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Abstract: Most of the coordinated multipoint (CoMP) transmission studies have been focused on the sum capacity. 

However, the increase of the sum capacity does not guarantee the individual user’s required outage performance. In 

this paper, we consider the outage performance of non-orthogonal multiple access (NOMA) networks with CoMP 

transmission under multi-cell environments. We adapt the Alamouti code for CoMP transmission to improve the 

outage performance of a cell-edge user. Also to provide the spatial diversity gain, cell selection with maximum channel 

gain is adapted. Outage probabilities of users are derived in closed-form and verified through Monte Carlo simulation. 

It is noticed that the outage performance improves as a near user approaches a base station, however, the error floor 

which does not improve the performance as the transmit power increases is observed. Since the inter cell interference 

(ICI) from the selected cell with NOMA causes the error floor, the selected cell with orthogonal multiple access (OMA) 

shows better outage performance for the near user than the cell with NOMA. Furthermore, the performance is more 

susceptible to the distance between the base station and the near user rather than power allocation to the user. Also, 

the performance of the cell-edge user shows significant improvement with the combination of the Alamouti code and 

the cell selection compared to the cell selection only. 

Keywords: CoMP system, NOMA system, Outage performance, Selective diversity, Transmit diversity. 

 

 

1. Introduction 

Recently, coordinated multipoint (CoMP) 

transmission which sends messages from more than 

two base stations has been focused to improve the 

performance of the cellular system [1-4]. The cell-

edge user generally receives poor signal strength 

caused by the severe fading and path loss attenuation. 

This phenomenon can be improved by transmitting 

the same messages from different base stations. 

However, as the number of cell-edge users increases 

the more communication resources such as frequency, 

time slot, codes are required for the CoMP 

transmissions. Consequently, inefficient spectral 

usages of the conventional orthogonal multiple 

access (OMA) systems are expected. To overcome 

the inefficient spectral usages without degradation of 

system performance, non-orthogonal multiple access 

(NOMA) has been introduced to CoMP systems [5-

9]. While most of the studies of CoMP NOMA 

systems concentrate on the downlink analysis, uplink 

analysis has recently been commenced [10]. 

In [5], Choi et al. introduced the Alamouti code 

[11] into a CoMP NOMA system for improvement on 

sum rate with two base stations. And an opportunistic 

CoMP which selects the best base station among 

multi-cells has been proposed to NOMA systems [6], 

[7, 8]. The recent study expands the CoMP 

transmissions to all users not only to a cell-edge user, 

and controls the power allocation to each user to 

increase the sum capacity [12]. In [9], an adaptive 

relay-aided multiple access (RAMA) has been 

proposed to increase the sum capacity as well as to 

lessen the transmit power of the cell-edge user for 

uplink communication.  

Most of the studies, including upper mentioned 

researches for CoMP transmission have been focused 

on the rise of the sum capacity [5, 6, 9, 12]. On the 

network side the sum capacity increase is important, 

however, on the user side the outage performance can 



Received:  April 1, 2020.     Revised:  April 27, 2020.                                                                                                      197 

International Journal of Intelligent Engineering and Systems, Vol.13, No.4, 2020           DOI: 10.22266/ijies2020.0831.17 

 

be a matter of primary concern. For example, a 

certain network structure can increase sum capacity, 

but can be offered the poor performance for a 

designated user. In a NOMA system, the inter user 

interference can be eliminated using successive 

interference cancellation (SIC), however, the inter 

cell interference (ICI) can’t be removed. Though the 

outage performance of a cell-edge user can be 

improved by CoMP transmission, the ICI from the 

base stations which are participated in CoMP 

transmission can cause severe degradations to a near 

user. In some cases, even if the transmit power of the 

base stations increases, the near user can’t be reached 

to the required outage performance due to the ICI. For 

this reason, it is important to analyse the outage 

performance of individual users. 

Motivated by the observation of the above 

mentioned reasons, we modified Choi’s system 

model which is applied to improve the sum capacity 

[5]. Our proposed system model includes a multi-cell 

environment and adapts a selected cell transmission 

for CoMP. We derive the outage probabilities of the 

near and cell-edge users analytically. The main 

contributions can be summarized as follows:  

- Assumes a multi-cell environment with NOMA 

protocol, and proposes a selected CoMP NOMA 

system model. A selected base station which has 

maximum channel gain among the neighbour 

base stations transmits the Alamouti code for 

CoMP. 

- The outage probabilities of the near and cell-edge 

users are derived in closed-form, and verified 

through Monte Carlo simulation. 

- The effect of the interference from the selected 

cell is analysed, and finds there exists an error 

floor which does not decrease the outage 

probability even if the transmit power increases.  

- Analyse the space diversity gain caused by the 

cell selection, and performance enhancement 

from the Alamouti code.  

- Performance comparisons are made to the 

NOMA and OMA cell.  

- The effect of the power allocation among users in 

the NOMA cell is analysed. 

The rest of the paper is organized as follows. 

Section 2 presents the proposed selective CoMP 

NOMA system model and analyses the signal-to-

interference plus noise ratio (SINR) of users. The 

outage probabilities of users have derived 

analytically in section 3. The numerical examples of 

the outage probabilities of the near and cell-edge 

users are given, and the analytical results are verified 

with the simulation in section 4. Finally, this paper 

concludes with the future research direction in 

section 5. 

Notation: ℎ𝑖𝑗  denotes the channel coefficient 

between BS 𝑖  (𝑖 ∈ {0, 1}) and User j (  1,2,3j ), 

which has complex Gaussian distribution with zero 

mean and variance 𝜎𝑖𝑗, ~ (0, )ij ijh CN  . The variance 

𝜎𝑖𝑗 is given by 𝜎𝑖𝑗 = 𝑑𝑖𝑗
−𝑛, where 𝑑𝑖𝑗 is the distance 

between BS 𝑖 and User j , and 𝑛 is the propagation 

loss coefficient which has typically between 3 to 6 in 

urban area [13]. E[·] and max{∙} denote the statistical 

expectation and the maximum value, respectively . 𝑛𝑖 
is Gaussian noise, 𝑛𝑖~𝑁(0,𝑁0), 𝑖 ∈ {1, 2, 3}. 

For convenience, we present the list of symbols 

used in this paper in Table 1.  

 
Table 1. Table of symbols 

𝑁 the number of base stations 

𝑆𝑖𝑗(𝑡) the messages to user 𝑗 (𝑗 ∈ {1,2,3}) from BS 𝑖 
(𝑖 ∈ {0, 1}) at timeslot t (t∈ {1,2}) 

𝑆𝑖𝑗
∗ (𝑡) the complex conjugate of the message 𝑆𝑖𝑗(𝑡) 

𝑃𝑗 average power of 𝑆𝑖𝑗(𝑡) (𝑖 ∈ {0, 1}, 

  𝑗 ∈ {1,2,3}) 

𝛾𝑏
𝑎 received SINR of a at b 

𝑃𝑜_𝑎 outage probability of a 

2. System model 

In this study, we consider downlink CoMP 

networks with a home base station BS0 and 

neighbour 𝑁 base stations (BS1, … , BS 𝑁) in Fig.1. 

We assume the NOMA transmit protocol is applied 

to every BSs. Generally, the signal strength for a cell- 

edge user is poor due to the fading and path 

attenuation. Moreover, the interferences from 

 

 
Figure. 1 Multi-cell system model 
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BS0 BS1U1 U3 U2

ℎ01 

ℎ03 

ℎ02 ℎ11 

ℎ13
  
ℎ12 

𝑆0(1) = 𝑆01(1)+ 𝑆03(1) 

𝑆0(2) = 𝑆01(2) − 𝑆13
∗ (1) 

𝑆1(1) = 𝑆12(1)+ 𝑆13(1) 

𝑆1(2) = 𝑆12(2)+ 𝑆03
∗ (1) 

 

 
Figure. 2 CoMP system model 

 

adjacent cells degrade the performance of the cell-

edge user and causes poor spectral efficiency. To 

alleviate these degradations, we assume CoMP 

transmission for a cell-edge user. 

The more base stations participated in CoMP 

transmissions, the better performances are expected. 

However, the more communication resources such as 

frequency, time, and codes are required. 

Consequently, it leads to the inefficient spectral 

efficiency. To enhance the spectral efficiency and the 

user performance, we adapt the selection of the strong 

BS among neighbour cells and introduce the transmit 

diversity of the Alamouti code.  

Fig. 2 shows the simplified model of Fig.1 for 

easier analysis. We assume two BSs, Bs0 and BS1, 

where BS1 denotes the selected base station among 

𝑁 BSs without loss of generality. Each BS has two 

Users, U1 and U3 for BS0 and U2 and U3 for BS1. 

U1 and U2 represent near users of BS0 and BS1, 

respectively. And U3 is the common cell-edge user 

of BS0 and BS1. Notice the channel coefficient 

between BS1 and U3 is denoted by ℎ13 , which is the 

strongest channel from the selected BS, for easy 

distinction between channel coefficients. We assume 

all channels are independent Rayleigh flat fading 

channels. As mentioned in the introduction section, 

the Alamouti code is applied to increase the SINR of 

the cell-edge user U3 [11].  

In timeslot 1, BS0 and BS1 transmit 𝑆0(1) =
𝑆01(1) + 𝑆03(1)  and 𝑆1(1) = 𝑆12(1) + 𝑆13(1) , 

respectively. In timeslot 2, BS0 and BS1 transmit 

𝑆0(2) = 𝑆01(2) − 𝑆13
∗ (1)  and 𝑆1(2) = 𝑆12(2) +

𝑆03
∗ (1), respectively. The average power of messages 

is  E[|𝑆01(1)|
2] = E[|𝑆01(2)|

2] = 𝑃1 , 

E[|𝑆12(1)|
2] = E[|𝑆12(2)|

2] = 𝑃2 , and 

E[|𝑆03(1)|
2] = E[|𝑆13(1)|

2] = 𝑃3 . Since more 

power is allocated to the cell-edge user in the NOMA 

system, 𝑃3 is bigger than 𝑃1 or 𝑃2. 
The received signal of U1 in Fig 2 can be written by  
 
𝑦1(1) = ℎ01𝑆0(1) + ℎ11𝑆1(1) + 𝑛1 
            = ℎ01{𝑆01(1) + 𝑆03(1)} + ℎ11{𝑆12(1) + 𝑆13(1)}   + 𝑛1   
𝑦1(2) = ℎ01𝑆0(2) + ℎ11𝑆1(2) + 𝑛1 
            = ℎ01{𝑆01(2) − 𝑆13

∗ (1)} + ℎ11{𝑆12(2) + 𝑆03
∗ (1)}   + 𝑛1 .  

              (1) 

Similarly, the received signal of U2 is given by  

 
  𝑦2(1) = ℎ02𝑆0(1) + ℎ12𝑆1(1) + 𝑛2 
              = ℎ02{𝑆01(1) + 𝑆03(1)} + ℎ12{𝑆12(1) + 𝑆13(1)}   + 𝑛2                               
  𝑦1(2) = ℎ02𝑆0(2) + ℎ12𝑆1(2) + 𝑛2 
              = ℎ02{𝑆01(2) − 𝑆13

∗ (1)} + ℎ12{𝑆12(2) + 𝑆03
∗ (1)}   + 𝑛2 

                                                                                (2) 

 

The received signal of U3 is  

 
   𝑦3(1) = ℎ03𝑆0(1) + ℎ13 𝑆1(1) + 𝑛3 

    = ℎ03{𝑆01(1) + 𝑆03(1)} + ℎ13 {𝑆12(1) + 𝑆13(1)} + 𝑛3                                   

  𝑦3(2) = ℎ03𝑆0(2) + ℎ13 𝑆1(2) + 𝑛3 

 = ℎ03{𝑆01(2) − 𝑆13
∗ (1)} + ℎ13 {𝑆12(2) + 𝑆03

∗ (1)}   + 𝑛3 . 

                                                                       (3) 

 

Also, the received signal of U1 after SIC can be given 

as 

 
          𝑟1(1) = ℎ01𝑆01(1) + ℎ11𝑆12(1) + 𝑛1  

         𝑟1(2) = ℎ01𝑆01(2) + ℎ11𝑆12(2) + 𝑛1                            (4) 

 

Similarly, the received signal of U2 after SIC can be 

written by  

 
          𝑟2(1) = ℎ02𝑆01(1) + ℎ12𝑆12(1) + 𝑛2                                                   

        𝑟2(2) = ℎ02𝑆01(2) + ℎ12𝑆12(2) + 𝑛2 .                          (5) 

 

Since the Alamouti coded signals are transmitted 

from BS0 and BS1, the received signals are combined. 

The combined signals can be given as [11] 

 

        [
𝑟𝑖(1)

𝑟𝑖(2)
] = [

ℎ0𝑖
∗ ℎ1𝑖
ℎ1𝑖
∗ −ℎ0𝑖

] [
𝑦𝑖(1)

𝑦𝑖
∗(2)
]                                 (6) 

 

where 𝑖 ∈ {1, 2, 3} . While the case of 𝑖 = 3 , the 

channel coefficients between the selected BS1 and 

U3 will be denotes ℎ13  and ℎ13
∗  instead of ℎ13  and 

ℎ13
∗ , respectively, in distinction to the other channel 

coefficients. 

The received SINR of 𝑆03(1) and 𝑆13(1) at U1 

can be obtained from Eq. (6) by replacing 𝑖 = 1, 
 

        𝛾𝑈1
𝑆03(1) = 𝛾𝑈1

𝑆13(1) = 

       
(|ℎ01|

2+|ℎ11|
2)
2
𝑃3

|ℎ01|
4𝑃1+|ℎ01

∗ ℎ11|
2
𝑃1+|ℎ01

∗ ℎ11|
2
𝑃2+|ℎ11|

4𝑃2+(|ℎ01|
2+|ℎ11|

2)𝑁0
 . 

 (7) 

 

Assume 𝑃1 = 𝑃2 = 𝑃, then Eq. (7) becomes  

 

         𝛾𝑈1
𝑆03(1) = 𝛾𝑈1

𝑆13(1) =
(|ℎ01|

2+|ℎ11|
2)𝑃3

(|ℎ01|
2+|ℎ11|

2)𝑃+𝑁0
  .                     (8) 

 

Similarly, SINR of 𝑆03(1) and 𝑆13(1) at U2 can be 

obtained from Eq. (6) by replacing 𝑖 = 2, 
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      𝛾𝑈2
𝑆03(1) = 𝛾𝑈2

𝑆13(1) =
(|ℎ02|

2+|ℎ12|
2)𝑃3

(|ℎ02|
2+|ℎ12|

2)𝑃+𝑁0
.                  (9) 

 

After SIC, the SINR of 𝑆01(1) and 𝑆01(2) at U1 can 

be obtained from Eq. (4), 

 

         𝛾𝑈1
𝑆01(1) =

|ℎ01|
2𝑃1

𝐸[|ℎ11|
2]𝑃2+𝑁0

= 𝛾𝑈1
𝑆01(2)                        (10) 

 

From Eq. (5), the SINR of 𝑆12(1) and 𝑆12(2) at U2 

after SIC is given by  

 

         𝛾𝑈2
𝑆12(1) =

|ℎ12|
2𝑃2

𝐸[|ℎ02|
2]𝑃1+𝑁0

= 𝛾𝑈2
𝑆12(2) .                          (11) 

 

Similarly, SINR of 𝑆03(1) and 𝑆13(1) at U3 can be 

obtained from Eq. (6),  

 

         𝛾𝑈3
𝑆03(1) = 𝛾𝑈3

𝑆13(1) = 

            
(|ℎ03|

2+|ℎ13 |
2
)
2
𝑃3

|ℎ03|
4𝑃1+|ℎ03|

2|ℎ13 |
2
(𝑃1+𝑃2)+|ℎ13 |

4
𝑃2+(|ℎ03|

2+|ℎ13 |
2
)𝑁0

 .   (12) 

 

Assume 𝑃1 = 𝑃2 = 𝑃 , SINR of 𝑆03(1) and 𝑆13(1), 
𝛾𝑈3 is given by  

 

          𝛾𝑈3 =
(|ℎ03|

2+|ℎ13 |
2
)𝑃3

 (|ℎ03|
2+|ℎ13 |

2
)𝑃+𝑁0

    .                                 (13) 

3. Outage analysis 

In this section, we consider the outage probability 

of the proposed system in Fig.2. When the received 

SINR bellows the predetermined threshold, the 

outage event occurs. The outage event of U1 happens 

two cases; firstly, the SINR of 𝑆03(1) at U1 is less 

than the threshold, and secondly, though the SINR of 

𝑆03(1) at U1 is greater than the threshold, the SINR 

of 𝑆01(1)  is less than the threshold. Hence, the 

outage probability of U1 can be written by [14-15]  

 

    𝑃0_𝑈1 = 𝑃𝑟 (𝛾𝑈1
𝑆03(1) < Γ3) + 𝑃𝑟 (𝛾𝑈1

𝑆03(1) ≥ Γ3,  𝛾𝑈1
𝑆01(1) < Γ1  )                

 (14) 

 

where Γ1  and Γ3  are the thresholds of U1 and U3, 

respectively, Γ1 = 2
𝑅1 − 1  and Γ3 = 2

𝑅3 − 1 . 𝑅1 
and  𝑅3 are spectral efficiency [bps/Hz] of U1 and U3, 

respectively. By replacing Eq. (8) into Eq. (14), the 

first probability of Eq. (14) can be rearranged by 

 

𝑃𝑟 (𝛾𝑈1
𝑆03(1) < Γ3) = 𝑃𝑟(|ℎ01|

2 < 𝜙 − |ℎ11|
2,   |ℎ11|

2 < 𝜙) 

        = 𝑃𝑟(|ℎ01|
2 < 𝜂,   |ℎ11|

2 < 𝜙) , Γ3 <
𝑃3

𝑃
    (15) 

 

 where 𝜙 = Γ3𝑁0/(𝑃3 − Γ3𝑃) and η = 𝜙 − |ℎ11|
2. 

The outage probability of  𝛾𝑈1
𝑆01(1)  in the second 

probability of Eq. (14) can be obtained from Eq. (10),  

 

 𝑃𝑟 (𝛾𝑈1
𝑆01(1) < Γ1) = 𝑃𝑟(|ℎ01|

2 < 𝜉)                      (16) 

 

where 𝜉 = Γ1𝑁𝑡1/𝑃1 and 𝑁𝑡1 = 𝐸[𝑋11]𝑃2 +𝑁0. For 

the notational simplicity, we denote |ℎ11|
2 = 𝑋11 . 

The outage probability of Eq. (14) can be rearranged 

using Eqs. (15) and (16), and can be written by 

 
       𝑃𝑜_𝑈1 = 𝑃𝑟(|ℎ01|

2 < 𝜂,   |ℎ11|
2 < 𝜙) 

                  +𝑃𝑟{(|ℎ01|
2 ≥ 𝜂,   |ℎ11|

2 < 𝜙),  |ℎ01|
2 < 𝜉 } .   (17) 

 

Denote |ℎ01|
2 = 𝑋01 . Under the Rayleigh fading 

environment, Eq. (17) can be expressed as [14], [16] 

 

        𝑃0_𝑈1 = 1 − 𝑒
−𝑚𝑎𝑥(

𝜂

𝐸[𝑋01]
,   

 𝜉

𝐸[𝑋01]
 )

   .                            (18) 

 

Alternatively, Eq. (18) can be expressed as   

 

        𝑃0_𝑈1 = {
1 − 𝑒

−
𝜂

𝐸[𝑋01] =  𝑃𝑟 (𝛾𝑈1
𝑆03(1) < Γ3) , η ≥ ξ

1 − 𝑒
−

 𝜉

𝐸[𝑋01] = 𝑃𝑟 (𝛾𝑈1
𝑆01(1) < Γ1) ,   η < ξ  

 . (19) 

 

From Eq. (18) and Eq. (19), we can conclude that the 

outage probability of U1 becomes 

 

          𝑃0_𝑈1 = 𝑚𝑎𝑥 {𝑃𝑟 (𝛾𝑈1
𝑆01(1) < Γ1) , 𝑃𝑟 (𝛾𝑈1

𝑆03(1) < Γ3) }  

(20) 

 

where 𝑃𝑟 (𝛾𝑈1
𝑆01(1) < Γ1) equals 1 − 𝑒−𝜉/𝐸[𝑋01]  from 

Eq. (9). And 𝑃𝑟 (𝛾𝑈1
𝑆03(1) < Γ3)  has two random 

variables as shown in Eq. (15), it can be written by  

 

𝑃𝑟 (𝛾𝑈1
𝑆03(1) < Γ3) =

1

𝐸[𝑋11]
∫ {−𝑒−(𝜙−𝑥)/𝐸[𝑋01]} 𝑒−𝑥/𝐸[𝑋11]𝑑𝑥 
𝜙

0
, 

          Γ3 <
𝑃3

𝑃
       (21) 

 

After rearrangement, we have Eq. (22) at the middle 

of the next page. 

Similar to the outage probability of U1, the 

outage probability of U2 can be written by  

 

    𝑃0_𝑈2 = 𝑃𝑟 (𝛾𝑈2
𝑆13(1) < Γ3) + 𝑃𝑟 (𝛾𝑈2

𝑆13(1) ≥ Γ3,  𝛾𝑈2
𝑆12(1) < Γ2  )                 

(23) 

 

Also Eq. (23) can be arranged similar to Eq. (20), we 

have 

 

             𝑃0_𝑈2 = 𝑚𝑎𝑥 {𝑃𝑟 (𝛾𝑈2
𝑆12(1) < Γ2) , 𝑃𝑟 (𝛾𝑈2

𝑆13(1) < Γ3) }   

                                                                   (24) 

 

where 𝑃𝑟 (𝛾𝑈2
𝑆12(1) < Γ2) can be obtained from Eq. 

(11), 
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             𝑃𝑟 (𝛾𝑈2
𝑆12(1) < Γ2) = 1 − 𝑒

−
𝜀

𝐸[𝑋12]                               (25) 

 

where ε = Γ2𝑁𝑡2/𝑃2 and 𝑁𝑡2 = 𝐸[𝑋01]𝑃1 +𝑁0 . For 

simplicity, define |ℎ02|
2 = 𝑋02, |ℎ12|

2 = 𝑋12 . By 

replacing E[𝑋01] and E[𝑋11] with E[𝑋02] and E[𝑋12], 

respectively, the probability of 𝑃𝑟 (𝛾𝑈2
𝑆13(1) < Γ3) in 

Eq. (24) is given by Eq. (26). 

The outage event of U3, which receives both 

signal form BS0 and BS1, happens when the received 

SINR is less than the threshold. Hence, the outage 

probability can be defined by  

 

          𝑃0_𝑈3 = 𝑃𝑟 (𝛾𝑈3
𝑆03(1) < Γ3)   .                             (27) 

 

In the case of 𝑃1 = 𝑃2 = 𝑃 , the outage probability 

can be rearranged from Eq. (13) 

 

      𝑃𝑟(𝛾𝑈3 < Γ3) = 𝑃𝑟 {|ℎ03|
2 < 𝜙 − |ℎ13 |

2
, |ℎ13 |

2
< 𝜙 }, 

 Γ3 <
𝑃3

𝑃
 .                                                              (28) 

 

Define |ℎ03|
2 = 𝑋03 and |ℎ13 |

2
= 𝑋13 , then Eq. (28) 

becomes  

 

      𝑃𝑟(𝛾𝑈3 < Γ3) = ∫ [1 − 𝑒𝑥𝑝 {− (
𝜙−𝑥

𝐸[𝑋03]
)}]𝑓𝑋13 (𝑥)𝑑𝑥

𝜙

0
,  

Γ3 <
𝑃3

𝑃
                                                                (29) 

 

where 𝑓𝑋13 (𝑥) is the probability density function 

 

𝑃𝑟 (𝛾𝑈1
𝑆03(1) < Γ3) = 1 − 𝑒

−
𝜙

𝐸[𝑋11]  −   
𝐸[𝑋01]

𝐸[𝑋01]−𝐸[𝑋11]
𝑒
−

𝜙

𝐸[𝑋01] {1 − 𝑒
−(

1

𝐸[𝑋11]
 − 

1

𝐸[𝑋01]
)𝜙
} ,  Γ3 <

𝑃3

𝑃
 .                                     (22) 

________________________________________________________________________________________ 

 

      𝑃𝑟 (𝛾𝑈2
𝑆13(1) < Γ3) = 1 − 𝑒

−
𝜙

𝐸[𝑋12]  −   
𝐸[𝑋02]

𝐸[𝑋02]−𝐸[𝑋12]
𝑒
−

𝜙

𝐸[𝑋02] {1 − 𝑒
−(

1

𝐸[𝑋12]
 − 

1

𝐸[𝑋02]
)𝜙
} ,  Γ3 <

𝑃3

𝑃
 .                                      (26) 

________________________________________________________________________________________ 

 

𝑃0_𝑈3 = ∑ (
𝑁
𝑖
) (−1)𝑖−1 (1 − 𝑒

−
𝑖𝜙

𝐸[𝑋13̂] −
𝑖𝐸[𝑋03]

𝑖𝐸[𝑋03]−𝐸[𝑋13 ]
𝑒
−

𝜙

𝐸[𝑋03] {1 − 𝑒
−(

𝑖

𝐸[𝑋13̂]
−

1

𝐸[𝑋03]
)𝜙
})𝑁

𝑖=1 ,  Γ3 <
𝑃3

𝑃
 .                             (31) 

________________________________________________________________________________________ 

 

 

 (pdf) of 𝑋13 . Since the selected BS1 has the 

maximum channel gain between BS j and U3 (𝑗 =
1,2,… ,𝑁  ), the pdf in Rayleigh fading channel is 

given by  

 

          𝑓𝑋13 (𝑥) =
𝑁

𝐸[𝑋13 ]
[1 − 𝑒

−
𝑥

𝐸[𝑋13̂]]
𝑁−1

𝑒
−

𝑥

𝐸[𝑋13̂]  

                         = ∑ (
𝑁
𝑖
) (−1)𝑖−1

𝑖

𝐸[𝑋13 ]
𝑒−𝑖𝑥/𝐸[𝑋13 ]𝑁

𝑖=1 , Γ3 <
𝑃3

𝑃
                    

(30) 

 

where the second equality holds from the binomial 

expansion [17]. Replacing Eq. (30) into Eq. (29), the 

outage probability of U3 can be obtained in Eq. (31). 

As a special case, if the number of neighbour BSs 

is single (i.e.,  𝑖 = 1 ) and 𝐸[𝑋03] = 𝐸[𝑋13 ] , the 

outage probability of U3 can be obtained from Eqs. 

(29) and (30), 
 

        𝑃0_𝑈3 = ∑ (
𝑁
𝑖
) (−1)𝑖−1 (1 − 𝑒

−
𝑖𝜙

𝐸[𝑋13̂] −
𝜙

𝐸[𝑋13 ]
𝑒
−

𝜙

𝐸[𝑋03])𝑁
𝑖=1 , 

                         Γ3 <
𝑃3

𝑃
, 𝑖 = 1, 𝐸[𝑋03] = 𝐸[𝑋13 ] .          (32) 

 

4. Numerical examples 

This section considers the numerical examples of 

the outage performance of U1 and U3. We assumed 

the distances between BS0 and U1 and between BS1 

and U3 are assumed identical (i.e., 𝑑01 = 𝑑12). The 

distances are normalized to the distance between BS0 

and U3. Also, we assumed the transmit powers to U3 

from BS0 and BS1 are identical. From this 

assumption, the outage probabilities of U1 and U2 are 

the same. Hence, we focus on the outage performance 

of the U1 and U3. 

Fig. 3 shows the outage probability of U1 (𝑃𝑜_𝑈1), 
“*” denotes the results of Monte Carlo simulation, 

which is obtained from 1 × 108 iterations. It shows 

that the results from the analysis show a perfect 

match for the simulation. As we expected, the outage 

probability degrades as the distance between BS0 and 

U1 increases. Also, it shows the error floor - the 

outage does not decrease according to the increase of 

the transmit SNR. When 𝑑01 = 0.2 and 𝑑01 = 0.3, 

the outage probability of 1 × 10−3 can’t be reached. 
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Figure. 3 Outage probability of U1 (𝑅1 = 𝑅3 = 1, 

𝑛 =  3, 𝑃1 = 𝑃2 = 𝑃, 𝑃3 = 4𝑃) 

 

This is because of the interference, the message of U2, 

from BS1. Though the inter user interference from 

BS0 can be cancelled by SIC, the interference from 

BS1 which is the inter cell interference (ICI) can’t be 

cancelled. 

𝑃𝑜_𝑈1_𝑛𝑜_𝑆12  in Fig. 3 means the outage 

probability of U1 when BS1 is OMA cell. In that case, 

BS1 does not transmit the messages for U2; BS1 

transmits 𝑆1(1) = 𝑆13(1),  𝑆1(2) = 𝑆03
∗ (1). There is 

no interference from BS1, hence the error floor does 

not exist; the outage probability decreases as the 

transmit SNR increases. From this observation, we 

can conclude that the OMA cell which transmits a 

message for U3 only is preferred for the performance 

improvement of U1.   

The outage probability of U3 for different 

numbers of neighbour cells is shown in Fig. 4, the 

results from the analysis and simulations are well 

matched. If the outage probability of 1 × 10−3  is 

required, the transmit SNR is 8.72 dB, 3.43 dB, and 

0.78 dB is necessary with 𝑁 = 1 , 2, and 3, 

respectively. When 𝑁 = 1 which is the system model 

of Choi [5], it shows the worst performance. As the 

number of 𝑁 increases, the required transmit SNR to 

maintain the required outage probability decreases 

due to the space diversity gain. Therefore the cell 

selection in this paper is effective to reduce the 

outage probability. As a reference, the outage 

probability without the Alamouti code (𝑃𝑜_𝑈3_𝑛𝑜_𝐴𝐿) 
is shown also in this figure, it revels higher outage 

performance than with the code. 

The outage probabilities of U1 and U3 with 

limited transmit power of a base station is shown in 

Fig. 5. The outage probability of U1 (𝑃𝑜_𝑈1) improves 

with the decrease of the distance between BS0 and 
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Figure. 4 Outage probability of U3 for different 𝑁 

(𝑅3 = 1, 𝑛 = 3, 𝑑01 = 0.1, 𝑃1 = 𝑃2 = 𝑃, 𝑃3 = 4𝑃 ) 
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Figure. 5 Outage probability of U1 and U3 with limited 

transmit power (𝑅1 = 𝑅3 = 1, 𝑛 = 3, 

           𝑃𝑇 = (1 − 𝛼)𝑃1 + 𝛼𝑃3, 𝑃1 = 𝑃2, 𝑃𝑇/𝑁0 = 20 𝑑𝐵) 

 

U1. The minimum outage performance is noticed at 

0.51 of power allocation coefficient α. While above 

0.9 of α, the power allocation to U1 decreases and the 

interference from BS1 consists. Hence SINR of U1 

decreases, consequently, increase the outage 

probability. 

Notice that the outage probability of the U3 is not 

a function of distance as shown in Eq. (31) and Eq. 

(32), it is why the distance is normalized to itself. We 

observed that the outage probability decreases as the 

number of the neighbour cells and power allocation 

increases. 

4. Conclusions 

In this paper, we consider selective CoMP 

NOMA systems in multi-cell environment. In the 

proposed system, we adapt the Alamouti code for 
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cell-edge user and cell selection with maximum 

channel gain. The outage probability is derived in 

closed-form and the results are verified with Monte 

Carlo simulation. For the simulation, 1 × 108 
iterations are performed. 

From the analysis, we noticed that the error floor 

of the near user due to ICI from the selected cell 

happens. This phenomenon can be removed from the 

selected cell with OMA which has no ICI to near user. 

On the while, the outage performance of the cell-edge 

user significantly improves with the combination of 

the Alamouti code and the selected cell which 

provides the spatial diversity gain. However, only the 

selected cell without the Alamouti code, it is noticed 

that the error floor still exists and the performance 

improvement is not significant.  

The outage probability of the near user is a 

function of the distance from the home base station 

and power allocation, it is more susceptible to the 

distance than the power allocation coefficient 

between 0.51 and 0.9. However, the performance of 

the cell-edge user improves with the power allocation.  

Further research will be focused on the improved 

network structure which enhances both the sum rate 

and outage performance of users in CoMP NOMA 

system. 
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