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Abstract

Mobile edge computing is an emerging trend of cloud computing that enables terminal users, which have limited
computing ability, to offload their tasks to the edge servers. In this paper, we study the performance of mobile edge
computing system using non-orthogonal multiple access (NOMA) and radio frequency energy harvesting techniques.
Specifically, a user harvests energy and offloads tasks to the edge servers by using NOMA scheme over wireless
channels. The exact closed-form expression of successful computation probability is derived to evaluate the system
performance. In addition, the numerical results are also provided based on system parameters to investigate system
behaviors. The analytical results are verified by Monte-Carlo simulation.

Keywords: Mobile edge computing; NOMA,; RF energy harvesting; successful computation probability.
Tém tit

Dién toan bién di dong 1a mot xu hudng phat trién cua dién toan dam may gitip cho nguoi ding dau cudi han ché vé kha
nang tinh toan c6 thé chuyén viéc tinh toan cho cic may chii gan dau cubi. Trong bai béo nay, ching t6i nghién ciru
hiéu ning hé théng mang dién toan bién di dong s dung phuong thirc da truy cap phi truc giao (NOMA) va ky thuat
thu nang luong vo tuyén. Cu thé, may ngudi dung thu nang lugng vo tuyen va giam tai cac tac vu cho cac may chu bién
sir dung co ché NOMA qua cac kénh truyén khong day. Biéu thirc Xéac suét tinh toan thanh cong dugc tim ra dé danh gia
hiéu nang cta hé thong Ngoai ra, bai bao con cung cap cac két qua sb theo cac thong s hé thong kiém chimg cac hanh
vi ctia hé thong. Cac két qua phan tich con dugc kiém chimg théng qua mé phong Monte-Carlo.

Tir khéa: Dién toan bién di dong; NOMA; thu ning luong vo tuyén; xac sudt tinh toan thanh cong.
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1. Introduction

Mobile edge computing (MEC) has been
seen as a new paradigm of cloud computing in
the last few years, in which the function of
servers or access points moves towards the
network edges to support the intensive
computation needs of the next-generation
wireless networks. In this kind of computing
network, the edge servers serve as the
computational access points to help in
accomplishing the computation tasks of mobile
computation-constrained  devices  through
wireless links [1-6]. The mobile users can
perform computation offloading via two modes:
binary computation offloading and partial
computation offloading. In binary computation
offloading mode, the computation task which is
highly integrated or relatively simple cannot be
divided and has to be executed locally by itself
or offloaded to the MEC servers. Meanwhile, in
partial computation offloading mode, the
computation task can be divided into two parts
with one executed at the mobile device and the
other offloaded to edge servers or access points
for execution.

Meantime, due to the energy-constrained
battery of wireless devices, a number of
powering techniques have proposed and
deployed to provide the energy to users, i.e.,
solar energy, wind energy, thermal energy,
magnetic energy, and radio frequency energy.
The radio frequency energy harvesting (RF EH)
technique can prolong the lifetime of mobile
devices and maintain the coverage of wireless
networks. The prior research results have
shown that the user computation performance
can be improved by integrating RF EH
technique into MEC networks [7-12]. This
technique is expected to deploy in next-
generation networks.

Besides RF EH technique, NOMA technique
has been also recognized as an emerging

technique for future wireless networks due to
its ability to serve multiuser by using the same
time and frequency resources. It was shown
that network capacity can be improved by
employing NOMA [13-17].

Naturally, the combination of RF EH
techniqgue and NOMA technique in MEC is
considered in a few works to improve the
performance of MEC networks [18-21]. In [18],
the offloading scheme in three different modes,
namely the partial computation offloading, the
complete local computation, and the complete
offloading was proposed for a NOMA MEC
network, in which two users may partially
offload their respective tasks to a single MEC
server through uplink NOMA. The optimal
solutions for an optimization problem to
maximize  the  successful  computation
probability were obtained by jointly optimizing
the parameters of the proposed scheme. A
computation efficiency maximization
framework was proposed for wireless-powered
MEC networks based on uplink NOMA
according to both partial and binary
computation offloading modes in [19]. The
iterative algorithm and alternative optimization
algorithm were proposed to solve the
computation efficiency non-convex problem. In
[20], the authors proposed the efficient
algorithms to solve the weighted sum-energy
minimization problems under both cases with
partial and binary offloading for multi-antenna
NOMA multiuser MEC system. The work of
[21] studied NOMA MEC networks for both
uplink and downlink transmissions. The studied
results have shown that the use of NOMA can
efficiently reduce the latency and energy
consumption of MEC offloading compared to
their conventional orthogonal multiple access
(OMA) counterparts.

Different from above works, in this work we
consider the scenario that a single user harvests



D.B.Ha, T.V.Truong, T.L.Vo, D.H.Ha / Tap chi Khoa hoc va Cong nghé DPai hoc Duy Tan 02(39) (2020) 37-45 39

the energy from power station and partially
offloads its tasks to two MEC access points by
applying downlink NOMA scheme. The main
contributions of our paper are as follows.

e A novel quadra-phase protocol for mobile
edge computing system based on downlink
NOMA scheme is proposed.

e We derive the exact closed-form expression
of successful computation probability for
this considered system.

e Numerical results are provided to
investigate the impact of the network
parameters, i.e., transmit power, time
switching ratio, power allocation ratio, and
data fraction on the system performance to
verify the efficiency of deployment of
NOMA in MEC network.

The rest of this paper is organized as
follows. Section Il presents the system model.
The performance analysis of this considered
system is provided in Section Ill. The
numerical results and discussion are presented
in Section IV. Finally, we draw conclusion for
our work in Section V.

2. System model

Figure 1. System model for RF EH NOMA MEC

network
Energy . Data computing on the Downloading from
Harvesting Tﬂ.SkS ofﬂqﬂdlng selected MEC APs with MEC APs with
N with duration T, . .
To=a..Tg duration T, duration t; —0
STy (1-0)T
B B

Figure 2. Time flow chart for proposed protocol

The Fig. 1 depicts the system model for an
RF EH NOMA mobile edge computing
network, in which a single user (S), harvests the
energy from power station (P) and partially
offloads its tasks to two MEC access points
(APs), through downlink NOMA scheme. All
the nodes are assumed to have a single antenna
and operate in the half-duplex mode. We
assume that the task-input bits are bit-wise
independent and can be arbitrarily divided into
different groups [18]. Therefore, S divides its
total task into two tasks: Lai-bit task (Task 1)
and Lo-bit task (Task 2). This user may not be
able to execute its tasks locally within the
latency budget due to the limited computational

ability. Therefore, S needs the help from APs
through wireless links subject to quasi-static
Rayleigh fading. S offloads Task 1 and Task 2
to AP1 and APz, respectively. In this work, we
propose a quadra-phase protocol for this RF-
EH NOMA MEC system as shown in Fig. 2,
consisting of four phases presented as below.

(1) In the first phase (power transfer phase):
P transfers RF energy to the users with
power Pointhetime to=alp (0 <a<1:
time switching ratio; 73: block time for
each transmission).

(2) In the second phase (data offloading
phase): S wuses harvested energy to
transmit superimposed message signal
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x=.Jas, +./a,s,, (1)

to the access point pair (AP1, AP2) in the time
of t1, where s; and sz are the messages for AP1
and APz, respectively; a; and a> are the power
allocation coefficients satisfied the conditions:
0 <as <a2and a; + a2 = 1 by following the
NOMA scheme. By applying NOMA, AP1 uses
successive interference cancellation (SIC) to
detect message s> and subtracts this component
from the received signal to obtain its own
message s:.

(3) In the third phase (data computing phase):
After successful offloading, the offloaded
tasks are computed at the corresponding
MEC APs during duration 2.

(4) In the last phase (result downloading
phase): After successful computation, the
MEC APs feedback the computed results
to S within t3. Notice that z3 is assumed
very small and thus is neglected [18].

Given the RF energy harvesting stage, the
energy harvested at S during the duration of
aTs in the first phase is given by

E =nP,g,aT;, (D)

where 0 <n <1 stands for the energy conversion
efficiency of the energy receiver (which depends
on the rectification process and the energy
harvesting circuitry), Po denotes the transmit
power of power station, go is the channel power
gain of link P-S, 0 < o < 1 denotes the time
fraction dedicated for energy harvesting process,
Ts is the transmission block time.

Once the power transfer process is finished,
the user broadcasts superimposed message
signal x as (1) to the access point pair by
applying NOMA. AP: uses SIC to detect
message s2 and subtracts this component from
the received signal to obtain its own message
s1. Therefore, the instantaneous signal-to-noise
ratio (SNR) at AP1 to detect s1 is given by

P
7/331 :%:aib%gogl’ (2)

E :nPoago
l-a)T, 1-«
of additive white Gaussian noise,

where P, = , N is the average

power
_ e
l-a

g1 1s the channel power gain of link S-AP1.

. Yo :% is the average transmit SNR,

At AP, the instantaneous signal-to-
interference-plus-noise ratio (SINR) to detect sz
IS written as

S, aZF)ng

AR, T

_ a,07,9,9, (3)
aPg, +N  aby,g.9, +1

where g2 is the channel power gain of link
S-AP2.

The channel capacity of link S-AP1 and link
S-AP: are respectively expressed as

C,=(1-a)Blog, (1+73). 4)
C, =(1-a)Blog, (1+ 73, ), (5)

where B is the channel bandwidth.

The transmission latencies from S to AP:
and S to AP2 are respectively obtained by

_ L
b (1-a)Blog, (1+ 75 )’ ©
: = ¢

" (- a)Blog, (1+73%, )

The execution time z of this system is
calculated as follows.

r:max{tj+'0f—|'1,t2+pf—l'2}, (8)

where p denotes the number of required CPU
cycles for each bit, and f; stands for the CPU-
cycle frequency at the APi, i = {1, 2}.

The i.i.d. quasi-static Rayleigh channel gain
g, k = {0, 1, 2}, follows exponential
distributions with parameters Ax. Therefore, the
probability density function (PDF) and
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cumulative density function (CDF) of gx are
respectively given by

X

f,. (x) =%eﬂ*, ©)
F, (x)=1-¢ . 10)

3. Performance analysis

In order to characterize the performance of a
MEC system, we use the successful
computation probability which defined as the
probability that all tasks are successfully

executed within a given time 7 > 0, which is
expressed as [18]

Pr,=Pr(z<T). (10)

Next, in order to evaluate the performance of
this considered RF EH NOMA MEC system,
we obtain the following theorem.

Theorem 1.

Under quasi-static Rayleigh fading, the exact
closed-form expression of the successful
computation probability for this considered
MEC system is given by

0, & <(2Qz —1)

Q
where g, = 22

aby,

P :[az (2™ -1)a |by,

ke,
|

(11)

— Ll , Qz — LZ ,
(1—a)B[T—pr1] (1—a)B(T—pr2]

1 2

K. is the modified Bessel function of the second kind and v*" order [22].

Proof. See APPENDIX A.

4. Numerical results and discussion

In this section, the numerical results are
provided in terms of successful computation
probability Prs to reveal the impact of key
system parameters, i.e., transmit power, power
allocation ratio, energy harvesting time
switching ratio, the length of tasks, on the
system performance. The simulation parameters
used in this work are presented in TABLE 1.

TABLE 1. Simulation parameters

Parameters Notation Typical
Values

Environment Rayleigh
Transmit power of Po 0 30dB
power station
T|r_ne switching o 0<o<1
ratio
CPU-cycle
frequency of 4P, J 5 GHz

CPU-cycle

frequency of 4P, f2 10 GHz
The number of CPU 10
cycles for each bit

Channel bandwidth B 100 MHz
The threshold of T 0.5
latency

The number of data _
bits of Task 1 L1 | 48 Mbits
The number of data _
bits of Task 2 L2 32 Mbits
Power allocation ratio aL O<a <05
Energy  conversion . 075
efficiency

Fig. 3 depicts the curve of successful
computation probability Prs versus the average
transmit SNR yo with different power allocation
ratio a;. As we observe from this figure that Prs
increases when the transmit power increases.
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In other words, the performance of this
considered system can be improved by
increasing of the power at the station.
Meanwhile, the impact of power allocation
ratio on the system performance is different
from above. This we can see from both figures,
i.e., Fig. 3 and Fig. 4, that Prs upgrades when a;
increases from 0 to a” and Prs degrades when a;
increases from a” to 1. It is explained that when
ar increases from 0 to «”, the transmit power
allocated for AP: increases, thus the SNR to
detect s1 increases. When a; increases from a*
to 1, the interference affected the detection of sz
at APz is much more serious, thus it makes Prs
degrade. Notice that ¢* is the optimal value of
a; that makes Prs achieve the maximum value.
Furthermore, the Fig. 4 also shows that a; must

a‘2
2% —

satisfy the condition: a, <

Prs =0.

T otherwise

Pr

Analysis

© Sim.a, =01
# Sim.a, =0.25
Sim.a, =04

1] 5 10 15 20 25 30
7, (dB)

Figure 3. Prs versus the average transmit SNR
with different power allocation ratio
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Figure 4. Prs versus the power allocation ratio
with different time switching ratio

The impact of energy harvesting time
switching ratio a on the system performance is
depicted in Fig. 4 and Fig. 5. As we see from
these figures that Prs upgrades when « increases
from 0 to a" and Prs degrades when « changes
from «* to 1. It is explained that when o
increases from 0 to o, the user hartvests more
energy to transmit the signals, thus the SNRs to
detect s1 and sz increases. However, when o
increases from «” to 1, the time for offloading
and computation is less, thus it makes Prs
degrade. Notice that there exists an optimal
value of a (a") that makes Prs achieve the
maximum value.

In order to study the impact of the length of
tasks on the performance, we let £=75 where
¢ denotes the data allocation, L=L +L, is a
fixed number of bits of task. Fig. 5 and Fig. 6
plot the curves of Prs versus the data fraction.
From these figures we can see that the data
fraction impacts on the system performance. In
other words, there exists an optimal value of ¢
(¢") that makes Prs achieve the maximum value.
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10%F

Analysis
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o

Figure 5. Prs versus the time switching ratio
with different data fraction
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Figure 6. Prs versus the data fraction with different
average transmit SNR

Finally, we can observe from above figures
that the analytical successful computation
probability is in good agreement with the
simulation one, which verifies the derived

APPENDIX A: PROOF OF THEOREM 1
Pr,=Pr(r<T)= Pr(max{t1 L

U+
f, 7

1:2

pL

_z}a]

analytical expression of successful computation
probability.

5. Conclusion

In this paper, we have analyzed the
performance of a radio frequency energy
harvesting NOMA MEC network by deriving
the exact closed-form expression for successful
computation  probability. By using this
expression, we have investigated the impact of
system parameters on the system performance.
The numerical results have shown that the
system performance can be improved by
increasing the transmit power of power station
or by selecting an optimal value set of time
switching ratio, power allocation ratio, and data
fraction. The optimization problem will be
solved in our future works.

e+ Pt 2R <T]
fl f2
=Pr L _rL L, pL,
(-a)Blog,(1+75%)  h (@-Blog,(1+7%) T
=Pr| log, (1+ 73 ) > L Jog, (1+75%, )> L -
(1—0!)5(1-—'0} (1—0()B(T—’0 2}
f, f,
(i)Pr[aiby 9.9 S 92% 1 a,07,9,9, S 2% _]}
R aby,9,9, +1
2% -1
=Pr la, —(2% -1)a, |b 2% 1
Bttt ot
0, %<(2%-1)
3 (12)
= 291 _ Q, _1 a
Prl g, > g , —2>(2% -1
' a,by,9, i [az_(zgz_l)%]b%go & ( )
|
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(O} _
Denote Q, = L : Q, = L, — B :ZTl’
(1—a)B(T—'DL1J (l—a)B[T—p 2] 8,07,
f, f,
2% 1
B, = S ,we calculate 7 as follows.
&, (2% ~1)a, Joy,

I =Pr(gl >§,g2 >&]

0 0

- 1{1_ F, (%ﬂ [1— F, (%ﬂfg (x)dx

17,0,
Ao

(13)

s HL&J& 2 Héi} |
W\A 4 WlAh A

Substituting (13) into (12), we obtain (11). This concludes our proof.
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