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Abstract

This paper presents a performance-oriented
study on LTE network optimization through
system-level simulations based on pre-2018
LTE network architectures. The objective is to
evaluate the impact of scheduling algorithms,
cell range expansion, and transmit power
control on user throughput and spectral
efficiency. A MATLAB-based simulation
model of a 7-cell hexagonal LTE layout was
developed following 3GPP TR 36.814
guidelines. Results show that Proportional Fair
(PF) scheduling and adaptive power control can
significantly improve 5th percentile user
throughput by 42% compared to Round Robin
(RR) scheduling, and overall spectral efficiency
increased by 25%. The findings highlight that
balanced scheduling and interference-aware
optimization can improve network capacity
without additional spectrum.
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1. Introduction
Long Term Evolution (LTE) systems

revolutionized mobile broadband by offering
higher data rates, reduced Ilatency, and
improved spectral efficiency. However,
increasing user demand and interference in
dense deployments challenge operators to

optimize  network  performance  without
expanding spectrum resources. Pre-2018
research emphasized the importance of

intelligent radio resource management and
interference coordination. This work focuses on
simulation-based evaluation of throughput and
spectral efficiency improvements using key
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LTE optimization strategies, such as scheduling

algorithm selection and power control
adjustments.
The LTE system-level simulator [1]

supplements an already freely-available LTE
link-level simulator [7]. This combination
allows for detailed simulation of both the
physical layer procedures to analyze link-level
related issues and system-level simulations
where the physical layer is abstracted from link
level results and network performance is
investigated. The license under which the
simulators are published allows for academic
research and a closer cooperation between
different universities and research facilities. In
addition, developed algorithms can be shared
under the same license again, facilitating the
comparison and cross validation of algorithms
and results and making them more credible.
The LTE system-level simulator
implementation offers a high degree of
flexibility. For the implementation, extensive
use of the Object-oriented programming (OOP)
capabilities of MATLAB, introduced with the
2008a Release have been made. Having a
modular code with a clear structure based in
objects results in a much more organized,
understandable and maintainable simulator
structure in which new functionalities and
algorithms can be easily added and tested.

2. Literature Review

The selected body of work spans standardization
documents, link- and system-level modeling
studies, interference analysis, scheduling
strategies, and channel/precoding techniques
for LTE and related cellular systems. Collectively
these references map the evolution from 3GPP
requirements and RF scenarios through practical
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simulation methods to analytical models for
coverage, interference and heterogeneous
deployments. The literature reveals recurring
themes: the need to bridge link-level accuracy
with system-level tractability, the centrality of
interference characterization for performance
prediction, and trade-offs in scheduler design
and MIMO/beamforming techniques.

Standardization and RF scenarios

3GPP technical reports and specifications
provide the normative foundation used by most
simulation and analytical studies. TR 36.814
(Release 9) synthesizes physical-layer
enhancements and deployment assumptions
used to evaluate E-UTRA performance in
realistic scenarios [1]. Similarly, TS 36.942 lays
out RF system scenarios and channel models
that form the baseline for system-level studies

and reproducible simulations [14]. These
documents ensure that academic and industry
simulators adopt consistent propagation,
mobility and traffic assumptions — a necessary
precondition for meaningful cross-study
comparison.

Link-level models and system-level

simulation methodologies

A number of works focus on accurate,
computationally efficient link-to-system
mappings and physical-layer  simulation
frameworks. Mehlfuhrer et al. present a
comprehensive LTE physical-layer simulator and
discuss the practical issues in reproducing long-
term evolution behavior for research use [7].
Wrulich and colleagues extend this line with
efficient link-to-system models for MIMO HSDPA
and HSDPA mixed-traffic scenarios, addressing
complexity and realtime feasibility for system-
level studies [10,11]. Brueninghaus et al
formalize link performance models for
broadband radio access, emphasizing parametric
models that trade complexity for generality [12].
The WINNER project report also assesses
advanced beamforming and MIMO technologies,
providing validated channel/antenna models
and scenario evaluations used by subsequent
simulators [13]. Together these works highlight
the community’s emphasis on scalable, yet
accurate, models that allow researchers to study
network-level effects without prohibitive
computational cost.

Channel estimation and precoding metrics
Practical receiver and transmitter processing
techniques are essential inputs to system
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evaluation. Simko et al. investigate channel
estimation in doubly dispersive channels with an
eye toward scalable complexity, which is
important in mobility and wideband LTE
scenarios [8]. Schwarz, Wrulich and Rupp
propose mutual-information based methods to
compute the Precoding Matrix Indicator (PMI)
for 3GPP systems, connecting PHY metrics with
scheduler/feedback design [9]. These papers
illustrate how algorithmic choices at the PHY
(estimation, feedback, precoding) shape higher-
layer performance and therefore must be
accurately captured in system studies.

Interference characterization and
management
Understanding and  managing  intercell

interference is central to evaluating downlink
performance. Castaneda et al. analyze downlink
intercell interference in cellular systems,
drawing attention to spatial interference
patterns and their system impact [6]. More
recent analytical treatments by Andrews et al.
develop tractable models for coverage and rate
using stochastic geometry, enabling closed-form-
ish insights into SINR distributions and network
scaling [2]. Dhillon, Ganti and Andrews extend
such models to K-tier heterogeneous networks,
framing multi-tier deployments
(macro/pico/femto) within tractable analytic
tools that capture the heterogeneity seen in
modern networks [5]. Complementing analytic
work, Razavi and Hossain review practical
interference management techniques in LTE (e.g,,
ICIC, elCIC, coordinated scheduling), offering a
systems perspective on how standards and
deployments address interference [3].
Collectively these contributions progress from
empirical/measurement observations to
mathematical frameworks and then to
standard/practical mitigation strategies.
Scheduling and resource allocation
Scheduling policies critically determine user-
level throughput, fairness and spectral efficiency.
Sang, Dai and Heath compare Round-Robin and
Proportional Fair schedulers for LTE downlink,
exposing the trade-off between fairness and cell
spectral efficiency and underpinning scheduler
selection decisions in different deployment
contexts [4]. Wrulich et al.’s HSDPA studies also
explore scheduler interactions with traffic
mixtures and MIMO configurations, showing
scheduler behavior is tightly coupled with link
adaptation and traffic models [10,11]. These
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studies repeatedly stress that evaluating
scheduling requires integrated link-to-system
models and realistic traffic scenarios.

Trends, synthesis and methodological
observations

Two methodological strands appear consistently.

First, there is a push toward tractable realism —
combining sufficiently accurate link-level models
with analytically tractable system
representations (e.g., stochastic geometry) so
that insights scale from single cell to network
level [2,5,7,12]. Second, cross-layer coupling

(PHY  algorithms, feedback, scheduling,
interference coordination) is highlighted:
choices at one layer (precoding, channel

estimation) materially affect the efficacy of
higher-layer mechanisms (scheduling, ICIC) and
must be jointly considered [3,8,9,11]. Simulation
work grounded in 3GPP scenarios ensures
relevance to real deployments, while analytical
models enable generality and design insight.
Gaps and open challenges identified across
the literature

Although substantial progress has been made,
several recurring gaps are evident in the
surveyed works:

- Joint modeling complexity vs. tractability: many
studies trade off realism or analytic tractability;
bridging this gap for full-stack evaluations
remains challenging.

- Heterogeneity and dynamics: while K-tier
models capture static heterogeneity, evolving
deployments with mobile small cells and
dynamic offloading present modeling difficulties.
- Feedback and signaling overhead: mutual
information and PMI-based metrics advance
precoding selection, but the system-level cost of
feedback, signaling and their delays is not always
fully quantified in tandem with performance
gains.

- Interference coordination scalability: practical
ICIC/elCIC mechanisms reduce interference but
often rely on coordination that may not scale or
be fully implementable in dense heterogeneous
contexts.

3. Methodology

A MATLAB-based system-level simulator was
implemented to analyze LTE downlink
performance. The simulation considered a 7-

cell hexagonal network with 3-sector macro
cells and full-buffer traffic model. The key

components of the methodology include:

- **Simulation Model:** 7 hexagonal macro

cells (3 sectors each) with wrap-around
topology.

- **Bandwidth:** 10 MHz (50 resource
blocks).

- **User Distribution:** 10 users per sector
randomly distributed.

- **Channel Model:** Pathloss (3GPP Urban
Macro), shadowing (8 dB std), and Rayleigh
fading.

- **Schedulers:** Round Robin (RR) and
Proportional Fair (PF).

- **Power Control:** Fixed (default) and
adaptive (based on SINR feedback).

- **Metrics:** User throughput, average cell
throughput, and area spectral efficiency.

- **Simulation Duration:** 500 subframes (0.5
seconds) per drop, averaged over 100 drops.
Table 1: Simulation Parameters

Parameter Value

Number of cells 7  (3-sector macro
each)

Carrier Bandwidth 10 MHz (50 RBs)

Transmit Power 46 dBm per sector

Scheduler Types Round Robin,

Proportional Fair

User Distribution Uniform random (10

users/sector)

Pathloss Model 3GPP Urban Macro
(PL = 1281 +
37.6log10(d))

Shadowing Log-normal, 8 dB std

Fading Rayleigh

Simulation Time 0.5 s/drop x 100 drops

Power Control Fixed and adaptive

(SINR-based)
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4. Results and Discussion

Simulation results are presented for three
scenarios: (A) Round Robin with fixed power,
(B) PF scheduling with fixed power, and (C)
PF scheduling with adaptive power control.
Each configuration was evaluated in terms of
user throughput, spectral efficiency, and SINR
distribution.

Table 2: Average User Throughput (Mbps)
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Scenario 5th %-ile 50th  %- 95th  %-
ile ile

A: RR + 0.85 5.4 18.2

Fixed

Power

B: PF + 1.10 6.9 20.3

Fixed

Power

C:. PF + 1.55 8.1 22.4

Adaptive

Power

As shown in Table 2, the Proportional Fair
scheduler improved 5th percentile throughput
(cell-edge users) by approximately 29% over
Round Robin, while adaptive power control
further increased it by 42%. This demonstrates
that balancing fairness and power adaptation
benefits cell-edge users who typically suffer
from interference.

Table 3: Average Spectral Efficiency

(bps/Hz/cell)

Scenario Average Improvement
(%)

A: RR + 210 —

Fixed Power

B: PF + 245 +17%

Fixed Power

C: PF + 263 +25%

Adaptive

Power

Spectral efficiency improved by 25% with
adaptive power control due to better SINR
balancing across users. Figure interpretations
(not shown) indicate smoother SINR
distribution and reduced outage probability.
Simulation Process and Visual Results

Figure 1: LTE Network Layout

LTE 7-Cell Hexagonal Layout

X Macro eNB
X Users
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Figure 1 shows the hexagonal 7-cell LTE
layout used for simulation, with red
representing macro base stations and green dots
representing users.

Figure 2: Simulation Flow Diagram

Simulation Process Flow
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The simulation process follows sequential steps
including initialization, channel modeling,
scheduling, power control, and performance
evaluation.

Figure 3: CDF of User Throughput
CDF of User Throughput
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The cumulative distribution function (CDF) of
user throughput shows that Proportional Fair
scheduling with adaptive power improves low-
percentile user throughput significantly.

Figure 4: Spectral Efficiency Comparison
Average Spectral Efficiency Comparison
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Average  spectral  efficiency  increases
progressively from Round Robin to PF and
further to PF with adaptive power control,
showing a 25% improvement overall.

Figure 5: SINR Distribution Comparison

SINR Distribution Comparison
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The SINR CDF indicates that adaptive power
control shifts SINR distribution upward,
leading to better user experience and lower
outage probability.

5. Conclusion

The system-level simulation demonstrates that
optimization of LTE networks through
intelligent scheduling and adaptive power
control can substantially enhance throughput
and spectral efficiency. Compared to baseline
Round Robin scheduling, Proportional Fair
scheduling increased 5th percentile throughput
by 29%, while adaptive power control
improved it further by 42%. These results are
consistent with pre-2018 studies emphasizing
fairness and interference management. The
findings suggest that operators can achieve
notable performance improvements through
software-level radio resource management
without requiring additional spectrum.
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