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ABSTRACT

Non-orthogonal multiple access (NOMA) is proposed as a promising candidate of radio access technologies for
5G and beyond. It exploits power domain multiplexing concept to increase capacity combined with successive
interference cancellation (SIC). However, there could be a compatibility issue because legacy devices cannot
perform SIC which is a necessary step for applying NOMA. In this paper, we suggest a new dynamic bandwidth
adjusting algorithm for NOMA to provide the backward compatibility for orthogonal multiple access (OMA). The
suggested algorithm can provide backward compatibility, efficient bandwidth allocation, and robustness against
imperfect SIC. To verify the performance of suggested algorithm, sum capacity is compared to OMA and NOMA.
Simulations are also performed under perfect and imperfect SIC to validate the effectiveness of suggested
algorithm. It is shown that the proposed algorithm has 2 bps/Hz capacity higher than OMA.

I. Introduction devices using numerous multimedia applications
have created need of a technological shift from 4G

The swiftly increasing connectivity demands of to 5G. In the era of next generation (5G) and
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beyond, the communication network will be able to
provide higher capacity, lowest latency and more
consistent experience. It is imperative to design
wireless communication systems that can fulfill
these demands with reliability of data. Furthermore,
it is necessary to connect massive devices to the
wireless network due to the development of Internet
of Things (IoT). The requirements of 5G aim to
satisfy massive machine type communications
(mMTC) for massive connectivity and highly
efficient small packets delivery. To achieve these
performance requirements, exploiting multiple access
technology as future radio access (FRA) is
considered as a key development dimension of 5G".
The previous four generations of cellular
technology have been a major paradigm shift that
has broken backward compatibility. Definitely, 5G
will also require a paradigm shift that includes very
high carrier frequencies, massive bandwidths, huge
number of antennas and massive connections.
However, it will be expected to be highly integrative
and backward compatible, ie. any new 5G air
interface and spectrum together with LTE and WiFi
to provide seamless user experiencelz].
Non-orthogonal multiple access (NOMA) is
considered as one of the promising candidates of 5G
radio multiple access technology with higher spectral
efficiency and accommodating more users than
orthogonal multiple access (OMA)m. Generally,
NOMA schemes can be categorized into two groups,
power-domain multiplexingm and code-domain
multiplexingm. This paper focuses on the
power-domain multiplexing NOMA that superposes
multiple users in power domain and exploits the
channel gain difference between multiplexed users.
For power-domain multiplexing, NOMA utilizes
superposition coding (SC) at the transmitter and
successive interference cancellation (SIC) at the
receiver. SC allows the transmitter to transmit
multiple users’ information using the same resource
block. To decode information from the SC at each
receiver, SIC technique is used. This means that
after one user’s signal is decoded and subtracted
from SC, then the other user’s signal is decoded".

Previous literatures mainly focused on increasing
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capacity and spectral efficiency compared to OMA
concatenating antenna technology and orthogonal
frequency division multiplexing (OFDM). For cell
edge user, antenna information is used to reduce
interference in [7] and OFDM based NOMA system
is proposed in [8] where transmission to multiple users
is done using SC. The problem of user selection,
power allocation among the selected users and across
the sub-bands while reducing noise problem". But the
focus can be shifted to the backward compatibility
issue which is common to apply new radio access.
The legacy devices with 4G/LTE located near base
station (BS) are the major area of concern as these
are the devices that need to perform SIC if they use
NOMA. To the best of author’s knowledge, there is
no research on the backward compatibility issue
among NOMA and OMA.

In this paper, we want to have backward
compatibility with suggested algorithm that is a
dynamic bandwidth allocation for NOMA and
OMA. Coexistence of OMA and NOMA users in
the same cell can help exploit flexible bandwidth
allocation because they use separate bands. OMA is
used to cover legacy devices which cannot perform
SIC but allotting efficient bandwidth for NOMA.
Suggested algorithm has benefits from dynamic
bandwidth allocation, full power transmission for a
legacy device and robustness against imperfection.

For comparison purposes, sum capacity and
capacity per user of the proposed algorithm are
compared to those of conventional OMA and
NOMA. In addition to that different SIC conditions
such as perfect and imperfect are considered for
performance evaluation of NOMA.

The rest of paper is organized as follows.

Section II describes system model and proposed
algorithms.  Section [
compatibility issue and imperfect SIC. In th Section

explains  backward

IV, simulation results are shown as evaluation
metrics in different environments. Finally conclusion
is drawn in the Section V.

II. Dynamic Bandwidth Allocation

In this section, we present a generalized system
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model and a simplified system model for analysis.
Moreover, different algorithms are presented to be

compared with proposed algorithm.

2.1 System Model

A generalized system model consisting of /V near
users and M far users in a cell and shown in Fig.
1, where n(n< N) near users and m(m < M) far
users can be legacy devices. For the mth far user
legacy device, it can readily get paired among /N
near users because it does not need to perform SIC.
Contrary to this, nth near user legacy device cannot
get paired using NOMA due to impossibility of SIC.

To completely understand this pairing issue and
effect of SIC, a simplified system model is shown
in Fig. 2. It consists of a BS and three users (UE1,
UE2 and UE3). Let us assume that each user has
different distances from BS such that d; > d, > d;.

Correspondingly, their channel gains are in the order
|h1|2 > |h2\2 > \h3|2. The users are referred as near

user (UEl), a middle user (UE2) and a far user
(UE3). According to different distances, each

(.)) UE1 UE N+1

‘ \ UEn UE m

BS
UEN UEM
Channel Gain

High Low

Fig. 1. Generalized system model

)

BS\D\‘ UE3

UE1
Channel Gain

High Low

Fig. 2. Simplified system model

channel with independent Rayleigh flat fading is
h,~CN(0,\, =d; "), hy~
CN(0,\,=d,") and hy;~CN(0,\; =d;") with

variance \;, A, and A; where d, represents

considered as

distances from BS and path loss v is exponent.

2.2 Available Algorithms

We have considered three algorithms that are
conventional OMA, NOMA and the proposed. The
algorithms are shown in Fig. 3. For notation, we
define that total bandwidth is given as B, total
power P, and three users should be linked with BS.

Following colors (Blue, Green and Red) are denoted
as UEl, UE2 and UE3 individually. In addition that,

s

2B/3  _ B/3

X
N

()

Fig. 3. Available algorithms: (a)OMA, (b)NOMA, (c)The
proposed
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the number of sub-carriers n, total number of
sub-carriers /V, the number of user &k and total

number of users A are expressed, respectively.

2.2.1 OMA

OFDM is representative of OMA scheme which
spectrum usage is shown in Fig. 3(a). It is used to
support scattered users in a cell while different band
of frequencies are shared. Equal bandwidth 5B/3 is
allotted for three users. Due to use of orthogonality,
kth block of having /V sub-carriers can be allocated
for every user without overlapping. OMA do not
have interference each user because separate
frequency bands are used. During transmitting

signals, same power £, is distributed to each user to

have maximum sum capacity. The sum capacity of
OMA, R, 4 is represented as

B = p‘thPPt
By onu= §,§1w1,7710g2(1+ T)
B N p‘thP
Ry ona= - 2wy, log, (1+ 2l ey
3 n=1 ]v(),Q
B - p‘h5n|2})t
Ry opu= 3 le&nlOgQ(l + T)

where p means the transmit signal to noise ratio
(SNR), 2V, has kth power density of AWGN with
zero mean and unit variance. w, represents portion
of sub-carriers n assigned to user k. This parameter
has powerful effect on deciding how many
sub-carriers should be used to satisfy the condition,
zj\]wk:n <1 for all n in [10].
k=1

2.2.2 NOMA

We  illustrate  bandwidth
conventional NOMA as shown in Fig. 3(b). The

overall bandwidth is shared with every user equally.

allocation  for

Due to difference of channel gains, all users can get
paired within same bandwidth and perform SIC to
cancel farthest user’s signal. The capacity of each

paired user, £ oy is represented as
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plh PP,
By yorn = BlOg2(1 + #)
M],l
P|h2|2P12
Ry yopu= Blogy(1+ ———————
2, NOMA 2 plhoP P+ N
p|h3‘2P13
Ry yonn= Blog, (1+ ‘
3, NOMA 2 plhyP Py + plhyP Py + N, 4

@

Two far users (UE2 and UE3) are affected by
power allocation which is a kind of interference
seen in (2). By dividing factors of this, total
capacity of users can be flexible and under control.

2.2.3 Proposed Algorithm

Let us assume that 5G devices can accomplish
NOMA and legacy devices are only available with
OMA. NOMA makes incompatibility because it
should have SIC functionality on devices. To solve
this problem, we employ the proposed algorithm as
adjusting bandwidth allocation of NOMA and OMA.
Exploiting OMA makes flexible bandwidth
allocation so that proposed algorithm can have
dynamic approach. For a legacy device as a near
user which cannot perform SIC, OMA is
recommended to serve this user while allocating
large bandwidth. Generally, NOMA has higher gain
than OMA because it uses broad bandwidth with
power multiplexing. So proposed algorithm allocates
2/3B for NOMA user devices. But a near user
legacy device is allowed to wuse full power
transmission out of rule on NOMA it derives
another gain for proposed algorithm.

For proposed algorithm, it is recommended to
make pairs between 5G devices as near users and
legacy devices as far users. Unless this condition is
satisfied, we exploit OMA for covering near user
legacy devices because it is unnecessary to perform
SIC. In Fig. 3(c), it is shown that near users are
paired as NOMA and farthest user get exploited as
OMA. This is outmost way to increase sum capacity
sharing large bandwidth with NOMA. The sum
capacity of proposed strategy for multiple users,

Ry prop is represented as
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2B P|h1|2P21
Ry pror= Tlog2(1+ T)
2B plhyf* Py, j
R = —Ilog,| 1+ ———F 3
2. PROP= 3 gz( PP+ N, 3)
B ai p|h’3,n‘2pf
Ry prop= 3 71‘*)3;”108?2 1+ Ny

where UE1 and UE2 are paired and allocated power

allocation factors /5, > P,; whereas UE3 has full

power allocation value as /7.

. Challenges and Environments

3.1 Backward Compatibility

We consider that there are legacy and 5G devices
freely scattered in a cell. It is necessary how to
connect users as a pair with increasing sum capacity.
In the Table 1, following pairings can be divided by
the locations of legacy and 5G devices. Among near
and middle users unless there is a 5G device like
pairing 1 and 2, NOMA is unavailable on these
pairings. OMA is recommended for every user in
this case. Therefore, the proposed algorithm supports
almost pairings with backward compatibility with
having spectral efficiency due to NOMA.

Table 1. Scenario of possible pairings

Pairing Near UE Middle UE Far UE
1 legacy legacy legacy
2 legacy legacy 5G
3 legacy 5G legacy
4 5G legacy legacy
5 legacy 5G 5G
6 5G 5G legacy
7 5G legacy 5G
8 5G 5G 5G

3.2 Imperfect SIC

Generally, it is supposed that UEl can decode
and cancel the signal of UE2 and UE3 perfectly.
Assuming perfect SIC means that difference
between channel gain and power allocation is
enough for decoding far users’ signal at the near

users. But proximity of power allocation for both

users incurs interference for SIC process. As a result
of imperfect SIC, the capacity of NOMA and the

proposed 7y yoyu> £ yora and Ry prop are given

as

. p|h1|2P11

R = Blogy| 1+ ———
1.NOMA 82 Noat oy

B plh Py ]

Ry yowu= Blog (H : @
2, NOMA 2 p(h P+ )+ Ny

_ 2B PP,

By prop= —3~ logy| 1+ e
; 3 pyt Nyy

where 7 denotes incurred interference from
decoding with imperfect SIC. This factor decreases
achievable sum capacity. This interference is caused
from lack of difference between channel gain and
power allocation on the paired users. In NOMA,
UEl is affected by decoding two users’ signal
during SIC process. Otherwise there is no SIC
process in OMA. Correspondingly, it does not have
effect from SIC imperfection.

The influence of imperfect SIC is associated with
the count of SIC process because SIC imperfection
is accumulated to paired users. In terms of imperfect
SIC, it give less effect on our proposed algorithm.
Unlike NOMA, there is only one SIC process
among three users that introduces upturning sum

capacity.

IV. Simulation Results

In this section, we demonstrate simulation results
for evaluating performance of the proposed
algorithm in comparison with conventional OMA
and NOMA. According to statement of users,
interference and bandwidth make significant effect
on results. Finally sum capacity is shown to analyze
the relative capacity gain achieved by the proposed
algorithm by considering both perfect and imperfect
SIC.

For imperfect SIC case, we assume interference
parameter = —30 dB to display impact.
Following simulation parameters are used. The
distances between BS and UEl, UE2, UE3 are
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normalized to unit value. UE1, UE2 and UE3 have
distances such as d;=0.3, dy,=0.7, dy=1 and
path loss factor v=4 when bandwidth 5 is given
to 1. These distances and path loss factor decide

channel coefficient over each link h,~
CN(0, A, =0.37*), hy~CN(0,\, =0.7"*) and h,
~CN0, Ay =171).

designated power allocation parameters separately as

Based on each link, we

follows. For OMA, every user uses £, =1. For
convetional NOMA, UEl, UE2 and UE3 use
P, =0.1, P,=0.35 and P53 =0.55. For proposed
algorithm, UE1l, UE2 and UE3 use £, =0.3,
P,=0.7 and F,=1. It is assumed that noise
power density of Nj,, N, and N, ; are unit value.
The number of sub-carrier /V is set to 16 and range
of transmit SNR is 0 and 45 dB.

As shown in Fig. 4, it is obvious that ergodic
sum capacity of NOMA, OMA and the proposed for
UELl is in proportion to transmit SNR with perfect
SIC. Sum capacity of the proposed algorithm has
OMA as a lower boundary and NOMA as a upper
boundary. When transmit SNR, p is equal to 30 dB,
capacity of the proposed has 3.2 bps/Hz lower than
NOMA but 4.2 bps/Hz greater than OMA,
respectively.

Following the Fig. 5, capacity for UE2 upturns
chasing increase of transmit SNR with perfect SIC.
However interference from UE1 for NOMA and the
proposed makes capacity saturation 2.17 bps/Hz and
1.16 bps/Hz at transmit SNR, p = 45 dB.
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Fig. 4. Capacity comparison for UE1 with respect to
transmit SNR, perfect SIC
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Fig. b. Capacity comparison for UE2 with respect to
transmit SNR, perfect SIC

Fig. 6 shows our proposed strategy has same
benefit with OMA because of different bandwidth
allocation. It is subject to have saturation of capacity
for UE3 that NOMA get interference which drive on
1.15 bps/Hz.

In Fig. 7, sum capacity of NOMA, OMA and the
proposed is compared with showing that our
proposed has middle value because of different
resource usage.

For the view of imperfect SIC, it is shown in Fig.
8 that sum capacity of OMA is coincident with
perfect SIC case. But NOMA and the proposed are
interfered by factor of imperfect SIC, ~. In the
graph, there are two exchange points when capacity
of OMA is better than other algorithms. Capacity of
OMA overwhelms rather than NOMA and the
proposed when the transmit SNR, p is over about
42 dB and 37 dB. From 0 to 30 dB, sum capacity

5
a5k |7 Rsnoma /,/’?
: RSOMA Q/V
- 4 |DRypnop »/_/
I »
535 va
a 7
2 3 x»
el 7
; e
£25 . &
g //
©
S 2 Pid
) P
Sisf .
= ad B =Y - - ] -
= T S S T S,
1 ' ,-:_,‘S’
P -
0.5%
0 H
0 5 10 15 20 25 30 35 40 45

Transmit SNR, p [dB]

Fig. 6. Capacity comparison for UE3 with respect to
transmit SNR, perfect SIC
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of the proposed algorithm is dominant than NOMA

in whole area.

V. Conclusion

In this paper, we have proposed dynamic

bandwidth allocation for NOMA and OMA having
two benefits (1) backward compatibility and (2)
efficient bandwidth allocation. Coexistence of OMA
and NOMA users in the same cell can help exploit
flexible bandwidth allocation because they use
separate bands. Proposed algorithm has gain from
dynamic bandwidth allocation by exploiting OMA
and full power transmission for a legacy device. Due
to reduced SIC processes, this has robustness against
imperfect SIC. Efficiency of the proposed algorithm
is derived in terms of comparisons like sum
capacity, capacity per user, capacity following
imperfect SIC. The proposed algorithm has 2 bps/Hz
capacity higher than OMA with backward
compatibility.

For the future literature, developing switching
mode for pairing cases based on target rate,
appropriate user scheduling and maximizing the
number of pairing can be extended for our proposed
algorithm.
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