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Abstract—Mobile edge computing (MEC) has recently risen as a
promising paradigm to meet the increasing resource requirements
of the terminal devices. Meanwhile, small cell network (SCN) with
MEC has been emerging to handle the exponentially increasing
data traffic and improve the network coverage, and is recognized
as one key component of the next generation wireless networks.
However, with the growing number of terminal devices requiring
computation offloading to the edge servers, the network would be
heavily congested and thus the performance would be degraded and
unbalanced among multiple devices. In this paper, we propose the
joint admission control and computation resource allocation in the
MEC enabled SCN, and formulate it as a stochastic optimization
problem. The goal is to maximize the system utility combining the
throughput and fairness while bounding the queue. We decouple
the original problem into three independent subproblems, which
can be solved in a distributed manner without requiring the sys-
tem statistical information. An admission control and computation
resource allocation (ACCRA) algorithm is designed to obtain the
optimal solutions of the subproblems. Theoretical analysis proves
that the ACCRA algorithm can achieve the close-to-optimal system
utility and reach the arbitrary tradeoff between the utility and the
queue length. Experiments are conducted to validate the derived
analytical results and evaluate the performance of the ACCRA
algorithm.
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I. INTRODUCTION

ITH the popularity of mobile devices, complex appli-
W cations requiring heavy computation and high power

consumption are emerging around us [1]. However, because of
the hardware resource constraints, the computational capability
as well as battery lifetime are usually limited, resulting in the
impracticality of processing these computation-intensive appli-
cations on the terminal device [2]. Therefore, terminal devices
tend to offload the computation tasks to cloud servers. Mobile
cloud computing (MCC) is recognized as a feasible method
to meet the increasing resource requirements of the terminal
device. However, due to the explosively growing amount of
application data, offloading all the data to the remote clouds
would put a heavy burden on the core networks which are already
congested nowadays. Besides, the uncertain network state and
long transmission distance would lead to a large transmission
delay.

To address the above issues, mobile edge computing (MEC)
enables the computation processing in close proximity to termi-
nal device. Different from MCC, MEC deploys the servers at
the edge of radio access networks such as base station (BS) and
wireless access point (AP) [3]—[5]. Terminal devices offload the
computation tasks wirelessly, then the results would be returned
directly. In this way, terminal device would get better quality
of service such as lower transmission latency. Meanwhile, the
traffic burden on the core networks would be greatly reduced.

In addition, to enhance the network coverage, small cell
networks (SCNis) are proposed, where multiple low power small-
cell base stations (SBSs, i.e., femtocell BSs, picocell BSs) are
deployed within one macro cell [6], [7]. By reusing the spectrum
among the small cells and the macro cell, the SCN is able
to dramatically enhance the energy efficiency and spectrum
efficiency. Moreover, compared with traditional networks, the
configuration of SCN is more flexible. With the above advan-
tages, MEC enabled SCN, which integrates MEC servers into
the macro base station in SCN, is regarded as an important part
of next generation wireless networks [8].

Several previous works have paid attention to the small cell
network with MEC [9]-[11]. However, the throughput-fairness
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problem in the network is largely unexplored. This paper studies
the throughput and fairness problem for the MEC enabled SCN.
Two important decisions (i.e., task admission control and com-
putation resource allocation) need to be made. More specifically,
1) in each SBS, how many computation tasks should be admitted
for MEC server execution; 2) how much computation resource
(CPU cycles) in the MEC server should be allocated to compute
the tasks from each SBS. More computation tasks admitted in
the SBS would increase the system throughput, which, however,
may degrade the fairness among the SBSs. Admitting too many
computation tasks in the SBS with poor wireless channel quality
would lead to the heavy congestion. Meanwhile, too many CPU
cycles being allocated would waste lots of computing resources.
Therefore, making such decisions has to carefully consider both
the dynamic task arrivals and wireless network states. However,
in the practical scenario, both of such two factors are highly dy-
namic and unpredictable in advance. As a result, it is challenging
to make these decisions to adapt to these stochastic processes in
the real situation.

To tackle these challenges, in this paper, we propose joint
admission control and computation resource allocation in the
MEC enabled SCN. A utility function is introduced to consider
both the throughput and fairness. A stochastic optimization
problem capturing the high dynamics of wireless channel states
and the task arrivals is formulated, with the goal of maximizing
the average utility under the constraint of queue length. By
leveraging the stochastic optimization techniques, we separate
the original problem into three independent ones. An admis-
sion control and computation resource allocation (ACCRA)
algorithm is designed for finding the optimal solutions of the
three subproblems in a parallel way. The asymptotic optimality
of ACCRA is proven by rigorous mathematical analysis. And
through adjusting the tradeoff parameter, the arbitrary wutility-
queue tradeoff can be achieved. We also carry out experiments
to show ACCRA’s performance.

For the remainder of this paper, Section II presents the system
model. Section III proposes the ACCRA algorithm and ana-
lyzes its performance through mathematical analysis. Section IV
presents the experiment results, and Section V discusses the
related works. We finally conclude this paper in Section VI and
discuss the future directions.

II. SYSTEM MODEL

Consider a two-tier SCN with N SBSs denoted by N =
{1,2,..., N} and a macro base station (MBS). These SBSs are
overlaid by the MBS, and the MBS communicates with these
SBSs through wireless links [2]. The MBS includes one MEC
server providing the computing services. Through the connected
SBS, the MEC server processes the computation tasks offloaded
from the mobile devices. The Orthogonal Frequency-Division
Multiple Access (OFDMA) is used, and the channel allocated to
each SBS is orthogonal to the others [6]. Motivated by [12], [13],
this paper studies a discrete time slotted system and each slot
length is 7. In every slot ¢, the MBS can obtain the task arrival
information of each SBS as well as the channel state informa-
tion (CSI), and make the admission control and computation

1965

TABLE I
NOTATIONS AND DEFINITIONS

Definition
N SBSs set
Di i-th SBS’s transmission power
Wireless channel gain of SBS i
B Bandwidth of the wireless channel
o Noise power spectral density
The maximum task amount
which could be offloaded by SBS i
Arrived task amount at the i-th SBS
Admitted task amount in SBS i
Amount of the i-th SBS’s computation tasks
which could be computed in the MEC sever
Computing capacity of the MEC server
CPU cycles number allocated to SBS i
i CPU cycles number required for computing 1 bit task
Queue length of SBS i’s task buffer
D, Utility function of SBS ¢

resource allocation decisions. Table I shows the notations and
their definitions in our system model.

A. Task Model

During slot ¢, the task arrival rate at the i-th SBS is expressed
as A;(t). And there exists an upper bound A" on A,(t).
Since the radio and computation resources of the system are
both limited, each SBS may only admit part of the arriving tasks
to keep the system stable. For those denied tasks, the user can
resend them to the cloud server. For SBS i, d;(t) denotes the
admitted tasks amount. Thus,

0 < di(t) < Ai(t), YieN. 1)

Atslot ¢, each SBS would upload part of the tasks to the MBS
for processing. Let p; denote the corresponding transmission
power, and h;(t) is the channel gain between SBS i and MBS.

For SBS i, the maximum amount of offloadable computation
tasks is (2),

r;(t) = Btlog, (1 + pig;(;)), Vie N. 2)

Here, B is the wireless channel’s bandwidth. o2 is the noise
power spectral density.

B. Computing Model

In every slot ¢, let F'(t) express the MEC server’s computing
capacity (CPU cycles), and f;(t) denote the allocated CPU
cycles to SBS ¢. Then, the amount of SBS ’s computation tasks
which could be processed is

_ Jil®)

bi(t) 5 3

where ¢; is the required CPU cycles number for computing 1 b
data. Without loss of generality, ¢; may be different among the
N SBSs.

Since the MEC server’s computing ability is limited, we have

N
Z filt) < F(t), )
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which means that the allocated CPU cycles should be upper
bounded by the server capacity. We focus on computationally
intensive tasks. The processing complexity of computationally
intensive tasks can be considered to be proportional to the size
of the input task.

C. Task Queueing Model

For SBS ¢, there is a buffer storing the admitted but not
yet transmitted tasks, and .S;(t) is the length. According to the
current buffer’s queue length, the queue length in the next slot
is

In addition, the MEC server also maintains a task buffer for
each SBS i. Let M;(t) denote the queue length of task buffer on

the MBS server for requests from SBS ¢ at the beginning of slot
t. Then,
(6)
In (6), min{.S;(t), ;(t)} is the amount of SBS 4’s input compu-
tation tasks at the MEC server. It is because that for each SBS,
the amount of offloaded tasks can not be larger than what it has.
In this paper, inspired by [14], [15], we focus on the long
term average system performance rather than the instantaneous
performance in each slot. Then, the averages of .S;(¢) and M;(¢)
are given by

S, = lim lT_] E{S;(t)} @)
’ T—oo T =0 ! ’
T—oo T’

D. Problem Formulation

Here, we focus on the queue length as the performance metric,
and the constraint is to bound the task buffer’s queue shown as,

M; <¢, 3€eR™. ©))
We focus on the throughput and fairness in SCN with MEC,

and targets at maximizing the utility. Inspired by the previous
works [16], [17], each SBS ¢’s utility function is

- 1— i -1 CL l-a; i 1
Bifapdy = AT e AT (10)
log(d;), otherwise,

where d; = limr_. & 3/ E{d;(t)}. The utility function
is concave and strictly nondecreasing. a,; > 0 is the fairness
parameter. When the value of «; is larger, it means that fairness
is put more weight than throughput.

Let d;(t) be the admission control variables of each SBS 4,
and f;(t) be the allocated computation resource variables for
each SBS. Then, the optimization problem can be formulated as

P1: max D, (ay,d;), (11)
d(t),£(t) ;v ( )

subject to constraints (1), (4) and (9).
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Remark: As the wireless channel state and the task arrival are
dynamic as well as stochastic, P1 is a stochastic optimization
problem. It is considerably challenging to solve this problem on-
line due to the unpredictability of these stochastic processes. In
addition, the utility and the queue length are conflicting metrics.
The utility function increases with the increase of the admission
control variable. Thus, the system utility can be improved by
admitting more tasks. However, as the radio and computation
resources are limited, larger amount of admitted data would lead
to the longer queue length. In some cases, admitting too many
computation tasks may cause the system unstable. Therefore,
designing an online strategy which can maximize the utility with
bounded queue is critical and challenging.

III. ADMISSION CONTROL AND RESOURCE ALLOCATION
ALGORITHM

In this section, we design an admission control and com-
putation resource allocation algorithm called ACCRA to solve
the problem. It is obvious that the maximization optimization
problem not only depends on the current task arrival and channel
condition information, but also relies on their future statistical
information over the time slots. However, the task arrival and
channel state are usually unknown and unpredicted in prior. The
lack of future statistical information would make the problem
solving face great challenges. To address this issue, we decom-
pose P1 into three independent and deterministic optimization
subproblems in every slot. With stochastic optimization tech-
niques, ACCRA can be designed to concurrently solve these
subproblems. In the end, we also analyze the asymptotic opti-
mality of ACCRA.

A. Problem Transformation

Notably, the utility function defined in (10) is nonlinear and
concave. Following the Lyapunov optimization framework, P1
can be transformed to the following optimization problem with
an auxiliary variable e;(t).

P2: D, (v, e;(t 12
e(t),r({ll(%))(,f(t) g\; 1(0/2791( ))7 (12)
s.t. (1),(4),(9),
€ <d;,VieN, (13)
0<ei(t) < AT Vi N. (14)

where & = limy o 7 S o E{ei(t)}. Because of the non-
decreasing and concave properties of the utility function, it is
easy to prove that P1’s optimal solution is equal to P2’s by the
Jensen’s inequality [18].

By defining a virtual queue G;(t), we reform the constraint
(13) as a queue stability problem to improve the tractability of
P2. Specifically,

Lemma 1: For any i € N, if lim; . E{G;(¥)}/t =0, i.e.,

G, (t) is stable, the inequality constraint €; < d; would be es-
tablished.
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Proof: Recall that
> Gi(t) + ei(t) — di(t). (16)

Summing (16) over the slots and dividing by ¢, (17) can be
obtained.

Gi(t) a7

= | =t
;Z - gzdv(b)
=0

For generality, we assume that G;(0) = 0. Taking expecta-

tions on (17) and letting t — oo,
lim E{G:(t)} +d; > ée;. (18)
t—00 t
It is clear that when G;(t) is stable, ie.,
lim;_,o E{G;(t)}/t = 0, the inequality constraint (13) would
be satisfied. ]

O(t) = [S(t), M(t), G(t)] stands for the queue lengths’ vec-
tor in the system. Then, define

L(O(1) = 5 SU[S2(6) + M2(1) + G(1)].
ieN
It denotes the queue congestion state in the system. To keep each
queue length at a small value and ensure the queue stability, we
further present the drift function as

A(O(1)) = E{L(O( + 1)) - L(O®)|O(*)}.  (20)

Then, we jointly consider the queue stability and system
utility, and then the drift-minus-utility is given by

A(O(t) = VE{) | ®i(as, ei(t))|O(t)},
ieN
where V' > 0 is a coefficient to achieve the stability-utility
tradeoff. The drift-minus-utility’s supremum bound is presented
in Theorem 1.
Theorem 1: If r;(t)’s and F'(t)’s upper bounds r/"** and
F™a® exist, no matter what the value of ©(¢) is, for any feasible
policies, the following inequality would be satisfied,

A(©(1)) - VE {Z <I>¢(t)|®(t)}

ieN
<C-VE {Z B,(t) @(t)}

ieN

19)

21

+ 3 S OB () - ri()]© (1)}
ieN
+ 3 MAOEn (1) — bi(H)]© (1)
1eN
£ Y GUOBen) — d(1]©(1)).
ieN (22)
Here C = ! Zze/\/[ ( ma:z:) + 3(Almaa:)2 + (F;;Ll”L )2] is a

constant.

Proof: According to the facts that (max{a — b,0} + ¢)> —
a?> < b + ¢ + 2a(c — b) and min{a, b} < a,and squaring (5),
(6) and (15), it can yield that

SH(t+1) = SF(t) < ri(t) +di(t)

1967
+25;()[d;(t) — ri(t)], (23)
MZ(t+ 1) — MA(t) < B(1) +r2(t)
+ 2M; () [ri(t) — bi(2)], (24)
Hi(t+1) — H(t) < ej(t) + di (t)
+2H;(t)[e;(t) — d;(1)]. (25)
Based on (23), (24) and (25), we have
A(B(1)) < %E {Z@T?(t) +2d; (t) + b (t) + ef(t))l@(t)}
ieEN
+> Si(E{d(t) — ri(1)|©(1)}
ieN
+ 3 Mi(OB{ri(t) - bi(1)|©(1)}
ieN
+3 " Git)E{ei(t) — di(1)|O©(1)}.
iEN (26)

Note that it holds r;(t) < r™®*, d;(t) < AP, b;(t) <
Fmaz /¢, and e;(t) < A***. We can obtain (27).

ieN

ef(t))l@(t)}

Fmaz 2

< Z mam + 3(A;_nax)2 + ( ) (27)

€N ¢1

Then, putting (27) into (26) and adding —VE{} . .\
[ |

D, (t)|©(t)} obtains (22).

B. Online Optimal Algorithm Design

In this subsection, we design an online optimal algorithm to
get the minimization of drift-minus-utility’s supremum bound
given in Theorem 1. The minimization of supremum bound can
be decomposed into three independent subproblems. As a result,
the optimal solutions to these subproblems can be obtained in a
decentralized way.

Notably, in every slot, C', ©(t) and r;(¢) are constant. To be
more specific, parameter C' is the constant defined in Theorem
1. Besides, for each given time slot ¢, ©(t) and r;(t) can be
obtained and known at the beginning of each slot ¢; thus, they
are also constants of the decision variables. Then, the supremum
bound minimization problem can be equivalently reformulated
by eliminating the constant term,

P3: e(t)’r(?(itr;’f(t) ;[Gi(t)ei(t) —V&;(ay, e(t))]
+3 di0)[Si(t) GG
ieN €N

st (1), (4), (14). (28)

Note that in the objective and constraints of P3, the decision
variables e(t),d(t),f(t) are all decoupled. Then, P3 can be
decoupled to three independent subproblems. Specifically, the
three subproblems are: auxiliary variable selection, admission
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control decision and computation resource allocation. Next, the
optimal solutions to these subproblems are given separately.

1) Auxiliary Variable Optimization: The auxiliary variables
among the N SBSs are independent, where the optimal auxiliary
variable of each SBS can be computed concurrently. For each
SBS, the following optimization problem can be formulated with
the decision variable e;(¢).

min Gl (t)ei (t) — Vq)z (Ozi, €; (t) ) ,

ei(t)
st 0 <e(t) <A™ Vie N. (29)

Since G;(t) — V®;(«y, e;(t)) is differential, we can obtain
its first-order derivation ¥ («v;, e;(t)) as the following

° IfOZZ =1, w(ai,ei(t)) = Gz(t) — e,»Lt;

o Ifa; #0, 1 ¢(ai, ei(t) = Gi(t) — Ve (1)~

Then, according to the above results, the optimal auxiliary
variable €] (¢) can be obtained as follows

o Ifa; =0,
Amar Gty <V
() = {4 G (30)
0, otherwise;
o [fa;, =1,
AT Gl < Ve
Gt)=4 v A 31)
ENOL otherwise;
o Ifay # 0,1,
A;ﬂax’ Gl t) < %M
ety=1<"," o " N €5))
(m) o, otherwise.

2) Admission Control Decision: Similarly, the admission
control decisions among the N SBSs are also independent. The
optimal admission decision of each SBS can be computed in
a distributed way. For each SBS, considering the second term
in the objective of P3 and constraint (1), then, (33) can be
formulated with the decision variable d; (t).

(rin(lg di(t)[Si(t) — Gi(t)],

sit. 0<di(t) < Ai(t), VieN. (33)

(33) is a simple linear programming problem. For each SBS,
the optimal value of d;(t) is

di(t) = {Ai(t% Si(t) = Gi(t) <0

. (34)
0, otherwise.

3) Computation Resource Allocation: For the second last
term in P3’s objective and constraint (4), the following opti-
mization problem can be formulated with the decision variable
£(t).

min — Mi(®)
() =7 ®i

f’i (t)v

N
st Y filt) < F(t). (35)
i=1

(35) is a min-weight problem, and the computation resource

allocation f;(t) is weighted by the value of —%(t) Thus, the
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Algorithm 1: Admission Control and Computation Re-
source Allocation (ACCRA).

1:  Get the current lengths of actual queues S(¢), M(t)
and virtual queue G(t).

2: foralli € N do

3: if a; = 0 then

4: Determine the optimal auxiliary variables e; ()
according to (30).
5: else if o; = 1 then
6: Determine the optimal auxiliary variables e; (t)
according to (31).
7: else
8:  Determine the optimal auxiliary variables e;(t)
according to (32).
9: end if
10:  Make the optimal admission control decision d; (t)
according to (34).
11:  end for
12: foralli € A do
13: Find i = argminie(;, .. vy — 2.

14:  end for
15:  Allocate the computation resource according to (36).

optimal decision f}(t) is

Fi(t), 1=1i"
F(t) = ' 36
£ {O, otherwise, (36)
where @* = argmin;cgy 5 .y — MT(t), which represents the

M’?ft) among all the SBSs.

After the optimal auxiliary variables e*(t) are determined, the
virtual queue G(t) can be updated by (15). Likewise, according
to the optimal admission control d*(¢) and computation resource
allocation f*(¢), we can update the actual queues S(¢) and M (t)
according to (5) and (6), respectively. The details of ACCRA are
presented in Algorithm 1.

minimum value of —

C. Algorithm Analysis

This subsection theoretically analyzes the performance of
ACCRA and proves that ACCRA can approach the maximal
system utility by setting a sufficiently large value of tradeoff
parameter V.

Let ®(t) = Y, Pi(t) represent the total system utility. We
first present Lemma 2 to help prove the asymptotic optimality
of ACCRA.

Lemma 2: 1f P2 is feasible, there exist a randomized strategy
mand € > 0 satisfying the following,

B{&"(1)} = 3777 (e),
E{d7 (1)} < B{rs(t)} —c.
B{ri(t)} < B (1)} - <.
B{ef (1)} < B{d (1)} <. a7

where ®°° T'(¢) represents the optimal average system utility
with €.
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Proof: By applying Caratheodory’s theorem, one can prove
the Lemma 2 [18]. The details of the proof are omitted for
simplicity. |

Let ®4CCR4 denote the average system utility obtained
by ACCRA, and ®“4¥ denote the gap between ®°F7 and
HACCRA Next, we present Theorem 2 which shows the upper
bound of 47

Theorem 2: For any V, AP would satisfy the following,
C
@GAP < 38
v (38)

where C'is defined in Theorem 1.
Proof: Note that ACCRA minimizes drift-minus-utility’s up-
per bound. Then,

A(O(t) — VE{@'““rAp)e)} < C
~VE{®"(1)|®(t)} + Y _ Si(t)E{d] (t) — r:(t)|©(t)}
€N
+ 37 M (1) E{ri(t) — b7 ()|©(1)}
ieEN
+> Gt E{el (t) — dT (1) O(t)}.
ieN (39)

Substituting (37) into (39), taking expectations and using
iterated expectations, (40) can be obtained.

E{L(O(t + 1))} — B{L(6(1))} -~ VE{®"““ ()}

< CO-V@®rT(e)—cE {Z[Si(t)—I—Mi(t)—l—Gi(t)]} (40)
ieN
Summing (40) over the slots, dividing by 7" and let 7" — oo,
we have

—V@ACCRA < 0 _ Y @OPT (5) — Q. (41)
Then, dividing (41) by V and lete — 0, (42) can be obtained.

C
PACCRA - =
I’

Define @ to be the average length, which is expressed by,

Q= Jim £ Y mis
t=0 icN
Then, the upper bound of @ is given by Theorem 3.
Theorem 3: For any value of V, ) would be upper bounded
by

HOPT _ (42)

Mi(t) + Gi(t)}. (43)

. C+VeOTT v @OrT (e
Q< v ( )- (44)
Proof: Dividing (41) by €V, we have
Q _ C+ V(I)ACCRA o V@OPT(€)
— e )
C + VPOPT _ yeOPT
<&F - € (45)

Remark: Theorem 2 shows that the system utility of ACCRA
rises as V increases. When V' becomes sufficiently large, the gap
would be sufficiently small and the optimal system utility can
be approximated by ACCRA. Theorem 3 demonstrates that with
the rise of V, the queue length would increase. Nevertheless, the

1969

x10°
T

System utility

Fig. 1.

System utility with different values of V.

queue length always has a supremum bound. Combining Theo-
rem 2 and Theorem 3, ACCRA can make an [O(1/V),O(V)]
tradeoff between the system utility and queue length.

For the first loop in the ACCRA algorithm (line 2 to line 11),
the execution time of (30)-(32) and (34) is constant. The time
complexity of the first loop is O(n). The second loop (line 12
to 14) is to find the element with the lowest weight. The time
complexity of the second loop is also O(n). The 15th line of the
ACCRA algorithm allocates computing resources according to
equation (36). This requires traversing the queue once, and the
time complexity is O(n). Thus, the total time complexity of the
ACCRA algorithm is O(n).

IV. EVALUATION

This section presents the experiments to validate ACCRA’s
performance. Consider an SCN with 5 SBSs and 1 MBS.
For each SBS i, p; ~ U[50, 150] mW, «; ~ U|0, 1] [2], ¢; ~
U[1000,2000] cycles/bit [19] and F'(t) ~ U[10, 12] GHz. The
task arrival rate A;(¢) is uniform with the maximization value
A% Similar to [14], we adopt the Rayleigh fading channel and
h;(t) is exponentially distributed with unit mean. In addition,
for each SBS, B = 5 MHz and 0> = 1077, The slot length is 7
=1s.

A. Parameter Analysis

1) Tradeoff Parameter: Fig. 1 shows the impact of tradeoff
parameter V' on the average utility. It can be found that the
utility rises as V' increases, which agrees with Theorem 2 that
a larger V' would improve the utility. Actually, setting a larger
V' would emphasize more on the system utility, and ACCRA
would dynamically adjust the admission control variables to
increase the utility. Fig. 2 shows the average queue length when
V' is changed. It can be found that the queue length would be
larger when V is increased, agreeing with (44) in Theorem 3.
Combining the two figures, we can find that by setting different
V, the arbitrary utility-queue tradeoff can be obtained.

2) Task Arrival Rate: Fig. 3 shows the impact of the arrival
rate on the utility, and the rate is set as 7 - A;(t), where v =
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0.8, 1 and 1.2, respectively. It is observed that the utility is
higher with larger arrival rate. This is because more computation
tasks could be admitted by ACCRA when the arrival rate is
increased. Fig. 4 shows ACCRA’s queue length when the arrival
rate is changed. It is observed that the length is larger when the
arrival rate rises. Nevertheless, it is seen that the queue is always
stabilized by the ACCRA algorithm. From the two figures, it
can be concluded that with different arrival rates, ACCRA can
adjust the decision variables, and maintain the queue stability
while achieving higher utility.

3) MEC Computing Capacity: Fig. 5 and Fig. 6 show the
impact of the MEC computing capacity on the utility and the
queue. The capacity is set 3 - F'(t), where 5 = 1, 1.1 and 1.2,
respectively. Fig. 5 illustrates that the utility is higher with larger
computing capacity. Actually, the processing ability would be
enhanced and more computation tasks could be admitted, im-
proving the utility. From Fig. 6, it is observed that the queue
length is reduced with the increased computing capacity. This is
because the processing ability would be enhanced and reducing
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the queue length. According to the two figures, it can be illus-
trated that the ACCRA’s utility would be higher with bounded
queue length when the computing capacity is increased.

B. Comparison Experiment

This subsection further evaluates the performance of ACCRA
by comparing it with two benchmark algorithms [20], [21].

e Round Robin Greedy (RRG): Each SBS’s tasks are ad-
mitted in turn in each slot, and the algorithm admits the
computation tasks as many as possible;

e Fair Greedy (FG): In each slot ¢, each SBS is prioritized
by 1/ Zf;}) d;(t), and only the computation tasks from the
SBS with the highest priority are admitted. In addition, the
tasks are admitted as many as possible.

Fig. 7 is the average utility with the three different algorithms.
We can observe that among the 3 algorithms, ACCRA’s utility
is the highest. It is because that ACCRA can dynamically ad-
just the admission control and computing resource allocation
decisions based on the current queue lengths, task arrivals as
well as the wireless channel states. However, both RRG and
FG make the admission control decisions according to only
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the current task arrivals. Therefore, ACCRA can achieve the
better system utility compared with RRG and FG. In Fig. 8, to
further show the performance of ACCRA, we also illustrate the 3
different algorithms’ queue lengths. Our ACCRA algorithm has
the lowest queue length, and it is able to stabilize the queueing
state in a fast speed. And the queue lengths of RRG and FG both

continually increase as time goes by. The reason is that for the
SBS with long queue length, ACCRA would reduce its amount
of admitted tasks to keep the queue stable. Fig. 7 and Fig. 8 show
ACCRA’s superiorities on stabilizing the queue length at a low
level while increasing the utility.

V. RELATED WORK

Mao et al. [14] studied a multi-user MEC system with the
objective of energy consumption minimization by optimization
of communication and computing resources. They integrated
energy harvesting technologies into the offloading optimization
problem in MEC in [15]. Ren et al. [22] jointly considered
the radio and computing resources allocation to minimize the
latency. A resource allocation algorithm was designed to obtain
the optimal solutions of this latency minimization problem. The
above works all focused on the single tier homogeneous cellular
network with MEC, and mainly paid attention to the energy
consumption and delay.

Recently, there have been some works integrating MEC into
small cell network. Yang et al. [2] investigated the task offload-
ing problem in small cell network with MEC, and an offloading
optimization model was built aiming at energy consumption
minimization with the constraints of computing capacity and
delay. An offloading scheme based on the artificial fish swarm al-
gorithm was designed. Zhang et al. [6] studied the fronthaul and
backhaul links selection problem, and minimized the offloading
energy while guaranteeing that the delay did not exceed a thresh-
old. The computation offloading problem was studied targeting
at energy consumption minimization in [8]. An offloading and
communication resource allocation method was put forward to
achieve the minimal energy consumption.

The above works all focused on the energy consumption min-
imization problem. Different from them, Zhang et al. [9] studied
the balance between delay and energy in the MEC powered small
cell network, and considered both the single cell and multiple
cells scenarios. They put forward an iterative search method
to find the optimum strategy. Besides, the cost minimization
problem which combined the energy consumption and delay
was also investigated in some works. The task offloading and
interference management was studied in [10], and the joint
transmission power, communication and computing resources
allocation was studied in [23]. A task offloading approach for
edge computing in the scenario of ultradense 5G cells was
proposed in [24]. A game-theoretic greedy scheme was designed
for solving the overhead minimization problem while satisfying
the given wireless channel constraints.

In summary, most existing works about MEC powered small
cell network mainly focused on the energy efficient offload-
ing or energy-delay tradeoff. However, the throughput-fairness
problem was given less insights. Therefore, the throughput and
fairness are jointly considered in this paper with maximization
of utility for the small cell network with MEC.

VI. CONCLUSION

In this paper, we jointly study the task admission control
and computing resource allocation for the MEC-enabled SCN.
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A utility function which jointly considers the throughput and
fairness is adopted, and a dynamic optimization scheme called
ACCRA is designed for maximizing the utility function while
keeping the buffer from congested. Theoretical analysis prove
that ACCRA is able to balance arbitrary trade-off between the
system utility and the queue stability. Simulation experiments
are also conducted and the efficacy of ACCRA is validated by
empirical results. In the future, the user mobility and privacy is-
sues will be further considered in the design and optimization of
the admission control and resource allocation schemes for MEC.
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