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Abstract 
Cyclic interference alignment (IA) in temporal domain is important for the propagation 
delay (PD) based wilreless communication, which can help achieve the degrees of 
freedom (DoF). However, only few feasible PD channel structures have been reported for 
the typical two-user X channel, where two transmitters and two receivers are involved. 
In this paper, we investigate all feasible cases of PD channel structure, each of which 
achieves the DoF upper bound of 4/3. With the aid of computer, total 54 feasible PD 
structures are found. And one of them is demonstrated with the details of encoding, 
decoding, and IA pattern. 
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1. Introduction 

With the continuous development of wireless communication technology, the problem of interference 
occurs while people enjoy the advantages delivered by the growing communication rate. Interference 
manegement has become a critical research direction. In recent years, the interference alignment (IA) 
technique [1] [2] has become one of the most promising approaches, which overlaps the interference 
in the same signal space to increase the multiplexing gain. It has been widely employed in various 
models, such as the interference channels [1] and the X channels [2].  

X channel is important due to its full connection for message between the transmitters and receiver. 
IA is the crucial technology to accomplish its degrees of freedom (DoF) and can be implemented in 
many forms, such as IA via the spatial domain by multiple antennas for the basic two-user XC [3] 
with two transmitters and two receivers. 

Seeking IA in the temporal domain attracted some attentions such as [4]–[7], which utilizes the 
propagation delay (PD) difference among links and is suitable for the scenario of long PD 
communications. Previous researchers have done some works on the design of IA based on 
propagation delay (PD) for X channel. Cyclic IA for the two-user XC was proposed in [8]. X channel 
with arbitrary transmitters and two receivers with perfect IA was investigated based on the 
appropriate PD structure in [9], while the feasible node placement analysis was further given in [10]. 
Moreover, a general scheme of perfect cyclic IA by PD was proposed in [11], where K+1 IA patterns 
are given. In [12], cyclic IA by PD was reported for X channel with two transmitters and arbitrary 
receivers. Furthermore, three-user X channel was investigated in [13] [14]. 

However, all the above works only provided some feasible PD channel instances. In fact, it is 
important to obtain a full picture by giving all feasible PD channel structures. In this paper, we focus 
on this problem for the basic two-user X channel. With the aid of computer, we successfully obtain 
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all the cases of feasible PD channel structures which achieve the DoF upper bound of 4/3. And we 
further provide one example by showing its encoding, decoding, and IA pattern. 

2. System Model 

 
Fig. 1 System model of the two-user X channel. 

 

The Two-User X channel model is shown in Fig. 1, where the two transmitters and two receivers 
equipped with single antenna are denoted by , , and , respectively.  denotes the 

desired message from transmitter  to receiver , and  represents the channel PD between 

transmitter  to receiver .  and  imply the polynomials received at  and 

transmitted at .  

Cyclic model is adopted as [8]. The channel between each pair of transmitter and receiver is carved 
equally into time-slots of unit length. Without loss of generality, the length of all messages is 
normalized to one time-slot. The PD parameters are static and non-negative integer multiples of one 
time-slot. The channel access is repeated after  time-slots and new messages are transmitted in  

cycles. Single time-slot in the period of  time-slots is addressed by offsets , ,··· , , from 

0 (no offset) to (maximal offset). In other words, messages are cyclically right-shifted over 
this PD based channel. This procedure can be modeled by circular right-shift polynomial, with a 
period of . Each transmitter can only send at most one message per time-slot. 

Let message  be transmitted at an offset and delayed by  time-slots. The resulting delayed 

message is computed by for a period of  time-slots. 

Encoding Scheme: The codeword sent from  is encoded into the polynomial  by the 

encoding function  carrying the two messages : 

 

                                    (1) 

 

Denote the offset allocated for message  by . Then the transmitted polynomial from  
can be described as: 

 

                             (2) 
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The channel PD between each pair of transceiver  is expressed as . Before transmission, 
all nodes are assumed to know the PD polynomial matrix determined by: 

 

                                  (3) 

 

Define the tranmitted polynomial vector by . The received polynomial  at 

the receiver is: 

 

                         (4) 

 

where  presents the  row of the matrix. 

Decoding Scheme: The received polynomial is decoded to obtain an estimation of the dedicated 
messages by the following decoding function: 

 

                                  (5) 

3. Method and Results 

3.1 Required Conditions 

According to the previous literature, it is known that the DoF of the two-user X channel with single 
antenna nodes is 4/3. For the PD-based two-user X channel, the main task of IA is to convey and 
decode four desired messages in a period of 3 time-slots, where each receiver needs two messages 
without interference. Since there are only three time-slots available, the remaining two messages as 
interference should be aligned in the same time-slot. At the same time, the two messages offset at 
each transmitter, and the two desired messages at each receiver should be distinct by putting them 
into different time-slots. 

In detail, the transmitted polynomials are: 

 

                                  (6) 

 

Then by (4), the received polynomials yield: 

 

                   (7) 

 

To obtain the DoF of 4/3, the transmission cycle should be 3, i.e., . It is obvious that he 
parametters of the channel PD and tranmitter message offset can be set from 0 to 2 to avoid repetition. 
So we have . 
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3.2 All Feasible Channel PD Structures 

Based on the above analyses, we can use computer to find all feasible channel PD structures. After 
some computations, we successfully obtain the following 54 feasible channel matrices.  

 

                     (8) 

 

                       (9) 

 

                      (10) 

 

                      (11) 

 

                      (12) 
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                    (13) 

 

Each of the above PD structure can obtain the DoF of 4/3 by choosing appropriate encoding function 
and decoding function, resulting difference IA pattern at each receiver. 

3.3 Example with  

We provide an example with  for demonstration.  

Firstly, the polynomial PD matrix is given by: 

 

                                        (14) 

 

Then, the transmitted polynomials are: 

 

                              (15) 

 

At receiver , there is: 

 

                       (16) 

 

which shows that the desired messages  and  are located at the first  and last  
time-slots in each transmission cycle, respectively. The other interfering messages are put in the 
middle time-slot. 

For the receiver , we have: 

 

                      (17) 

 

The desired messages and  are respectively located in time-slots and , while 
interferences are cyclically aligned in the first time-slot. 
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Therefore, the above scheme achieves the optimal DoF of 4/3, which is demonstrated by Fig. 2, where 
the desired messages and interferences are in green and red colors, respectively. The remaining 53 
matrices can be applied in the same way to achieve the DoF 4/3 with perfect cyclic IA. 

 

 

Fig. 2 Demonstration of the PD-based two-user X channel in a period of n = 3 time-slots with PD 
channel matrix  and transmitter message offsets . 

4. Conclusion 

In this paper, we investigated all feasible cases of PD channel structure for the two-user X channel. 
All the 54 feasible PD structures are provided with the aid of computer. One example is given in 
detail to show the feasibility.  
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