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Abstract - The Transmit Antenna Selection incorporating Maximal Ratio Combining (TAS/MRC) strategy is a broadly 

preferred approach to lessen the intricacy level of a multiuser system incorporating Multiple Input and Multiple Output 

(MIMO) technique with little degradation in the performance. Reducing RF links upgrades the practical suitability of the 

TAS/MRC strategy. In TAS/MRC communication, the Channel State Information (CSI) is presented to the transmitter. 

Depending on the CSI, the best antenna is chosen for transmission, thereby enhancing the system performance. However, due 

to the existence of dominant factors, namely the channel estimation error and the channel fading, the status of the TAS/MRC 

system may be reduced significantly. For the evaluation of the TAS/MRC strategy, it is commonly assumed that the lossless 

and error-free CSI is applied to the base station. However, practically, the CSI has envelope and phase errors; therefore, the 

error associated with the CSI needs to be applied in the system evaluation. Likewise, the functioning of the MRC receiver is 

influenced noticeably by the channel fading conditions. In this paper, a TAS/MRC scheme associated with multiple users has 

been analyzed. The channel estimation error and Beaulieu-Xie fading model are utilized for the mathematical evaluation of 

the system. In the reality of channel estimation error, the outage probability, ABER with BPSK as well as DBPSK modulations, 

and ergodic capacity have been derived and analyzed. It can be noticed that little envelope errors in CSI may deteriorate the 

status of the system to a large extent when compared with the error in the phase of the CSI. Simulated points are included in 

the figures to validate the data. 

Keywords - Beaulieu-Xie fading, DBPSK, Ergodic capacity, Multiuser MIMO, CSI, TAS/MRC.  

1. Introduction  
The MIMO is a favorable system to avoid the effect of 

fading as it produces both multiplexing and diversity gain [1]. 

However, MIMO is not desirable for multiuser environments 

due to the huge quantity of RF links, which leads to the 

initiation of a new variation of MIMO with the Transmit 

Antenna Selection (TAS) algorithm. The TAS system 

decreases the complexity of the conventional MIMO system 

by reducing the quantity of RF links and easily selecting the 

best antenna for communication. The TAS algorithm needs 

the information of the CSI to select the best antenna for 

communication. With the TAS algorithm, the receiver may 

use MRC; thereby, the system is known as a TAS/MRC 

system [2], and the execution of the aforesaid system is 

comparable to the regular MIMO system with less 

complexity [3, 4]. Due to its applicability in the multiuser 

wireless environment, the TAS/MRC system gets attention 

from researchers, and several works have been published on 

the analysis of this system in the Rayleigh and Nakagami-m 

fading environments. In [5], an MRC user performance under 

a correlated Nakagami-fading model is investigated. In [6], 

the Average Bit-Error Rate (ABER) of TAS adding receive 

MRC is evaluated in Rayleigh statistical channels. In [7], the 

error condition of a TAS scheme combining receiver MRC is 

investigated for Nakagami-m fading distributions. In [8], the 

TAS/MRC system performance for correlated Nakagami 

fading channels is evaluated to minimize the complexity of 

communication and maintain the diversity benefit. In [9], the 

ABER of an MRC user with TAS at the transmitter is 

presented for Nakagami-m fading channels.  The Nakagami-

m adjusts the number of multipath clusters by varying m [10]. 

The Rician fading model is more appropriate whenever Line-

Of-Sight (LOS) or established components are available in 

the wireless medium [11]. Merging the usefulness of the 

aforesaid two models, Beaulieu and Xie suggested a modern 

Beaulieu-Xie fading distribution [12], which exhibits both 

specular as well as diffuse scattering components, thereby 

making it suitable for both LOS as well as non-LOS layouts 

[13]. The model is usually applicable for shaping the fading 

distribution of heterogeneous arrangements, femtocells, and 
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high-speed trains [14]. In [15], the Level Crossing Rate 

(LCR) as well as Average Fade Duration (AFD) of the MRC 

type diversity receiver in the Beaulieu-Xie fading 

environment are studied. In [16], the effective capacity under 

the Beaulieu-Xie distribution is analysed. In [17], the analysis 

of the transmission system inside the femtocells in relation to 

MRC diversity and Beaulieu-Xie fading distribution is 

performed. In [18], the effective rate evaluation for a Multiple 

Input Single Output (MISO) scheme under the Beaulieu-Xie 

distribution is presented. In [19], the physical layer security 

of the wireless transmission scheme incorporating a wiretap 

channel and a Reconfigurable Intelligent Surface (RIS) in the 

Beaulieu-Xie model has been studied. In [20], the Outage 

Probability (OP) for Selection Combining (SC) beneficiary 

considering Beaulieu-Xie distribution and the reaction of Co-

Channel Interference (CCI) utilizing Rayleigh fading are 

examined. In [21], the performance of transmission OP and 

average harvested energy of wireless-powered systems for 

the Beaulieu-Xie distribution is analyzed. In [22], a new TAS 

technique incorporating the priority-based genetic algorithm, 

thereby generating an antenna subset with low complexity, is 

introduced. In [23], the status of a MIMO system applying 

short-packet communication and TAS/SC over a Rayleigh 

distribution is examined. In [24], the execution of a TAS 

adding MRC technique for an unmanned aerial vehicle 

network over Nakagami-m channel is investigated. 

After meticulously observing the literature, it is found 

that very few publications are available on TAS/MRC with 

channel estimation errors. Since this is a practical issue and 

exists in the real system, the analysis is performed 

considering the effect before the installation of such a system. 

However, no literature on channel estimation errors or 

Beaulieu-Xie fading channels can be found. The primary 

augmentations and the novelty of this work can be outlined 

below: 

 The joint CDF of all the links, considering channel 

estimation error and Beaulieu-Xie fading distribution, is 

obtained. 

 The PDF for the SNR regarding the multiuser TAS/MRC 

scheme applying channel estimation error is derived. 

 The OP of the transmission strategy is realized and 

analyzed in terms of the 1st-order Laguerre Polynomial. 

 The ABER applying coherent as well as non-coherent 

modulation techniques for the aforesaid system is 

derived and analyzed with regard to Appell 

hypergeometric function. 

 The ergodic capacity regarding the multiuser TAS/MRC 

technique with channel estimation error and Beaulie-Xie 

fading distribution is analyzed. 

The succeeding segments of the paper are arranged as 

mentioned. In sector 2, the channels and communication 

model explanation are reflected. The OP analysis of the 

multiuser TAS/MRC method, the ABER analysis and the 

ergodic capacity evaluation are framed in division 3, division 

4 and division 5, respectively. In portion 6, the outcomes and 

descriptions are mentioned. Finally, concluding comments 

are given in segment 7. 

2. System and Channel Pattern Description 

 
Fig. 1 The multiuser TAS/MRC block diagram 

A multiuser MIMO system applying TAS/MRC, as 

depicted in Figure 1, is studied in this work for the estimation 

of downlink data transmission. At the base station, the system 

uses A number of transmit antennas. The transmit antennas 

are represented by 𝐴 ∈ {1,2, . . . , 𝑋}. The base station serves 

U (𝑈 ≤ 𝑋) users, and L (from 1,2, . . . , 𝐿) receive antennas are 

associated with each user. A user is offered a particular 

antenna at the base station to send the data to TU. Again, U 

describes the user number (from 1,2, . . . , 𝑈).  The channel 

between the transmit antenna A and the received antennas 

experiences a flat Beaulieu-Xie fading model. The CSI is 

provided to the base station with a feedback path, depending 

on which antenna is chosen for downlink transmission. The 

complex low-pass correspondent of the signal acquired by the 

𝐿th antenna of the user for a bit duration 𝑇𝑏  may be given as: 

𝑟𝐿(𝑡) = 𝛼𝐿𝑒
𝑗𝜙𝐿𝑧(𝑡) + 𝑛𝐿(𝑡),0 ≤ 𝑡 ≤ 𝑇𝑏. (1) 

Whereby 𝑧(𝑡) represents the signal of the sent bit having 

energy 𝐸𝑏  , as well as 𝑛𝐿 the Gaussian noise with zero mean, 

and the two-part power spectral density 2𝑁0. Random 

Variable (RV) 𝜙𝐿 denotes the phase, which is uniformly 

dispersed in a range [0,2𝜋] and 𝛼𝐿 indicates the Beaulieu-Xie 

category fading envelope. The instantaneous SNR at the Lth 

antenna of a user, 𝛾𝐿 =
𝐸𝑏

𝑁0
𝛼𝐿
2, whose PDF is stated as [16]: 
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𝑓𝛾𝐿(𝛾𝐿) = √
𝜂𝑚+1𝛾𝐿

𝑚−1

(𝑚𝑘)𝑚−1
𝑒𝑥𝑝(−𝑚𝑘 − 𝜂𝛾𝐿) 𝐼𝑚−1(2√𝑚𝑘𝜂𝛾𝐿)

 (2) 

Where k is the ratio of specular power to the diffuse 

power components 𝑘 =
𝜆2

𝛺
,   it influences the location and 

height of the PDF mode, and 𝛺 regulates its spread. 𝜂 =
𝐿1
𝑚−1(−𝑚𝑘)

𝛾
, 𝛾 is the average received SNR on the Lth branch, 

𝐿𝑤
𝜕 (. ) represents the wth-order Laguerre Polynomial, and m 

denotes the severity of fading. Function 𝐼𝑥(. ) denotes the first 

kind of modified Bessel’s function of order x. Rayleigh 

fading is the special case of this fading whenever m=1, k=0, 

and it also simplifies to the Rician distribution whenever m=1 

and for each value of k. 

Each user of the transmission structure carries out MRC 

to improve the condition of the downlink data. In the case of 

the MRC diversity, the collected data from all received 

antennas of a user are co-phased, amplified by a weight factor 

proportional to the individual input SNR and summed to 

improve the output SNR. For the MRC user, the 

instantaneous output SNR 𝛾 incorporating the channel 

estimation error can be yielded as [25], 

𝛾𝑜𝑐𝑒𝑒 = 𝐵∑ 𝛾𝑖
𝐿
𝑖=1 , (3) 

whereby 𝛾𝑖 stands for the instantaneous SNR of the 𝑖𝑡ℎ 
branch, along with L, which denotes the number of input 

antennas in the MRC receiver. In (3), 𝐵 =
|𝑝|2 𝑐𝑜𝑠 2(𝛥𝜃)

(1−|𝑝|2)𝛾̄𝑙+1
 [26, 

27]. Here |𝑝| is the error in envelope detection, and 𝛥𝜃 is the 

phase error. The CSI of each user has been provided to the 

base station with the help of a feedback path having channel 

estimation errors, based on which the scheduler allocates the 

finest antenna to each user. Utilizing the characteristic 

function-based approach of (2), the PDF of SNR on the 

output of an MRC receiver is expressed as [17]: 

𝑓𝛾(𝛾) =
𝜂𝑚𝐿

𝛤(𝑚𝐿)
𝑒𝑥𝑝(−(𝑚𝑘𝐿 + 𝜂𝛾))  

× 𝛾𝑚𝐿−1 𝐹0 1(;𝑚 𝐿 ;𝑚 𝑘𝐿𝜂𝛾) (4) 

Whereby, 𝛤(. )and 𝐹0 1(; . ; . ) symbolize the gamma 

function and confluent hypergeometric function, 

respectively. Doing RV transformation, for an MRC receiver, 

the PDF for the output SNR with channel estimation error is 

yielded as 

𝑓𝛾𝑜𝑐𝑒𝑒(𝛾) =
𝜂𝑚𝐿

𝐵{𝛤(𝑚𝐿)}
𝑒𝑥𝑝 (− (𝑚𝑘𝐿 + 𝜂

𝛾

𝐵
))  

× (
𝛾

𝐵
)
𝑚𝐿−1

𝐹0 1 (;𝑚 𝐿 ;𝑚 𝑘𝐿𝜂
𝛾

𝐵
) (5) 

From (5), the CDF of the RV 𝛾𝑜𝑐𝑒𝑒 is obtained as 

𝐹𝛾𝑜𝑐𝑒𝑒(𝛾) =
𝜂𝑚𝐿 𝑒𝑥𝑝(−𝑚𝑘𝐿)

𝐵𝑚𝐿{𝛤(𝑚𝐿)}
  

× ∫ 𝛾𝑚𝐿−1
𝛾

0
𝑒𝑥𝑝 (−𝜂

𝛾

𝐵
) 𝐹0 1 (;𝑚 𝐿 ;𝑚 𝑘𝐿𝜂

𝛾

𝐵
) 𝑑𝛾 (6) 

Expanding the function  0 1 ;.;.F  in the infinite series, 

one can write, 

𝐹𝛾𝑜𝑐𝑒𝑒(𝛾) =
𝜂𝑚𝐿 𝑒𝑥𝑝(−𝑚𝑘𝐿)

𝐵𝑚𝐿{𝛤(𝑚𝐿)}
∑

(𝑚𝑘𝐿𝜂
1

𝐵
)
𝑡

𝑡!(𝑚𝐿)𝑡

∞
𝑡=0   

× ∫ 𝛾𝑚𝐿+𝑡−1
𝛾

0
𝑒𝑥𝑝 (−𝜂

𝛾

𝐵
) 𝑑𝛾 (7) 

Applying [28, (3.381.1)] in (7), 

𝐹𝛾𝑜𝑐𝑒𝑒(𝛾) = 𝑒𝑥𝑝(−𝑚𝑘𝐿)  

× ∑
(𝑚𝑘𝐿)𝑡

𝑡!𝛤(𝑚𝐿+𝑡)
∞
𝑡=0 𝑔 (𝑚𝐿 + 𝑡, 𝜂

𝛾

𝐵
) (8) 

Where, 𝑔(𝜗, 𝜌) = ∫ 𝛥𝜗−1𝑒−𝛥𝑑𝛥
𝜌

0
 represents the lower 

incomplete gamma function. The total X transmit antennas 

are associated with the base station, and for U quantity of 

users, the total communication links will be XU.  

The CDF statement of each of the links is stated in (8). 

For all the links, the joint CDF can be obtained as 

𝐹𝛾𝑀𝑐𝑒𝑒(𝛾) = [𝑒𝑥𝑝(−𝑚𝑘𝐿)  

× ∑
(𝑚𝑘𝐿)𝑡

𝑡!𝛤(𝑚𝐿+𝑡)
∞
𝑡=0 𝑔 (𝑚𝐿 + 𝑡, 𝜂

𝛾

𝐵
)]
𝑋𝑈

 (9) 

In case of the multiuser TAS/MRC strategy, the PDF as 

regards the output SNR is derived from (9) as 

𝑓𝛾𝑀𝑐𝑠𝑖(𝛾) = 𝑋𝑈[𝑒𝑥𝑝(−𝑚𝑘𝐿)]
𝑋𝑈  

× ∑ ∑ . . . ∑
(𝑚𝑘𝐿)

∑ 𝑡𝑖
𝑋𝑈−1
𝑖=1

∏ 𝑡𝑖!𝛤(𝑚𝐿+𝑡𝑖)
𝑋𝑈−1
𝑖=1

∞
𝑡𝑋𝑈−1=0

∞
𝑡2=0

∞
𝑡1=0

  

× [𝑔 (𝑚𝐿 + 𝑡, 𝜂
𝛾

𝐵
)]
𝑋𝑈−1

  

× ∑
(𝑚𝑘𝐿)𝑡

𝑡!𝛤(𝑚𝐿+𝑡)
∞
𝑡=0

𝑑

𝑑𝛾
𝑔 (𝑚𝐿 + 𝑡, 𝜂

𝛾

𝐵
) (10) 

Simplifying with the help of [29, (6.5.25)] and thereafter 

replacing  .,.g  with [30, (1.7)], the output SNR PDF 

concerning the system can be yielded as 
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𝑓𝛾𝑀𝑐𝑠𝑖(𝛾) = 𝑋𝑈𝑒
−𝑚𝑘𝐿𝑋𝑈   

× ∑ ∑
(𝑚𝑘𝐿)

∑ 𝑡𝑖
𝑋𝑈
𝑖=1 (

𝜂

𝐵
)
𝑚𝐿𝑋𝑈+∑ 𝑡𝑖

𝑋𝑈
𝑖=1 +∑ 𝑣𝑗

𝑋𝑈−1
𝑗=1

{∏ 𝑡𝑖!𝛤(𝑚𝐿+𝑡𝑖)
𝑋𝑈
𝑖=1 }

∞
𝑣𝑗=0

𝑗=0,1,...,𝑋𝑈−1

∞
𝑡𝑖=0

𝑖=1,2...,𝑋𝑈

  

 

×
𝑒
−
𝜂𝑋𝑈
𝐵 𝛾(𝛾)

𝑚𝐿𝑋𝑈+∑ 𝑡𝑖
𝑋𝑈
𝑖=1 +∑ 𝑣𝑗

𝑋𝑈−1
𝑗=1 −1

{∏ ∏ (𝑚𝐿+𝑡𝑖)𝑣𝑗+1
𝑋𝑈−1
𝑗=1

𝑋𝑈−1
𝑖=1 }

 (11) 

3. Outage Probability Analysis  
Outage probability 𝑃𝑂𝑐𝑠𝑖  signifies that the possibility of 

spontaneous error goes beyond a distinct level [5]. The SNR 

goes under a defined threshold 𝛾𝑡ℎ [25]. The OP shows an 

elementary performance benchmark of the quality of service 

for mobile communication models [31]. From (9), the 

statement of OP for the multiuser TAS/MRC scheme with 

channel estimation error is written as 

𝑃𝑂𝑐𝑠𝑖 = [𝑒𝑥𝑝(−𝑚𝑘𝐿)  

× ∑
(𝑚𝑘𝐿)𝑡

𝑡!𝛤(𝑚𝐿+𝑡)
∞
𝑡=0 𝑔 (𝑚𝐿 + 𝑡, 𝜂

𝛾𝑡ℎ

𝐵
)]
𝑋𝑈

 (12) 

It may also be written as 

𝑃𝑂𝑐𝑠𝑖 = [𝑒𝑥𝑝(−𝑚𝑘𝐿)  

× ∑
(𝑚𝑘𝐿)𝑡

𝑡!𝛤(𝑚𝐿+𝑡)
∞
𝑡=0 𝑔 (𝑚𝐿 + 𝑡,

𝐿1
𝑚−1(−𝑚𝑘)

𝛾𝑁𝐵
)]
𝑋𝑈

 (13) 

where 𝛾̄𝑁 =
𝛾̄

𝛾𝑡ℎ
interprets the normalized SNR for each 

branch. 

4. Average Bit Error Rate Analysis 
The ABER of a wireless transmission model for different 

modulation patterns may be evaluated by averaging the CDF 

of the SNR over the derivative of the Conditional Error 

Probability (CEP) for the modulation technique applied [32]. 

It is expressed as 

𝑝𝑒 = −∫ 𝑝𝑒
′(𝛾)𝐹𝛾(𝛾)

∞

0
𝑑𝛾 (14) 

Whereby, 𝑝𝑒
′(𝛾) is the derivative of the CEP and is 

written as [32]: 

𝑝′
𝑒
(𝛾) =

−𝛼𝜛𝛾𝜛−1𝑒−𝛼𝛾

2𝛤(𝜛)
                                                     (15) 

Where, for a few binary modulations, the number of 

parameters  and   are [32]: (𝛼,𝜛) = (1,0.5) for BPSK 

and (𝛼,𝜛) = (1,1) for DBPSK. Inserting the values of 

𝐹𝛾(𝛾)and 𝑝′
𝑒
(𝛾) from (9) and (15) into (14), respectively and 

applying [29, (6.5.12)], 𝑔(. , . ) is replaced by a 

hypergeometric function as, 

𝑝𝑒 =
𝛼𝜛𝑒−𝑚𝑘𝐿𝑋𝑈

2𝛤(𝜛)
  

× ∑ ∑ . . . ∑
(𝑚𝑘𝐿)

∑ 𝑡𝑖
𝑋𝑈
𝑖=1 (

𝜂

𝐵
)
𝑚𝐿𝑋𝑈+∑ 𝑡𝑖

𝑋𝑈
𝑖=1

∏ (𝑚𝐿+𝑡𝑖)𝑡𝑖!𝛤(𝑚𝐿+𝑡𝑖)
𝑋𝑈
𝑖=1

∞
𝑡𝑋𝑈=0

∞
𝑡2=0

∞
𝑡1=0

  

× ∫ 𝑒−(𝛼+
𝜂𝑋𝑈

𝐵
)𝛾𝛾𝑚𝐿𝑋𝑈+∑ 𝑡𝑖

𝑋𝑈
𝑖=1 +𝜛−1∞

0
         

× [∏ 𝐹1
 
1 (1,1 + 𝑚𝐿 + 𝑡𝑖, 𝜂

𝛾

𝐵
)𝑋𝑈

𝑖=1 ] 𝑑𝛾 (16) 

Solving the integral with the help of the expression [33, 

(C.1)], the ABER can be obtained as 

𝑝𝑒 =
𝛼𝜛𝑒−𝑚𝑘𝐿𝑋𝑈

2𝛤(𝜛)
  

× ∑ ∑ . . . ∑
(𝑚𝑘𝐿)

∑ 𝑡𝑖
𝑋𝑈
𝑖=1 (

𝜂

𝐵
)
𝑚𝐿𝑋𝑈+∑ 𝑡𝑖

𝑋𝑈
𝑖=1

∏ (𝑚𝐿+𝑡𝑖)𝑡𝑖!𝛤(𝑚𝐿+𝑡𝑖)
𝑋𝑈
𝑖=1

∞
𝑡𝑋𝑈=0

∞
𝑡2=0

∞
𝑡1=0

  

× (𝛼 +
𝜂𝑋𝑈

𝐵
)
−(𝑚𝐿𝑋𝑈+∑ 𝑡𝑖

𝑋𝑈
𝑖=1 +𝜛)

  

× 𝛤(𝑚𝐿𝑋𝑈 + ∑ 𝑡𝑖
𝑋𝑈
𝑖=1 +𝜛)  

 

× 𝐹𝐴 (𝑚𝐿𝑋𝑈 + ∑ 𝑡𝑖
𝑋𝑈
𝑖=1 +𝜛 ; 1, . . . ,1⏟  

𝑋𝑈,𝑡𝑖𝑚𝑒𝑠

;   

1 +𝑚𝐿 + 𝑡1, . . . ,1 + 𝑚𝐿 + 𝑡𝑋𝑈⏟                  
𝑋𝑈,𝑡𝑖𝑚𝑒𝑠

;   

𝜂

𝛼𝐵+𝜂𝑋𝑈
, . . . ,

𝜂

𝛼𝐵+𝜂𝑋𝑈⏟            
𝑋𝑈,𝑡𝑖𝑚𝑒𝑠

) (17) 

Where 𝐹𝐴(. ; . ; . ; .  ) is the Appell hypergeometric 

function. 

5. Ergodic Capacity Analysis  
For the channel with receiver CSI, the ergodic capacity 

could be stated from [34] as, 

𝐶𝑐𝑠𝑖 = 𝐻 ∫  𝑙𝑜𝑔 2 (1 + 𝛾)
∞

0
𝑓𝛾𝑀𝑐𝑠𝑖(𝛾)𝑑𝛾 (18) 

whereby H is the channel bandwidth. Putting the 

expression of (11) into (18), the ergodic capacity of the 

channel is expressed as 

𝐶𝑐𝑠𝑖 = 𝐻 𝑙𝑜𝑔2(𝑒) 𝑋𝑈𝑒
−𝑚𝑘𝐿𝑋𝑈   
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× ∑ ∑
(𝑚𝑘𝐿)

∑ 𝑡𝑖
𝑋𝑈
𝑖=1

{∏ 𝑡𝑖!𝛤(𝑚𝐿+𝑡𝑖)
𝑋𝑈
𝑖=1 }

∞
𝑣𝑗=0

𝑗=0,1,...,𝑋𝑈−1

∞
𝑡𝑖=0

𝑖=1,2...,𝑋𝑈

  

×
(
𝜂

𝐵
)
𝑚𝐿𝑋𝑈+∑ 𝑡𝑖

𝑋𝑈
𝑖=1 +∑ 𝑣𝑗

𝑋𝑈−1
𝑗=1

{∏ ∏ (𝑚𝐿+𝑡𝑖)𝑣𝑗+1
𝑋𝑈−1
𝑗=1

𝑋𝑈−1
𝑖=1 }

  

× ∫ 𝑙𝑛(1 + 𝛾)
∞

0
𝑒−

𝜂𝑋𝑈

𝐵
𝛾(𝛾)𝑚𝐿𝑋𝑈+∑ 𝑡𝑖

𝑋𝑈
𝑖=1 +∑ 𝑣𝑗

𝑋𝑈−1
𝑗=1 −1𝑑𝛾

 (19) 

Simplifying, 

𝐶𝑐𝑠𝑖 = 𝐻 𝑙𝑜𝑔2(𝑒) 𝑋𝑈𝑒
−𝑚𝑘𝐿𝑋𝑈   

× ∑ ∑
(𝑚𝑘𝐿)

∑ 𝑡𝑖
𝑋𝑈
𝑖=1

{∏ 𝑡𝑖!𝛤(𝑚𝐿+𝑡𝑖)
𝑋𝑈
𝑖=1 }

∞
𝑣𝑗=0

𝑗=0,1,...,𝑋𝑈−1

∞
𝑡𝑖=0

𝑖=1,2...,𝑋𝑈

  

×
(
𝜂

𝐵
)
𝑚𝐿𝑋𝑈+∑ 𝑡𝑖

𝑋𝑈
𝑖=1 +∑ 𝑣𝑗

𝑋𝑈−1
𝑗=1

{∏ ∏ (𝑚𝐿+𝑡𝑖)𝑣𝑗+1
𝑋𝑈−1
𝑗=1

𝑋𝑈−1
𝑖=1 }

  

× 𝐼𝑚𝐿𝑋𝑈+∑ 𝑡𝑖
𝑋𝑈
𝑖=1 +∑ 𝑣𝑗

𝑋𝑈−1
𝑗=1

(
𝜂𝑋𝑈

𝐵
) (20) 

Where 𝐼𝜉(𝑣) = ∫ 𝜙𝜉−1 𝑙𝑛(1 + 𝜙)
∞

0
𝑒−𝑣𝜙𝑑𝜙. For an 

integer 𝜉, a function 𝐼𝜉(𝑣) may be expressed as 𝐼𝜉(𝑣) =

(𝜉 − 1)! 𝑒𝑣 ∑
𝛤(−𝜉+ℎ,𝑣)

𝑣ℎ
𝜉
ℎ=1  [35]. 

6. Numerical Outcomes and Discussion  
The analytical statements of outage probability, ABER, 

and ergodic capacity have been calculated and illustrated. 

The data are illustrated for arbitrary numerals of the diversity 

order L, an arbitrary number of users U and a fading 

parameter m taking different levels of k. In Figure 2, 𝑃𝑂𝑐𝑠𝑖  vs. 

  is depicted for divergent numbers of k, L, and m. In Figure 

2, |𝑝| = 0.97 and 𝛥𝜃 = 𝜋/20 generate the channel 

estimation error. The threshold SNR is taken as 𝛾𝑡ℎ = 2𝑑𝐵.  

For evaluation, X=2 and U=2 are considered. With the 

increment in k and m, the receiver undergoes less outage for 

a specified amount of 𝛾𝑡ℎ. The outage performance rises with 

an increment in L and m. It is noticed that with L=2, k=3 and 

m=2, the OP performance enhances after 9 dB compared to 

L=4, m=1 and k=1. This means that a higher L has less impact 

on the system than a higher k and m, which is a higher 

average SNR for each branch. 

In Figure 3, 𝑃𝑂𝑐𝑠𝑖  Vs. 𝛾̄ has been shown for varying 

values of m, |𝑝| and 𝛥𝜃 with X=2, L=2, U=2, k=3 in the 

system. It 𝛾𝑡ℎ is considered to be 2 2dB. The outage 

performance improves with a decrease in 𝛥𝜃 and is better at 

no phase error 𝛥𝜃 = 0. Similarly, the receiver experiences 

more outages for |𝑝| = 0.97 as compared to no envelope 

error |𝑝| = 1. As expected, outage performance develops 

with an enhancement in m, which signifies better channels.  

In Figure 4, ABER vs. 𝛾̄ has been illustrated for BPSK 

modulation considering arbitrary amounts of L, k and m with 

X=2, U=2 in the system.  

In Figure 4, |𝑝| = 0.97 and 𝛥𝜃 = 𝜋/20 are the channel 

estimation errors. As it is envisaged, ABER decreases with 

an increment in L, k and m. It is realized that ABER 

performance is better for L=2, k=3 and m=2 than L=4, k=1 

and m=1 at low 𝛾̄. The increasing number of L on each user 

has less impact on ABER at low, 𝛾̄ values related to the 

enhancement in k and m.   

In Figure 5, ABER vs. 𝛾̄ has been observed for DBPSK 

modulation considering divergent numbers of L, k and m 

incorporating X=2, U=2. In Figure 5, uniform execution is 

observed as in Figure 4. In Figure 6, ABER vs. 𝛾̄ has been 

depicted for BPSK modulation by applying different 

numbers of U with X=2, L=2, k=3 and m=1. The ABER 

performance is better , i.e., the ABER decreases with an 

increase 𝛥𝜃.   

The ABER of the system is more for |𝑝| = 0.97 as 

compared to |𝑝| = 1. The ABER performance upgrades with 

an increase in U. The results found by evaluating the derived 

equations are established by Monte Carlo simulations. From 

Figures 2 to  6, the simulated points are in close agreement.  

Figure 7 shows the consequence of channel estimation 

error on ergodic capacity with X=2, L=2, U=2, m=1, and k=1 

in the system. It is seen that, for a relatively low value of 𝛥𝜃, 

the ergodic capacity increases. Similarly, |𝑝| = 1, this results 

in an increase in capacity over that |𝑝| = 0.97 of the entire 𝛾̄ 

system. 

 
Fig. 2 OP vs. Average SNR per received antenna with X=2, U=2 
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Fig. 3 OP vs. Average SNR per received antenna with X=2, L=2, U=2, 

k=3. 

 
Fig. 4 ABER of BPSK modulation technique for X=2, U=2. 

 
Fig. 5 ABER of DBPSK modulation technique for X=2, U=2 

 
Fig. 6 ABER vs. Average SNR of BPSK modulation for X=2, L=2, k=3 

and m=1. 

 
Fig. 7 Ergodic capacity vs. average SNR per received antenna, X=2, 

L=2, U=2, m=1, and k=1. 

7. Conclusion  
The execution of the multiuser TAS/MRC technique is 

presented in this work, considering the channel estimation 

error as well as channel fading. The OP, ABER and ergodic 

capacity influenced by Beaulieu-Xie fading channels have 

been presented. The OP and ABER expressions are achieved 

with regard to the lower incomplete Gamma function and 

Appell hypergeometric function, respectively.  

Ergodic capacity is found in relation to the Gamma 

function. Mathematically evaluated results and Monte Carlo 

simulated data have been depicted in the figures. Results 

reflect that the functioning of the system improves as an 

increment in diversity order, fading parameter, and the ratio 

of specular power to the diffuse power components of the 

channel. With an enhancement of the users, the ABER 

performance gets better. The error on the phase and the 
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envelope in the signal deteriorates the functioning of the 

communication pattern. The channel estimation error hurts 

the receiver’s performance. In this communication structure, 

the number of users is taken to be a maximum of three. 

Whenever the number of users increases, the number of RF 

links increases, and the system complexity increases. 
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