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Study of Downlink Radio Resource Allocation Scheme
with Interference Coordination in LTE — A Network

Yen-Wen Chen and Chen-Ju Chen

Abstract—Carrier Aggregation (CA) is one of the most
important technologies in the LTE-Advanced (LTE-A) system
for better transmission efficiency. The basic idea of CA is to
adopt more than one component carrier (CC) for user
equipment (UE) to increase its bandwidth. However, when UE
adopts component carriers from other adjacent base stations, it
will cause the interference and may decrease transmission
efficiency especially for the cell edge UE. Therefore, solving
interference with carrier aggregation is a critical issue toward
the effective improvement of system throughput. In this paper,
we propose a novel method to deal with not only the
interference between pico station and macro base station, but
also the interference between base stations. In the proposed
scheme, the radio interference, channel condition of UE, and
load balance are taken into consideration for proper CC
selection so as to improve the cell-edge UE performance. The
proposed scheme considers the interaction and correlation
between Inter-cell Interference Coordination (ICIC) and
enhanced Inter-cell Interference Coordination (elCIC) to
arrange the secondary CC for LTE-A UE. The simulation
results show that the proposed scheme can increase
transmission efficiency especially for the edge UE.

Index Terms—Carrier aggregation, component carrier,
inter-cell interference coordination, long term
evolution-advanced.

. INTRODUCTION

Recently, the fast deployment of mobile multimedia
services pushes the high demand of bandwidth in wireless
networks. The mobile device can access the radio channel
through either the unlicensed band, e.g. WiFi, or licensed
band, such as long term evolution (LTE), for internet
connections. Generally, the unlicensed band provides easy
and unrestricted for users access, however, it is hard to
maintain the efficient spectrum utilization due to the
unmanageable accesses from users. On the contrarily, the
licensed band provides the well-defined control protocol for
the control node, e.g. the eNodeB in LTE network, to manage
the radio resource. However, the radio interference always
happens unpredictably and it may decrease the spectrum
efficiency not only in the unlicensed band networks but also
the licensed band networks. In order to minimize the radio
interference, especially for the manageable licensed band, the
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negotiation mechanism is required among interference
devices. In LTE, the inter cell interference (ICl) is one of the
most severe factors that downgrade the transmission quality
and system throughput. To get over the ICI problem has
become one of the most important issues toward effective
transmission in cellular networks. Recently, several studies
were proposed for resource allocation with carrier
aggregation in LTE [1]-[3]. However, most of them only
considered the interference between the pluralities of pico
stations and the associated macro base station. The
interference among macro base stations was not well
discussed. Generally, the pico stations are deployed over the
cell edge area for the compensation of poor radio condition of
the associated macro base station, however, the neighbor
macro base stations may introduce radio interference to this
area. Thus it may not always a proper decision to choose the
radio channel of this small cell without considering the
interference from the other stations.

In order to provide bandwidth for users, 3GPP
organization evolves the utilization of radio resource from
time division duplex (TDD) and frequency division duplex
(FDD) to carrier aggregation (CA) since 3GPP release 10 as
shown in Fig. 1 [4]. Comparing to the technologies of LTE
and LTE-A, LTE-A provides UE the capability of
aggregating more than component carrier for higher
throughput. And, therefore, the interference coordination
issue becomes more critical than that in LTE environment.
Because UE needs to select the CC, which has better channel
condition to it, however, it may interfere with the channel
chosen by other UE. In this paper, we study and propose the
method to deal with the interference between base stations
about the CC selection by taking the load of CC and the
channel condition of the UE received in different CCs into
consideration so as to improve the cell-edge UE
performance.

Evolution of LTE Carrier Aggregation in 3GPP

3GPP 3GPP 3GPP
Release 12

Beyond 3GPP

Release 10 Release 11 Release 12

Intra-band
contiguous carriers
(FDD or TDD)

Intra-band non-
contiguous carriers
(FDD or TDD)

Inter-band non-
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Fig. 1. The evolution of 3GPP [4].

The rest of this paper is organized as follows. The
following section provides the related works of our study
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issue. The integrated scheme for Inter-cell Interference
Coordination (ICIC) and enhanced Inter-cell Interference
Coordination (elCIC) are proposed in section Ill. The

simulation results are illustrated with discussion in section V.

And, the final section concludes our works.

The ICIC and elCIC mechanisms were provided to reduce
the interferences between macro base stations and between
macro base station and pico station, respectively. In LTE,
eNBs exchange information to each other through the X2
interface for management purpose. Thus eNB can negotiate
with other eNBs for radio resource utilization according to
the received Relative Narrowband Tx Power (RNTP), and
send the High-Interference Indicator (HII), and Overload
Indicator (Ol) to/from its neighbor eNBs as reference when
performing resource allocation as well as handover [5].

For the ICIC schemes, the proposed scheme in [6] deals
with the ICIC issue based on Harmony Search (HS).
According to their procedure, eNBs perform decentralized
arbitration to mute RBs by referring to the average
interference weight calculated by each eNB. In [7], the author
suggested to assign conflicted RBs by comparing the traffic
load of two adjacent macro base stations. Its concept is to let
eNB, which has heavier traffic load, have higher probability
to obtain the conflicted RB. However, the impact of channel
condition was not well considered.

In order to increase overall throughput, the reuse of
valuable spectrum is one of the convincible solutions towards
this objective. Thus pico stations or remote radio head (RRH)
units can be deployed over the cell edge of the macro station.
Due to the low transmission power of the pico station, there is
no interference among pico stations and the spectrum can
then be reused. However, the interference issue between the
macro base station and its associated small stations exists.
And the framework of elCIC was proposed in 3GPP release
10. The basic concept of elICIC is that eNB adopts the almost
blank sub-frames (ABS) so that pico stations can utilize those
sub-frames without interference from the base station.
Although macro base station will decrease its throughput,
several pico stations can reuse these sub-frames and,
therefore, the overall throughput increases. As shown in Fig.
2, the macro base station mutes the sub-frames 2 and n-2 so
that pico base stations 1 and 2 can utilizes these two
sub-frames without interference from macro base station. .

RELATED WORKS

Sub

frame
| Frame

Macro ABS A8s | n-1

Pico 1 n-1

Pico 2 0 1 2 n-2 n-1

Fig. 2. The ABS of macro base station for elCIC.

The CA is applied to increase the bandwidth in LTE-A
system. Several researches discussed the allocation and
scheduling of CC to maximize system throughput [8], [9]. In
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addition to the LTE-sim simulator, three scheduling
algorithms, including general multi-band scheduling, basic
multi-band scheduling, and enhanced multi-band scheduling,
were proposed to arrange the resource by using weight factor
[8]. In [9], the logarithmic utility function and the
sigmoidal-like utility function were designed to allocate the
resource block (RB) of CC in a proportional fairness manner.
Additionally, the improvement of the throughput for cell
edge users was discussed in [10]-[12]. In [10], the authors
proposed the user association algorithm to decide whether
UE is in the cell edge or not. Then the greedy binary carrier
selection algorithm was applied for CC selection. In [11], the
interferences of control channel and data channel were
analyzed separately, and the price based algorithm was
designed to determine the transmission power so that the
interference can be minimized. In addition to interference
aware scheduler, the requirements of quality of services (QoS)
for different traffic types, e.g. data and video, were taken into
consideration in [12]. The interference can be subdivided into
frequency domain and time domain. In [13], the dynamic
Q-learning and satisfaction based learning approaches were
proposed for the decisions of bias, transmission power, and
primary CC.

The above proposed schemes focus on the negotiation
between the macro base station and the pico base stations, the
interference from other neighbor macro base stations is not
well discussed. Therefore, it is the main research objective of
this paper.

I1l. THE PROPOSED INTEGRATED ICIC AND EICIC SCHEME

The LTE-A UE shall have a fixed primary CC (PCC) for
the connection management and control signaling and may
choose other secondary CC (SCC) to increase bandwidth. As
each UE may have different channel condition in different
CC and the bandwidth of each CC is limited, therefore, the
selection of SCC is complex and critical for spectrum
efficiency and system throughput. In addition to the channel
condition, the interference shall also be properly considered
so that the spectrum can be effectively utilized. Basically,
ICIC and elCIC negotiate the spectrum in the frequency
domain among macro base stations and in the time domain
between macro base station and pico base station,
respectively, as shown in the following Fig. 3.

ICIC(frequency domain)

cro Macro Pico

[ 1 [
« [ W

elCIC(time domain)
Fig. 3. ICIC and elCIC.

Basically, UE shall select PCC at the connection establish
stage and PCC is fixed during the connection duration and
most control signals between UE and eNB go through PCC.
UE shall report its channel conditions, such as channel
quality indicator (CQI) and RNTP, of the feasible eNBs to its
management eNB through PCC. The SCC can be flexibly
adjusted according to the received channel conditions. The
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management eNB shall decide the handover, modulation and
coding scheme (MCS), the selection of SCC, etc., through
PCC. The proposed scheme is subdivided into the SCC
selection phase and the resource allocation phase as
described in the following.

The selection of PCC for each LTE-A UE is basically
according to the signal to noise ratio, however, the
interference from other CC is considered as shown in

equation (1). y, ., in equation (1) denotes the received
SINR value of the u-th UE from the CC k of eNB c. The
higher value of y, ., means the more suitable for the u-th

UE selects the CC k of eNB ¢ as its CC.

Pu,c,k

Yuck=
o ZCIiCPu,CI,k-i_NO (1)

where Pu,c,k means the received power of the u-th UE from

the CC k of eNB c. The proposed scheme will always assign
the CC k of eNB c to the u-th UE as its PCC for the highest

value y,., of each UE if the bandwidth of CC k is

affordable. It is noted that, at this stage, eNB only allocates
one RB of the PCC for each UE. If the required bandwidth of
UE is not satisfied, the proposed scheme will choose the
suitable CC, which may be its PCC or the other CC, for
further bandwidth allocation. The procedure keeps allocation
until either the bandwidth is satisfied or there is no bandwidth
left in the CC. It is noted that the number of CC of UE is
limited and this is the constraint during the bandwidth
allocation. For example, if each UE can accommodate two

CCs, then one CC shall be PCC and it can only have one SCC.

Once its SCC is decided, it can only be allocated with
bandwidth from these two CC. The basic flow of the
proposed scheme is provided in the following Fig. 4.

initialization

Calculate the value of SINR and
decide one transmitted RB from which PCC

——
Y /// \h“‘—\
——="_Meet UE's bandwidth requiremen{_>
— -
—

N
‘ decide which macro-eNBs mute |

‘ Select one transmitted RB from S5CC |
e

/// \1“\
< Meet UE's bandwidth requirement = N_|selectone _RB
— — from PCC/SCC

——

Fig. 4. The basic operation flow of the proposed scheme.

In Fig. 4, the selection of one RB from either PCC or SCC
also refers to the y, ., value calculated in equation (1).
Thus, if the original assigned CC of the PCC has the highest
value, the allocated RB will come from the original PCC if it

still has RB left, otherwise the other CC will be selected as
the SCC of this UE. If the selected CC comes from pico cell,

then the proposed scheme will perform elCIC at time domain.

In the proposed scheme, as the pico eNB is always deployed
over the cell edge of the macro cell and it may be interfered

by more than one macro cell, then we need to decide which
macro eNB shall mute some sub-frames so that the pico cell
can have better transmission performance. In the proposed
scheme, we apply the weighting function to decide which
macro cell shall mute. The basic concept of the weighting

function W, of macro cell i refers the numbers of UEs that

can be served by one macro cell, two macro cells, or pico cell
to maximize the system utilization as shown in equation (2).

N i
W, = Nli'o X X_ll 2)
21 ZR;
k=0

where N,in, means the number of UE, which under macro

n

cell i, that can be covered by m macro cells and n pico cells,
and R, denotes the number of residual RBs of the k-th CC of

the macro cell i. In the proposed scheme, UE can be located at
the location, where is covered by either one, two, or three
macro base stations. And the proposed scheme assumes that
the pico cell is deployed over the cell edge, however, except
the area covered by three macro base stations as shown in Fig.
5. As the weighting function is designed to determine which
macro base station shall mute for elCIC, therefore, we only
compare the numbers of UEs that are only served by one
macro base station and are located at the coverage of two
macro base stations and the pico base station in equation (2).

Thus Nli‘o and N;l of equation (2) denote the numbers of

UEs for the above deployment assumption.

&
IO

+ Macro cell

< Pico cell

@® :UE
Fig. 5. Deployment of macro base cells and pico cells.

Algorithm CC Selection and RE Allocation

L: loop
2 for UEude
3: Calculate the value of SINR pu. 4 using equation(1)
41 end for
5 for UE w do /* PCC selection */
6 select one RB from primary CC CUg(1,2)
7 if UE at celi-edge then
8 ICIC mechanism
9:  end for
10 : Calculate the weight values of each macro cell for elCIC using equation(2)
11 eNB with lower value W, mutes the subcarrier chosen by the cell edge UE
12 Jor UE u do
13: Caleulate throughput per UE
14 if UEs demand is not satisfied then
15 if RBs of CC of serving cell is enough then
16 select one RB from secondaryiprimary CC
17: if UE at cell-edge then
18 : ICIC mechanism
19: end if
20: else
21: don t assign RB from the serving cell
22: end if
23: end if
24: end for
25 end loop

112
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The higher value of W, means that the macro base station
i need keep more RBs to be allocated for the UE which can
only be served by it because of the smaller values of N,

and Rii . The proposed CC selection and resource allocation
algorithm is illustrated as follows.

IV. EXPERIMENTAL SIMULATIONS

In order to investigate the performance of the proposed
scheme, exhaustive simulations were performed. The
architecture that consists of three macro base stations and
three pico base stations is applied during the simulations.
Each base station was assumed to have two CC and the
maximum number of CC can be aggregated by each UE was
also assumed to be 2. The cell edge area means the
intersection between macro cells. And the widest distance of
the cell edge is 200m. The TDD with configuration 5
configuration was adopted and 8 ms of each frame was
reserved for downlink transmission. Therefore, there are 800
RBs (or 272 RBGs) to be utilized. The other simulation
parameters are given in the following Table I.

TABLE I: SIMULATION PARAMETERS

Carrier bandwidth 10MHz
Number of cell Mgcro cel.l:3
Pico cell:3

1SD/cell radius
Carrier frequency

Macro cell:500m ; Pico cell:40m
10MHz @ 1.8GHz

Number of RB 50
Size of RBG 3
Number of RBG 17

Macro cell:46 dBm

BS transmit power Pico cell:30 dBm

Antenna height 15m
Macro cell:
40(1-0.004H)log(R)-18log(H)+21log(F)+80
Path loss model [14] dB (R[km])
Pico cell:
140.7+21log(F/2000)+36.7log(R) dB (R[km])
UE bgndmdth 3 Mbps
requirements
ABS ratio 0/8,1/8,3/8,5/8

This paper focuses on the suitable CC selection and the
harmonic coordination of ICIC and elCIC, therefore, we
compare the results of 6 simulation scenarios as follows:

e Scenario 1 (proposed): ICIC and elCIC

e Scenario 2 (w/o ICIC): neither ICIC nor elCIC

e Scenario 3 (w/o elCIC): only ICIC

e Scenario 4 (fix muting 2,3): ICIC and elCIC, fix muting

by eNB 2 and eNB 3 (i.e. W, is not applied)

e Scenario 5 (fix muting 1,3): ICIC and elCIC, fix muting
by eNB 1 and eNB 3

e Scenario 6 (fix muting 1,2): ICIC and elCIC, fix muting
by eNB 1 and eNB 2

The simulation results of the average throughputs of all

UEs and the cell edge UEs are shown in Fig. 6 and 7,

respectively. It shows that the results of scenario 2 (w/o ICIC)

is the worst. Thus the average throughput mainly depends on
whether ICIC is applied or not.

The minimum bandwidth requirement of each UE is
assumed to be 3 Mbps, we compare the dissatification ratios,
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i.e. the ratio of UE that can not receive 3 Mbps, of the six
scenarios in Fig. 8. It indicates that the scenario 2 has the
lower dissatisfaction ratio when the number of UEs exceeds
80. The main reason is that the coverage of the overlaping
area between macro base stations and the pico cell is
relatively much smaller than that of the macro cell (40m v.s.
500m in radius) and the UEs are uniformally distributed over
the area. The ICIC mechanism is utilized to tradeoff the
utilization of RB at the cell edge. Although the scenario 2
does not take care of the UE in the cell edge, it can satisfy
most UEs.

33
3.1
29
27
25
23
21
19
17
15

throughput per UE (Mbps)

50 60 70 80 100 120
3.021713 302184 3.019824 2976767 2.648203
29984 294424 2.850269 2.75015 2.554904
3.02207 3.023392 3.023029 2999973 2662029
3.024891 3.024781 3.023095 2983012 2.64167
3.024625 3.02496 3.022679 2975515 2.644748
3.024622 3.024795 3.021929 2977679 2.654701

== proposed
= wfoICIC

wfo elCIC
= fix muting(2,3)
s fix muting(1,3)

2.290769
2275284
2.264404
2.285154
2288538
2.288973

fix muting(1,2)

Fig. 6. The average overall throughput.

throughput per edge UE (Mbps)

50 60 70 80 100 120
3.019654 3.019701 3.016467 2.857806 2279411 1920167
2.877009 2.464786 1.865917 1.299621 0.8685 0743171
3.022339 3.018934 2271444 1.922259
3.022401 3.020069 2281146 1925944
3.022615 3.019111 2282548 1928483
3.022436 3.020263 2283439 1926648

== proposed
~&-w/o CIC

=de=w/0 elCIC 3.022028
3.022633
3.022857

3022707

2.863893
2865736
2862179
2867654

= fix muting(2,3]
——fix muting(1,3]

—8—fix muting(1,2)

Fig. 7. The average cell edge throughput.

dissatisfaction rate
e e [
= &

fix fix fix
muting(2.3) | muting{1.3) = muting(1.2)
0.0001 0 1]
0.030617 0.03105 0.03035
0342028 | 0351743 03582
0.757525 0.753325 0.723788
0976787 0971777 0972727
0.98681 0.987091 0.987029

L
wo elCIC

wfoICIC

proposed

=—4=UE=50 0
—8-UE=60 | 0.009033 0130133 0.001267
=—-UE=70 0.174457 0.171229 0.0895

~#—UE=80 | 0.604338 0.2283 0.54565
——UE=100 0.958438 0.76106 0.950459
—=UE=120| 0987372 0.961802 0.987819

0.04892 0

Fig. 8. Comparison of dissatification ratios.

The above simulations assume that the UE is uniformly
distributed over the simulation area. In order to examine the
performance when the distribution of UE is nonuniform, we
put 20%, 50%, and 80% of UEs to be located in the cell edge
to see their performance of throughput. We compare the
simulation results of the scenario 1 and scenario 3 (i.e. ICIC
only) to examine the effectiveness of elCIC. Fig. 9 presents
the average throughputs of cell edge UEs, respectively. It
clearly illustrate that the proposed scheme (scenario 1)
achieves higher throughput for cell edge UEs in the
unbalance UE distribution condition especially when the
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number of UEs is getting more.

31
29
27
25
23

21

1.9

throughput per edge UE (Mbps)

1.7
15
50 60 70 a0 100 120
3020794 | 3.021253 3.009747 2834455 2241118 1887914
3.019501 | 3.018492 3017465 3.007849 2790601 2.523779
3.013226 | 3.015177 3017307 3.015617 2615848 2.071175
3.019548 | 3.022094 3023164 2981519 2401881 1918153
——uniform distribution{w/o eICIC) | 3.022342 | 3.022296 | 3.019921 2.864915 | 2.279904 1916242
31017015 | 3017672 3018333 3007948 2681650 232918
3016221 | 3.01993 3021999 3000176 240572 1.854833
3019523 | 3.021025  3.019939 2871638 22509923 1.508393

—e—uniform distribution
8 cdge-cell UE=20%
——edge-cell UE=50%
——edge-cell UE=80%

edge-cell UE=20%{w/o eICIC)
edge-cell UE=50%{w/o eICIC)
edge-cell UE=80%{wjo eICIC)

Fig. 9. The average cell edge throughput for unbalance number of UE.

The simulation results of 100 UEs by applying different
ABS ratio are given in Fig. 10. The results clearly indicate
that the cell edge throughput can be significantly improved if
cell edge UE is dense and the higher ABS ratio is applied.

UE=100

.2
3
28
26

2.4

2.2

throughput per edge UE (Mbps)

2

2.19459 2.1447
2.279904 2.279741 2280788
2.790601 2.79894 2.71149
2.681659 2.672626 2674722
2.615848 296032 2965621
2.418408 2.413057
2.798194 2937318
2.257903 2.256749

—a—uniform distribution 2.279411
2.271444
2.662639
2.679432
2.398275

2.241118
——uniform distribution{w/o elCIC)
——cdge-cell UE=20%

edge-cell UE=20%(w/0 e1CIC)
—d—edge-cell UE=50%

edge-cell UE=50%(w/o0 eICIC)
——edge-cell UE=80%

edge-cell UE=80%(w/o eICIC)

Fig. 10. The average cell edge throughput of different ABS ratio.

2.418059 2.40572
2.242335 2.401881
2.259167 2.259923

According to the above simulation results, the
performance is affected by interference coordination
mechanism and UE distribution. We summarize the pros and
cons of the policities discussed in the paper in the following
the following Table II.

TABLE Il: PROS AND CONS OF DIFFERENT INTERFERENCE POLICIES

Pros: significant improvement on edge UE throughput and
ICIC+elICIC the other UEs can still maintain in acceptable level
Cons: helpless when most UEs are located in macro cell
Pros: benefit to overall throughput for banance and
w/o ICIC undense UE distribution
Cons: unfair and lower throughput when load is heavier
wlo elCIC Pros: better perform-a'nce when less UE in pico cell
Cons: unable to mitigate the load of macro-eNB
Fixed Pros: benefit to cell edge UE
muting Cons: poor utilization of RB in macro cells

V. CONCLUSIONS

In this paper, we propose the integrated interference
coordination scheme for proper radio resource allocation in
LTE-A network. The performance of the proposed scheme is
evaluated through exhaustive simulations. In addition to the
simulation results, we analyze the effectiveness of the
coordination policies, which include ICIC, elCIC, and ABS
ratio. The results illustrate that the proposed scheme can
effectively utilize radio resource so as to improve the
throughput of cell edge UE. However, the ABS ratio shall be
carefully adjusted according to the number and distribution
of UE. And the dynamic ABS adjustment scheme will be one
of our future research directions.
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