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with 2K+1 Users over Fisher-Snedecor
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Abstract: In this paper, we study an uplink power-domain non-orthogonal
multiple access (PD-NOMA\) system, in which 2K+1 users are served. The user
clustering process based on High-High/High-Low algorithm precedes the
utilization of the data-rate based power allocation algorithm. Channels are
characterized by Fisher-Snedecor composite fading model interpreted as model
with a high level of generality. The influence of different fading/shadowing
channel conditions, number of users and their positions is portrayed through the
numerical results of data sum rate of the studied PD-NOMA system.
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1 Introduction

Non-orthogonal multiple access (NOMA), compared to orthogonal multiple
access (OMA) approach, maintains user fairness, boosts spectral efficiency, and
facilitates large mobile connectivity. Therefore, NOMA is seen as a crucial
technology supporting the 5G and beyond networks [1, 2]. NOMA is mostly
implemented as either power-domain NOMA (PD-NOMA) or code-domain
NOMA (CD-NOMA). The PD-NOMA, discussed in this paper, is easier to
implement in an existing network and improves spectral efficiency without using
additional bandwidth [3]. Namely, the PD-NOMA enables simultaneous
multiuser access to the available frequency and time resources, whereby
multiplexing is accomplished by assigning different levels of power to the users
according to their channel conditions, all in an effort to maximize system gain. In
such multiple access, the interference is disadvantage that has to be overcome by
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successive interference cancellation (SIC). The complexity of the receiver is
increased by the SIC, but giving up orthogonality brings the benefit of high
connectivity and spectral efficiency [4]. In CD-NOMA, non-orthogonal
codebooks/sequences are used as primary tool for multiuser separation. Authors
in [5] show that CD-NOMA achieves better sum-rate in comparison to PD-
NOMA, at the cost of increased complexity. Therefore, one of the research
challenges is to design low complexity CD-NOMA receiver. In addition, NOMA
can be included in existing advanced technologies such as multiple-input
multiple-output (MIMO), cooperative relay networks, device-to-device (D2D),
heterogenous system, etc. [6].

In the PD-NOMA, power allocation and user pairing issues should be taken
into account. Namely, appropriate selection of power levels allocated to the users
and decision which users can share the system resources allows the base station
(BS) to control data rate and user fairness. Actually, to achieve the best possible
performance of PD-NOMA, it should be analyzed all possible combinations of
clustered users and their particular power levels, which is definitely infeasible in
computational terms [7]. Therefore, some works related to PD-NOMA are
focused on investigation of a sub-optimal solution for both user clustering and
power allocation. All pairing algorithms, in general, can be classified into two
categories: those that pair 2K users in groups of two users [8] and those that pair
2K+1 users in groups of one, two, or three users [9, 10]. Recently, some adaptive
user clustering methods are proposed in [7, 11]. Two distinguished power
allocation algorithms exist: fixed and dynamic. The fixed power allocation model
allocates the same power levels to users without taking into account the channel
conditions. The algorithm complexity is very low and, consequently, the realized
system performance is poor. The power level allocated to the user can be changed
in the dynamic manner, according to the instantaneous channel gain. Low-
complex dynamic power allocation algorithms can be found in [12, 13]. In order
to meet demands for high-capacity in future mobile communication systems, a
new dynamic algorithm is proposed in [14]. Unfortunately, its complexity makes
practical implementation difficult in a multiuser case. Artificial intelligence based
methods for downlink PD-NOMA are presented in [15], to address the
computational complexity issue while offering near-optimal performance.

Since the mobile radio propagation channel causes fundamental limits to the
wireless communication system performance, its accurate modeling is crucial for
the system design. In practice, Rayleigh, Rice, Nakagami-m, and Hoyt are
commonly used fading models, while shadowing is usually modeled statistically
by lognormal distribution. Analysis of PD-NOMA over aforementioned fading
channels can be found in the open technical literature [9, 16, 17, 18, 19]. The
Fisher-Snedecor, F, distribution represents a tractable composite fading model
(incorporating the effects of both fading and shadowing) that shows excellent fit
to the experimental data of D2D communication in both the outdoor and indoor,
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better than generalized-K model [20]. In addition, F distribution can be simplified
to Nakagami-m, Rayleigh, and one-sided Gaussian fading models. Therefore,
experimental and theoretical advantages of F distribution are undisputed.

In this paper, we analyze the uplink PD-NOMA system serving 2K+1 users
over composite F fading channel. Two-user clusters, in total number of K, are
formed using simple based High-High/High-Low algorithm, so only one user is
left without pairing. Using the analytical expressions for the outage probabilities
(OPs) of users operating in the two-user PD-NOMA system obtained in [21, 22]
and the OP of OMA user, the power allocation algorithm intended to maximize
sum-rate is applied [23].

2 Problem Set

In the system under analysis, 2K+1 users are distributed uniformly within a
cell of radius R and grouped in the clusters consisting of one or two users. The
cluster composed of large number of users degrades a system performance due to
a residual interference, more complex hardware and increased power
consumption [24]. Users in the cluster simultaneously transmit their information
symbols to the BS over a same resource. It is assumed that each cluster is assigned
a single resource block (RB) and that each user is equipped with a single antenna.

The signal received at the BS in an uplink PD-NOMA system is defined as
|
yzz g;Rhs, +n, 1)
i=1

where | is the number of users in the cluster, s; is the information symbol, h is
the channel coefficient and P is the transmit power of i-th user in the cluster. A
g; represents distance-based path gain between the BS and the i-th user in the
cluster and it can be evaluated as g; = g,/[H* + (x> + y*)]**, with g, being the
reference gain at the reference distance and y is the path-loss exponent. The
parameters x, and y, denotes the coordinates of the user’s location, and H is the
BS antenna’s height. Further, the parameter n denotes additive white Gaussian

noise with zero-mean and variance c°. It is assumed that E{|si|2} =1.
Generally, when two users are clustered for uplink communication scenario,
the user with the highest channel gain is typically first decoded. If we assume that
gl|hl|2 >0, |h2|2, after decoding s, which is sent by cell-center user (user
positioned close to the center of the cell where BS is mounted), the BS subtracts
Jo.Phs, from the received signal y. Then s, sent by cell-edge user (user located
far from BS) is decoded. For scenario under consideration, it holds B >P,,
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respecting following identities B =aP, P, =a,P, a >a,, 0<a <1, and
a +a, =1. Parameter P represents the total power per RB. According to the

previously proposed model set, the received signal-to-interference-noise ratio for
the i-th channel, can be defined as

Pl +o?
YiNnoma = 9 2| 2| -:G 2)
92P2|h2| .
e — i=2.
o

If the user is not grouped in the cluster, all total power is assigned to it, since
it is treated as OMA user. Consequently, the interference does not exist, i.e. SIC
is not needed. Then, the received signal-to-noise ratio (SNR) for that user
channel, can be defined now as

Yioma = 2 i=1. (3)

The detailed derivation process of the OPs of the cell-center (i = 1) and the
cell-edge (i = 2) users in two-user uplink PD-NOMA over F fading channels can
be found in [21] as

1 & (<) giki7,
P =
win (Y1) r(ml)r(kl)F(mz)F(kz)g M Yipal!

< G33 m,g.k7, |L1-K,l-m +11+1
4,4 — ,
M QK VoVia| Myl +K L T+1

(4)

and
Pot.2 (Yth,z ) =1- [1_ Pt (Yth,l )]

<1 1 G;’g[mzy"‘_'2|l_k2’lJ | (5)
r(mz)r(kZ) ’ gzk2Y2| m,,0

where v,,; is the threshold, R ; (vy; =2 _1) is the target rate, m, defines the

fading depth, k; defines the shadowing sharpness and 7y, =P, / o’ defines the

average SNR of the i-th channel. The Gg"'q”[z

j denotes Meijer’s G function

and I'(-) denotes Gamma function [25].

The OP for OMA user over F composite fading channel is obtained as [1]:
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1 my |1— k 11
b _ lez 1{th1 1 , 6
°“t*1(ym’l) F(ml)T(kl) 2'2(91k171| m,,0 ”
where treshold is now defined as v,,, = 2°* —1and average SNR is 7, = P/c”.

3 Resource Allocation

It is not recommended to deploy NOMA on all users at once due to overhead
in channel feedback information and error propagation, in addition to the other
reasons already mentioned [26]. Therefore, users in the cell are grouped into
clusters and users in the cluster share same RB. The system performance of PD-
NOMA is highly dependent on both clustering model and power allocation. To
accomplish the best performance of PD-NOMA it would be necessary to conduct
exhaustive search which would be infeasible in computational terms. Therefore,
some sub-optimal solutions for both problems, user clustering and power
allocation, should be designed.

The detailed overview of user scheduling algorithms can be found in [27].
More complex scheduling algorithms, determined for odd number of users in the
cell, can be found in [9]. In this paper we apply simple scheduling algorithm
based on High-High/High-Low pairing algorithms [27]. These algorithms can be
explained through the steps below [1]:

1. Arrange users in descending channel gain order.

2. Divide users into following groups: First group consists of users with
highest channel gain (the first K users {hl, h,,...,h¢ } ) and Second group

consists of users with lowest channel gain (the last K users
{hK+2' hK+3""’h2K+l} )

3. Form the K two-user clusters as: Paring the first user of First group with
the first user of Second group, and so on {{h,h,}.{h,,h ;},...}—
High-High; Paring the first user of First group with the last user of Second
group, and so on {{h;, hy ..}, {h,, hy }....} —High-Low.

4. The (K+1)th cluster consists of one user, (K+1)th user.

After users are aggregated into the clusters, the power levels have to be
assigned to them. These power levels are obtained to maximize the sum data rate,
which is one of the most important performance metrics [23]

max Rsum = maX{Rc,l |:1_ Pout,l(Pl):| + RC,Z |:l_ Pout,2 (PZ ):|}’

P+P,=P,

(7)
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that holds when two users are grouped in the cluster.

Further, all power from the RB is allocated to the user in (K+1)-th cluster. In
NOMA systems, power allocation significantly affects the total rate. Therefore,
in the literature, dynamic power allocation strategies are very often designed to
maximize achievable rate [28, 29].

To guarantee quality of service to users far away from BS, authors in [10]
treats them as OMA.. Therefore, in this paper we modify algorithm proposed in
[1, 27] in following way:

1. Arrange users in descending channel gain order.

2. Divide users into following groups: First group consists of users with
highest channel gain (the first K users {hl, h,,...,h¢ } ) and Second group
consists of users with lower channel gain (the second K users
{hK+1' hK+2""’h2K})'

3. Form the K two-user clusters as: Paring the first user of First group with
the first user of Second group, and so on {{h,h,}.{h,, he,,}....}—
High-High; Paring the first user of First group with the last user of Second
group, and so on {{h;, h,, }.{h,, h,,},...} —High-Low.

4. The (K+1)th cluster consists of the last user, (2K+1)th user.

4 Results and Discussion

In this section, we conduct the performance analysis of the PD-NOMA
system under consideration. The following scenario is assumed: all users are
uniformly positioned in a 200 m radius circle; the BS’s height is 100 m and 3D
coordinates defining its position are (0,0,10); the 3D coordinates determining
the position of the cell-center and the cell-edge users are (x, y;,0) and (x,,Y,,0),
respectively. Parameters g, =50dB and y =3 define path loss component; three

different wireless fading scenarios (case A, case B, and case C) are supposed
(Table 1).

Table 1
Characterization of wireless channel.

Case A mi=1,my=1, k=12, k2 =3; 1%+ K-th clusters
m1 =1, ki =3; (K+1)-th cluster
m=1mx=1ki =1 ko=1; 1%+ K-th clusters

Case B m1 =1, ki =3; (K+1)-th cluster
my=3,m2=1ki =12, ko =3; 1%+ K-th clusters

Case C mi =1, ki =3; (K+1)-th cluster
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Fig. 1 — Sum data rate versus p ((K+21)th user — OMA user, 2K+1 = 21).

Fig. 1 depicts the achieved sum data rate versus the SNR, p= P/c52 , for the

case of twenty one users uniformly located in the cell over different wireless
environments in which all users are clustered in the analogue way as in [1].
Results presented in Fig. 1 demonstrate nearly identical sum rate performance of
PD-NOMA system for both considered pairing schemes, with very slightly
advantage in favor of High-High-based algorithm. This advantage can be
explained with constant enough large difference in the channel gain between
paired users. Moreover, the realized high sum rate in the case of utilization of
High-Low algorithm is the consequence of the applied power allocation
algorithm designed to achieve maximum sum data rate. Better conditions in the
channel, described by higher values of parameters k and m (light shadowing and
less severe fading conditions), guarantee that for moderate and high SNR values,
the system provides higher data rates. In high SNR regime, maximum sum rate,
Ram,, = K(R;; +R:,)+ R, is almost achieved for all considered channel
conditions. Even if we use users’ position in the cell differently from [1], the
drawn concluding remarks from Fig. 1 are the same as in [1]. Different user

location distribution in the cell leads to a bit lower realized sum rate than in the
case considered in [1].
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Fig. 2 is depicted to analyse influence of different number of users in the cell
on the capacity performance.

Depicted results show that previous mentioned conclusions are relevant for
any number of users which should be served by BS. Commonly, achieved system
rate is higher for higher number of users in the cell (compare Figs. 1 and 2).

20
— Case A
----- Case B -
~~~~~~~~ Case C ;
15
.
£ 104
e
£
=
m /
2K+1 =15
5 - (K+1)th user - OMA user
black - High-High - based algorithm
. blue - High-Low - based algorithm
o fF—+—— -+
8 12 16 20 24 28 32 36 40

p [dB]

Fig. 2 — Sum data rate versus p ((K+21)th user — OMA user, 2K+1 = 15).

Comparison of the origin and modified High-High/High-Low based
algorithms for twenty one and fifteen users is shown in Figs. 3 and 4, respectively.

Authors in [10] treat users closest to the cell edge as OMA users, which in
our applied algorithms do not improve the capacity performance of the examined
PD-NOMA system. Actually, higher sum rate is achieved for the case when OMA
user is (K+1)th user in comparison to the case when it is (2K+1)th user.

If we compare Fig. 1 from this paper with Fig. 1 from [1], it is obvious that
the achieved PD-NOMA system capacity depends on users’ position. Therefore,
in order to confirm the concluding remarks and make them general we do more
fairly approach shown in Fig. 5. We analyze the considered system in average
manner. Fig. 5 confirms all conclusions from results depicted in Figs. 1 — 4.
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Fig. 3 — Comparison of the origin and modified clustering algorithms for twenty one
users: (a) High-High based algorithm; (b) High-Low based algorithm.
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Fig. 4 — Comparison of the origin and modified clustering algorithms for fifteen
users: (a) High-High based algorithm; (b) High-Low based algorithm.
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Fig. 5 — Average sum rate for twenty one users:

(a) (K+1)th user — OMA user; (b) (2K+1)th user — OMA user.
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6 Conclusion

This paper have shown the extended analysis of uplink PD-NOMA system
over F fading channel, in which 2K+1 users are clustered using origin High-
High/High-Low-based algorithm and its modification followed with power
allocation scheme with the aim to maximize sum data rate as relevant
performance metric. The F fading model has been utilized as accurate model used
to describe the combined effects of multipath fading and shadowing, and also
attractive for modern communication systems. Obtained results have shown that
from the sum-rate point of view, a light advantage is in favor of the origin High-
High-based algorithm regardless of the environmental conditions, number of
users in the cell and their position.

7 Acknowledgments

This work was supported by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia [grant number 451-03-
65/2024-03/200102].

8 References

[1] A. Panajotovi¢, J. Anastasov, D. Milovi¢, D. Mili¢: Performance of Uplink NOMA System
with 2K+1 Users, Proceedings of the 16th International Conference on Applied
Electromagnetics - ITEC 2023, Ni§, Serbia, August 2023, pp. 162 —165.

[2] S.M. Riazul Islam, M. Zeng, O. A. Dobre, K.- S. Kwak: Nonorthogonal Multiple Access
(NOMA): How It Meets 5G and Beyond, Wiley 5G Ref: The Essential 5G Reference Online,
John Wiley & Sons, Ltd., Hoboken, 2019.

[3] L. Dai, B. Wang, Y. Yuan, S. Han, I. Chih-Lin, Z. Wang: Non-Orthogonal Multiple Access
for 5G: Solution, Challenges, Opportunities and Future Research Trends, IEEE
Communications Magazine, Vol. 53, No. 9, September 2015, pp. 74 -81.

[4] P.V.Reddy, S. Reddy, S. Reddy, R. D. Sawale, P. Narendar, C. Duggineni, H. B. Valiveti:
Analytical Review on OMA vs. NOMA and Challenges Implementing NOMA, Proceedings
of the 2nd International Conference on Smart Electronics and Communication (ICOSEC),
Trichy, India, October 2021, pp. 552 —556.

[5] M. Moltafet, N. M. Yamchi, M. R. Javan, P. Azmi: Comparison Study Between PD-NOMA
and SCMA, IEEE Transactions on Vehicular Technology, Vol. 67, No. 2, February 2018, pp.
1830-1834.

[6] D.-T.Do,C.-B.Le: Application of NOMA in Wireless System with Wireless Power Transfer
Scheme: Outage and Ergodic Capacity Performance Analysis, Sensors, Vol. 18, No. 10,
October 2018, p. 3501.

[7]1 Y. P. Santos, L. F. Q. Silveira: Adaptive Clustering of Users in Power Domain NOMA,
Sensors, Vol. 23, No. 11, June 2023, p. 5314.

[8] T. Sanjana, M. N. Suma: Investigation of Power Allocation Scheme in NOMA, International
Journal of Electronics, Vol. 109, No. 1, January 2022, pp. 169 —180.

[9]1 A. Rauniyar, P. Engelstad, O. N. @sterbg: An Adaptive User Pairing Strategy for Uplink Non-
Orthogonal Multiple Access, Proceedings of the IEEE 31nd Annual International Symposium

160



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Capacity Performance of Uplink NOMA System with 2K+1 Users over...

on Personal, Indoor and Mobile Radio Communications, London, UK, August 2020, pp. 1 -
7.

T. V. Tai, N. T. Xuan Uyen, D. L. Khoa: Optimal User Clustering and Power Allocation in
NOMA Systems, Proceedings of the International Conference on Advanced Technologies for
Communications (ATC), Ha Noi, Vietnam, October 2022, pp. 350 —355.

N. S. Mouni, Pavan Reddy M., A. Kumar, P. K. Upadhyay: Adaptive Multi-User Clustering
and Power Allocation for NOMA Systems with Imperfect SIC, arXiv:2203.15828v4
[eess.SP], October 2022, pp. 1-5.

N. Otao, Y. Kishiyama, K. Higuchi: Performance of Non-Orthogonal Access with SIC in
Cellular Downlink Using Proportional Fair-Based Resource Allocation, Proceedings of the
International Symposium on Wireless Communication Systems (ISWCS), Paris, France,
August 2012, pp. 476 —480.

M. R. Hojeij, J. Farah, C. A. Nour, C. Douillard: New Optimal and Suboptimal Resource
Allocation Techniques for Downlink Non-Orthogonal Multiple Access (NOMA), Wireless
Personal Communications, Vol. 87, No. 3, April 2016, pp. 837 —867.

A. Benjebbovu, A. Li, Y. Saito, Y. Kishiyama, A. Harada, T. Nakamura: System-Level
Performance of Downlink NOMA for Future LTE Enhancements, Proceedings of the IEEE
Globecom Workshops (GC Wkshps), Atlanta, USA, December 2013, pp. 66 —70.

T. Manglayev, R. C. Kizilirmak, Y. H. Kho, N. A. W. A. Hamid, Y. Tian: Al Based Power
Allocation for NOMA, Wireless Personal Communications, VVol. 124, No. 4, June 2022, pp.
3253-3261.

J. Li, T. Gao, B. He, W. Yheng, F. Lin: Power Allocation and User Grouping for NoOMA
Downlink System”, Applied Sciences, Vol. 13, No. 4, 2023.

H. Yahya, E. Alsusa, A. Al-Dweik: Exact BER Analysis of NOMA with Arbitrary Number
of Users and Modulation Order, IEEE Transactions on Communications, VVol. 69, no. 9, Sept.
2021, pp. 6330-6344.

N. P. Le, L. C. Tran, X. Huang, J. Choi, E. Dutkiewicz, S. L. Phung, A. Bouzerdoum:
Performance Analysis of Uplink NOMA Systems With Hardware Impairments and Delay
Constraints Over Composite Fading Channels, IEEE Transactions on Vehicular Technology,
Vol. 70, no. 7, July 2021, pp. 6881-6897.

K. Aslan, T. Gualouglu: Performance Analysis of NOMA Uplink Transmission over
Generilized-K Fading Channels, International Journal of Communication Systems, Vol. 35,
No. 6, 2022.

S. Ki Yoo, S. L. Cotton, P. C. Sofotasios, M. Matthaiou, M. Valkama, G. K. Karagiannidis:
The Fisher-Snedecor F Distribution: A Simple and Accurate Composite Fading Model, IEEE
Communications Letters, Vol. 21, No. 7, July 2017, pp. 1661 —1664.

A. Panajotovi¢, J. Anastasov, A. Cvetkovi¢, D. Mili¢, D. Milovi¢, A. Lazarevi¢: Outage
Performance Analysis of a Two-User Uplink NOMA Scenario over Fisher-Snedecor F Fading
Channels, Proceedings of the XVI International Conference on System, Automatic Control
and Measurements (SAUM), Nis, Serbia, November 2022, pp. 23 —26.

A. Panajotovi¢, J. Anastasov, D. Mili¢, D. Milovi¢, N. Sekulovié: Performance of Uplink-
NOMA with User Pairing and Data Rate-based Power Scheme, Facta Universitatis, Series:
Automatic Control and Robotics, Vol. 22, No. 1, 2023, pp. 29-38.

A. Panajotovi¢, J. Anastasov, D. Mili¢, D. Milovi¢: A Novel Power Allocation Algorithm for
Uplink NOMA over Fisher-Snedecor F Fading Channel, Proceedings of the XL Simpozijum
0 novim tehnologijama u postanskom i telekomunikacionom saobracaju (PosTel), Belgrade,
Serbia, November 2022, pp. 319-326.

161



A. Panajotovi¢, J. Anastasov, N. Sekulovi¢, D. Milovic, D. Mili¢

[24]
[25]

[26]

[27]

[28]

[29]

E. Hossain, Y. Al-Eryan: Large-Scale NOMA: Promises for Massive Machine-Type
Communication, arXiv:1901.07106 [cs.NI], January 2019, pp. 1-5.

1. S. Gradshteyn, I. M. Ryzhik: Table of Integrals, Series, and Products, 5th Edition, Academic
Press, New York, 1994,

S. M. Riazul Islam, M. Zeng, O. A. Dobre, K.- S. Kwak: Resource Allocation for Downlink
NOMA Systems: Key Techniques and Open lIssues, IEEE Wireless Communications, Vol.
25, No. 2, April 2018, pp. 40—47.

T. Dogra, M. R. Bharti: User Pairing and Power Allocation Strategies for Downlink NOMA-
Based VLC Systems: An Overview, AEU - International Journal of Electronics and
Communications, Vol. 149, May 2022, p. 154184.

X. Wang, T. Xu, T. Zhou, H. Hu: Dynamic Power Allocation Strategy for Uplink Non-
Orthogonal Multiple Access Systems, Computer Communications, Vol. 184, February 2022,
pp. 36 -41.

Z. Amirifar, J. Abouei: The Dynamic Power Allocation to Maximize the Achievable Sum
Rate for Massive MIMO-NOMA Systems, IET Communications, Vol. 16, No. 17, October
2022, pp. 2036 —2044.

162



