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Abstract: For non-orthogonal multiple access (NOMA) assisted mobile edge computing (MEC) system, intelligent reflecting surface(IRS)
is added to the system model, where power, phase shift and time allocation are jointly optimized to decrease the energy consumption of
computational offloading. Closed-form expression of the optimal power and time allocation solution is obtained, and optimal phase shift is
obtained. Then we can use it to determine whether orthogonal multiple access (OMA), pure NOMA or hybrid NOMA should be used
conditions for MEC uninstallation. The simulation results show that the proposed optimization scheme can save the energy consumption of
MEC offloading. Compared with the OMA effect, the performance is also improved.
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1. Introduction

With the advent of the Internet of Everything era, the
explosive growth of the number of mobile users and devices
will lead to a sharp increase in data to be processed. However,
because of devices’ limited computing power, they cannot
well support resource-intensive applications. To solve this
problem, powerful computing nodes are arranged at the
network edge, and big data generation and storage are
migrated to the network edge nodes. Encouraged by these
trends, many studies have proposed combining NOMA and
MEC to improve the performance of MEC systems. To
guarantee outstanding network operation, MEC is
standardized by the European Telecommunications Standards
Institute (ETSI) industry specification group. Compared with
traditional cloud computing, MEC pushes cloud computing
functions from the core network to edge nodes in the wireless
access network to reduce propagation delay. In addition, the
typical MEC is to computing triage from the user's point of
view. Mobile user equipment benefits from the powerful
computing capabilities of the MEC server, which can
expedite task calculations and optimize energy consumption.
As an important technology for architecture optimization,
MEC can also be regarded as a key research direction for the
development of 5G networks and the Internet of Things.
Because the MEC calculation of the offloading link is far
from perfect, its potential has not yet been fully utilized. For
example, devices located at the edge of a cell usually have a
low offload success rate. At this time, compared with local
computing, their computing offloading may require more
waiting time and energy. Therefore, the compulsory
maintenance of these devices depends on their own
computing resources, but this often fails to support

resource-intensive applications. From the communications
point of view, it must be improved to offload performance of
the MEC system.

Power domain NOMA is a common solution today. In this
solution, continuous interference (SIC) technology is applied
to the receiver, and users with large channel gains can use it to
eliminate interference from users with small channel gains.
Compared with OMA, multiple users can transmit signals at
the same time with lower interference. Because of the high
spectrum efficiency, compared OMA, NOMA's resource
optimization can obtain better performance in the case of
overall system rate and energy efficiency. Because the
performance of NOMA is better than that of OMA, in order to
transmit signals with lower interference, NOMA uplink and
downlink can be used in MEC network to bear more users.
Although NOMA-MEC has many advantages, there are still
some challenges consisting of resource allocation, reliability,
security and privacy.

MEC with NOMA in [1, 2] has been considered as significant
technologies in wireless networks. The complex optimization
framework in [3, 4] shows that not only can applying NOMA
to MEC avoid serious delays, but also reduce consumption of
energy. The analysis consequent in [5] was confirmed that
there are some advantages of NOMA-MEC offloading by
using fixed bandwidth allocation. In the latest work [6, 7], the
application of IRS on the MEC system is deemed as one of
the feasible solutions that can make MEC in the offloading
phase beneficial. The calculation delay and energy
consumption are regarded as the performance indicators for
evaluating the IRS-assisted MEC system in [6, 7]. These
methods only use the advantages of IRS to reduce the

Volume 10 Issue 12, December 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR211214135044

DOI: 10.21275/SR211214135044 812


mailto:gavinxie@hnist.edu.cn
mailto:xuruiren@foxmail.com

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2020): 7.803

calculation delay of the MEC system and improve energy
efficiency. In literature [8], in order to optimize the system
energy consumption in NOMA-MEC, the offloading task and
offloading success rate level of each user and the SIC
decoding sequence are optimized. In addition, in literature [9],
we maximize energy consumption by optimizing the
transmission power. In order to explore the advantages of IRS
in wireless communication, people have done a lot of
research on its ergodic capacity analysis [10], channel
estimation [11], actual reflection phase shift modeling [12],
and phase shift design. On the premise of maintaining the
target received signal-to-noise ratio [13], a joint design
scheme based on IRS phase shift and AP precoding is
proposed to minimize the transmission power based on the
complex technology of semi-definite relaxation and alternate
optimization. These studies were subsequently extended to
discrete phase shift settings [14]. These impressive studies
have inspired the discovery of the role of IRS in the MEC
system.

In addition, the total computational data is considered as an
important performance indicator for assessing the overall
calculating power of the MEC system. Although the existing
MEC system in [8, 9] utilizes the total number of calculations
or maximizes the computational efficiency, these works have
not yet studied the performance of IRS to the MEC system.
Therefore, there are not many research in the application of
IRS in improving computational shunting. Few documents
have considered the energy consumption optimization
problem in the IRS-assisted NOMA-MEC system, which
encouraged motivated the work of this paper.

In order to gain a deep understanding of NOMA-MEC, this
article focuses on two basic planned user cases to research the
effect of IRS aided NOMA-MEC offloading. The actual
studies in [3-5] only considered two mobile offloading
tractrices, namely pure NOMA OMA and OMA (i.e.,
providing services for users at the same time without giving
users extra time). This paper proposes another scheme called
hybrid NOMA, where a user first transfers part of the task by
using a time slot distributed to other user, then transfers the
remaining tasks in its own exclusive time slot. This paper
studies the performance of these three strategies, and obtains
a closed-form expression of the phase shift optimization
scheme, the optimal time and power allocation solution
through the application of geometric programming (GP). Not
only can these closed-form solutions show significant
features of NOMA-MEC offloading promote low-complexity
resource allocation, but also reduce complexity resource
allocation. For example, when the user has a high demand for
task offloading delay, hybrid NOMA-MEC is certified to be
better than OMA-MEC by using the obtained closed-form
solution. However, if the user's task has a delay tolerance,
OMA-MEC is preferred. It is worth noting that in both cases,
the pure NOMA schedule is not the first choice.

2. System Model

This article considers the IRS-assisted MEC system shown in
Figure 1. The model consists of k users (1,L , K ), an IRS and

a base station equipped with an MEC server. The IRS is
deployed to assist in the deployment of computing tasks from
K users to MEC base stations. The IRS has R reflective
sub-surfaces, and each sub-surface contains M elements.

[0) @diag(eiwl,L ,ej”R)eﬁ R<R represents the IRS diagonal

reflection matrix, where, for simplicity, the reflection

amplitude of each sub-surface is set to 1, and, , »

re {1,K ,R} represents the phase shift of the sub-surface R.

The article considers an IRS-MEC offloading scheme, where
K users those have different quality of service requirements
need to communicate with an access point equipped with a
MEC server through a direct link and an IRS reflection link.
Due to its limited computing power, it is assumed that the
user chooses to offload its computationally intensive,
delay-critical, indivisible tasks to the server.

0
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Figure 1: System Model

User k

The task data transmitted by each user is denoted as N, , and
the calculation delay of the transmission task is denoted as

D..(k=1,..,K) .Because of generality, we suppose that

N, =N,(k=1..,K), and sort users according to their

calculation delay (i.e. D, <L < D,). Itis supposed that only
two users the are managed by MEC server, namely user a and
user b, a<b, to perform services on the same resource
block in order to low system complexity. It is worth noting
that which manages two users to perform NOMA is
consistent with implementing NOMA in LTE-A. OMA-MEC
is also first explained to better explain the benefits of NOMA.
When the user uninstalls, the signal received by MEC is
expressed as

y = (ha + gI,dOha,r )\/Exa

@
+(h, +97 40N, )/Px, +n
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where 0 @diag (ej"’l L el ) e £ RR representsthe

reflection-coefficient matrix of the IRS , then

e =[O0 Qo L gR)d]T ., iefab} represents the
single-antenna fading channel between the rth reflective

surface of the IRS and the MEC.h,, =[h, h, L hJ

i {a,b} represents the fading channel between the rth

reflective surface of the IRS and the single-antenna user,

h.i e{a,b} represents the direct link from user i to the MEC.

Then h;, h,, and g, are Rayleigh distributed random

variables and are independent of each other.

If OMA is used, each user will be distributed a dedicated time
slot for offloading. Because the delay of user a is shorter than
the delay required by user b, user a is provided services first.
Therefore, when the noise is 1, the user transmits power

denoted by P and P°™* needs to meet
D, In(L+ PP H,[) =N )
(Db—Da)In(1+PbOMA|Hb|2):N 3)

where H, =h +g; ,0h, , represents the channel gain of user

i, ie {a,b} )
Two users can offload their tasks to the server at the same
time D, by using the principle of NOMA. It is important to

note that if user a is decoded in the second phase of SIC and
the data rate constraint of use bis

Pb,l|Hb|2

R <In|1+-2tl 0l 4
° [ |Ha|2+1] @

where B, , represents the power which is used by user b during

D, .When decoding is performed in the next step, its

performance is the same as that of OMA.

It was pointed out in [5] that if the user completely depends
on D,, compared in OMA, then user b was required to deplete

more energy in NOMA. Therefore, we study hybrid NOMA,

i.e., user b and user a share D, , and then after D, ,
continuously send another time interval represented by T, .

P,, represents the power used by user b during T, . The

experience of user a is the same as that of OMA, so this article
only focuses on the performance of the user b.

3. IRS-assisted MEC offloading

The IRS-MEC offloading energy consumption minimization
problem can be expressed as:

@mi,j?sz D,R.+T,R, (52)
R, [H,[
st. D, In 1+Lb|Z
P H, | +1 (5b)

#TyIn(1+ R, [H,[ ) 2 N
0<T,<D,-D,  (5¢)

R, >0,Vie{L2) (5d)

(5a) represents the user b's MEC offloading energy
consumption, (5b) represents the rate constraint to ensure that
the data N of user b is offloaded within D, +T,, and (5c)
represents the delay constraint, namely D, +T, <D, . It is
worth noticing that for the case D, =D, , the benefits of
using NOMA are evident, in which the power in NOMA is
limited, while the power needed for the OMA case becomes
unlimited.

Firstly, in order to avoid trivial situations with OMA solutions,
this article will focus on the scenarios (D, < 2D, ).Specially,

by applying geometric programming, we first acquire the
optimal solution of B,  and R, , as a function of T, and then

see the optimal solution of T, . The scene D, > 2D, will also

be studied at the end of this essay.

A. Power optimization program

The fixed phase shift is a constant |H,|. Next, in order to

make the geometric planning applicable, the objective
function and constraints need to be converted as follows. By

using D, In(1+ PaOMA|Hb|Z)= N, the constraint (5b) can be

written as follows:
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In[1+e %R, [H,[ j ©

X(14 B [Hy [ )

Define x, =1+e™™R, |H,|", x, =1+P,,|H,|*, the question

(1) became the following equivalent form:

N

min D™ (% ~1)|H,|* +T, (x, ~1)|H,[* (7a)
st. eMx Pt <1 (7b)
0<T,<D,-D, (70)

X 21,Vie{l2) (7d)

Because|Hb| , D,, Nare all constants, the above problem(7a)
can be abbreviated as

min D,e™ x1|H| +T, (%, ~1)|H,|* (8)

Th Pal Pb2
Define y, =Inx,i =1,2. The problem can be converted to
the following form by using fixed T,

Ny
o [+, (€% ~1)|H, [

minD,e (92)
Y. Y2
st NPyl <1 (9b)
y, 20,Vie{1,2} (9¢)
The function of the above problem is
L(YirYar i A 4s)
L
=D,e%  [H,[* +T, (e ~1)|H,|’ (10)
_j'lyl_ﬂ‘ZyZ +A@(N _lea _szb)
So, the KKT condition at this time is
l*')/1
D,e> |H,|"-4-4D, =0
T [Hy[ =2, - 4T, =0
N-yD, -y, T, <0
yl a y2 b (11)
;{3(N _lea _szb):O
y; 20,Vie{1,2}
Ay =0,vie{l2}
4 20,Vie{1,2,3}
And because D, <2D,,T,<D,-D,<D, , yi* satisfies

y; >0, this means that the solution in (14) is viable. By

using the power allocation solution in (10), the optimal

solution of B ; and R, , in the problem (1) can be denoted as

the closed-form functions

N[ N(D,-Ty)
P, = |Hb|72 gl [ gP(Ph) _g (12)
N(D T) N
R _|Hb| D) B g 13)

|Hb| is the larger, the smaller the allocated power, the energy

consumption will also be reduced.
Proof: Appendix A.

B. Phase shift optimization

First, optimize the IRS phase shift for different unloading
periods. In order to ensure the throughput and fairness of the
entire system, in the NOMA system, users with good
channel conditions have less power allocation at the
transmitting end than users with poor channel conditions.
For the process of offloading tasks for different users, the
better the channel conditions, the lower the energy
consumption, so the problem (5) can be solved by solving

the following problems:

2
max |hb +9!,0h, .
3 29N,

jexp( i) =1 (14)
a, €[0,27],vk e[L,N]

We can modify the objective function of the above formula

to get

|hb +9740h,,

=|h, +0,b,| (15)

where b, =diag (g, )1, ) 6, :[gk,lv"'iek,N]:

[exp(jakvl),...,exp(jak,N)], |0k,b|:1.Next, the upper limit
of the above formula can be derived as

|h, +6,b, | s|hb|+z

=+ 2

n]| by

k.,n

using the triangle inequality, where b, [n] is the nth element

ofb, , forne[LN],|6,,

=1. We can get the upper limit

through

a'k,n :arg(hb)_arg(bk [n]) (16)

where arg(*) represents the phase operator. Therefore, the
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best phase shift vector §; can be achieved from equation (19),
and then the best phase shift matrix ®, can be achieved.

Through some mathematical operations, |hb +0; 40h, * can

be written as

2

=l
|hb|cos[arg(hb )-arg(g; ,Oh, )J

|hb +0;,40h,,

g:,d(')hb,r

17
+2

g:,d(')hb,r

By formula (20), if|hb +egd®hb‘r|zget the maximum value,

cos[arg(hb)—arg (974@h,, )J =1.This shows that the phases

of the direct link and the cascaded link between the nth

device and the AP are the same, ie.,

arg(hb)zarg(g;d@)hb,r).Therefore, the optimal phase shift

matrix aligns the cascade link between the K devices and the
AP with the direct link through the IRS.It can be expressed

as, 0;40h, = &h ,vke[LK], where & is a positive

scalar coefficient.

By using the above, the following description is needed to
quantify the signal intensity of the information reflection
during the unloading phase.

Compared with devices without IRS, deploying IRS can
increase the received signal power of the nth device at most

(1+§b)2 during the offloading phase of the nth device.

Besides, the signal strength & of the nth device is
proportional to the quantities of reflective elements of the
IRS. Therefore, significant improvements can be made in the
offloading stage by increasing the number of reflective
elements. So, we can get

I, +g7,0h,, [ <(1+&) [ @8)

C. Time delay optimization scheme

By replacing the optimal solution obtained in the above
formula with (5), the original problem can be shown in an
equivalent form as below:

U‘z

rqin g, =De™ (eyf —1)+Th (ey5 —1) (19a)

st. T,<D,-D, (19b)

whereby g omitting the constant |hb|’2 in the initial

objective function, the energy consumption is standardized.

y, and y, are both functions of T, .

The derivative with g, respect toT, can be written as:

d N _
i: DaeDaeY1 ( ZN) >
dT, (Da +Tb) (20)
+(ey5 —1)+Tbey5 (=2N 5
(D, +T,)

And y, =y, +N/D, .Therefore, the derivative of g, can be

expressed as:

d _
i—Daeh (ZN)Z
dTb (Da+Tb)
+(ey2 1)+Tey2 (2N)2 (21)
(D, +T,
-ey{l— 2N ]—1
D, +T,
In  addition, y,=N(D,-T,)/D,(D,+T,)+ N/D,

=2N/D, +T, .Therefore, the derivative of g, can be

written as:

d
Oy, =g, 2N (22)
dT, D, +T,

where @, @ex(l—x)—l For some reason that for

x>0,dg, (x)/dx=-xe* <0 , g,(x) is a monotonic

non-increasing function. And because dg, /dT, <g,(0)=0,

dg,, /dTb <0.This means g, monotonically non-increasing.

Therefore, the optimal solution of T, for problem (5) is

written as following equation;

T, =D,—-D, (23)
It is worth noting that because of consideration in this part
D,<2D,, T, <D,.

On NOMA’s performance over OMA: It can be proved that
as shown below, OMA cannot be better than NOMA. The
energy consumption difference between NOMA-MEC and
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OMA-MEC
N
A, @D,e™ (¢% ~1)|H,|”

* N (24)
AT, (&% ~1)H,[* -, [eTb —1]|Hb|2

The difference can also be written as:

NN
|Hb|2 Al @ Daey; (Da +Tb)_ DaeDa _Tbe-rb
2N NN

=e%"" (D, +T,)-D,e™ -T,e™ (25)

=f. (T,)

Note that forx<D,, f; (T,) isa monotonic non-decreasing

function. The derivative of f; (T,)is written as:

df 2n N N
Tb(X):ef’a”[l— 2N J—e*[l—e*] (26)

dx D, +x

Define f, (y)=e""” (1-N/y), the derivative of f_(x)can

be written as:

df, (X) . (D, +x
= —fy( > ]—fy(x) 7)

Because df, (y)/dy=N%""/y*>0 , f(y) is a

monotonically increasing function. (D, +x)/2>x since

x<D, .Hence, the derivative f. (x) is a non-negative

number as follows:

dfTh(x)= ; (Da+x
dx U2

j— f,(x)=0 (28)
This means that fTb (x)is a monotonic non-decreasing function.
Because T, < D,, we can get

f. (T,)< f. (D,)=0 (29
In combination with the above, hybrid NOMA, obtained

solution with 4, =0, Vi e {1,2} generates the least energy. By

using (32), the required power during D, and T, can be

obtained and proved to be complete.

Moreover, f; (T,)<0 this means that under the conditions

of D, <2D,, the performance of using NOMA is better

than or at least the same as OMA. In comparison, the
situation D, > 2D, : this situation corresponds to a scenario
where the user b has less delay requirements. For the case
D, >2D,, becauseT, =D, —D,, T,can be greater than D, .

The OMA produces the optimal property in this case, as
shown below. Since only when T, <D, and hybrid NOMA

energy consumption, i.e., 9 is @ monotonic non-increasing

function of T, the optimal solution of power is feasible. So

9 always strictly restricted by the lower bound

N
Da[eDa —1]|Hb|2 (30)

On the other hand, when D, >2D,, as shown in (23),
A #0,4,=0, the lower limit of equation (33) can be
realized through OMA. In other words, at that time D, > 2D, ,
the energy consumption of OMA was less than that of
hybrid NOMA.. In addition, OMA can be superior to pure
NOMA because

E

OMA — ENOMA

[H[”

N N
<D, {eDa —1J—Dae - (eDa —1] (31)
N 2
:—Da[eDa - j <0

where because the minimum energy demanded by OMA is
more than the lower limit, step (a) can be run. Therefore, it
can be noted that OMA performance is better than hybrid
NOMA and pure NOMA at that time D, >2D,. Because

U‘z

more relaxed relays make using only interference-free time
slots ( D,—D, ) for offloading to be probable, this

completion is reasonable.

4. Result Analysis

In this section, the performance raised IRS-assisted MEC
scheme will be assessed through simulation results, in which
normalized energy consumption is used. This paper
considers describing network connections in two dimensions.
The network model consists of two users, an IRS and a base
station equipped with a MEC server. The channel model
between user and IRS, IRS and base station, and user and
base station are all Rayleigh channels. In addition, the
reflections element of IRS is 50, the system bandwidth is 1,
the noise power is set to 1, and the reflection amplitude of
IRS sub-surface is set to 1. The following sections detail the
simulation results of this paper, including the performance
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of the proposed optimization and multi-device scenarios in
various transport modes. Under the same configuration, the
proposed scheme is compared with the existing benchmark
scheme: NOMAJ/OMA transport scheme; Transmission
power of different users under NOMA.

First, this paper evaluates and compares the performance of
the device during uninstallation between NOMA-MEC and
OMA-MEC at Da=20, as shown in Fig2. Because
OMA-MEC uses a short cycle (D, — D, ) for offloading. As
IRS-assisted
NOMA-MEC could significantly improve performance than
IRS-assisted OMA-MEC, especially when D, is smaller. For
example, D, »D,, (D,-D,) nears zero. Therefore, as

can be seen from Fig.2, the use of

shown in the fig2, the energy consumption in IRS-assisted
OMA-MEC becomes too large. On the other hand, not only
do IRS-assisted NOMA-MEC use (D, —D, ) for offloading
but during D,, which makes the energy consumption in

IRS-assisted NOMA-MEC more stable.

35

—#—NOMAN=5
—<%—OMAN=5
s0b NOMA,N=10 ||
—<%—OMAN=10
NOMA,N=15
OMAN=15_||

N
&

N
S

Energy Consumption
@

3
b

o

I e——— o
= M A
O |
4 3% 38 40

24 26 28 30 32
Dn

Figure 2: Performance comparison between IRS-assisted
NOMA-MEC and IRS-assisted OMA-MEC when Da=20

35

\ —%— NOMA,N=5
& —— OMAN=5
30 \ NOMAN=10| |
\ —— OMAN=10
\ NOMA,N=15
_25F \ OMAN=15 ||
S \
a N\
E 2 A
H ~
&
o o
515 —— 1
1] I »,
2
w
100 1
W )
— o
stk ———% % 4

0

44 46 48 50 52 54 56 58 60
Dn

Figure 3: Performance comparison between IRS-assisted
NOMA-MEC and IRS-assisted OMA-MEC when Da=40

In addition, the comparison between Fig2 and Fig3 shows
D, the impact on energy consumption when D, set to 20

and 40 respectively. On the other hand, in a fixed situation
D, —D,, by increasing D,, NOMA-MEC has more time to
offload data by increasing D, , which helps to reduce energy
consumption, as shown in Fig2 and Fig3. When D, increases,

the energy consumption of NOMA-MEC is getting closer

and closer to the energy consumption of OMA-MEC. This is
because with D, increasing, user b will have more time delay
to transmit tasks, so that it can transmit in time D, — D, .Fig4

provides more detailed information on the different R, and

P, , aspects. At this time, this article sets D, =20, N=5, 10,

15. It can be seen from the fig3 that when D, increases, the
power distributed to D, is close to zero, which means that
performance of hybrid NOMA is getting closer and closer to
OMA.

3
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—<%—N=5Pn1
251 N=10,Pn1]
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* v —o——— al 1
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0 —— —

Figure 4: The performance of IRS-assisted NOMA-MEC
when Da=20

5. Summarize

In this paper, the principle of NOMA is used for
IRS-assisted MEC, and the optimal solution of power and
time allocation is obtained through GP, and the optimal
phase shift scheme is obtained at the same time. We also
obtain analysis and simulation results, which proves that in
IRS-assisted MEC, compared with traditional OMA and
pure NOMA, the MEC offloading performance of hybrid
NOMA is superior. In this article, it is assumed that
considering the use of multiple access points as MEC cloud
is an important topic for future research [7], a single access
point serves as the MEC server. As more access points serve
many users, the complexity of implementing NOMA and
MEC combinations may become too high, which will
stimulate the use of advanced method such as machine
learning and game theory in [8, 9]. In addition, this article
assumes ideal channel state information (CSI) and studying
the influence of imperfect CSI for the raised algorithm is an
important topic of research.

Appendix A

The first is  for hybrid NOMA, because

A4 =0,Vie{l,2},y, >0, therefore, R, andR ,are not zero,

which is why this situation is called hybrid NOMA. On this
situation, we could certify 2, <0as follows. If 1, =0, then

the KKT condition leads to the following two equations:
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[H,[* =0 (@)
T,e% |H,|* =
This cannot be true. Therefore, A, =0, this can rewrite the
KKT condition as

N,
D™ |H,|*~ 4D, =0

T,e% [H,|* — 4T, =0 (b)
N-yD,-y,T, =0
y, >0,vie (1,2}

Through some algebraic operations, the best solution of 'y,
and y, can be obtained as shown below:

~_N(O,-T,)

h= D,(D,+T,) +T) ©
;o N(O.T)

* D,(D, +T) Da

Then substituting it into the relational expression of X, the

optimal solution of R, and R, , can be obtained.
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