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Virtual Small Cells Using Large Antenna Arrays as
an Alternative to Classical HetNets

Ana Galindo-Serrano, Sofia Martinez Lopez, Alberto De Ronziand Azeddine Gati

Abstract—In 4G the introduction of small cells is the solu-
tion to cope with dense traffic areas. The deployment of new
equipment implies a non-negligible cost in terms of backhauling,
sites acquisition, maintenance and network energy consumption.
Advances on large antenna arrays research permit conceiving
the use of massive antennas elements at the macrocell. Our
approach consists in supplying the extra network capacity at
dense traffic areas using directive beams: the Virtual SmallCells
(VSCs). VSCs are created at the macrocell by the activation
of multiple antenna elements and replace the use of picocells,
reducing consequently the OPEX and CAPEX expenses. VSCs
are reconfigurable according to traffic fluctuation, can increase
the throughput in 50% regarding a only-macrocell deployment
and reduce the global network consumed power.

Index Terms—Virtual small cells, Massive MIMO, energy
efficiency, beamforming.

I. I NTRODUCTION

Small cells are one of the solutions given by Fourth-
Generation (4G) and Fifth-Generation (5G) systems to the
requirement of high Spectral Efficiency (SE) to cope with the
explosively growing mobile traffic. Also, they are the solution
to handle high-dense traffic areas, allowing to off-load macro-
cells, which can therefore focus on the coverage. Typically,
the introduction of small cells implies a non-negligible cost for
operators in terms of new equipment deployment: backhauling,
location of new sites, leasing, maintenance and increment of
the global energy consumption of the network [1].

The use of large antenna arrays [2] can open the door
to a more efficient network deployment than those using
conventional small cells. Large antenna array consists in
deploying tens or hundreds of small antenna elements at the
macrocell layer which are foreseen to use extremely low
power. The use of antenna systems having a two-dimensional
array structure provides control over both the elevation and the
azimuth dimensions [3] [4]. This allows accurately matching
the transmitted energy in the downlink to the user distribution
in the coverage ares and to boost the SE [5].

Large antenna arrays is a new research field in commu-
nication theory, propagation and electronics. It represents a
substantial change in the way wireless communication systems
are conceived and implemented [6]. In the literature, the use of
large antenna arrays has been proposed for several purposes.
In [7] the authors present a comprehensive analysis on the
beamforming performance of arrays with large antenna ele-
ments showing that dense arrays can have a high beamforming
gain. In [8], the authors present the design, realization and
evaluation of ARGOS, a Base Station (BS) prototype scalable
to thousands of antennas. [9] suggests using large antenna

arrays to create highly directional User Equipment (UE)-
specific beamforming, the Multi User (MU)-Multiple-Input
Multiple-Output (MIMO). Reference [10] proposes to use a
high number of distributed antennas to achieve time-reversal
in dense scattering environment. Those strategies imply that
the macrocell must acquire Channel State Information (CSI)
for a high number of antennas, which can lead to pilot
contamination and overhead.

The present work focuses on the use of large arrays of
antenna elements to create VSCs, i.e., highly directive beams
working in co-channel operation that point to hotspots, thereby
increasing the Signal to Interference Noise Ratio (SINR) in
those regions. On the contrary to UE-specific beamforming
and time-reversal solutions, the strategy of creating VSCs
consists in using several antenna elements to shape the
Radio Frequency (RF) pattern of a single antenna port. The
group of antenna elements that form a single antenna port are
considered as a single unit in terms of CSI feedback. Since
the number of antenna ports is limited, the problem of pilot
contamination and CSI feedback overhead is thus reduced.
Therefore, the given solution can be applied in both Time
Division Duplixing (TDD) and Frequency Division Duplexing
(FDD) systems.

VSCs can be considered as new cells that can be used to
replace the typical Heterogeneous Network (HetNet) deploy-
ment, reducing the cost for operators and the environmental
impact of the mobile networks. VSCs are managed at the
macrocell level, giving place to a completely centralized sys-
tem free of coordination and delay problems, as it is the case
of conventional small cells. VSCs keep the main advantages
of typical small cells i.e., macrocell offloading and increment
of network capacity. At the same time, VSCs solve the main
constraints of typical small cells such as backhauling, diffi-
culties in synchronization and heavy extra cost for operators.
In addition, VSCs could be reconfigured in time, in order to
be adaptable to the changing traffic conditions. This flexibility
is an important advantage compared to the typical small cell
deployment since it gives to the network the capability of being
intelligently responsive to traffic variations. In this work we
present system level simulation results in terms of network
performance when VSCs are used.

Furthermore, VSCs reduce the radiated power when com-
pared with a typical HetNet deployment, thus, reducing the
total consumed power. In our work we study the power
consumption of VSCs and we compare them with a only-
macrocell and a typical HetNet solutions. Nevertheless, spe-
cific situations such as hotspots in cell-edge, deep indoor,etc.,



might require hybrid solutions where both VSC and small
cells co-exist and either one technology operates according
to hotspot location, type of area, existing infrastructure, etc.

The rest of this paper addresses in Section II the main
considerations to be followed when implementing VSCs at
macrocell level. Section III introduces the two simulationtools
used. Section IV presents our main results in terms of system
performance and power consumption. Finally, Section V sum-
marizes our conclusions and future work.

II. V IRTUAL SMALL CELLS

In this section, we present the main considerations to
implement VSCs i.e., VSC beam shaping, particularly the
number of antenna elements used and VSC steering point
constraints.

One important advantage of VSCs is that they introduce
new degrees of freedom in the network configuration, allowing
to dynamically implement beams that would have the same
function as typical small cells. When a macrocell is equipped
with the VSC feature it has to determine when a VSC should
be activated and when it should be turned off. The period and
algorithm to decide on the VSC activation and deactivation
are operator configurable parameters. The conception of an
algorithm for this purpose is currently under study.

A VSCs is a highly directional beam. This beam is formed
in such a way that it will cover a given area. The narrow beam
is defined by its steering in the vertical,θtilt (1), and horizontal
planes,ϕtilt (2) and the beam’s beamwidth in vertical,θ3dB
(3), and horizontal planes,ϕ3dB (4), as shown in Figure 1.
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h represents the macrocell antenna height,x and y its
coordinates,dist is the distance between the macrocell mast
and the center of the hotspot, which coordinates arex′, y′ and
r stands for the hotspot radius.

The maximum gain,Gmax, can be computed as the maxi-
mum directivity,Dmax, multiplied by the antenna efficiencye
[11] [12].

Gmax = eDmax (5)

where, based on Ballanis [12], we consider the following
approximation for planar arrays:

Dmax =
32400
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To determine the antenna array size, we compute the number
of antenna elements needed in each plane to form the required
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Fig. 1. Beamwidth and beam steering in the vertical and horizontal planes.

beam. The parameters used are the beamwidth in each plane,
θ◦
3dB andϕ◦

3dB, the steering of the beam in each plane,θtilt
andϕtilt, and the array element distanceλ. The number of
antenna elements is then given by:

Nelem
v =

50

θ◦
3dBλ cos(θtilt)

(7)

Nelem
h =

50

ϕ◦

3dBλ cos(ϕtilt)
(8)

where the numerator depends on the antenna size. Specifically,
50 corresponds to an approximation for a typical antenna used
at a nowadays macrocell and it was obtained through real
experiments.

As the number of antenna elements depends on the steering
point, some considerations need to be taken into account
when activating a VSC. If the VSC steering point is close
to the macrocell, the UEs within the coverage of VSC will
experience a high interference level from the macrocell. Also,
as expressed in (7),θtilt will increase, leading to an increment
of the number of required antenna elements in the vertical
axis. Similarly, (8) shows that the number of antenna elements
required in the horizontal dimension will increase if the
azimuth steering highly departs from boresight. Therefore, the
VSC is not implemented to cover the hotspot if one of the
following constraints is not satisfied: 1) if the distance from
the macrocell mast to the center of a hotspot is smaller than



dguard and 2) if ϕtilt > ϕopen, whereϕopen is configurable
and smaller than the 120◦ of the sector.

III. S IMULATION TOOLS

In this section we present the two simulation tools used to
evaluate the system performance analysis.

A. System level simulator

In order to assess the network performance, we carried out
system-level simulations with a 3GPP LTE (Release 8) quasi-
compliant simulator. The main parameters of the simulator are
summarized in Table I. The antenna pattern is computed based
on the 3D model given by 3GPP [13]. Also, the used Path Loss
(PL) models for macrocell to UE, for the picocell to the UE
for Line of Sight (LOS) and Non-Line of Sight (NLOS) are
given by [13].

TABLE I
SYSTEM-LEVEL SIMULATION PARAMETERS.

Parameter Value
Handover margin 1 dB
Channel model 3GPP macro, 3 km/h
Interference modelling Explicit modelled
Traffic model Full buffer
Number of UEs per sector 20, 100% outdoor
Antenna configuration Macrocell antenna gain 14 dBi

N Tx X-pol for macro sectors
Small cell antenna gain 0 dBi
1 Tx for physical small cell

Scheduler Proportional Fair
1 max number of co-scheduled UEs

MIMO scheme SU-MIMO 2x2 closed loop
Max rank: 2
LTE precoding (Release 8)

UE antenna Omni directional
Gain 0 dBi
2 Rx X-pol
1.5 m height

UE receiver MMSE
UE noise figure 9 dB

The number of macrocell antenna elements is computed as:

N = 10 +Nelem
v ×Nelem

h (9)

where10 are the antenna elements used for the macrocell.

B. Power consumption model

The power model used in this paper has been developed
in the framework of the GreenTouch project [14] by the
Interuniversity Microelectronics Centre (IMEC). We choose
this power model because of its flexibility and comprehensive-
ness, i.e., it includes in the power consumption estimationthe
hardware characteristics of the BS including cooling, control
system, backhauling, among other components. Furthermore,
it is straightforward to estimate the consumption of different
BS configurations.

The main input parameters are 1) the type of considered
BS, i.e., macrocell, small cell, Large Scale Antenna System
(LSAS), 2) the year of deployment, to introduce the appro-
priate hardware efficiency, 3) the bandwidth, 4) the radiated

power and 5) the number of installed antennas. Also, it is
possible to define the load of the system, the Modulation
and Coding Scheme (MCS) and several type of energy saving
options. As output, the power model gives the power consump-
tion of the different logical components of a BS, i.e., Power
Amplifier (PA), baseband, analog front-end, digital control,
system-support components, divided into the used power for
the uplink and the downlink.

IV. RESULTS

In this section we present some results in terms of network
performance and power consumption. The intention is to
compare the performance gain of the VSC versus conventional
picocells for two scenarios, namely dense urban and rural
scenario. The baseline is the homogeneous only-macrocell
scenario.

A. Scenarios

In our study we consider two typical scenarios: a dense
urban and a rural one, with the parameters indicated in
Table II. Note that the spatial UE distribution includes areas
of high traffic density, called hotspot. There is one hotspotper
macro sector, and the probability of a UE being in a hotspot,
phs, is 2/3. In the case of typical HetNet deployment, the
hotspot is covered by a conventional picocell. In the case of
VSC, the hotspot is covered by a directive beam, the VSC,
provided that the the two following constraints are met: 1)
ϕopen = 60o, 2) dist, distance between the mast and the
VSC steering point, is bigger thandguard, which is 93 m and
535 m for dense urban and rural scenario, respectively. Since
we consider that the transmitted power for the macrocell and
the VSC is the same (43 dBm), the criterion used to setdguard
is the maximum beam gain of the macrocell, 14 dBi, based
on (5) as presented in Figure 2.
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Fig. 2. Minimum distancedguard between the macrocell mast and the center
of the hotspot for the dense urban and rural scenarios.

For each scenario, we compare the following four deploy-
ment scenarios:



TABLE II
DENSE URBAN AND RURAL SCENARIOS PARAMETERS.

Parameter Dense urban Rural
Tiers 3
Bandwidth 10 MHz
Carrier (MHz) FDD DL - 2000 FDD DL - 800
ISD (m) 500 4330
hotspot radius (m) 40 400
Av. Building height (m) 20 5
Penetration Loss (dBm) 20 15
Macrocell tx power (dBm) 46 46
Power split between 50% / 50% 50% / 50%
coverage beam/VSC beam
Picocell tx power (dBm) 30 37

1) Only-macrocell: This is the baseline case. It is expected
to be the lower bound in terms of performance.

2) Macrocell-VSC ideal: VSC beams point to the center
of the hotspots. In this scenario there is no limit in the
number of antenna elements that can be used to form
the directive beam.

3) Macrocell-VSC real: This scenario is similar to the
ideal one but we introduce a realistic constraint on
the maximum number on antenna elements that can be
used to form the directive beam. The limit is set at
Nelem

max
= 10 in both planes. Compared to theideal

option, this constraint may lead to wider beamwidth and
reduced directivity of the VSC beam, depending on the
VSC location.

4) Macrocell-picocell: This correspond to the typical de-
ployment of HetNets, where picocells are deployed at
the center of the hotspot. This scenario is expected to
be the upper bound in terms of capacity due to the small
distance between transmitters and receivers.

B. Network performance results

In this section we present system level simulation results in
terms of percentage of UEs attachment, SINR, throughput and
power consumption.

1) UEs attachment: Table III compares the percentages of
UEs attached to each type of cell for each network configura-
tion in both dense urban and rural scenarios.

For the macrocell-VSC case, for bothideal and real cases
in the dense urban and rural scenarios, the percentage of UEs
connected to the VSC is higher thanphs (2/3). This means that,
when the transmitted power is proportionally splitted between
the macrocell and VSC, the VSC covers not only the UEs
within the hotspots but also some that are not in this dense
traffic area. Transmit power split between coverage beam and
VSC beam is a new degree of freedom to optimize HetNets
based on VSC. In other words, VSCs provide the possibility
of changing the power transmitted to cover a hotspot, to adapt
it to the traffic conditions.

For the macrocell-picocell scenario, we obtain that the
percentage of UEs connected to the picocells is less than 2/3.
This is because hotspots are randomly located and therefore

TABLE III
UE ATTACHMENT PERCENTAGE FOR ONE REALIZATION IN DENSE URBAN

AND RURAL SCENARIOS.

Deployment Cell Dense urban Rural

macrocell-VSC ideal macrocell (%) 22 12
VSC (%) 78 88

macrocell-VSC real macrocell (%) 20 17
VSC (%) 80 83

macrocell-picocell macrocell (%) 46 53
picocell (%) 54 47
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Fig. 3. SINR CDF at dense urban scenario for the four studied network
deployment.

some of them are close the macrocell which makes that the
coverage area of the picocell shrinks.

2) SINR and user throughput: Figures 3 and 4 present the
Cumulative Distribution Function (CDF) of the SINR and the
user throughput for the dense urban scenario, respectively.
The average SINR of the macrocell-VSC ideal case is 0.9 dB
higher than the only-macrocell one but when the limitation in
the maximum number of antennas is introduced i.e., macrocell-
VSC real case, the average SINR decreases in 2.5 dB with
regards to the only-macrocell case. This detriment in the SINR
is due to the interferences between the VSC and the macrocell.

Despite of the SINR degradation for the macrocell-VSC real
case, the user throughput when introducing VSCs is always
enhanced compared to only-macrocell case, for both the ideal
and the real cases, and for every percentile. This is due to the
reuse of the resources at the macrocell and VSCs. The gain
over the only-macrocells case in average throughput and cell-
edge throughput (5% percentile) introduced by theideal case
is of 0.94 Mbps (+103%) and 0.16 Mbps (+67%), respectively.
For the real case the gain in the average throughput and
cell-edge throughput regarding the only-macrocell case isof
0.5 Mbps (+55%) and 0.04 Mbps (+10%), respectively. As ex-
pected, the macrocell-picocell case outperforms the macrocell-
VSC cases. The gain over the only-macrocell case in average
throughput and cell-edge throughput is of 1.4 Mbps (+153%)
and 0.4 Mbps (+159%), respectively.
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Fig. 5. SINR CDF at rural scenario for the four studied network deployments.

Figure 5 presents the CDF of the SINR for the rural
scenario. If we consider SINR< −6 dB as out of coverage,
the only-macrocell case yields 47% of UEs out of coverage.
When introducing picocells, the percentage of UEs drops to
28%. When introducing VSC, the percentage of UEs diminish
to 11% and 35% for theideal and real cases, respectively.
Contrarily to the dense urban scenario, which is interference-
limited, the rural scenario is a noise-limited one. Therefore, the
introduction of VSCs does not imply an increase in the inter-
ference, except for VSCs that are very close to the macrocell
site. Increasing the directivity of the VSC beams can lead to
larger coverage than the one of the conventional picocells.
Therefore, with a large number of antenna elements (e.g.,
macrocell-VSC ideal), the introduction of VSCs outperform
conventional small cells in terms of coverage.

In conclusion, the introduction of VSC can be used as a
throughput booster for the dense urban scenario and as a
coverage solution for rural scenarios. Conventional picocells
outperform VSC in terms of user throughput in dense urban

TABLE IV
POWER MODEL CONFIGURATION PARAMETERS.

Parameter only-macrocell
macrocell

-VSCs
macrocell
-picocell

Type Large LSAS Large Small
Sector Radiated 46 46 46 30 / 37
Power (dBm)
Streams - 2 - -
Installed antennas 2 110 2 1

scenarios if we consider thereal deployment case, but this
comes at the price of increased cost and reduced flexibility.
Picocells is the most costly deployment option in terms
of CAPEX and OPEX, including energy consumption and
furthermore, they are fixed, leading to a network with limited
flexibility.

C. Power consumption simulation results

The power model, described in Section III-B, used to
estimate the consumed power by the different network configu-
rations we focus in can be fine-tuned. To obtaine the consumed
power the input parameters are configured as summarized in
Table IV. Since our system does not require CSI feedback for
every antenna element, we do not take into account the energy
consumed by the training phase. Therefore, the given results
are an accurate approximation of the consumed power by the
system.

Specifically, for the macrocell-VSC case, i.e.,LSAS config-
uration, the number of installed antenna elements is given by
the antennas parameter, while the number of active antenna
elements by theMIMO parameter. TheMIMO parameter is
the number of antenna elements at the macrocell computed as
in (9). Since each VSC has a differentMIMO configuration
we run the tool separately for each VSC. In the macrocell-
picocell scenario the consumed power is given by the sum of
the macrocell and the picocell power.

Figure 6 shows the average power consumption of a sector
for the dense urban and rural scenarios. Since we are con-
sidering Remote Radio Head (RRH) macrocell, i.e., the RF
unit is directly attached to the antenna, so there are no feeder
losses (3 dBm), the power at PA could be halved with respect
to a typical macrocell. The introduction of the VSCs allow a
saving of about 27% and 43% in the dense urban and in the
rural scenarios with respect to the only-macrocell and of 36%
and 73% with respect to the macrocell-picocell case.

As final remark, it has to be taken into account that VSCs
allow to reduce the total radiated power per cell compared
to traditional HetNets since for the VSC case it is maximum
46 dBm meanwhile for the HetNet the total radiated power per
cell is 46 dBm for the macrocell plus 30 dBm for the picocell.

V. CONCLUSIONS

This paper presents the concept of VSCs, where large
antenna arrays are used to focus the energy towards a hotspot.
This creates areas with enhanced SINR and increases the
resource reuse of the system. As presented in the results, the
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Fig. 6. Consumed power per sector for dense urban and rural scenarios.

introduction of VSCs can meaningfully improve the mobile
network throughput when compared with a situation where
only-macrocells are deployed. For a dense urban scenario,
system-level simulations show that the cell-edge user through-
put is doubled and the user average throughput is increased
by 50%. In addition, we show that VSCs save 27% of the
consumed power regarding the only-macrocell case. When
comparing VSCs with the classical HetNet implementation,
we see that the system performance suffers some detriments
due to the higher PL between the VSCs and the users. The
fact of not having to deploy new equipment, saving also
in backhauling, leasing and maintenance can largely justify
the reduced gains in network performance compared to the
traditional HetNet implementation. Finally, VSC give more
flexibility since the VSC location and size can vary depending
on the traffic dynamics and they are not subject to any
architecture constraints.

As future lines of research we aim to perform our studies
for real traffic models. Also, we aim to introduce intelligent
and adaptive mechanisms in the power split between the
macrocell and its hosted VSCs. We believe as well that further
investigation on smart algorithms to adapt the VSC locationto
the dynamics of the traffic distribution are required. Finally, we
have the intention of studing and introducing some interference
mitigation mechanisms including advanced receivers.
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