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Energy Efficiency Maximization of
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Abstract—The integrated backscatter communication (Back-
Com) and active communication (AC) scheme can improve
wireless-powered mobile edge computing (WPMEC) system per-
formance in general single-user and multi-user scenarios. However,
there is little research in the cooperation-assisted WPMEC sce-
nario. In this article, we consider a cooperation-assisted WPMEC
system consisting of a source node (SN), a helper and a hybrid
access point (HAP) integrated with MEC servers. An innovative
user cooperation (UC) scheme with the integrated BackCom and
AC is proposed to enhance the system performance. As a relay,
the helper can help the SN to transmit its computing tasks due
to the poor communication link between the SN and the HAP.
To be specific, we aim at maximizing the user energy efficiency
(EE) by jointly optimizing the backscatter reflection coefficient for
BackCom, the transmission power for AC, the system time and task
optimization allocation while considering the minimum computa-
tion bits requirement, the channel capacity and energy constraints.
Based on a fractional program, we first transform the EE max-
imization problem into an equivalent one (non-convex problem)
and then transform this non-convex problem into a convex problem
by exploiting variable substitution and convex optimization. In
addition, semi-closed form expressions of the optimal solution are
deduced. An energy efficiency maximization algorithm is proposed
to solve this convex problem. Simulation results demonstrate that
the proposed scheme significantly improves the user EE than the
existing schemes.

Index Terms—Backscatter communication, convex opti-
mization, mobile edge computing (MEC), user cooperation, wire-
less power transfer (WPT).

I. INTRODUCTION

W ITH the development of communication technology and
the Internet of Things (IoT), there are many application
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scenarios of wireless devices, such as autonomous driving, vir-
tual reality (VR), smart city and tele-surgery [1], where these
applications are computation-intensive and latency-sensitive.
However, the mobile devices with poor computing capabilities
and finite battery capacity may have difficulties in handling
massive computational tasks [2]. To deal with this issue, mobile
edge computing (MEC) [3], named as a distributed computing
method, can sink computing and storage capabilities to the
access network close to the users. Wireless devices can offload
computation tasks to the nearby MEC servers, thus significantly
improving the computation capabilities and help reduce the
latency.

However, these wireless devices are equipped with small
battery capacities. It is troublesome to constantly replace the
batteries of billions of such IoT devices. To solve this problem,
wireless power transfer (WPT) [4] has been proposed to provide
a sustainable energy supply. In a wireless-powered mobile edge
computing (WPMEC) network, a hybrid access point (HAP)
[5] broadcasts radio frequency (RF) energy to the wireless
devices. By energy harvesting (EH) technology [6], the users
can convert the received RF signals to charge battery. Relying
on the harvested energy, users can accomplish the computation
tasks by local computing and offloading to MEC servers.

Extensive studies have investigated the WPMEC [7], [8].
In an updated work [9], the authors minimized the delay by
online learning while considering the task deadline and energy
constraints. Wang et al. [10] investigated how to provide per-
sonalized services by various unmanned aerial vehicle (UAV)
owners. In addition, a dynamic scenario containing multi-user
and multi-UAV integrated with the MEC server was considered
in [11] to minimize the total computation cost. However, there
exists a double near-far effect in these systems [12]. A remote
user harvests less energy, but needs to consume much energy for
task offloading [13]. To address this issue, a user cooperation
(UC) scheme [14] is an effective way to improve the system
performance. In this UC scheme, the near user acts as a relay to
transmit the signal of the far user. In [15], the authors discussed
a basic UC scheme. Due to the terrible communication channel
between one user and the MEC servers, task offloading needs the
help of another user. The authors maximized the total throughput
by jointly optimizing the local computing frequency, the transmit
power, the task and the time allocation.

Recently, Backscatter Communication (BackCom) [16], [17]
has received significant attention. In BackCom [18], [19], the
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transmitter works in a full duplex mode. Specifically, it can
operate in passive mode by modulating and reflecting the in-
cident signal to the receiver without generating a carrier fre-
quency, while harvesting energy to support circuit consumption
[20], [21]. As for traditional active communication (AC), the
transmitter first harvests energy and then uses the harvested
energy to transfer data, which is based on harvest-then-transmit
(HTT) protocol. Generally, the AC mode consumes more energy
than BackCom while achieving a higher transfer rate. There is
a tradeoff between the EH and the data transfer for BackCom
and AC, so they can be combined to increase the throughput and
energy efficiency (EE) [22], [23].

In [24], the weighted sum computation bits maximization
problem was studied in WPMEC with integrated BackCom and
AC, where a scenario with power beacon (PB), a MEC server
and multiple users were considered. The authors obtained the
optimal solution by jointly optimizing the BackCom reflec-
tion coefficient and time, the AC power and time, the local
computing frequency and the execution time. As for the same
system mode, the authors in [25] considered a computational EE
fairness problem, which is a non-convex fractional optimization
problem. A Dinkelbach-based iterative algorithm was used to
obtain the optimal solutions. The EE maximization of all users
was investigated in [26], where the authors found the tradeoff
between the BackCom and the HTT mode. In [27], the authors
jointly considered limited MEC computing capacity, quality of
service and energy causal constraints for each user. To max-
imize the system computing rate and the system EE, a novel
two-layer iterative algorithm and a low-complexity algorithm
are proposed.

Although the above studies have made some contributions on
the general WPMEC system and the backscatter-assisted WP-
MEC system, there are few existing studies on the cooperation-
assisted WPMEC system with the integrated BackCom and AC.
Motivated by above observations, we investigate a WPMEC
system based on UC consisting of a HAP, a SN and a helper.
The BackCom and the AC are allowed to offload the compu-
tation tasks. Unlike the system EE considered in [27], [28], in
this article, we provide user EE1 maximization algorithm and
use convex optimization techniques [30] to obtain an optimal
solution of this problem. Simulation results demonstrate that the
proposed design significantly improves the user EE, compared
with some conventional schemes. Our main contributions are
summarized as follows.

1) Improving the computation performance of the WPMEC
system. Users can use the integrated BackCom and AC to offload
computation tasks. On the UC, the near user can act as a relay to
help the edge-cell user to transform data. We aim at maximizing

1Different from the system-centric EE, the user-centric computing EE should
not include the energy consumption of HAP. There are some concerns in the
system-centric EE maximization. Only users with better energy utilization than
the system itself are scheduled, while other users keep silent in this process
[29]. As a result, their quality of service cannot be guaranteed. In addition, in
WPMEC, the users’ energy comes entirely from the HAP, and this part is less and
needs to be fully utilized. HAP is directly connected to the power supply, so the
system-centric EE optimal solution is not optimal for each user. The user-centric
EE pays attention to the users’ energy efficiency, which is more consistent with
the actual application scenarios.

Fig. 1. The user cooperative WPMEC system with integrated BackCom and
AC.

the user EE by jointly optimizing the backscatter reflection
coefficient for BackCom, the transmission power for AC, the
system time and task allocation while considering the minimum
computation bits requirement, the channel capacity and energy
constraints.

2) Applying a fractional program, variable substitution and
Lagrange method to transform the non-convex fractional prob-
lem to a convex problem and deduce semi-closed form expres-
sions of the optimal solutions.

3) Proposing an energy efficiency maximization algorithm
to solve this convex optimization problem. Our algorithm is
computation-efficient and the proposed scheme significantly
improves the user EE than the existing schemes.

The remainder is organized as follows. Section II presents
the cooperation-assisted WPMEC system with the integrated
BackCom and AC, including the communication model, the
integrated backCom and AC protocol in the UC scenario and the
computation model. Section III introduces the EE maximization
problem, the energy efficiency maximization algorithm and the
optimal solution of this problem. Simulation results are pre-
sented in Section IV. The last section gives the conclusion of
this work.

II. SYSTEM MODEL

A. Communication Model

We consider a user-cooperation WPMEC scenario as illus-
trated in Fig. 1, including two users and a HAP. One user far
away from the HAP, called source node (SN), has a large number
of computation tasks. Another user near to the HAP in an idle
state is called helper. The HAP can provide the wireless energy
and the task offloading for users, and these users can convert the
received RF signals to charge the battery. Moreover, a partial
offloading is adopted and computation tasks can be executed at
the SN, the helper and the HAP in parallel. Due to the terrible
channel condition between the SN and the HAP, the SN can
offload tasks to helper and HAP with the aid of the helper by the
UC. The helper can perform part of the tasks locally, and further
offload the remaining tasks to the HAP. After the HAP completes
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TABLE I
KEY NOTATIONS

Fig. 2. The integrated BackCom and AC protocol in UC scenario.

the tasks, it returns the results to the SN with the aid of the helper.
Different from existing researches, two communication modes
(BackCom and AC) can be used to offload tasks. Specifically, the
users are equipped with the BackCom circuit and the AC circuit.
There will be a trade-off between the AC and the BackCom. In
addition, UC scheme is an effective way to overcome the double
near-far effect. Therefore, we can design the UC scheme with
the integrated BackCom and AC to further improve the system
performance. For the convenience of reading, we list the major
notations and definitions in Table I.

B. Integrated BackCom and AC Protocol in the UC Scenario

As shown in Fig. 2, we propose an integrated BackCom and
AC protocol based on time division multiple access (TDMA)

in the UC scenario to avoid channel interference. Moreover,
The channel is supposed to be quasi-static fading, which keeps
unchange within T . We aim to maximize the user EE within T .
The first time slot t0 is the wireless energy transmission phase,
the users can receive the RF signal from the HAP. After t0, the
SN can use the integrated BackCom and AC to the offload tasks.
During the last time td, the HAP returns the computation results
to the SN. Since the computation results are very small compared
to the offloading tasks, we ignore the last time slot, e.g., td ≈ 0.

C. Wireless Energy Transmission

Users harvest energy by the EH from the HAP during t0. Then
the SN and the helper transfer data in turns during the slots tsb
and thb by the BackCom. The SN can harvest energy from HAP
in thb and the helper can harvest energy in tsb . So the harvested
energy of the SN and the helper are

Qs = μhs(t0 + thb )P0, (1)

and

Qh = μhh(t0 + tsb)P0, (2)

where hs and hh are the channel gain between the SN and the
HAP, and the channel gain between the helper and the HAP,
respectively.P0 is the transmit power of the HAP, and 0 < μ < 1
denotes the energy conversion efficiency.

The task offloading can be executed in two ways, namely
BackCom and AC. Let llocs , lhb , lapb , lha and lapa denote the number
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of tasks executed by the SN locally, offloaded to the helper by
BackCom, offloaded to the HAP by BackCom, the offloading
to the helper by the AC, and offloaded to the HAP by the AC,
respectively.

D. Computation Model

1) Local Computing: The number of tasks executed locally
at the SN is

llocs =
fsts
φs

, (3)

where φs is the CPU cycles required to compute one bit task,
ts represents the local computing time and fs denotes the local
CPU frequency of the SN [31]. Meanwhile, the corresponding
local computation energy consumption is

Eloc
s = κ(fs)

3ts, (4)

where κ is the effective capacitance coefficient, which depends
on the circuit structure [32].

2) Offloading Tasks by BackCom: During tsb , the SN can
offload the (lhb + lapb ) data to the helper by the BackCom. lapb
tasks will be transferred further to the HAP at thb . The remaining
lhb tasks computed at the helper can be written as

lhb =
fhth1
φh

, (5)

and the corresponding energy consumption is

Eloc
h1 = κ(fh)

3th1, (6)

where φh is the CPU cycles at the helper required to compute
one bit task, th1 and fh are the local computation time and the
CPU frequency of the helper, respectively. It is worth noting that
lhb bit data can be executed at the helper after the SN offloaded
its partial tasks to the helper by the BackCom. Thus, we have
this inequality 0 ≤ th1 ≤ thb + tsa.

Denote βs as the reflection coefficient of the SN, where
0 ≤ βs ≤ 1. This means that the SN can divide the received
signals into two parts: βs part as carrier to transfer the data by
the BackCom and 1− βs part of the harvesting energy [33]. Let
W denote the WPMEC system bandwidth and g0 denote the
channel gain from the SN to the helper. The achievable task rate
between the SN and the helper by the BackCom is expressed as
rsb = Wlog2(1 +

ζβsP0hsg0
σ2 ). where σ2 is the noise power and

ζ represents the performance gap reflecting the real modulation
[34]. So the transmitted computation task during tsb is

rsbt
s
b = tsbWlog2

(
1 +

ζβsP0hsg0
σ2

)
, (7)

and we have lhb + lapb ≤ rsbt
s
b. The circuit energy consumption

of the SN can be expressed as

Esoff
b = psbact

s
b, (8)

and the harvested energy of the SN by the BackCom is

Qs
b = μhst

s
bP0(1− βs), (9)

where psbac is the circuit power consumption of SN by the
BackCom.

During thb , the helper can offload the lapb data to the HAP by the
BackCom. Let gh represent the channel gain from the helper to
the HAP. Therefore, the achievable task rate between the helper
and the HAP by the BackCom is given by rhb = Wlog2(1 +
ζβhP0hhgh

σ2 ), and 0 ≤ βh ≤ 1 is the reflection coefficient of the
helper. So the transmitted computation task during thb is

rhb t
h
b = thbWlog2

(
1 +

ζβhP0hhgh
σ2

)
. (10)

Therefore, we have lapb ≤ rhb t
h
b . The circuit energy consumption

of the helper is

Ehoff
b = phbact

h
b , (11)

and the harvested energy of the helper by the BackCom is

Qh
b = μhht

h
bP0(1− βh), (12)

where phbac is the circuit power consumption of the helper by the
BackCom.

3) Offloading Tasks by the AC: In addition to the BackCom,
the task offloading can also use the AC mode. During the tsa,
the (lha + lapa ) data can be offloaded to the helper by the AC. lapa
tasks will be transferred further to the HAP at tha . The remaining
lha tasks computed at the helper can be written as

lha =
fhth2
φh

, (13)

and the corresponding energy consumption is

Eloc
h2 = κ(fh)

3th2, (14)

where th2 is the local computation time of the helper, and 0 ≤
th2 ≤ tha .

In addition, the channel capacity between the SN and the
helper is expressed as rsa = Wlog2(1 +

psg0
σ2 ), where ps repre-

sents the transmit power of the SN. So the transmitted compu-
tation task is

rsat
s
a = tsaWlog2

(
1 +

psg0
σ2

)
, (15)

and we have lha + lapa ≤ rsat
s
a. The energy consumption of the

SN is expressed as

Esoff
a = pst

s
a + P s

httt
s
a, (16)

where P s
htt is the circuit consumption of the SN by the AC.

During tha , the helper can offload the lapa data to the HAP by
the AC. The channel capacity between the helper and the HAP is
rha = Wlog2(1 +

phgh
σ2 ), where ph is the transmit power of the

helper. Therefore, the maximum transmitted computation task
is

rha t
h
a = Wthalog2

(
1 +

phgh
σ2

)
, (17)

and we have lapa ≤ rha t
h
a . The energy consumption of the helper

is expressed as

Ehoff
a = pht

h
a + Ph

httt
h
a , (18)

where Ph
htt is the circuit consumption of the helper by the AC.

Notice that the energy of the users is supplied from the
HAP. So users are subject to the energy consumption constraints
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[35], i.e., the total energy consumption cannot surpass the total
harvested energy for each device. Specifically, we have

Eloc
s + Esoff

b + Esoff
a ≤ Qs +Qs

b, (19)

and

Eloc
h1 + Eloc

h2 + Ehoff
a + Ehoff

b ≤ Qh +Qh
b . (20)

III. PROBLEM FORMULATION AND THE OPTIMAL SOLUTION OF

USER EE MAXIMIZATION PROBLEM

A. User EE Maximization Problem Formulation

In this section, we study the user EE maximization
problem by jointly optimizing the system time allocation
t = {t0, tsb, thb , tsa, tha , ts, th1, th2}, resource allocation strategy
l = {llocs , lhb , l

ap
b , lha , l

ap
a }, backscatter reflection coefficients

β = {βs, βh} and power allocation p = {ps, ph}. Accordingly,
the user EE maximization problem can be formulated as

P1 : max
{t,l,p,β}

ηEE =
ltotal
Etotal

(21a)

s.t. C1 : lhb + lapb ≤ tsbWlog2

(
1 +

ζβsP0hsg0
σ2

)
, (21b)

C2 : lapb ≤ thbWlog2

(
1 +

ζβhP0hhgh
σ2

)
, (21c)

C3 : lha + lapa ≤ tsaWlog2

(
1 +

psg0
σ2

)
, (21d)

C4 : lapa ≤ thaWlog2

(
1 +

phgh
σ2

)
, (21e)

C5 : 0 ≤ t0 + tsb + thb + tsa + tha ≤ T, (21f)

C6 : 0 ≤ ts ≤ T, (21g)

C7 : 0 ≤ th1 ≤ thb + tsa, 0 ≤ th2 ≤ tha , (21h)

C8 : t � 0, (21i)

C9 : 0 ≤ βs ≤ 1, 0 ≤ βh ≤ 1, (21j)

C10 : ltotal ≥ Lmin, (21k)

C11 : (3), (5)and(13), (21l)

C12 : (19)and(20), (21m)

(21)

where ηEE is the user EE, ltotal = llocs + lhb + lapb + lha + lapa is
total computation bits and Etotal = Eloc

s + Esoff
b + Esoff

a +

Eloc
h1 + Eloc

h2 + Ehoff
a + Ehoff

b + μhst
s
bP0βs + μhht

h
bP0βh is

total energy consumption. C1-C4 represent the maximum trans-
mitted computation bits by the BackCom and the AC. C5-C8 are
the time allocation limits, and C9 is the backscatter reflection
coefficient constraint for the SN and the helper. C10 is the
minimum computation bit requirement and C11 is the local
computing relationship. C12 represents the energy consumption
constraints. Due to the non-convex fractional objective function,
non-convex constraints C1-C4 and the relationship of multi-
variate multiplication in C12, P1 is a non-convex fractional

optimization problem. In the following, we will convert P1 into
a convex optimization problem.

First of all, as for the fractional objective function, we apply
the Dinkelbach method [36]. Specifically, let q∗ denote the
optimal EE. q∗ is achieved if and only if this equation holds.

max
{t,l,p,β}

ltotal − q∗Etotal = l∗total − q∗E∗
total = 0, (22)

where ∗ represents optimal solutions for all variables, l∗total is
the optimal computation bits and E∗

total is the optimal energy
consumption. Thus, P1 can be transformed to P2 equivalently.

P2 : max
{t,l,p,β}

ltotal − qEtotal (23a)

s.t. C1 : (21b)− (21m) (23b)

(23)

where q is a given parameter that should be deter-
mined afterward. However, because of the non-convex con-
straints (23b), P2 is more tractable than P1. To deal
with that, we introduce auxiliary variables τsb , τhb , τsa
and τha , where τsb = βst

s
b , τhb = βht

h
b , τ sa = pst

s
a and τha =

pht
h
a . By using these auxiliary variables, Etotal can be

converted to E ′
total. E

′
total = Eloc

s + Esoff
b + τ sa + Ph

httt
h
a +

Eloc
h1 + Eloc

h2 + τha + Ehoff
b + μhsP0τ

s
b + μhhP0τ

h
b . Accord-

ing to (21j), we have 0 ≤ τsb ≤ tsb and 0 ≤ τhb ≤ thb . Meanwhile,
to simplify the mathematical expression, we introduce some
constants A, B, C and D. A = ζP0hsg0

σ2 , B = ζP0hhgh
σ2 , C = g0

σ2

and D = gh
σ2 . Then, P2 can be equivalently transformed into

P3.

P3 : max
{t,l,τ}

ltotal − qE ′
total, (24a)

s.t. C1 : lhb + lapb ≤ tsbWlog2

(
1 +

τ sbA

tsb

)
, (24b)

C2 : lapb ≤ thbWlog2

(
1 +

τhb B

thb

)
, (24c)

C3 : lha + lapa ≤ tsaWlog2

(
1 +

τ saC

tsa

)
, (24d)

C4 : lapa ≤ thaWlog2

(
1 +

τhaD

tha

)
, (24e)

C5 : κ(fs)
3ts + psbact

s
b + P s

httt
s
a + τ sa (24f)

≤ μhs(t0 + tsb + thb − τ sb )P0, (24f)

C6 : κ(fh)
3th1 + κ(fh)

3th2 + Ph
httt

h
a+ (24g)

phbact
h
b + τha ≤ μhh(t0 + tsb + thb − τhb )P0, (24g)

C7 : 0 ≤ τsb ≤ tsb, 0 ≤ τhb ≤ thb , (24h)

C8 : (21f)− (21l), (24i)

(24)

Authorized licensed use limited to: SHENZHEN UNIVERSITY. Downloaded on April 04,2024 at 08:43:31 UTC from IEEE Xplore.  Restrictions apply. 



HE et al.: ENERGY EFFICIENCY MAXIMIZATION OF BACKSCATTER-ASSISTED WIRELESS-POWERED MEC WITH USER COOPERATION 1883

Algorithm 1: The User Energy Efficiency Maximization
Algorithm.

Lemma 1. P3 is a convex optimization problem. It can be
efficiently solved by convex optimization tools, such as CVX
[37].

Proof. First, the constraints (24h) and (24i) are linear in-
equality constraints and linear equality constraints. Second,
for (24b), tsbWlog2(1 +

τs
bA

tsb
) is the perspective of Wlog2(1 +

τsbA), which is a concave function of τsb . Since the perspective

operation preserves convexity [30], tsbWlog2(1 +
τs
b A

tsb
) is con-

cave with respect to τsb and tsb . It is obvious that lhb + lapb is a
linear function. Thus, the (24b) is a convex constraint. What’s
more, for the energy constraint (24f), the right side is a linear
function with respect to t0, tsb , thb and τsb . The left side is also
a linear function with regard to ts, tsb, tsa and τsa . So (24f) is
also a convex constraint. Using the same analysis method for
(24c)–(24e) and (24g), we can easily prove that these constraints
are also convex constraints. Finally, by analyzing the above ltotal
andE ′

total, the objective function becomes a linear function after
the EE q is given. Thus, P3 is proved to be convex.

B. Optimal Solution for User EE Maximization Problem

In order to solve P3, an energy efficiency maximum algo-
rithm is proposed in Algorithm 1. Besides, the Lagrange method
can be employed to obtain some meaningful insights of the
optimal solution.

Theorem 1. For the given non-negative Lagrange multipliers
λi, i = 1, 2, .., 10, the optimal backscatter reflection coefficients
β = {βs, βh} and the power allocation p = {ps, ph} need to

satisfy the following equations:

β∗
s =

{
0, if tsb = 0[

λ1W
((λ5−q)μhsP0+λ8)ln2

− σ2

ζP0hsg0

]+
, others

,

(25)

β∗
h =

{
0, if thb = 0[

λ2W
((λ6−q)μhhP0+λ9)ln2

− σ2

ζP0hhgh

]+
, others

,

(26)

p∗s =

{
0, if tsa = 0[

λ3W
(λ5−q)ln2 − σ2

g0

]+
, others

,

(27)

p∗h =

{
0, if tha = 0[

λ4W
(λ6−q)ln2 − σ2

gh

]+
, others

,

(28)

where [x]+ � max{0, x}.
Proof. Let λi ≥ 0 i = 1, 2, . . ., 10 denote the Lagrange mul-

tipliers associated with the constraints (24b)–(24g), (21f) and
(21k), respectively. The Lagrangian function of P3 is

L = ltotal − qE ′
total

+ λ1

[
lhb + lapb − tsbWlog2

(
1 +

τsbA

tsb

)]

+ λ2

[
lapb − thbWlog2

(
1 +

τhb B

thb

)]

+ λ3

[
lha + lapa − tsaWlog2

(
1 +

τ saC

tsa

)]

+ λ4

[
lapa − thaWlog2

(
1 +

τhaD

tha

)]

+ λ5[κ(fs)
3ts + psbact

s
b + P s

httt
s
a

+ τ sa − μhs(t0 + tsb + thb − τ sb )P0]

+ λ6[κ(fh)
3th1 + κ(fh)

3th2 + Ph
httt

h
a + phbact

h
b

+ τha − μhh(t0 + tsb + thb − τhb )P0]

+ λ7[t0 + tsb + thb + tsa + tha − T ]

+ λ8[τ
s
b − tsb] + λ9[τ

h
b − thb ] + λ10[Lmin − ltotal].

(29)

We can use the first-order optimality condition. Let the gradients
of the Lagrangian L with respect to τsb , τhb , τsa and τha be zero,
respectively.

τsb =

[
λ1Wtsb

((λ5 − q)μhsP0 + λ8)ln2
− σ2tsb

ζP0hsg0

]+
, (30)

τhb =

[
λ2Wthb

((λ6 − q)μhhP0 + λ9)ln2
− σ2thb

ζP0hhgh

]+
, (31)
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τsa =

[
λ3Wtsa

(λ5 − q)ln2
− σ2tsa

g0

]+
, (32)

τha =

[
λ4Wtha

(λ6 − q)ln2
− σ2tha

gh

]+
, (33)

where [x]+ � max{0, x}. By using the relationships between
these auxiliary variables and the original variables, we can easily
obtain this theorem.

We can see from this theorem, when ζP0hsg0 ≥
((λ5−q)μhsP0+λ8)ln2σ

2

λ1W
, the SN is more willing to offload tasks

by the BackCom. In other words, when the channel condition
and the performance gap are good and the harvested energy is
enough, the BackCom mode can be selected. In addition, when
g0 ≥ (λ5−q)ln2σ2

λ3W
, e.g., the channel condition between the SN

and the helper is well, the SN will choose the AC mode. As for
the helper, we can also draw the same conclusions.

IV. SIMULATION RESULTS

In this section, some numerical results are provided to evaluate
the performance of the proposed cooperation-assisted WPMEC
with the integrated BackCom and AC scheme, compared with
the following four schemes.

A. User Cooperation With AC Scheme

In this scheme, users utilize the traditional harvest-then-
offloading protocol to accomplish the computation tasks. Spe-
cially, the SN and the helper first harvest energy from the HAP,
and then the SN utilizes the harvested energy to accomplish
the computation tasks with the aid of the helper and the HAP.
During this process, all task offloading can only use the AC,
and the BackCom is banned. Thus, we can easily set tsb = 0 and
thb = 0 in P1 to achieve this scheme.

B. User Cooperation With BackCom Scheme

In this scheme, users utilize the BackCom mode to accomplish
the computation tasks. Specially, the HAP broadcasts energy to
users during a whole time block T . The SN can also accomplish
computation tasks with the aid of the helper and the HAP.
However, all task offloading can only use the BackCom, and
the AC is banned. Thus, users need to adjust the backscatter
reflection coefficient to maintain the basic circuit consumption
and achieve data transformation. We can easily set tsa = 0 and
tha = 0 in P1 to achieve this scheme.

C. Without User Cooperation With Integrated BackCom and
AC Scheme

In this scheme, the SN directly communicates with the HAP
without the aid of the helper. Specially, it first harvests the energy
from the HAP and then can offload tasks to the HAP by the
integrated the BackCom and AC. Owning to the bad channel
condition between the SN and the HAP, it may harvest less
energy and offload a little part of tasks to the HAP. In addition, it
can accomplish its computation tasks by local computing during
the entire time block T .

TABLE II
SIMULATION PARAMETERS

Fig. 3. The user energy efficiency versus the performance gap.

D. Throughput Maximization in User Cooperation
With Integrated BackCom and AC Scheme

In this scheme, we maximize the total computation bits ltotal
under the same condition of P1. Compared with the proposed
scheme, this scheme can exhaust the remaining energy to get the
maximum computation rates, so the energy utilization is low.

In this simulation, we set the communication channel to d−α,
where d denotes the distance between different devices, α is
the path-loss exponent. The distances between the SN and the
helper, between the SN and the HAP and between the helper and
the HAP are 12 m, 30 m and 20 m, respectively. The details of
other parameters are exhibited in Table II.

Fig. 3 illustrates the user EE versus the performance gap ζ.
As is illustrated, it obviously shows that the EE increases as
the performance gap increases in the BackCom scheme and
the integrated BackCom and AC scheme while the AC scheme
remains unchangeable. The proposed scheme can achieve the
best system performance, because it can make a full use of
advantages of the BackCom and the AC. When ζ > −16 dB, the
BackCom scheme outperforms the AC scheme, so the proposed
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Fig. 4. The user energy efficiency versus the number of iterations.

Fig. 5. The user energy efficiency versus different schemes.

scheme can allocate more time to the BackCom mode. When
ζ < −22 dB, the proposed scheme nearly works on the AC
mode. Thus, we can conclude that the proposed scheme is more
flexible than other schemes.

Fig. 4 shows that the user EE versus the number of iterations.
We can see from Fig. 4 that after five iterations, our proposed
algorithm can converge to the optimal EE under different circuit
consumption of the BackCom, which proves that our algorithm
is computation-effective. Besides, the user EE decreases with the
increase of phbac and psbac. Obviously, for the same computation
rate, the larger the circuit consumption of the BackCom, the
more energy can be consumed.

Fig. 5 shows that the user EE versus different schemes, where
ζ = −17 dB. It is worth noting that the proposed scheme can
achieve the best EE among all five schemes, which illustrates the
advantages of the integrated BackCom and AC. In addition, the
without-user-cooperation scheme with the integrated BackCom
and AC has the lower EE. Even though using the integrated
BackCom and AC mode, the terrible channel condition between
the SN and the HAP still brings about less harvested energy
and offloading tasks. This explains the importance of the UC for

Fig. 6. The optimal time allocation versus the performance gap.

Fig. 7. The user EE versus the minimum computation bits requirement.

improve the property of the far user. It can be observed that the
throughput maximization scheme is the lowest EE, so setting
the EE as the objective function can achieve a higher energy
utilization.

In Fig. 6, we plot the relationship between the optimal time
allocation t∗ and the performance gap ζ. As desired, when ζ is
small, the BackCom mode cannot achieve larger computation
bits compared with the consumed energy, so users are willing
to allocate more time t∗0 to harvest the energy and then use the
AC mode to offload the tasks. In addition, t∗0 decreases with the
increase of ζ and when ζ ≥ −22 dB, t∗0 ≈ 0. The reason is that
the BackCom mode can achieve more computation bits with
the increase of ζ under the same energy consumption, so the
BackCom mode becomes more energy efficiency for users. The
BackCom mode can be chosen to reflect the incident signal to
transmit tasks and collect energy simultaneously to support the
circuit consumption [38]. Thus, ts∗b and th∗b increase while ts∗a
and th∗a decrease with the increase of ζ.

Fig. 7 shows the user EE versus the minimum computation
bits requirement. Obviously, each user EE of the other three
schemes decrease as the minimum computation bits requirement
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Lmin increases except the throughput maximization scheme.
The reason is that with Lmin increases, more system resources
can be provided to satisfy the minimum computation bits re-
quirement, which leads to consuming much more energy. In the
throughput maximization scheme, the objective function is to
maximize the computation bits. Within a certain range of Lmin,
it can meet the requirement. Thus, the EE of this scheme keeps
unchanged at a very low EE. Besides, our proposed scheme can
achieve maximum EE than other schemes, which also shows the
advantages of the UC scheme with the integrated BackCom and
AC.

V. CONCLUSION

In this article, we investigated an innovative cooperation-
assisted WPMEC system with the integrated BackCom and AC,
where we formulated a problem of maximizing the user EE
by jointly optimizing the backscatter reflection coefficient for
the BackCom, the transmission power for the AC, the time and
task allocation when considering the minimum computation bits
requirement, the channel capacity and the energy constraint. The
integrated BackCom and AC protocol based on TDMA in the
UC scenario was proposed to avoid interference. Based on the
variable substitution, the fractional program and convex opti-
mization techniques, we transformed the original problem into
a convex optimization problem and obtained the semi-closed
form of an optimal solution. An energy efficiency maximiza-
tion algorithm was proposed to solve this convex optimization
problem. Simulation results showed that the proposed scheme
outperforms existing schemes in maximizing the user EE, which
demonstrated the advantages of our proposed scheme.

REFERENCES

[1] M. Singh, “Ambient backscatter communication in 5G,” in Proc. IEEE
3rd Int. Conf. Inventive Res. Comput. Appl., 2021, pp. 430–432.

[2] P. X. Nguyen et al., “Backscatter-assisted data offloading in OFDMA-
Based wireless-powered mobile edge computing for IoT networks,” IEEE
Internet Things J., vol. 8, no. 11, pp. 9233–9243, Jun. 2021.

[3] Y. Siriwardhana, P. Porambage, M. Liyanage, and M. Ylianttila, “A
survey on mobile augmented reality with 5G mobile edge computing:
Architectures, applications, and technical aspects,” IEEE Commun. Surv.
Tut., vol. 23, no. 2, pp. 1160–1192, Second Quarter 2021.

[4] F. Wang, J. Xu, and S. Cui, “Optimal energy allocation and task offloading
policy for wireless powered mobile edge computing systems,” IEEE Trans.
Wireless Commun., vol. 19, no. 4, pp. 2443–2459, Apr. 2020.

[5] S. Mao, J. Wu, L. Liu, D. Lan, and A. Taherkordi, “Energy-efficient cooper-
ative communication and computation for wireless powered mobile-edge
computing,” IEEE Syst. J., vol. 16, no. 1, pp. 287–298, Mar. 2022.

[6] F. Zhou and R. Q. Hu, “Computation efficiency maximization in wireless-
powered mobile edge computing networks,” IEEE Trans. Wireless Com-
mun., vol. 19, no. 5, pp. 3170–3184, May 2020.

[7] M. Zeng, R. Du, V. Fodor, and C. Fischione, “Computation rate maximiza-
tion for wireless powered mobile edge computing with NOMA,” in Proc.
IEEE 20th Int. Symp. A World Wireless Mobile Multimedia Netw., 2019,
pp. 1–9.

[8] F. Wang, J. Xu, X. Wang, and S. Cui, “Joint offloading and computing
optimization in wireless powered mobile-edge computing systems,” IEEE
Trans. Wireless Commun., vol. 17, no. 3, pp. 1784–1797, Mar. 2018.

[9] X. Wang, Z. Ning, L. Guo, S. Guo, X. Gao, and G. Wang, “Online learning
for distributed computation offloading in wireless powered mobile edge
computing networks,” IEEE Trans. Parallel Distrib. Syst., vol. 33, no. 8,
pp. 1841–1855, Aug. 2022.

[10] X. Wang, Z. Ning, S. Guo, M. Wen, L. Guo, and V. Poor, “Dynamic UAV
deployment for differentiated services: A multi-agent imitation learning
based approach,” IEEE Trans. Mobile Comput., early access, Sep. 2021,
doi: 10.1109/TMC.2021.3116236.

[11] Z. Ning et al., “Dynamic computation offloading and server deployment
for UAV-Enabled multi-access edge computing,” IEEE Trans. Mobile
Comput., early access, Nov. 2021, doi: 10.1109/TMC.2021.3129785.

[12] B. Li, F. Si, W. Zhao, and H. Zhang, “Wireless powered mobile edge
computing with NOMA and user cooperation,” IEEE Trans. Veh. Technol.,
vol. 70, no. 2, pp. 1957–1961, Feb. 2021.

[13] B. Su, Q. Ni, W. Yu, and H. Pervaiz, “Optimizing computation efficiency
for NOMA-Assisted mobile edge computing with user cooperation,” IEEE
Trans. Green Commun. Netw., vol. 5, no. 2, pp. 858–867, Jun. 2021.

[14] D. Wu, F. Wang, X. Cao, and J. Xu, “Wireless powered user cooperative
computation in mobile edge computing systems,” in Proc. IEEE Globecom
Workshops, 2018, pp. 1–7.

[15] B. He, S. Bi, H. Xing, and X. Lin, “Collaborative computation offloading
in wireless powered mobile-edge computing systems,” in Proc. IEEE
Globecom Workshops, 2019, pp. 1–7.

[16] D. T. Hoang, D. Niyato, P. Wang, D. I. Kim, and Z. Han, “Ambient
backscatter: A new approach to improve network performance for RF-
Powered cognitive radio networks,” IEEE Trans. Commun., vol. 65, no. 9,
pp. 3659–3674, Sep. 2017.

[17] B. Gu, Y. Xu, C. Huang, and R. Q. Hu, “Energy-efficient resource alloca-
tion for OFDMA-based wireless-powered backscatter communications,”
in Proc. IEEE Int. Conf. Commun., 2021, pp. 1–6.

[18] Y. Ye, L. Shi, X. Chu, and G. Lu, “Throughput fairness guarantee in
wireless powered backscatter communications with HTT,” IEEE Wireless
Commun. Lett., vol. 10, no. 3, pp. 449–453, Mar. 2021.

[19] B. Lyu, D. T. Hoang, and Z. Yang, “User cooperation in wireless-powered
backscatter communication networks,” IEEE Wireless Commun. Lett.,
vol. 8, no. 2, pp. 632–635, Apr. 2019.

[20] Y. Ye, L. Shi, R. Q. Hu, and G. Lu, “Energy-efficient resource allocation for
wirelessly powered backscatter communications,” IEEE Commun. Lett.,
vol. 23, no. 8, pp. 1418–1422, Aug. 2019.

[21] Z. B. Zawawi, Y. Huang, and B. Clerckx, “Multiuser wirelessly powered
backscatter communications: Nonlinearity, waveform design, and SINR-
Energy tradeoff,” IEEE Trans. Wireless Commun., vol. 18, no. 1, pp. 241–
253, Jan. 2019.

[22] S. Idrees, X. Zhou, S. Durrani, and D. Niyato, “Design of ambient
backscatter training for wireless power transfer,” IEEE Trans. Wireless
Commun., vol. 19, no. 10, pp. 6316–6330, Oct. 2020.

[23] F. Rezaei, C. Tellambura, and S. Herath, “Large-scale wireless-powered
networks with backscatter communications–a comprehensive survey,”
IEEE Open J. Commun. Soc., vol. 1, pp. 1100–1130, Jul. 2020.

[24] L. Shi, Y. Ye, X. Chu, and G. Lu, “Computation bits maximization in a
backscatter assisted wirelessly powered MEC network,” IEEE Commun.
Lett., vol. 25, no. 2, pp. 528–532, Feb. 2021.

[25] L. Shi, Y. Ye, G. Zheng, and G. Lu, “Computational EE fairness in
backscatter-assisted wireless powered MEC networks,” IEEE Wireless
Commun. Lett., vol. 10, no. 5, pp. 1088–1092, May 2021.

[26] L. Shi, R. Q. Hu, J. Gunther, Y. Ye, and H. Zhang, “Energy efficiency for
RF-Powered backscatter networks using HTT protocol,” IEEE Trans. Veh.
Technol., vol. 69, no. 11, pp. 13932–13936, Nov. 2020.

[27] Y. Ye, L. Shi, X. Chu, R. Q. Hu, and G. Lu, “Resource allocation in
backscatter-assisted wireless powered MEC networks with limited MEC
computation capacity,” IEEE Trans. Wireless Commun., vol. 21, no. 12,
pp. 10678–10694, Dec. 2022.

[28] Y. Ye, L. Shi, H. Sun, R. Q. Hu, and G. Lu, “System-centric computation
energy efficiency for distributed NOMA-Based MEC networks,” IEEE
Trans. Veh. Technol., vol. 69, no. 8, pp. 8938–8948, Aug. 2020.

[29] Q. Wu, W. Chen, D. W. Kwan Ng, J. Li, and R. Schober, “User-
centric energy efficiency maximization for wireless powered communi-
cations,” IEEE Trans. Wireless Commun., vol. 15, no. 10, pp. 6898–6912,
Oct. 2016.

[30] S. Boyd and L. Vandenberghe, Convex Optimization. Cambridge, U.K.:
Cambridge Univ. Press, 2004.

[31] Y. Ye, L. Shi, X. Chu, D. Li, and G. Lu, “Delay minimization in wireless
powered mobile edge computing with hybrid BackCom and AT,” IEEE
Wireless Commun. Lett., vol. 10, no. 7, pp. 1532–1536, Jul. 2021.

[32] H. Yang, Y. Ye, and X. Chu, “Max-min energy-efficient resource allocation
for wireless powered backscatter networks,” IEEE Wireless Commun. Lett.,
vol. 9, no. 5, pp. 688–692, May 2020.

[33] Y. Xu, B. Gu, R. Q. Hu, D. Li, and H. Zhang, “Joint computation offloading
and radio resource allocation in MEC-Based wireless-powered backscatter
communication networks,” IEEE Trans. Veh. Technol., vol. 70, no. 6,
pp. 6200–6205, Jun. 2021.

[34] B. Lyu, H. Guo, Z. Yang, and G. Gui, “Throughput maximization for
hybrid backscatter assisted cognitive wireless powered radio networks,”
IEEE Internet Things J., vol. 5, no. 3, pp. 2015–2024, Jun. 2018.

Authorized licensed use limited to: SHENZHEN UNIVERSITY. Downloaded on April 04,2024 at 08:43:31 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.1109/TMC.2021.3116236
https://dx.doi.org/10.1109/TMC.2021.3129785


HE et al.: ENERGY EFFICIENCY MAXIMIZATION OF BACKSCATTER-ASSISTED WIRELESS-POWERED MEC WITH USER COOPERATION 1887

[35] J. Lu, P. Wu, and M. Xia, “Computation-efficient hybrid offloading for
backscatter-assisted wirelessly powered MEC,” in Proc. IEEE 93rd Veh.
Technol. Conf., 2021, pp. 1–6.

[36] W. Dinkelbach, “On nonlinear fractional programming,” Manage. Sci.,
vol. 13, no. 7, pp. 492–498, 1967.

[37] M. Grant, S. Boyd, and Y. Ye, “CVX: MATLAB software for disciplined
convex programming,” 2009. [Online]. Available: http://cvxr.com

[38] Y. Xu and G. Gui, “Optimal resource allocation for wireless powered multi-
carrier backscatter communication networks,” IEEE Wireless Commun.
Lett., vol. 9, no. 8, pp. 1191–1195, Aug. 2020.

Yejun He (Senior Member, IEEE) received the PhD
degree in information and communication engineer-
ing from the Huazhong University of Science and
Technology, Wuhan, 2005. From 2005 to 2006, he
was a research associate at the Department of Elec-
tronic and Information Engineering, Hong Kong
Polytechnic University, Hong Kong. From 2006 to
2007, he was a research associate at the Department
of Electronic Engineering, Faculty of Engineering,
the Chinese University of Hong Kong, Hong Kong.
In 2012, he was a visiting professor at the Department

of Electrical and Computer Engineering, University of Waterloo, Waterloo, ON,
Canada. From 2013 to 2015, he was an advanced visiting scholar (visiting
professor) at the School of Electrical and Computer Engineering, Georgia
Institute of Technology, Atlanta, Georgia. Since 2011, he has been a full pro-
fessor with the College of Electronics and Information Engineering, Shenzhen
University, Shenzhen, China, where he is the director of Guangdong Engineering
Research Center of Base Station Antennas and Propagation, the director of
Shenzhen Key Laboratory of Antennas and Propagation, and the chair of IEEE
APS-Shenzhen Chapter. He was selected as Pengcheng Scholar Distinguished
professor, Shenzhen, and Minjiang Scholar chair professor of Fujian Province,
China, in 2020 and 2022, respectively. He has authored or coauthored more than
260 referred journal and conference papers and 7 books, and holds about 20
patents. His research interests include wireless communications, antennas, and
radio frequency.

Dr. He received the Shenzhen Science and Technology Progress Award, in
2017, and has obtained the Guangdong Provincial Science and Technology
Progress Award for two times, in 2018 and 2023, respectively. He obtained
the IEEE APS Outstanding Chapter Award in 2022. He was also a recipient of
the Shenzhen Overseas High-Caliber Personnel Level B (Peacock Plan Award
B) and Shenzhen High-Level Professional Talent (Local Leading Talent). He has
served as a reviewer for various journals, such as IEEE Transactions on Vehicular
Technology, IEEE Transactions on Communications, IEEE Transactions on
Industrial Electronics, IEEE Transactions on Antennas and Propagation, IEEE
Wireless Communications, the IEEE Communications Letters, the International
Journal of Communication Systems, and Wireless Personal Communications. He
has also served as a Technical Program Committee member or a Session chair for
various conferences, including the IEEE Global Telecommunications Confer-
ence, the IEEE International Conference on Communications, the IEEE Wireless
Communication Networking Conference, and the IEEE Vehicular Technology
Conference. He served as the TPC chair for IEEE ComComAp 2021, the general
chair for IEEE ComComAp 2019, and the Organizing Committee vice chair
for the International Conference on Communications and Mobile Computing
(CMC 2010). He was selected as a board member of IEEE Wireless and Optical
Communications Conference (WOCC) and is serving/served as the TPC co-chair
for WOCC2023/WOCC2022/WOCC2019/WOCC2016/WOCC2015. He is the
principal investigator for more than 30 current or finished research projects,
including the National Natural Science Foundation of China, the Science and
Technology Program of Guangdong Province, and the Science and Technology
Program of Shenzhen City. He is a fellow of IET, and a Senior Member of the
China Institute of Communications and the China Institute of Electronics. He is
serving as an associate editor of IEEE Transactions on Mobile Computing, IEEE
Transactions on Antennas and Propagation, IEEE Antennas and Propagation
Magazine, IEEE Antennas and Wireless Propagation Letters, International
Journal of Communication Systems, China Communications, as well as ZTE
Communications. He served as IEEE Network.

Xinying Wu received the BS degree in communica-
tion engineering from the Xi’an University of Science
and Technology (XUST), Xi’an, China, in 2020. He is
currently working toward the MS degree in informa-
tion and communication engineering with Shenzhen
University, Shenzhen, China. His research interests
include wireless communications and mobile edge
computing.

Zhou He received the BS degree in electrical en-
gineering from the University of Colorado Boulder,
Colorado, USA, in 2018. He is currently working to-
ward the PhD degree of mechanical engineering with
the University of Maryland, College Park, USA. His
research interests include wireless communication,
antennas, and reliability of electronic products.

Mohsen Guizani (Fellow, IEEE) received the BS
(with distinction), MS and PhD degrees in electrical
and computer engineering from Syracuse University,
Syracuse, New York, in 1985, 1987 and 1990, respec-
tively. He is currently a professor of machine learning
and the associate provost with Mohamed Bin Zayed
University of Artificial Intelligence (MBZUAI), Abu
Dhabi, UAE. Previously, he worked in different in-
stitutions in the USA. His research interests include
applied machine learning and artificial intelligence,
Internet of Things (IoT), intelligent autonomous sys-

tems, smart city, and cybersecurity. He was elevated to the IEEE Fellow in 2009
and was listed as a Clarivate Analytics Highly Cited researcher in computer
science, in 2019, 2020, 2021, and 2022. He has won several research awards
including the 2015 IEEE Communications Society Best Survey Paper Award,
the Best ComSoc Journal Paper Award, in 2021 as well as five Best Paper Awards
from ICC and Globecom Conferences. He is the author of ten books and more
than 800 publications. He is also the recipient of the 2017 IEEE Communications
Society Wireless Technical Committee (WTC) Recognition Award, the 2018
AdHoc Technical Committee Recognition Award, and the 2019 IEEE Commu-
nications and Information Security Technical Recognition (CISTC) Award. He
served as the editor-in-chief of IEEE Network and is currently serving on the
editorial boards of many IEEE Transactions and Magazines. He was the chair of
the IEEE Communications Society Wireless Technical Committee and the chair
of the TAOS Technical Committee. He served as the IEEE Computer Society
Distinguished speaker and is currently the IEEE ComSoc Distinguished lecturer.

Authorized licensed use limited to: SHENZHEN UNIVERSITY. Downloaded on April 04,2024 at 08:43:31 UTC from IEEE Xplore.  Restrictions apply. 

http://cvxr.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


