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Abstract

In this paper, we consider the transmission scheme for asymmetric decode-and-forward (DF)
multi-input multi-output (MIMO) two-way relay system with channel estimation error. In order
to transmit with asymmetric data rates from the relay to the receivers according to their
individual link qualities, we propose a novel transmission scheme for the broadcast phase by
employing a priori bit information. The proposed scheme employs multi-antenna and network
coding at the relay. The idea is the weaker link receiver exploits a priori bit information in each
transmit symbol, so that it only needs to decode on a subset of the transmit symbol constellation.
Subject to the same bit error rate constraint, the weaker link receiver can decode at lower
signal-to-noise ratio compared to the stronger link. The different signal labeling used for
mapping bits to symbols at the relay cause different minimum Euclidean distance, so it is shown
to be crucial for the performance at the receivers. Subsequently, we investigate the effect of the
channel estimation error on the system performance. Simulations show that the proposed
transmission scheme can be applied to practical scenarios with asymmetric channel qualities.

Keywords: Decode-and-forward, Multi-Input Multi-Output Two-way Relay, Network
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1. Introduction

Recently the relay has been widely applied because it can improve the spectral
efficiency, extend the coverage in cellular network. There are different types of relays
such as decode-and-forward (DF), amplify and forward and compress and forward. In
order to recover the spectral efficiency loss in half-duplex relaying systems, the two-
way relaying protocol as a new technique is proposed and has drawn considerable
attention, where two wireless stations exchange data via a wireless relay and there is no
direct connection between the two stations [1]. Motivated by the great success of
network coding and multi-input multi-output(MIMO) techniques, DF MIMO two-way
relay system has received special attentions in recent years [2, 3]. Network coding can
be used at the relay, where the relay combines the data on the bit level using the XOR
operation before modulation [4]. The relay does not split the power for transmitting the
two sets of data to the two nodes at the same time. Multiple antenna technology can
also be used in the two-way relaying network, which can improve the performance in
the fading environments by means of spatial diversity and increase the data rate by
using spatial multiplexing scheme [5]. It is shown in [6] that it is possible for the relay
to transmit information rates equal to the individual link capacities simultaneously to
the two receiving stations by using random coding approaches. In [2, 3] [6], it is
assumed that the channels from the relay to the two stations are symmetric.

In the practical system, the channel qualities from the relay to the two stations are
most asymmetric. How to transmit data, so that the data rates from the relay are not
limited by the weaker link of the two stations, is an important problem. The authors in
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[7] presented an effective outage evaluation approach of the asymmetric two-way
amplify-and-forward relaying. An asymmetric modulation scheme, with physical layer
network coding, was presented in order to improve the transmission reliability in two-
way relay system in [8]. And most of the known results assume that the two sources
can remove their own signals successfully during the second time slot. However, such
perfect self-interference cancellation is based on the assumption of perfect channel
state information (CSI) conditions. In practice, it is difficult to obtain perfect CSI due
to channel estimation error, which results in a degradation of system performance. As
such, the authors in [9, 10] take the channel estimation error into consideration. To the
best of the authors’ knowledge, a unified study for the transmission schemes with
imperfect CSI in asymmetric MIMO two-way relay has not been reported yet in the
literature.

2. System Model

We consider the two-way DF relaying system in this paper where the two stations S;
and S, exchange data via a half-duplex relay R as shown in Figure 1 in two phases: the
multiple-access (MAC) phase and the broadcast (BRC) phase. In the MAC phase, the
two stations transmit their data to the relay and the relay decodes the received signal.
The decoded data are combined at the relay and are retransmitted back to the two
stations in the BRC phase. The two stations get the needed information by self-
interference elimination using the self-information. Network coding can mix data from
different nodes in network and transmit signal by using wireless radio characteristics,
which can improve throughout of wireless communication system. It has been applied
in the two-way relaying system. Multiple antennas can improve performance in fading
environment and has been applied in the two-way relaying system. The network coding
and multiple antenna technology are applied in the system at the same time, which can
improve throughout from network coding and spatial multiplexing and ensure more
reliable transmission from spatial diversity.

Source nodes S; and S, each have an antenna and R has Ng=2 transceiver antennas.
We assume that there is no direct connection between the stations S; and S,. The
network coding method and modulation mapping scheme of the relay are known to S;
and S,. They communicate through a relay node R that is within the range of both S;
and S,. Since the signals originating at S; and S, are mutually independent from each
other and R has two transceiver antennas, the system can be seen as a 2% 2 virtual
MIMO system with spatial multiplexing scheme. In the case of the relay node R
transmitting and the source S; and S, receiving information, the system can be viewed
as two 2% 1 MISO (Multiple Input Single Output) systems with spatial diversity
scheme.

Figure 1. Two-Way Relaying System

In the MAC phase, the source nodes S; and S, transmit data simultaneously. The data
sequence transmitted by the source nodes S; in the time slot i is

L_(p®  p®YT
bi - (bi,l ""’bi,N) (1)

bl <f0mne{l..N} | ot b’ denote the data vector at source S, in the time slot i. The
modulated signals of S, are denoted by ”® and s>® in the time slot i and (i+1). s”®
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And 20 denote the modulated signal of S, in the time slot i and (i+1). The relay node
R receives these signals via its two transceiver antennas. Let '*’® denote the channel
impulse response between the source nodes S; and the first antenna of the relay node R
in the time slot i. Let "*”® denote the channel impulse response between the source
nodes S, and the second antenna of the relay node R in the time slot i. Similarly, "*’®
and "““® represent the channel impulse responses between the source node S, and the
first as well as the second antenna of the relay node R. The channel impulse response
approximately represents the single path channels with the negligible time variance.
The general complex-valued numbers™™, h*” 0* and " can be used to represent the
channel impulse responses. ™ ® and "“® denote the additive white Gaussian noise
signals at the first and the second antenna of R in the time slot i and each having
double-sided spectral noise power density No/2, and with ®i® and ¢© being the
received signals at the first and the second antenna of R in the time slot i, the
communication system is given by

M) _(h e (P (nP ©)
eézi)(t) B hi(l’z) hi(2,2) Si(z)(t) + ni(z)(t)
The relay node R determines the information contained in the received signals,

-1 - -~ -2

yielding the detected versions bi =®is....bix) andbi
In the BRC phase, the relay node R re-encodes and re-modulates the received signals
and forwards them to the source nodes. In this phase, network coding is exploited to get

coding multiplexing gain. The received signal at the relay is denoted by %*r and 9%

-0 @ .
:bi,n@bi,n ’ di(Jr)z’n
~-@ ~(2)

0%, ~bin®bun, A, c0B,  nefl..N} )

do

i+2,n

{01}, ned{l.., N}

(€} 1 2 . .
e® O 80 and "2 denote the modulated signal of the first antenna and

second antenna at the relay R in the time slot (i+2) and (i+3). After network coding, the
ALAMOUTI scheme is applied with the formats "3® =-(£2@)* gng 13 O =S M)*
The channel impulse response represent single path channels with negligible time
variance, "', W hE hE? e hE hE and h%” denote the channel impulse response in
the time slot (i+2) and (i+3). ":® | n%©, n%© and "%0 denote the additive Gaussian
white noise between the first antenna and second antenna of the relay R and the source
S1. Thus the received signal =® and =0 in the time slot (i+2) and (i+3) are

e (0 [h he? ](riil%(t)}[n%(t))
efs0) (&) -0 \r@o) (no )
(%)) 12)
Let HRSl — hi+2 hi+2 .
(W) -
And the received signal **:®and -® are
egﬁlz(t) Z(hi(fél) h%? ][riﬂl;(t)j+[ni(f§(t)]
eg,zils(t) (h%2) -(hEN) \r2 n () (5)
hzD hz2
(37 %)
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node is able to determine the particular information originated from the other source
node. The source node S; computes

® »
A d. ) b(l)
[bwz,nJ _ ':2'“ " n e{l,...N}
b2 ) | din @b, (6)
And the source nodes S, evaluates
A2 » @
[bnz,n] _| Giean @5 nefl.. N}
b%, ) dpe,®b2, )

In the following, we focus on the BRC phase and assume the MAC phase has been
completed and the signal is correctly transmitted to R. Because the two channels from
the relay to the source codes are asymmetric in practical scene, we can analysis the
performance in the case. In order to meet the requirements of the bit error rate this
paper uses the method of priori bit information considering the channel gaining of the
weak link quality and strong link quality at the same time.

The perfect CSl is available at the receiver in above detection. However in practice
the complex channel gain matrix H has to be estimated at the receiver for retrieving the
transmitted data symbol vector and imperfect channel estimation arises in any practical
estimation scheme. Following the channel estimation model for MIMO systems in [8],
we model the noisy channel estimate as

Hgsp = Hesy 8,4 (8)

A

Hgso = Hgs, +6,€2,

Where €€ is the estimation error that is uncorrelated with H.¢,, €,Q,is the

estimation error that is uncorrelated with H,, the entries of © and Q,are i.i.d

zero-mean complex Gaussian with unity variance and e; and e, are the measure of
how accurate the channel estimation is.

3. Transmission Scheme

When the two channel qualities of the two-way relaying system are asymmetric for
the BRC phase, a new method is proposed in order that the two channel gaining is each
fully made use of. We assume that the signal is correctly transmitted to the relay node
R in the MAC phase.

©} wor | __,|Mapping

— —»{ Insert zero |—— — —

(a) Transmitter at R
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Figure 2. Transmitter and Receivers Diagrams in BRC Phase

In BRC phase, the transmitter R and the receiver S; and S, diagrams of the proposed
scheme are shown in Figure 2. The channels from the relay node R to the two stations
S; and S, are asymmetric. We assume that the link quality from R to S; has the better
channel quality, e.g., higher SNR, than the link from R to S,. The aim of the proposed
scheme is to utilize the better link to transmit more data bits per channel use to the
station Sy, at the same time the signal is transmitted to the station S, at a data rate that
can be supported by its link. The proposed transmitter structure at the relay R is shown
in Figure 2(a). The transmitted signal of S, is ¥, which is partitioned into groups of nNg
bits that is shown using . The transmitted signal of S, is *, which is partitioned into
groups of mNg bits that is shown using {}, and n<m. The value of n and m are decided
by the received signal-to-noise ratio (SNR) of S, and S,. We assume that ® and ®* are
correctly transmitted to R. The modulation method is 8PSK, M=2".The (m-n)Nx zeros

is inserted into ¢, which is shown in & =[0.-0.¢"..c'  Those zeros contain no
information. Their positions are fixed and known to both stations S; and S,. After

inserting zeros, the corresponding bits of ¢ and © are combined into % using XOR
operation.

Ce =, ®C =[C" e D™, 0 DT ©)

Due to the zeros in &, the e 6" e kept unchanged after XOR operation

when C= is generated, and those bits are known to the node S,. The % is modulated and
the vector is Sy :[SR,l“"’SR,NR]T = u(Cg), in which () is mapping function.

When the station S; receives signal, CiR,Vi e{l,...,mN_} is useful information
for the node S;. In order to receive signal in certain bit error ratio (BER) in low
SNR, the priori bit information is used for the node S,. Because
ch,Viefl,..,nN.} is useful information and (m-n)Ngz bit information

[cI™=,...,c3"""] is known to S,, the subset of the mapping of the transmitted

mNg

signal is demodulated. The subset is mapping that includes [cC, ,...,CQNR”] in
corresponding location.
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Quatrature

In-Phase In-Phas:

(a) Gray mapping (b) set partition method 1  (c) set partition method 2
Figure 3. 8PSK Mapping Method

The 8PSK mapping method is shown in Figure 3. The gray mapping is shown
in Figure 3(a). The set partition (SP) method 1 is shown in Figure 3(b). Assume

that n=2 andc} = 0. The ¢ =0 is known to the node S,, the signal that the third

bit is zero is only considered. Given the known bits[c)"*,...,cJ"**], whose labels
contain  those  known bits at the corresponding positions, as
s(e™,...,c ) < y
Ngr Ng+1y _ _ Ng _ ANNg+1
(6 " 1o € ) ={8] Gy () =€ " Gy a(S) =C " s € 23 (10)

Where c;(s) denotes the jth bit associated with label of the symbol s .

Givenc] =0, the subset to be de-mapped at station S, can be denoted as s(0).

Figure 3(a) and 3(b) shows that different labeling schemes lead to different
subsets for the third bit and affect the decoding performance at the receivers. For
SP labeling, the components in s(0) are same as those of QPSK and the

minimum Euclidean distance between symbols in s(0) is increased compared to
that of the original 8PSK. However the minimum Euclidean distance of s(0) for
Gray labeling is not increased. The set partition mapping method 2 is shown in
Figures 3(c), in which n=2 and c3c> = 00, the mapped symbols are same as those
of BPSK modulation.

4. Performance Analysis

In this section, we show the performance of the proposed asymmetric data rate
transmission scheme and the effect of channel estimation error on the performance. The
antennas of the relay R is Ng=2. The two channels from R to S; and R to S, are the
Raleigh flat fading, but the two channel qualities are asymmetric. Noise is the Gaussian
white noise with the mean value equal to 0 and the variance equal to 1. The modulation
mode is 8PSK. When S; and S, receive signal the minimum mean squared error
(MMSE) detection is used [11, 12]. We assume that the target average BER for each
user is 102 The information rate of S; is mNg=6bpt and the information rate of S, is
NNg. When n=2, nNg is 4bpt and when n=1, nNg is 2bpt.

The scheme that Gray mapping is used at the relay R is the traditional scheme. The
scheme that SP labeling is used at the relay R is the proposed scheme. The BER
performance is shown in Figure 4. Since the transmissions to source nodes S; and S, do
not interfere with each other, we show their performance in the same figures. The SNR
on the x-axis represents R/ei for transmission to the station S; and ®/o: for
transmission to station S,. The station S, can decode at lower SNR compared to the
station S; by exploiting the a priori bit information subject to certain BER constraints.
The comparison of the required SNR at BER=10" is shown in Table 1. When
BER=107, the required SNR at S, of the 4bpt transmission rate is 1.2dB lower than
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that of the station S; for the traditional scheme and the required SNR at source code
S, of the 2bpt transmission rate is 3.1dB lower than that of the station S; for the
traditional scheme. The required SNR at the station S, of the 4bpt transmission rate is
7.5dB lower than that of the station S; for the proposed scheme and the required
SNR at the station S, of the 4bpt transmission rate is 16.2dB lower than that of the
station S; for the proposed scheme. The BER of the traditional scheme nearly equal
because the Euclidean distances of different mapping schemes are same. The proposed
scheme achieves coding gain of 4.3dB to the traditional scheme for the station S, of
the 4bpt transmission rate. Thus the stations S; and S, can receive data at the different
transmission rate according to the different link quality. The channel gaining from R to
S; and S, is each made use of.

10°
\\L\
10'1N\*
e
- ~z
n N
o 2 * += \t\;\&
% 10 %= += =
= S S——
~-
e =
" L %
3 traditional scheme,s1,6bpt + +
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—&— traditional scheme,s2,2bpt =
proposed scheme,s1,6bpt N
+ proposed scheme,s2,4bpt .
10-4 “+ proposed scheme,s2,2bpt )
0 5 10 15 20 25
SNR(dB)
Figure 4. BER Performance
Table 1. Required SNR at BER=10?
scheme S1 S, 4bpt S;, 2bpt
Traditional 19.3 18.1dB 16.2dB
scheme dB
Proposed 21.3 13.8dB 5.1dB
scheme dB

In order to consider the effect of channel estimation error, BER performance in the
presence of channel estimation error is investigated for e;= e,=0.5, 0.05 in Figure 5.
From the figure we can see that BER performance is quite sensitive to channel
estimation error and degrades significantly as e; and e, increased.

Copyright © 2015 SERSC 175



International Journal of Hybrid Information Technology
Vol.8, No.7 (2015)

10°

10" =

10° .l

—t— s1,6bpt,e=0.5
10| —+— s2,6bpt,e=0.05 3

——t— s2,4bpt,e=0.5
—# s2,4bpt,e=0.05
—F— s2,2bpt,e=0.5
4| —¥ s2,2bpt,e=0.05

0 2 4 6 8 10 12 14 16

10

Figure 5. BER Performance of the Proposed Scheme with Channel
Estimation Error

5. Conclusions

This paper addresses the transmission scheme for the asymmetric MIMO DF
two-way relay system with channel estimation error. The idea is that the weaker
link receiver exploits a priori bit information in each transmit symbol, so that it
only needs to decode on a subset of the transmit symbol constellation. When the
two link qualities are asymmetric, the weak link quality channel can attain to the
same requirement of BER as the strong link quality. The simulation analysis show
that in order to meet the requirement of BER the traditional method can adjust
method only according to the weak link quality channel and the strong link
quality channel gaining can not by fully made use of. In the proposed method, the
data rates transmitted from the relay to the two receiving stations can be adjusted
according to their individual link qualities subject to the certain BER constraints.
And the channel estimation error is taken into consideration. When channel
estimation error is bigger the BER performance decreases. The performance of
the proposed method is obviously superior to the traditional method and it can be
applied to the practical scene.
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