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Abstract 

The channel state information (CSI) errors undermine the performance of interference\ 

this paper, we model the CSI errors at terminals and propose an IA algorithm based on 

total least squares (TLS) algorithm for the symmetric MIMO interference system under 

the assumption of CSI errors. According to the TLS algorithm, the proposed IA algorithm 

optimizes transmit precoding matrices and minimizes the distortion caused by the 

imperfect CSI. Numerical results show that the proposed IA algorithm is robust in the 

symmetric MIMO interference network with CSI errors and has better sum-rate 

performance than the maximum signal-to-interference-plus-noise ratio (Max SINR) and 

traditional distributed iterative IA algorithms. 
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1. Introduction 

The significance of the interference management has been emphasized in [1]. It is 

important to design efficient interference management schemes for multiuser wireless 

networks. Interference alignment (IA) has been proposed as a powerful and promising 

technique to reduce the interference in multiuser multiple input multiple output (MIMO) 

interference channels [1-2]. In [1-3], Jafar and his group first characterized the degrees of 

freedom (DoF) for two-user MIMO interference channels. Since then, IA technique has 

been applied to structure interfering signals to occupy a reduced-dimensional interference 

subspace at the receivers, which maximize the sum-rate of system. 

Recently, various algorithms for IA and IA-inspired schemes in different scenarios [4-

8] have been proposed. Among them, maximum signal-to-interference-plus-noise ratio 

(Max SINR) scheme [4] has been regarded as one of the most effective schemes so far, 

without being proven to be convergent. Some other kinds of iterative algorithms presented 

in [5–8] are also widely used in IA, while most of these former works rely upon perfect 

channel state information (CSI). However, the realistic channel estimation (CE) and 

feedback etc. have errors, and as a result, CSI at the transmitter and receiver is imperfect 

and has errors in practical systems. Lately, several works on IA schemes with imperfect 

CSI have focused on this aspect. In [9], the authors investigate an iterative beamforming 

design algorithm so as to maximize the sum outage rate for MIMO interference networks. 

A robust lattice alignment method which is designed by using the existing conventional 

iterative IA algorithm is presented in [10] for quasi-static MIMO interference networks 

with imperfect CSI. In addition, [11] and [12] investigate the effect of CSI mismatch and 

develop several adaptive interference alignment with CSI error. 

In contrast to previous works above, we use an unbiased parameter estimation 

approach, namely total least squares (TLS), instead of the conventional method which 

minimizes the projector distances of the interference subspaces. As a result, the signal 

estimation problem for the receiver can be easily converted into the problem of solving a 

linear system of equations. Our goal is to overcome the distortion caused by the imperfect 
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CSI and to optimize the sum-rate performance under a given and feasible DoF. For the 

sake of this, we propose a TLS-based estimation algorithm to mitigate the negative effect 

from CSI errors on sum-rate performance for the multiuser symmetric MIMO interference 

network [13]. Compared with the traditional iterative IA algorithm, the proposed TLS-

based IA algorithm can improve the sum-rate performance in the scenarios with different 

variances of error for the direct link estimation and interference links estimations. 

The following notations are used in the paper. The superscript
T
, superscript

H
 and 

superscript
*
 stand respectively for transpose, Hermitian transpose and conjugate. Matrices 

and vectors are set in bold-face letters. ,:iA
 denotes the ith row of A, and :,iA

 denotes the 

ith column of A. I is the identity matrix, while 0 is the all-zero matrix. cov( )x  denote the 

covariance matrices of a random vector x. { }E A  and 
 det A

 denote the expectation and 

the determinant of A, respectively. 
M N

 is the space of complex M × N matrices. 

( , )a ACN  is the complex Gaussian distribution with mean a and covariance matrix A. 

 

2. System Model 

We consider a symmetric K-user MIMO interference network. Each transmitter is 

equipped with M transmit antennas to support kd data streams ( kd  ≤ min (M, N)) for user 

k, where each receiver has N receive antennas, as shown in Figure 1. At receiver k, the 

received signal
1N

ky
  is given as 

K

k kk k k kl l l k

l k

y H V s H V s z


  
                                              (1) 

where sk represents the data streams from transmitter k. The transmitted streams are 

independent identically distributed (i.i.d.) such that 
{ }

H

k k
E s s I

. 
kM d

kV


  is the 

transmit precoding matrix with unit-norm and linearly independent columns at transmitter 

k, where kd  is the DoF to meet feasible IA scheme at  transmitter k. 
N M

klH
 represents the channel fade coefficients from transmitter l to receiver k for 

, 1,...,k l K , where each element is assumed to obey an independent and identically 

distributed (i.i.d.) complex Gaussian random process with zero mean and unit variance 

(0,1)CN . 
1N

kz
  is noise vector at receiver k, which is complex-valued AWGN with 

elements normal distributed as 
2(0, )ICN . 
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Figure 1. K-user Symmetric MIMO Interference Network Model 
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For receive beamforming, the received signal at receiver k in (1) is transformed to 

1

ˆ
K

H H H
k k k k kl l l k k

l

s U y U H V s U z


  
                                                (2) 

where 
kN d

kU


 is the receiving filter matrix with unit-norm and linearly independent 

columns at receiver k. 

Here, we assume that only imperfect estimation of global CSI is available at each 

terminal. The feedback channels are assumed to be error-free. The imperfect CSI model 

can be quantized according to 

 ˆ , 1,2, ,kl kl kl l,k K   H H H
                                           (3) 

where 
ˆ

klH  is the estimated channel matrix from transmitter l to receiver k, and klH  is 

the CSI error matrix between the true and available information.  

Due to the CSI errors, (2) can be written as 

ˆ ( ) ( )
K K

H H H
k k kk kk k k k kl kl l l k k

l k l k 

     s U H H V s U H H V s U z

                      (4) 

 

3. TLS-based IA Algorithm with CSI Errors 

In this section, the proposed TLS-based IA algorithm will be investigated to solve the 

IA-aided constrained optimization with CSI errors. This TLS-based IA algorithm is an 

optimization problem with decision variables, the parameter estimate and the correction. 

We assume that 
ˆ

k kV s  is the approximation estimation of its true value 

(
 1,2, ,k K

), such that 

ˆ ˆ ˆˆ
K

H H

k k kl l l k k kk k k

l k

s U H V s z U H V s


 
    

 


                                             (5) 

Here, in the beginning of TLS-based optimization, we define a measurement data 

matrix [14] D with CSI errors at kth receiver 

ˆ ˆ ˆˆ

ˆ ˆ ˆ

K
H H

k kk k k kl l l k

l k

H H

k kk k kk k k

D U H s U H V s z

U H U H V s

A B



  
   

  

 
 

   



                                         (6) 

where 
ˆH

k kkA U H , 
ˆH

k kk k kB U H V s . According to (3), the measurement data matrix D 

can be given by 

tru

tru

ˆ ˆˆ

ˆ ˆˆ ˆ

K
H H H

k kk k kk k k kl l l k

l k

H H H

k kk k k kk k k kk k k



  
    

  

       

    

 

D U H U H s U H V s z

U H s U H s U H V s

D A B

D D                                  (7) 

where 
tru

ˆH

k kk kD U H s   , 
H

k kkA U H
, 

ˆ ˆˆ H

k k kk k kB s U H V s
 and 

[ ]D A B
. truD  is 

the true data matrix D, D  is the measurement error. And id , {1,..., }ki d  is the ith 

independent column of 
H

D ; it is with row covariance matrices 
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cov( ), {1,..., }i i ki dW d                                                        (8) 

We define an extended matrix of the approximate estimation 
ˆ

k kV s  

ˆ
ˆ , {1,..., }k k k K

XV s
X

II

   
    

                                              (9) 

Provided that the initial data matrix D is available at the transmitter and the error 

weights information is 1{ } kd

i iW  , corresponding to each row of data matrix D, which totally 

depends on the quality of CSI. When the data matrix D is confirmed, we set out to seek 

for a minimal correction D  to compensate for the measurement errors D , so that the 

TLS-based optimization [15] in the presence of a mixture of perfect CSI and CSI errors 

can be defined as 

1

1

22
2

,...,
1

( ) min || ||

ˆ ˆs.t. 0

k

dk

d

i i

i

f


 


 

  


d d

X W d

DX DX
                                              (10) 

where 1 2[ , ,..., ]
k

H

dD d d d    
. The optimization variables are 

ˆ
k kV s  and D . Let 

,opt opt
ˆ( , )k kV s D

 be an optimal point of the TLS-based optimization problem. Hence, 

,opt
ˆ

k kV s
 is a TLS estimation of the true value k kV s  and optD D 

 is an optimal TLS 

estimation of the true data truD .  

For a certain 
ˆ , {1,..., }k k k KV s   , X̂  is fixed and the constraint of (10) can be treated 

as linear equations to optimize variables 1{ } kd

i id  . The set of linear equations in 1{ } kd

i id   

can be expressed as 

1
ˆ

ˆ ˆ ˆ 0, 1,2,...,

ˆ
k

H

k

H

d

i d

 
 

      
 
  

d X

DX DX DX

d X
                              (11) 

,:
ˆ ˆ( ) , 1,2,...,

H
H

i i ki d    
 

X d DX
                                              (12) 

Let’s define residual matrix 
ˆ( )Q X DX

 . The ith row of the ( )Q X  is denoted by 

( )H

iq X , namely  

1( ) [ ( ),..., ( )]
k

H

dQ q qX X X
                                             (13) 

Thus, the constraint of (10) can be treated the same way as 

 ˆ , 1,2,...,H

i i kq i d   X d X
                                            (14) 

Then the constrained optimization problem ( )f X  can be separated according to 

different id . In this way, the constrained minimization problem (10) is transformed to 

kd  independent optimization problems 

1

( ) ( )
kd

i

i

f fX X



                                                      (15) 

 

1

22
2( ) min || || , 1,2,...,

ˆs.t.

i

i i i k

H

i i

f i d

q




  

  

d
X W d

X d X
                                (16) 
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As a result, the solution of (10) becomes the well-known function [16] as follows. 

1 1

1 1

ˆ ˆ( ) ( )( ) ( ) ( ) ( ) ( )
m m

H H H

i i i i i i

i i

f q q q R q 

 

  X X X W X X X X X

                       (17) 

where 
ˆ ˆ( ) H

i iR X X WX . The optimal solution of id  can be derived easily as follows. 

 
1

,
ˆ ˆ ˆ ( ), 1,...,H

i opt i i i kq i d


   d WX XWX X
                                     (18) 

Obviously, the above TLS-based optimization problem is based on an approximation of 

the first-order optimality condition of (17). And the first-order optimality condition of 

(17) is 

( ) 0f  X                                                                (19) 

According to the matrix theory [17], the derivative of ( )f X  with X is 





1 *

1

1 * 1 * *

( ) ( ) ( )

( ) ( ) cov( ) ( ) ( )cov( , )

kd
T

i i i

i

T T T

i i i i i i i

f R q

q R q R b

X X X a

X X X a X X a





 

  

  



               (20) 

where ia , ia , ib , ib  are respectively the ith column of
H

A , 
H

A  , 
H

B , 
H

B . Note that in 

the TLS-based IA system, ks  and X̂  are vectors, thus the solution of X is univariate case. 

In this case, ( )iR X  is a single component matrix, ( )iq X , ib  and ib  are single component 

vectors.  

Evidently the solution to the TLS-based optimization can be derived from (20) and (19)

. In other words, substituting (20) into (19), we rely on the numerical solution method 

[14] and obtain the Xopt, which approximates to accurate value. 

Finally, the estimated transmit precoding matrix ,opt
ˆ

kV
 can be readily obtained from (9)

. Consequently, the series of estimated values ,opt
ˆ

kV
 are optimized to the true value of the 

transmit precoding matrix kV  by employing the above TLS-based IA optimization 

algorithm. 

According to the above TLS-based IA optimization algorithm, the sum-rate result for 

stream s of user k is given by 

    ( ) 1

,sum 2 , , ,
ˆlog det

H
s H

k k s kk kk k s k s kk kkR    I Z H H V V H H
                     (21) 

where  

, , , , ,t , ,t ,noise

1 1 1

ˆ
k kd dK

H H H H H H

k s kk k s k s kk kk k t k kk kl k t k kl k

t l t
t s l k

PZ H V V H H V V H H V V H
  
 

    
         (22) 

,k sV
 is the transmit precoding for stream s of user k, ,noisekP

 is the power of noise at 

user k. The item 
   , ,

H
H

kk kk k s k s kk kkH H V V H H 
 in (21) is the desired signal power, 

while the item ,
ˆ

k sZ
 in (21) is interferences plus noise. And the first, second, third and 

fourth terms of ,
ˆ

k sZ
 in (22) represent the internal perturbation purely by CSI error, inter-

stream interference, other user interference and AWGN, respectively. As a result, all sum-

rate of K-user IA scheme can be derived easily as follows. 

( )

sum ,sum

1 1

kdK
s

k

k s

R R
 


                                                        (23) 
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4. Simulation Research 

In this section, simulations are conducted to evaluate the performance of our TLS-

based IA algorithm presented in Section III for the symmetric MIMO interference 

network with imperfect CSI. 

Without loss of generality, the CSI errors are assumed to be i.i.d. zero-mean complex 

Gaussian. The parameters α and β indicate the variance of CSI errors for direct link kkH  

and interference links klH  [18], respectively. We first generate 
ˆ

kkH  and 
ˆ

klH  randomly 

according to a zero-mean complex Gaussian distribution. After 
ˆ

kkH  and 
ˆ

klH  are 

generated as such, for given α and β, we generate kkH  and klH , and then the true channel 

is determined by (3). In each plot presented in this section, the sum-rate performance is 

computed via Monte Carlo simulations using 1000 independent channel realizations. 

Figure 2 shows the sum-rate performance of different IA algorithms with CSI errors for 

the case α=β=0.01, where K=3 and M=N=4. The theoretical maximum DoF is 6 can be 

achieved [13], which means each transmitter is with 2 DoF. Hence, this system is 

symmetrical MIMO interference network. As shown in Figure 2, sum-rates of all 

algorithms increase as the signal-to-noise ratio (SNR) increases, while they all have the 

error-floor effect because of the internal perturbation purely by CSI errors and the inter-

stream interferences. It can be observed that the proposed TLS-based IA algorithm 

outperforms the Max SINR [4] and traditional iterative IA [4] (i.e. CJ08) algorithms over 

all SNR regions. Here, for the sake of demonstrating the sum-rate performance, the 

number of iteration for both Max SINR and CJ08 algorithms is fixed to 100 [5]. The Max 

SINR algorithm shows good performance which is almost comparable to the proposed 

TLS-based IA algorithm in low SNR region. However, as the SNR increases, the sum rate 

of TLS-based IA algorithm increases much faster than that of the Max SINR algorithm. 
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Figure 2. The Sum-Rate Performance of Different IA Algorithms with CSI 
Errors for K=3 and M=N=4, and for the Case α=β=0.01. 

Figure 3 describes the sum-rate performance of different IA algorithms with CSI errors 

for the case α=β=0.1, where K=3 and M=N=4. Similar observations can be made in this 

case, as shown in Figure 2. From both Figure 2 and 3, it can be found that although the 

sum-rates of all algorithms decrease as the variance of CSI errors increases from 0.01 to 

0.1, the proposed TLSbased IA algorithm always outperforms the other algorithms over 

all SNR regions in the different scenarios with varied variances of CSI errors. The 

proposed TLS-based IA algorithm can achieve a better performance than other algorithms 

even at low SNR. Generally, the proposed TLSbased IA algorithm is proven to have good 

performance in the scenarios of multiple inter-stream interference. 
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Figure 3. The Sum-Rate Performance of Different IA Algorithms with CSI 
Errors for K=3 and M=N=4, and for the Case α=β=0.1. 

Figure 4 portrays the achievable per-stream rate of the proposed TLS-based IA 

algorithm versus SNR in K-user interference channels, where α=β=0.1. As shown in 

Figure 4, the achievable per-stream rate monotonically increases as the transmit antennas 

M and receive antennas N increase, and it saturates in the high SNR regime. Because of 

the negative effect of inter-user interference, the achievable per-stream rate monotonically 

decreases as the users increase. It can be also observed that the per-stream rate 
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performance of single stream case for each user is much better than that of multiple 

streams case for each user, since the inter-stream interference has an negative effect on 

the rate performance. 
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Figure 4. The Achievable Rate per Stream of the Proposed TLS-based IA 
Algorithm for the Case α=β=0.1. 

 

5. Conclusion 

In this paper, we considered the sum-rate performance of different IA algorithms in the 

scenario of CSI errors. We have proposed an IA-aided algorithm based on TLS error 

analysis for the transmitted signal estimation optimization with imperfect CSI in 

symmetric MIMO interference network. The proposed IA algorithm is able to optimize 

transmit precoding matrices and minimize the distortion caused by imperfect CSI 

according to the TLS approach. Numerical results showed that the proposed TLS-based 

IA algorithm can still outperform the several existing IA schemes over all SNR regions in 

different scenarios of imperfect CSI, although the sum-rate of the TLS-based algorithm 

decreases as the variance of CSI errors increases. 
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