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Abstract—Heterogeneous cellular networks are expected to
provide capacity enhancement and user offloading with cell
range expansion. Under this circumstance, downlink cross-tier
interference from macro base stations to pico mobile stations
especially in the expanded range is a challenging problem. To
mitigate this problem, the use of almost blank subframes (ABSs)
has been proposed in 3GPP LTE-A systems. The issues are how
many ABSs are configured, and how pico base stations schedule
their pico mobile stations to configured ABSs. In this paper,
we study the optimal number of ABSs along with pico mobile
station scheduling in ABSs by formulating a utility maximization
problem with constraints of minimum required data rate of pico
mobile stations in the expanded range. To solve the optimization
problem, we first propose an algorithm for each pico base station
to schedule pico mobile stations onto ABSs and non-ABSs, in a
way that if their local utility is maximized for a given number
of ABSs, then the optimal number of ABSs is obtained by
maximizing the network-wide utility. Through simulations, we
demonstrate that the proposed scheme not only can improve
the network-wide utility, can also provide fairness among mobile
stations.

I. INTRODUCTION

Heterogeneous cellular networks (HetNets) consist of con-

ventional macrocells and overlaid low-power base stations

(BSs) such as picos, femtos, and relays inside those macro-

cells’ coverage, and it has been studied that this type of cell

deployment could improve the radio link quality and enable

more efficient spectrum reuse by spatial cell-splitting [1], [2],

compared to traditional macro-cellular networks.

In co-channel HetNets, the downlink cross-tier interference

problem is significantly challenging as the cell association

of some mobile stations is biased to pico BSs (PBSs) by

applying a positive offset to the received signal strength from

PBSs, which is known as cell range expansion (CRE). Those

pico mobile stations in the expanded range (ER-PMSs) suffer

from the stronger cross-tier interference by macro base stations

(MBSs) than regular PMSs (R-PMSs) which are associated

with PBSs without the CRE offset.

To resolve this cross-tier interference issue, in the 3rd Gen-

eration Partnership Project Long-Term Evolution Advanced

(3GPP LTE-A) systems, the concept of almost blank subframe

(ABS) has been proposed [3], [4], which is referred to as

enhanced inter-cell interference coordination (eICIC). During

configured ABSs, MBSs are not transmitting any signal except

essential ones for system maintenance and backward compat-

ibility such as cell-specific reference signals, synchronization

signals, and broadcast system information signals, so as to

minimize the cross-tier interference from MBSs to PMSs,

which is more necessary for ER-PMSs. As discussed in [5],

the asynchronous ABS configuration, in which each MBS

could have its own ABS configuration, is less effective for the

cross-tier interference mitigation and leads to the degradation

of cell-splitting gain. Therefore, in this work, we assume

synchronous ABS operation wherein all MBSs follow the

same ABS configuration such as the periodicity, the start

offset, and the duration.

There have been some approaches to formulate an optimiza-

tion problem to find an optimal number of ABSs based on

the PMS scheduling policy in ABSs and non-ABSs. In [5],

the network-wide utility maximization is discussed, where the

normal PMS group and the victim PMS group are exclusively

scheduled in non-ABSs and ABSs, respectively. The PMS

categorization into one of two groups is done using dynamic

programming. In [6], the ABS minimization subject to ER-

PMSs’ minimum required data rate is discussed, where R-

PMSs are only scheduled in non-ABSs and ER-PMSs can

be scheduled in both ABSs and non-ABSs, with round robin

scheduling for both cases.

From the previous work, we could make two arguments.

First, we believe that the configured ABSs should be allocated

with higher priority to ER-PMSs in order to compensate their

achievable rate degradation as in [6], because ER-PMSs are

forced to be associated with PBSs by CRE operation even if

they observe the stronger received signal strength from MBSs,

and suffer from more severe cross-tier interference than R-

PMSs do. Second, the optimal number of ABSs needs to be

determined from a network point of view because the decision

impacts multiple BSs in the network. As discussed in [5], the

network-wide utility could be a good objective function.

As a result, in this paper, we formulate a utility maxi-

mization problem wherein the sum of the utilities of macro

MSs (MMSs) and R-PMSs is maximized with respect to the

number of ABSs and PMS scheduling in ABSs and non-ABSs

under the constraint of ER-PMSs’ minimum required data rate.

Unlike the MMS case where MMSs can be only scheduled

in non-ABSs, the PMS scheduling is more complicated as

there are four possible ways of scheduling R-PMSs and ER-

PMSs onto ABSs and non-ABSs. Therefore, we first present

a flexible PMS scheduling policy in which all four possible

cases are incorporated, and the data rates of R-PMSs and ER-
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PMSs are derived based on the scheduling policy. To solve

the optimization problem, we first propose an algorithm by

which for a given number of ABSs, the R-PMSs’ utilities sum

is maximized at each PBS, and then the optimal number of

ABSs can be found for which the utility is maximized.

II. SYSTEM MODEL

The network model considered in this paper is a hetero-

geneous downlink cellular network consisting of MBSs and

overlaid PBSs within those MBSs’ coverage. Let us denote

by B the set of BSs in the network, which is further classified

into two disjoint subsets - MBS subset Bm and PBS subset

Bp. We denote by Ub the MS set of BS b, and if the BS is

pico (b ∈ Bp), the MS set is further divided into two subsets

based on CRE bias as the R-PMS subset UR
b and the ER-PMS

subset UER
b .

The average received signal-to-interference plus noise ratio

(SINR) Γbu on non-ABSs and Γbu in ABSs at MS u from

associated BS b are expressed respectively as

Γub =
Pbhub

∑

b′∈B,b′ 6=b Pb′hub′ + σ2

Γub =
Pbhub

∑

b′∈Bp,b′ 6=b Pb′hub′ + σ2

∀b ∈ B ∀u ∈ Ub, (1)

where Pb is the transmit power of BS b, hub is the average

channel gain of a link between MS u and BS b, and σ2 is the

power of additive white Gaussian noise. As mentioned earlier,

we assume the synchronized ABS configuration among MBSs,

therefore, there is no interference term from MBSs in ABSs.

From the SINR expressions, we can derive the achievable link

rates over the system bandwidth W using Shannon’s equation

as
cub =W log2(1 + Γub)

cub =W log2(1 + Γub)
∀b ∈ B, ∀u ∈ Ub. (2)

Due to the transmit power nulling in MBSs, Γub is zero for

any MMS u ∈ Ub (b ∈ Bm), therefore, cub becomes also zero:

Pb = 0 → Γub = 0, cub = 0 ∀b ∈ Bm ∀u ∈ Ub. (3)

For the sake of flexible ABS resource management, the

following MS scheduling policy will be assumed for our work.

• MMSs are only scheduled in non-ABSs.

• R-PMSs are scheduled in non-ABSs as a baseline. Excep-

tionally R-PMSs can be scheduled in ABSs only when the

configured ABSs are large enough to support ER-PMSs

so that the extra ABS resource is available for R-PMSs.

• ER-PMSs are scheduled in ABSs until their minimum

required data rate is achieved. If the configured ABSs are

not enough, then additional non-ABS resource is reserved

for them.

III. PROBLEM FORMULATION

With the MS scheduling policy introduced in the previous

section, our objective is to maximize the aggregated utility of

MMSs and R-PMSs while the minimum required data rate of

ER-PMSs is satisfied. In this work, ER-PMSs are not included

in the objective function to exclude any possible case where

prioritized ER-PMSs could dominate the aggregated utility of

all MSs. As a result, we can formulate an optimization problem

as follows:

max
α,β,γ

U(α, β, γ) = max
α,β,γ

Um(α) + UR
p (α, β, γ) (4a)

s.t. α ∈

{

0,
1

T
, · · · ,

T − 2

T
,
T − 1

T

}

(4b)

rnj(α, βnj , γnj) ≥ Rnj ∀j ∈ Bp ∀n ∈ U
ER
j (4c)

0 ≤ βnj ≤ 1, 0 ≤ γnj ≤ 1 ∀j ∈ Bp ∀n ∈ U
ER
j (4d)

∑

n∈UER
j

βnj ≤ 1,
∑

n∈UER
j

γnj ≤ 1 ∀j ∈ Bp (4e)

(

1−
∑

n′∈UER
j

βn′j

)

γnj = 0 ∀j ∈ Bp ∀n ∈ UER
j (4f)

where α is the normalized ABS ratio, Rnj is the minimum

required data rate of ER-PMS n in PBS j, βnj and γnj denote

the normalized portion of resource allocated to ER-PMS n in

PBS j in ABSs and on non-ABSs, respectively. β
j
, γ

j
, β and

γ are vectors of βnj’s and γnj’s represented as follows:

β
j
=

[

β1j , β2j , · · · , β|UER
j
|j

]⊤

∀j ∈ Bp (5)

γ
j
=

[

γ1j , γ2j , · · · , γ|UER
j
|j

]⊤

∀j ∈ Bp (6)

β =
[

β⊤
1
, β⊤

2
, · · · , β⊤

|Bp|−1
, β⊤
|Bp|

]⊤

(7)

γ =
[

γ⊤
1
, γ⊤

2
, · · · , γ⊤

|Bp|−1
, γ⊤
|Bp|

]⊤

. (8)

The constraint in (4f) indicates that the non-ABS resource can

be allocated to ER-PMSs only if the ABS resource is used up.

Um(α) represents the aggregated utility of MMSs with ABS

ratio α, which is derived as

Um(α) =
∑

i∈Bm

Ui(α) =
∑

i∈Bm

∑

k∈Ui

log ((1− α)rki) , (9)

where the logarithmic utility function log(r) is used which is

one of increasing, strictly concave, and continuously differen-

tial utility functions. rki is the average rate on non-ABSs that

MMS k in MBS i could achieve under round-robin scheduling,

which is expressed as rki = cki/Ki, where Ki is the number

of MMSs in MBS i. The utility Um(α) is a strictly decreasing

function of α in which the portion of non-ABS resource (1−α)
for MMSs decreases as α increases.

UR
p (α, βj

, γ
j
) represents the aggregated utility of R-PMSs

with ABS ratio α and normalized ER-PMS resource allocation

β
j

in ABSs and γ
j

in non-ABSs, which is derived as

UR
p (α, β, γ) =

∑

j∈Bp

UR
j (α, βj

, γ
j
)

=
∑

j∈Bp

∑

l∈UR
j

log (α(1− βj)rlj + (1− α)(1− γj)rlj) (10)

where βj and γj denote the sum of βnj’s (=
∑

n∈UER
j

βnj)

and γnj’s (=
∑

n∈UER
j

γnj), respectively, and rlj is the aver-

age rate in ABSs that R-PMS l in PBS j could achieve under
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round-robin scheduling, which is expressed as rlj = clj/Kj ,

where Kj is the number of R-PMSs in PBS j. Depending

on ER-PMS allocation (βj and γj), the available resource for

R-PMSs in PBS j is determined accordingly.

rnj(α, βnj , γnj) represents the data rate of ER-PMS n in

PBS j with ABS ratio α, and allocated resource portion βnj in

ABSs and γnj in non-ABSs. rnj(α, βnj , γnj) can be derived

as

rnj(α, βnj , γnj) = αβnjcnj + (1− α)γnjcnj . (11)

From the formulated optimization problem in (4), we can

observe that, for a fixed ABS ratio α′ ∈
{

0, 1

T
, · · · , T−1

T

}

,

the optimization problem in (4) can be transformed into

multiple independent optimization problems for PBSs where

each PBS tries to maximize the available resource for R-

PMSs by configuring ER-PMSs’ resource allocation β and

γ in (10) with constraints of (4c), (4d), (4e), and (4f). Since

ER-PMSs are scheduled in ABSs with a higher priority than

R-PMSs until they achieve their minimum required rates, we

can categorize the PBS set Bp into two disjoint subsets B+
p (α

′)
and B−p (α

′) depending on whether the given ABS ratio α′ is

enough to support ER-PMSs or not.

In order to discuss the above two subsets in detail, let us

first define δnj which is the amount of ABS resource for ER-

PMS n in PBS j to achieve its minimum required data rate

Rnj , and is expressed as

δnj =
Rnj

cnj
∀j ∈ Bp ∀n ∈ UER

j . (12)

Then PBS j would need the ABS resource δj in total as

δj =
∑

n∈UER
j

δnj ∀j ∈ Bp. (13)

With δj’s and α′, we can define B+
p (α

′) and B−p (α
′) as

B+
p (α

′) = {j ∈ Bp : α
′ − δj ≥ 0}

B−p (α
′) = {j ∈ Bp : α

′ − δj < 0} .
(14)

For PBS j ∈ B+
p (α

′), α′ is large enough to satisfy ER-

PMSs’ minimum required data rate, so that we can derive the

optimal β∗
j
(α′) and γ∗

j
(α′) as

β∗
j
(α′) =

[

δ1j
α′

,
δ2j
α′

, · · · ,
δ|UER

j
|j

α′

]

γ∗
j
(α′) = [0, 0, · · · , 0, 0] ,

(15)

respectively. Therefore, UR
j (α

′, β∗
j
, γ∗

j
) can be represented as

UR
j (α

′, β∗
j
(α′), γ∗

j
(α′))

=
∑

l∈UR
j

log ((α′ − δj)rlj + (1− α′)rlj) ∀j ∈ B+
p (α

′),

(16)

where it is observed that the additional ABS resource (α′−δj)
is allocated to R-PMSs, which will improve the utility as α′

increases since rlj > rlj for all l.

For PBS j ∈ B−p (α
′), α′ is not enough so that one

or more ER-PMSs cannot reach their minimum required

data rate even if the entire α′ is allocated to ER-PMSs,

i.e.,
∑

n∈UER
j

βnj = 1. Let δnj(α
′) denote the amount of

additional non-ABS resource needed for ER-PMS n in PBS

j to achieve its minimum required data rate for a given α′.
From (4c) and (11), we can derive the condition for ER-PMSs’

minimum required data rate as

δnj(α
′) = (1−α′)γnj ≥

Rnj − α′βnjcnj
cnj

∀n ∈ UER
j , (17)

and the corresponding UR
j (α

′, β
j
, γ

j
) becomes

UR
j (α

′, β
j
, γ

j
)

=
∑

l∈UR
j

log
((

1− α′ − δj(α
′)
)

rlj
)

∀j ∈ B−p (α
′), (18)

where δj(α
′) is the sum of additional non-ABS resource for

ER-PMSs in PBS j (=
∑

n∈UER
j

δnj(α
′)). Therefore, the

maximization of UR
j (α

′, β
j
, γ

j
) for PBS j ∈ B−p (α

′) can be

transformed into the minimization of δj(α
′) with respect to

β
j

with the equality condition in (17) as

max
β
j
,γ

j

UR
j (α

′, β
j
, γ

j
) = min

β
j

δj(α
′) = min

β
j

∑

n∈UER
j

δnj(α
′)

= min
β
j

∑

n∈UER
j

Rnj − α′βnjcnj
cnj

= max
β
j

∑

n∈UER
j

anjβnj (19)

s.t.
∑

n∈UER
j

βnj = 1, 0 ≤ βnj ≤ 1 ∀n ∈ UER
j (20)

∑

n∈UER
j

Rnj − α′βnjcnj
cnj

≤ (1− α′) (21)

where anj is the ratio between cnj and cnj (= cnj/cnj). This

problem can be seen as a weighted-sum maximization where

ER-PMSs are listed in the decreasing order of anj’s, and the

ABS resource α′ is allocated to ER-PMSs from the top of

the list to the bottom until ER-PMSs reach their minimum

required data rate or the ABS resource is used up. Algorithm 1

shows how this operation is performed. By Algorithm 1, ER-

PMSs in PBS j are categorized into one of three disjoint

subsets, UER,f
j (α′), UER,p

j (α′), and UER,n
j (α′), and have

the corresponding β∗nj(α
′)’s as

β∗nj(α
′) =



























Rnj

α′cnj
if n ∈ UER,f

j (α′)

1−
1

α′
∑

n′∈UER,f
j

Rn′j

cn′j

if n ∈ UER,p
j (α′)

0 if n ∈ UER,n
j (α′),

(22)

respectively, where the superscripts f , p, and n indicate

whether the ABS resource α′ is allocated to ER-PMSs in

those subsets with respect to the minimum required data
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Algorithm 1 Optimal allocation β∗
j
(α′) for PBS j ∈ B−p (α

′)

Initialization p = α′; P = UER
j ; βnj = 0 ∀n ∈ UER

j

while p > 0 do

Find ER-PMS n∗ with the largest anj

n∗ = argmax
n∈P

anj = argmax
n∈P

cnj
cnj

if p is sufficient for ER-PMS n∗
(

p ≥
Rnj∗

cnj∗

)

then

Update β∗nj∗(α
′), p, and P

β∗n∗j(α
′) =

Rn∗j

α′cn∗j

, p = p−
Rn∗j

cn∗j

, P = P−{n∗}

else

Update β∗n∗j(α
′) and p

β∗n∗j(α
′) =

p

α′
, p = 0

end if

end while

rate fully, partially, and not at all, respectively. Since the

algorithm allocates the ABS resource to a single ER-PMS

in each iteration, the number of ER-PMSs in UER,p
j (α′) is

always either 0 or 1. After finding an optimal β∗nj(α
′), the

corresponding γ∗nj(α
′) and δ∗nj(α

′) can be obtained as

γ∗nj(α
′) =

Rnj − α′β∗nj(α
′)cnj

(1− α′)cnj

δ∗nj(α
′) =

Rnj − α′β∗nj(α
′)cnj

cnj

∀n ∈ UER
j , (23)

respectively. For any ABS ratio α′ ∈
{

0, 1

T
, · · · , T−2

T
, T−1

T

}

,

therefore, the maximum utility UR
j (α

′, β∗
j
(α′), γ∗

j
(α′)) of PBS

j is derived as

UR
j (α

′, β∗
j
(α′), γ∗

j
(α′)) = (24)

{
∑

l∈UR
j
log ((α′ − δj)rlj + (1− α′)rlj) if α′ ≥ δj

∑

l∈UR
j
log

((

1− α′ − δ∗j (α
′)
)

rlj
)

if α′ < δj ,

where δ∗j (α
′) is calculated as

∑

n∈UER
j

δ∗nj(α
′). It is noted

that the utility in (24) is a monotonically increasing function

with respect to α′.
Based on Eq. (9) and (24), each BS can calculate the max-

imum utility for every α ∈
{

0, 1

T
, · · · , T−2

T
, T−1

T

}

. Suppose

there exists a central coordinating entity which could be an

MBS or other network controller. The BSs need to report their

utility values to the entity so that the optimal ABS ratio α∗

can be obtained which maximizes the aggregated utility of

MMSs and R-PMSs. According to 3GPP specifications, the

periodicity T of ABS operation is set to be 40 subframes,

therefore each report message from BSs would contain 40

utility values, which could incur signaling overhead depending

on the ABS coordination frequency or the backhaul condition.

To further reduce the report size, the central coordinating entity

TABLE I
SIMULATION PARAMETERS

Simulation Parameter Value

Carrier frequency 2.0 GHz

System bandwidth 10 MHz

Antenna configuration SISO

Channel model Typical Urban (TU)

Inter-site distance 750 m

Noise power spectral density -174 dBm/Hz

ABS periodicity (T ) 40 subframes

Macro BS transmit power 40 W (46 dBm)

Macrocell path loss model 128.1 + 37.6log10 R (R in km)

Macrocell shadowing model Log normal fading with std. 10 dB

Macro BS antenna gain 15 dBi

Number of MMSs per sector 15

Pico BS transmit power 1 W (30 dBm)

Picocell path loss model 140.7 + 36.7log10 R (R in km)

Picocell shadowing model Log normal fading with std. 6 dB

Pico BS antenna gain 5 dBi

Number of PMSs per picocell 10 (7 R-PMSs and 3 ER-PMSs)

Min. distance MBS-PBS 75 m

Min. distance PBS-PBS 50 m

Number of PBSs in MBS sector 4

CRE bias 16 dB

Minimum required data rate
0.2 / 0.4 Mbps

for ER-PMSs

Number of simulations 500 times per scenario

could specify the range of α values. As shown in Fig. 1, the

proposed scheme provides a relatively small difference (10 ∼
15 subframes) between the maximum and minimum of α∗, so

the report message size can be reduced by about 30%.

IV. PERFORMANCE EVALUATION

In this section, we demonstrate the performance of the

proposed scheme through simulations. The heterogeneous

network deployment is constructed as follows. The macro-

tier consists of 7 MBSs each of which is three-sectorized

(i.e., 21 macrocells), and 4 outdoor omni-directional picocells

are uniformly distributed in each macrocell’s coverage. To

obtain two achievable link rates cub and cub, instead of using

Shannon’s formula, we calculate the bit rates based on channel

quality indicators (CQIs) fed back from MSs in the system

level simulator developed, based on the LTE downlink system

level simulator in [7]. The detailed parameters are described

in Table I, most of which are adopted from 3GPP’s system

level simulation parameters in [8], [9], [10].

For the performance evaluation, the following schemes are

compared through simulations.

• Proposed scheme: ER-PMSs in a PBS are prioritized

for ABS resource until they are provided their minimum

required data rate. If ABS resource is not sufficient, non-

ABS resource is reserved. If ABS resource is sufficient,

the extra ABS resource is allocated to R-PMSs.
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Fig. 2. CDFs of average aggregated utility per MS (MMSs + R-PMSs)

• ER-PMS to ABSs only (EtA): ER-PMSs and R-PMSs

are exclusively scheduled in ABSs and non-ABSs, re-

spectively, in a round-robin manner.

• ER-PMS to ABSs & non-ABSs (EtA nA): ABSs are

exclusively scheduled to ER-PMSs, and non-ABSs are

scheduled to both ER-PMSs and R-PMSs, in a round-

robin manner for both cases.

In case of EtA and EtA nA schemes, the optimal α∗ is deter-

mined as the minimum value of α ∈
{

0, 1

T
, · · · , T−2

T
, T−1

T

}

for which all ER-PMSs achieve their minimum required data

rate. We compare the performance of the above three schemes

for two ER-PMSs’ minimum required data rates, 0.2 Mbps

and 0.4 Mbps.

Firstly, we discuss the network-wide performance with

respect to the ABS ratio α. Fig. 1 shows how the optimal α∗

ranges in the three schemes. In the 0.2 Mbps case, EtA nA

requires about -20% less ABSs than EtA in average because

TABLE II
AVERAGE UTILITY PER MS

Proposed EtA EtA nA

0.2 MMSs+R-PMSs 14.26 13.73 13.63

Mbps All MSs 13.82 13.79 13.63

0.4 MMSs+R-PMSs 14.21 13.32 13.23

Mbps All MSs 13.93 13.61 13.52

it allows ER-PMSs to be scheduled in non-ABSs so that the

minimum required data rate can be achieved with a smaller

number of ABSs. The proposed scheme configures about

2.5 times and 5 times more ABSs than EtA and EtA nA,

respectively, to maximize the aggregate utility of MMSs and

R-PMSs. In the 0.4 Mbps case, it is observed that EtA and

EtA nA require more than 30 ABSs (above 0.75 in ABS ratio)

in 90%-ile or above to meet the target rate of ER-PMSs. The

proposed scheme in the 0.4 Mbps case, on the other hand,

additionally needs about 2 ABSs ( 1

20
in ABS ratio).

In Fig. 2, the average aggregated utility of MMSs and R-

PMSs is compared. In the 0.2 Mbps case, EtA and EtA nA

show similar curves with about -5% performance degradation

compared to the proposed scheme. However, in the 0.4 Mbps

case, there is significant performance degradation (more than

-10%) in 10%-ile or below. This is due to the large number

of ABSs configured for EtA and EtA nA in 90%-ile or above

in Fig. 1. In Table II, the average utility values are compared,

and it is also noted that the proposed scheme also provides

the largest aggregate utility of all MSs (MMSs+R-PMSs+ER-

PMSs).

Lastly, we discuss the performance from the MS point of

view through Fig. 3 and Table III. In Fig. 3(a), about -40%

performance degradation is observed for EtA and EtA nA

when the target data rate is increased from 0.2 Mbps to 0.4

Mbps, whereas less than -10% degradation is observed for

the proposed scheme. The reason of significant performance

degradation is due to the large number of ABSs configured for

ER-PMSs, which is shown in Fig. 3(b). In order to guarantee

the target data rate to the ER-PMS with the worst channel

condition, much more ABSs need to be configured due to the

round-robin scheduling policy. As a result, the ABS resource

tends to be concentrated to a small number of ER-PMSs (i.e.,

12 ER-PMSs out of 55 MSs per macrocell). In addition, due

to the efficient ER-PMS scheduling policy and the configured

ABSs to maximize the aggregated utility of MMSs and R-

PMSs, the proposed scheme shows about 100% performance

gain in 40%-ile or above compared to EtA and EtA nA.

In Table III, the mean and edge (5%-ile) data rates among

MSs are compared. The mean rate of all MSs in the proposed

scheme is about -20% lower than that of MMSs+R-PMSs

for both 0.2 Mbps and 0.4 Mbps cases, which means more

resource is allocated to MMSs and R-PMSs. In EtA and

EtA nA, on the other hand, ER-PMSs’ rates contribute to the

similar or even higher mean rate of all MSs compared to that

of MMSs+R-PMSs. In the 0.4 Mbps case, the mean rate of
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Fig. 3. CDFs of MS data rate

TABLE III
MS DATA RATE (BPS/HZ)

Proposed EtA EtA nA

mean edge mean edge mean edge

0.2 MMSs+R-PMSs 0.231 0.023 0.128 0.020 0.113 0.018

Mbps All MSs 0.185 0.021 0.135 0.022 0.110 0.021

0.4 MMSs+R-PMSs 0.221 0.022 0.094 0.010 0.082 0.009

Mbps All MSs 0.182 0.025 0.141 0.012 0.124 0.011

all MSs is about 50% higher than that of MMSs+R-PMSs.

Consequently, EtA and EtA nA can only achieve about 1

2
of

the proposed scheme’s edge data rate in the 0.4 Mbps case.

V. CONCLUSION

In this paper, we investigate the optimal number of ABSs

and related PMS scheduling policy in a way that the network-

wide utility is maximized in HetNets. Assuming each ER-

PMS has the minimum required data rate, the ABS resource

is exclusively allocated to ER-PMSs until all of them achieve

their required data rate. If the ABS resource is large enough,

the extra ABS resource is then allocated to R-PMSs. If not,

the additional non-ABS resource is reserved for ER-PMSs.

Under this PMS scheduling policy, we formulate an opti-

mization problem where the aggregated utility of MMSs and

R-PMSs is maximized with respect to the ABS ratio and ER-

PMS scheduling in ABSs/non-ABSs, under the constraint of

ER-PMSs’ minimum required data rate. This network-wide

optimization problem can be decomposed into multiple local

problems in BSs. Unlike MBSs which can simply consider

non-ABS resource, each PBS needs to solve the optimal ER-

PMS allocation in ABSs/non-ABSs, then calculates the aggre-

gated utility of its R-PMSs for every ABS ratio. Via backhaul

signaling, the central coordinating entity can decide how much

ABS resource is need to maximize the aggregated utility of

MMSs and R-PMSs in the network. Through simulations, we

verify that the proposed scheme copes with ER-PMSs in bad

channel condition well so that the mean and edge rates of

MMSs and PMSs are achieved in higher minimum required

data rate of ER-PMSs.
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