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Abstract 

 MIMO two-way relay system has demonstrated significant gain in spectral efficiency when source nodes 
exchange information via a relay node. This paper considers precoding algorithm when all the nodes equipped with 
multiple antennas. We propose an improved Tomlinson-Harashima Precoding algorithm which is assisted by lattice 
reduction. The advantages of both THP and lattice reduction are combined. The simulation evaluations show that the 
proposed algorithm can significantly improve the bit error ratio, achieve full diversity and its complexity is applicable. 

1. Introduction 
 Cooperative communication can offer significant benefits including throughput enhancement, coverage 
extension and power reduction in wireless communications[1]. As a new cooperative communication scheme, two-way 
relay systems have received great attention from both academia and industry[2,3]. In comparison with the traditional 
one-way relaying, two-way relay systems can save two time slots to exchange information between two users. Amplify-
and-Forward (AF) is one of the most commonly used relaying protocols. In this protocol, the relay simply amplifies the 
received signals and forwards to the destinations. In contrast to decode-and-forward (DF) relay protocol, the AF relay 
protocol is more attractive for its simplicity of implementation. 
 When the nodes are equipped with multiple antennas and the channel state information (CSI) is available, two-
way relay system is a MIMO relay system which can apply the precoding. But only a few studies of precoding design 
for MIMO two-way relay systems have investigated. Tomlinson-Harashima (THP) THP is one of common nonlinear 
precoding techniques which includes Successive Interference Cancellation (SIC) and modulo operation[4,5]. THP 
algorithm can use Minimum Mean-Square-Error (MMSE) approach and Zero-Forcing (ZF) approach. The MMSE THP 
algorithm has better performance than ZF THP algorithm. But the MMSE THP algorithm BER performance is not 
satisfactory with the increment of SNR and cannot achieve the full diversity because of the poor condition number of 
channel gain matrix. The typical MMSE THP algorithm mainly focused on the processing of signals and ignored 
improving the condition of MIMO channel. The lattice reduction aided THP (LR-THP) algorithms can achieve the full 
diversity in conventional MIMO point-to-point systems.  
 In this paper, we will introduce lattice reduction aided THP scheme in the two-way MIMO relay systems 
whose computational power in relay node is very poor. AF relay protocol is adopted for our scheme because of its 
simplicity of implementation. At two sources, the new channel condition is improved with lattice reduction algorithm 
for better properties such as better orthogonality and shorter Euclid length. Then the classical THP structure is used with 
the new channel gain matrix to transmit signal in the first time slot; At the relay, the received mixed signal is processed 
by simple modulo operation. Then transmit the mixed signal in the second time slot. The two destinations receive the 
mixed signal by LR-MMSE detection, so the useful signal can be decoded by Self-Interference Cancellation. The signal 
processing is mostly achieved in the two users, the relay node is only completed modulo operation. Comparing with the 
existing MMSE THP, the complexity in users is applicable, and the processing in relay is quite simple. 
 The rest of paper is organized as follows. The MIMO two-way system model and assumptions are described in 
Section II. Section III will propose LR-THP and LR-MMSE detection. The simulation result and complexity is 
discussed in Section IV. And finally, conclusions follow in Section V. 
 Notations in this letter, superscript † , T and H denote the pseudoinvers, transpose and conjugate transpose of 
matrix respectively. ( )tr ⋅  stand for the trace of matrix. ( )diag ⋅ denotes a diagonal matrix with being its diagonal entries, 

mod( )⋅  denotes the modulo operation. In  is an identity n n×  matrix. x y×
  denotes the space of x y×  matrices with 

complex entries. 
2. System Model 

 The configuration of a MIMO two-way relay system is shown in Fig. 1. Users A and B exchange information 
with the aid of one relay R, where there is no direct link between the two users. We assume that both users A and B are 
equipped with N antennas. The relay node has M antennas ( , 2)M N ≥ . The entries of the involved channels are 
independent and identically distributed (i.i.d.) complex Gaussian with zero mean and unit variance. We assume that all 
MIMO channels are quasi-static, that is, the channel coefficients remain the same during two time-slots of information 
exchange. The contiguous channel matrices are known by users and relay. Thus, matrix H and G are known to relay 
nodes, but user A only know matrix H, and user B only know matrix G. This instance corresponds closely to reality. 
The users and the relay operate in a half-duplex mode, thus they cannot transmit and receive simultaneously. 
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Fig. 1. Configuration of two way relay system 

 The two-way communications take place in two time slots. In the first time slot (multiple access control (MAC) 
phase), two source nodes simultaneously transmit their signals to relay, the received signal at the relay can be expressed 
as 
    R A A B B R= + +y HF x GF x z  (1)  

Where M N×∈H,G  , are full-rank channel matrices from nodes A and B to R, The elements of H and G are 
independent identical distribution (i.i.d) complex Gaussian with zero mean and unit variance. For { , }m A B∈ , the Fm is 
represents the transmit precoding matrix of m. xm denotes the transmit signal from m. The noise vector zR is the additive 
white zero-mean complex Gaussian noise with variance 2

Rσ . The maximum transmission power at m is assumed to be 
Pm, and thus the power constraint at two sources can be written as 
    ( ) { , }H

m m mtr F F P m A B≤ ∈  (2)  
 Upon receiving yR, the relay generates a signal vector xR with simple modulo operation and amplification. So we 
have 
    mod( )R Rα= ⋅x y  (3)  
Here, α  is an amplification factor. When the maximum transmission power at the relay R is assumed to be PR, the 
boundary constraint of α  can be written as 

    2( )
R

H H H H
A A B B R M

P
tr

α
σ

≤
+ +HF F H GF F G I

 (4)  

Then, xR is broadcast to the two users at the second time slot (downlink BC phase). The two users received as 
    T

A R A= +y H x z  , T
B R BG= +y x z  (5)  

This is a point-to-point MIMO channel, so we can detecte the signal by detection Algorithm. At users A and B, the 
MMSE-DFE receivers are implemented by using a feedforward matrix filter , n n

A B
×∈W W  , so we have 

    ˆ RA A A=x W y  , ˆ RB B B=x W y  (6)  
Since users A and B have their own packets, after decoded signal, they could derive what they want to receive by 
    ˆ ˆA RA B= −x x x  , ˆ ˆB RB A= −x x x  (7)  
In the next section, we will design the precoding based on lattice reduction to achieve this objective. 

3. Precoding and Detection Design 
 There are two portions in this section. The LR-THP algorithm is presented in the first portion, and the LR-
MMSE detection is be introduced in the other portion. 
 Our objective is to minimize MSE by algorithm design. According to [6], We know that the MMSE approach 
can be implemented based on the extended channel. So the extended channel gain matrix for precoding can be defined 
as 

    [ ]R
e N

xA

σ
σ

=H H I  , [ ]R
e N

xB

σ
σ

=G G I  (8)  

 According to lattice theories, the process of lattice reduction will make the bases shorter and more orthogonal. 
The complex Lenstra-Lenstra-Lovasz algorithm (CLLL) is used for LR throughout this paper. Because CLLL greatly 
reduces the complexity by nearly 50% without sacrificing any performance, comparing the real-value LLL[6]. With the 
application of CLLL, we get a modified the conjugate transpose of channel gain matrix eH  and eG  with better 
properties: 
    ˆ H H

e A=H H T  , ˆ H H
e B=G G T  (9)  

Where mT , { , }m A B∈ , are unimodular matrix and contains only complex integers. Then we apply the QR 

decomposition to the transformed more orthogonal matrix ˆ HH  and ˆ HG  to obtain 
    ˆ H

A A=H Q R  , ˆ H
B B=G Q R  (10)  

Where mQ  is an N M×  matrix with orthonormal columns, mR  is an M M×  upper triangular matrix with complex 
diagonal elements, when { , }m A B∈ . According to the structure of THP[12][13], we have 



    
H

m m m

m m m

=

=

B R U
F Q U

 , { , }m A B∈  (11)  

Here, mU  is a diagonal matrix with the inverse of diagonal elements of mR , so ( )1
m mdiag −=U R . Feedback filter 

mB  and feed forward matrix mF  can be found in the structure of THP. The structure of LR-THP for MIMO two-way 
relay systems is shown in Fig. 2. 
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Fig. 2. Schematic diagram of the LR -THP algorithm 

 In Fig. 2 above, “Mod” represents modulo operation to reduce the peak or average power. It is a nonlinear 
process. In the receiver node R, received signal is processed only by this “Mod”. 
 After receiving yR, node R amplifies it as shown in equation (3). Then a signal vector xR is the transmitted signal 
at R by constraint of (4). This is a Multi-User MIMO channel. In order to achieve the detection performance, a lot of 
detection algorithms are proposed. The detector based on maximum likelihood (ML) criterion is best but too complex. 
MMSE detector have much lower complexity, but its performances is far from that of ML. So we adopt the LR-MMSE 
detection which can do well tradeoff between complexity and performance. LR-MMSE detection can reach the full 
diversity of MIMO channel with linear structure whose complexity is much lower than the complexity of ML[7]. Since 
the LR structure has be used in precoding, we can significantly decrease the complexity of algorithm by reused for 
detection. 
 According to [6], the extended channel gain matrix for detection can be defined as 

    

T

f A
M

xA

σ
σ

 
 =  
  

H
H

I
 , B

T

f
M

xB

σ
σ

 
 =  
  

G
G

I
 (12)  

With the application of CLLL, we get a modified channel gain matrix fH  and fG  with better properties: 

    ˆ
f f Af=H H T  , ˆ

f f Bf=G G T  (13)  

Where ˆ
fH and ˆ

fG  are ( )M N M+ ×  matrixes, AfT  and BfT  are M M×  unimodular matrixes with only complex 

integers. According to (6), the nulling matrixes AfW  and BfW  can be computed as 

    ( ) ( ) 1†ˆ ˆ ˆ ˆH H
Af f f f f

−
= =W H H H H  , ( ) ( ) 1†ˆ ˆ ˆ ˆH H

Bf f f f f
−

= =W G G G G  (14)  

Then, we can obtain matrixes RAS  and RBS , which are composed of the received signal vectors over the fH  and fG . 

    RA Af A=S W y  , RB Bf B=S W y  (15)  

The signal vectors in RAS  and RBS  are shifted and scaled version from original signal Rx , According to (6), we have 

    1ˆRA RA
−=S T x  , 1ˆRB RB

−=S T x  (16)  
From (16), we can shift the entries back to signals ˆ RAx  and ˆ RBx . So according (7), users can obtain the signals from 
the other node. 

4. Complexity and Performance 
 The purpose of this letter is to provide a new precoding algorithm for two-way relay systems, we will consider 
the complexity and performance of the algorithm. Comparing with the existing MMSE THP, the complexity of the 
proposed is mostly increasing at LR algorithm. The complex LLL algorithm in (9) requires the complex addition 

( )2 23 2 1 2 ( )N M N N N M N+ − − + , and the complex multiplication ( )23 2 1 2 ( )N M N N M N+ − + . When the big 
O notation is used to describe the computational complexity of the proposed algorithm, the complex LLL algorithm 
requires 3[ log( )]N M NO  flop operations (including multiplication and addition) [8]. If the real LLL algorithm is used 



in the proposed algorithm, the complexity will become 3[(2 ) (2 ) log(2 )]N M NO . Although the total complexity 
increased by contrast on the existing MMSE THP, it is applicable. 
 Then we discuss the performance for LR-THP algorithm by computer simulations. The proposed LR-THP 
algorithm can reduce the impact of noise effectively. Since the lattice reduction aided approaches can achieve full 
diversity of N, the system performance will be noticeably improved. 
 The simulation is set for a typical MIMO two-way relay system. We assume that all nodes including A B R are 
equipped with four antennas( 4M N= = ). And all three nodes transmit at the same average power P. For comparison, 
the performance of various algorithms is evaluated with numeric results. The performance results of lattice aided ZF 
labeled as “LR ZF”, MMSE THP without lattice reduction algorithm labeled as “THP” and AF which is a traditional 
two slots MIMO two-way relay scheme labeled as “AF”. “LR THP” denotes the proposed LR-THP algorithm in this 
paper. Two kinds of modulation, 4QAM and 16QAM with Gray encoding are used. For fairness, we adopt the LR-
MMSE detection algorithm in the two users for all schemes. 
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Fig. 3. Performance comparison with 4QAM                                   Fig. 4. Performance comparison with 16QAM 

 As shown in Fig. 4, LR-THP algorithm shows the better performance by contrast with other three algorithms 
when the modulation technique adopts 4QAM. At BER = 10-3, a gain of approximately 9dB the proposed LR-THP 
algorithm is achieved over the classical THP. At BER = 10-4, a gain of approximately 2dB is achieved over the LR-ZF 
algorithm. We also can detect that the BER performance of classical THP without lattice reduction is even worse than 
LR-ZF algorithm. The reason is that Lattice reduction process makes the channel matrices shorter and orthogonal. 
 Fig. 4 shows the BER performance of proposed algorithm with 16QAM. We also can conclude that our 
proposed algorithm achieve the best BER performance. For a 16QAM MIMO two-way relay system, at BER =10-3, the 
proposed LR-THP algorithm achieves a gain of approximately 8dB over the classical THP.  And at BER = 10-4, a gain 
of approximately 1.5dB is achieved over the LR-ZF algorithm. Besides, we also can observe that AF algorithm shows 
the worst performance at low SNR is the result of the amplification of noise at node R. The LR-THP amplification 
shows the best performance because the advantages of both THP and lattice reduction are combined. 

5. Conclusion 
 An LR-THP algorithm is proposed for the MIMO two-way relay systems. The proposed algorithm modified the 
channel gain matrix assisted by lattice reduction. It can achieve better the bit error ratio than the existing MMSE THP 
algorithms. The simulation results for a 4×4 MIMO system show that the proposed LR-THP algorithm outperforms LR-
ZF algorithm and other algorithm. We achieved a small increase in the complexity of algorithm. The proposed LR-THP 
is promising for future application of MIMO two-way systems. 
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