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Abstract—In this paper, we evaluate the performance of
NOMA system in downlink scenario over a well-known gen-
eralized fading channel called α−η−μ in terms of the Average
Bit Error Rate (ABER). The exact closed-forms of Average Bit
Error Rate (ABER) for two NOMA users case are obtained in
this work in order to study the significant of different fading
parameters such as the non-linearity (α), the different power
between the in-phase and quadrature components of the signal
(η), and the amount of multipath clusters (μ). Therefore, the Bit
Error Rate (BER) of BPSK modulation technique is averaged
by the probability of density function (PDF) of frequency flat
fading channel modelled by α−η−μ fading distribution. This work
is being validated via a Monte Carlo Simulation to show the
correction of the analytical derivations. However, this particular
generalized fading channel can introduce other non-homogeneous
attributes of the transmission medium such as Rayleigh, Weibull,
Nakagami-m, α−η, α−μ fading channel models as special cases,
which makes it more essential and worthy to be investigated.

Index Terms—Non-Orthogonal Multiple Access (NOMA), Av-
erage Bit Error Rate (ABER), α−η−μ fading channels.

I. INTRODUCTION

The rapid revolution in wireless communication field has

advocated a large amount of researchers to investigate more

sophisticated issues in order to improve the system performance

in different terms of concerns. Therefor, it becomes one of

the most controversial research area that essentially includes

variety aspects of research challenges such as the multiple

access techniques among users equipments and base stations.

Consequently, Non-Orthogonal Multiple Access (NOMA)

technique is considered as a well known candidate technology

to the future mobile generation due to its promising features.

However, in the cellular system, some of the major challenges

in the propagation medium that unfavorably degrade the radio

wave signal’s quality known as multipath fading and shadowing

effect have been widely devoted in the previous generations.

Moreover, some statistical models such as Rayleigh, Rice,

Nakagami-m, and other fading models can straightforwardly

characterize the multipath fading in line of site (LOS) and non-

line of site (NLOS) scenarios because of its applicability and

traceability. On the contrary, obtaining an exact closed form

for different performance metrics of the orthogonal wireless

transmission system such as the outage probability, the average

channel capacity, the average bit error rate, the amount of fading

and other performance measurements are being studied widely

in the literature, and they are considered as a mathematical

challenges specifically when it comes to a more generalized

fading model such as α−η−μ model [1], [2]. Novelty studies on

evaluating wireless system performance have covered numerous

types of fading distributions. For instance, authors in [3] have

analyzed and evaluated the outage probability of η−μ fading

channel in a closed form expression while in [4] the average

symbol error rate (SER) of the same fading model in terms of

Meijer G function have been evaluated. Moreover, Yacoub has

investigated different types of generalized fading distributions

called α−μ , η−μ , λ − μ , and κ − μ in [5], [6]. In addition,

a new remarkable generalized fading model known as α−η−μ
fading distribution is being provided by Yacoub in [7], in which

it includes most of the aforementioned fading models as special

cases.
However, to the best of our knowledge, there is no per-

formance evaluation of NOMA system over α−η−μ fading

distribution has been done in the literature before. Therefor, in

this paper, we intend to devote the performance analysis of two

NOMA users case over α−η−μ fading channel which renders

the other fading models such as the Rayleigh, the Weibull, the

Nakagami-m, the α−η, the α−μ fading distributions as special

cases. Exact closed forms of the average BER of both users will

be evaluated and validated by the Matlab simulation as well.

The remaining of this paper is organized as follow: in section

II, we introduce the system model of DL-NOMA system. In

section III, the α−η−μ generalized fading distribution is defined

and explained along with the derivation of the average Bit Error

Rate (ABER) of two NOMA users. Moreover, the numerical

and simulation results are presented in section IV. Ultimately ,

the conclusion of this work will be given in section V.

II. SYSTEM MODEL

Consider a downlink NOMA transmission system applied

for two active users served by a single base station (BS) which

radiates broadcast signals simultaneously for both users on the

same frequency and time slots by performing the superposition

coding scheme. Both users transmitted signals will be allocated

to some particular amount of power, and then aggregated to

be propagated as a single stream in downlink scenario. The

received signal at each user’s terminal can be represented as:

yi = hixsc +ni, (1)
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where hi indicates the channel gain between the users and the

BS , and hi =| ḡi |2 /
√

1+dl
i , where gi is the fading channel

gain, and l refers to the path-loss factor while di indicates the

distance between the user and the BS. Moreover, according

to the NOMA concept, it is assumed that cell edge user (U1)

experiences very poor channel gain than cell center user (U2)

i.e, |h1| < |h2| . Consequently, the allocation power of both

users will be distributed as (ε1 > ε2), where ε1 = αPt , and

ε2 = (1−α)Pt , and Pt and α are the total transmitted power,

and the allocated power coefficient, respectively. In addition, ni
represents the additive white Gaussian noise (AWGN), and xsc
is the superimposed signal which is xsc = ∑k

i=1

√
εixi, where k

refers to the number of users and x indicates the modulated

symbol which will be allocated to some a mount of energy εi.

It is also assumed that modulation technique for both user is

based on the Binary Phase Shift Keying (BPSK) modulation

type.

III. PERFORMANCE ANALYSIS OF THE α−η−μ
GENERALIZED FADING CHANNEL

The α-η-μ distribution is considered when there is no line of

sight (NLOS), and introduced by three major natures of fading

components represented in the non-linearity (α), the different

power between the in-phase and quadrature components of

the signal (η), and the amount of multipath clusters (μ). This

particular type of fading distribution might be examined in two

different format using its PDF of the instantaneous signal to

noise ratio (γ), which is given as below:

Pγ(γ) =
√

παμμ+ 1
2 hμ γ

α
2 (μ+

1
2 )−1

Γ(μ)Hμ− 1
2 γ̃

α
2 (μ+

1
2 )

× exp

(
−2μhγ

α
2

γ̃
α
2

)
×Iμ− 1

2

(
2μHγ

α
2

γ̃
α
2

)
, (2)

where γ̃ is the average SNR (γ), Γ(.) is the gamma function,

Iv(.) indicates to the modified Bessel function of the first kind

where v is the first arbitrary order, the nonlinear propagation

power is captured by α > 0, and the number of multipath

clusters is indicated by μ > 0. However, as it has been

mentioned above that this type of fading model could be

defined in two different formats, Format I:
(

h = (1+η)2

4η

)
and

(
H = 1−η2

4η

)
, where ( 0 < η < ∞) indicates the power

of the scattered wave between the in-phase and quadrature

components. Format II :
(

h = 1
1−η2

)
and

(
H = η

1−η2

)
, where

( −1 < η < 1) represents the correlation factor between the

in-phase and quadrature components.

A. Average BER of U1 ( Cell Edge User) over α-η-μ Fading
Channel:

In order to find the Average BER, we initially compute

the conditional BER of U1 based on the decision boundaries

of the maximum likelihood detection on its superimposed

constellation points that implemented over BPSK modulation

technique, and then perform the averaging process mentioned

in [11, eq. 1.8] such as:

P̄Ui(e) =
ˆ ∞

0

PUi(e).Pγ(γ)dγ. (3)

Therefore, the conditional BER based BPSK modulation of the

cell edge user (U1) can be expressed in the following form:

PU1(e) =
1

2
× [Q(

√
γ1)+Q(

√
γ2)] . (4)

Notice that some details on eq.(4) are omitted to conserve

space. Now, we plug equation (2) and (4) in (3), which yields:

P̄U1(e) =
1

2
×

2

∑
i=1

√
πAcαμμ+ 1

2 hμ

Γ(μ)Hμ− 1
2 γ̃i

α
2 (μ+

1
2 )

∞̂

0

γ
α
2 (μ+

1
2 )−1

i

× exp(−2μhγ
α
2

i

γ̃
α
2

i

)× Iμ− 1
2
(

2μHγ
α
2

i

γ̃i
α
2

)er f c(
√

γi)dγi, (5)

where i indicates the user’s number which in this case belongs to

{1,2}, and γ1 =
√

Es1
/2σ2

1 +
√

Es2
/2σ2

1 , and γ2 =
√

Es1
/2σ2

1 −
√

Es2
/2σ2

1

, where Esi and σi indicate the user symbol energy and noise

variance, respectively. Now, we further simplify eq. (5) by

implementing the Laplace transform that has been found in

[2] in order to efficiently solve the inner integral in the above

equation. Thus, eq.(5) becomes like :

P̄U1(e) =
1

2
×

2

∑
i=1

√
πAcαμμ+ 1

2 hμ

Γ(μ)Hμ− 1
2 γ̃i

α
2 (μ+

1
2 )

×L {γ(μ+
1
2 )−1

i Iμ− 1
2
(

2μHγi

γ̃i
α
2

)

× er f c(
√

Bcγ
1
α

i ),{γ, p}}. (6)

L (.) is the Laplace transform component where p= 2
μh

γ̃
α
2

i

, p∈
{0,∞}. Now, by using the aid of the Laplace transform

mentioned in table III in [2] and the Eulerian Integrals for the

H function in [12, eq. 2.57] , the appropriate final formula will

be found and written in the following format:

P̄U1(e) =
1

2
×

2

∑
i=1

AcAi
√

πB
α
2 (μ+

1
2 )

c

(
1

2πl

)2

ˆ

L1

ˆ

L2

Γ(ξ 1)∗
(

2μ(h−H)

γ̃i
α
2

)−ξ 1

×

Γ(μ − 1
2 +ξ 2)Γ( 1

2 −ξ 2)

Γ( 1
2 +μ −ξ 2)

(
4μH

γ̃
α
2

i

)−ξ 2

×
∞̂

0

γ
α
2 (μ+

1
2−ξ 1−ξ 2)−1er f c(

√
Bcγi)dγidξ 1dξ 2.

︸ ︷︷ ︸
(7)
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P̄U1(e) =
1

2
×

2

∑
i=1

Acαμμ+ 1
2 hμ

√
πHμ− 1

2 Γ(μ)(Bcγ̃i)
α
2 (μ+

1
2 )

H0,2:1,0;1,1
2,1:0,1;1,2

⎡
⎣ 2μ(h−H)

(Bcγi)
α
2

| ( 1
2 − α

2 (μ + 1
2 );

α
2 ,

α
2 ),(1− α

2 (μ + 1
2 );

α
2 ,

α
2 ) : −;( 1

2 ,1)

4μH

(Bcγi)
α
2
| (−α

2 (μ + 1
2 );

α
2 ,

α
2 ) : (0,1);(μ − 1

2 ,1),(
1
2 −μ,1)

⎤
⎦ (8)

P̄U2(e) =
1

2
×

5

∑
ii=1

Acαμμ+ 1
2 hμ

√
πHμ− 1

2 Γ(μ)(Bcγ̃ii)
α
2 (μ+

1
2 )

H0,2:1,0;1,1
2,1:0,1;1,2

⎡
⎣ 2μ(h−H)

γ̃ii
α
2

| ( 1
2 − α

2 (μ + 1
2 );

α
2 ,

α
2 ),(1− α

2 (μ + 1
2 );

α
2 ,

α
2 ) : −;( 1

2 ,1)

4μH

γ̃ii
α
2
| (−α

2 (μ + 1
2 );

α
2 ,

α
2 ) : (0,1);(μ − 1

2 ,1),(
1
2 −μ,1)

⎤
⎦ (9)

PU2(e) =
1

2
× [−Q(

√
γA). fγA(γA)dγA +Q(

√
γB). fγB(γB)dγB +Q(

√
γC). fγC(γC)dγC

−Q(
√

γD). fγD(γD)dγD +Q(
√

γE). fγE (γE)dγE +Q(
√

γB). fγB(γB)dγB] (10)

The underlined integral in equation (7) can be solved as in

[2, eq. 23], which eventually will produce the final formula of

ABER of the cell edge user (U1) as the following:

P̄U1(e) =
1

2
×

2

∑
i=1

AcAi
√

πB
α
2 (μ+

1
2 )

c

(
1

2πl

)2

ˆ

L1

ˆ

L2

Γ(ξ 1)∗
(

2μ(h−H)

γ̃i
α
2

)−ξ 1

× Γ(μ − 1
2 +ξ 2)Γ( 1

2 −ξ 2)

Γ( 1
2 +μ −ξ 2)

(
4μH

γ̃
α
2

i

)−ξ 2

× Γ(α
2 (μ + 1

2 −ξ 1−ξ 2))

Γ(α
2 (μ + 1

2 −ξ 1−ξ 2)+1)

×Γ(
α
2
(μ +

1

2
−ξ 1−ξ 2)+

1

2
)dξ 1dξ 2, (11)

where Ac and Bc are defined based on the modulation

technique, where they can be found in table (I) in [2], and

Ai =
αμμ+ 1

2 hμ

Hμ− 1
2 Γ(μ)γ̃

α
2
(μ+ 1

2
)

i

. In addition, equation (11) can be

expressed in form of Hm1,n1:m2,n2;m3,n3
p1,q1:p2,q2;p3,q3 [.] for the bivariate H-

Fox function as in equation (8) according to its definition in

[12, eq. 2.57].

B. Average BER of U2 ( Cell Center User) over α-η-μ Fading
Channel:

Now, we compute the average BER of the cell center user

(U2) by submitting equation (2) and (10) into equation (3) ,

and then follow the similar derivation steps from (5) to (11)

in the previous subsection (A). Thus, the ABER of the cell

center user becomes like:

P̄U2(e) =
1

2
×

5

∑
ii=1

AcAii
√

πB
α
2 (μ+

1
2 )

c

(
1

2πl

)2

ˆ

L1

ˆ

L2

Γ(ξ 1)∗
(

2μ(h−H)

γ̃ii
α
2

)−ξ 1

× Γ(μ − 1
2 +ξ 2)Γ( 1

2 −ξ 2)

Γ( 1
2 +μ −ξ 2)

(
4μH

γ̃
α
2

ii

)−ξ 2

× Γ(α
2 (μ + 1

2 −ξ 1−ξ 2))

Γ(α
2 (μ + 1

2 −ξ 1−ξ 2)+1)

×Γ(
α
2
(μ +

1

2
−ξ 1−ξ 2)+

1

2
)dξ 1dξ 2, (12)

where ii ∈ {1,2,3,4,5} , and γ̃1 =
(√

Es1
/2σ2

2 +
√

Es2
/2σ2

2

)
, γ̃2 =

√
Es2

2σ2
2

, γ̃3 = 2 ×
(√

Es1
/2σ2

2 +
√

Es2
/2σ2

2

)
, γ̃4 = 2 ×(√

Es1
/2σ2

2 −
√

Es2
/2σ2

2

)
, γ̃5 =

(√
Es1

/2σ2
2 −

√
Es2

/2σ2
2

)
, and Aii =

αμμ+ 1
2 hμ

Hμ− 1
2 Γ(μ)γ̃

α
2
(μ+ 1

2
)

ii

. These different values of average signal to

noise ratio (γ̃ii) are mainly based on the conditional probability

distribution function (PDF) of users symbols in AWGN

channel according to its superimposed symbol’s energy over

its constellation points as it can be shown as an example in

[8]. However, the final form in bivariate H-Fox function can

be seen in equation (9).

C. Special Cases of α-η-μ Fading Channel :

According to [9], the α-η-μ fading model contains special

cases of other well known fading distributions such as Rayleigh

fading that could be obtained from the final equation of

ABER when (α = 2, η = 1, μ = 0.5 ). However, when these

parameters are modified to be as follow: (α = 2.5, η = 1,
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μ = 0.5 ), Weibull distribution will be produced. Moreover,

Nakagami-m distribution will be matching if (α = 2, η = 1,
μ = 1.25 ). Finally, α −μ distribution can be occurred when

(α = 2.5, η = 1, μ = 1.25 ). In figs. (4-5), the aforementioned

fading distributions are shown clearly for both NOMA users.

IV. NUMERICAL AND SIMULATION RESULTS:

In this particular section, our intention is to study the effect

of the fading components implemented the second format

of α-η-μ fading Channel. The Monte Carlo Simulations is

plotted along with the analytical results to show the agreement

between the numerical derivation and the simulation parts. In

this scenario, we consider the unity of total transmission power

with different fixed amount of power allocation coefficients

for both user based upon the previous assumptions of channel

conditions, which are considered as : (ε1 = 4/5,ε2 = 1/5).
As a consequence, fig.1 shows the effect of α component

with assigned range of values (from 0.5 to 0.75) for both

users over α-η-μ fading channel with format II while other

parameters are considered to be constant as (η=0.65, μ=1.2).

As a consequence, it can be seen from fig.1, that the increased

rate in component α will significantly improve the BER of

both users.

However, when we fix the following parameters (α=0.75,

μ=1.8), and play around with η component with different

values (from 0.4 to 0.8), the system performance of both users

will dramatically decreased whenever η gets increased such

as in fig.2 .

On the other hand, in fig.3, we set the values of α and η
parameters as (α=1.25, η=0.65) and allocate parameter μ to

the following range (from 0.8 to 1.8). In this scenario, the

overall BER of both users at high values of parameter μ will

be interestingly enhanced. Therefor, it leads to the fact that the

overall system performance is dramatically enhanced whenever

the values of components α and μ are meant to be increased

as long as η value gets decreased.

From the opposed point of view, as it has been mentioned

before that α-η-μ fading channel encompasses other fading

models as special cases that clearly has plotted in fig.4. It

actually includes Rayleigh, Weibull, Nakagami-m , α-η-μ
and α-μ fading channels for both users , and their assigned

parameters are based on the previous subsection except the

α-η-μ fading which are as follow: (α=1.6, η=0.2, μ=2).

The result in fig.4 shows that α-μ fading channels is the

most better performance overall while the Rayleigh fading

channel is considered as the worst case. Eventually, U2’s BER

performance is better than U1’s BER performance since it

experiences strength channel conditions than U1, even though

it gets low amount of allocated power according to the NOMA

protocol which leads in somehow to the fairness among

different users.

V. CONCLUSION

The performance analysis of DL-NOMA system operating

over α−η−μ Generalized Fading Channels of two users was

characterized for the Average Bit Error Rate (ABER) metric.

Therefore, a closed form of each user in terms of Average

Bit Error probability is analytically obtained and simulated.

Moreover, the Monte Carlo Simulation has been applied to

validate the numerical results of the fading parameters in

different format of α−η−μ fading model, and perfect matching

is occurred in all cases. The simulation results show that the

BER severity for both users is increased as η grows while α
and μ parameters are decreased. The incremental amount of

multipath clusters beneficially contributes in terms of BER

severity, and hence the bit error probability at low SNR is

potentially decreased as α and μ are raised. Ultimately, the

future work of this paper could be extended to investigating

other system performance metrics and exemplifying the effect

of these fading parameters on these potential metrics in different

types of transmission system deployments.
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