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Abstract—In this work, a downlink power control scheme
based on channel quality indicator (CQI) is proposed for LTE
femtocells. Unlike the conventional methods, this scheme takes
the service types of users into account. Without making strong
assumptions, such as full knowledge of the network or perfect
coordination among basestations, a completely decentralized
solution is provided. Simulation results confirm, that comparing
to the conventional schemes, better throughput and coverage can
be achieved simultaneously by the proposed algorithm.
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I. INTRODUCTION

Long-Term Evolution (LTE) is aiming at providing ubiqui-
tous connectivity. However, indoor users usually suffer from
strong penetration loss due to the building walls. Therefore,
femtocells are proposed as an economical solution to serve
indoor user equipments (UE) [1]. Femtocells introduce Home
evolved Node B (HeNB) as low-power short range base
stations, which are connected to the backhaul network via
broadband. With the isolation provided by the building walls,
HeNB can fill the indoor coverage hole with efficient spatial
reuse of the spectrum [2] [3].

The deployment of femtocells can be categorized in differ-
ent ways. According to access mode, they can be divided into
open access and closed subscriber group (CSG), while open
access grant every user the right to connect to a femtocell,
and CSG gives service only to the users with proper licences
[4]. According to spectrum usage, femtocells can either share
the same frequency band as the macrocell or use a dedicated
frequency band [5].

Whenever a channel is shared between the femtocell and
macrocell, co-channel interference (CCI) is inevitable. Espe-
cially for CSG, macrocell UE (MUE) close to a femtocell
could be severely interfered, if the HeNB is serving the home
UE (HUE) with maximal transmit (Tx) power. Therefore, the
necessity of interference mitigation must be addressed [6].
Interference mitigation can be achieved in different ways,
such as radio resource management, handover optimization
and HeNB power control, which will be elaborated in this
paper.

Nowadays, since data communications occupies the ma-
jority of bandwidth, cellular networks show an asymmetric
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behavior, that is, the downlink data rate is much higher than
the uplink data rate. Therefore, in this paper, only downlink
power control is considered. Furthermore, this paper is not
aiming at the theoretical optimal solution, but devoted to
finding an effective and practical heuristic, which could be
easily implemented in the real system.

In previous works, an adaptive power control based on
signal to interference ratio (SIR) at cell edge is described
in [4], where full knowledge of network layout is required
in this approach. A distance based method is proposed in
[7], which guaranties that the HUE has at least the same
receive power as an MUE in the same location but without
building walls. This model also requires a large amount of
information, such as cell locations, power levels, antenna
orientations and gains etc.. In addition this model relies heavily
on a reliable pathloss model. Another scheme based on the
measured received power from eNB is also proposed in [7],
where no location information is required. In [8], another
adaptive power control scheme is proposed to utilized not only
the downlink Rx power from macrocell but also the uplink Rx
power from MUE. These methods aim at providing the same
quality of service (QoS) for the HUE as they are outdoor UEs
served by macrocell. As a drawback, for the area on cell edges,
where the macrocell signal level is already poor, femtocells are
not able to deliver good performance for HUEs. Furthermore,
the data rate requirement of different service types are not
taken into consideration. The result is, the Tx power is more
than enough for some service which requires only a small data
rate.

In this work, an autonomous power control scheme based on
CQI feedback is proposed. CQI, as specified in 3GPP, is a four-
bit value sent from UE to eNB or HeNB [9]. CQI indicates
the level of signal to interference plus noise ratio (SINR) of
a certain frequency band in downlink channels. Each CQI
level corresponds to a specific modulation and coding scheme
(MCS). Based on CQI feedback, the adaptive modulation
and coding (AMC) is engaged, where different levels of data
rate and error protection can be provided. Thus, CQI does
not only show the channel condition, but also implies QoS.
The proposed scheme works in self-organizing manner by
utilizing the CQI feedback. When compared with some of the
aforementioned schemes, the proposed scheme shows superior
performance in throughput and coverage in simulations.
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II. PRELIMINARIES

The co-deployment of macro and femtocell makes a hetero-
geneous network, where UEs can be served by either eNBs
or HeNBs through radio links. As shown in Fig. 1 (a), the
building wall produces a penetration loss of 10-20 dB, which
provide good suppression of inter-cell interference (ICI).

Consider a partial sharing channel, in which the spectrum
of HeNB is a subset of whole spectrum for eNB. The shared
subset can be reused by both macro and femtocell, as shown
in Fig. 1 (b).

Since the femtocells are meant to be deployed by the end
user to boost their indoor signal coverage, CSG is much more
likely to be the access mode, where the licensed UE can be
served by femtocells but the unlicensed UE close to a HeNB
would have interference from the femtocell.

Furthermore, in this work, realistic restrictions from LTE are
applied, namely, although both eNB and HeNB are connected
to the backhaul network with wired broadband connections,
the communication between eNB and HeNB is only at coarse
time scale. That means, HeNB can not be controlled by eNB
in a realtime centralized fashion. Therefore, a decentralized
solution is preferred.

A. System model

Assuming a HUE receives signal from F femtocells, in a
cellular network with M eNBs, the SINR of the HUE u served
by HeNB f can be written as

γu =
P

(FC)
f,u

M∑

i=1

P
(MC)
i,u +

F∑

j=1,j �=f

P
(FC)
j,u +Nu

, (1)

where P
(FC)
f,u is the Rx power from femtocell, P (MC)

i,u is the
Rx power from the ith macrocell, P (FC)

j,u is the Rx power from
the jth femtocell and N is the thermal noise power.

Similarly, the SINR of a MUE v served by eNB m can be
written as

γv =
P

(MC)
m,v

M∑

i=1,i �=m

P
(MC)
i,v +

F∑

j=1

P
(FC)
j,v +Nv

, (2)

where the interference from femtocell P
(FC)
j,v exists, if the

MUE is close enough to a femtocell.
The macrocell Rx power P (MC)

i,u is calculated by

P
(MC)
i,u =

P
(MC)
Tx,i G

(MC)
Tx,i H

(MC)
i,u

L
(MC)
i,u

(3)

where P
(MC)
Tx,i G

(MC)
Tx,i are the Tx power and antenna gain of

the ith eNB, H(MC)
i,u and L

(MC)
i,u are the normalized channel

gain and pathloss of the wireless link between the ith eNB
and uth UE, respectively. The Rx power of femtocell P (FC)

f,u

can be calculated in the same way.
Due to multipath propagation and movements of UE, the

wireless channel for broadband communications shows a
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Fig. 1. (a) Heterogeneous network deployment. (b) Partial frequency sharing.

doubly selective property, namely, the channel gain H
(MC)
i,u

varies both on frequency and time domain [10]. The fre-
quency domain variations, which depend on the propagation
environment, are commonly described by the power-delay
profile (PDP). And time domain variations, which relate to
movements, are normally characterized by the Rayleigh fading
model [11]. It is assumed that the channel gain is static
in one physical resource block (PRB), which is the basic
unit of resource allocation. One PRB contains 12 consecutive
subcarriers in frequency domain and 0.5 ms in time domain.

The SINR can be measured by the UE and sent back to eNB
or HeNB in the form of CQI. To reduce the signaling overhead,
the generation of CQI consists two steps of compression.
Firstly, the SINR of a group of PRBs (called subband), is
mapped in to an effective signal to noise ratio (SNR), as shown
in Fig. 2 (a) [12]. And secondly, according to the 3GPP LTE
sdandards, the effective SNR is mapped into a 4-bit message,
representing 16 levels of CQI through a linear step function, as
shown in Fig. 2 (b). When the basestation transmits with the
corresponding MCS of CQI, a block error rate (BLER) smaller
than 10% can be guaranteed. For the sake of simplicity, in this
work, the CQI feed back is assumed to be on PRB level, and
the SINR is directly mapped into CQI.
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Fig. 2. (a) SINR to effective SNR mapping for a subband consisting 4 PRBs.
(b) SNR to CQI mapping.
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B. Traffic model

Since different services have different requirement on data
rate and Tx power, specific traffic models must be taken into
account.

Generally, the data traffics can be classified into two groups
according to QoS requirements. One is the margin adaptive
(MA), for which the Tx power should be minimized, while
satisfying data rate requirements. The other one is rate adaptive
(RA), for which the data rate should be maximized subject to
the power limit[13].

According the services, three kinds of UEs are considered
in this work, the information about the UE classification are
summarized in Tab. I, where the data rate requirement of data
user is a fixed value ranging from 512 kbps to 2000 kbps.

Service Priority Data rate Type Percentage
VoIP High 64 kbps MA 10%
Data Mid [512-2000] kbps MA 40%
Web Low ≥ 64 kbps RA 50%

TABLE I
DIFFERENT TYPES OF UE

C. Resource allocation

Since no real-time information exchange between eNBs and
HeNBs is assumed, the resource allocation works in a decen-
tralized manner. The HeNB first sorts its HUEs according to
their priority. The HUE with the highest priority picks its PRBs
with higher CQI until the data rate requirement is fulfilled.
This procedure goes on successively, until each HUE meet
its data rate requirement. After that, the rest of the PRBs are
equally assigned to the RA users. The resource allocation in
the macrocell is performed in the same way, regardless the
assignment of femtocells.

III. AUTONOMOUS POWER CONTROL

In this work, the novel CQI-based power control scheme
is compared with two different existing schemes, namely,
the distance-based power control and the measurement-based
power control [7].

A. Distance-based power control

The femtocell Tx power P
(FC)
Tx,dist is configured such that

the UE at a defined radius r would receive at least the same
amount of power from the strongest macrocell with building
walls. The HeNB Tx power can be calculated as

P
(FC)
Tx,dist � min(

P
(MC)
Tx,mG

(MC)
Tx,mL

(FC)
f (r)

L
(MC)
m,f

, P
(FC)
Tx,max), (4)

where P
(FC)
Tx,max is the maximum Tx power of HeNB. L(MC)

m,f is
the pathloss between eNB and HeNB including the wall pen-
etration loss, and L

(FC)
f (r) is the estimated pathloss from the

femtocell to a UE at the target femtocell radius r. Effectively,

the estimated Rx power of macrocell m at the location of the
HeNB:

P̂
(MC)
m,f =

P
(MC)
Tx,mG

(MC)
Tx,m

L
(MC)
m,f

(5)

is used to determine the Tx power of HeNB. However, since
L
(MC)
m,f and L

(FC)
f (r) are calculated by using empirical pathloss

models, they are highly unreliable.

B. Measurement-based power control

The measurement-based model takes one step further. The
estimated Rx power at HeNB location is replaced by the
measured Rx power, supposing the HeNB has the function of
doing this measurement. And the Tx power of HeNB becomes

P
(FC)
Tx,meas � min(P

(MC)
m,f L

(FC)
f (r), P

(FC)
Tx,max), (6)

where P
(MC)
m,f is the measured Rx power at the location of

HeNB.

C. CQI-based power control

In the proposed CQI-based power control, UEs with differ-
ent types of service are treated differently. Being initialized
with the minimum Tx power P

(FC)
Tx,min, HeNBs increase their

Tx power, while assessing the CQI feedback Q of HUEs.
For HeNBs serving only VoIP users and data users, as soon
as the data rate requirement can be met, the increase stops.
For web users, an additional offset throughput α is set upon
the minimum data rate requirement. The serving HeNB stops
increasing the Tx power when the additional throughput is
achieved. Therefore, the web users can at least get an incre-
mental throughput of α. The algorithm is described in Alg. 1,
where R is the required CQI for the UE to achieve the target
data rate, N (FC)

PRB,u is the number of PRBs for HUE u, N (FC)
PRB

is the total number of PRBs for femtocells, T
(FC)
min,u is the

minimum data rate requirement for web UE and T
(FC)
target,u is the

target data rate for UE u, T (FC)
target is the target throughput for

Algorithm 1 Power control algorithm based on CQI
for each HeNB do

P
(FC)
Tx,CQI = P

(FC)
Tx,min

for each web UE do
T

(FC)
target,u = T

(FC)
min,u + α

end for
T

(FC)
target =

∑N
(FC)
UE

u T
(FC)
target,u

for each HUE do
N

(FC)
PRB,u ← �

T
(FC)
target,u

T
(FC)
target

· (N (FC)
PRB −N

(FC)
UE + 1)�

R← �g(T
(FC)
target,u

N
(FC)
PRB,u

)�
while Q < R && P

(FC)
Tx,CQI < P

(FC)
Tx,max do

P
(FC)
Tx,CQI = P

(FC)
Tx,CQI +ΔPTx

end while
end for

end for
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Fig. 3. Simulation environment, horizontal and vertical lines represent streets,
“∗”s are eNBs and rectangles are building blocks

the HeNB. Assuming the channel is flat, R can be obtained
with a data rate to CQI mapping function f(·). N

(FC)
PRB,u is

calculated in the way that guarantees one HUE can get at
least one PRB.

Assuming the interferences stay the same, to increase the
CQI by 1, the increment of signal power ΔPTx,CQI can be
calculated with the inverse SNR to CQI mapping function,
described in Fig. 2 (b). Moreover, several femtocells could
have overlapped area, thus tuning one HeNB would affect
the others. Considering this case, the increment used in this
algorithm is set to ΔPTx = ΔPTx,CQI/2.

The choice of α results in a trade-off between throughput
and coverage. Larger α typically leads to larger average
throughput but less coverage due to interference. Strictly
speaking, the web user is rate adaptive, only if α approaches
infinity. However, with a properly chosen α, desired through-
put and coverage can be achieved. Furthermore, α can be
configured by upper layer protocols, according to applications.

HeNB eNB
Carrier frequency 2 GHz 2GHz
Spectrum 1 MHz 10 MHz
Antenna pattern Omni-directional 3-sector
Max. Tx power 20 dBm 46 dBm
Antenna gain 5 dBi 14 dBi

TABLE II
SIMULATION PARAMETERS.

eNB-indoor UE L
(MC)
m,u,dB = 15.3 + 37.6 log rm,u + q · Liw

+Low

eNB-outdoor UE L
(MC)
m,v,dB = 15.3 + 37.6 log rm,v

HeNB-indoor UE L
(FC)
f,v,dB = max(38.46 + 20 log rf,v , 15.3

+37.6 log rf,v) + 0.7df,v + q · Liw

HeNB-outdoor UE L
(FC)
f,v,dB = max(38.46 + 20 log rf,v , 15.3

+37.6 log rf,v) + 0.7df,v + q · Liw + Low

TABLE III
PATHLOSS MODELS.
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Fig. 4. Dual-stripe building model with red ∗’s as HeNBs and black +’s as
UEs

IV. PERFORMANCE EVALUATION

A. Simulation setup

In the simulation, an urban area with 19 eNBs, each
equipped with 3-sector antennas, is considered. The inter-site
distance is 500 meters. Buildings are modeled as dual-stripe
blocks, where one building consists 40 apartments [14] as
shown in Fig. 4. HeNBs are deployed in 20% of the randomly
chosen apartments, where each HeNB is placed at the center
of the apartment. Indoor UEs move randomly with pedestrian
speed. Outdoor UEs can only move along the streets, which are
randomly laid across the map, from north to south or from east
to west. Moreover, outdoor UEs are divided into high speed
vehicular UEs and low speed pedestrian UEs. The number of
MUEs is 400, and 80% of them are indoor. Moreover, for each
HeNB, 2 HUEs are in the same apartment. The parameters for
user mobility is shown in Tab. IV. Some of the parameters for
both macro and femtocells are summarized in Tab. II, whereas
the pathloss models are summarized in Tab. III, where r is the
distance between basestation and UE, d is the distance between
the UE and its projection on the building wall, q is the number
of inner walls separating basestation and UE, Liw = 5dB is
the inner wall penetration loss and Low = 10dB is the outer
wall penetration loss.

Two metrics are used for comparing different power control
schemes, namely, coverage and throughput. The coverage is
defined by the proportion of satisfied UE in a certain group
of UE. A web UE is satisfied, when its minimum data rate
requirement is met. The throughput is averaged for each
UE over the whole simulation. For VoIP and data UE, their
throughput is equal to their data rate demand, when they are
served. And for web UE, the throughput is the maximum
achievable data rate according to their channel conditions.

Five different cases are compared for evaluation: (a). All
HeNBs are turned off, namely, the macro-only scenario, denot-
ed as “Off”; (b). The distance-based power control, denoted as
“Dist”; (c). The measurement-based power control, denoted as
“Meas”; (d). The proposed CQI-based power control, denoted
as “CQI”; (e). All HeNBs transmit with maximum Tx power,
denoted as “Max”.
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Fig. 5. Comparison of throughput of all UEs for different schemes, with
α = 2 Mbps
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Fig. 6. Comparison of throughput of HUEs for different schemes, with
α = 2 Mbps

B. Simulation results

With α set to 2 Mbps, the average throughput of all
UEs are compared in Fig. 5, which clearly shows, that a
huge throughput gain can be obtained by using femtocells.
The measurement-based power control and the distance-based
power control perform almost the same. Transmitting with
maximum power gives better throughput performance. The
proposed CQI-based scheme offers the best throughput, be-
cause it has less interference to MUE comparing to maximum
power and less interference to HUE of other femtocells in
comparison of distance/measurement based schemes.

Using maximum Tx power, the throughput for HUEs is
higher than using other schemes. This phenomena can be
observed in Fig. 6. Moreover, the proposed CQI-based scheme
also has better throughput than the distance/measurement-

User Average speed Mobility pattern
Outdoor pedestrian 1 m/s Along streets
Outdoor vehicular 10 m/s Along streets
Indoor pedestrian 1 m/s Indoor, random

TABLE IV
USER MOBILITY PARAMETERS.
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Fig. 7. Comparison of throughput of MUEs for different schemes, with
α = 2 Mbps
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Fig. 8. Comparison of average throughput for different α

based schemes. The reason is, these two methods try to match
the femtocell Rx power to the strongest macrocell Rx power.
And for the femtocells located on the edge of macrocells, the
macrocell Rx power is rather poor. For all HeNBs being turned
off, the throughput is evaluated for the UEs which will be
HUEs, if the HeNBs are switched on.

Comparing the MUE throughput, it is clear that using
maximum Tx power causes large interference to the MUE,
thus leads to a worse throughput, as can be seen in Fig. 7.
In this figure, the CQI-based algorithm still shows the best
performance, as a result of proper power management. And
turning HeNBs off leads to a dramatic drop in throughput, due
to the wall penetration loss.

As compared in Fig. 8, with small α, the average through-
put of the CQI-based scheme is smaller than the dis-
tance/measurement based schemes, however, becomes larger
with the increase of α. With α > 1.6 the overall throughput
of the CQI-based scheme is better than using maximum power,
due to less interference to neighboring femtocells.

Regarding coverage, the overall user satisfaction rate is
compared in Fig. 9, where the superiority of the proposed
scheme is evident. Due to the trade-off between throughput
and coverage [15], as α grows, coverage becomes worse.
However, even after convergence, the proposed scheme can
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Fig. 10. Comparison of femtocell coverage for different α

still provide more than 2% and 1.5% of coverage gain over
the distance/measurement based algorithms and maximum Tx
power, respectively.

The coverage for femtocells and macrocells are shown in
Fig. 10 and Fig. 11, respectively. For femtocells, maximum
Tx power has similar, sometimes even better performance,
comparing to the proposed scheme, since the femtocells are
unlikely to have overlapped coverage area. And because of
the femtocells located on the edge of the macrocells, the
distance/measurement based algorithms have rather poor fem-
tocell coverage. The large Tx power of maximum power
scheme results in poor coverage for macrocells. The dis-
tance/measurement based algorithms offer better macrocell
coverage than maximum power, however, they still cannot
compete with the proposed CQI-based scheme.

V. CONCLUSION

In this work, a decentralized CQI-based power control
scheme is proposed for LTE femtocells.The proposed scheme
does not make strong assumptions of the network, but only
utilizes the channel feedback mechanism, which is already im-
plemented in LTE. This property makes the proposed scheme
easy to implement in a real system. An offset throughput is
set for RA users to improve data rate. The network throughput

and coverage be balanced, by tuning the offset throughput.
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Fig. 11. Comparison of macrocell coverage for different α
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