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Abstract—This paper proposes a channel coded linear physical-
layer network coding (LPNC) scheme for two-way relay (TWR)
fading channel, where only the relay possesses the channel
state information (CSI) in the multiple access (MAC) phase.
This scheme employs the spectrally efficient Ring-Trellis Coded
Modulation (Ring-TCM) codes to achieve a better performance
for TWR communication systems that employs LPNC. The design
criterion of the Ring-TCM code for TWR fading channel is
discussed. We also propose a new algorithm to find the optimal
network coding coefficients to resemble the channel fading
coefficients of the node-to-relay channels. The relay estimates
the end nodes’ message using the maximum a posteriori (MAP)
decoding algorithm based on a joint trellis. Our simulation results
show that the coded LPNC scheme significantly outperforms the
uncoded LPNC scheme. It can also outperform the coded scheme
that employs complete decoding (CD) scheme. Our simulation
results also show that the proposed scheme can approach the
cut-set bound at the high signal-to-noise ratio (SNR).

Index Terms—Channel code, linear physical network coding,
two-way relay, fading channel, Ring-TCM codes.

I. INTRODUCTION

Physical-layer network coding (PNC) [1] has the potential to

dramatically increase the throughput of multi-source wireless

communication networks. The two-way relay channel (TWR-

C), in which two end nodes simultaneously exchange message

via an intermediate relay, employs PNC at the relay and can

potentially double the throughput of the conventional one-way

relay channel. The essential idea of the PNC is that the relay

attempts to estimate the network coding message using the

superimposed symbols of the two end nodes. However, for

two-way relay (TWR) communication as PNC, to deal with the

amplitude variation and carrier-phase offset (CPO) of TWRC

remains to be two key challenges in realistic communication

scenarios.

Recently, a compute-and-forward (CF) [2] PNC strategy was

studied in [3–5], which is referred as linear PNC (LPNC).

LPNC performs linear combination of the end nodes message

using ring operation, while the convolutional PNC combines

the end nodes’ message (in bits) using the exclusive-or (XOR)

operation. The LPNC can well address the amplitude variation

and CPO problems and minimize the error probability of

the network coding message by choosing the optimal inte-

ger coefficients to resemble the channel fading coefficients

experienced by the transmitted symbols of the end nodes.

Compared with PNC, LPNC has multiple network coding

combinations, so it can significantly reduce the influence from

the amplitude variation and CPO by choosing the optimal

integer coefficients for network coding message. They can be

seen as the optimal network coding coefficients which can

minimize the error probability of the network coded message.

A real-valued system model with LPNC was studied in [3].

Both real and complex-valued system models with LPNC were

studied in [4, 5]. They have proposed the design of LPNC

without using a channel code. Simulation results of [4] and

[5] have shown that in an uncoded system, the LPNC scheme

outperforms the convolutional PNC scheme by more than 5 dB

in a complex-valued Rayleigh fading TWRC. So far, LPNC

has only been studied in the uncoded systems. It remains a

challenge to extend LPNC to a communication system that

employs a practical channel code.

In this paper, we investigate the design of the channel coded

LPNC system for complex-valued Rayleigh fading TWRC,

where only the relay possesses the channel state information

(CSI) in the multiple access (MAC) phase [4]. The uncoded

LPNC scheme is operated in a size-q integer set, where q
is a prime number. It is necessary to utilize a channel code

that is defined in the same integer set as the LPNC. However,

most existing channel codes are defined in the finite field of

size two or its extension field, except the Ring-Trellis Coded

Modulation (Ring-TCM) codes [6–8] and the lattice codes [9,

10]. In practice, lattice codes are difficult to implement due to

its high encoding and decoding complexity, leaving Ring-TCM

codes as a suitable channel code to be employed. The other

advantage of Ring-TCM code is its capability in achieving

high spectrum efficiency. Hence, we employ the Ring-TCM

codes in the TWR communication that is assisted by LPNC.

We propose a new algorithm to find the optimal network

coding coefficients to resemble the channel fading coefficients

for the coded system. Our simulation results show that the

channel coded LPNC significantly outperforms the uncoded

LPNC scheme and the the complete decoding (CD) scheme

(which decodes the individual messages of end nodes). We

further show that the channel coded LPNC scheme can well

approach the cut-set bound of the TWRC at high signal-to-

noise ratio (SNR).

The following notations are used throughout this paper. The
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Fig. 1. Two-way relay communications using PNC.

notation Zq denotes the ring of integers of size q and Zq =
{0, 1, 2, · · · , q − 1}. The notation ⊕, � and ⊗ denote the

modulo-q addition, subtraction and multiplication on Zq , as

a ⊕ b
.
= mod(a + b, q), a � b

.
= mod(a − b, q) and a ⊗ b

.
=

mod(ab, q), where a and b are non-negative integers.

II. TWR COMMUNICATIONS SIGNAL MODEL

The TWR communication system model is shown in Fig.

1 which consists of two end nodes, A and B, and the relay

node, R. There is no direct link between A and B, so they have

to communicate via the R node. In this paper, the channel is

assumed to be frequency-nonselective and fast fading, in which

the channel state changes independent from one to another. We

assume that the CSI is not known at the transmitters while it

is perfectly known at the receiver.

As shown in Fig. 1, in the MAC phase, A and B simulta-

neously transmit their encoded message to the R node. The R
node receives the superimposed symbols which are interfered

by the channel. With the received signal and the CSI, the R
node detects and decodes the LPNC message of A and B. In

the broadcast (BC) phase, the R node re-encodes the LPNC

messages and broadcasts to A and B. Then, each end node

retrieve the desired message by combining the received LPNC

message and its own message.

A. MAC Phase

We assume that the original message vector of end node m
is denoted as w̄m = [wm

1 , wm
2 , ... , wm

l ], where l is the length

of the original message vector and the message is uniformly

generated from Zq (q > 2), i.e.,

wm
n ∈ {0, 1, · · · , q − 1},m ∈ {A,B}, (1 ≤ n ≤ l). (1)

For convenience, we assume both end nodes employ the same

Ring-TCM encoder and the codeword vector of end node m
is denoted as c̄m = [cm1 , cm2 , ... , cml

r

], where r denotes the

code rate. Two pulse amplitude modulation (PAM) signals

of q levels are used to map the coded symbols cm2n′−1 and

cm2n′ (1 ≤ n′ ≤ l
2r ) into a complex modulated symbol

xm
n′ = (xm,R

n′ , xm,I
n′ ), where xm,R

n′ and xm,I
n′ denote the real

and imaginary parts of the complex modulated symbol xm
n′ ,

respectively. Therefore, it can be seen as a q2-ary quadrature

amplitude modulation (QAM), and presented as

xm
n′ =xm,R

n′ +jxm,I
n′ =

1

γ
[(cm2n′−1−

q−1

2
)+j(cm2n′−q−1

2
)], (2)

where γ is the normalization factor that ensures E[|xm
n |2] = 1.

Let χm denotes the constellation diagram utilized by end node

m and xm
n′ ∈ χm. The transmitted symbol vector is denoted

as x̄m = [xm
1 , xm

2 , · · · , xm
l
2r

]. In the MAC phase, the signal

received by the R node is

yn′ = hA
n′
√
Esx

A
n′ + hB

n′
√
Esx

B
n′ + zn′ , (3)

Fig. 2. Block diagram of the operation of relay.

where Es denotes the average transmitted symbol energy and

hm
n′ denotes the complex-valued fading coefficient of the end

node m-to-R channel and it is experienced by symbol xm
n′ . zn′

is a complex-valued additive white Gaussian noise (AWGN)

of zero mean and variance σ2 = N0/2 per dimension. The

SNR is defined as ρ
.
= Esr/N0.

After the MAC transmission, the R node obtains the re-

ceived signal vector ȳ = [y1, y2, · · · , y l
2r
] ∈ C

l
2r with which

it decodes the LPNC message as

w̄N =ᾱ⊗ w̄A ⊕ β̄ ⊗ w̄B = [α1 ⊗ wA
1 ⊕ β1 ⊗ wB

1 ,

α2 ⊗ wA
2 ⊕ β2 ⊗ wB

2 , · · · , αl ⊗ wA
l ⊕ βl ⊗ wB

l ],
(4)

where ᾱ and β̄ denote the network coding coefficient vectors

as ᾱ = [α1, α2, · · · , αl] and β̄ = [β1, β2, · · · , βl]. We denote

the n-th network coding message as wN
n = αn⊗wA

n⊕βn⊗wB
n .

B. Operations at the R Node

Fig.2 shows the decoding and re-encoding operations at the

R node. It can be described as the follows.

1) Step1: The R node finds the optimal network coding

coefficients (αopt, βopt) based on the available CSI, hA
n′ and

hB
n′ . The algorithm that finds the optimal network coding

coefficients (αopt, βopt) will be introduced in Section IV.

2) Step2: The R node decodes the end nodes’ message

w̄A and w̄B using the maximum a posteriori (MAP) decoding

algorithm based on a joint trellis. It obtains the a posteriori
probabilities (APP) of message symbols wA

n and wB
n as

Pp(w
A
n = a,wB

n = b|ȳ), where a, b ∈ Zq . With knowledge

of the optimal network coding coefficients, it can estimate the

LPNC message as in (4).

3) Step3: The R node re-encodes the LPNC message

and then maps the codeword to the q2-QAM symbol for

broadcasting to the end nodes.

C. BC Phase

We assume that the end nodes have knowledge of the correct

network coding coefficients. With the received signal of the

BC phase, two end nodes employ the MAP decoding algorithm

to decode the LPNC message. In this paper, it is assumed

that all nodes employ the same channel code. An end node

can extract the other’s message based on the decoded LPNC

message, network coding coefficients and its own message.

For example, node A first cancels its own message wA
n from
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Fig. 3. Encoder structure of the Ring-TCM codes.

the decoded LPNC message. The resultant signal is multiplied

with β−1
n , that is the unique inverse of βn in Zq . The recovery

process is described as

β−1
n ⊗ (wN

n � αn ⊗ wA
n ) = β−1

n ⊗ βn ⊗ wB
n = wB

n . (5)

In order to satisfy the condition that βn has a unique inverse,

q is required to be a prime number as in [3–5].

III. RING-TCM CODES AND MAP DECODING BASED ON

A JOINT TRELLIS

In our system, we employ Ring-TCM codes as the channel

code for the end nodes and the MAP decoding algorithm that

utilizes the joint trellis at the R node to decode the LPNC

message.

A. Ring-TCM Codes

In [3–5], the LPNC is defined in Zq . We employ the Ring-

TCM codes [6–8] that is also defined in Zq .

The encoder structure of the Ring-TCM codes is

shown in Fig. 3. The encoder is represented in the for-

m of (g10g
2
0 · · · gk0 )(g11g21 · · · gk1 ) · · · (g1sg2s · · · gks )/(f1f2 · · · fs),

where k denotes the number of input information symbols

at a time and s denotes the number of the shift registers in

the encoder. g10 , g
2
0 , · · · , gk0 , · · · , g1s , g2s , · · · , gks are the feed-

forward tap coefficients and f1, f2, · · · , fs are the feedback

tap coefficients. They are all defined in Zq . The Ring-TCM

code can be seen as a nonbinary TCM codes with a similar

encoding process.

It has been well established in the literature that the appro-

priate criterion for optimal TCM design on the AWGN channel

is to maximize its free Euclidean distance. However, for

point-to-point fading channel, the most important parameter in

designing a TCM code is the symbol Hamming weight (SHW)

of the shortest error event paths [11–14]. Moreover, the trellis

parallel transitions should be avoided. Since we have adopted

the TWR fading channel model, the criterion for optimal Ring-

TCM design in our model is still to maximize the SHW of

the shortest error event paths. We will verify this criterion by

our simulation results in Section V.

In this paper, we choose two Ring-TCM codes to be

employed by the TWR communications that utilizes LPNC.

They are Ring-TCM (1)(1)(1)/(1, 2) and (2)(1)(1)/(3, 2)

(a) Gray 9-QAM constellation (b) Gray 25-QAM constellation

Fig. 4. Gray 9-QAM and 25-QAM constellations.

Fig. 5. Simplified joint trellis of Ring-TCM (1)(1)(1)/(1,2) code.

codes which are defined in Z3 and Z5, respectively. They have

two shift registers and contain 9 and 25 states, respectively.

The two Ring-TCM codes have the maximum SHW of the

shortest error event paths constrained to the number of trellis

states. And the reason that we employ systematic code is that

the R node can easily calculate the network coding coefficients

from the CSI which is experienced by the end nodes’ original

message.

It is well known that q2-QAM Gray mapping has the

optimal performance for non-iterative decoding system. So

we assume that nodes A and B employ the same q2-QAM

Gray mapping. Fig. 4 shows the Gray 9-QAM and 25-

QAM constellations that are integrated with the Ring-TCM

(1)(1)(1)/(1, 2) and (2)(1)(1)/(3, 2) codes, respectively.

B. MAP Decoding Based on a Joint Trellis

In our system, the channel decoding is performed by the

MAP decoding algorithm based on a joint trellis. That says

the decoder combines the two trellis of the two end nodes

to decode the LPNC message. Fig. 5 shows the simplified

joint trellis structure if both of the end nodes employ the

Ring-TCM (1)(1)(1)/(1, 2) code. Let Dm
i and Em

i denote

the current and next states of the shift register i in node

m’s encoder. wm
n and cm2n−1 and cm2n denote the message and

codeword of the node m at time instant n, respectively. The

Ring-TCM (1)(1)(1)/(1, 2) code is defined in Z3 and has

two shift registers. Each input message corresponds to two

codeword symbols. Therefore, its joint trellis contains 34 = 81
states and each state has nine incoming and outgoing branches,

respectively. Note that, the R node can also decode message
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by MAP decoding algorithm utilizing a single trellis, but its

performance is worse than that of using joint trellis and we

will show this performance comparison in Section V.

With the received signal vector ȳ and the CSI, the demapper

obtains the channel observations Pr(yn′ |sA� , sBς ) by

Pr(yn′ |sA� , sBς ) =
1

πN0
exp(−||yn′ − hA

n′sA� − hB
n′sBς ||2

N0
),

(6)
where sA� and sBς denote the constellation points that are cho-

sen from χA and χB , respectively, for 	, ς ∈ {1, 2, · · · , q2}.

With q2-QAM employed at both of the end nodes, each

received signal will spin out q4 channel observations w.r.t. each

distinct transmitted symbol pair (sA� , s
B
ς ). After forward and

backward traces based on the joint trellis, the MAP decoding

algorithm estimates APP Pp(ŵ
A
n = a, ŵB

n = b|ȳ).
With the network coding coefficients, αn and βn, the MAP

decoding algorithm estimates the LPNC message ŵ
(αn,βn)
N (n)

as in (7) and (8).

IV. LPNC FOR RING-TCM CODED SYSTEM

In this section, we will investigate the design of the LP-

NC scheme for the Ring-TCM coded TWR communication

system.

For the Ring-TCM coded transmission, we know that the

real and imaginary parts of the transmitted symbol xm
n′ cor-

respond to the message and parity symbols of the end node

m, respectively. The LPNC message generated from the linear

combination of the end nodes message can be seen as the linear

combination of the real part of the symbols xA
n′ and xB

n′ as

wN
n = αn ⊗ (γxA,R

n′ +
q − 1

2
)⊕ βn ⊗ (γxB,R

n′ +
q − 1

2
)

= αn ⊗ cA2n′−1 ⊕ βn ⊗ cB2n′−1

= αn ⊗ wA
n ⊕ βn ⊗ wB

n .

(9)

Note that, for r = 1
2 , we have n = n

′
. Therefore, the channel

coded LPNC scheme is different from the uncoded LPNC [5].

The channel coded LPNC scheme consists of two steps. The

first step is to calculate the network coding coefficient group.

The second step is to choose the optimal network coding

coefficients from the group. The two steps are described as

follows.

A. Step 1: Calculating the Network Coding Coefficient Group

From [3–5], we know that the essential of the LPNC scheme

is to find the optimal network coding combinations based on

the CSI of TWRC. The complex superimposed symbol ηn′ =
hA
n′
√
Esx

A
n′ + hB

n′
√
Esx

B
n′ = ηRn′ + jηIn′ is shown as:

ηRn′ =
√
Es(h

A,R
n′ xA,R

n′ −hA,I
n′ xA,I

n′ +hB,R
n′ xB,R

n′ −hB,I
n′ xB,I

n′ ),

ηIn′ =
√
Es(h

A,I
n′ xA,R

n′ +hA,R
n′ xA,I

n′ +hB,I
n′ xB,R

n′ +hB,R
n′ xB,I

n′ ),
(10)

where hm,R
n′ and hm,I

n′ denote the real and imaginary parts of

hm
n′ , respectively. Clearly, there are q4 superimposed symbols

in the constellation observed by the R node.

In [5], the R node firstly calculates the minimum distance

(MD) between any two superimposed symbols and calculates

their symbol pair deviation based on the CSI of TWRC. The

function is shown as in (11) and it obtains the symbol pair

deviation (ΔRA ,ΔIA,Δ
R
B ,ΔIB) of the MD.

For the LPNC scheme, the optimal combination is to

combine any two superimposed symbols, with symbol distance

equal to MD, into the same set. The two superimposed

symbols have the same LPNC message. This idea can be

described by the following expression:

αR⊗(γxA,R
n′ +

q − 1

2
)⊕αI⊗(γxA,I

n′ +
q − 1

2
)

⊕βR⊗(γxB,R
n′ +

q − 1

2
)⊕βI⊗(γxB,I

n′ +
q − 1

2
)

=αR⊗cA2n′−1⊕αI⊗cA2n′⊕βR⊗cB2n′−1⊕βI⊗cB2n′

=αR⊗(cA2n′−1+ΔRA )⊕αI⊗(cA2n′+ΔIA)

⊕βR⊗(cB2n′−1+ΔRB )⊕βI⊗(cB2n′+ΔIB),

(12)

where αR, αI , βR, βI ∈ Zq are the network coding coeffi-

cients, and (αR, αI , βR, βI) �= (0, 0, 0, 0). Based on (12), we

can imply that

αR ⊗ΔRA ⊕ αI ⊗ΔIA ⊕ βR ⊗ΔRB ⊕ βI ⊗ΔIB = 0. (13)

So we can find the network coding coefficient group Vc as

Vc =
⋃

αR⊗ΔR
A⊕αI⊗ΔI

A

⊕βR⊗ΔR
B⊕βI⊗ΔI

B=0

(αR, αI , βR, βI).
(14)

B. Step 2: Choosing the Optimal Network Coding Coefficients

After getting the network coding coefficient group Vc, the R
node needs to choose the optimal network coding coefficients

from Vc. We can express the real and imaginary parts of y′n
of (3) as

yRn′ =
√
Es(h

A,R
n′ xA,R

n′ − hA,I
n′ xA,I

n′

+ hB,R
n′ xB,R

n′ − hB,I
n′ xB,I

n′ ) + zRn′ ,

yIn′ =
√
Es(h

A,I
n′ xA,R

n′ + hA,R
n′ xA,I

n′

+ hB,I
n′ xB,R

n′ + hB,R
n′ xB,I

n′ ) + zIn′ ,

(15)

where zRn′ and zIn′ denote the real and imaginary parts of the

AWGN zn′ . Based on our earlier analysis, we only need to

find the optimal LPNC combination of wA
n and wB

n .

In (15), the real part of the transmitted symbols xm,R
n′

experiences both real and imaginary parts of the CSI in yRn′ and

yIn′ . Hence, we have two methods to choose optimal coefficient

based on real and imaginary parts of the CSI.

The R node calculates two MDs between any two superim-

posed symbols based on the real and imaginary parts of CSI,

respectively. It obtains their symbol pair deviations as

(ΔRA1,Δ
R
B1) = arg min

|δRA |+|δRB |�=0
|hA,R

n′ δRA + hB,R
n′ δRB |,

(ΔIA1,Δ
I
B1) = arg min

|δIA|+|δIB |�=0
|hA,I

n′ δIA + hB,I
n′ δIB |,

(16)

where δRA , δRB , δIA, δ
I
B ∈ {1− q, · · · , 0, · · · , q − 1}.

Based on the (ΔRA1,ΔRB1) and (ΔIA1,ΔIB1), the R node

finds the optimal network coding coefficients from the network

coding coefficient group Vc as
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ŵ
(αn,βn)
N (n) = αn ⊗ a∗ ⊕ βn ⊗ b∗, (7)

where

{(a∗, b∗)} = arg max
(a∗,b∗)∈{(a,b)|αn⊗a⊕βn⊗b=θ,θ∈Zq}

∑
Pp(ŵ

A
n = a, ŵB

n = b|ȳ). (8)

(ΔRA ,ΔIA,Δ
R
B ,ΔIB) = arg min

|δRA |+|δIA|+|δRB |+|δIB |�=0,

δRA ,δIA,δRB ,δIB∈{1−q,··· ,0,··· ,q−1}

|(hA,R
n′ + jhA,I

n′ )(δRA + jδIA) + (hB,R
n′ + jhB,I

n′ )(δRB + jδIB)|. (11)

TABLE I
SYMBOL HAMMING WEIGHTS OF DIFFERENT RING-TCM CODES

Ring-TCM code Symbol Hamming Weight (SHW)
(1)(1)(1)/(1,2) 6
(1)(1)(1)/(2,1) 5
(1)(2)(1)/(1,0) 4
(0)(2)(2)/(1,2) 3
(0)(1)(2)/(1,0) 2

(αopt, βopt)∈{(αR, βR)|αR⊗ΔRA⊕βR⊗ΔRB =0 or

αR⊗ΔIA⊕βR⊗ΔIB= 0}. (17)

Note that αR �= 0 and βR �= 0. If there is no (αR, βR) pair

satisfying the condition, the R node determines (αopt, βopt) =
(1, 1).

Finally, the MAP decoding algorithm with a joint trellis

employs the optimal network coding coefficients (αopt, βopt)
to determine the LPNC message by (7) and (8).

V. PERFORMANCE ANALYSIS AND DISCUSSION

We assume the network coding message error (NCME) is

the event of ŵ
(αn,βn)
N (n) �= w

(αn,βn)
N (n). In Section III, we

have mentioned that the design criterion for the Ring-TCM

code in TWR fading channel is to maximize the SHW of the

shortest error event path. As shown in Table I, we choose five

Ring-TCM codes to verify our criterion, which have different

SHW of the shortest error event paths. They all have nine states

in the trellis. Fig. 6 shows that the Ring-TCM (1)(1)(1)/(1, 2)
code has the best performance as it has the greatest SHW

of the shortest error event path. Meanwhile, the Ring-TCM

(1)(1)(1)/(1, 2) code is the optimal code that we can find

in the nine states trellis. The simulation result validates the

proposed criterion.

Fig. 7 shows the simulation result of the Ring-TCM

(1)(1)(1)/(1, 2) code over the TWR fading channel using

LPNC and Gray 9-QAM. Our comparison benchmarks include

the uncoded LPNC scheme [5], the uncoded CD scheme which

completely determines all the end nodes message, coded PNC

scheme which employs the MAP decoding algorithm based

on a single trellis and coded CD scheme which completely

determines all the end nodes’ message by the MAP decoding

algorithm based on a joint trellis. It can be seen that the

channel-coded system significantly outperforms the uncoded

Fig. 6. NCME rate performance of 5 Ring-TCM codes LPNC scheme (9-
QAM) in a fast fading TWRC.

system by more than 30 dB coding gain. For the channel-

coded system, the LPNC scheme outperforms the CD scheme

by 0.5 ∼ 1 dB at low-to-medium SNR. This thanks to the

LPNC that performs a linear combination of the two end

nodes’ message. At high SNR, the LPNC scheme and the

CD scheme have similar performances and approach the cut-

set bound. Because the two approaches employ the APP of

the symbol pairs in MAP decoding algorithm based on the

joint trellis and, at high SNR, MAP decoding algorithm can

correctly calculate the APP of the symbol pairs, among which

one of the APP is dominant. The LPNC plays a less significant

role in improving NCME.

Based on Fig. 7, we can also observe that the LPNC

scheme outperforms the CD scheme by more than 5 dB in

the uncoded system, while there are only 0.5 ∼ 1 dB coding

gain in the channel-coded system. There are two reasons.

Firstly, as mentioned above, LPNC scheme and CD scheme

employ the APP of the symbol pair, which are generat-

ed from the MAP decoding algorithm. The channel coding

gain has overshadowed the network coding gain. Secondly,

q is not large enough for performing LPNC. For q = 3,

there are only four possible network coding coefficients, as

(αn, βn) = (1, 1), (1, 2), (2, 1) and (2, 2). However, (1, 1) and

(2, 2) have the same performance, and (1, 2) and (2, 1) have

the same performance. Therefore, there are only two options

IEEE/CIC ICCC 2015 Symposium on Wireless Communications Systems



Fig. 7. NCME rate performance of Ring-TCM codes (1)(1)(1)/(1,2)(q=3)
LPNC scheme (9-QAM) in a fast fading TWRC.

Fig. 8. NCME rate performance of Ring-TCM codes (2)(1)(1)/(3,2)(q=5)
LPNC scheme (25-QAM) in a fast fading TWRC.

which cannot realize the advantages of LPNC scheme. Hence,

the performance difference between LPNC scheme and CD

scheme are not so significant in the channel coded system.

Fig. 8 shows the simulation result of the Ring-TCM

(2)(1)(1)/(3, 2) coded LPNC scheme using the Gray 25-

QAM. The channel code is defined in Z5. We can see that

the trend of the curve lines in Fig. 8 are similar with that

of Fig. 7. The LPNC scheme outperforms the CD scheme

by more than 1 dB in the channel-coded system at the low-

to-medium SNR. This system model operated on Z5 and the

optional number of network coding coefficients are larger than

that of Z3. Therefore, the coded LPNC scheme can achieve a

more significant coding gain over the coded CD scheme. The

advantage of LPNC scheme can be realized when q is a large

number.

VI. CONCLUSIONS

This paper has proposed the channel coded LPNC scheme

based on Ring-TCM codes, where CSI is only available at

the R node in the MAC phase. We have proposed the Ring-

TCM code design criterion for TWR communication systems

that employs LPNC. Using this criterion, we can find the

optimal Ring-TCM code to achieve the best performance in

our system model. Based on uncoded LPNC scheme and Ring-

TCM codes, we have derived a new LPNC scheme to find

the optimal LPNC coefficients in channel-coded system. Our

simulation results have shown that the new LPNC scheme

outperforms the existing schemes and can approach the cut-set

bound at high SNR. We have also shown that the advantages

of LPNC scheme can be realized when the system is defined

in a larger integer set.

ACKNOWLEDGEMENT

This research is supported by the National Natural Science

Foundation of China (NSFC) with project ID 61372079, the

National Basic Research Program of China (973 Program)

with project ID 2012CB316100 and the Fundamental Research

Funds for Central Universities.

REFERENCES

[1] S. Zhang, S.-C. Liew, and P. Lam, “On the synchronization of physical-
layer network coding,” in Information Theory Workshop, 2006. ITW ’06
Chengdu. IEEE, Oct 2006, pp. 404–408.

[2] B. Nazer and M. Gastpar, “Compute-and-forward: Harnessing inter-
ference through structured codes,” IEEE Transactions on Information
Theory, vol. 57, no. 10, pp. 6463–6486, Oct 2011.

[3] T. Yang and I. Collings, “Asymptotically optimal error-rate performance
of linear physical-layer network coding in rayleigh fading two-way relay
channels,” IEEE Communications Letters, vol. 16, no. 7, pp. 1068–1071,
July 2012.

[4] ——, “Design criterion of linear physical-layer network coding for
fading two-way relay channels,” in IEEE International Conference on
Communications, June 2013, pp. 3302–3306.

[5] ——, “On the optimal design and performance of linear physical-layer
network coding for fading two-way relay channels,” IEEE Transactions
on Wireless Communications, vol. 13, no. 2, pp. 956–967, February
2014.

[6] R. Baldini, A. C. F. Pessoa, and D. S. Arantes, “Systematic linear codes
over a ring for encoded phase modulation,” in Int. Symposium on Inform.
and Coding Theory (ISICT 87), Campinas, Brazil, 1987.

[7] R. Baldini and P. Farrell, “Coded modulation based on rings of integers
modulo-q. 2. convolutional codes,” IEE Proceedings-Communications,
vol. 141, no. 3, pp. 137–142, Jun 1994.

[8] J.L.Massey and T.Mittelholzer, “Convolutional codes over rings,” in 4th.
Joint Swedish-Soviet Int. Workshop on IT, Gotland, Sweden, 1989.

[9] J. Conway and N. Sloane, “A fast encoding method for lattice codes and
quantizers,” IEEE Transactions on Information Theory, vol. 29, no. 6,
pp. 820–824, Nov 1983.

[10] ——, “Fast quantizing and decoding and algorithms for lattice quantizers
and codes,” IEEE Transactions on Information Theory, vol. 28, no. 2,
pp. 227–232, Mar 1982.

[11] M. Ahmadian-Attari and P. G. Farrell, “Efficient ring-tcm codes over
fading channels,” in Global Telecommunications Conference, 1996.
GLOBECOM ’96. ’Communications: The Key to Global Prosperity,
vol. 2, Nov 1996, pp. 1248–1252.

[12] F. J. Lopez, R. A. Carrasco, and P. G. Farrell, “Ring-tcm codes for qam,”
in Satellite Communications - ECSC-3, 1993., 3rd European Conference
on, Nov 1993, pp. 341–345.

[13] R. A. Carrasco and P. G. Farrell, “Ring-tcm for fixed and fading chan-
nels: land-mobile satellite fading channels with qam,” IEE Proceedings-
Communications, vol. 143, no. 5, pp. 281–288, Oct 1996.

[14] D. Divsalar and M. K. Simon, “The design of trellis coded mpsk for
fading channels: performance criteria,” IEEE Transactions on Commu-
nications, vol. 36, no. 9, pp. 1004–1012, Sep 1988.

IEEE/CIC ICCC 2015 Symposium on Wireless Communications Systems



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


