Outdated Access Point Selection for Mobile Edge
Computing with Cochannel Interference

Xiazhi Lai, Junjuan Xia, Lisheng Fan, Trung Q. Duong, and Arumugam Nallanathan, Fellow, IEEE

Abstract—In this paper, we investigate a mobile edge comput-
ing (MEC) network, where the user has some computational
tasks to be assisted by multiple computational access points
(CAPs) through offloading. We consider practical communication
scenarios with limited spectrum resources, and the cochannel in-
terference arising from the aggressive reuse of frequency severely
degrades the system offloading performance. To enhance the
system performance, we provide three CAP selection criteria to
choose one best CAP among multiple ones. Specifically, criterion I
maximizes the computational capability at the CAP, criterion 11
minimizes the interfering power, while criterion III maximizes
the instantaneous channel gain of data link. In time-varying
channel environments, the CAP selection may be outdated, which
deteriorates the system performance. For the three criteria, we
evaluate the system outage probability in the outdated channel
state information (CSI) by taking into account the latency, energy
consumption and data rate, and provide the analytical and
asymptotic expressions of outage probability, from which we
obtain some critical insights on the system design. Simulation
results are finally demonstrated to verify the proposed studies.
In particular, criterion III under the perfect CSI can achieve the
system whole diversity order coming from multiple CAPs.

Index Terms—Mobile edge computing, cochannel interference,
outage probability, task offloading.

I. INTRODUCTION
A. Literature Review

In recent years, there has been a great progress in the
development of wireless communication and data science [1]-
[4]. To cope with the challenge from the ever-increasing data
and nodes in wireless networks such as Internet of Things
(I0T), some new network architectures should be developed.
For instance, cloud-based computing provided vast computa-
tional capability, yet the latency of transmission may not meet
the requirements of some IoT applications, e.g. autonomous
driving and augmented reality. To reduce the overhead for
communications, mobile edge computing (MEC) network was
proposed to evolve from cloud-based computing network, and
it has attracted a lot of attention from both academy and
industry [5], [6]. MEC can support users in the network to
compute some computation-heavy tasks, through offloading
the tasks to the computational access points (CAPs) [7]-[10].
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In this way, the system performance such as the latency and
energy consumption can be guaranteed.

A key design in the MEC networks is the offloading strategy,
which determines how many parts of the tasks should be
computed by the CAPs. In essence, offloading is to utilize
the computational resources from the CAPs at the cost of
wireless transmission [11], [12]. A lot of researches have been
done to achieve a fine trade-off between the communication
and computation. In this direction, the authors in [13] studied
the opportunistic CAP selection for the MEC network with
two CAPs, and devised an offloading strategy to improve the
system outage performance in terms of latency and energy
consumption. For multiuser cache-enabled MEC networks,
the authors in [14] provided a pricing scheme to fulfill the
data-caching and task-offloading decisions. In further, a multi-
access edge computing system was analyzed in [15], where the
fronthaul and backhaul constraints have been taken into ac-
count. For green communications, the wireless-powered MEC
networks were analyzed in [16]-[21], where the offloading
strategy and computing frequency were jointly optimized to
enhance the computation efficiency. In particular, the authors
in [16] proposed an energy-harvesting rule to maximize the
data processing rate across fading blocks. In [18], the authors
determined the time intervals for energy harvesting and task
offloading for each user. Later, the computation rate of un-
manned aerial vehicle (UAV)-enabled network was maximized
by adjusting the offloading mode and computing frequency at
the users [20]. Moreover, a joint power allocation, subcarrier
assignment and task offloading scheme was proposed for fog
computing networks [21].

Due to limited frequency resources, cochannel interference
has become inevitable in the wireless networks. Cochannel
interference has limited the system performance severely, and
become the bottleneck of the wireless networks. The impact of
interference on the system performance of wireless networks
has been extensively studied in the literature [22]-[25]. In [23],
the authors studied the dual-hop relaying networks in the p-
resence of cochannel interference in a wide range of signal-to-
interference-plus-noise ratio (SINR), and provided analytical
expressions of system outage probability. In addition, the au-
thors in [24] analyzed the secure performance of amplify-and-
forward relay networks with cochannel interference. For the
secure relay networks in cochannel interference environments,
the system performance could be studied by deriving the ana-
lytical and asymptotic secrecy outage probability expressions,
through which the effect of interfering power distribution on
the system performance could be revealed. To alleviate the
degradation of cochannel interference, the authors in [26]-



[28] designed a joint power and channel allocation scheme,
which maximized the throughput of secondary users under
the constraint of worst-case outage probability at primary
receivers. In further, the authors in [27] exploited the benefit
of interference in non-orthogonal multiple access (NOMA)
systems to confuse the eavesdroppers, and therefore improved
the network security. So far, to the best of our knowledge,
there has been little work on the MEC networks in cochannel
interference environments, which motivates the work in this

paper.

B. Contribution

In this paper, we investigate a MEC network in the outdat-
ed CAP selection and cochannel interference environments,
where the user has some computational tasks to be assisted
by multiple CAPs through offloading. To enhance the sys-
tem performance, we provide three CAP selection criteria
to choose one best CAP among multiple ones. Specifically,
criterion I maximizes the computational capability at the CAP,
criterion II minimizes the interfering power, while criterion
III maximizes the instantaneous channel gain of data link. For
the three criteria, we evaluate the system outage probability
in the outdated channel state information (CSI) by taking into
account the latency, energy consumption and data rate, and
provide the analytical and asymptotic expressions of outage
probability, from which we obtain some critical insights on
the system design. Simulation results are finally demonstrated
to verify the proposed studies. In particular, criterion III under
the perfect CSI can achieve the system whole diversity order
coming from multiple CAPs. The main contributions of this
work are summarized as follows,

o We study a MEC network in the presence of cochannel
interference and outdated CAP selection, where the user
can accomplish the computational tasks with the help of
multiple CAPs.

o We present three CAP selection criteria to improve the
system performance measured by the data rate, latency
and energy consumption, through maximizing the compu-
tational capability, minimizing the interfering power and
maximizing the desired signal power, respectively.

o For the three criteria, we provide the analytical expres-
sions for the system outage probability, which can help
evaluate the system performance in the whole range of
SINR.

o« We also provide the asymptotic expressions of system
outage probability in the high regime of SINR, from
which we obtain some key insights into the impact of
cochannel interference and outdated CAP selection on
the MEC networks.

C. Organization

The organization of this paper is given as follows. After
the introduction in Sec. I, we describe the system model
of MEC networks with cochannel interference in Sec. II.
Then, we present three CAP selection criteria to enhance the
system performance in Sec. III. After that, we provide the
system performance analysis by deriving the analytical and
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Fig. 1. A multi-CAP MEC network in cochannel interference environments.

asymptotic expressions of outage probability in Sec. IV. Sec.
V demonstrates the simulation and analytical results, and we
finally conclude the work of this paper in Sec. VI.

II. SYSTEM MODEL

Fig. 1 shows a MEC network in the presence of multiple
cochannel interferers, where the user S in the network has
some computational tasks which can be accomplished with
the help of M computational access points (CAPs). Let L
denote the task length of the user S, and we use b,, to denote
the computational capability at the m-th CAP. Moreover, we
use by to denote the local computational capability at the
user, which can be varying in practice, due to many factors
such as dynamic tasks and processes in the user terminal. In
contrast, the computational capability at the edge servers is
often fixed, as the computational resource allocated to the users
in the MEC networks is often based on the user’s demand,
and accordingly the computational capability allocated to the
users can be set to a fixed value. Hence, we focus on the
randomness of computational capability at the user side only.
Without loss of generality, we assume that by follows the
uniform distribution with interval [b,in, bmaz]'. Due to the
requirement from the latency and energy consumption, the
local user S cannot compute its task completely by itself. In
other words, some part of task should be offloaded to the
multiple CAPs through wireless transmission affected by K
cochannel interferers. The channels in the network are subject
to Rayleigh flat fading, and each terminal is equipped with a
single antenna due to the size limitation.

Suppose that the m-th CAP is chosen to help compute the
computational task, and the offloading ratio is d € [0,1],
indicating that (1 — d)L bits are computed at local, while the
residual dL bits are computed by the CAP. The local latency
¢o,+ and energy consumption ¢ g are,

1—-d)L
bos = % (1)
0
1—d)LP,
$o.E = A= d)Lhw b) oF ()
0

INote that the uniform distribution is often used to model the local
computational capability in the MEC networks [6], [8], [29], [30]. When some
other kinds of distribution are used, such as normal distribution or exponential
distribution, the results in this work will be changed accordingly, whereas the
analysis method in this work can be easily extended.



where x is the required CPU cycles to compute one bit, and
Py is the computational power at the user. When the offloading
occurs with d > 0, the transmission data rate of the link from
the user S to the m-th CAP is,

2
Ry, = Blog, (1 n %), 3)
with
K
95> =D gk il )
k=1

where B is the wireless bandwidth, P, is the transmit power
of the user S, and P is the transmit power of the interferers.
Notations g, ~ CN'(0,¢) and g, , ~ CN(0,;) denote the
channel parameters of the data and interfering links, respec-
tively. From (3), we can see that the existence of cochannel
interference degrades the transmission data rate severely. In
further, we can write the transmission latency ¢1; and energy
consumption ¢, g as,

dL
b1t = R 5)
dLP,
$1.E = R (6)

The computational latency ¢ ; and energy consumption ¢ g
at the CAP are given by

dLk
boa = T ™
dLP,,k
b2,E = — ®)
m

where P, is the computational power of the m-th CAP. From
(1)—(8), we can write the system overall latency ¢, and energy
consumption ¢g as,

¢r = max(¢o,¢, P1,t + P2,t)s &)

B (1-d)Lk dL dLk
= max( bo "R + b, ) (10
¢ = ¢o,g + ¢1,E + P2, E, (1D
(1-d)LPyk dLP, dLP,k
= . 12

In practice, the computing services in the MEC networks
have brought out diverse demands on the system performance,
among which the data rate, latency and energy consumption
are the three major performance metrics. Following the defi-
nition of outage event in [13], we can write the system outage
probability when the m-th CAP is used as,

Pout,m = PrOb[(¢t > 6T)||(¢E > ﬂE)”(Rm < Rth)]7 (13)

where the joint impact from the data rate, latency and energy
consumption is taken into account, and 81, Sg and Ry, denote
the thresholds of the latency, energy consumption and data
rate, respectively. In addition, the operation ‘|| denotes the
logical OR operation. We can find that the system is in outage
if the latency is larger than the tolerated latency threshold

Br, or the energy consumption is larger than the tolerated
threshold S, or the data rate is below the given threshold R;j,.
Note that this outage probability definition is a generalized
definition, and it includes the conventional data rate based
outage probability through setting the thresholds of latency and
energy consumption to a large value. Moreover, this outage
probability definition can be readily extended, when some
other performance metrics such as profit become important
for the computing services in the MEC networks.

III. CAP SELECTION CRITERIA

From the description in the previous section, we can find
that using different CAPs can affect the communication and
computational cost. Hence, we should select one CAP among
M ones to enhance the system performance. In this part,
we will present three CAP selection criteria to select the
CAP. Specifically, criterion I is to maximize the computational
capability at the CAP, given by,

* 2
m® =arg max bm %, (14)
which can maximize the CPU frequency cycle at the CAP. This
criterion can be implemented in a distributed way, by setting
a timer whose initial value is inversely proportional to the
computational capability. When the timer of the CAP is firstly
becoming zero, this CAP will be selected by broadcasting the
selection result to other CAPs through some dedicated links.

Beside criterion I, criterion II is to minimize the instanta-
neous channel gain of the cochannel interference, given by

* . T2
m®=arg min |9m” (15)
which can help suppress the cochannel interference and ac-
cordingly enhance the transmission quality of the data link.
Criterion II requires to know the full CSI of all interfer-
ing links. When the instantaneous CSI from only a part
of interfering links is known, criterion II will become into
m* = argmin,,cs, |g%,|?, where S; denotes athe sub-set of
interfering links whose instantaneous channel information is
known. To implement criterion II in (15), the user can collect
the interfering channel parameters from the interferers, after
the interferers estimate the channel parameters by using some
pilot signals. Then, the user can perform the CAP selection and
broadcast the result to the nodes in the network. This selection
process may take some time to complete. In a time-varying
channel environment where the user is moving, this delay may
cause outdated CAP selection to some extent. In other words,
the CAP selection is performed based on the outdated CSI.

In addition to criterion I and II, criterion III is to maximize
the instantaneous channel gain of the data link, given by

% 2
m* = arglgnanggml : (16)
which can help maximize the data rate of the data link. Criteri-
on III requires to know the full CSI of all data links. When the
instantaneous CSI from only a part of data links is known, cri-
terion III will become into m* = arg max,,cs,, |gm 2, where
Sy denotes a sub-set of the data links whose instantaneous
channel information is known. Similar to the implementation




of criterion II, we can implement criterion III in (16) as
follows. The CAPs can estimate the parameters of the link
with the user, through some pilot signals from the user. Then,
a distributed CAP selection can be performed, similar to the
process in criterion I. This process may cause outdated CAP
selection, in the time-varying channel environments.

Note that the above three CAP selection criteria are easy to
be implemented in practice, which provide flexible choices for
various application scenarios. For example, when the applica-
tions are sensitive to the computational capability, criterion I
tends to be used for the edge server selection. In contrast, when
the applications are sensitive to the communication quality,
criterion II or III should be employed instead, whereas the
instantaneous channel parameters of the interfering or data
links are known, respectively. Besides these three criteria,
some other criteria can be employed for the edge server
selection. For instance, the edge server can be selected through
maximizing the received SINR at the CAPs, based on the
outdated CSI of both data and interfering links. We can also
select an edge server by using an exhaustive search algorithm
with the lowest outage probability, based on the information of
outdated CSI and computational capacity. However, these two
criteria involve a much higher implementation complexity, and
hence we employ the three low-complexity criteria in (14)—
(16) for the edge server selection in this paper.

IV. PERFORMANCE OPTIMIZATION AND ANALYSIS

In this section, we first optimize the offloading ratio to
achieve the minimal outage probability for the considered
MEC network. After that, we apply the optimal offloading
ratio and analyze the outage probability for the proposed
three criteria. Both analytical and asymptotic forms of outage
probability are provided, from which we draw some insights
on the outage performance.

A. Offloading Ratio Optimization

Given CPU-cycle frequencies by and b,,, we can write the
outage probability of the m-th CAP as

Pout,m = Prob[(¢¢ > Br)||(¢r > Be)||(Rm < Rep)]. (17)

Using the inclusion-exclusion principle and the setting of

Ry = é, we can rewrite (17) into
Pout,m = 1 —Probl¢y < Br,op < Be, Rm > Ry,  (18)
=1—Prob <Rm > Uml(/bo)> , (19)
where
Upn(by) = min (uy,us), (20)
with
uy = % — dos, ug = ¢0,E];u¢2,E B ¢07?3;15E‘ @1

Also, since ¢, > S indicates d > dy with dy =1 — B /¢ 4,
d subjects to the constraint of d € [dy,1].

From the outage provability expression of the m-th CAP
in (19), we see that the system outage performance can be

optimized with the maximal value of U,,(by). In this part, we
will present the maximal value of U,,(bg) in the following.

We first determine the maximal value of U,,(by) for d
without any constraint. It is trivial to see that the value of u; is
inversely proportional to d, yet the value of us is proportional
to d. Therefore, we can achieve the maximal value of U, (bo)
in (20) via solving the equation u; = us with respect to d,
and the solution is

¢1.,8 — ¢p + P.Or
O1,E — P25 + Pudas

However, since the condition ¢; > Sr indicates d € [dy, 1],
the maximal U, (by) depends on the relationship between d;
and do. Comparing the values of dy, do and 1, we detail the
following three cases to obtain the optimal value of offloading
ratio d.

Case 1: When d; < dy < 1, we can obtain the maximal
U, (bo) by setting d = da, since u; = us holds with d = ds.

Case 2: When ds < d;, which suggests that u; is smaller
than uy with d € [dy,1], we have U,,(by) = ui. As uy
decreases with the increasing value of d, we can obtain the
maximal value of U,,(by) by setting d = dy with dy < d;.

Case 3: When dy > 1, which suggests that u; is greater
than uy with d € [dy,1], we have U,,(by) = usa. Since ug
increases with the increasing value of d, by setting d = 1, we
can obtain the maximal value of U,,(by) with dy > 1.

By applying the optimal d given in the above three cases,
we optimize the outage probability of the m-th CAP. In
further, substituting the optimal value of d and after some
mathematical manipulations, we can write the maximal value
of Uy, (Do) as

d=dy = (22)

X1,m; If Pu > Ql,m
« X2,m; If Pm < Pu < Ql,m
X3,m; IftP, < mln(Pman,m)y by > Q2,m
X2,m; If Pu < min(Pmle,m), bO < Q2,m
(23)
where
by, — P Lk
X1,m = BET, (24)
_ BrPyLkbym — BrLe(Pyn — Py)by Lk 25)
X = TPy Libm — (B — PuBr)bmbo b’
ﬁTLKZ Lk
- _Ls 26
X3 Lk — ﬂTbO bm ( )
ﬁEbm - PmLH
I s B il 27
Q1 ERT— 27
Q _ gn(PmLK + BTPObm + PuﬁTbm - LKfPu - BEbm)
o Br(Po — P.) '
(28)

By applying (23) into (19), we can achieve the minimal outage
probability of the m-th CAP.

B. Outage Analysis for Criterion I

When criterion I is employed, the CAP with the maximal
computational capacity is selected, thus the data-transmission



link is fixed as well. By substituting the maximal value of
Uy, (b) of (23) into (19), the outage probability for criterion
I can be written as®

> L
J Ay . :/ FL <> s)ds, (29
out out,m 0 R, U;L* (S) pbu( ) ( )

where F' }Izm* (z) is the cumulative density function (CDF) of
data rate R,,~ from S to the m*-th CAP link, and py,(s)
is the probability density function (PDF) of the CPU-cycle
frequency at the user, which is given by?

1

) If s € [bmz'ru bmaw]
(30)

bmam - bmzn

0, Else

The CDF of the data rate R,,,~ with criterion I can be written
as

pbo(s) =

FL (z) = Prob ( Blog, 1+4j1@diﬁ AN

(2%/B _1)(P;z+402)

/ > / Py
o Jo

where pj,, 2(y) and pg1 j2(2) are the PDFs of the channel
gain of data link |g,,|? and interfering link |g/ |2, respectively.
As Rayleigh fading environments are considered, the PDFs of
|gm|* and |g;, ,[* are

Plgm 2 (Y)P)gr 2(2)dydz,
(32)

1
Plo.2(¥) = Z€ %, (33)

3 (34)

p‘g"lnk‘z(z) = 56 eI,

From (34) and the order theory [31], we can further obtain the
PDF of |g], [ = 1, |g], 4[* as
ZMil _ .z

Pigr2(2) = We i

By concluding the results in (33) and (35), we can write the
CDF of data rate R,,~ regarding criterion I as

(35)

x —-K x
Prer(2% — 1 B
Fip (z)=1- (1 + 7161(55 )) e (36)

By substituting (23), (30) and (36) into (29), the exact one-
dimensional integral expression of outage probability of cri-
terion I can be obtained. However, the exact one-dimensional

integral expression of PZ , is difficult to compute, and hence

2In this work, we assume the fixed computational capability at the edge
servers. If the computational capability at the edge servers varies randomly,
we can accordingly write the outage probability of criterion I as

I o o I L
P it — / / FR * *
out Jo Jo - U7;,,* (S)

where py, . (y) is the PDF of CPU-cycle frequency by, at the m*-th CAP,
and we can similarly solve this integral to obtain the analytical expression of
outage probability.

3If some other kinds of distribution, such as normal distribution or expo-
nential distribution, are used to model the local computational capability, we
can readily apply the updated PDF of bp into (29) to obtain the analytical
outage probability of criterion I, in a similar way.

b,y « =y Pbo (8)Pb, (y)dsdy,

we propose a closed-form expression of P!, based on the
Gaussian-Chebyshev approximation [31] as

L
U* (v)B
J 1 2 m* U 1
I (1-0;)2e Pus
Pl o~1- —
i=1 Prep(2Ym* DB _1)\ K
J (bmar - bmln)(l + L I( cP, ))

(37

where J is a complexity-vs-accuracy tradeoff parameter, and
the convergence of the approximation in (37) can be guaran-
teed by setting J to a large value [31], and

2—1 max 1 ] min 1
GJZCOS<(J )ﬂ->,1)j:b ( +0‘])+b (

—0;)
2J 2 '

(38)

To further illustrate the effect of network parameters on the
system performance, we provide the asymptotic expression of
P! . in the high SINR region. Applying the approximations
e V/? ~1—1/r and (1 + 1/2)"' ~ 1 — 1/2 into (37),
and omitting the smaller terms with a large value of |x|, the
asymptotic expression of P/ , can be computed as

2
PI - (Vl,m* —1)(K€]+%I)
out — 55 )

(39)

where £ = % is the transmit signal-to-interference ratio (SIR)
and V), ,, is defined in (40), in which

=5 ey e

(41)
=k

Wy :% (L + Brbmk — LK), (43)

ws :%7;“, wg = %T, (44)
Y(on, a2) = Ei(oy) — Ei(as) — eal + 22 : (45)

and Ei(z) = [T et—tdt is the exponential integral.

To better illustrate the impact of criterion I, we have the
following insights on the system.

Remark 1: As the number of cochannel interferers K rises,
the outage performance of criterion I becomes worse. This is
due to the fact that the augmenting cochannel interferers brings
extra aggregate cochannel interference power, which degrades
the transmission quality.

Remark 2: As the task length L increases, the system has
to cope with extra burden of communication and computation,
which results in a worse outage probability.

Remark 3: The diversity order of criterion I remains unity
regardless of the correlation coefficient n. This is because
that the system only utilizes the information of CPU-cycle
frequency at the CAPs, and therefore channel diversity from
multiple CAPs cannot be exploited.



If P, > fp

KT P
w1 (w2 + Gmin) ( w1 w1
Vom =N (Gmas — gmin)2%* w2 + Gmin’ W2 + Gmaz’
w1 (w2 + Gmin) ( w1 w1 wa(ws + Gmin) ( Wy Wy
(Gmaz = Gmin)29%  Wa + Gmin W2 + B’ (Gmaz — Gmin)295  “ws + Bp” Ws + Imaa

), If P, < min(P,,, 8p)
(40)

C. Outage Analysis for Criterion II

When criterion II is employed, the CAP with the minimal
interfering gain is selected. The probability that the m-th CAP
is selected equals to -. In addition, applying the optimal
U .(bo) of (23) into (19), the outage probability of criterion

M
II can be written as
( N )>pb0( )ds.  (46)

=S [H
To proceed, we write the CDF of the data rate R,,~ of

m*—l
criterion II as
FI (2) = Prob  Blog, (14 —2l9ml Y ) g
m o2 + PylgL |2
12(2)dydz,

@"/B-1)(Prato?)
(48)

LT

where pj,,.|2(y) and p, ol |2 (z) are the PDFs of actual channel
gain of data link |g,,|? and interfering channel gain |g! . |2,
respectively. As Rayleigh fading channels are considered, the
PDF of the outdated interfering channel gain for the selected
m*-th CAP, i.e., |g7]n* 2 = minlgmgju |g7[n|2

Plgm 2 (Y)D)g7

)M 1ZK 167;

eKT(K) -~
Also, the conditional PDF of actual interfering channel gain

5 2) = MI'(K,
p\gfn*\z’(z) ( 1

(49)

| gfn* 2 with respect to outdated interfering channel gain \g{n* |2
is given by [32]

S i

z|2) =
p|971n* |2‘p|§11n* 2 o nl(]_ _ n)K+2n]_"(K + 77,)€K+2”’

(50)

where N7 is a large number and 7 is the correlation coefficient
between |g.,.|? and |g],. |*. Thus, the PDF of actual interfering
channel gain at the selected m*-th CAP is

p\g;»«P(z):/o Plgt e tloygs a0 (& Pt 2 (2)42, 51

Nt

Mnn K+4+n— 16 ﬁen
— n;) n!(1 — n)K+2n0(K + n)[(K)e2K+2n’
(52)

where ©,, is

Z ﬁaﬁﬂ'"FK—&—n—l—n(z—l)—l)
K+n+r;(i—1) . :
ri4rot+. . rg=M—-1i=1 1777]) rllr(z) K

(53)

O, =

Utilizing the results in (23), (33) and (52), we can rewrite the
CDF of the data rate R, of criterion II in (48) as

xT
s2(2B —1)

Nt ]\4-77716)n(PIZ,_:I)721(72716—71%E

Fil (@) =1~

n=0 n'(l - n)K+2nF(K)(PIEI:(L1—n) Pse

(54)

By summarizing (23), (30) and (54), we can achieve the
analytical expression of outage probability of criterion II, as
shown in (55), where the Gaussian-Chebyshev approximation
is utilized.

Moreover, applying the approximations e~ /% ~ 1 — 1 /x
and (1 +1/x)~! ~ 1 — 1/, and neglecting the tinier terms
with a large value of |z|, we can further achieve the asymptotic
expression of PII, as

I (5151 + %)62

out = 55 ’ (56)
where
N n rn—1 M
MO, n""K K+n V1im»
51 = Z ! L n—1 ( n—)l’ 52 = Z 2 -1
(1 —n)" 1 (Preg)” = M
(57)

Form the results of Pout in (55) and (56), some insights
upon the system are given as follows.

Remark 4: The system with criterion II suffers performance
degradation with a large number of cochannel interferers K,
as the existence of more cochannel interferers weakens the
transmission quality.

Remark 5: The outage performance of criterion II degrades
with a large task length L, as additional burden of transmission
and computation on the system increases the probability of the
outage event.

Remark 6: The outage performance of criterion II improves
with an increased value of correlation coefficient 7, due to the
fact that a more accurate cochannel CSI helps the system avoid
poorer transmission condition. However, the diversity order of
criterion II is unity and remains unchanged with different n
of the interfering links.

D. Outage Analysis for Criterion 111

When criterion III is employed, the CAP with the largest
channel gain of data link is selected. Similar to criterion II,
using (23) with the optimal U, (by), the outage probability of
criterion III can be written as

PHT = — Z/ ”I< ()>p1,0(s)d5. (58)

me=1
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The channel gain of the outdated data link for the selected
m*-th CAP iS gy = maxXi<m<m §m, Whose PDF can be
obtained by using the order theory, as

M 1 (M
X ()" ()m _ms
Pla-2(0) = ) 2 AL
m=1
Also, the conditional PDF of actual channel gain |g,,-|* with

2 is given by [33]
ni+y

" e 2vnygy
P, \Q‘IQm*IQ(y 9) (1—n)® ((1 -ne )’ (62)

where Io(z) is the zero-order modified Bessel function of the
first kind [31]. By using (61) and (62), we can achieve the
PDF of the actual channel gain |g,,-|? for the m*-th CAP as

o
p|gm*|2(y)=/ Plgpel|1d WP, 2 (@)dg, (63)
o lomel2[1gm

respect to the outdated channel gain |G,
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where
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By combining (35) and (64) into (60), we achieve the PDF of
the actual channel gain of the data link for the m*-th CAP as
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m
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Applying (23), (30) and (66) into (58), the analytical ex-
pression of outage probability for criterion III is obtained, as
shown in (67), where the Gaussian-Chebyshev approximation
is employed.

Using Taylor’s expansions e ~1/® = 3" (_1n/f)H and (1+
1/z)~t =5>° 3" (—1/z)™, and omitting smaller terms with
a large value of |x|, we can further achieve the asymptotic
expression of P/II as

out
%&(?) Ity=1
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out (K51+%2)5254 3 ( )
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n=1m*=1

Based upon PZIII in (67) and (68), we can draw the
following remarks.

Remark 7: The outage probability of criterion III becomes
worse with an increased number of cochannel interferers /i, as
the channel condition deteriorates with the existence of more
cochannel interferers.

Remark 8: The outage probability of criterion III deterio-
rates with an increased value of L, since a larger task imposes
additional burden of communication and computation on the
system, which results in a higher outage probability.

Remark 9: The outage performance of criterion III de-
grades with the decreased value of correlation coefficient 7,
due to the inefficient use of the channel CSI.

Remark 10: The diversity order of criterion III can reach
M, under the condition that system is fully aware of the
data channel CSI with = 1. When 7 is smaller than 1,
the diversity order of the system degenerates into unity.

E. Some Discussions on the System Design and Analysis

In this part, we discuss the extension of the current work
to the scenario where multiple edge servers are selected for
the task offloading. For the considered MEC network, we can
select more than one edge server for the task offloading, which
can bring more benefits in improving the system performance.
In this case, the system implementation will be much more
complicated, as it involves more channel parameters and com-
putational capability information. However, the optimization
and analysis in this paper are still useful, as they can serve
as an important reference and can be extended to the scenario
with multiple edge servers selected.

V. NUMERICAL AND SIMULATION RESULTS

This section provides both numerical and simulation results
to illustrate the impact of network parameters on the system
performance. Without loss of generality, we normalize the
average channel gains of the data and interfering links to unity,
ie.,e =¢ry =1, and set P, = 3W, Py = 1W, P,, = 0.2W and
B = 100MHz. If not specified, we set the number of CAPs
to three, whereas the associated CPU-cycle frequencies are
{8,9,10} GHz. In addition, the local CUP-cycle frequency



V-8

L
e Um* (v]‘)B _1

e enPy/o?

L
i) (14 22227 1)

(67)

enPu

| P./o?=35dB, K=3

Outage Probability

Criterion II:
O Simulation
Analysis
=mwmmem Asymptotic
Local computing:
—=a— Simulation
Fully offloading:
—A— Simulation

. . . .
0 5 10 15 20 25 30
SIR P,/P; (dB)

Fig. 2. Outage probability versus SIR: Criterion I.
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Fig. 3. Outage probability versus SIR: Criterion II.

varies in the interval of [0.1,1]GHz, and the required CPU
cycles to compute each bit x are 10. Moreover, the latency
and energy consumption thresholds of outage, i.e., S and
B, are 0.3s and 0.8], respectively“.

Figs. 2-4 demonstrate the analytical and simulated outage
probabilities of the three criteria versus the transmit SIR
P, /P, where signal-to-noise ratio (SNR) P,/0? is set to
35dB, task length L is 80 Mbits, and the number of interferers
K is 3. The outdated channel coefficient 7 is set to 0.5 or
1, corresponding to the outdated CAP selection and perfect
selection, respectively. For comparison, we also plot the results

4The network parameters given in this paper are similar to those in the
existing works such as [6], [13], [29], where the local computational capability
varies randomly subject to the uniform distribution, and the CAPs provide a
much more powerful computational capability than the user.
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Fig. 4. Outage probability versus SIR: Criterion III.

of the local computing with d = 0 and full offloading with
d = 1. Specifically, Fig. 2, Fig. 3 and Fig. 4 are associated
with criterion I, IT and III, respectively. As observed from Figs.
2-4, we can find that for each criterion, the analytical result
fits well with the simulated one for various values of SIR, and
the asymptotic result becomes convergent to the exact one
in the high SIR region, which validates the effectiveness of
the derived analytical and asymptotic expressions of outage
probability for all criteria. Moreover, the system outage per-
formances of all criteria improve with a larger value of SIR,
as the increased data rate can help reduce the transmission
latency and energy consumption very effectively. In further,
the proposed criteria outperform both the local computing
and fully offloading schemes, as the proposed schemes can
exploit the computational resources of both the local user
and CAPs. Furthermore, we can see that for criterion II and
I, the results with » = 0.5 are much poorer than those
with n = 1, indicating that the outdated CAP selection has
a negative impact on the system performance. In particular,
the system diversity orders of criterion I and II are both
unity, while that of criterion III with perfect CAP selection
is equal to M. However, under outdated CAP selection, the
system diversity order of criterion III degenerates into unity,
as there exists a wrong CAP selection, which captures the
system whole performance. In addition, the outage event of
local computing always occurs in Figs. 2-4, due to the fact that
the user cannot accomplish the computational tasks solely with
a limited computational capability in practice. Accordingly,
we set S < ¢o and Bg < ¢o p to indicate that the local
computing cannot meet the system requirement on the latency
and energy consumption.

Fig. 5 depicts the outage probabilities of the three criteria
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versus the number of cochannel interferers, where SIR P, /Py
is 20dB, SNR is 35dB, L = 80 Mbits, the outdated coefficient
n € {0.5,1}, M = 3 and K varies from 1 to 5. We can
see from Fig. 5 that for each criterion, the analytical outage
probability matches well with the simulated one for different
values of K, which further validates the effectiveness of the
derived analytical expressions of outage probability. Moreover,
the system performance becomes worse with an increasing K,
as more interferers weaken the transmission quality of data
links, which increases the transmission latency and energy
consumption significantly. In further, we can also find that
for criterion II and III, the results with » = 0.5 are much
worse than those with = 1, which further indicates that the
outdated CAP selection weakens the transmission quality of
data links.

Fig. 6 shows the effect of correlation coefficient 77 on the
three criteria, where SIR is 20dB, SNR is 35dB, L = 80
Mbits, M = 3, K = 3, L = 80 Mbits and n varies from
0 to 1. In particular, n = 0 corresponds to the completely
outdated CAP selection, while n = 1 corresponds to the
perfect CAP selection. As observed from Fig. 6, we can
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Fig. 7. Outage probability versus the number of CAPs M.

find that for each criterion, the analytical result is almost the
same with the simulated one for different values of 7, which
validates the effectiveness of the derived analytical outage
probability expressions of the three criteria further. Moreover,
the outage probabilities of criterion II and III drop swiftly
with the increase of 7, since a higher accuracy of utilized
CSI can help criterion II and criterion III select a better CAP
to fulfill the task offloading based on the channel condition.
In contrast, the CAP selection in criterion I is based on the
CPU-frequencies of CAPs, which is irrelative to the channel
condition, causing that the outage probability of criterion I
remains unchanged with different values of 7.

Fig. 7 demonstrates the outage probabilities of the three
criteria versus the number of CAPs, where SIR is 20dB, SNR
is 35dB, K = 3, L = 80 Mbits and M varies from 1 to 5.
Without loss of generality, we set the CPU-cycle frequencies
of M CAPs to (11 — m)GHz, for m € [1, M]. For example,
for M = 1, the single CAP has the CPU-cycle frequency
of 10GHz, while for M = 2, the two CAPs have the CPU-
cycle frequencies of 10GHz and 9GHz. We can observe from
Fig. 7 that for various values of M, the simulation results
are almost equal to the analytical ones for each criterion,
which validates the effectiveness of the derived analytical
expressions of outage probability furthermore. Moreover, the
outage probability of criterion I remains unchanged with
the number of CAPs, yet criterion II and criterion III can
significantly improve the system performance with a larger
M. In particular, the performance gap between criterion III
and the other two criteria enlarges with a larger M, indicating
that criterion III can effectively exploit the diversity gain from
M branches of data links.

VI. CONCLUSIONS

In this paper, we investigated a MEC network in the cochan-
nel interference and time-varying environments, where the
user had some computational tasks to be assisted by multiple
CAPs through offloading. To enhance the system performance,
we provided three CAP selection criteria to choose one best
CAP among multiple ones, to maximize the computational



capability at the CAP, to minimize the interfering power, and
to maximize the channel gain of data link, respectively. For
the three criteria, we evaluated the system outage probability
in the outdated CSI by taking into account the latency, energy
consumption and data rate, and provided the analytical and
asymptotic expressions of outage probability, from which we
could obtain some critical insights on the system design. Simu-
lation results were finally demonstrated to verify the proposed
studies. In particular, criterion III under the perfect CSI can
achieve the system whole diversity order from multiple CAPs.
In future works, we will investigate how to select multiple edge
servers for the considered MEC network, and study the system
analysis and optimization.
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