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Abstract— The 3GPP LTE-Advanced
has been deploying heterogenous net-
works(HetNet) as a cost effective way
to meet with the unrelenting demand
for wireless resources. HetNet is a mix-
ture of macrocells,remote radio heads,
relays and low power cells such as fem-
tocells and picocells,which improves spa-
tial spectrum reuse and enhances indoor
coverage. However, the new network
format comes along with new interfer-
ence related challenges. In this article, I
briefly introduce the concept of HetNet
and also describe the major interference
challenges in such architecture. Later,I
will introduce some autonomous down
link power control schemes towards the
interference challenges, which is consid-
ered as the primary inter-cell interfer-
ence cancelation(ICIC) strategy.

[. Introduction

With more than one million wireless sub-
scribers today in the world and predictions for
this number being tripled over the next five
years, the wireless industry is confronted with
unprecedented challenges in satisfying the
exponential growing demand for ubiquitous
wireless coverage and larger data rates. In
order to support this galloping demand for
data traffic, Third Generation Partnership
Project (3GPP) Long Term Evolution(LTE)
Release 10 is currently under standardization.

In order to enhance the performance of
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the overall network, LTE-Advanced pro-
poses the use of advanced technologies like
carrier aggregation(CA), multi-input multi-
output(MIMO) systems and coordinated mul-
tipoint(CoMP)transmission and reception.|[1]
However, all these advanced technologies do
not allow significant enhancements as they are
reaching theoretical limits. Such techniques
may not always work well either, especially
under signal-to-interference-plus-noise
ratio(SINR) conditions, where received powers
are low due to attenuation. In order to
overcome these issues and provide a significant
network performance leap, heterogeneous
networks (HetNets) have been introduced in
the LTE-Advanced standarization.

A HetNet is a network consisting of infras-
tructure points with various wireless access
technologies, each of them having different
capabilities, constraints, and operating func-
tionalities.  Specifically, in LTE-Advanced,
multi-tier network roll-outs, involving RRHs,
picocells, femtocells, as well as relay stations
underlaying the existing macrocellular layout
are envisaged. These low-power overlaid
base stations (BSs) can be either operator
deployed or user deployed, and may coexist
in the same geographical area, potentially
sharing the same spectrum. Deploying such
small cells aims at offloading the macrocells,
improving indoor coverage and cell-edge user
performance, and boosting spectral efficiency
per area unit via spatial reuse. They can be
deployed with relatively low network overhead,
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and have high potential for reducing the en-
ergy consumption of future wireless networks.
Also, this new palette of low-power miniature
BSs requires little or no upfront planning and
lease costs, therefore drastically reducing the
operational and capital expenditures (OPEX,
CAPEX) of networks [2]. There are some
details of the different elements of HetNet
listed in figure 1.

Typesofnodes  Transmitpower  Coverage  Backhaul
Macrocell 46 dBm Fewkm — Stinterface
Picocel 23-30 dBm <300m  X2interface
Femtocel < 13 dBm <50m  Intemet P
Relay 30 dBm 300m Wireless
RRH 46 dBm Fewkm  Fiber

figure 1. Specification of different elements in
HetNet

II. Interference Challenges

While system capacity within macrocells
greatly increased through frequency reuse,
spatial reuse is reduced at the same time. As
subchannels used in one cell are banned in the
neighbouring ones, the inter-cell interference
effect is amplified with the number of cells
grows within a certain area.In this section,
the principle interference scenarios in HetNet
are reviewed, followed by some discussion of
inter-cell interference cancellation techniques.
Since femtocells pose a significant challenge
to the proper operation of a HetNet due to
their unplanned deployment and intercell
interference characteristics, the rest of this

article is focus on macrocell interactions with
femtocells and picocells.  The interference
problem in HetNets is especially challenging
due to the following reasons:[6]

Unplanned Deployment

Low-power nodes such as femtocells are typi-
cally deployed in an ad hoc manner by users.
They can even be moved or switched on/off at
any time. Hence, traditional network planning
and optimization becomes inefficient because
operators do not control neither the number
nor the location of these cells. This motivates
the need for new decentralized interference
avoidance schemes that operate independently
in each cell, utilizing only local information,
whereas achieving an efficient solution for the
entire network.

CSG Access

The fact that some cells may operate in CSG
mode, in which cell access is restricted and
nonsubscribers are thus not always connect-
ed to the nearest BS, originates significant
cross-tier interference components[3]. Figure
2 depicts a challenging scenario for ICIC,
in which different nonsubscribers walk near
houses hosting a CSG femtocell. In the uplink
(UL), the nonsubscriber in Fig. 2a transmits
at high power to compensate for the path
losses to its far serving macrocell, jamming
the UL of the nearby CSG femtocell(s). In
the downlink (DL), a CSG femtocell interferes
with the DL reception of the nonsubscriber in
Fig. 2b connected to the far macrocell. Hence,
this DL macrocell user equipment(MUE)
becomes a victim.

Power Difference Between Nodes
Picocells and relays usually operate in open
access mode, meaning that all users of a given
operator can access them. Open access helps
minimize DL interference as end users always
connect to the strongest cell, thus avoiding the
CSG interference issue. However, in HetNets,
being attached to the cell that provides the
strongest DL received signal strength (RSS)



may not be the best strategy since users tend
to connect to macrocells, not to the cells at the
shortest path loss distance. This is due to the
large difference in transmission power between
macrocells and low-power nodes. In that way,
traffic load will be unevenly distributed, thus
overloading macrocells.

Moreover, due to this server selection proce-
dure in the DL, users connected to macrocells
will severely interfere with all low-power nodes
located in their vicinity in the UL. Figure 2c
illustrates how a user connected to a macrocell
that provides the best DL RSS jams a nearby
picocell UL. Note that due to lower path
loss, this MUE would transmit with much less
UL power if it was associated with the picocell.

Range Expanded Users
To address the problems arising due to the
power difference between the nodes in Het-
Nets, new cell selection methods that allow
user association with cells that provide a
weaker DL pilot signal quality are necessary.
An approach under investigation is that of
range expansion[4], in which an offset is added
to the picocells (or relays) RSS in order to
increase its DL coverage footprint (Fig. 2d).
Even though range expansion significantly
mitigates cross-tier interference in the UL,
this comes at the expense of reducing the DL
signal quality of those users in the expanded
region. Such users may suffer from DL SINRs
below 0 dB since they are connected to cells
that do not provide the best DL RSS (Fig. 2d).
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figure2.Dominant DL and UL cross—tier inter ference scenarios in HetNets :
a)macrocell user jamming the UL of a femtocell;b) femtocell jamming the DL of a macro user;

c)macrocell user jamming the UL of a nearby picocell; d)range—expanded picocell.



II1. Power Control Techniques

Since a femtocell user having bad connectivity
with the related FeNB can still handover
to MeNB, from this point of view, the pro-
tection for MUE should be given higher
priority. In this section, inter-cell interference
coordination techniques specified in LTE stan-
dardization will be discussed to significantly
improve the performance of victim MUEs.

Only CSG Access interference is discuss
here. Since there is no direct X2/S1 inter-
face between macrocell and femtocell, the
real-time macro-femto coordination does not
Two autonomous PC schemes have
been officially recommended in 3GPP. One
of these two schemes requires the usage of
two non-meaningful experimental parameters
which need to be determined by running
exhaustive network optimization; this might
be infeasible in practice. The other scheme
is more feasible because it only requires one
femtocell’s self-measured parameter and one
largescale propagation parameter between
femto and victim MUE. Here are some details
of four more specific classification about the
second scheme.

Let P4z and P,,;, denote the maximum
and minimum home eNB transmit powers,
respectively, Pj; denote the received power
from the strongest co-channel macro eNB at a
home eNB; o« and S denote two scalar power
control variables. Then different DL power
control approaches at femtocells can be listed
as follows (all values are in dBm) [5]:

exist.

1.5trongest macro eNB received power at a
home eNB:
The femtocell transmission power can be
written as Py, = max (min(aPy + B, Pnaz),
Pmin)-

2.Path loss between a home eNB and MUE:
The home eNB transmission power can be

set as Py, = med(PM+ Pofsta Pz, Pmm)a
where the power offset is defined by FP,ry =
med(Pipla PofstC’mawa PofstCmin)a with Pipl
denoting a power offset value that captures
the indoor path loss and the penetration loss
between home eNB and the nearest MUE, and
Py tst—max and Py st —min denote the maximum
and minimum values of P, respectively.

3.Objective SINR of HUE:
In this approach, the received SINRs of home
eNB users (HUEs) are restricted to a target
value and transmit power at a femtocell is
reduced appropriately to achieve this target
SINR using the following expression:

Py = mal‘(Pmina TTLZTL(PL + PTBC,HUE7 Pmax))

where Precur = 10 logig (107104 10N0/10)
+ SINR;y-, 1 is the interference detected
by the served UE, NO is the background
noise power, SINRy, is the target S-
INR for the HUE, and PL is the path loss
estimate between the home eNB and the HUE.

4.Objective SINR of MUE:
The goal of this approach is to guarantee
a minimum SINR at the MUEs, and the
home eNB transmit power is given by P, =
max (min(aPsiyg + B, Pmaz), Pmin), where
Psinr is the SINR of the MUE considering
only the nearest femtocell interference.

[V. Simulation

Figure 3 illustrate the SINR of a pedestrian
user when passing by the front door of two
different houses hosting a femtocell. It can
be seen that when no action is taken at the
femtocells, the SINR of the pedestrian user
significantly falls, thus resulting in user out-
age. On the other hand, when power control
action is taken, the MUE SINR recovers and



outages vanish.
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Figure 3. SINR vs. time of a victim MUE
when passing close to two houses hosting a
CSG femtocell.

V. Conclusion

HetNets have the potential to greatly boost
the system capacity by means of frequency
reuse. This article has discussed the advan-
tages as well as interference challenges of
HetNet. Specific power control schemes are
analysed in this article for the avoidance of
inter-cell interference to which should be paid
particular attention in a HetNet. And effects
of the schemes are evaluated through realistic
system-level simulations.
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