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1. Introduction 

 

Adaptive array has been introduced to wireless communications to enhance frequency reuse by 

adaptively suppress undesired signals and receive only the desired one. Many methods have been 

proposed in the literature including least mean squares (LMS) [1], recursive least squares (RLS) 

[2], sample matrix inversion (SMI) [3], and their other variation forms [4]. The major deficiencies 

of these methods are their convergence rate and the required training sequence. Even though 

another type of adaptive algorithms, such as constant modulus algorithm (CMA) [5], has been 

introduced to solve the training issue, it is also sensitive to its initial condition [6].  

 

In contrasts to the classical methods, the direct data domain least squares (D3LS) algorithm has 

been developed and proposed for interference cancellation, mainly for radar scenarios where the 

direction of the signal of interest (SOI) is known a priori [7], [8]. The D3LS method has an 

advantage over the classical methods in the sense that it does not require training data and it is a 

single snapshot processing. That means there is no convergence issue for the D3LS. However, in 

communication scenarios, the direction of the SOI is usually not known, and the D3LS cannot be 

applied. 

 

In this paper, the concept of the D3LS is presented to communication systems where the direction 

of the SOI is not known a priori. Instead, the method utilizes the knowledge of the training 

sequence in its weight calculation. It will be shown that the number of training sequence required 

is equal to the number of antennas in the array. Simulation results show that the proposed method 

can effectively suppress undesired signals and recover the desired one. 
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2. Direct Data Domain Least Squares (D3LS) Algorithm 
 

In this section, a new D3LS algorithm is introduced to antenna array for interference rejection 

when the direction of the SOI is not known a priori. In stead of using the prior knowledge about 

the signal direction, the algorithm relies on the knowledge of the training sequence, which is 

usually the case in communication channel equalization [5]. Let us assume the transmitted 

training sequence be 
0 1 1[ , , , ]Ns s s −=s …  and the received signal at the n-th antenna and the p-th 

symbol time be defined as, 

 

   
2 ( 1)cos 2 ( 1)cos

, 0, , 1

                                                              0, , 1

s vj n j np p p

nx s e v e n N

p N

π ϕ π ϑ∆ − ∆ −= + = −

= −

…

…
         (1) 

 

where ∆  is antenna element spacing, sϕ is the direction of the desired signal, pv  is the complex 

amplitude of the interfering signal, vϑ  is the direction of the interference, and  N  is the number of 

antennas in the array.   

 

As the knowledge of the training sequence is available at the receiver, we can define amplitude 

and phase difference between two consecutive sequences as 1 /p p pz s s+= , where pz represents 

the scaling factor between the p-th and (p+1)-th symbols. We then utilize the knowledge of pz to 

create the cancellation equations as follows, 

 

    ( ) 2 ( 1)cos1 1 vj np p p p p p

n nx z x v z v e
π ϑ∆ −+ +− = −                        (2) 

 

It is important to mention that the right hand side of (2) can be considered as a new interfering 

signal having the amplitude equals to 1p p pv z v +− and arriving along the direction vϑ , which is the 

same as that of the original one in (1). We then create a ( 1)N N− × cancellation matrix by using 

(2) as, 
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Noting that to form the cancellation matrix F , we need to know neither the SOI nor the 

interference directions and F contains only the undesired signals. Only the knowledge of training 

symbols is required. A row of constraint equation, c , is added to make (3) a square matrix as 

follows, 

 

     

ms  
=   

   

c
w

F 0
ɺɺɺɺ ɺɺɺɺ            (4) 
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where 0 0ms =  c ⋯  and w  is the weight vector to be determined. Since the information 

about the SOI direction is not available, the constraint can be only put on one antenna, which is 

the first antenna in this case. From (4), it is seen that w  nulls the interfering signal. Since there is 

no constraint on other antennas, the solution experiences phase offset. The phase offset occurs as 

the result of the lacking of the SOI direction. However, we can compensate the phase offset by 

using the knowledge of the training sequence. 

 

3. Simulation Results 
 

To illustrate the proposed method, we simulate the signal received by a 5-element uniform linear 

array composing of ideal point sources. The SOI is a QAM 4-ary arriving along 140sϕ = � . Two 

interference are simulated to be a QAM 4-ary signal arriving along 1 90vϑ = � and a QAM 16-ary 

signal arriving along 2 60vϑ = � . The first five symbols of the SOI are assumed to be known at the 

receiver and are used to generate the cancellation matrix in (3). Once the weights are obtained, we 

use them to receive the SOI of 10,000 symbols. Figure 1 shows the beam pattern of the obtained 

weights. Figure 2 and 3 show the scatter plots of the received signals before and after applying 

the adaptive weights, respectively. It is seen in Figure 2 that the SOI is totally masked by the 

QAM 16-ary signal and it is recovered in Figure 3. 

 

4. Conclusion 
 

The paper presents a new technique based on the direct data domain least squares approach for 

interference suppression in communication system when the training sequence is assumed to be 

known. It is shown that once the weights are obtained, the method effectively nulls the interfering 

signals and the desired signal can be recovered. Since the method requires very small number of 

training sequence, it is a good candidate for real-time implementation. 
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Figure 1  Beam pattern of the receiving array. The vertical lines indicate the directions of the 

interfering signals. 

 

 

    
Figure 2  Scatter plots of the received signal before (left) and after (right) applying the adaptive 

weights. 
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