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Abstract

LTE-A present deployment strategies are likely to overcome the User Equip-
ment (UE) performance degradation, in certain parts of the topology incor-
porated with coverage block holes, due to the presence of high rise buildings.
It also promises to serve the increase of high user density, which otherwise
results in capacity exhaustion of the macro cells. LTE-A addresses these chal-
lenges with new features such as small cell and femto cell in its recent releases.
Small cell is a low-cost alternative to macro cell in rural and hard-to-reach
areas and its installation at strategic points overcomes the capacity and cover-
age problem. In contrast, Heterogeneous network with its ubiquitous coverage
can deliver high-speed data. In this paper, several LTE Key performance indi-
cators e.g. average UE throughput, average area throughput, spectral efficien-
cy, fairness index are analyzed between small cell network and Heterogeneous
network in close loop spatial multiplexing mode (CLSM). Besides, we also
emphasize on the point to find out the best suited network architecture for
overpopulated and densely urban region under proportional fair scheduling
algorithm.

Keywords

LTE, CLSM, Small Cell, Heterogeneous Network, UE Throughput, Spectral
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1. Introduction

LTE is a 3rd Generation Partnership Project (3GPP) standard designed to take

cellular technology to the next dimension by providing improved system cover-
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age, capacity, efficient spectrum utilization, lower latency and high data speed.
Moreover, LTE allocated bandwidths, ranging from 1.4 MHz up to 20 MHz, are
supported in TDD unpaired and FDD paired spectrums. For downlink trans-
mission Orthogonal Frequency Division Multiple Access (OFDMA), scheme is
implemented to improve throughput and spectral efficiency while for uplink
transmission Single Carrier Frequency Division Multiple Access (SC-FDMA),
scheme is used for getting low Peak to Average power ratio (PAPR) [1]. LTE of-
fers several MIMO modes to acquire high-data rate and better spectral efficiency
for the UEs both in the uplink and downlink. A maximum data rate of 326.4
Mbps and 86.4 Mbps can be achieved in the downlink and uplink respectively
for a 20 MHz channel [2]. Conventional macro cell network experiences several
problems for ubiquitous coverage especially in urban environments. Moreover
with increase in user density, capacity exhaustion of macro cells is inevitable. To
overcome these and other similar obstacles for better UE performance, LTE in-
troduced multiple features [3]. The potential aspects in the latest 3GPP releases
are small cell and femto cell to meet high traffic demand and better network
coverage.

Several researches have done regarding on the performance of small cell [4]
[5] [6]. Researchers have also done analysis on energy efficiency of CoMP based
green communication [7] [8] [9]. But the authors did not consider the effect of
small cell, heterogeneous network, scheduler performances and MIMO schemes.
Heterogeneous network performances under different resource scheduling algo-
rithm have already analyzed [10] [11]. Performances of heterogeneous network
in different spatial multiplexing mode have done under mobile cases [12]. These
aforementioned research articles are mainly focused on the user performances.
But in our work we have examined LTE performance parameters for both user
and network perspective. Besides, in this paper, we have compared the downlink
parameters between small cell network and heterogeneous network (which ac-
tually incorporate with macro cell and femto cell) to assess which type of cell
deployment provides greater network and device efficiency.

The remainder of the paper is organized as follows: Section II contains LTE
features for improved and UE efficiency, Section III contains brief summary on
network model and simulation are discussed in section IV. Results and discus-
sions are described in section V and finally the conclusions are drawn in section
VL

2. LTE Features for Improved Network and UE Efficiency
2.1. Small Cell Network

Small cell has become a vital solution to improve system capacity within the
coverage area of a network and deployed in areas of heavy traffic depending on
the position of the user distribution. Small cells ensure better network perfor-
mance and Quality of Service (QoS) by offloading data from the large macro-

cells.
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2.2. Heterogeneous Network

The Femto cell in LTE has a coverage radius of 50 - 200 m, can bear 2 - 8 users
concurrently and radiating very low power (<10 mW). Better indoor voice and
data reception, low deployment cost and improved battery life are provided in
femto cell that benefits both the users and operators. Average Revenue per User
(ARPU) is increased and the capital spent per user on new macro cell equipment
is reduced simultaneously from the operator perspective in femto cell. On the
other hand, macro cell is a high power base station covering a larger area. To
form a heterogeneous network, femto cell is used in network depleted areas with
macro cell to provide a ubiquitous network.

3. Network Model

To analyze the performance of small cell and heterogeneous network mentioned
in section II, individual strategies were employed. From Figure 1, it can be seen
that small cell network comprising of 19 BSs are deployed in hexagonal order
where each BS is separated from each other by 150 m.

Figure 2 illustrates, heterogeneous network deployment where single antenna
represents femto cell and tri sector antenna represents macro cell. For heteroge-
neous network in Figure 2, we have used 20 femto cells that are placed by Pois-
son point process (PPP) and 19 BSs which are placed in hexagonal order as ma-
cro cell. Here the macro cells are separated from each other by 500 m.

In both cases, for our simulation we have considered 570 UEs which are ran-
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Figure 2. Heterogeneous network deployment.

domly placed and denoted as red dot in the figures. Thus, comprising with ma-
cro and femto a ubiquitous heterogeneous network (Figure 2) is formed. Pro-
portional fair (PF) resource scheduling algorithm is used for our simulation
purposes which gives comparatively better throughput and acceptable fairness

index among the UEs.

4. Simulation

To simulate small cell and heterogeneous network, LTE system level simulator
[13] was used for 2 x 2 MIMO systems and zero fading channels, with a total
number of 570 stationary UEs which are randomly placed within the simulation
region.

Several transmission modes are available e.g. transmit diversity (T x D),
closed loop spatial multiplexing (CSLM) and open loop spatial multiplexing
mode (OLSM) to improve the overall data coverage and throughput.

In the simulation, CLSM mode is considered to compare the various perfor-
mance parameters between small cell and heterogeneous network. CLSM mode
is selected as it provides information back to the BSs e.g. rank indicator, CQI
and uses pre-coding matrix indicator (PMI) which helps to adjust with the
channel condition. Mutual information based effective SINR mapping (MIESM)
is used to execute Link quality prediction in response to UEs SINR because of its
accuracy than some other well known methods such as exponential effective
SINR mapping (EESM) [14] [15]. Several Resource scheduling algorithms are
available e.g. proportional fair, best CQI, Round Robin. Among them propor-
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tional fair provides better throughput for the UEs but prioritize among them. In
contrast Round Robin provides best fairness and does not prioritize among the
UEs but providing comparatively lower throughput. For still cases, Proportional
Fair (PF) provides a higher throughput and if the users are on mobile cases
Round Robin (RR) algorithm will outperform proportional fair (PF) [10]. Thus,
for the simulation purposes as the UEs are in still condition proportional fair is
taken as a better choice [16] [17]. Other parameters that are used for our simula-

tion purposes are tabulated in Table 1.

5. Results and Discussion

Following the simulations from the previous section, the UE results are illu-
strated in Figure 3. The probability distribution function (PDF) of the UEs SINR

in small cell and Heterogeneous network are depicted in Figure 4 and Figure 5

M Small cell
Network

Heterogeneous
Network

Throughput (Mb/s)

Average  Peak UE Average
UE cell edge

Figure 3. UE and cell edge throughputs for small cell vs.
heterogeneous network.
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Figure 4. PDF vs. average UE throughput for small cell
network.
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Figure 5. PDF vs. average UE throughput for Heterogeneous network.

Table 1. Simulation parameters for small cell network and heterogeneous network.

Simulation parameters

Channel model WINNER+
Frequency 900 MHz
Bandwidth 10 MHz

No. of transmitter 2
No. of receiver 2
Transmission mode Close Loop Spatial Multiplexing (CLSM)
BS height 20 m
BS power 45dB
Receiver height 1.5m
Adaptive RI 2
Antenna azimuth offset 30°
Antenna gain 15 dBi
BS transmitter power 45 dBm
Femto cell transmission power 10 (Watts)
Simulation time 50 TTI

respectively. From the figures we can observe that UEs under Heterogeneous
network experiences better SINR therefore achieving a higher channel quality.

From the throughput-SINR relations for small cell and heterogeneous net-
work respectively shown in Figure 6 and Figure 7, it is clear that a compara-
tively higher throughput can be achieved using Heterogeneous network.

As the femto cells position in heterogeneous network are random and located
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Throughput vs SINR
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Figure 6. Average UE throughput vs. SINR for small cell
network.
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Figure 7. Average UE throughput vs. SINR for Heterogeneous
network.

closer to the UEs and a better channel quality with more Cells results in a higher
average UE, average cell and peak UE throughputs. Peak UE throughput is ob-
tained with 95% of throughput ECDF and cell edge throughput with 5%
throughput ECDF. A higher average UE throughput for a given bandwidth leads
to a greater average spectral efficiency for heterogeneous network UEs compara-
tively than small cell network UEs.

The resulting average UE spectral efficiencies for small and Heterogeneous
network are shown in Table 2 and Spectral efficiency relations with SINR are
depicted in Figure 8 for small cell and for Heterogeneous network in Figure 9.

So far we have discussed the impact of network type from the UE perspective.
But to draw a conclusion on which type of network is most suitable in densely

populated urban area requires further insight. For this purpose we will analyze
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Spectral Efficiency vs SINR
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Figure 8. Spectral efficiency vs. SINR for small cell network.
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Figure 9. Spectral efficiency vs. SINR for heterogeneous
network.

Table 2. Performance parameter comparison between small and heterogeneous network.

Parameters Small cell network Heterogeneous network
Fairness index 0.92 0.90
Average UE spectral efficiency (bit/cu) 1.87 4.77
Average cell throughput (Mb/s) 15.65 28.13
Area throughput (Mb/s/km?) 2485.8 541.5

some additional parameters: Cell throughput and area throughput. Here A, N,
and N, represents average UE throughput, total number of user equipments
and total number of Cells respectively.
Throughput per cell (Cell,;) was calculated using the following equation:
N
Cell, = Noen (1)

cell
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To address the issue with high user density we have calculated throughput per

unit area (74,,.,) from the equation below:

NUE Ah (2)

~ Geometrical Area

area

where the geometrical area, depending on BSs distribution, was obtained from
the simulation. The results of both of these parameters for small and Heteroge-
neous network are depicted in Table 2. Since average UE throughput under He-
terogeneous network is higher, as explained above, therefore a higher cell
throughput is justified. But area throughput for small cell is far well better than
heterogeneous network and this may be relevant due to geometrical nature of
the small cell. Moreover, for both small cell network and heterogeneous net-
work, we are having similar fairness index as proportional fair scheduler used for
both the cases.

Figure 10 illustrates that, average UE throughput is decreasing with the in-
crease of number of user for both small cell and heterogeneous network. As the
resource blocks are limited by available fixed bandwidth and having a high user
density, reducing the maximum achievable single UE throughput. From the fig-
ure, it can be easily seen that heterogeneous network outperforms small cell
network in close loop spatial multiplexing mode (CLSM) under still cases.

Figure 11 denotes a clear understanding of the system bandwidth (1.4 MHz, 3
MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz) supported by the LTE where av-
erage UE throughput is measured under proportional fair (PF) scheduler algo-
rithm for still cases. From the figure, it can be observed that for all the LTE sup-
ported system bandwidth average UE throughput is higher for heterogeneous
network than small cell network under PF scheduler algorithm and as the system
bandwidth increases the difference of average UE throughput between hetero-
geneous network and small cell network is also increased. It gives a clear idea

that for all available spectrums, UEs efficiently use the system bandwidth to

- Heterogeneous Network- Clsm
) Small cell Network - Clsm
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Figure 10. Average UE throughput vs. UE density for small
cell and heterogeneous network under proportional fair
scheduling algorithm in CLSM mode.
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transfer data and heterogeneous network will be preferable over small cell net-
work for getting higher data rate and providing better user experience.

As the geometrical area depends upon BSs distribution and from the simula-
tion result depicted in Figure 12 it is observed that, for all LTE supported band-
width average area throughput (mbps)/km* is much higher for small cell net-
work than heterogeneous network.

It is because due to the cell deployment and network architecture which ac-
tually means a fixed hexagonal geometry. To provide a ubiquitous coverage and
higher area throughput small cell is the preferable network which will be dep-

loyed for providing better service to all the users.

6. Conclusion

These results highlight the fact that for better user experience heterogeneous

Proportional Fair
10

A small cell network
9 Heterogeneous network

Average UE throughput (mbps)
ul

0 2 4 6 8 10 12 14 16 18 20
Bandwidth (MHz)

Figure 11. Avg. UE throughput vs. system bandwidth under

PF scheduler for still cases.

Proportional Fair
5000

A small cell network

4500 Heterogeneous network

4000
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2500

2000
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Average area throughput (mbps)/km2

500 [

»

o \ I
0 2 4 6 8 10 12 14 16 18 20
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Figure 12. Average area throughput vs. system bandwidth
under proportional fair (PF) scheduler algorithm for still
cases.
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network is preferable but in densely populated regions to provide better service
to all the users small cell is the logical network type to be used due to its higher
area throughput, approximately four and half times higher than heterogeneous
network according to our simulation results. Moreover for a given coverage area,
small cell network requires a higher number of BSs, since it has a fixed hexagon-
al geometry, therefore capital expenditure (CAPEX) requirement is also higher.
Femto cells used in heterogeneous network in contrast have a random distribu-
tion therefore it can be placed only at strategic points in highly populated areas,
minimizing the BSs requirement for optimum coverage, thereby reducing the
overall CAPEX. In future, our work will be carried out for various transmission
modes and will also try to find out the effect of mobility on different MIMO
modes and scheduler schemes under different network architecture.
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