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Abstract

Non-orthogonal multiple access techniques (NOMA) have been recognized as a paradigm shift for the design
of multiple access techniques for the next generation of wireless networks. Many existing works on NOMA
have focused on scenarios with low-mobility users (static), where users with different channel conditions
or quality of service (QoS) requirements are grouped together for the implementation of NOMA. However,

when increased, user mobility can strongly impacts on the performance of a NOMA systems, especially in
the context of downlink perceived throughput, networ fairness and QoS fuilfilment of each users. This paper
presents some of the main drawback which can be obtained if the user mobility is not taken into account in
the design of NOMA communication systems. Future direction and challenges to address these issues are also

discussed.
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1. Introduction

In accordance with Cisco forecast, during the last few
years has be outlined how the standardization process
of the 5G wireless communications and beyond must
be performed by considering the tremendous surge
of mobile data traffic for the upcoming years[1]. For
example, it is envisioned that 5G will provide a 15
times increase in spectral efficiency compared to 4G
[2]. In order to meet these requirements, the design
of a suitable radio access technology (RAT) represents
an important aspect for improving the performance
of a cellular mobile communication system in a cost-
effective manner.

Power-domain non-orthogonal multiple access (PD-
NOMA) technology offers a number of advantages
which permit to label it as a promising multiple
access scheme for future RAT [3-5], gaining a great
attention from both academia research and industry.
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By using superposition coding (SC) multiplexing at
transmitter and successive interference cancellation
(SIC) at receiver, the PD-NOMA paradigm permits to
serve multiple users in the same resource block (RB)
multiplexing them within the power domain. More in
details, a transmitter which serves a set of N users
within its coverage area, transmit a linear superposition
of N users’ data by allocating a fraction ; of the total
available power P to each user, i.e., the power allocated
for the iy, user is P, = p;P with Zf\il Bi = 1. Then, each
user is able to decode its own data by deleting the
interfering users’ signals through the SIC principle [6].

Since the power allocated to each user strongly
depends on their channel conditions, power allocation
strategies play a crucial role in PD-NOMA communi-
cation systems. Indeed, based on users’ channel con-
ditions, the transmitter needs to carefully choose the
proper amount of power which should be assigned to
each user in order to satisfy network service require-
ments, i.e., Quality-of-Service (QoS), user-perceived
data throughput and maximum throughput. Under this
perspective, several studies have been carried out in
order to propose power allocation schemes aimed to
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optimize some network metrics, either for terrestrial
base station (BS) or unmanned aerial vehicle (UAV)
communication [7-16].

On the other hand, has been recently outlined
how the user aggregation process and user to sub-
band pairing represent another important aspects for
improving the performance of NOMA communication
systems [17-20]. In particular, has been illustrated how,
respect to the conventional orthogonal multiple access
(OMA) systems, the performances of a fixed power
allocation NOMA (F-NOMA) can be further enlarged
by multiplexing users carefully, accordingly to their
channel condition.

However, as far as the authors are aware, most of
the works about power allocation NOMA do not take
into account the mobility of users and its impact
for channel condition. Indeed, due to the nature of
mobile wireless communications, mobility needs to be
considered for practical applications of NOMA. The
initial power allocation may not satisfy SIC and/or
outage probability constraints. Furthermore, as each
user may have different channel gain at the new
position, the initial power allocation may not achieve
the best network performance. Therefore, dynamic
power allocation (DPA) policies result essential to serve
moving users.

Under this perspectives, this paper presents an
overview about the importance of considering the user
mobility in designing power allocation strategies and
user aggregation policies for NOMA communication
systems. In particular it is highlighted how the adoption
of static power allocation (SPA) can negatively affect the
network performance.

The rest of the paper is organized as follow. The
system model considered to analyse the effect of user
mobility is presented in Section 2. The results from
simulation are presented and discussed in Section 3.
Finally, conclusion and future directions are provided
in Section 4.

2. System Model

As illustrated in Fig. 1, let us suppose to have a set of
N users, randomly distributed into a circular area of
radius R according to a Poisson point process (PPP) and
served by a BS which is placed at the center of the cell
and performs NOMA transmissions with a maximum
transmitting power P,,,. It is supposed that the total
bandwidth B is equally divided into % slot each of them
used to multiplex one cell-centre user (best channel
condition) with one cell-edge user (worst channel
condition) with a maximum transmitting power P =
%. In particular, indicating with g; the channel gain
of user i, it is multiplexed with the user j if their

O EA

channel gain ratio respects the following condition:

0.4<% <05 (1)

8j

This condition, as illustrated in [19], guarantees

Figure 1. System model.

the minimum power requirements at the transmitter
to maintain the minimum quality-of-service (QoS)
requirements Ry, to each user multiplexed within the
same RB. Then, according with the SC multiplexing
principle, the signal received by user i along the sub-
band j can be expresses as:

2
Vij = hi x Z\/Pksk +wj; (2)
k=1

where h; represents the channel coefficient of user
i, b= ﬁk% is the amount of transmitting power
allocated to user k, s with ||s]|> =1 is the signal
transmitted to user k and wj is the received noise.

Regarding the channel coefficient hy, it is modelled
as hy :dk_a/zxé, where d; represents the distance
between user k and the transmitter, ¢ is the complex
Gaussian channel gain with distribution CN (0, o,j,) and
a is the path loss exponent. The noise power at the
receivers in the whole bandwidth is Ny =290-kg-B -
NF, where kg and NF are the Boltzmann constant and
noise figure at 9 dB, respectively. Then the noise power
along each sub-band is N = ZNﬂ

According with (2) and with the SIC principle,
supposing that along each sub-band channel gains
are ordered in a descending manner, i.e., |hi|* > |h,|?,
the signal-to-noise ratio (SINR) at each user can be
expressed as:

2Py
1, = ; (3)
and
1|2 P,
= —2 2 4)
V2] Ng + |h,|?P; (
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Then, the achievable rate for each user is:

| 12Py |
Ry =Bj-log, (1 + N ) (5)
and 5
|h,|” P,
Ry;=B;-1 1+ —]. 6

At that point, supposing that both users have the
same QoS requirements, i.e., Rk,j >Ry, k=1,2, the
minimum amount of power required to transmit data
to each user within the same sub-band will be:

A-Npg
P>t B 7
b= TR 7
and 5
P> P (A + %) (8)
|7

We suppose that SPA policy is adopted. This means that
the amount of power of each user within the same RB
are allocated according with (7)-(8) and are not changed
for the all duration of the simulation.

3. Discussion

In this section we investigate how the user mobility
impacts on network performances. In order to obtain
the results illustrated below, we suppose that users are
moving within the BS’s coverage area according with a
Random Way-point Mobility Model (RWMM). More in
details, indicating with (xy, vx); the position of user k
at time t, it is supposed that it moves toward a target
position (%,9), randomly chosen within the coverage
area, with a constant velocity v uniformly distributed
within [v,,;,, Viax |- Once the target position is reached,
the user stand in that position for a predefined amount
of time T,. Subsequently, another random position
target position and velocity are chosen for that node,
initiating then a new travel path. Positions of each node
are updated after an amount of time of T,,. All the
simulation parameters are listed in table 1.

Table 1. Simulation Parameter

Parameter Value
Number of Users N 20
Cell Radius R 500 m
Bandwidth 40 MHz
Och 1
Path loss exponent a 4
VYmin 1m/s
Vimax 2m/s
Simulation time 3600 sec.
Tp 2 sec.
Tstep 1 sec.
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Figure 3. CDF of network fairness.

As illustrated in Fig. 2, which represents the CDF
of the downlink (DL) aggregated throughput after
different amount of time, the usage of the SPA does not
strongly impacts the network, i.e., the average aggregate
DL throughput does not change consistently along the
time. However, even if the DL aggregated throughput
can be considered constant in average, from Figs. 3-4 we
can see how the usage of SPA policy results inefficient in
maintaining other network performances like networks
fairness and user’s QoS fulfilment. In particular, in
Fig. 3, which represents the CDF of the network DL
fairness, one can note how the average value of network
fairness decreases as the simulation time increases. In
other words, allocate the same amount of power for long
time will results in a decrease of the network fairness.
This can be explained by the fact that as users starts
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Figure 4. Percentage of QoS satisfied.

to move their channel gains change obtaining either
higher channel gain or worst channel gain, resulting
then in either an increase or a decrease of the DL
achievable throughput, respectively. On the other hand,
from Fig. 4, which represent the average percentage of
percentage for which the QoS requirements are fulfilled
over the time, one can also notice how the usage of a SPA
dos not permits to fulfil with the QoS requirements of
each user as the time during which the allocated power
remain constant increases.

4. Conclusions and Future Directions

In this paper, we illustrated the importance of
considering user mobility in the design of NOMA
communication systems. In particular, we illustrated
how the usage of a SPA policy, even if it is able to
maintain a "constant" average level of aggregate DL
throughput, it negatively impacts on the DL throughput
fairness and on the fulfilment of QoS constraint over
the time. These effects are caused by the fact that
SPA policies allocates a fixed amount of power to
each user which depends on the particular channel
gain experienced. However, due to the user mobility,
the channel gain conditions can change consistently
bringing to either better of worst network metric
performances if the channel gain either increases or
decreases, respectively.

As far as the authors are aware, the technical litera-
ture lacks works related to the design of dynamic power
allocation and user clustering strategies for NOMA
systems which takes into account the mobility of users.
Then, due to the potentialities of NOMA technology
in reaching the 5G and beyond 5G requirements, the
design of dynamic power allocation and user clustering
schemes, which considers users mobility, represents an

O EA

important future research direction. In particular, the
adoption of recently advanced real-time optimization
and artificial intelligence techniques represents a very
promising direction towards the development of such
dynamic allocation schemes.
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