the subscript of the matrix indicating its

HRCR:[A B]{ }_Ac/+Bp_0 (7)

size is ignored.
It is noticed that "+" in the GF(2) is equiva-
lent to "@".
Ac' =ACe, @ - @ ex) =Ac, @ =+ @ Ack (8)
Hence, Eq. (7) is equal to
[A =+ A Blc=0 9
where e¢=[c¢]++ ¢k p" " is the overall codeword in
view of the destination.
According to Eqgs. (6, 7,9), the equivalent
constraint relationship between the parity-check

matrix and the codeword can be rewritten as

H 0 - 0 0
o H, - 0 0
: : : Ple=0 (10
0 0 - Hxy 0
A A -+ A B

Finally, the equivalent overall parity-check ma-
trix corresponding to the overall codeword in view
of the destination is obtained as

H 0 - 0 0

0 H, - 0 0

H=|: : : : an
0 0 -+ H¢ 0
A A -+ A B

Assuming that the code rate of LDPC-£ is r
the overall code rate in view of the destination can

be calculated as

K
ZrkN

k=1
KN + M,

The efficient joint iterative decoding algo-

12

r

rithm is performed in the destination based on the
equivalent joint Tanner graph, which is related to

the obtained overall parity-check matrix.

4 Joint Min-Sum Iterative Decoding
Based on Equivalent Joint Tanner
Graph

4.1 Equivalent joint Tanner graph

To understand in-depth the proposed equiva-
lent joint Tanner graph structure that is directly
related to the subsequent analysis on the joint it-
erative decoding for network-coding-based multi-
source LDPC-coded cooperative MIMO, we pres-
ent a simple example of block codes with short
lengths, which have the similar Tanner graph
structure as the LDPC codes.

Example 1 For simplicity, assume K =2,
which means there are only two sources S, , S, in
Fig. 1. Three block codes C;, C, and Cg, defined
by the following parity-check matrices H,, H,

and Hy are employed by S;, S; and R, respective-

ly.
1 o0 0 1 1 1]
H =0 111 1 0
1 1 1 0 0 1
:1 Lo 1 o 1: 13)
H,=1{1 1 1 0 1 0
o o 1 1 1 1
1 0 0 1 0 0 1 0 0
Hy;=[A B]=1|0 1 0 0 1 0 0 1 0
0o 0o 1001 0 01
(14)

The equivalent overall parity-check matrix corre-
sponding to the overall codeword in view of the

destination is calculated as

H 0 0
H=|0 H, 0 (15)
A A B

From the viewpoint of the decoder in the destina-
tion, the equivalent joint Tanner graph related to
H,, H,, Hy is shown in Fig. 3.

As shown in Fig. 3, there are three layers in
the equivalent Tanner graph, i. e. the first, the

second and the third layers (for R) corresponding
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to the block codes C;, C, and Cy, respectiv

Clearly, the check nodes ¢’ (m=1, 2, 3) and ¢?
(m=1, 2, 3) in the first and the second layers
are only related to the variable nodes v\"” (n=1,
<+, 6) and v,” (n=1, ++ , 6) in their own lay-
ers, respectively. However, in the third layer,
the check nodes ¢’ (m=1, 2, 3) are not only re-
lated to the variable nodes v’ (n=1, 2, 3) in its
own layer but also related to v (n=1, = , 6)
and v, (n=1, -+, 6) in the layers corresponding
to two sources. It should be noted that for a cer-

tain ¢, which is related to one variable node

)
)

v, it must also be related to v!”. In other

YUn
word, each ¢}’ has the same relationship with all

the layers corresponding to the sources. For ex-

tics and Astronautics

is related to (", o

3)

ample, cf
simultaneously.

The aforementioned equivalent joint Tanner
graph for the block codes adopted in the proposed
network-coding-based two-source coded coopera-
tive MIMO can be easily extended to more com-
plicated scenarios of network-coding-based multi-
source LDPC-coded cooperative MIMO as de-
scribed in Section 3.

Fig. 4 illustrates the equivalent joint Tanner
graph corresponding to the overall parity-check
matrix in Eq. (11) for network-coding-based K-

urce LDPC-coded cooperative MIMO in view of
the decoder in the destination. The kth layer (k=

1, -, K) is corresponding to H,(k=1, - , K)

Fig. 3 Equivalent joint Tanner graph used to characterize the overall parity-check relationship of network

coding-based two-source coded cooperative MIMO using three block codes C,, C;, Cy

Fig. 4 Equivalent joint Tanner graph used to characterize the overall parity-check relationship of

network-coding-based multisource LDPC-cc

d cooperative MIMO
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which characterizes LDPC-k (=1, -+ , K) em-
ployed by source S, (=1, -+ , K), and the
(K+1) th layer is corresponding to Hy which
characterizes LDPC-R used by relay R.

A new decoding approach based on the de-
scribed equivalent joint Tanner graph is imple-
mented in the destination to perform the joint it-
erative decoding for all signals from the sources
and relay. The extrinsic information obtained
from the variable and check nodes in the equiva-
lent joint Tanner graph is exchanged sufficiently
during each iteration step, which differs greatly
from the traditional approach that decodes the re-

ceived signals successively'™.

4.2 Joint Min-Sum iterative decoding based on

equivalent joint Tanner graph

Standard belief propagation (BP) is the best
performing, yet the most complex algorithm for
decoding LDPC codes. To balance the perform-
ance and complexity, another iterative decoding

#1 is widely used in

algorithm named "Min-Sum”"
practice.

In this paper, we propose a joint "Min-Sum”
iterative decoding in the destination based on the
equivalent joint Tanner graph, which is virtually
an incorporated Tanner graph associated with the
multiple LDPC codes used by the sources and
relay.

In the equivalent joint Tanner graph shown
in Fig. 4, all the variable nodes in K+ 1 layers

, KN+ M, }, where
()

v, 1s noted as v;_1,y+. to describe the algorithm

form the set {v,: n=1, -

concisely; and the sets of the check nodes corre-
sponding to sources and relay are {¢?: m=1,

ey, Ml} (Zzls oy K) and {C,(11K+1>:

M, }, respectively. The set C(v,) contains all the

m=1, -,

check nodes in the joint Tanner graph related to
the variable node v,; V(¢{") (i=1, - , K+1) is
the set of all variable nodes associated with ¢{”.
Assume maximal-ratio combining (MRC) as a
special case of matrix matched filter (MMF) is
adopted to detect the received sequences of multi-

ple antennas in the destination, and the output

sequences of that MRC associated with the code-

words ¢;, ***, cx transmitted by sources and the

codeword p transmitted by relay are yV , -, y®
and y Let y:(Re(y“)),...’
Re(y™),Re(y™* ")), which is the direct input

of the joint iterative decoding.

KHED | respectively.

Define Lg.”, as the extrinsic information
from a variable node v, to an incident check node
¢! and Lr, the extrinsic information from a
check node ¢!’ to an incident variable node wv,.
Following the equivalent joint Tanner graph, the
joint " Min-Sum” iterative decoding algorithm is
summarized in the following.

Preparations  Initially, the decoder in the
destination only acquires the received signals, and
does not have any a prior information from the
check nodes. For binary phase shift keying
(BPSK), each bit n is assigned a log-likelihood
ratio (LLR) as

P(c, =0y, _dg
P(c,=1]y) N,

n=1,,KN + M, (16)
where g is the gain of Rayleigh fading channel af-

Lp, =log

ter MRC and N, is the variance of the complex
additive noise. The factor 4g/N, is a fixed posi-
tive number which can be ignored during the joint
iteration for the joint " Min-Sum” algorithm.
Hence, Lp, in Eq. (16) can be further evaluated
as

(n=1,,KN+M,) 17

(Initialization) Before commencing

Lp, =y,
Step 1
the iterative decoding, Lg.., can be initialized as
Lp, in Eq. (17).
Step 2
)

information Lr{’, sent from a check node ¢!’ in

(Horizontal process) The extrinsic

the ith layer to an incident variable node v, is
evaluated as

(€2 J—
Lr.., —( | |

v Ve N\,

sign( f,fff)) X

( min (| Lg, D) (18)
zr,ew(»“’nv

where sign( + ) and min( ) are the sign function
and minimal function, respectively. The updated
extrinsic information Lr{, from the check nodes
(D)

¢’ in the joint Tanner graph is obtained.

Example 2  The extrinsic information L#{?)
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3)

sent from the check node ¢i¥ to the variable node

v{" (v,) in Example 1 is shown in Fig. 5.

v,‘”(vl) . : ! . vP(v;)

Lq;;

)

The first layer The second layer

Fig. 5 Updated extrinsic information Lr{®, from the
check node ¢{* to the variable node v{" (v,) in

Example 1 as shown in Fig. 3

The updated L#{%) is relevant to the input

3)
1

Lg{?) from the first layer, Lq{*;, Lq{*}, from the
second layer, and Lg{¥; from the third layer.
Since different layers are corresponding to signals

over different fading channels, this can achieve

better diversity than the non-joint decoding
scheme.
Step 3  (Vertical process) Update the ex-

trinsic information Lq”, sent from a variable node

v, to an incident check node ¢!’ in the ith layer.

K+1
L, =Lp,+ >, Lrii+>, >, Lri
e ccone? =19 e )
O\C, i G ,,
(19
Step 4 (Final decision) Repeat Steps 2, 3
until reach the maximum number of decoding it-
erations. The a posterior LLR concerning each
codeword bit is calculated as

K+1
Rn :LP“ + 2 2 Lrl(ni.)n

i1 e )

n=1,-,KN + M, (20)

Therefore, the final decoded block of KN + M,
bits is obtained as
(0 R, =0

o = (n=1,-,KN+M,) (2D
1 R, <0

4.3 Comparison of joint and traditional Min-Sum
iterative decoding methods for network-cod-
ing-based multisource LDPC-coded coopera-
tive MIMO

In network-coding-based multisource LDPC-

coded cooperative MIMO, the traditional deco-
ding method" in the destination has to employ
multiple decoders for the received signals from
sources and relay. Hence, the traditional deco-
ding method increases the decoding delay, and the
decoding processing in the destination is more
complicated due to multiple decoders. In the pro-
posed joint iterative decoding, only one decoder is
needed in the destination, and the extrinsic infor-
mation obtained from the variable and check
nodes in the equivalent joint Tanner graph is ex-
changed sufficiently in each iteration step, which
can accelerate the decoding convergence and re-
duce the iteration time compared with the tradi-

tional one.

5 Simulation Results

Numerical simulations are performed to in-
vestigate the performance of the network-coding-
based multisource LDPC-coded cooperative MI-
MO employing the proposed joint "Min-Sum” iter-
ative decoding algorithm in the destination. S-D
and R-D are Rayleigh block fading channels with
perfect channel state information (CSI) in the
destination. The fading coefficient for each chan-
nel remains constant over each codeword. The
average received per bit per antenna SNRs of the
signals from sources and relay are equal, and
BPSK modulation is assumed in the simulations.

Random rate —1/2 regular LDPC codes with
the length N=1 000, whose degree distributions
for variable and check nodes are A (x) = x” and
p(x)=x", are employed by the sources. Rate
—2/3 regular LDPC codes with the length Ny =
1 500, whose degree distributions for variable and
check nodes are A (z) ==x* and p(x) =x°, are
adopted by the relay. Particularly, the LDPC
codes for the relay are systematic as described in

Section 3.

5.1 Network- coding-based multisource LDPC-
coded cooperative MIMO v. s. noncoopera-
tion

For comparing under the same condition, in

view of the destination, equal LDPC codes as the
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proposed scheme are employed by the noncooper-
ation scheme. Fig. 6 compares the BER perform-
ances of the network-coding-based LDPC-coded
cooperative MIMO with two sources (K=2) and
coded noncooperation under the identical condi-
tion of three receiving antennas (L=23). The re-
sults show that the performance of the proposed
cooperative MIMO scheme clearly outperforms
the coded noncooperation in all ranges of SNR.
For instance, at the BER of 2X10"* with five de-
coding iterations, the proposed scheme achieves
about 1. 4 dB gain over its respective coded nonco-
operation one. The significant gain is due to the
fact that three detected signals from two sources
and the relay, which are through independent fa-
ding channels, are jointly decoded by the pro-
posed high-efficient joint "Min-Sum” iterative de-
coding algorithm. Hence, it can dramatically

overcome the signals fading to achieve the diversi-

ty gain.
107
107 -
9
5]
m
10° }
—p— Noncoop., L=3, iter.=1
—e— Noncoop., L=3, iter.=5
—+— Network coding, K=2, L=3, iter=1
. —o— Network coding, K=2, L=3, iter.=5
10’ 1 1 1 1 1
-3 -2 -1 0 1 2 3

SNR /dB
Fig. 6 BER comparison of network-coding-based LD-
PC-coded cooperative MIMO and noncoopera-
tion schemes with L =3 receiving antennas and

various decoding iterations

5.2 Network- coding-based multisource LDPC-
coded cooperative MIMO with various num-

bers of receiving antennas

To investigate the receive diversity of multi-
ple antennas in network-coding multisource LD-
PC-coded cooperative MIMO), various numbers of
receiving antennas are applied in the destination.
BER performances of the proposed cooperative

MIMO with two sources are shown in Fig. 7,

BER

i

10°

&
N
L
o
_
[\
w

Fig. 7 BER performance of network-coding-based
L.DPC-coded cooperative MIMO schemes

with two sources

where numbers of receiving antennas are 2, 3 and
4, respectively. Significant gains can be obtained
with the increasing number of receiving antennas.
For instance, at the BER of 107% and five joint
decoding iterations, about 3, —1, and —3 dB of
SNR are required for 2, 3 and 4 receiving anten-
nas, respectively. This merit can be credited to
the fact that the more the receiving antennas, the
more the receive spatial diversity gain can be

achieved in the proposed scheme.

5.3 Network- coding-based multisource LDPC-
coded cooperative MIMO with various num-

bers of sources

In this part, we investigate the BER per-
formance of the network-coding-based LDPC-
coded cooperative MIMO with various sources.
Fig. 8 depicts the BER curves for the proposed
scheme with the number of sources K=2, 3, 4
under the conditions of L =2 receiving antennas
and five joint decoding iterations in the destina-
tion. In view of the destination, the overall code
rates corresponding to K=2, 3, 4 are 2/5, 3/7,
4/9, respectively. It is shown in Fig. 8 that the
BER performance slightly decreases as the num-
ber of sources increases. For instance, the BER
performance in the three-source case is inferior to
that in the two-source case and slightly superior
to that in the four-source case. The reason relates

to the fact that the overall code rate becomes lar-
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10°
10"
-
=
m
107 +
—— K=2,1=2
—— K=3,L=2
—a— K=4,1=2
10° " " " " "
-3 -2 -1 0 1 2 3

SNR /dB

Fig. 8 BER performances of network-coding-based LLD-
PC-coded cooperative MIMO schemes with K=

2, 3, 4 sources

ger with the number of sources increasing, which
results in the BER performance losses. It indi-
cates that for one relay there is a tradeoff between
the number of sources that it cooperates with and
the transmission reliability that can be achieved.
This tradeoff should be considered according to

the actual situation.
5.4 The proposed scheme v. s. the cascade scheme

In Ref. [26] another encoding scheme is pro-
posed, where the relay firstly cascades the recov-
ered codewords from sources, and then encodes
the cascaded message to generate parity-check
bits. It is called cascade scheme here, which is
much different from the proposed scheme in this
paper, where the relay first operates the recov-
ered codewords from the sources with XOR, and
then encodes the XORed message. In this part,
we compare these two schemes in the identical
scenario as the proposed scheme in this paper.
For the cascade scheme, LDPC codes for the
sources are the same as the proposed scheme, and
LDPC codes for the relay depends on the number
of sources K (For example, K =2, rate —4/5
regular LDPC codes with length N =2 500 and
degree distributions A(x) =a*, p(x) =z""; K=3,
rate —6/7 regular LDPC codes with length N=
3 500 and degree distributions A(x) =a", p(x) =
2*°). Fig. 9 compares the BER performance of the
proposed network-coding-based LLDPC-coded co-

10°

10"

=3 -
E&] 10
10° F 4 Network coding, K=3, L=2
—e— Network coding, K=3, L=3
—&— Cascade scheme, K=3, L=2
—o— Cascade scheme, K=3, L=3
10’4 1 I 1 1 1
-3 -2 -1 0 1 2 3
SNR /dB
Fig. 9 BER comparison of network-coding-based LD-

PC-coded cooperative MIMO and the cascade

schemes with the number of sources K=3

operative MIMO and the cascade schemes with
the number of sources K=3, under the same con-
ditions of L = 2, 3 receiving antennas and five
joint decoding iterations in the destination. It is
shown that the proposed scheme achieves the
similar BER performance of the cascade scheme
with the same receiving antennas. It can be ex-
plained by the two facts as follows: (1) In these
two schemes, the overall code rates in view of the
destination are equal; (2) In these two schemes.,
the four received signals corresponding to the o-
verall codeword are from four independent fading
channels (three from the sources and one from
the relay, respectively). Hence, these two
schemes can achieve the same diversity gain due
to the joint iterative decoding.

It should be noticed that for the relay, the
complexity of LDPC encoding in these two
schemes is much different. Considering encoding
by Gaussian elimination method, it can be easily
obtained that bringing the sparse parity-check
matrix into the desired lower triangular form re-
quires O ( N}) operations of preprocessing, and
the actual encoding requires other O(N%) opera-
tions on the non-sparse triangular matrix, where
O(N3}) and O(NE) mean that the numbers of op-
erations are cubic and quadratic with Ny, respec-
tively. Here Ny is the length of LDPC code em-
ployed by the relay and the operations "+" or " X"

in the GF (2). For the cascade scheme, Ny in-
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creases with the number of sources K, where N
=NK-+M,=1 000K+500 (K=3, Nx=3 500),
however, for the proposed scheme, Ny=N-+M,
is fixed at 1 500. The proposed scheme sharply
decreases the encoding complexity compared with
the cascade scheme. Furthermore, the proposed
scheme is much easier to be implemented in the
hardware than the cascade scheme, especially in

the case of large K.

6 Conclusions

A network-coding-based multisource LDPC-
coded cooperative MIMO scheme is investigated
The pro-

posed scheme well combines cooperation diversi-

over Rayleigh block fading channels.

ty, multi-receive diversity and channel-coding
gains. By the features of the operations in the
GF(2), the equivalent overall parity-check matrix
corresponding to the overall codeword in view of
the destination is obtained based on the network-
coding and LDPC-encoding. A novel joint itera-
tive decoding algorithm is adopted to decode mul-
tiple detected signals coming from the sources and
relay in the destination based on the equivalent

joint Tanner graph related to the obtained equiva-

lent overall parity-check matrix. Theoretical

analysis and numerical simulation have demon-

strated the superiorities of the proposed scheme.
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