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Abstract. Coordinated beamforming has been considered as one famous method to tackle the problem of
inter-cell interference for NetNets. So far, users occupying macrocell have higher signal-to-interference plus
noise ratio comparing to the picocell users. This paper proposes a weighting scheme for coordinated
beamforming in HetNets to give a fairness to both macrocell and picocell users.
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1. Introduction

So far, the number of users for mobile communications has exponentially grown as the demand for real-
time chatting, viewing multimedia and transferring big data has increased year by year. As a result, a large
cell in cellular systems cannot provide a best satisfaction to all users. Then, there have been the installation
of small cells inside a large cell for some areas having problem of weak signal or user congestion. The
networks having both large and small cells inside are called Hetero-geneous Networks (HetNets). However,
these networks are facing the problem of Inter-Cell Interference (ICI) as macrocell base station employs the
same frequency as picocell base station does. According to this problem, users are experiencing a low
Signal-to-Interference plus Noise (SINR).

Coordinated beamforming technology employing an antenna array cooperating with signal processing
units has been considered to be a solution to tackle the problem of ICI. The macro base station needs to know
the position of users within its own cell as well as the position of users in picocell. This is because the macro
base station can perform beamforming avoiding ICI from picocell, vice versa for the picocell.

From literatures, many researchers have paid attention to the problem of ICI [1-3]. The authors of [1]
have investigated into coordinated beamforming which is capable of solving the problem of ICI for cluster
HetNets. They have also utilized sounding reference signal to deal with the channel estimation. In addition,
the works presented in [2] have proposed a technique for coordinated beamforming when dealing the ICI
problem. In that work, the proper base station for individual users can be chosen according to average
channel gain. The concept of coordinated beamforming has been also studied in [3] in order to tackle the ICI
problem. In that work, the cooperation between base stations have been introduced to reduce the ICI problem.
The key success for coordinated beamforming is weighting coefficients.

There are 2 groups of weighting schemes. For the first one [4-6], weighting coefficients can be real-time
calculated using some efficient algorithms such as zero forcing. The authors of [4] have introduced zero
forcing to coordinated beamforming. For that work, users constantly need to feedback their information to
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base station. Also, we can the help of zero forcing for coordinated beamforming in HetNets to reduce
downlink co-channel interference in [5]. In addition, the authors of [6] have introduced the cooperation
between zero forcing and block diagonalization for Coordinated MultiPoint (CoMP) transmission to give rise
in users’ sum rate. However, the drawback of this first group is that it hardware realization is limited as the
weighting coefficients have be constantly updated. Also, zero forcing works well only when the
communication is ideally noise free. For the second group, the weighting coefficients are predefined [7-9].
The authors of [7] have proposed the method to reduce the effect of downlink co-channel interference
between macrocell and femtocell using uplink sounding reference signal to create the predefined weighting
coefficients. Also in [8], (Signal to Leakage and Noise Ratio (SLNR) and Signal to Noise Ratio (SNR) have
been utilized to find the best beamforming vector for the users. Moreover, [9] has presented how to calculate
the predefined weighting coefficients at base station which can be applied to Coordinated Multi-Point Joint
Processing (CoMP-JP). The advantage of this group is that the calculated weighting coefficients are practical.
However, from literatures, users from other base station have not been taken into account for this type of
calculation.

From the motivation mentioned earlier, this paper adopts the HetNet system when weighting coefficients
are predefined. Also, the position of users in other cell coverage has to be taken into account when
performing ICI cancellation. In addition, the fairness of users’ SINR for both macrocell and picocell has to
be considered.

2. System Model

From Fig.1, HetNets consist of 1 macrocell having 4 picocells staying inside its coverage area. Please
note that all cells employ the same frequency and all the assumed scenarios are downlink. The received
signal at the users of macrocell can be express as

Yu,, :ﬁHaﬂMWUMXUM +Z\/FpHL?MWUpXUp +Ny,, 1)

when M and p stand for macro and pico symbol, respectively. Also, U,, and Up represent macrocell
and picocell users, respectively.

Also, the received signal at the users of picocell can be express as

Yu, =+ Pu |_|upqupXup ++/Py Hl.’]ApWUM Xy, Z\/P_pHL?;WUp-XUp- Ny, (2)

p#p
When HS”M and Hlﬁ”p are downlink channel matrix from base station to its own users and to picocell.
Also, HLﬁ’M , HJ’M and HLﬁ’p are downlink channel matrix from picocell base station to its own users, to
macrocell’s users and to other picocell’s users. The weighting coefficients W is a predefined beamforming

vector and n stands for additive white Gaussian noise. The SNR for macrocell and picocell users can be
express as: p, =P, /o7, p, =P, o} where o7 is noise power.
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Fig. 1: HetNet model.
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3. Proposed Scheme on Coordinated Beamforming

The beamforming scheme proposed in this paper is a selection of weighting coefficients which give the
maximum SINR to users as follows.

W =argmax|SINR|’ (3)

The SINR for users staying in macrocell can be expressed as

2

HY W

SINR, = PulR, s (4)
> poHE W, [ +1
The SINR for users staying in picocell can be expressed as
2

p.IHS W,

SINR, = oW, y ()
P M 2 p-
PulHIWG, [+ X ppHEW, | +1

p#p

The above expressions can provide the maximum to users for both macrocell and picocell users.

However, users staying in macrocell always get higher SINR comparing with the users in picocell. This is

not fair for users in picocell. Furthermore, this paper proposes a threshold to adjust the SINR for users in

macrocell so we can have more degree of freedom to give rise in SINR value for picocell users. The
following thresholds can give a fairness to users for both coverage areas.

SINR,, <16dB 10dB or 5dB 6)

Please note that those values can be referred to [10]. According to those thresholds, we can choose a
proper weighting coefficient which give rise to SINR value at picocell users. However, those thresholds can
be changed up to the satisfaction of network providers. The simulation results with and without setting the
mentioned threshold will be discussed in next section.

4. Simulation Results and Discussions

This section shows some computer simulation of SINR for users at macrocell and picocell with and
without giving the proposed thresholds as mentioned in last section. In the simulation, 1 macrocell and 4
picocells are assumed. Fig. 2 shows SINR for users staying in macrocell (MUE) and picocells (PUEL, PUEZ2,
PUE3 and PUE4). As expected, macrocell user gets a higher SINR. Furthermore, picocell users get very low
SINR in some points. This can cause a user dropped-call.
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Fig.2: SINR for users in macrocell and picocell without setting threshold.
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Figs. 3 a) b) and c) show SINR values at users in macrocell and picocell when giving thresholds as
the maximum SINR at macrocell user is 16 dB, 10 dB and 5 dB, respectively, as mentioned in last section.
As we can see, overall SINR values at picocell users increase. This can decrease a dropped-call rate to
picocell users. The reason behind this success is that we can choose some appropriate weighting coefficients
which limit the SINR at macrocell users while allowing higher SINR at picocell users. However, level of
SINR at macrocell users drops comparing the ones without giving threshold. As we can see, the lower
threshold we set, the higher SINR at picocell users we can get. However, the final SINR may not be the best
value for macrocell users but it can give fairness to picocell users. This is a tradeoff that network providers

have to concern.
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Fig.3: SINR for users in macrocell and picocell when setting threshold as SINR of macrocell users a)
<16dBb)<10dBandc)<5dB.

5. Conclusion

This paper has investigated into the ICI problem in HetNets consisting of macrocell and picocell users,
which can be solved using coordinated beamforming. So far, macrocell users always get higher SINR. So, a
threshold has been introduced to give fairness to picocell users. This threshold allows us to choose some
proper weighting coefficients which give rise to SINR at picocell users.
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