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Abstract — Recently, the need for user data rate traffic has
increased for running high-bandwidth applications. Therefore,
the way forward lies in SG heterogeneous cellular networks. The
5G network is comprised of two network hierarchies. As the first
hierarchy, there are MBSs with large macro cells for macro users.
As the second hierarchy, there are FBSs referred to as small cells
for femto users. The 5G networks encourage the use of large
macro and small cells for efficient utilisation and distribution of
channel resources. In this study, the authors have proposed an
efficient RF channel distribution mechanism on the basis of the
current SINR levels of FUEs and MUEs. On the basis of the users’
present SINR levels, the channels will be allocated by the central
MBS to MUEs and FUEs via FBSs. The major obstacle in RF
channel allocation to FUEs and MUEs is cross-tier interference at
the downlink channel at the MUEs and FUEs from the
transmitted signals of MBSs and FBSs. In this study, an efficient
RF channel allocation scheme is proposed on the basis of channel
modelling constraints, which will minimise the cross-tier
interference at the downlink channel at the MUEs and FUEs
during RF channel allocation to FUEs and MUEs present in the
same coverage area.

Keywords — 5G heterogeneous cellular networks; Centralised
MBS; Femto base station (FBS); Femto user equipment (FUE);
Macro base station (MBS); Macro cell; Radio frequency (RF);
Macro user equipment (MUE); Received signal strength indication
(RSSI); Signal-to-interference-plus-noise ratio (SINR); Small cell.

1. INTRODUCTION

With the remarkable increase in the user traffic demands for
running high-bandwidth applications, where every user applies
for a dedicated bandwidth depending on the data rate required
for playing real-time applications. The available cellular
technologies like 2G, 3G and 4G do not fully meet the
increasing user bandwidth demands. Therefore, in order to
cope with the current circumstances, 5G heterogeneous cellular
networks are proposed for addressing the current deficiencies
like network capacity [1]-[3].

In order to offer high-bandwidth application services to
customers, the network has to optimise its RF channel resources
efficiently. By efficient distribution of RF channel resources to
users based on their application usage, different bandwidth can
be allocated for the voice, data and video users. By adopting
this mechanism, the cellular network technology can optimise
its RF resources inventively, in a proficient way [1]-[3].
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Further, by the dynamic distribution of RF channel
resources, the network operators can easily utilise the unused
channel bandwidth portion as the users are allocated channels
on the basis of their required current application bandwidth
needs. Therefore, by using the dynamic distribution of RF
channel resources, different bandwidths can be allocated
according to the requirements of the various voice, data and
live streaming video applications [1]-[3].

II. 5G HETEROGENEOUS CELLULAR NETWORKS

For meeting the user broad-bandwidth demands, 5G
heterogeneous cellular networks are proposed, which will be
the future of networks supporting a high data broadband mobile
cellular networks. The 5G technology is expected to be
operational by the year 2020 with a high data rate transfer
speed. In addition to these high data rate services, SG will also
be able to provide scalability, connectivity and energy-efficient
mobile cellular networks [3]-[9].

The predecessors of 5G cellular technologies like 2G, 3G
and 4G cannot cope with increasing user data rate demands, as
they can offer limited data rates for user applications as shown
in Table I. Therefore, in the previous cellular technologies there
was no room for improvement left to increase the bandwidth
due to their operation in a limited licensed spectrum. These
cellular networks were not designed to operate in the
unlicensed ISM 2.4 GHz and 5 GHz bands [3]-[9].

TABLEI
DATA RATES OF PREDECESSOR CELLULAR TECHNOLOGIES [3]
Cellular technology Supported data rate
2G 64 kbps
3G 2 Mbps
4G 50 Mbps to 100 Mbps

5G heterogeneous cellular networks, for better utilisation of
the RF resources, recommend the use of small cells and macro
cells. The small cells are served by femto base stations and the
large macro cells are served by macro base stations. For the
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distribution of RF channel resources, 5G heterogeneous
cellular networks opt for a centralised approach. Here, a
centralised macro base station of the macro cell is responsible
for the RF channel resource distribution to macro users served
by macro base stations and femto users served by femto base
stations. Further, the centralised macro base station of macro
cell distribute the RF channel resources to femto users of small
cells located currently in the vicinity of the macro cell base
station’s coverage region as shown in Figure 1 [10]-[13].

A9 Q 5 ()

D MuE

g FUE

Fig. 1. Macro cell and small cells in a 5G heterogeneous network.

5G networks are designed to operate in both unlicensed
spectrum ISM bands like 2.4 GHz /5 GHz bands and the
licensed spectrum of 24-86 GHz bands. The frequencies
operating in the 24—86 GHz bands are also referred to as the
millimetre waves (mmW) technology. The RF spectrum of the
millimetre waves (mmW) lies between 30 GHz and 300 GHz.
The millimetre waves (mmW) offer a higher bandwidth, which
enables users to run high-data-rate applications in Gbps.
Multiple-input multiple-output (MIMO) antenna diversities
will be used in 5G heterogeneous cellular networks to avoid the
phenomenon of absorption losses encountered at this higher
level of the frequencies spectrum. Figure 2 shows a deployment
scenario of future 5G heterogeneous networks where the
network is becoming still denser due to the large amount of user
traffic and the bandwidth demands. Here, millimetre wave
(mmW) frequencies with small cells are deployed, for better
frequency reuse and enhancing network capacity [14]-[21].

In addition to the multiple-input multiple-output (MIMO)
antenna diversities, 5G heterogeneous cellular networks will
offer a faster data transfer and guaranteed channel availability
to small cell users and Macro cell users. 5G intends to use
beam-forming techniques where RF coverage of antenna is
extensive only in a certain area of cell coverage where the user
is currently located and traffic unburdening on to unlicensed
ISM 2.4 GHz/ 5GHz frequency band spectrum [14]-[21].

Towards 5G Networks
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Fig. 2. Deployment of future 5G heterogeneous cellular network.
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The predecessors of 5G heterogeneous cellular network
technologies like the 2G, 3G and 4G cellular networks could
not operate in the unlicensed ISM frequency band spectrum and
were not capable of operating in the full-duplex
communication mode of operation. In contrast, 5G
heterogeneous cellular networks are designed to operate in the
full-duplex communication mode of operation. By using this
full-duplex communication mode, the channels can be used
concurrently for the function of transmission and reception
to/from the MUE present in the macro cell and the FUE present
in the small cell. The recommended network operating
parameters of 5G heterogeneous cellular networks are shown
in Table II [3], [14]-[21].

TABLE II
SUGGESTED 5G HETNETS WORKING PARAMETERS [31]
Parameter Suggested Performance
Network Capacity | 10 000 times the capacity of
a current network
Peak data rate 10 Gbps
Cell edge rate 100 Mbps
Latency <1 ms

According to the proposed 5G standard, the network
capacity will be enhanced; it will be more than 10 000 times
what the user is currently receiving from 4G networks. The
potential cause of the increase in the network capacity is related
to the low latency levels — less than 1 ms. Due to the low
latency levels, the obtained SINR levels increase, which causes
a further decrease in the bit error rates. The quality of the
received signal and the RSSI values are enhanced due to the
decrease in the bit error rates, caused by extensive beam-
forming phenomenon of the multiple-input multiple-output
(MIMO) antenna diversities. In 5G heterogeneous cellular
networks, small cells known as femto cells will be deployed
near the premises of the femto users inside the coverage area of
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the larger macro cells. The purpose of the deployment of small
cells near the premises of the femto users is to accommodate
high-data-rate real-time traffic applications. Table III shows
the recommended cell radius and transmit power of the macro-
and small-cell base stations in 5G HetNets [3], [14]-[21].

TABLE III
CELL RADII AND TRANSMIT POWER LEVELS IN 5G HETNETS [3]

Cell radius & transmit power

Cell type Cell radius Transmit
power
Macro 1 kmto 16 km 40 W max
Small 10 mto 50 m 200 mW max

III. PROBLEM STATEMENT

Cross-tier interference is considered to be one of the critical
issues for HetNets where MUEs and FUEs experience
unwanted interference on the downlink channel from the
transmitting signals of MBSs and FBSs belonging to a different
tier, which causes severe performance degradation. Since 5G
cellular architecture will follow HetNets, the issue of cross-tier
interference will need to be addressed in an efficient way to
obtain real benefits from 5G networks [19]-[23], [25], [26].

IV. SUGGESTED ELUCIDATION

The authors of this study have acclaimed the use of
developing an efficient and robust channel scheduling
optimisation scheme to reduce cross-tier interference at MUEs
and FUEs in downlink channel from their surrounding MBSs
and FBSs in HetNets. Further, we will try to meet minimum
QoS criteria for macro and femto users belonging to their
respective serving macro and femto cells. Secondly, we will
form an optimisation problem and use one of the evolutionary
algorithms (e.g. the genetic algorithm, particle swarm
optimisation and ant colony optimisation) for an optimal
solution.

V. SYSTEM MODEL

We consider a two-tier macro and femto deployment in the
5G heterogeneous network as depicted in Figure 3, where FBSs
with a cell radius of Rf are randomly deployed inside the
centralised MBS station with a cell radius of Rm. The channel
assignment in MUEs and FUEs inside the femto cell in 5G
heterogeneous networks is formulated as k£ = {1, 2, 3, ..., N},
F (FUE) = {1, 2, 3, ..., F}, M (MUE)= {1, 2, 3, ..., M},
B (femto cell) = {1, 2, 3, ..., B}. For efficient use of spectrum
and to address spectral scarcity, the FUEs and MUEs share the
same poll of the spectrum when performing communication
over the same channel. However, such optimal sharing leads to
cross-tier interference issues. In this study, we will be primarily
focusing on cross-tier interference, which is the primary cause
of interference in the FUEs and MUEs deployed in HetNets,
which are getting their services from both the MBSs and the
FBSs at the same time while using the same frequency channel.
The sharing of the same frequency channel by FUEs and MUEs

make the cross-tier interference more probable, which is
something that needs to be addressed more thoroughly than the
co-tier interference, which can be decreased by an efficient
reuse mechanism and orthogonal resource allocation to femto
cells.

Centralized MBS
Macro Cell

Fig. 3. System Model for 5G heterogeneous cellular network.

To address cross-tier interference, all the MUEs and FUEs
are allocated channel resources through a central entity, which
not only provides interference-minimised channel allocation
but also ensures minimal QoS. The QoS service parameter
depends on the macro and femto user equipment SINR levels,
which should be greater than the SINR threshold of the femto
and macro base station to ensure a good Quality of Service
(QoS) for running high-bandwidth applications without delay
or jitter. Further, the SINR levels at the macro and femto user
equipment can be enhanced by using beam-forming antenna
techniques where RF coverage of antenna is extensive only in
a certain area of cell coverage where the user is currently
located. We have assumed that all the macro and femto base
stations and units of user equipment are equipped with beam-
forming antennas as proposed by the 5G standard [14]-[21],
which radiate RF power within the angle of 360° equally in all
the directions of the cell coverage area. In our system model,
we have assumed that the FBSs and MBSs present in the 5G
networks are connected to a centralised MBS via the Internet,
fibre optics and microwave backhaul links.

Further, we have considered that perfect synchronisation is
present between the MBSs and FBSs inside the coverage region
of 5G heterogeneous cellular networks. The phenomenon of
interference will not occur during the scheduling cycles and the
RF power of the MUEs and FUEs will be kept constant. Cross-
tier interference occurs at the downlink channel where MUE is
interfered by the transmitted RF signals (G°) of FBS and FUE
is interfered by the transmitted RF signals (H®) of MBS, with
the relevant abbreviations depicted in Table I &IV. Due to the
phenomenon of cross-tier interference the user applications, the
data rate will be affected drastically due to the low levels of
SINR, which will result in High BERs, which in turn will lead
to delay and jitter in video application streaming.
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TABLE IV
USED IN THE CHANNEL ALLOCATION ALGORITHM

indices i and j for the FUE and MUE respectively, which are
being served at a given transmit time interval (TTI) and with a
given physical resource. We are using the terms ‘PRB’ and
‘channel’ interchangeably.

FBS
Fig. 4. Downlink TX channel model in a 5G network.

The process of RF channel resource allocation to MUEs and
FUEs from the centralised MBSs and FBSs is illustrated in a
block diagram shown in Figure 5. The RF channel resources
are allocated to the MUEs and FUEs based on their current
SINR levels from the centralised MBSs and FBSs.

c Capacity of MUE

C Capacity of FUE

F Total number of FUE

M Total number of MUE

U FUE present in the area

ur MUE present in the area

P Transmit power of MBS

P Transmit power of FBS

H Downlink channel of MUE

G Downlink channel of FUE

H° Interference from MBS to FUE
G° Interference from FBS to MUE
X" Transmitted signal of MBS

X Transmitted signal of FBS
7,7z Additive white Gaussian noise (AWGN)
O'M Noise variance

Y() SINR at MUE

40 SINR at FUE

a SINR threshold of FBS

B SINR threshold of MBS

y" Yy Interference at MUE and FUE
b Femto cell

k Channel subscript

i FUE subscript
i MUE subscript

VI. CHANNEL MODEL

The channel model used in our study is depicted in Figure 4
with the interfered signals from an MBS and an FBS to an MUE
and an FUE. We designate the downlink channel for the MBS-
to-MUE link by H and the one for the FBS-to-FUE link by G.
Here, 5G heterogeneous cellular networks encounter two key
types of interference: the interference from the MBS to the FUE
is designated by H® and the interference from the FBS to the
MUE is designated by G°. During the downlink reception of
RF channel H from the MBS to the MUE, there is a probable
cause of interference present at the MUE from the interfered
signals G° from the neighbouring FBS located in the close
vicinity of FUE.

The second interference occurs at downlink reception of RF
channel G from the FBS to the FUE; here, interfered signals H®
from the central MBS is received at the FUE present inside the
coverage region umbrella of the central MBS. FUE We use

FUE MUE
(SINR Calculation)

(SINR Calculation)

CENTRALIZED MBS PERFORMES
CAPACITY ANALYSIS,
QoS ANALYSIS & OPTIMIZATION
ALGORITHM FOR CHANNEL
ALLOCATION TO FUE AND MUE

CHANNELS ARE ALLOCATED TO
MUE & FUE BY THE
CENTRALIZED MBS TO MINIMIZE
CROSS TIER INTERFERENCE
BASED UPON THIER CURRENT
SINR LEVELS

Fig. 5. Block diagram of channel allocation.
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The signal-to-interference-plus-noise ratio (SINR) [28] in
macro and femto user equipment is calculated as follows:

m™2
i = Pooe 1
Y R (1
o'+ BT s
/"2
) P o ,
)= ;
Y p—— 2 @
S L

Here ¢™? is the noise variance and the main focus is on
optimizing spectral efficiency, each BS schedules the user with
the highest SINR [28]. The receive channel capacity of FUE
and MUE can be calculated according to Egs. (3) and (4),
respectively.

CY' = Bloga[1 +y(i¥)]; 3)

CJ=Blog[1 + y(). @)

Based on the above discussion, the channel allocation in the
heterogeneous networks is formulated as the following
optimisation problem:

bi_ b ..

The SINR of the macro and femto User Equipment should
be equal to or better than the SINR threshold of the femto base
station and the macro base station for good quality of service
(QoS) of applications of a high bandwidth without delay or
jitter. Further maximisation of throughput and the SINR results
in the reduction or elimination of inter-cell interference in
macro and femto cells as shown in equation (6) and (7).

(Calculated from Egs. (1) and (2).)

V(@) = o; 6)
Y(*) = B; 7)
bi_(1; ify(i*) = «o;
X = 8
k { 0; otherwise; ®)
j_ (L ifyG*) = B;
X~ 9
k {0; otherwise; ©)
xzi”i i x,{,Vi *J; (10)
DIDIDINE - (an
MoTN X <1 (12)

x,i"i =1, if i-th has a better SINR, the k-th channel is allocated

to femto user equipment i-th and x,lz’i =0, if it remains out due
to a poor SINR as indicated in Eq. (8).

x,{{ = 1, if j-th has a better SINR, the k-th channel is allocated

to macro user equipment j-th and x;, = 0, if it remains out due
to poor SINR as indicated in Eq. (9).

The objective function in (5) is to maximise the sum
throughput of femto and macro users in the heterogeneous
network. The SINR requirements of the macro user equipment
(MUE) and the femto user equipment (FUE) are mentioned in
(6, 7) whereas o and B are the SINR thresholds for the macro
and femto networks. The RF channel allocation strategy for
allocation of RF channels to macro user equipment (MUE) and
femto user equipment (FUE) is based on three constraints.
Constraint 1 from Egs. (5) to (9) shows the goal to maximise
the capacity or the data rate of the heterogeneous networks on
the basis of the macro and femto user equipment SINR without
degrading the quality of service (QoS) of the macro and femto
user equipment.

Constraint 2 from equation (10) shows the goal to provide
not more than one channel to a single unit of macro or femto
user equipment. Equation (10) shows an assumption that a
single macro or femto user will be allocated only a single
channel physical resource block (PRB). By maximizing the
throughput that is achieved in (5), we assume that the inter-cell
interference is reduced significantly or is not present.
Therefore, the assumption in (10) can be carried forward and
only a single channel will be allocated to macro and femto user
equipment.

Constraint 3 from equations (11) to (12) shows the goal to
provide one channel per one unit of macro and femto user
equipment. Here, we assumed that only one channel k from the
channel pool can be assigned to the i-th femto user and the j-th
macro user.

VII. PATH LosS (PL) MODELS

The path loss (PL) models [27] used in our research work are
based on the cross-tier macro and femto base station coverage
area for indoor and outdoor deployments. Here in the first case
the FUEs and MUEs present in indoor buildings are getting
coverage from the FBSs deployed indoors and the MBSs
deployed outdoors. In the second case, the FUEs and MUEs
present in the outdoor environment are getting coverage from
the FBS deployed indoors and the MBS deployed outdoors.

A. MBS (outdoor) to MUE (outdoor):
15.3 + 37.61g(d). (13)
B. FBS (indoor) to FUE (outdoor):
38.46 + 20lg(d) + 0.7dindoor + Lw

(dindoor = 0.5 dB, wall penetration L, = 10 dB). (14)

C. MBS (outdoor) to MUE (indoor):
15.3 +37.61g(d) + Lw (Lw = 10 dB). (15)
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D. FBS (indoor) to FUE (indoor):

38.46 + 201g (d) + 0.7dindoor (dindoor = 0.5 dB).  (16)

Here d is the distance between the MBS and the FBS and
between the MUE and the FUE, WP represents the loss due to
wall penetration, which is assumed to be 10 dB. The shadowing
factor of 8 dB and 4 dB is also considered for indoor and
outdoor conditions.

H =10""o; (17)

G =10 " o. (18)

Further in our research we have used channel gain G and H
mentioned in Egs. (17) and (18), which is greatly affected by
the path loss conditions, depending on the different outdoor and
indoor deployments.

VIII. RF CHANNEL RESOURCE ALLOCATION

In our study we have selected evolutionary algorithms like
particle swarm optimisation for allocation of RF channels
resource to FUEs and MUEs present in the MBS and FBS
coverage area of 5G heterogeneous cellular networks. The RF
channels will be allocated to the FUEs and MUEs present in
the 5G heterogeneous cellular networks on the basis of their
present signal-to-interference-plus-noise ratio (SINR) levels
[28]. SINR is inversely proportional to the bit error rates (BER)
and latency levels and directly proportional to capacity. In
order to run high-capacity bandwidth data rate applications,
SINR levels at the receiver side should be higher for better
performance [29], [30].

IX. SIMULATION OUTCOMES

In this study, the authors have validated different MUE and
FUE scenarios with simulations. Here MUEs and FUEs are
scattered at different locations from the MBSs and FBSs as
shown in Figs. 6 and 7. As the MUE and FUE move away from
the MBS and FBS coverage region, the RSSI values decrease,
which results in lesser values of SINR and higher latency levels
at the FUEs and MUE:s.

The authors have simulated SINR and capacity levels at the
FUEs and MUEs which are interfered by the neighbouring
FBSs and MBSs present inside the 5G heterogeneous cellular
networks architecture. Figures 8 and 9 show that higher SINR
levels at the receiver side result in a higher capacity for
supporting high-data-rate bandwidth applications. The channel
capacity of the individual MUE and FUE depends on the SINR
levels. The greater the received SINR levels of the MUE and
FUE, the greater would the channel capacity of the individual
MUE and FUE be. Figs. 10 and 11 show the channel capacity
of individual MUEs and FUEs based upon their present SINR
levels.
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Fig. 8. SINR & Capacity of MUEs w.r.t. interference from FBS.
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Fig. 9. SINR & Capacity of FUEs w.r.t. interference from MBSs.

Fig. 10. Channel capacity of MUEs.

Fig. 11. Channel capacity of FUEs.

Further for channel optimisation, the authors in this study
have used the particle swarm optimisation (PSO) algorithm.
Figs. 12 to 14 show the results for the PSO algorithm from 50
to 1700 iterations, which shows the maximum number of
channel capacity (the objective function in equation 5) on the
y-axis; the x-axis shows the number of iterations.

Fig. 12. Channel capacity of FUEs.

Fig. 13. Channel capacity of FUEs.

Fig. 14. Channel capacity of FUEs.
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Fig. 15. Channel capacity of FUEs.

X. CONCLUSION

Here the authors have suggested elucidation of developing
an efficient and robust channel scheduling optimisation
scheme, which will try to minimise the cross-tier interference
in 5G cellular heterogeneous networks. In this study, we have
addressed the use of efficient channel allocation scheduling
schemes, by adopting three key channel modelling constraints,
which have not been addressed previously. By efficient channel
scheduling, we have minimised the cross-tier interference
issues at MUEs and FUEs on the downlink channel from the
transmitting signals of MBSs and FBSs, which further results
in low bit error rates (BER) and high signal-to-interference-
plus-noise ratio SINR values. Further, the authors have also
suggested in this study that higher SINR levels at the FUEs and
MUE:s will result in a higher capacity for supporting high-data-
rate bandwidth applications. Therefore we can adopt 5G
heterogeneous cellular networks to craft a future high-speed
cellular data network, which will be cost-effective and efficient
with regard to RF channel resource distribution.
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