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Abstract 

The multiple access technique of the current wireless communication system depends on the Orthogonal Multiple Access (OMA) technique. 

The availability of orthogonal resources is limited in OMA and cannot support the increasing demand for a large number of users and 

efficient use of the spectrum in the coming years. The Non-Orthogonal Multiple Access (NOMA) is considered in the future release of 5G 

and Beyond 5G. In NOMA, multiple users can be dealt with in the same resource block at the same time, which allows NOMA to provide 

large connectivity, low latency, and high spectral efficiency. In this paper, the outage probability expression for the Multiple-Input Single-

Output-Non-Orthogonal Multiple Access (MISO-NOMA) downlink system is derived by employing an Indefinite Quadratic Form (IQF) 

approach. Analytical results are compared with the Monte Carlo simulations which validate our theoretical derivations. Further, the 

performance of the MISO-NOMA system is assessed with different numbers of users in the system and different Signal-to-Noise Ratio (SNR) 

values.  
 

Index Terms: Beyond 5G, Indefinite Quadratic Form, Multiple-Input Single-Output-Non-Orthogonal Multiple Access, 

Orthogonal Multiple Access, Outage Probability. 

 

I. INTRODUCTION 

Recently, the requirement for a high data rate has risen 

exponentially with the increase in the number of large data-

consuming applications [1-4]. The multiple access 

techniques play an important role in handling this large 

amount of data by serving multiple users efficiently in the 

given bandwidth [5]. In wireless communication networks, 

the multiple access technique is considered the principal 

enabler and it advanced in every successive generation [6].   

In 1G, FDMA was used along with the analog modulation, 

and TDMA was used in 2G GSM [7]. The dominant 

multiple access scheme was CDMA in 3G which was 

initially proposed by ‘Qualcomm’ [8]. The OFDMA was 

implemented in 4G networks to overcome the limitation of 

CDMA [9]. The multiple access techniques in previous 

generations are referred to as Orthogonal Multiple Access 

(OMA). There is very little interference among the 

adjacent resource block in all these OMA techniques as 

their resource blocks are divided orthogonally in code, 

frequency, or in the time domain which allows simple 

signal detection. The limited number of users is supported 

by the OMA technique due to less amount of usable 

orthogonal resource blocks which restrict the capacity and 

spectral efficiency in the present network. Therefore, to 

accommodate the enormous number of users, researchers 

proposed the Non-Orthogonal Multiple Access (NOMA) 

system [6]. As a result, the spectral efficiency can be 

increased by the use of NOMA and a huge number of data 

can be transferred in the same bandwidth spectrum. The 

NOMA scheme is mainly divided into two key categories 

NOMA in the power domain and the code domain [10]. In 

a single orthogonal resource block, the fundamental of 

NOMA is applied to get spectral efficiency by utilizing the 

power domain multiplexing which leads to the power 

domain NOMA. In this power domain, several users are 

dealt with in the same OFDMA subcarrier or time slot and 

power domain multiple access can be implemented by 

giving dissimilar power levels to each user [11], and [12].   

The NOMA can be united with other techniques to increase 

spectral efficiency by exploiting the advantage of both 

technologies. The CR-NOMA is the integration of 

cognitive radio and NOMA scheme which results in the 

reduction of transmission delay in secondary users by the 

simultaneous connection of multiple secondary users in the 

system [13]. The combination of NOMA with millimeter-

wave further enhances the spectral efficiency as 

‘mmWave’ provides enormous bandwidth for 

communication [14]. The NOMA scheme can also 

combine with the MIMO technique by exploiting the 

advantages of the MIMO technique resulting in significant 

improvement as compared to MIMO-OMA [15]. The 

authors in [4], investigated the efficient energy design of 

the MISO-NOMA system without having the perfect 

knowledge of the channel at BS. Clusters are formed by 

the clustering algorithm and resource sharing is done by 

employing the NOMA scheme. The power constraint 
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beamforming optimization problem with per-antenna is 

investigated in [16] for downlink MISO-NOMA.  

Basically, MISO-NOMA is the combination of ‘Multiple-

Input Single-Output’ and ‘Non-Orthogonal Multiple 

Access’ techniques. The MISO-NOMA exploits the 

advantage of both techniques, i.e., minimizing errors, 

optimizing data speed, and large connectivity. In this 

paper, we acquired the expression of outage probability for 

the power domain downlink MISO-NOMA system by 

employing the approach Indefinite Quadratic Form (IQF) 

presented in [17].  

 

The remaining part of the paper is structured as below: 

 

The downlink MISO-NOMA system model is explained in 

Section II and the SINR expression is derived in Section 

III.  The expression of outage probability is derived in 

Section IV. The outcomes of outage probability analysis 

are determined in Section V. In the end, Section VI 

concludes the paper. 

II. DOWNLINK MISO-NOMA SYSTEM MODEL 

The downlink communication system consists of the 

MISO-NOMA technique. There are ‘l’ single antenna users 

and BS consists of ‘N’ antenna elements and it transmits 

signals by superposing multiple user’s signals with 

different power coefficients. Successive Interference 

Cancellation (SIC) is performed successively to recover the 

desired signal of the user. The allocation of power to each 

user depends upon the channel condition of each user. A 

lesser amount of power is assigned to the user with a good 

channel and a large power is given to the user with a bad 

channel. The user consists of the highest power to recover 

its signal without performing the SIC. The SIC process is 

needed to perform by the remaining users in the systems 

[18].  

 

The base station transmits the signal ‘s’ as written below: 

 

                                𝑠 = ∑ √𝑎𝑙𝑃𝑠
𝐿
𝑙=1 𝑥𝑙                              (1) 

 

In eq. (1), the transmitted information of the ‘ 𝑖𝑡ℎ’ user is 

represented as ‘𝑥𝑙’ having unit energy.  

 

 
Figure I: Downlink Power Domain MISO-NOMA System 

Further, the transmission power of BS is represented as ‘𝑃𝑠’ 

and the assigned power coefficient of the '𝑙𝑡ℎ’ user is 

represented as: 

  

‘𝑎𝑙’subject to ∑ 𝑎𝑙 = 1𝐿
𝑙=1 . 

 

In this system, we considered the power coefficient to be 

𝑎1 ≥ 𝑎2 ≥  ⋯ ≥ 𝑎𝐿 . Therefore, the channel gains are 

supposed to be in the order of |h1|2 ≤  |ℎ2|2 ≤  ⋯ |h𝐿|2 

[2].  

 

The ‘𝑙𝑡ℎ’ user channel coefficient can be written as ‘ ℎ𝑙’ and 

the received signal for the ‘𝑙𝑡ℎ’ user can be given as follows: 

 

         𝑦𝑙 = 𝒉𝑙𝑠 + 𝑛𝑙 = 𝒉𝑙 ∑ √𝑎𝑖𝑃𝑠
𝐿
𝑖=1 𝑥𝑖 + 𝑛𝑙                  (2) 

where the complex additive Gaussian noise is expressed as 

‘𝑛𝑙’ with variance ‘𝜎𝑙
2’ and ‘0’ mean. i.e., 𝑛𝑙~𝐶𝑁(0, 𝜎𝑙

2 ) . 

III. DERIVATION OF SINR EXPRESSION 

The SINR expression can be derived from eq. (2), desired 

user signal power divided by the interference power and the 

noise variance.  

 

In this case, 𝑙𝑡ℎ user is considered as desired user power: 

 

                    𝑆𝐼𝑁𝑅𝑙 =
𝛾𝑎𝑙||𝐡𝑙||2

𝛾||𝒉𝑙||2 ∑ 𝑎𝑖
𝐿
𝑖=𝑗+1 +𝜎2                           (3) 

In eq. (3), the ‘𝛾’ is denoted by  𝛾 = 𝑃𝑠 and the lower limit 

of  ∑ 𝑎𝑖
𝐿
𝑖=𝑗+1  is 𝑗 + 1 in the denominator, it is because 

successive interference cancellation will be performed for 

the values 𝑗 ≤ 𝑙.   
 

By employing the quadratic form approach eq. (3) can be 

expressed as:  
 

                                 𝑆𝐼𝑁𝑅𝑙 =
‖𝒉𝒍

̅̅ ̅‖
2

𝑨

‖𝒉𝑙
̅̅ ̅‖

2

𝑩
+𝜎𝑙

2
                            (4) 

Where; 
 

                     𝐀 = 𝑹
𝟏

𝟐 [

𝛾𝑎𝑙 0 0
0 𝛾𝑎𝑙 0
0 0 𝛾𝑎𝑙

] 𝑹
𝑯

𝟐                      (5) 

 
 

𝑩 = 𝑹
𝟏

𝟐 [

𝛾 ∑ 𝑎𝑖
𝐿
𝑖=𝑗+1 0 0

0 𝛾 ∑ 𝑎𝑖
𝐿
𝑖=𝑗+1 0

0 0 𝛾 ∑ 𝑎𝑖
𝐿
𝑖=𝑗+1

] 𝑹
𝐻

2     (6) 

 

Where;  

 𝑹 is the correlation matrix of the Channel.  

IV. DERIVATION OF OUTAGE PROBABILITY 

EXPRESSION 

By using the eq. (4), and ‘𝛾𝑡ℎ’ considered as a given 

threshold, Pr (SINR𝑙 < 𝛾𝑡ℎ)  is the CDF for the probability 

outage of ‘𝑙𝑡ℎ’ user available in the cell for notation 

simplicity it is written as Fl  (𝛾𝑡ℎ) and expressed as follows: 
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                F𝑙(𝛾𝑡ℎ) = 𝑃𝑟 (
‖𝒉𝒍

̅̅ ̅‖
2

𝑨

‖𝒉𝑙
̅̅ ̅‖

2

𝑩
+𝜎𝑙

2
< 𝛾𝑡ℎ)                      (7) 

By simplifying  eq.  (7) we get: 
 

         F𝑙(𝛾𝑡ℎ) = 𝑃𝑟 (𝛾𝑡ℎ𝜎𝑙
2 +  ‖�̅�𝑙 ‖𝑩𝛾𝑡ℎ−𝑨

2
 > 0)           (8) 

The CDF in eq. (8) can be written in the form of eq. (9) by 

employing the definition of ‘𝑢(. )’ which is a unit step 

function: 

 

  F𝑙(𝛾𝑡ℎ) = ∫ 𝑝(�̅�𝑙 )𝑢 (𝜎𝑙
2𝛾𝑡ℎ + ‖�̅�𝑙 ‖𝑩𝛾𝑡ℎ−𝑨

2
)

∞

−∞
𝑑�̅�𝑙     (9) 

 

The integration in eq. (9) is on the complete 𝒉𝑙 -plane and 

therefore, the existence of ‘u(.)’ supports the analysis in the 

work. The unit step function can be written in Fourier 

representation in [3] is given below: 

 

           𝑢(𝑥) =
1

2𝜋
∫

𝑒𝑥(𝑗𝜔+𝛽)

𝑗𝜔+𝛽

∞

−∞
𝑑𝜔 ;       𝛽 > 0                (10) 

By substituting the PDF of channel vector 𝑝(�̅�𝑙 ) =
1

𝜋𝑇 𝑒−‖�̅�𝑙 ‖
2

 and after simplification we get: 

 

Fl(𝛾𝑡ℎ) =
1

2𝜋𝑇+1
∫

𝑒  𝜎𝑙
2𝛾𝑡ℎ(𝑗𝜔+𝛽)

𝑗𝜔 + 𝛽

∞

−∞

 

× ∫ 𝑒
−‖�̅�𝑙 ‖𝐼+(𝑨−𝐵𝛾𝑡ℎ)(𝑗𝜔+𝛽)

2∞

−∞

𝑑�̅�𝑙 𝑑𝜔 

                                                                                     (11) 

 

The matrix P is defined where 𝑷 = 𝑨 − 𝑩𝛾𝑡ℎ and after 

performing its eigenvalue decomposition we obtained P =
𝑼𝑝⋀ 𝑼𝑝

𝐻 . The channel vector  �̅�𝑙  can be transformed with 

the relation of �̃�𝑙 = 𝑼𝑝
𝐻 �̅�𝑙 .  

The weight matrix of the quadratic norm can be obtained in 

diagonal norm by this transformation in eq. (11) and can be 

written as: 

 
1

𝜋𝑇
∫ 𝑒

−‖�̃�𝑙‖
𝐼+⋀(𝑗𝜔+𝛽)

2∞

−∞

𝑑�̃�𝑙  =  
1

|𝐼 + ⋀(𝑗𝜔 + 𝛽)|

=
1

∏ |1 + λt(𝑗𝜔 + 𝛽)|𝑇
𝑡=1

 

                                                                                               (12) 
Where; 

 λt represents the tth eigenvalue of P. Thus, the T-

dimensional integral in eq. (11) is changed to a 

corresponding 1-dimensional form written as:  

 

     F𝑙(𝛾𝑡ℎ) =
1

 2𝜋
∫

𝑒  𝜎𝑙
2𝛾𝑡ℎ(𝑗𝜔+𝛽)

(𝑗𝜔+𝛽) ∏ (1+λt(𝑗𝜔+𝛽))𝑇
𝑡=1

𝑑𝜔
∞

−∞
             (13) 

Assuming that the eigenvalues are distinct. Thus, the partial 

fraction expansion can be used to expand the inner 

denominator term which will result in: 

  

1

(𝑗𝜔 + 𝛽) ∏ (𝐼 + λt(𝑗𝜔 + 𝛽))𝑇
𝑡=1

=
1

𝑗𝜔 + 𝛽
+ ∑

𝛼𝑡

(1 + λt(𝑗𝜔 + 𝛽))
𝑡

𝑇

𝑡=1

 

                                                                                    (14) 

Where; 

𝛼𝑡 is the coefficient of partial fraction expansion which can 

be found to be: 

 

                               𝛼𝑡 =
−𝜆𝑡

∏ (1−
λi
λt

)𝑇
𝑖=1,𝑖≠𝑡

                             (15) 

Next, employing the following rule from the residue theory 

[4]: 

    

1

 2𝜋
∫

𝑒𝑗𝜔𝑝

(𝑎 + 𝑗𝜔)𝑠

∞

−∞

𝑑𝜔 =
𝑠𝑖𝑛𝑔𝑠(𝑎)

𝛤(𝑠)
(𝑝)𝑠−1𝑒−𝑎𝑝𝑢(𝑎𝑝) 

                                                                                     (16) 

 

Where; 

𝛤(. ) and 𝑠𝑖𝑔𝑛(. ) shows the gamma function and signum 

function, respectively.  

 

Thus, the CDF F𝑙(𝛾𝑡ℎ) for the ‘ 𝑙𝑡ℎ’ user can be shown to 

be: 

 

F𝑙 (𝛾𝑡ℎ)

= 𝑢(𝜎𝑙
2𝛾𝑡ℎ)

− ∑
λt

𝑇

∏ (λt − λi)
𝑇
𝑖=1,𝑖≠𝑡

𝑇

𝑡=1

1

|λt|
 𝑒

−
𝜎𝑙

2𝛾𝑡ℎ
λt 𝑢 (

𝜎𝑙
2𝛾𝑡ℎ

λt

) 

                                                                                               (17) 
 

Finally, using the definition of outage probability (i.e., from 

the certain threshold value the probability that the SINR is 

less), the outage probability of the ‘ 𝑙𝑡ℎ’ user closed form in 

the MISO-NOMA downlink system is found to be: 

 

P𝑜𝑢𝑡,𝑙 (𝛾𝑡ℎ)

= 𝑢(𝜎𝑙
2𝛾𝑡ℎ)

− ∑
λt

𝑇

∏ (λt − λi)
𝑁
𝑖=1,𝑖≠𝑡

𝑇

𝑡=1

1

|λt|
 𝑒

−
𝜎𝑙

2𝛾𝑡ℎ
λt 𝑢 (

𝜎𝑙
2𝛾𝑡ℎ

λt
)  

                                                                                     (18) 

V. RESULTS AND DISCUSSION 

In this section, the probability of an outage for the MISO-

NOMA downlink system is analyzed by considering the 

different scenarios such as different SNR values and the 

different numbers of users in the systems.  

In figure II, the outage probability for simulation and 

analytical results are compared. It is clear from the curves 

that the simulation and analytical outage probabilities are 

showing the same behavior for all threshold values from 0 

to 3. This result validates the derived expression of outage 

probability in eq. (18). 



Muhammad Ahsan Shaikh et al, 

 

73 

 

The effect of SNR on outage probability is investigated in 

figure III. In this analysis, three SNR values are considered 

SNR 0 dB, SNR 10 dB, and SNR 20 dB. The SNR values 

are considered based on the channel condition. The low 

SNR value depicts the noisy channel and the high SNR 

value shows the less noisy channel. The curves show that 

the outage probability for a low SNR is higher than the 

outage probability of a high SNR value. This outcome 

shows that in poor channel conditions, the probability of 

outage is significantly high in the MISO-NOMA downlink 

system as compared to good channel conditions. 
 

 
Figure II: Outage Probability Simulation and Analytical Comparison 

 

 
Figure III: Effect of SNR on the Outage of Probability 

 

In figure IV, the effect of the number of users on the outage 

probability for downlink MISO-NOMA is analyzed.  
 

 
Figure IV: Effect of Number of Users on Outage Probability 

In this analysis, we considered two users and five user 

scenarios in the MISO-NOMA downlink system.  

It is evident from the curves that the outage probability is 

higher in 5 user scenario as compared to the 3 users in the 

system. It is due to the increase in interference in the 

system by the rise in the number of users.  

In this system model, other than the desired users are 

considered as interference.  Thus, an increase in the 

number of users will decrease the overall system 

performance. 

VI. CONCLUSION 

The OMA technique is not suitable to accommodate the 

massive number of users and demand for a high data rate. 

The researchers considered the NOMA technique to 

support the massive connectivity and be part of the future 

generation.  

In NOMA in the power domain, different level of power is 

allocated to different users in the same resource block 

which increases the spectral efficiency. The expression of 

outage probability is acquired for the MISO-NOMA 

downlink system by employing the IQF approach. The 

analytical and simulation results validate the derived 

expression of outage probability.  

Further, the effect of SNR and the effect of the number of 

users in the systems are analyzed. The results show that the 

outage probability is low in good channel conditions with a 

high SNR value as compared to the poor channel condition. 

The number of users also affects the system performance as 

an increase in the number of users increases the probability 

of an outage and results in a reduction in the total system 

performance.   

The studied system is based on fixed power allocation and 

optimum power allocation will increase the performance of 

the system.  
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