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Abstract: A new enhanced inter-cell interference coordination
(eICIC) is adopted for managing almost blank sub-frame
(ABS), which jointly exploits the time, frequency and power
dimensions to improve the resource utilization. In particular, a
non-uniform two tier heterogeneous network ( HetNet) is
considered, where the pico cells are located close to the macro
cell and the number of users in each pico cell is different. To
alleviate the caused by the
deployment, the macro cells employ low power ABS ( LP-
ABS), and the resource blocks (RBs) are divided into two
parts during an ABS. One is exclusively reserved for macro
cell users and the other is reserved for pico cell users. The
macro cells are allowed to use different percentages of RBs

interference co-channel

and different powers for their own transmission during the LP-
ABS. The user association, resource allocation, ABS
proportion, the frequency band partition parameter and the
transmission power of macro cells are considered, aiming at
maximizing the proportional fairness utility of the system. An
iterative algorithm is also proposed and simulation results
demonstrate that the proposed algorithm can improve both the
system throughput and user fairness compared with the existing
schemes.
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non-uniform

‘ x J e have witnessed an exponential traffic growth in
recent years. To address this issue, LTE hetero-
geneous networks ( HetNets) have been proposed to in-

1
crease the reuse of spectrum''.

This architecture consists
of the deployment of low power base stations (BS) com-
plementary to the coverage layer of the macro cells. It is
often assumed that the lower power BS and the macro

cells share the same frequency band. The users that are
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associated with low power nodes may experience strong
interference from the macro cells, and in order to allevi-
ate the cross-tier interference problem, LTE standards
have introduced the almost blank sub-frames ( ABS)
mechanism™ . On a subset of sub-frames, the macro cells
will be mute, thus reducing the interference on users as-
sociated with low power nodes. These are known as zero
power ABS (ZP-ABS) during which there is no data
transmission or low power ABS (LP-ABS) during which
the transmission power of the macro cells is reduced.

Despite the improvements of the performance of the pi-
co UEs brought by ZP-ABS, this has some drawbacks
when it comes to the macro cells’ user throughput. Dur-
ing the silent periods of the macro cells, the available re-
sources may be under-utilized. Compared with ZP-ABS,
LP-ABS can increase the throughput of macro UEs be-
cause the macro UEs can receive data on both ABS and
non-ABS. On the other hand, LP-ABS increases the
amount of interference caused for the pico UEs. Hence,
an important design parameter is how much transmission
power the macro cells should use on LP-ABS. In Ref.
[3], the Monte Carlo simulation was used to verify that
with the optimum transmission power of the macro cells
on LP-ABS, substantially better performance than that of
ZP-ABS can be achieved. In our previous work™, we
analyzed a non-uniform network topology where the num-
ber of pico cells under each macro cell is different. We
showed that macro-cell specific transmission power on
LP-ABS can improve the system throughput compared to
ZP-ABS and LP-ABS where uniform transmission powers
for the macro cells were employed.

When all small cells are located far away from the mac-
ro cell, the small cell users suffer less interference from
the macro cells, and LP-ABS has been proven effective in

34
. However, when the

increasing the system throughput'
small cells are located close to the macro cell, the small
cell users are more susceptible to the interference from the
macro cell. Therefore, the use of LP-ABS is similar to
ZP-ABS, since even a low strictly positive power during
the LP-ABS can cause too much interference for the pico
UEs. In Refs. [5 —6], a new eICIC scheme is presented,
which exploits the frequency as well as the time dimen-
sion. They divided the resource blocks (RBs) during an
ABS into those reserved for macro cell use exclusively
and those reserved for pico cell use exclusively. The per-
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centage of RBs assigned to the pico cells is called the fre-
quency band partition (FBP) parameter. The idea is that
the scheme can ensure that pico users experience no inter-
ference from the RBs reserved for the pico cells in ABS,
while at the same time, it also improves the throughput of
the macro cell in ABS. However, Refs. [5 —6] did not
provide a precise formula for the FBP parameter. Further-
more, the scheme proposed assumes that each macro cell
uses the same FBP parameter, and this works well for a
uniform network topology, where each macro cell has the
same number of pico cells, the pico cells have the same
locations relative to its macro cell, and each pico has the
same number of users.

In this paper, we adopt the scheme proposed in Refs.
[5 —6] for managing ABS sub-frames that jointly exploits
the time, frequency and power dimensions to improve the
resource utilization. We allow for the macro cells to use
different FBP parameters, as well as different powers dur-
ing the LP-ABS. We formulate an optimization problem
which aims to maximize the proportional fairness utility
of the system by jointly optimizing the user association,
i. e., which users should be offloaded to the pico cells,
the resource allocation, i. e, how much resources should
be assigned to each user, the ABS fraction that should be
allocated, the FBP parameter, and the transmission power
of the macro cells on LP-ABS. We decouple the joint
problem into four subproblems and iteratively solve each
one of them in an alternating manner. Simulation results
show that for the non-uniform topology, pico cells are
close to the center of the macro cells, and each pico has a
different number of users, thus our proposed algorithm
improves the system throughput compared to both ZP-
ABS and LP-ABS. In addition, the algorithm guarantees
user fairness and converges quickly.

1 System Model and Problem Formulation

We consider the downlink transmission in eICIC Het-
Net using the scheme proposed in Refs. [5 —6] for man-
aging ABS sub-frames that jointly exploits the time, fre-
quency and power dimensions to improve the resource uti-
lization. We formulate the resource allocation problem as
a PF utility optimization problem, and solve the joint so-
lution of user association, resource allocation, ABS pro-
portion, the FBP parameter, and the transmission power
of the macro cells on LP-ABS.

1.1 System model

Consider a HetNet consisting of N UEs, M macro cells
configured with special LP-ABS and P pico cells. We de-
note M ={1,2, ..., M} as the set of macro cells, and U as
the set of all users. We assume a repeating ABS pattern
of frames configured at the macro cells, and synchronous
ABS configuration is considered, i.e. all macro base sta-
tions configure LP-ABS in the same set of sub-frames.

The proportion of the sub-frames used as LP-ABS for all
the macros is 8. In the sub-frames of the ABS, macro cell
m divides the frequency resource into two parts, where
proportion g,, of the frequency resource is assigned to the
pico cells, and the remaining proportion (1 —¢,) is as-
signed to the macro cells. Note that the parameter ¢, is a
function of m, 1i.e., different macro cells can choose dif-
ferent frequency resource divisions. Furthermore, different
macro cells can transmit using various low power in the
ABS sub-frames on the frequency resource that has been
assigned to the macro cell. We denote P,, as the low power
transmitted by macro cell m in the ABS sub-frames.

To simplify the problem, we assume that each macro
and pico UE are either scheduled to transmit on the nABS
(normal sub-frames) or LP-ABS, but not on both;
i.e. macro edge UEs and pico center (CEN) UEs are
scheduled to transmit only on the nABS sub-frames,
while macro center UEs and pico edge (CRE) UEs are
scheduled to transmit only in the ABS, albeit in different
frequency bands, as shown in Fig. 1.

ABS ABS
(l::’ico
RE
Macro edge  UEs
UEs and

Frequency

pico CEN UEs| Macro

center
UEs

Time
Fig.1 Resource allocation principles in the proposed scheme

Based on this assumption, we can visualize each macro
or pico cell as two sub-cells, with one sub-cell working
on the nABS and the other sub-cell working on the ABS.
Thus, we can assume that there are 2( M + P) sub-cells in
the networks. Denote the set of macro sub-cells that is ac-
tive only during ABS(nABS) as M,,(M,,,s), and the
set of pico sub-cells that is active only during ABS
(nABS) as P, (P,.ss). Each macro has a frequency
band partition scheme and affects all base stations within
its coverage. We denote the set of base stations within the
coverage of macro cell m as B, 2 {0, 1, ..., | B, | },
where 0 denotes the macro cell m and b=1,2, ..., " \
denotes the | B, | pico cells.

B

1.2 Problem statement

First of all, we consider the SINR of the UEs. The four
subsets of cells create four different downlink interference
patterns. The SINR of UE u associated with sub-cell b e

B ,ss. Where B ;o AM o UP, .55 can be written as
PMGub
P b e MnABS
PMGuk + z P Guk -|-N0
SINR,, = {keMusksb L
PPGub b P
E n.
> PG, + Y PG, +N, ABS
KEMyps K P kb
(D

where P is the transmission power of all macro cells on
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the nABS; P’ is the transmission power of all pico cells
on all subframes; G, is the channel gain between sub-cell
b and UE u, and the two subcells have the same channel
gain if they are split from the same cell; and N, is the
noise power. On the other hand, the SINR of UE u asso-
ciated with sub-cell b € B, s, B,gs =M ,ps UP g 1S

SINR,, = S 2
ub ub + 1\]0 ( )
P G beM
" — { ;:1 ub ABS (3)
PG, be Py

where S, denotes the signal power received from sub-cell
b; P, is the transmission power of macro m. Note that
each macro cell can use a different transmission power in
the LP-ABS. 1, denotes the interference from the other
cells to user u#, which we divide into two parts. One is
the interference from the cells within the same macro
cell, and the other is from the other macro cells and the
picos within their coverage. Sub-cell b is under the macro

cell coverage, i.e., be B,, and we can write

m?>

L, =1,,+ z 1w 4
m eM
m' #m

I,., is the interference from the cells within the same mac-

mu

ro, and we have

0 beM
Imub = { P " (5)
Y PG, b e Py

where the macro cell’s user experiences zero interference
because the pico cells and the macro cells operate on dif-
ferent frequency bands during ABS.

As for I, note that each macro cell can set different
FBP in the ABS,
macro cell and the pico cells which belong to a different
macro cell. The interference pattern consists of two possi-

bilities as shown in Fig.2. When b e M,;;, we have

so there is interference between the

1 -g, Ey — &
m m m P
o= 1, P.G,. +71 PG, &, < &
b = ~En T Em keBkA0
Pm'Gum' Em = Ew
(6)

To simplify the calculation, we consider the average
interference for Case 1. When b € P,;;, we have

P
P Guk Em < 8m'
keB,, k#0
mub
En — Ew Ew P
- PG, +—— PG, £y =&y
En EpkeB. k40
(7

Then, based on the Shannon capacity formula, we can
obtain R, which denotes the expected data rate of UE u

ABS ABS
sm
&
=
5]
g
=
1-¢ Macro center
mn UEs Macro center
UEs
Macro-m
(2)
ABS ABS
Pl Pico CRE
UEs
Iy
=
[
g
=
l1-g Macro center § Macro center
" UEs UEs

Macro-m'
(b)
Fig.2 Two cases of the FBP parameter in two adjacent mac-
ros. (a) Casel (g, <g,); (b) Case2 (g, >¢&,)

Macro-m

associated with sub-cell b when it uses the entire frequen-
cy resource of the system, as

R, =Blog(1 + SINR,,) (8)

where B represents the total bandwidth of the system. We
use indicators {x,} to represent user-cell association,
i.e., x, =1 when user u is associated with cell b, and
x,, =0 otherwise. We assume that a UE can only associ-
ate with one sub-cell, and the UE association constraint is

Z‘xub = 1

beB

VYueU (9a)

x,={0,1}  YueU VYbeB (9b)

where B =M, UM,z UP,zs UP, s is the collection of
all sub-cells. FBP parameter ¢, is the normalized parame-
ter and it satisfies

O<se, <1 meM

m

(10)

Denote {y,,} as the proportion of resource allocated to UE
u by cell b. Hence, we have the resource allocation con-
straints as follows:

zyub =(1-p8) b e B, s (11)
uelU
Zyuh = Be,, b e Py, beB, (12)
iU
zyub =1 -¢,) beMy,beB, (13)

uelU
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O<y,=<x, YueU, VbeB

(14)

where (14) follows because a cell can only allocate its re-
sources to the UEs associated with it.
power of LP-ABS in macro cells cannot exceed the maxi-

The transmission

. M
mum transmit power P". Hence, we have

o<pP, <P" meM (15)

The optimization objective we choose is the proportion-
al fairness utility. It is well known that the proportional
fairness objective strikes a good balance between system

throughput and UE-throughput fairness'®. Hence, the
considered problem can be formulated as
max Y 3 x,108(y,R,,) (16)

BXusYuw he B neU

et (1) to (15)

2 Problem Solution

According to Ref. [7], the above problem is NP-hard.
We develop an iterative suboptimal solution to find the
UE association, ABS allocation,
transmit power in LP-ABS. In each iteration, a single
group of variables is optimized and the remaining varia-
bles are fixed. We decompose the optimization variables
into four groups: {x,,y.,}. B, {e,} and {P,} which re-
late to the four sub-problems: the UE association and re-
the ABS allocation, FBP parameter
and the transmit power in LP-ABS, respectively.

2.1

FBP parameter and

source allocation,

Optimizing {x,,, y,} for given {8, {¢,} and
{P,}}

For determining the resource allocation variables {x,,,

Vv }s
i.e., B,{¢e,} and {P,}, are given and fixed.
Define the load of cell K, as the number of users asso-

we assume that the other optimizing variables,

ciated with it, i.e., K, = Z x,. The optimal resource
uelU

allocation is equal allocation'”, i.e., y, =1/K,. As for
the optimal UE association {x,}, we apply the algorithm
in Ref. [9] to find the optimal {x,}. Ref. [9] proposed a
novel user association scheme that achieve load balancing
in HetNets through a network-wide utility maximization
problem, based on the knowledge of the achievable rate
of each user associated to each BSs. The achievable rate

of UE u associated to BS b, denoted as R,,, is given as

(1-B)R, b e B, s
Ruh = BgniRub b € PABS’ b € Bm (17)
Bl -¢,)R, beM,s. beB,

For comprehensiveness, we list the algorithm applied
to our problem in Algorithm 1. The algorithm has been
proved to converge to a near-optimal solution’
low complexity that is linear to the number of users and

with a

the number of cells.
Algorithm 1 UE association

Initialization: Lagrange multiplier w = {;, ---, moys40p} =0,
the number of iterations ¢ =0, and tolerable error d.
repeat
Step 1 User u associate to cell b* where b = argmax, (log
(R,,) —m,(1)). Set
w={ = (18)
X =
w {o b#b"
Step 2 Each cell updates the value of K, according to
K, (1) =e 7D (19)
Step 3 The new value of the Lagrange multiplier is
updated by

w141 = (0 =500 (K0 = T x,(0 ) 20)

uelU

where 5(¢) is a dynamically chosen step size, which is chosen
according to Ref. [9].

Step4 t=t+1.

Step 5 Calculate

D(u(n) = Y Y x,(D(10g(R,,) =, (1) +

beB uelU

N K, (1) (w, () = log(K, (1))

beB

until | D(u(0) ~D(u(r-1)) | <d

return {x,,} = {x,(0}

2.2 Optimizing B for given {{y,, x,}, {¢,} and

{P,}}

In this subsection, we discuss the optimal ABS propor-
tion. With the other optimizing variables fixed and plug-
ging in optimal {y,} found in the previous subsection,
the joint problem can be rewritten as

maxz ZIOg(&) (21)
B heBiel, K,

s.t. 0<B<l1

where U, denotes the set of users associated with cell b e
B. The problem of (21) is convex, and with only one
optimizing variable. The optimal ABS ratio can be found
by setting the derivative of the objective function with re-
spect to B to be equal to zero, i.e.,

PP

beB s

B =N (22)

where N is the total number of UEs. In other words, the
optimal ABS ratio is equal to the ratio of the number of
UEs scheduled to transmit in the LP-ABS and the total

number of UEs.
2.3 Optimizing {¢,} for given {{y,, x,}, B and
{P,}}

In this subsection, we discuss the FBP parameter.
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With the other optimizing variables fixed, the joint prob-
lem can be rewritten as

max[ Y, log((1 -¢,)R,) + Y, ZIOg(é\mRuh)]

WeU, be ByueU,
beB,b=0 b#0

s.t. 0<e,<1,¥YmeM (23)

From Egs. (6) and (7),
continuous function of g,,,

it can be seen that R, is a dis-
and as a result, we cannot use
the gradient descent method'"” to solve (23). To address
this difficulty, we propose solving the problem in (23)
with a fixed rate R,, obtained from the previous iteration.
Problem (23) is now reduced to

maxz [ Z log((1 —&,)R,) + Z Zlog(gm Mh)]

lead M Weu, beB,ucU,
beB,b=0 b#0

s.t. 0sg,<1,VmeM (24)

The approximated problem of (24) is convex, and the
optimal FBP parameter can be found by setting the deri-
vation of the objective function with respect to ¢, to be
equal to zero,

VmeM (25)

In other words, the approximated optimal FBP parame-
ter of macro cell m is equal to the ratio of the number of
UEs scheduled in the LP-ABS in macro cell m and the
number of UEs scheduled in the LP-ABS in pico cells
within the coverage area of macro cell m. The idea of re-
placing an achievable rate with the value from the previ-
ous iteration was also used in Ref. [11].

2.4 Optimizing {P,} for given {{y,,x,}, {£,} and
B}

In this subsection, we discuss the power of macro cells
in LP-ABS. As for the optimal power of macro cell in
LP-ABS {P,}, the gradient descent method can be used
when the other optimizing variables are fixed. When the
other optimizing variables are fixed, the joint problem

can be rewritten as

m}gxz ZIOg( “”)

beB ueU,

s.t. 0<P, <P", YmeM (26)

where P = {P,, me M},

m?>

denote the vector of the trans-
mitting powers of macro cells in LP-ABS. There are only
R, where b e B, are related to P, and we propose to
solve this problem using the gradient descent method,
then convert the maximization problem into a minimiza-
tion problem, and (26) can be rewritten as

> > log(R,)

beByyueU,

minf(P) = -

s.t. 0<P, <P", YmeM (27)

To solve this, first, the initial value P, is chosen,

where all the transmit powers of the macro cells in LP-

ABS are zero. Secondly, we calculate the gradient a{;(%,
we have
of( P) dlog(R,;)
s = —_— 28
aPm bEZBAIYS“;/h aPm ( )

When sub-cell b is under the coverage of macro cell m,
e., beB,. We have

BG
1 R um
aoi(Tub): R, (1 +SINR (I, +N,) b e M s
m 0 beP
(29)

and when b € B
different cases.

where m' £ m, we need to discuss two

m'?

One case is b e M,;;, we have

-BSINR,, G, l-¢g,
<
glog(R,) |R,(1+SINR,)(L, +N,) 1 -5, &
aP, -BSINR,,G,,,
Ey =&
R,(1+SINR (I, +N,) m
(30)
and the other case is b e P,,;, we have
0 <
alog(R,,) Ent S En
— Q= -BSINR ,G Ew &
aP”, Ul um m m 8 . 28
R,(1+SINR,)(I, +N,) &, mo
(31)
We substitute Egs. (29), (30) and (31) into Eq. (28)
to obtain M Let Vf(P) be the vector of partial de-

m

rivatives of (z:(%, for all b e M. We choose step size t

m

via backtracking the line search''”. First initialize = 1,

then see if ¢ satisfies the expression

f(P +tAP) <f(P) +atVf(P)"AP (32)

where the constant o € (0,0.5), and AP = — Vf(P) re-
presents the descent direction. If ¢ does not satisfy (32),
then update value ¢ =+, where vy is a constant between 0
and 1, and see again if (32) is satisfied, we terminate
until the updated ¢ satisfies the condition in (32). Update
IfP)

m

the transmit power of P, as P, + 1t if P, <P,

else, update P, as P, Y me M. The details of the pro-
cedure are shown in Algorithm 2.

Algorithm 2 Optimizing {P,,} by using the gradient
descent method

Input: « € (0,0.5),y e (0,1), d, where d means tolerable
error.
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Output: P.
Initialization: P =P,,.
repeat
AP = - Vf(P)
t=1
while f(P + tAP) >f(P) +atVf(P)TAP do
t=yt
end while
P =P +tAP
for all m e M such that P, > P" do
p,=p"
end for
until PVAP)P, <d

2.5 Joint optimization

The joint optimization is described in Algorithm 3.
Each iteration includes user association {x,,}, resource al-
location {y,, }, ABS proportion 8, FBP parameter {¢, }
and power {P, } adjustment. First, we initialize {P, },
then optimize UE association and ABS configuration ac-
cording to Algorithm 1 and Eq. (22). Since the UE asso-
ciation algorithm gives a near-optimal solution and the
ABS configuration found is optimal, the value of the ob-
jective function with respect to the original value will in-
crease. After that, {g,} will be updated according to Eq.
(25). Since the FBP parameter finds an approximated op-
timal value, in our extensive simulation scenarios, the
value of the objective function with respect to the original
value increases. Due to the close relationship between the
user association, resource allocation, ABS proportion and
the FBP parameter, for each power vector, we iterate un-
til these converge. Then, {P,} will be updated based on
the new resource allocation according to Algorithm 2.
Due to (32), the value of the utility function will contin-
ue to increase. As we repeat Steps 1 to 4 in Algorithm 3
in our simulations, each iteration increases the value of
the utility function, and Algorithm 3 convergences.

Algorithm 3  Joint optimizing {P,,}, {y., *X,}. {&,.}
and B8

repeat

repeat
Step 1  Find optimal {y,,, x,, } according to Algorithm 1
Step 2 Find optimal B8 according to (22)
Step 3 Find optimal {g,} according to (25)
until convergence
Step 4 Find optimal P according to Algorithm 2
until convergence

3 Performance Evaluation

In this section, the performance of the proposed
scheme is analyzed by simulation. We consider a network
which consists of a standard hexagonal grid of three-sector
macro eNBs with a set of pico eNBs, see Fig. 3. There
are a total of seven macro eNBs (21 macro cells) with

wrap around. Each macro cell has two picos located close

to the center of the eNB (90 m), and the number of UEs
in each pico cell under different macro cells is different,
e.g., the number of UEs in each pico under macros (1,
2, 3) is 5, 10 and 20, respectively. This results in a non-
uniform network topology, and 10 users are randomly
placed in the coverage area of each macro cell. In the
case of LP-ABS, the macro power can be set between 0
and 46 dBm. We compare different schemes for the 5% -
ile, 50% -ile user throughput and the whole network
throughput performance. Other simulation parameters are
in accordance to Ref. [12].

8001
600

Position/m
=)

-200
-400
-600
- 800 1 1 1 1 1
-800 -400 0 400 800 1200
Position/m

Fig.3 HetNets scenario

For performance evaluation, the following schemes are
compared by simulations.

e Proposed scheme: The FBP parameter is introduced
in LP-ABS, and the power and FBP parameter of each
macro cell are individually adjusted.

e [P-ABS: All macro cells apply LP-ABS and the
power of each macro cell is individually adjusted™ .

e 7P-ABS: All macro cells apply ZP-ABS.

e po eICIC: Max-RSRP association
without ABS.

Fig. 4 compares the total number of UEs in different
types of BSs among different schemes. As expected, the
no-eICIC scheme results in very unbalanced loads. The
macros are over-loaded, while the picos serve fewer UEs.

For the ZP-ABS and LP-ABS schemes, the number of

policy

900
800
700
600}
500
400+

= Macro UE
Pico UE

Number of UE

300
2001
100

O [ |
no-eIlCIC  ZP-ABS LP-ABS Proposed

Fig.4 Total number of UEs in BSs
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UEs in the two tiers are more balanced, and there is not
much difference between these two schemes. The UE dis-
tribution is the most balanced for the proposed scheme,
where the UE numbers assigned to the macro cells and pi-
co cells are close.

In Fig.5, we plot the 5%-ile and 50% -ile user
throughput of the whole network, the macro cells and the
pico cells. We observe that the 5% -ile and 50% -ile user
throughput of pico UE in no-eICIC schemes are high due
to the fact that the number of UEs in the pico cells is
few, and thus, the amount of resources assigned to each
UE is large. Since both the 5% -ile and 50% -ile users
have the same trend, here we discuss the 50% -ile user
throughput. For macro, pico and the whole network, our
proposed scheme offers a 26% gain against the ZP-ABS
and LP-ABS scheme,
scheme relative to other schemes can enhance the edge us-

which shows that the proposed

er and the average user throughput in this scenario. We
observe that the ZP-ABS and LP-ABS schemes have al-
most the same performance when picos are close to eNB.
In LP-ABS, since the macro cells and the pico cells work
on the same frequency in the ABS sub-frames, in order to
reduce the interference to pico cells, the macro cells will
use very low power, and thus it is not much different
from the ZP-ABS scheme.

24r = 1n0-¢lCIC
== 7P-ABS
LP-ABS
~ 2.0 = Proposed
5 1.6
£
>
= 1.2
£
a0
g
£ 0.8
E
0.4

ico Whole :Macro Pico Whole
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Fig.5 Throughput performance with different schemes

Tab. 1 shows the fairness of throughput among UEs and
the total throughput of the whole network for different

. . . . 8
schemes. We consider Jain’s fairness index"

as a meas-
ure of fairness among UEs. For fairness, compared with
the ZP-ABS and LP-ABS schemes, our proposed scheme
offers a 9% gain, and when compared to the no eICIC
scheme, the gain is 170% . For the total throughput, our
proposed scheme offers a 15% gain compared with the
ZP-ABS and LP-ABS schemes. In conclusion, the pro-
posed, ZP-ABS and LP-ABS schemes can guarantee fair-
ness, while the fairness performance of the proposed
scheme is a little better. At the same time, the proposed

scheme can improve the total throughput of the system.

Tab.1 Fairness and total throughput for different schemes

Scheme Fairness index  Total throughput/( Mbit - s ')
No eICIC 0.27 7224.8
ZP-ABS only 0.67 1434.3
LP-ABS only 0.67 1434.1
Proposed 0.73 1648.5

Tab. 2 shows the power and FBP parameter of macro
cells in the proposed scheme, with the first row represen-
ting the index of the macro cell, the second row represen-
ting the transmission power of the corresponding macro
cell in LP-ABS, and the last row representing the FBP
parameter of the macro cell. We observe that some macro
cells set their power to 0 and FBP to 1, which means that
the power of the macro cell in LP-ABS is zero and the
whole frequency band is reserved for its pico cells. In
those macro cells, compared with the macro UEs, the pico
UEs are more in need of the resources in ABS, so in ABS,
the macro cell is mute across all frequencies. We can also
observe that the power and FBP parameter of the macro
cells are not uniform, which shows that our proposed
scheme is effective when adapting to non-uniform topolo-
gies.

Tab.2 Power and FBP of macro cells in LP-ABS

Index Transmission FBP Index Transmission FBP
power/dBm power/dBm

1 44.2 0.28 12 0 1
2 0 1 13 0 1
3 42.4 0.56 14 44 0.48
4 44.8 0.1 15 40.7 0.77
5 0 1 16 0 1
6 0 1 17 31.2 0.72
7 46 0.14 18 35.9 0.69
8 0 1 19 0 1
9 0 1 20 0 1
10 46 0.34 21 46 0.17
11 44 0.5

Fig. 6 shows the utility function vs. the iterations of our
proposed scheme. One can see that the utility function in-
creases as the iterations progress and converge quickly.
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Fig.6 The convergence of the proposed algorithm
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4 Conclusion

We consider a non-uniform two-tier HetNets where the
pico cells are located close to the macro cell and the num-
ber of users in each pico cell is different. Due to the non-
uniform topology,
powers and a frequency domain partition parameter of
macro cells in LP-ABS. We jointly considered the user
association, resource allocation, ABS configuration, FBP

we allowed different transmission

parameter and transmission power adjustment in LP-ABS
to maximize the PF utility of the system. We also pro-
posed a convergent iterative algorithm to solve this prob-
lem. Simulation results demonstrate that our proposed al-
gorithm can improve the fairness and throughput of the
pico cells as well as the macro cells.
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