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Abstract  
High data rate requirement insist the researcher to show much interest in multiple-input multiple-output (MIMO) 

and to investigate precoding techniques for multi-user MIMO communications. As Tomlinson-Harashima 

precoding (THP) is considered as a prominent precoding scheme due to its capability to efficiently cancellation 

of the known interference which is at the transmitter side. Tomlinson-Harashima precoding (THP) for downlink 

MU-MIMO channel can be modeled as user signal constellation expansion is followed by linear precoding. A 

modified THP algorithm is proposed so that the advantage of linear and non-linear precoding techniques can 

be taken as a special case of zero forcing THP (ZF-THP) and minimum mean square error (MMSE–THP) has 

been studied with QAM as well as QPSK diversified modulation scheme. The simulation result shows the 

improvement in bit error rate (BER) by the use of different mentioned modulation schemes with ZF-THP and 

MMSE-THP techniques. 
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I: INTODUCTION 
 

       In current some years, there has been a considerable interest in wireless multiple-input, multiple output 

(MIMO) communication systems because of their promising improvement in terms of performance and 

bandwidth efficiency [1], [2], [3], [5], [6]. There is An important research topic is t0 study of multiuser (MU) 

MIMO systems. Such systems are efficient for the combination of the high throughput achievable with MIMO 

processing with the benefits of space division multiple access (SDMA). Multiple-input multiple-output (MIMO) 

communication techniques have been an important research topic due to their potential for high capacity, 

increased diversity, and interference negotiation. For applications such as wireless LANs and cellular telephony, 

MIMO systems will likely be deployed in environments where a base station (BS) [2] simultaneously 

communicates with many users. As a result, the study of multiuser [7] MIMO (MU-MIMO) systems has 

recently combined as an important research topic. Such systems have the potential to exploit the high capacity 

achievable by MIMO processing and combine this with benefits of space division multiple access (SDMA). 

 

     In MU-MIMO downlink, spatial multiplexing schemes are adopted at the ed of transmitter, where parallel 

transmission of independent data streams introduces severe inter layer interference. Since the mobiles are 

decentralized and non cooperative, conventional MIMO detection algorithms, such as zero-forcing (ZF), 

minimum mean square error (MMSE) or decision-feedback detection (DFE), cannot work effectively. An 

alternative solution is dirty paper coding (DPC), where the detection structure is moved from the receiver side to 

the transmitter side.  

  

     DPC was first described by Costa for the Gaussian Interference channel [4], where the capacity of an 

Interference channel (and the interfering signal is known at the transmitter) is shown to be the same as that of 

the interference free channel. Recently, DPC has emerged with a building block in multiuser broadcast over 

MIMO channels, as initiated in [11]. 
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      The simple pre-coding algorithm for MU-MIMO systems is the well-known matrix inversion, i.e., zero-

forcing pre-coding. By treating the transmitted signal vector with the pseudo-inverse of the channel matrix, the 

mutual interference between users is perfectly cancelled out [10]. Nevertheless, for an ill-conditioned channel, 

the transmit power is not fairly distributed among users, resulting in the less system performance. Regularized 

channel inversion, i.e., MMSE pre-coding, avoids the noise amplification by improving the conditionality of the 

channel matrix. Although the sum capacity of linear MMSE pre-coding is linear in terms of the number of users, 

it is still far away from the Shannon channel capacity in which, sum capacity of MIMO systems [1].  

 

 
 

Fig. 1.1 Structure of MU-MIMO system employing Tomlinson-Harshima Precoding 
 

Tomlinson-Harashima pre-coding (THP) has achieved close to capacity sum rates [5]. The performance and 

capacity of THP based on the ZF criterion (THP-ZF) are shown to be superior to those of the linear pre-coding 

algorithms. Thus, merging the THP with the MMSE performance-based criterion (THP-MMSE) achieves near 

to the MIMO capacity in absence of interference. In this paper, we are interested in the achievable sum 

information rates by the THP-MMSE algorithm due to its potential to increase the channel capacity. 

 

      The remainder of this paper is organized as follows. First, Tomlinson-Harashima pre-coding is reviewed in 

Section-II. In Section-III, we derive the equation for Tomlinson Harashima pre-coding. Simulation results are 

given in Section-IV. At the end, conclusions are drawn in Section-V. 

 

 

II: TOMLINSON-HARASHIMA PRECODING FOR MULTIUSER MIMO SYSTEMS 
 

     In this paper, we assume that the transmitter has perfect knowledge of the channel state information (CSI) via 

feedback from users. There are N transmit antennas deployed in the base station (BS), and M non-cooperative 

mobile stations (MS) simultaneously communicating with the BS. Each MS has one receive antenna. The 

structure of communication system using THP in multiuser MIMO downlink is shown in Figure 1. The symbol 

vector w = (w1, w2, ....., wM)
T
 is the data vector to be transmitted symbols are independent and they have unit 

average power, i.e. , where I denotes the identity matrix. 
  
     In Figure 1.1, the THP transmitter consist of a feed-forward filter F and feedback filter (B-I). The feedback 

filter B-I) transforms the interference into a causal form thus the interference can be eliminated by the feedback 

filter B-I).  Note that the diagonal elements of the lower triangular matrix B should be all 1s. Both the feed-

forward and feedback filters are obtained via the LQ decomposition of the channel matrix H, which results in a 

unitary matrix Q and lower triangular matrix L such that , where G is a 

diagonal matrix whose elements are the weighting factors at the receivers.  

 
    The function of MOD shown in Figure-1,is the non-linear modulo operator which is described as follows; 

 

 
 

This modulo function is a mapping from the real numbers R to This modulo function is a mapping from the real 

numbers R to  where t is a positive number. In [9] THP precoding is performed at the transmitter, 

whereas receiver still performs the linear filtering. In [8], both feedforward and feedback filter are developed at 

the transmitter which results in noteworthy reduction in computational load at the receiver side. The MMSE 

THP precoder is derived from the linear transmitter MMSE precoding optimization by neglecting the 

contribution of the elements of the lower triangular part of  to the overall MSE[6]. 
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 such that  

 

 ,   

           

 Where  denotes the elements of ith row and jth column of the matrix . The interference remaining 

after after the precoding using  from these lower triangular matrix is eliminated using THP. First a precoding 

matrix   is defined column by column starting from user K. The column corresponding to the i
th

 user is 

obtained as the i
th

 column of the precoding matrix calculated using the first I rows of the network channel matrix 

. Let us introduce the matrix 

 

 
 

Which contains the first I rows of the channel matrix . Then the i
th 

 column of the precoding matrix  is 

given by 

 

  

                             

Where parameters  and  are equal to and  . After this, the users are encoded in the 

reverse order from the one in which precoding matrices are generated. i.e. starting from the first user, then the 

second, etc. Using THP we eliminate the multiuser interference to the i
th

 user originating from previous i-1 users. 
 

 

III: DATA & OBSERVATION TABLE BY EXPERIMENT 
 

 

 
 

 
 

 

 
 

 

 
 

 

 

Table 1.1 simulation parameters  
 

When comparing the MMSE-THP for QPSK with 16 QAM modulation type the observation are as in Table 1.2 

 

Simulation environment MATLAB 

No. of transmitter 2 

No. of receiver 2 

Modulation scheme QPSK/ 16 QAM 

SNR 0 :2 : 18 dB 

Iteration value 1000 

Correlation length 4 

Precoding Scheme ZF-THP, MMSE-THP 

SNR (in dB) 
QPSK 

(MMSE-THP) 

16-QAM 

(MMSE-THP) 

0 0.2169 0.3264 

2 0.1820 0.2932 

4 0.1387 0.2626 

6 0.1042 0.2239 

8 0.06775 0.1912 

10 0.03988 0.1467 

12 0.02431 0.1054 

14 0.01444 0.08294 

16 0.00962 0.05438 
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Table 1.2 Bit Error rate (BER) for MMSE-THP for QPSK and 16 QAM 

 

When comparing the ZF-THP for QPSK with 16 QAM modulation type the observation are as in Table 1.3 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Table 1.3 Bit Error rate (BER) for ZF-THP for QPSK and 16 QAM 

 

 

IV: SIMULATION RESULTS 
 

From fig. 1.2 we can see that at the SNR value of 18 dB, ZF-THP with QPSK gives BER of 0.00656 

and ZF-THP with 16 QAM gives BER of 0.0354 at the same SNR value. This proves that the ZF-THP gives 

better performance compared to ZF-THP with 16QAM.  

 

From fig. 1.3 MMSE-THP provides BER of the 0.0041 at SNR value of 18 dB which is 0.02535 lesser 

than that of MMSE-THP with 16 QAM modulation scheme..  

 

Comapring all together in a single we can see that MMSE-THP givs the best as compare to ZF-THP 

(QPSK and 16QAM) and MMSE-THP (16QAM). 

Fig. 1.4 shows the simulated result of  QPSK modiulation which used for ZF-THP and MMSE-THP 

 

 
 

Fig. 1.2 Comparision between ZF-THP with QPSK to ZF-THP with 16 QAM. 

 

18 0.00412 0.02947 

SNR (in dB) 
QPSK 

(ZF-THP) 

16-QAM 

(ZF-THP) 

0 0.2763 0.3852 

2 0.2254 0.3454 

4 0.1638 0.2988 

6 0.1316 0.2492 

8 0.0846 0.2038 

10 0.0570 0.1623 

12 0.0409 0.1232 

14 0.0243 0.0868 

16 0.0145 0.0630 

18 0.00656 0.0354 



Vol-6 Issue-3 2020   IJARIIE-ISSN(O)-2395-4396 

12244 www.ijariie.com 1807 

 

 
 

Fig. 1.3 Comparision between MMSE-THP with QPSK to MMSE-THP with 16 QAM. 

 

Fig. 1.5 shows the simulated result of  QAM modiulation technique for ZF-THP and MMSE-THP and as a 

direct seen from fig 1.4 and 1.5 that the QPSk ia having a better BER performance in the higher SNR region 

compared to that QAM modulation which leads to information that increasing the modulation oreder willl also 

increase the number of errors. More number of errors means lessor througput which degrades the performance 

of the wireless communication systems. 

 

 
  

Fig 1.4 Comparision between no precoding, ZF-THP, MMSE-THP for 2x2 QPSK 
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Fig 1.5 Comparision between no precoding, ZF-THP, MMSE-THP for 2x2 16QAM 

 

 
 

Fig 1.5 Comparision between  ZF-THP, MMSE-THP for 2x2 with QPSK and 16QAM. 

 

 

V: CONCLUSION 

 
In this paper, a comparative study on the achievable bit error rate by THP algorithm is derived for both 

ZF and MMSE THP with QPSK and 16 QAM modulation schemes. Relative  equation for transmitter, channel 

matrix and receiver for THP in downlink. Result shows the better performance of the QPSK modulation over 16 

QAM for ZF-THP and MMSE-THP. Proven the MMSE-THP having lowest bit error rate (BER) for different 

SNR values for given parameters in the downlink. A difference of BER is 0.02535 for MMSE-THP with QPSK 

modulation which is far better than MMSE-THP scheme with 16 QAM modulations. A better BER gives 

improved throughput which elaborates a better capacity performance of the MU MIMO communication 

systems.  
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