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ABSTRACT With the developing of the smart mobile terminal and wideband application in the mobile
Internet, the requirement of large capacity, low latency, and high scalability in the future network is becoming
more and more stringent. Edge computing is attracting great attention to decrease time delay and improve
the quality of networks’ service. By integrating fog computing with the radio access network (RAN) and
taking full advantage of the edge computing, fog RAN (F-RAN) is expected as a promising example for
5G/6G systems. The idea of NOMA is to distinguish users whose information is multiplexed into the same
orthogonal resource by different power factors, and successive interference cancellation (SIC) is used to
detect information at the fog access nodes. In this paper, we focus on dynamic power allocation of wireless
sub-channel in NOMA and extend it to F-RAN. A three-user multiplexing model of a NOMA multiuser
system model is developed at the transmitting side and the corresponding SIC receiver is designed. Moreover,
a group of dynamic power adjusting factors is defined according to users’ channel conditions, and an
improved fractional transmit power allocation (I-FTPA) algorithm is proposed for NOMA and applied to the
three-user model. The experimental results demonstrate that the I-FTPA performs better than the previous
FPA and FTPA, more meaningful is that more than one wireless channel power allocation schemes can be
found performing better than OFDMA under the same conditions for F-RAN by using the I-FTPA, which

provides some significance for deploying NOMA into F-RAN in the future application.

INDEX TERMS Edge computing, F-RAN, NOMA, dynamic power allocation, [-FTPA.

I. INTRODUCTION

In the past few decades of development, explosive growth
of wireless communication data has promoted development
on the following generation of mobile communication net-
works (5G). In the future 5G, the three application scenarios:
enhanced mobile broadband (eMBB), massive-type commu-
nication (mMTC) and ultra-reliable low-latency communi-
cations (URLLC) require the future network to be seamless,
stable, low latency and high scalability. These characteristics
have promoted the research on novel wireless network archi-
tecture and multiple access technology.

The associate editor coordinating the review of this manuscript and
approving it for publication was Zhiguo Ding.

A fog computing based on Cloud Radio Access Network
(F-RAN) architecture is proposed as a promising access net-
work architecture for the fifth generation of mobile commu-
nication to reduce the heavy burden on the capacity-limited
front-haul. In [1], the concept of F-RAN is proposed to
improve spectral efficiency and energy efficiency of wire-
less networks by Cisco. In F-RAN, the complicated appli-
cation demanding intensive computation and high energy
consumption attend to computing in cloud center, the appli-
cation which is sensitive to latency prefer to computing in
fog part, providing users with distributed signal processing
and computing, which can reduce the signaling overhead in
handover process [2]. In other words, a large scale of signal
processing is processed in a distributed manner, rather than
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being concentrated in building baseband unit (BBU) pool,
data is stored in the fog access node (F-AP), UE in F-RAN.
The feature of F-RAN is the ability to maximize the usage of
network edge devices and reduce latency.

However, the large amount of data of applications would
be delivered from the users to the fog access nodes (F-AP))
or cloud center through wireless links, demanding the need
for enormous communication bandwidth, which is limited
and expensive resource. To improve the efficiency and reduce
the latency, NOMA is verified as a promising multiple access
mechanism for future RAN to meet the demands for low
latency, massive connectivity, and high throughput [3]. The
idea of NOMA is to superpose users’ information into the
same time, frequency and code domain with different power
level, and SIC can be applied at the fog access node (F-AP)
for separating different users’ signals.

A common fact is that the fog access nodes (F-AP) usually
do not have enough storage capacity and computing resources
and may not meet large-scale users’ services, therefore, the
implementation scheme of NOMA will have great impact
on F-RAN. There are lots of researches about NOMA and
F-RAN. [4] Zhang et al. [4] propose the fog radio access
networks based on NOMA and corresponding resource man-
agement mechanisms to reduce delay and improve quality of
service (QoS) for networks. Chunlin et al. [5] innovatively
advocate a design scheme for the transmitter and receiver
of NOMA system. The proposed scheme can reach a good
performance as codeword-level SIC (CWIC) does even when
power ratio is approximate between cell center user and edge
user, but with low complexity. In [6], an iterative multiuser
detection and decoding (MUDD) method are proposed to
optimize receiver performance, which brings about 4.6dB
(QPSK) and 9.8dB (16QAM) performance gain at block error
rate (BLER) compared to the traditional multiuser detection.
Reference [7] presents the influence of error vector magni-
tude (EVM) to different SIC in downlink NOMA receivers’
accuracy. When EVM is NOMA is 4% and power allocated to
cell center user ranges from 0.2 to 0.37, simulations show that
its performance is almost the same as OFDMA.. In [8], perfor-
mance and design of NOMA-SIC receiver based on 2*2 SU-
MIMO are studied. To reduce inference of both inter-user and
inter-stream at receiver, it introduces different weight gener-
ation schemes according to the combination of transmission
ranks between UEs, and compares BLERs of various SIC
receivers under different transmit powers, rank combinations,
modulation and coding schemes (MCS). Benjebbour et al. [9]
propose the error propagation model of SIC receiver design in
NOMA and a worst case model is considered and researched.
The experimental results show that under wide-band/sub-
band scheduling and low/high mobility scenarios, NOMA
can still receive its expected gains regardless of error prop-
agation.

Although a lot of related works have integrated F-RAN
with NOMA techniques and many resource allocation
scheme are developed efficiently, almost all researches on
wireless channel power allocation are fixed power allocation
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FIGURE 1. Structure of NOMA-Based F-RAN.

under specific channel conditions, which can not effectively
adapt to the changes of channel conditions in practice.
Inspired by this, this paper proposes a dynamic channel
resource allocation scheme to adapt to changes of channel
conditions and extend to F-RAN: I-FTPA, whose perfor-
mance is researched and compared with traditional OFDMA,
NOMA-FPA and NOMA-FTPA.

The rest of paper is organized as follows. Section II
describes system model. Different power allocation algo-
rithms are introduced and I-FTPA is proposed in section III.
In section IV, the mentioned power allocation algorithms are
simulated and corresponding results are analyzed. Finally,
section V concludes the paper.

Il. SYSTEM MODEL
A. FOG RADIO ACCESS NETWORK BASED ON NOMA
Fig. 1 shows the structure of F-RAN Based on NOMA. In this
structure, the part of computing, storage, control and man-
agement are integrated into the macro remote heads (MRRH)
and fog access nodes (F-AP) at the edge of the network. BBU
pool provides the centralized storage and communication.
The MRRH is connected to the BBU through the backhaul
link, and the fog access nodes are connected to the BBU
through the fronthaul link. Each user equipment (UE) with
different allocated power using NOMA is connected to the
F-AP. And the detailed structure of NOMA multiuser is
shown in Fig. 2, where UE-1 is a central user, UE-2 is an
intermediate user and UE-3 is an edge user. The transmitted
signal of UE-i (i = 1, 2, 3) is x;, and signal power allocated to
each user is P;. According to the power allocation principle in
NOMA [12], since UE-3 has the lowest SINR, it is assigned
a larger power, UE-2’s SINR is moderate among three users,
a moderate power is assigned, and for UE-1, as it has a better
SINR, a minimum power is allocated.

The transmitted signal superposed in power domain can be
expressed as:

X = /P1d(x1) + V/P2d(x2) + /P3d(x3) (1)
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FIGURE 2. Structure of NOMA multiuser system.

where d(x1), d(x2) and d(x3) represent the modulation and
channel coding for original UEs’ signals. The sum power of 3
users follows the constraint as:

P=P +P,+P3 (2)

in which P = 1. The received signal of UE-i is:
Vi = hi (VPid () + VP2d () +V/P3d (59)) + 0 (3)

where h; is complex channel coefficient between UE-i and
base station (BS), as for w;, additive white Gaussian noise.
The power-spectral density of w; denotes Np ;.

From the above, process of multiplexing 3 users informa-
tion into one resource block in NOMA is presented. To detect
them and separate their own information, we design a 3-users
code-word level SIC receiver in the following section.

B. SIC RECEIVER

For SIC receiver, it first sorts each user according to chan-
nel gain, i.e. IhiIZ/No,l-, in descending order. In 3-users
NOMA, the channel gain satisfies the following condition:
|hil* /No,i < |hj|2/N0,j < |hg|* /No k. At UE-i side, signal
of UE-i is directly demodulated and decoded while regarding
UE-j and UE-k as an interference; at UE-j side, the UE-i
signal is first detected and removed from the received signal
by SIC to detect UE-j signal; as for UE-k, signals of UE-i and
UE-j are first detected and then removed by SIC, then what
is left is signal of UE-k.

Fig. 3 shows structure of symbol level SIC (SLIC) and
code-word level SIC (CWIC). The main difference is that
CWIC includes the process of demodulation and channel
decoding, while SLIC does not, which indicates that CWIC
may decrease the error propagation at the cost of complexity.
In our work, CWIC receiver is adopted for better performance
of the system. Fig. 4 demonstrates CWIC receiver of 3 users.

In Fig. 4, UE-3 is an edge user. It has the largest allocated
power than other two users, which can make sure that this
user can directly detect its information by treating others’ as
noise in the process of detecting and receiving signal of itself.
The final signal can be expressed as:

b= | 75 @
3= —F=

P
where |.] represents demodulation and channel decoding
process. At UE-2 received end, after removing UE-3’s signal
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from received signal by SIC, UE-2’s signal is:

R Y, — x/P_3<)A(3>
X, = — S

(.) represents the modulation and channel coding process.
At UE-1 receiver, the interference of UE-3 and UE-2’s signals
are eliminated by SIC. Finally, UE-1’s signal is represented
as:

R Y — x/FTz(?AQ) - «/FT3(>A(3)

X = (6

Py
according to [9], SINR of UE-i after SIC is illustrated as:
. |i|*P;
SINR(UE — i) = 5 )
« X X |hi1“P; + No.i)
2 h:
<
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then SINRs of 3-users NOMA system are shown as follow:

|h3|>P3
SINR(UE —3) = — 5 ®)
|13]°P1 + |h3|“P2 + No 3
|h2| 2P,
SINRUE —2) = ——"—— ©
|ha|“P1 + No .2
|h1]2P,
SINR(UE — 1) = (10)
No,1

IIl. POWER ALLOCATION ALGORITHMS

From (4), (5), (6), (7), (8), (9) and (10), we find that power
allocated to different UE influences restoration of signals,
SINRs and final accuracy of signal detection at received ends
of NOMA. In order to adapt to changes in channel conditions
for NOMA application, we explore different power allocation
schemes, moreover, propose an I-FTPA scheme.

A. FPA

For fixed power allocation (FPA), each user power is assigned
a different fixed power by its channel gain, that is, user of
poor channel gain, a larger power is assigned (e.g. 0.6 P),
for users with a good channel gain, a large power is assigned
(e.g. 0.3P), and user of better channel gain is assigned a small
power (e.g. 0.1 P). FPA is the simplest algorithm, which can
reduce the signaling overhead between BS and UE signifi-
cantly, but it is too rough. The big problem of FPA is that it
does not have a specific power allocation formula to calculate
how much power should be allocated to different user based
on its’ channel gain, which means the simple criterion that it
use can not determine whether this power matches current
channel condition or not. Further, it also cannot perform
power allocation according to channel fluctuation.

B. I-FTPA

Aimed at solving the above problem in FPA, based on frac-
tional transmitted power allocation (FTPA) scheme studied
in [9], we propose an Improved Fractional Transmit Power
Allocation (I-FTPA) algorithm. Compared to FTPA, which
has only a single decay factor for power adjustment, I-FTPA
has different varying decay factor to adjust each user’s chan-
nel gain, Which provides convenient to adjust transmitted
power according to channel changes automatically. The value
of varying decay factor is between 0 and 1. In I-FTPA, power
allocated to each UE-i is defined by (11):

P

(M) oot (WP )

*<|hz’|2 )_ﬁi icU, (1
Noi) > s

In which different B; can adjust the channel gain of dif-
ferent users, this enables the final assigned power of each
user to change accordingly with channel gains. And Uy rep-
resents users’ set and allocated power for each user follows
that > " P; =1,i € Us,.

Pi=
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FIGURE 7. Allocated power for UE-3 using I-FTPA,
By =0.6, 8, =0.3, f5 =0.1.

We use (11) to calculate each user’s allocated power, and
the varying decay factor of UE-1, UE-2 and UE-3 in [-FTPA
is: 0.6, 0.3 and 0.1 respectively. Fig 5, Fig 6 and Fig 7 show
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TABLE 1. Power factors for uses when using FTPA.

Information Channel
(.

Single Decay Factor 0.2 0.4 0.6 0.8

Allocated
power of UE-1

I

bits Modulation

I

encoding

Py
P>

0.2748 | 0.2227 | 0.1778 | 0.1400

0.1090

0.3459 | 0.3530 | 0.3547 | 0.3517

0.3447

Information Channel

Ps 0.3793 | 0.4243 | 0.4676

0.5083 | 0.5463

Allocated
UE-2

1

bits Modulation

encoding

TABLE 2. Power factors for uses when using I-FTPA.

power of UE-2|

Information
. (>
bits

Channel
encoding

UB-3 Allocated

power of UE-3|

!

Modulation

IEEE Access

Varying Decay Factor

OFDM

SNR(dB)

B1=0.6,82=0.3,83 =0.1
20 40

30 50

Modulation
Information

Py 0.0668 | 0.0247 | 0.0086 | 0.0029 | 0.0009

bits

—

Ps 0.2657

0.1958 | 0.1356 | 0.0906

0.0593

Ps 0.6675 0.8558

0.7795 0.9065 | 0.9389

UE-2 Information Code-word OFDM

TABLE 3. Simulation parameters.

bits level SIC

]

Demodulation

UE-3 Information

Radio Access Scheme
Modulation

Antenna Configuration
Channel Coding/Decoding
Channel Model

Channel Estimation

FFT Timing Detection
Number of Subcarriers
OFDM Cyclic Prefix
Receiver
Number of Multiplexed UEs
NOMA Users Power Allocation Schemes

OFDM
NOMA:QPSK OFDM:64PSK
BS:1Tx UE:1Rx
Turbo
AWGN
Ideal
Ideal
64
16
Ideal Code-word Level SIC
1 (OFDMA),3 (NOMA)
FPA,FTPA,I-FTPA

bits

FIGURE 8. System simulation block diagram.
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the power varying of each user as SNR change. The power
allocated for each user still follows the principle that their sum
is 1, and user with better channel conditions is allocated small
power, and user with poor channel conditions is allocated
large power. As for FTPA, when the single decay factor is
fixed, the power assigned to each user remains unchanged
for each user, regardless of how the SNR changes. Table 1
and Table 2 shows the different power allocation schemes
for each user when single decay factor varies in FTPA and
varying decay factors varies in I-FTPA, respectively. From it,
we can learn that power for each user only change when single
decay factor alters in FTPA. From the comparison of these
two algorithms, we can see that I-FTPA may have more power

allocation schemes with a group of decay factors according to
the demanding of channel varying than FTPA.

IV. SIMULATION EVALUATIONS

In this section, we evaluate the performance of the proposed
I-FTPA, we implement the system simulation by comparing
BER performance according to the parameters as shown
in Table 3 and simulation block diagram as shown in Fig. 8.
First, we compare BER performance of NOMA and OFDMA
under same transmitted bits, i.e. each user in NOMA adopts

QPSK modulation, respectively, while OFDMA user is mod-

ulated by 64PSK. Moreover the BER performance between
FPA and I-FTPA is compared and analyzed.

In Figs. 9 and 10, we compare NOMA-QPSK with
OFDMA-64PSK when adapting I-FTPA under different
power allocation schemes. In Fig. 9 (81 = 0.6, 8, = 0.35,
B3 = 0.05), when energy per bit to noise power spectral
density ratio (Eb/NO) is almost 20dB, bit error rates (BERs) of
NOMA UE-1, NOMA UE-2 and NOMA UE-3 are 1073076,
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1072167 and 1079483, respectively, compared to 1070320 of
OFDMA UE. In Fig. 10 (81 = 0.7, B2 = 0.25, B3 = 0.05),
when Eb/NO is almost 20dB with another group of decay
factors, BERs of NOMA UE-1, NOMA UE-2 and NOMA

UE-3 are 1073-521 1073-073 34 100330, separately, with the
comparison of 1079320 of OFDMA UE.
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FIGURE 11. BER performance of NOMA FPA VS NOMA improved FTPA.

From the above two simulation results, it can be found
that all of NOMA UEs gradually outperform OFDMA UE
as Eb/NO increases. In both two power allocation situations,
when Eb/NO exceeds about 15dB, BERs of NOMA UE-1 and
UE-2 are almost lower than OFDMA UE, and for NOMA
UE-3, it outperforms OFDMA UE when Eb/NO nearly sur-
passes 20dB, all three users performs much better than that
of OFDMA.

It can also be seen that different varying decay factors
of I-FTPA have unequal influence in NOMA. In Fig. 9,
NOMA UE-3 outperforms UE-3 of Fig. 10, whereas BER
performances of NOMA UE-1 and UE-2 are worse than those
in Fig. 10. This result means that we can utilize different
power distribution schemes according to practical application
scenarios. From another perspective, we can find more better
schemes than OFDMA by using I-FTPA in application sce-
narios.

Fig. 11 shows BER performance of NOMA FPA
VS NOMA I-FTPA. In FPA, power factors assigned to
3 NOMA users are: Py = 0.05,P, = 0.15,P3 = 0.8,
respectively, and in I-FTPA, varying decay factor of each
user is B1 = 0.6, 8o = 0.35, 3 = 0.05, separately. When
Eb/NO reaches nearly 20dB, BERs of UE-3 using FPA and
I-FTPA are 1070395, 10~1-173; BERs of UE-2 with FPA and
I-FTPA can be expressed as 1070311 10=3-011; BERs of
UE-1 in FPA and I-FTPA are 10750, 1073269 1t can also
be seen that as Eb/NO increases, BER performance of NOMA
I-FTPA totally outperforms that of NOMA FPA.

In Fig.12, BER performance of NOMA FTPA VS NOMA
I-FTPA is illustrated. The single decay factor is 0.9 in FTPA.
And in I-FTPA, the varying decay factor of each user is
the same as Fig.7 (81 = 0.6,8, = 0.35,8; = 0.05).
When Eb/NO reaches nearly 20dB, BERs of UE-3 with
FTPA and I-FTPA are 1079387, 10=1'73; BERs of UE-2
can be expressed as 1071923 apnd 10730 Ag for UE-1,
the curve of I-FTPA is approximately coincident with that
of FTPA. The above results illustrate that overall system
performance of NOMA I-FTPA is still relatively better than
that of NOMA-FTPA.
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As seem from the above, we can find more than one power
allocation schemes of NOMA outperforming OFDMA under
the same circumstances through I-FTPA. Different varying
decay factors of I-FTPA also have different influence on
3 users’ final detection accuracy, which can be changed
to meet the need of each user under different applications.
Also, I-FTPA performs better than that of FPA and FTPA in
NOMA.

V. SUMMARY

In this paper, we extend NOMA to F-RAN and present a
model with 3 users multiplexed at transmitter, and corre-
sponding receiver design. To further improve adaptability to
channel conditions, we then proposes a dynamical resource
allocation scheme for NOMA: I-FTPA. It is constructed by
defining multiple varying decay factors. Simulation results
demonstrate the effectiveness of several resource allocation
schemes. By comparison, I-FTPA is better than the previous
FPA and FTPA, a meaningful discovery is that more than
one wireless channel power allocation schemes can be found
performing better than OFDMA under same conditions for
F-RAN by using I-FTPA, which provide some theory basis
for integrating NOMA with F-RAN in the future application.
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