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Abstract: Orthogonal Frequency Division Multiplexing (OFDM) technology to deliver mobile broadband
and digital television services. This paper presents the real-time implementation of Optical plus Filtered
OFDM (O+F OFDM) algorithms for Long Term Evolution (LTE) mobile networks and Digital Video Broad-
casting — Second Generation Terrestrial (DVB-T2) systems, with particular focus on deployments in emerg-
ing markets. The paper analyzes physical-layer configurations specified in 3GPP TS 36.211 and ETSI EN 302
755, including subcarrier spacing, Fast Fourier Transform (FFT) sizes, cyclic prefix options, modulation
schemes, and Multiple-Input Multiple-Output (MIMO) configurations. Field measurements from Nigerian
LTE deployments reveal that while theoretical peak rates approach 300 Mbps with 4x4 MIMO on 20 MHz
carriers, achieved throughput typically ranges from 15-35 Mbps due to backhaul constraints, interference,
and suboptimal network configuration. For DVB-T2, we document parameters enabling 30-50% greater
spectral efficiency than first-generation standards through enhanced forward error correction, larger FFT
options (up to 32k subcarriers), and rotated constellations. The O+F OFDM implementation demonstrates
superior performance characteristics: reduced out-of-band emissions (>45 dB suppression), improved spec-
tral confinement within regulatory masks, and enhanced multipath resilience through optical filtering
stages. System-level considerations including adaptive modulation and coding, Quality-of-Service (QoS)
bearer management, Self-Organizing Network (SON) algorithms, and carrier aggregation are examined. We
strongly recommend Field-Programmable Gate Array (FPGA)-based real-time implementation of O+F
OFDM for both MTN's LTE and GOtv's DVB-T2 systems to achieve deterministic signal processing latency
below 5 microseconds, support adaptive parameter reconfiguration without hardware modifications, and
enable power-efficient operation critical for Nigerian deployment scenarios with unreliable electrical infra-
structure.

Keywords: DVB-T2; Real-Time Implementation; GOtv; LTE; MTN Nigeria; Network Optimization; Opti-
cal+Filtered OFDM; Quality of Service (QoS).
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1. Introduction ering high-definition video, real-time interactive applica-

The telecommunications sector has undergone pro- tions, telemedicine, and mobile financial services to bil-
found transformation over the past fifteen years, evolving lions of users worldwide [1]-[3]. This evolution has been
from basic voice services into complex ecosystems deliv- driven by insatiable demand for bandwidth-intensive ap-
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Table 1. List of abbreviations and meaning.

S/N Abbreviations

Meaning

S/N Abbreviations Meaning
1 OFDM Orthogonal Frequency Division
Multiplexing
2 LTE Long Term Evolution
3 ESTIEN European Cybersecurity Standards
for Internet of Things
4 ETSI European telecommunication
Standard Institute
5 ITU-R International =~ Telecommunication
Union Radiocommunication Sector
6 MIMO Multiple Input Multiple Output
7 QoS Quality-of-Service
8 SON Self-Organizing Network
9 FPGA Field Programmable Gate Array
10 MTN Mobile Telecommunication Net-
work
11 SINR Signal-to-Interference-plus-Noise
Ratio
12 BCH Bose-Chaudhuri-Hocquenghem
13 FDMA Frequency division multiple access
14 ICIC Inter-cell interference coordination
15 QAM Quadrature amplitude modulation
16 LDPC Low-Density Parity-Check
17 SEFN Single Frequency Network
18 3GPP Third Generation Partnership Pro-
ject
19 ITU International =~ Telecommunication
Union
20 RSRP Reference Signal Received Power
21 RSRQ Reference Signal Received Quality
22 HARQ Hybrid Automatic Repeat Request
23  AMC Adaptive Modulation and Coding
24 PCRF Policy and Charging Rules Function
25 QPSK Quadrature phase shift keying
26 El European format for digital trans-
mission
27 RAN Radio Access Network
28 C/N Carrier-to-Noise Ratio
29 O+FOFDM  Optical Plus Filtered OFDM
30 FEC Forward error correction
31 RB Resource Block
32 QCI QoS Class Identifiers
33 CBRS Citizens Broadband Radio Service
34 IFFT Inverse Fast Fourier Transform
35 PSD Power Spectral Density
36 NCC Nigerian Communications Commis-

sion

37

38
39

40

41

42
43
44
45
46

47

48
49
50
51
52
53
54

55

56
57
58
59
60
61
62

63
64
65
66
67
68
69
70
71
72

IMT-2030

UE
E-UTRAN

FFT

DVB-T2

3G

5G

6G
AWGN
PLP

EPS

dB
MAC
CP
GBR
KPI

P
D-SON

PCI

CA

MHz
UHEF
SC-FDMA
elCIC
ABS

DSP

GPU
GPS
GI
TS
RNG
MER
LSA
CQI
TU6
EVM

International Mobile Telecommunica-
tion-2030

User Equipment

Evolved Universal Terrestrial Radio Ac-
cess Network

Fast Fourier Transform

Digital Video Broadcasting — Second
Generation Terrestrial

Third Generation

Fifth Generation

Sixth Generation

Additive white Gaussian noise

Physical Layer Pipes

Evolved Packet System

Decibel

Media access control
Cyclic prefix

Guaranteed Bit Rate

Key Performance Indicator
Internet protocol
Distributed SON

Physical Cell ID

Carrier Aggregation
Mega Hertz

Ultra High Frequency
Single Carrier FDMA
enhanced ICIC

Almost Blank Subframes
Digital Signal Processors

Graphics Processing Units

Global positioning system

Gateway interface

Technical specification

Random number generator
Modulation Error Ratio

Licensed Shared Access

Channel Quality Indicator

Typical Urban 6-Path Channel Model
Error Vector Magnitude

plications, competitive pressures among service provid-
ers, regulatory mandates for spectrum efficiency, and
breakthroughs in physical-layer technologies particularly
OFDM and MIMO antenna systems [4], [5].

The transition from third-generation (3G) networks to
Long Term Evolution (LTE) and subsequently to fifth-gen-

eration (5G) systems represents not merely incremental
improvements in data rates but fundamental reconceptu-
alization of wireless network architecture [6]. The 6th Gen-
eration (6G) network is the next evolution in mobile com-
munication technology, expected to be commercially de-
ployed around 2030 [7], [8]. It aims to extend and surpass
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Table 2. LTE OFDM Physical-Layer Parameters from 3GPP TS 36.211.
S/N Channel BW (MH-) FFT Size Usable Subcarriers Resource Blocks Sampling Rate (MH-)

1 1.4 128 72 6 1.92

2 3 265 180 15 3.84

3 5 512 300 25 7.68

4 10 1024 600 50 15.36

5 15 1536 900 75 23.04

6 20 2048 1200 100 30.72

Table 3. LTE MIMO Configurations and Peak Downlink Rates (from 3GPP specifications and field trial data).

MIMO ) Peak Rate (20 MHz, 64-QAM,
A 1
S/N Configuration ntenna Setup Spatial Streams code rate 0.9)
1 2x2 2 Tx, 2 Rx Upto2 ~150 Mbps
2 4x2 4 Tx, 2 Rx Upto2 ~150 Mbps
3 4x4 4 Tx, 4 Rx Upto4 ~300 Mbps
4 8x8 8 Tx, 8 Rx Upto8 ~600 Mbps
Table 4. DVB-T2 FFT Sizes and Guard Interval Options from ETSI and ITU-R.
S/N FFT Size Sub-carriers Guard Interval Fractions Typical Application

1 1k 1024 1/128,1/32,1/16,1/8, 1/4 Small non-SFN networks
2 2k 2048 1/128,1/32, 1/16, 1/8, 1/4 Moderate coverage

3 4k 4096 1/128,1/32,1/16,1/8, 1/4 Regional networks

4 8k 8192 1/128,1/32,1/16, 1/8, 1/4, 19/128, 19/256 Standard SFN

5 16k 16384 1/128,1/32,1/16, 1/8, 1/4, 19/128, 19/256 Large SEN

6 32k 32768 1/128,1/32,1/16, 1/8, 1/4, 19/128, 19/256 Very large SEN (>60 km)

5G in speed, reliability, intelligence, and connectivity den-
sity, enabling a fully digital, intelligent, and immersive
world. The International Telecommunication Union (ITU)
has established the International Mobile Telecommunica-
tion-2030 (IMT-2030) framework to guide the develop-
ment and standardization of 6G technologies [7], [8].

LTE, standardized by the 3rd Generation Partnership
Project (3GPP), employs OFDMA for the downlink and
Single Carrier FDMA (SC-FDMA) for the uplink, achiev-
ing peak downlink rates exceeding 300 Mbps with ad-
vanced MIMO configurations [4]. The integration of Opti-
cal plus Filtered OFDM (O+F OFDM) techniques, as
demonstrated by Ahmed-Ade and co-workers [9], [10],
provides enhanced spectral confinement and reduced in-
terference compared to conventional OFDM implementa-
tions. Quadrature amplitude modulation (QAM) is a digi-
tal modulation scheme that transmits data by varying both
the amplitude and phase of a carrier signal, enabling effi-
cient spectral utilization. Similarly, Digital Video Broad-
casting-Second Generation Terrestrial (DVB-T2), stand-
ardized by the European Telecommunications Standards
Institute (ETSI), has revolutionized broadcast media deliv-
ery through sophisticated physical-layer enhancements
including Low-Density Parity-Check (LDPC) coding,
larger FFT sizes enabling extensive Single Frequency Net-
works (SENs), and flexible modulation up to 256-QAM
[11], [12].

Yet the march toward ubiquitous, high-quality con-
nectivity has been neither smooth nor uniform [13]. Oper-
ators in emerging markets face daunting challenges: lim-
ited spectrum allocations, inadequate backhaul infrastruc-
ture, inconsistent power supply, and capital constraints
that hinder network densification [14], [15]. In order to
achieve consistent QoS, the set of performance attributes
that must be satisfied include but not limited to through-
put, latency, jitter, and packet loss that determine user sat-
isfaction-remains elusive, particularly during peak de-
mand periods or in environments with challenging radio
propagation characteristics [16], [17].

This paper provides technical rigorous treatment of
OFDM-based telecommunications systems with three
principal objectives. Firstly, we clarify the conceptual and
technical foundations of modern telecom systems, exam-
ining the architectural components and fundamental prin-
ciples governing signal transmission, channel modeling,
and capacity bounds. Secondly, we critically examine fac-
tors constraining QoS: spectrum scarcity, signal propaga-
tion impairments, backhaul limitations, configuration
complexity, and traffic dynamics alongside technological
innovations and operational measures introduced since
2010 to mitigate these limitations. Thirdly, we present de-
tailed, standards-compliant OFDM implementation pa-
rameters for two representative deployment scenarios
from the Nigerian telecommunication systems, namely: 1).
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LTE for 5G mobile cellular networks (exemplified by MTN
operations in Nigeria and analogous markets) [18], [19];
and 2). DVB-T2 terrestrial television (exemplified by Mul-
tiChoice’s GOtv platform deployed across sub-Saharan
Africa) [20]. This parameter sets, grounded in 3GPP [21]
and ETSI [12] specifications and informed by field meas-
urement studies; serve as actionable reference material for
network planning, optimization, and troubleshooting. Ad-
ditionally, we justify FPGA-based real-time implementa-
tion for both systems, demonstrating how reconfigurable
hardware acceleration addresses the computational inten-
sity of OFDM processing while providing flexibility for
adaptive parameter optimization. All the abbreviations
used in this paper and their respective meaning are listed
in Table 1.

Optical Orthogonal Frequency Division Multiplexing
(O-OFDM)) is highly effective for high-speed transmission
in both LTE (as part of radio-over-fiber) and DVB-T2 (for
broadcasting infrastructure) due to its robustness against
dispersive channels. However, the technique faces several
critical challenges, primarily related to the high dynamic
range of the signals and the inherent nature of optical com-
ponents [9], [10]. The main problems of O-OFDM include
but not limited to high peak-to-average power ratio
(PAPR), sensitivity to optical nonlinearities, intensity
modulation/direct detection (IM/DD) constraints, syn-
chronization and frequency offset, and complex digital
signal processing (DSP) [9], [10], [18]-[20]. On the other
hand, filtered OFDM (f-OFDM) has been proposed to mit-
igate the high out-of-band (OOB) emissions and spectral
leakage associated with the rectangular pulse shaping in
conventional cyclic prefix OFDM (CP-OFDM) used in LTE
and DVB-T2 [9], [10]. Furthermore, while F-OFDM im-
proves spectral containment, it introduces several key
problems and trade-offs in implementation and perfor-
mance. The notable primary problems includes but not
limited to increased system complexity and cost, intrinsic
in-band interference, higher PAPR, filter tail issue, power
inequality in subcarriers, and sensitivity to carrier fre-
quency offset (CFO) [9], [10], [18]-[20].

Optical plus filtered OFDM (O+F OFDM) pro-
vides superior spectral efficiency, lower Signal-to-Noise
Ratio (SNR) requirements (approx. 22.7 dB vs. 25.0 dB for
conventional), and reduced nonlinear distortion by com-
bining PAPR control with enhanced spectral shaping [9],
[10]. O+F OFDM outperforms traditional O-OFDM and F-
OFDM by optimizing bandwidth in 5G/6G, LTE, and
DVB-T2 systems through tighter subcarrier packing and
reduced out-of-band (OOB) emissions [9], [10]. This paper
presents the real-time implementation of integrated O+F
OFDM for evaluation of LTE and DVB-T2 on MTN Nigeria
(mobile communication) and GOtv Nigeria (digital video
broadcasting) telecommunication systems.

The paper is organized as follows. Section 2 presents

a complete background knowledge required to under-
stand the techniques presented in this paper. The detailed
MTN Nigeria LTE and GOtv Nigeria DVB-T2 parameters
and data required for the real-time implementation of the
two scenarios are presented in Section 3. Section 4 pro-
vides a comprehensive algorithm design, methodology
and real-time implementation strategies for the LTE and
DVB-T2 based on O+F OFDM. The real-time Implementa-
tion results are presented in Section 5 together with de-
tailed and extensive discussion of the results as well as
their implications. Section 6 concludes the paper with di-
rections on future works with particular emphasis on ded-
icated hardware realization.

2. Background Knowledge
2.1. LTE and DVB-T2 Standard Framework with ITU Rec-

ommendations
2.1.1. Standard Analysis Framework

The analysis presented in this paper synthesizes au-
thoritative technical specifications from three primary
standardization bodies, namely: 1). 3GPP for LTE/LTE-
Advanced (specifically technical specification (TS) 36.211
covering physical channels and modulation [4], [22]; TS
23.203 for policy and charging architecture [23]; and TS
36.300 for overall evolved universal terrestrial radio access
network (E-UTRAN) description [24]); 2). ETSI for DVB-
T2 (EN 302 755 specifying frame structure, channel coding,
and modulation [12]); and 3). International Telecommuni-
cation Union (ITU) recommendations for frequency plan-
ning and propagation modeling (particularly Interna-
tional Telecommunication Union — Radiocommunication
(ITU-R) Sector Report BT.2254 for DVB-T2 network plan-
ning [25] and the ITU-R P.1546-6 for propagation predic-
tion [26].

2.1.2. Field Measurement Data Integration

This work incorporates empirical data from pub-
lished field studies of LTE deployments in Nigeria, focus-
ing on comparative performance measurements across
multiple operators (MTN, Airtel, Glo, 9Mobile) conducted
during 2019-2021 [19], [26], [27]. These studies employed
drive testing methodologies with GPS-synchronized
measurement equipment logging Reference Signal Re-
ceived Power (RSRP), Reference Signal Received Quality
(RSRQ), throughput, latency, and packet loss across di-
verse environments (urban, suburban, rural). Addition-
ally, this work references DVB-T2 deployment reports
from MultiChoice's GOtv operations in Nigeria, Kenya,
Uganda, and South Africa documenting coverage achieve-
ments, modulation and coding configurations, and SFN
implementations [20].

2.1.3. Parameter Extraction and Tabulation
For each technology (LTE and DVB-T2), we extract
canonical physical-layer parameters from specifications,
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Table 5. DVB-T2 Modulation and carrier-to-noise ratio (C/N) Requirements from ETSI EN 302 755 field measurements.

S/N  Modulation S}]?ri:lsalol Typlliaaltfode I:Z%:;g;{ 51/31;1 Applications
1 QPSK 2 1/2 ~3.5 Coverage extension, mobile
2 16-QAM 4 2/3 ~11 Balanced coverage/capacity
3 64-QAM 6 3/4 ~17 Fixed reception, good signal
4 256-QAM 8 3/4 ~23 Fixed reception, strong signal

organizing them into systematic tables covering: 1).
OFDM waveform characteristics (subcarrier spacing, FFT
sizes, cyclic prefix options); 2). modulation and coding
schemes with applicable signal-to-noise ratio require-
ments; 3). MIMO configurations and expected throughput
gains; and 4). channel bandwidth allocations with corre-
sponding resource block mappings. System-level parame-
ters governing network operation QoS class identifiers,
hybrid automatic repeat request (HARQ) configurations,
power control algorithms, scheduling policies, and SON
functions—are documented based on 3GPP specifications
and operational best practices reported in peer-reviewed
literature [28]-[31].

2.1.4. Performance Analysis Approach

The current work employs link budget calculations
following standard methodologies [32] to relate physical-
layer parameters (transmit power, antenna gains, modula-
tion order) to coverage and capacity outcomes. For LTE,
we calculate theoretical peak data rates using the formula:

12 subcarriers symbols

X
RB slot
bits slots

Peak Rate = RBs X

% symbol % subframe (1)

subframe
—— X MIMO layers

X code rate

where the parameters are drawn from Table 1 configura-
tions. For DVB-T2, we compute payload data rates ac-
counting for FFT size, guard interval overhead, pilot over-
head, forward error correction (FEC) code rate, and mod-
ulation order per ETSI specifications [12]. Field measure-
ment data [26] is compared against these theoretical calcu-
lations to quantify the performance gap attributable to
real-world impairments.

2.2. OFDM Physical-Layer Parameters
2.2.1. LTE Downlink Configuration

For the LTE downlink configuration, each Resource
Block (RB) comprises 12 consecutive subcarriers in fre-
quency and one 0.5 ms slot in time. The usable bandwidth
is less than nominal channel bandwidth due to guard
bands preventing adjacent-channel interference [33]. LTE
defines two cyclic prefix (CP) configurations: Normal CP
with seven OFDM symbols per slot (CP durations ~5.2 ps

first symbol, ~4.7 us remaining symbols) and Extended CP
with six symbols per slot (uniform ~16.7 us CP) [22]. Nor-
mal CP suffices for typical urban and suburban environ-
ments where delay spread rarely exceeds 5 ps; Extended
CP addresses scenarios with high delay spread (large rural
cells, SEN broadcast services). LTE employs OFDMA with
fixed 15 kHz subcarrier spacing [4], [22]. The relationship
between channel bandwidth and FFT size is precisely de-
fined in 3GPP TS 36.211, as shown in Table 2.

The supported modulation schemes include quadra-
ture phase shift keying (QPSK), 16-QAM, and 64-QAM as
baseline, with 256-QAM introduced in LTE-Advanced Pro
(Release 12+) for downlink under favorable link conditions
requiring Signal-to-Interference-plus-Noise Ratio (SINR)
exceeding 22 decibels (dB) [34]. Adaptive Modulation and
Coding (AMC) dynamically selects modulation order and
turbo code rate (ranging from ~1/3 to 0.9) based on Chan-
nel Quality Indicator (CQI) feedback from user equipment
[35]. Table 3 summarizes MIMO configurations and theo-
retical peak rates [4], [36], [37].

However, a typical 8 x 8 MIMO system is rarely de-
ployed due to limited User Equipment (UE) support and
diminishing returns in typical propagation environments.
Thus, UE refers to mobile devices (smart phones, tablets,
modems) that connects to cellular networks as detailed in
3GPP specifications and field trial data [1], [15], [17].

Field measurements in Nigerian LTE networks reveal
substantial gaps between theoretical and achieved perfor-
mance [38]. A 2021 comparative study documented aver-
age downlink throughput of 15-35 Mbps for MTN (the
market leader with broader spectrum holdings and denser
deployment) and 5-15 Mbps for competitors with nar-
rower bandwidths and sparser sites [26]. Median latencies
ranged from 40-80 ms, significantly exceeding theoretical
LTE minimums (~10 ms), attributed to backhaul conges-
tion and core network delays. During congestion, latencies
exceeded 200 ms and packet loss spiked to 5-10%, severely
degrading interactive applications [26].

2.2.2. DVB-T2 Physical-Layer Configuration

DVB-T2 supports seven FFT sizes (1k to 32k) enabling
flexible deployment strategies [39]. Larger FFTs facilitate
extensive SFNs where multiple synchronized transmitters
broadcast identical signals, with receivers combining de-
layed replicas provided delays fall within the guard inter-
val [20], [30]. Table 4 presents DVB-T2 FFT and guard in-
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SELF-CONFIGURATION SELF-OPTIMIZATION SELF-HEALING
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Software Download Transmit Power Redundancy Activation
IP Connectivity Antenna Tilt Alert Generation
Neighbour Discovery Load Balancing Automatic Recovery
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| |
v v
OPERATIONS CENTER DATA REPOSITORY
Policy Management KPI Database
Configuration History
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Information Measurements * Configuration Commands * Alarm Notifications
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e-NODEB 1 e-NODEB 2 e-NODEB 3 e-NODEB N
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RSRP : Reference Signal Received Power (Signal Strength Indicator) RSRQ: Reference Signal Received Quality (Signal Quality Indicator)

Figure 1. Centralized Self-Organizing Network (C-SON) Architecture.

terval options. Table 4 summarizes the DVB-T2 FFT Sizes,
sub-carriers, Guard Interval Options and typical applica-
tion areas with detailed explanations in the ETSI [12] and
ITU-R [25] reports.

For an 8 MHz channel (standard in Africa and Eu-
rope), subcarrier spacing varies inversely with FFT size:

approximately 8.9 kHz for 1k FFT, 1.1 kHz for 8k FFT, and
0.28 kHz for 32k FFT. Guard interval selection balances ro-
bustness to multipath (longer gateway interface (GI))
against overhead (shorter GI maximizes net data rate). ITU
recommendations suggest 1/32 GI for moderate SFNs, 1/16
or 1/8 for large SFNs spanning tens of kilometers [25].
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DVB-T2 employs LDPC codes (block lengths up to
64,800 bits, code rates 1/2 to 5/6) concatenated with Bose-
Chaudhuri-Hocquenghem (BCH) codes, offering superior
performance compared to DVB-T's convolutional-Reed-
Solomon scheme [12]. Rotated constellations a DVB-T2 in-
novation applying phase rotation to constellation points
improve resilience to burst errors and fading, particularly
beneficial for mobile reception [40]. Table 5 summarizes
modulation options and required carrier-to-noise ratios.

GOtv deployments across sub-Saharan Africa typi-
cally employ 8k or 16k FFT with 1/16 or 1/8 guard inter-
vals, 16-QAM or 64-QAM modulation, and 2/3 to 3/4 code
rates [3]. Coverage reports indicate population coverage
exceeding 80% in major urban centers. Physical Layer
Pipes (PLPs) independent data streams within a single RF
channel, each with distinct modulation and coding enable
service differentiation: robust low-rate PLPs for mobile re-
ception coexist with high-rate PLPs for fixed reception, or
separate Standard Definition and High Definition channel
offerings [20].

2.3. System-Level Configuration and Optimization
2.3.1. QoS Management in LTE

LTE's Evolved Packet System (EPS) bearer architec-
ture distinguishes traffic classes via QoS Class Identifiers
(QCI), each specifying resource type (Guaranteed Bit Rate
(GBR) or non-GBR), priority, packet delay budget, and
packet error loss rate. Nine standardized QClIs cover con-
versational voice (QCI 1, 100 ms delay budget, 10 loss
rate), video streaming (QCI 6/7, 300 ms delay, 103 loss),
and best-effort internet (QCI 8/9, 300 ms delay, 10 loss)
[23]. The Policy and Charging Rules Function (PCRF) in
the core network enforces policies, prioritizing premium
subscribers or throttling users exceeding data caps. The
Media access control (MAC) scheduler determines re-
source block allocations in each 1 ms transmission time in-
terval. Common algorithms include:

1) Proportional Fair: Balances throughput and fair-
ness by scheduling users when instantaneous rate
is high relative to average rate;

2) QoS-aware: Prioritizes bearers based on QCI, GBR
requirements, and buffer occupancy; and

3) Maximum Carrier-to-Interference (Max C/I): Max-
imizes cell throughput but starves cell-edge users
[16], [41].

Hybrid Automatic Repeat Request (HARQ) combines
error detection with selective retransmission, operating
per transport block with maximum 3-4 attempts balancing
latency and robustness [42]. CQI reporting periodicity
(typically 5-20 ms) enables responsive AMC but increases
uplink signaling overhead [35].

2.3.2. Self-Organizing Networks
Self-organizing network (SON) functions, standard-
ized in 3GPP Release 8+, automate configuration, optimi-

zation, and healing [24], [28]:

1) Self-configuration: Newly deployed base stations
autonomously download software, establish In-
ternet protocol (IP) connectivity, and discover
neighbor cells, reducing commissioning time from
hours to minutes;

2) Self-optimization: Algorithms continuously ad-
just handover thresholds, transmit power, an-
tenna tilt, and load balancing based on Key Per-
formance Indicators (KPIs); and

3) Self-healing: Automatic fault detection triggers
corrective actions (traffic rerouting, redundant
component activation, operations center alerts).

Centralized SON (C-SON) architectures shown in
Figure 1, implements the scenario where optimization
runs in network management systems with global view
which enable coordinated multi-cell optimization, avoid
local optimization conflicts, avoid local minima and pa-
rameter conflicts but require robust interfaces and tolerate
communication delays [43]. Distributed SON (D-SON),
with optimization in each base station, reacts quickly but
lacks global context. Hybrid approaches combine both
paradigms [31].

Physical Cell ID (PCI) planning exemplifies SON ca-
pabilities. LTE defines 504 unique PClIs (0-503); collisions
(neighboring cells with identical PCI) cause handover fail-
ures and interference. Automated PCI assignment algo-
rithms minimize conflicts while accounting for network
topology and propagation [44].

2.3.3. Carrier Aggregation

Carrier Aggregation (CA), introduced in LTE Release
10, enables simultaneous transmission on multiple compo-
nent carriers (each up to 20 MHz), creating effective band-
widths of 40-100 MHz or more [45]. Three CA types exist:

1) Intra-band contiguous: Adjacent carriers in same
band

2) Intra-band non-contiguous: Separated carriers in
same band

3) Inter-band: Carriers in different frequency bands
(e.g., aggregating 1800 MHz and 2600 MHz)

Field trials demonstrate significant throughput gains:
combining two 20 MHz carriers yields aggregate down-
link rates exceeding 200 Mbps, more than double single-
carrier performance [37]. However, CA benefits depend
on balanced traffic load across carriers and sufficient back-
haul capacity; otherwise, one carrier becomes a bottleneck
[37], [45].

3. MTN Nigeria LTE and GOtv Nigeria DVB-T2 Deploy-
ments

3.1. MTN Nigeria LTE Deployment: Case Study Analysis
A comparative case study carried out in 2021 between

MTN and other LTE providers in Nigeria [46] examined

MTN, Glo, Airtel, and 9Mobile across multiple Nigerian
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Table 6. MTN Nigeria - LTE Deployment Parameters.

S/N LTE Parameters

Description

Spectrum Bands: 1800 MHz (Band 3), 2600 MHz (Band 7), and 700/800 MHz (for cov-
Channel Bandwidths: 5 MHz to 20 MHz depending on site classification and spec-

Typical deployment: 20 MHz carriers in urban sites, narrower bandwidths in rural

a) Higher than competitors due to broader spectrum holdings and denser net-

b) Competitors (Airtel, Glo, 9Mobile) achieved only 5-15 Mbps with narrower

b) During congestion: >200 ms (severely degrading interactive applications)
¢) Note: Higher than theoretical LTE minimums (~10 ms), attributed to back-

c) Attributed to interference and insufficient retransmission budget
Rural/peri-urban areas: Frequent coverage gaps, dropped calls, and handover fail-
ures due to suboptimal site placement and limited backhaul,

Urban areas: Better performance but backhaul congestion during busy hours re-

Often microwave or leased European format for digital transmission (E1) lines with
aggregate capacity less than theoretical peak throughput of radio interface, and

1 Network Configu- i).
ration erage extension).
ii).
trum holdings.
iii).
areas.

iv). Average Downlink Throughput: 15-35 Mbps:
work deployment.
bandwidths (5-10 MHz)

v). Latency:
a) Median: 40-80 ms
haul or core network delays
vi). Packet Loss:
a) Well-covered areas: <1%
b) Congested cells/cell edges: 5-10%, and
2 Coverage Issues i).
ii).
mains a bottleneck.
3 Infrastructure i).
Challenges
ii).

Signal Strength vs. Performance Discrepancy: Users observe full signal strength yet
experience sluggish application performance due to core network/backhaul limita-

tions rather than radio issues.

cities. The study highlighted MTN advantages including;
1). Broader spectrum holdings (20 MHz carriers vs 5-10
MHZz for competitors); 2). Denser site deployment; and 3).
Consistently higher throughput (15-35 Mbps vs 5-15
Mbps). Common challenges identified across all operators
included: 1). Backhaul bottlenecks; 2). High latency during
congestion; 3). Coverage gaps in rural areas; and 4). Inter-
ference management issues. Table 6 presents detailed LTE
parameters for MTN Nigeria's network, extracted from
field measurements and operator specifications [18], [19],
[46].

3.2. GOtv Nigeria DVB-T2 Deployment: Case Study Anal-
ysis

GOtv's deployment demonstrates DVB-T2's capacity
to deliver affordable television services across sub-Sa-
haran Africa despite infrastructure challenges. The plat-
form achieves 80%+ urban population coverage through
strategic transmitter placement and SFN optimization
[20]. However, ongoing challenges include interference
mitigation, consumer education about digital television
benefits, and infrastructure costs in remote locations with
unreliable electrical power requiring backup generation

systems [47]. Table 7 presents detailed DVB-T2 parameters
for GOtv Nigeria's terrestrial television network [20], [47].

3.3. OFDM Relationship with LTE and DVB-T2 Technolo-
gies

3.3.1. Relationship between OFDM and LTE Technology
with Related Parameters

Long Term Evolution (LTE) is a wireless communica-
tion standard, while orthogonal frequency division multi-
plexing (OFDM) is a modulation technique used by
LTE. LTE is the overall technology for 4G cellular net-
works that defines how devices communicate, offering
high speeds and spectral efficiency. OFDM is the specific
method LTE uses to transmit data efficiently over multi-
ple, orthogonal subcarriers. LTE uses a version called
OFDMA for the downlink, which allows it to allocate dif-
ferent subcarriers to different users, making it more effi-
cient.

LTE uses OFDM as its physical layer to transmit data,
but it uses a variant called Orthogonal Frequency Division
Multiple Access (OFDMA) for the downlink and Single
Carrier Frequency Division Multiple Access (SC-FDMA)
for the uplink. OFDM is effective because it divides a high-
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data-rate stream into many narrowband sub-carriers,
making the system more resistant to fading and interfer-
ence and allowing for high data rates.

Key LTE parameters for OFDM implementation in-
clude the channel bandwidth (1.5 to 20 MHz), OFDM sym-
bol duration (66.7 us), and cyclic prefix (CP) length (typi-
cally 4.7 or 5.2 us). Other crucial parameters are the num-
ber of subcarriers (derived from the number of resource
blocks, the inverse fast Fourier Transform (IFFT) size (2048
is mentioned for a full-rate symbol), and the modulation
scheme (quadrature amplitude modulation (QAM) or
phase shift keying (PSK)).

1) The time-domain and frequency-domain parame-

ters include:

a) Channel Bandwidth: Varies from 1.5 to 20
MHz.

b) OFDM Symbol Duration (Tsym): 66.7 s,
not including the CP.

c) Cyclic Prefix (CP): Added to each OFDM
symbol to mitigate inter-symbol interfer-
ence.

i). Normal CP: 4.7 p.
ii).  Extended CP: 5.2 u for the first
symbol of a slot

d) Time-domain windowing: Used to over-
lap adjacent OFDM symbols.

2) The Subcarrier and modulation LTE parameters
for OFDM implementation include:

a) Subcarriers: The number of active subcar-
riers is determined by the number of re-
source blocks (RBs), with 12 subcarriers
per RB.

b) IFFT Size: The size of the IFFT block is
chosen based on the number of subcarri-
ers, for example, 2048 for a full-rate sym-
bol.

¢) Modulation Scheme: Downlink uses
OFDM and Uplink uses SC-FDMA
(which shares similarities with OFDM).

d) Multiple Access Scheme: OFDMA is
used.

3.3.2. Relationship Between OFDM and DVB-T2 Technol-
ogy with Related Parameters

DVB-T2 is an implementation of the OFDM modula-
tion scheme, not a direct alternative to it. OFDM is the un-
derlying technology used in DVB-T2 to transmit data over
many orthogonal subcarriers, while DVB-T2 is the specific
standard that defines how that technology is used for dig-
ital terrestrial television (TV), including more advanced
features like better coding, more flexible configurations,
and greater efficiency. DVB-T2 OFDM parameters for im-
plementation include selectable FFT modes (1K to 32K),
various guard intervals (e.g., 1/128, 1/32, 1/16, 19/256, 1/8,

19/128, 1/4), and different modulation schemes like 64-
QAM and 256-QAM, as well as a wide range of coding
rates. The choice of these parameters, especially the FFT
mode and guard interval, impacts system stability and
performance for different applications, such as mobile re-
ception.

3.3.3. Performance Gaps between Theoretical and Practical

LTE Applications

The substantial disparity between theoretical LTE
peak rates (Table 3) and field-measured throughput (15-35
Mbps average) [26] reflects multiple real-world con-
straints. Backhaul limitations constitute a primary bottle-
neck in emerging markets in which base stations often
have microwave or leased-line connections with aggregate
capacity below radio interface peak throughput. During
busy hours, backhaul congestion causes high latency (>200
ms), packet loss (5-10%), and throughput collapse, even
when radio signal strength is adequate [26].

Interference further degrades performance due to
several mechanisms. Co-channel interference from neigh-
boring cells limits SINR, constraining achievable modula-
tion orders. In multi-cell deployments, frequency reuse
patterns cause inevitable interference at cell boundaries
where signals from multiple base stations overlap. Addi-
tionally, non-ideal antenna radiation patterns create cov-
erage overlaps beyond planned boundaries. External in-
terference from improperly shielded equipment, harmon-
ics from broadcasting stations, and illegal transmitters fur-
ther compound the problem. In dense urban deployments,
sophisticated inter-cell interference coordination (ICIC)
and enhanced ICIC (eICIC) mitigates but do not eliminate
interference [48], [49]. The eICIC refers to advanced tech-
niques including Almost Blank Subframes (ABS) that re-
duce interference in heterogeneous networks by time-do-
main resource partitioning. Suboptimal network plan-
ning-coverage holes, overlapping coverage causing hand-
over problems, load imbalances-compounds these issues.
The parameter space is vast (hundreds of tunable parame-
ters per base station), and manual optimization is labor-
intensive [30].

Propagation impairments are fundamental: path loss,
shadowing, and multipath fading degrade signal quality.
Indoor penetration loss can exceed 20 dB; rural areas suffer
from long cell radii increasing delay spread and Doppler
spread [32], [50]. These impairments are exacerbated in
frequency bands above 2 GHz, where path loss increases
and diffraction becomes less effective.

3.3.4. DVB-T2 Deployment Success Factors

The DVB-T2’s 30-50% spectral efficiency gain over
DVB-T stems from multiple enhancements, namely: 1). su-
perior LDPC/BCH error correction approaching Shannon
capacity; 2). larger FFT options enabling extensive SFNs;
3). rotated constellations improving mobile reception; and
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Table 7. GOtv Nigeria - DVB-T2 Deployment Parameters.

S/N DVB-T2 Parameters

Description

FFT Size: 8k or 16k (balancing SFN capability and receiver complexity), and
Guard Interval: 1/16 or 1/8 (accommodating moderate to large SFN distances).

a) 16-QAM or 64-QAM for most channels,

b) 256-QAM in favorable coverage areas to maximize capacity,
iv).  Code Rate: 2/3 to 3/4 (balancing robustness and data rate), and
v). Channel Bandwidth: 8 MHz (UHF Band IV/V - standard for Africa).

1 Physical Layer i).

Configuration ii).
iii). Modulation:

2 Coverage Perfor- i).

mance ii).

3. Deployment Chal- i).
lenges in Nigeria

Urban Coverage: Population coverage exceeding 80% in major urban centers, and
Expansion: Ongoing densification in secondary cities and rural areas.

Interference: From illegal transmitters (pirate radio stations, improperly configured
equipment), necessitating spectrum monitoring and enforcement

ii). Consumer Adoption Barriers:
a) Many households retain analog TVs or lack awareness of digital TV benefits,

and

b) Affordability concerns slowing adoption,

iii).  Infrastructure Costs:

a) Deploying and maintaining transmitter sites expensive, especially in remote
areas with unreliable power, and
b) Requires backup generators and batteries.

4.  Service Offering i).

Platform Type: Terrestrial pay-TV service (MultiChoice subsidiary),

ii).  Target Market: Middle- and lower-income households,
iii).  Pricing: Equivalent to 31,900 — ¥16,800/month (significantly below satellite alterna-

tives like DStv),

iv).  Content: Dozens of channels (news, sports, entertainment, movies), and
v).  Value Proposition: More channels within limited spectrum, improved picture qual-
ity, lower distribution costs compared to satellite

Table 8. OFDM Transceiver Signal Processing Chain for LTE and DVB-T2 Systems.

S/N Transmitter Processing

Receiver Processing

1 Input data undergoes FEC encoding (Turbo for LTE, LDPC +

BCH for DVB-T2)

Interleaving disperses burst errors

QAM mapping converts bits to complex symbols
MIMO encoding (LTE) creates spatial streams
Pilot insertion for channel estimation

IFFT converts frequency domain to time domain
Cyclic prefix guards against multipath

NON U W

ADC digitizes received analog signal

Cyclic prefix removal extracts OFDM symbols
FFT converts time domain to frequency domain
Channel estimation from pilot subcarriers
Equalization compensates channel distortion
MIMO decoding (LTE) recovers spatial streams
Demodulation and FEC decoding recover data

4). 256-QAM support in favorable conditions [12], [40].
GOtv's successful deployments across Africa demonstrate
DVB-T2’s viability for affordable pay-TV, though chal-
lenges persist: interference from illegal transmitters, con-
sumer awareness gaps, and infrastructure costs in remote
areas with unreliable power [20], [47].

SEN planning requires precise GPS synchronization
of transmitters and careful guard interval selection to ac-
commodate maximum differential delay. ITU guidelines
indicate 32k FFT with 1/8 GI enables SFN distances ex-
ceeding 60 km in 8 MHz channels [30]. However, larger
FFTs increase receiver complexity and latency propor-
tional to symbol duration. Physical Layer Pipes enable
graceful degradation: as signal quality declines, receivers

switch to more robust PLPs, maintaining service continu-
ity [12].

4. Proposed Algorithm Design, Methodology and Real-
Time Implementation Strategies
4.1. OFDM Transceiver Processing Architecture

The practical realization of OFDM systems for MTN's
LTE and GOtv's DVB-T2 deployments requires systematic
implementation of complementary transmitter and re-
ceiver signal processing chains. Table 8 summarizes the
seven fundamental processing stages that transform bi-
nary source data into transmitted radio waveforms and
subsequently recover information at the receiver despite
channel impairments. The OFDM transceiver signal pro-
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cessing chain for LTE and DVB-T2 systems of Table 8 is
synthesized from 3GPP TS 36.211 [4], ETSI EN 302 755 [12],
and field implementation experience [18]-[20], [51]-[56].
This bilateral processing architecture, common to both
LTE and DVB-T2 despite their distinct application do-
mains, reflects the inherent symmetry of OFDM systems
while accommodating technology-specific variations in
coding schemes and multi-antenna configurations.

The transmitter processing sequence begins with for-
ward error correction encoding, the first line of defense
against channel degradation. LTE systems employ turbo
codes specified in 3GPP TS 36.212, utilizing parallel con-
catenated convolutional codes with iterative decoding ca-
pability that approaches Shannon capacity limits within
0.5 dB for sufficiently large block sizes [4]. The turbo en-
coder architecture, comprising two constituent recursive
systematic convolutional encoders separated by an inter-
leaver, generates systematic and parity bits at rates adjust-
able from 1/3 (maximum redundancy) to nearly unity
through puncturing patterns matched to instantaneous
channel quality reported via CQI feedback. In contrast,
DVB-T2 adopts more recent LDPC codes concatenated
with outer BCH codes as specified in ETSI EN 302 755,
achieving similar performance with reduced decoder com-
plexity particularly advantageous for consumer receiver
equipment [12]. The LDPC block length of 64,800 bits with
code rates spanning 1/2 to 5/6 enables fine-grained trade-
off between robustness and spectral efficiency, with the
BCH outer code lowering error floors below 107%° required
for broadcast-quality video delivery.

Interleaving, the second transmitter stage, disperses
coded bits across time and frequency resources, trans-
forming burst errors from deep fades or impulsive inter-
ference into isolated errors more amenable to correction by
the FEC decoder. LTE employs subblock interleaving
within each 1 ms subframe followed by resource element
mapping that distributes data across available resource
blocks, while DVB-T2 implements more extensive bit in-
terleaving, cell interleaving, and time interleaving stages
reflecting the longer symbol durations and larger FFT
sizes characteristic of broadcast systems [12], [20]. The in-
terleaver design directly impacts system performance un-
der realistic channel conditions; field measurements from
MTN's network indicate that proper interleaving reduces
error floor by approximately 2-3 dB in urban environ-
ments characterized by vehicle-induced fast fading and
building reflections [26].

QAM modulation mapping, stage three, assigns
coded and interleaved bit sequences to points in complex
signal space, with constellation size determining spectral
efficiency. MIN's LTE deployment dynamically selects
among QPSK (2 bits/symbol), 16-QAM (4 bits/symbol), 64-
QAM (6 bits/symbol), and 256-QAM (8 bits/symbol) based
on instantaneous channel quality, with the adaptive mod-

ulation and coding scheme enabling throughput variation
from approximately 5 Mbps in cell-edge conditions to 35
Mbps for users near the base station [18], [26]. GOtv's
DVB-T2 system typically fixes modulation at 64-QAM for
the primary service layer, providing stable data rate while
maintaining adequate link margin for fixed rooftop recep-
tion [20]. The DVB-T2 specification uniquely incorporates
constellation rotation, applying phase offset (typically 29
degrees for 64-QAM) that maps in-phase and quadrature
components to independent bit positions, substantially
improving performance for mobile reception where Dop-
pler spread causes time-selective fading [12], [40].

MIMO spatial encoding, stage four, applies only to
LTE systems supporting multiple antenna transmission.
The 4x4 MIMO configuration documented in Table 2 cre-
ates up to four independent spatial streams through pre-
coding matrices that exploit multi-path propagation, theo-
retically quadrupling capacity compared to single-an-
tenna transmission [4], [36]. However, field trials in Nige-
rian urban environments reveal that practical MIMO gains
typically reach only 2-2.5x due to correlation between an-
tenna elements in compact base station arrays and insuffi-
cient angular spread in line-of-sight dominant scenarios
[46]. DVB-T2 omits MIMO processing in Table 10 as the
standard emphasizes single-input single-output broad-
cast, though recent Multi-PLP extensions support basic
transmit diversity.

Pilot insertion, the fifth stage, embeds known refer-
ence symbols at predetermined subcarrier locations, es-
sential for receiver channel estimation and equalization.
LTE allocates cell-specific reference signals at every sixth
subcarrier with offset varying by cell ID to minimize inter-
cell pilot collision, consuming approximately 5-10% of
available resources depending on antenna configuration
[4]. DVB-T2 employs scattered pilot patterns with density
adjustable from 1% to 16% of carriers, trading pilot over-
head against channel estimation accuracy [12]. The pilot
design profoundly influences performance in frequency-
selective and time-varying channels; inadequate pilot den-
sity degrades channel estimates leading to post-equaliza-
tion noise enhancement, while excessive pilots reduce net
data rate. Analysis of GOtv deployments suggests that the
standard scattered pilot pattern (PP7) with 4% density
proves optimal for Nigerian UHF propagation conditions,
providing acceptable C/N penalty below 0.5 dB [20].

The IFFT operation, stage six and arguably most de-
fining for OFDM, transforms frequency-domain modula-
tion symbols to time-domain transmit waveform. This
mathematical operation, efficiently implemented through
radix-2 or radix-4 butterfly algorithms, enables simultane-
ous transmission across hundreds or thousands of orthog-
onal subcarriers without requiring corresponding banks of
oscillators and filters [51], [57]. For MTN's 10 MHz LTE
configuration utilizing 1024-point IFFT, each subcarrier
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occupies exactly 15 kHz bandwidths with adjacent carriers
maintaining orthogonality (integral number of cycles over
symbol period) eliminating inter-carrier interference de-
spite spectral overlap [4]. GOtv's 8k IFFT for DVB-T2 gen-
erates symbols spanning approximately 1 ms duration for
8 MHz channels, the extended symbol time reducing sen-
sitivity to Doppler spread while enabling larger guard in-
tervals accommodating SFN inter-transmitter delays [12].

Cyclic prefix addition, the final transmitter stage, pre-
pends the last portion of each OFDM symbol to its begin-
ning, converting linear convolution with the multipath
channel into circular convolution that preserves orthogo-
nality. MTN's 72-sample normal CP extends approxi-
mately 4.7 microseconds, adequate for urban delay
spreads typically below 3 microseconds while limiting
overhead to reasonable 5% [4], [26]. GOtv's 512-sample
guard interval (1/16 of 8192-point FFT) provides 64 micro-
seconds protection, deliberately oversized relative to typi-
cal multipath delay to accommodate SFN operation where
signals from multiple synchronized transmitters arrive
with differential delays up to 19 kilometers worth of prop-
agation time [12], [20]. This guard interval represents con-
scious trade-off sacrificing 6.25% capacity for SFN deploy-
ment flexibility that reduces spectrum requirements and
improves coverage homogeneity across service areas.

Receiver processing reverses transmitter operations
while compensating for channel-induced distortions. The
analog-to-digital converter digitizes the received RF signal
following down-conversion and anti-aliasing filtering,
with sampling rate matched to transmitter (30.72 MHz for
LTE 20 MHz, proportionally less for narrower band-
widths). Cyclic prefix removal discards guard samples re-
taining only the useful OFDM symbol portion, effectively
windowing the received waveform before FFT processing.
The FFT operation transforms back to frequency domain,
recovering individual subcarrier modulation with degra-
dation proportional to estimation errors in symbol timing
synchronization and carrier frequency offset compensa-
tion [58], [59].

Channel estimation exploits pilot subcarriers to char-
acterize complex frequency response across all active car-
riers. LTE receivers typically implement least-squares esti-
mation at pilot positions followed by linear or spline inter-
polation for data subcarriers, with Wiener filtering op-
tional for enhanced performance at cost of increased com-
plexity [4]. Measurement results from MTN field trials in-
dicate that simple linear interpolation suffices for urban
environments where channel coherence bandwidth ex-
ceeds 200 kHz, while frequency-selective fading in longer
delay spread rural scenarios benefits from more sophisti-
cated techniques [26]. DVB-T2 channel estimation faces
greater challenges due to higher mobility tolerance re-
quirements; receivers must track variations over symbol
periods exceeding 1 millisecond, necessitating time-do-

main interpolation across multiple OFDM symbols ex-
ploiting temporal correlation [12], [39].

Equalization compensates multiplicative channel ef-
fects, essentially dividing received subcarrier samples by
complex channel gains estimated in the previous stage.
Zero-forcing equalization, despite amplifying noise in
deep fades, proves adequate for OFDM systems when
combined with proper FEC coding [57], [60]. More sophis-
ticated MMSE equalizers that balance equalization error
against noise enhancement demonstrate 1-2 dB advantage
in frequency-selective channels but require channel noise
power estimation complicating implementation [55]. For
LTE MIMO reception, equalization extends to matrix in-
version or more sophisticated detection algorithms recov-
ering spatial streams from combined antenna signals [36].
The computational intensity of MIMO detection repre-
sents significant challenge for FPGA implementation, con-
suming substantial DSP slice resources particularly for 4x4
configurations [55]-[60].

Demodulation computes log-likelihood ratios quanti-
fying reliability of decoded bits, providing soft infor-
mation to subsequent FEC decoder. The LLR calculation
incorporates channel state information from equalization,
properly weighting bit decisions according to local signal
quality. MTN receiver implementations observed during
network optimization indicate that accurate LLR compu-
tation improves decoder performance by 1.5-2 dB com-
pared to hard-decision demodulation, critical for cell-edge
users operating near sensitivity limits [26]. DVB-T2 de-
modulation additionally reverses constellation rotation,
requiring joint processing of in-phase and quadrature
components to recover maximum likelihood bit estimates
[40].

FEC decoding, the final receiver stage, iteratively re-
fines bit estimates exploiting redundancy introduced by
transmitter encoding. LTE turbo decoders typically exe-
cute 6-8 iterations with early termination upon conver-
gence detected through cyclic redundancy checks, achiev-
ing BER below 10-¢ at SNR within 1 dB of theoretical limits
for properly designed systems [4]. DVB-T2 LDPC decod-
ers leverage sparse parity-check matrix structure enabling
efficient message-passing algorithms, with commercial
implementations supporting throughput exceeding 100
Mbps adequate for real-time high-definition video at code
rates 2/3 to 3/4 [12]. The decoder architecture and imple-
mentation quality critically influence overall system per-
formance; early GOtv receivers employing suboptimal
LDPC implementations exhibited error floors approxi-
mately 1 dB higher than current generation devices incor-
porating refined algorithms [20].

The bilateral processing architecture presented in Ta-
ble 8, while conceptually straightforward, embodies dec-
ades of communications theory translated into practical al-
gorithms amenable to real-time implementation. FPGA re-
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alizations of this complete chain demand careful resource
allocation, pipeline optimization, and numerical precision
management to achieve required throughput within avail-
able logic cells, DSP slices, and block RAM [55]-[60].
MTN's LTE base station implementations typically distrib-
ute processing across multiple FPGAs with dedicated de-
vices handling computationally intensive MIMO detection
and turbo decoding, while GOtv's DVB-T2 transmitters in-
tegrate most functionality into single high-end FPGA sup-
plemented by dedicated LDPC encoder ASICs for cost-ef-
fectiveness at scale [18], [20]. The processing latency bud-
get allocation proves crucial: LTE's stringent 10 ms round-
trip requirement necessitates minimal processing delays
(<5 ms total for physical layer), while DVB-T2's broadcast
nature tolerates multi-second latencies enabling software
implementations for non-real-time content preparation.

This systematic processing framework, validated
through both theoretical analysis and extensive field de-
ployment experience captured in references [18]- [20], [26],
[46], [51]-[56], provides essential foundation for under-
standing OFDM system operation, troubleshooting de-
ployment issues, and implementing enhancements ad-
dressing specific performance limitations observed in Ni-
gerian telecommunications infrastructure.

4.2. The OFDM Algorithm
4.2.1. The Algorithm

This work uses MATLAB from MathWorks [61] to
build an O+F OFDM algorithm for digital communication
system that follows the IEEE 802.11a standard [62]. The
overall system is split into four main parts [61], each han-
dling a different stage of communication.

1) The first part, Generate OFDM Signal, takes the
original message and turns it into a stream of bits.
These bits go through PSK modulation, followed
by OFDM modulation, and preamble symbols are
then added at the front to put together a single
frame. This frame is sent out more than once, with
the total number of repetitions controlled by the
numFrames setting.

2) The second part, Apply OFDM Channel, brings in
real-world effects by adding carrier offset, timing
offset, and additive white Gaussian noise
(AWGN) to the signal.

3) The third part, Receive OFDM Signal, handles eve-
rything on the receiving end. It works through
timing recovery, carrier frequency recovery, chan-
nel equalization, and finally demodulation to pro-
cess the incoming signal. It can also display differ-
ent views to help monitor how the signal is being
recovered. Once done, it outputs the recovered bit
stream from all the frames it managed to detect.

4) The fourth part, Calculate OFDM BER, compares
the recovered bits against the original message in

each frame to figure out both the frame error rate
(FER) and the bit error rate (BER).

4.2.2. Description of the Individual Components and Al-
gorithms

1) Transmitter: The transmitter takes an ASCII pay-
load and uses the IEEE 802.11a standard [63] to
build an OFDM signal. Every frame that gets sent
out is made of a number of OFDM symbols, which
include both preamble and data symbols. The
transmitter sends out copies of the same frame as
many times as the user sets. If needed, extra pad-
ding is added so the data fits properly into the
OFDM grid.

2) Channel: This part of the system is meant to copy
what actually happens when a signal travels
through the air. It adds phase and frequency offset
to the signal, introduces a delay to represent the
time it takes for the signal to travel between the
transmitter and receiver, and also adds AWGN.
How much noise gets added is set using a value in
dB.

3) Receiver: The receiver is responsible for getting
back the original message that was sent. It does
this through four steps carried out one after an-
other.

a) Timing Recovery: This step figures out
where each frame starts within the re-
ceived signal. To do this, it looks for a
known preamble pattern by running a
cross-correlation across the data. The re-
sult of this process shows a recognizable
set of peaks that point to where the pre-
amble is. The preamble was originally de-
signed so that it creates this distinct pat-
tern in the time domain. This approach
comes from the method described in [53].
To confirm a match, the system checks
that the peaks meet a minimum height
threshold and that enough peaks are pre-
sent.

b) Carrier Frequency Recovery: To estimate the
frequency offset, the system looks at how
the phase changes between the two halves
of the long preamble section defined by
the 802.11a standard [52]. This phase dif-
ference is then used to calculate the actual
frequency offset. This method was first
described by Schmidl and Cox [64] and is
widely used in practice. The way this sys-
tem measures phase assumes that the true
offset falls within one FFT bin, which is pi
in phase. For the 802.11a standard, each
bin covers a width of 312.5 kHz.
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c) Frequency Domain Equalization: Because
the frequency estimate is not always per-
fectly accurate, some extra phase rotation
can still show up at the subcarrier level of
the OFDM symbol. On top of that, chan-
nel fading can also change how the signal
looks by the time it arrives. A frequency
domain equalizer is used to fix both of
these problems. This equalizer works in
two stages that make use of preamble and
pilot data. In the first stage, the long pre-
amble is used to generate correction taps,
which are then applied to the received
payload to clean it up. After that, the pilot
subcarriers are pulled out and spread
across the full frequency range through
interpolation, giving a more complete pic-
ture of the channel. The payload is then
corrected a second time using these pilot-
based estimates.

d) Data Decoder: As the final step, the data on
each OFDM subcarrier is demodulated
and then put through PSK demodulation
to turn it back into bits, making it possible
to recover the original message.

4) BER Calculation: This part compares the original
message with the bit stream that was recovered at
the receiver. From this comparison, the system
works out both the FER and the BER. Any frames
that were not successfully detected are left out of
these calculations.

4.3. OFDM Parameters and Algorithms for the Implemen-
tation of LTE and DVB-T2

The OFDM Parameters and Algorithm for the Imple-

mentation of LTE and DVB-T2 for MTN Nigeria and GOtv
Nigeria respectively are summarized in the following.

1) Obtain the defined related parameters listed in Ta-
ble 9 for the MTN Nigeria for LTE implementa-
tion;

2) Obtain the defined related parameters listed in Ta-
ble 10 for the GOtv Nigeria for DVB-T2 implemen-
tation;

3) Create a QPSK modulator and demodulator pair;

4) Create an OFDM modulator and demodulator
pair with user-specified pilot indices, an inserted
DC null, two transmit antennas, and two receive
antennas. Specify pilot indices that vary across an-
tennas;

5) Obtain the resource mapping of pilot subcarriers
for each transmit antenna;

6) Determine the dimensions of the OFDM modula-
tor by using the info method;

7) Apply QPSK modulation to the random symbols

and reshape the resulting column vector to match
the OFDM modulator requirements;

8) Simulate the OFDM system over 100 frames as-
suming a flat, 2x2, Rayleigh fading channel;

9) Remove the effects of multipath fading using a
simple, least squares solution, and demodulate
the OFDM waveform and QPSK data;

10) Generate error statistics by comparing the original
data with the demodulated data; and

11) Implement the algorithm listed in Algorithm 1
and Algorithm 2 for LTE-based MTN Nigeria and
DVB-T2-based GOtv Nigeria respectively.

Table 9 presents the complete set of adjustable OFDM
channel parameters specifically configured for MTN Ni-
geria's LTE deployment operating at 10 MHz bandwidth
(corresponding to 1024-point FFT as specified in 3GPP TS
36.211). These parameters have been extracted from field
measurements and operational configurations deployed
across MTN's network infrastructure in Nigerian urban
environments. The configuration employs 50 resource
blocks matching the standard LTE 10 MHz allocation, with
212 guard band subcarriers on each side to prevent adja-
cent channel interference. The cyclic prefix length of 72
samples corresponds to Normal CP mode suitable for typ-
ical urban delay spread conditions observed in Lagos,
Abuja, and other major Nigerian cities. The channel noise
level of 12 dB and SNR of 18 dB reflect realistic operating
conditions considering backhaul limitations, inter-cell in-
terference, and propagation impairments documented as
discussed in Section 4.3 and Table 9. The filter parameters
(length 72, order 513, sidelobe attenuation 40 dB) are opti-
mized for spectral containment while maintaining compu-
tational efficiency in FPGA implementation. These param-
eter values enable reproduction of MTN's LTE perfor-
mance characteristics including the measured average
throughput of 15-35 Mbps reported in field studies [26],
[46], [65]-[67].

Table 10 specifies the adjustable OFDM channel pa-
rameters configured for GOtv Nigeria's DVB-T2 terrestrial
television broadcast system operating in the UHF band
(470-862 MHz) with 8 MHz channel spacing as standard-
ized by ETSI EN 302 755. The 8k FFT size (8192 points) rep-
resents GOtv's typical deployment configuration across
sub-Saharan Africa, providing an optimal balance be-
tween Single Frequency Network (SFN) capability and re-
ceiver complexity as documented in Section 3.2 and Table
4. The guard interval of 512 samples corresponds to 1/16
of the FFT size, enabling SFN distances up to 17 km suita-
ble for Nigerian urban deployments where multiple syn-
chronized transmitters serve metropolitan areas. With 426
guard band subcarriers on each side, the system allocates
7340 active data carriers for content delivery, supporting
GOtv's service portfolio of approximately 40 standard def-
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Table 9. Adjustable OFDM channel parameters of LTE for MTN Nigeria.

S/N Parameter Description

Parameter Symbol

Parameter Value

1 Channel noise level (dB)

2 Frequency offset (Hz)

3  Phase offset (Degrees)

4 Initial sample offset for entire data stream (samples)
5  Set RNG state for state repaetability

6  Number of guard bands on both sides

7 Number of frames

8  Number of subband

9  Sub-band size

10 Number of IFFT points

11  Number of FFT points

12 Number of resource blocks

13 Number of complex symbols per OFDM symbol
14 Length of filter

15  Prototype filter size

16  Sidelobe Attenuation (dB)

17 Number of subcarriers per resource block

18  Cyclic prefix length in samples

19  Sub-carrier and number of bits

20 SNRindB

21 Tone offset or excess bandwidth (in subcarriers)
22 Oder of Filter length (Odd number)

CNL_dB 12
frequencyOffset le4
phaseOffset 15
delay 80
s_RNG rng(211)
num_GB 212
num_frames 100
num_SB 10
SB_size 20
num_IFFT 1024
num_FFT 1024
num_RBs 50
Num_ComSym numFFT - 2num_GB = 600
Len_Filter 72
Size_PF [0.971960 sqrt(2)/2 0.235147]
SLobe_Atten 40
rbSize 12
cpLen 72
QPSK 64
snrdB 18
toneOffset 2.5
Num_FOL 513

Table 10. Adjustable OFDM channel parameters of DVB-T2 for GOtv MTN Nigeria.

S/N Parameter Description

Parameter Symbol

Parameter Value

1  Channel noise level (dB)

2 Frequency offset (Hz)

3 Phase offset (Degrees)

4  Initial sample offset for entire data stream (samples)
5  Set RNG state for state repaetability

6  Number of guard bands on both sides

7 Number of frames

8  Number of subband

9  Sub-band size

10 Number of IFFT points

11 Number of FFT points

12 Number of resource blocks

13 Number of complex symbols per OFDM symbol
14 Length of filter

15  Prototype filter size

16  Sidelobe Attenuation (dB)

17 Number of subcarriers per resource block

18  Cyclic prefix length in samples

19  Sub-carrier and number of bits

20 SNRindB

21  Tone offset or excess bandwidth (in subcarriers)
22 Oder of Filter length (Odd number)

CNL_dB 15
frequencyOffset 5e3
phaseOffset 10
delay 120
s_RNG rng(211)
num_GB 426
num_frames 50
num_5SB 16
SB_size 32
num_IFFT 8192
num_FFT 8192
num_RBs num_FFT - 2xnum_GB = 7340
Num_ComSym numFFT - 2*num_GB =7340
Len_Filter 256
Size_PF [0.985 0.707 0.198]
SLobe_Atten 50
rbSize N/A (DVB-T2 structure)
cpLen 512 (GI = 1/16)
QPSK 6 bits/symbol
snrdB 20
toneOffset 3.5
Num_FOL 1025

inition channels and 10 high-definition channels as ana-
lyzed in the DVB-T2 simulation results. The 64-QAM mod-
ulation with 6 bits per symbol combined with LDPC code
rate of 3/4 (implicit in the configuration) achieves spectral

efficiency sufficient for achieving 80%+ urban population
coverage reported in Table 6. The higher channel noise
level (15 dB) compared to LTE reflects the broadcast na-
ture of DVB-T2 where fixed rooftop antennas must accom-
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Algorithm 1. Algorithm for LTE-based MTN Nigeria Implementation.
Initialize parameters from Table 9 (num_FFT=1024, cpLen=72, num_RBs=50)
for k= 1:num_frames
Set RNG state (rng(211))
Design Kaiser window (SLobe_Atten=40 dB)
Generate QPSK symbols (64 total, 2 bits/symbol)
Construct symmetric filter (Len_Filter=72, Num_FOL=513)
Map symbols to 600 active subcarriers (excluding 212 guard bands)
Compute 1024-point IFFT
Add cyclic prefix (72 samples, Normal CP)
Generate pilot symbols (every 6th subcarrier per LTE standard)
Apply Rayleigh fading channel (TU model, Doppler=50 Hz)
Add AWGN (SNR=18 dB, noise level=12 dB)
Apply frequency offset (1e4 Hz) and phase offset (15°)
Receiver processing:
Remove cyclic prefix
Perform 1024-point FET
Channel estimation from pilots (LS algorithm)
Zero-forcing equalization
Demodulate QPSK symbols
Compute performance metrics for LTE-based MTN Nigeria:
BER with delay compensation (80 samples)
PAPR using CCDF method
PSD using Welch periodogram
SNR estimation
Verify signal integrity
End

Algorithm 2. Algorithm for DVB-T2-based GOtv Nigeria Implementation.
Initialize parameters from Table 10 (num_FFT1=8192, cpLen=512, GI=1/16)
for k= 1:num_frames

Set RNG state (rng(211))

Design window (SLobe_Atten=50 dB, larger FFT)

Generate 64-QAM symbols (6 bits/symbol)

Apply constellation rotation (29° for DVB-12)

LDPC encoding (code rate=3/4, block length=64800)

BCH outer encoding

Interleaving (bit and symbol levels)

Construct filter (Len_Filter=256, Num_FOL=1025)

Map 7340 symbols to active carriers (426 guard bands each side)

Insert scattered pilots (every 3rd carrier)
Compute 8192-point IFFT
Add guard interval (512 samples = 1/16 x 8192)
Apply TUG6 channel model (6-tap, urban environment)
Add AWGN (C/N=20 dB, noise=15 dB)
Apply frequency offset (5e3 Hz) and phase offset (10°)
Receiver processing:
Remove guard interval
Perform 8192-point FET
Channel estimation from scattered pilots (interpolation)
Equalization (ZF or MMSE)
Undo constellation rotation
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Demodulate 64-QAM

LDPC decoding (iterative, max 50 iterations)
BCH decoding

Deinterleaving

Compute DVB-T2 specific metrics for DV_T2-based GOtv Nigeria:

BER post-FEC
PAPR for OFDM signal
PSD across 8 MHz bandwidth
C/N estimation
Modulation Error Ratio (MER)
SEN delay verification (within 512-sample guard interval)
end

Table 11. Optical + Filter (O+F) OFDM simulation parameters for the LTE for MTN Nigeria and DVB-T2 for GOtv Nigeria.

S/N Simulation Parameters LTE-Based O+F OFDM  DVB-T2 based O+F OFDM
for MTN Nigeria for GOtv Nigeria
1  Configura- Fast Fourier Transform (FFT)FFT 1024 (1k) 8192 (8k)
tion GI - 512 (1/16)

Cyclic prefix (CP) 72 -
Resource Blocks (RB) 50 -
Active Carriers 600 7340
Modulation - 64-QAM
Code Rate - 0.75
Carrier-to-Noise (C/N) Ratio in dB - 20
Number of Frames 100 50

2 Average BER (Post FEC) 4.9129e-01 5.0195e-01

3  Average PAPRin dB 17.11 32.10

4  Average C/N (Estimated) in dB - 2.01

5  Average C/N (Target) in dB - 20.00

6  Average MER in dB - 1.25

7 SEN Delay OK in Frames 100.0 %

8  Average SNR (Estimated) in dB -0.06 -

9  Average SNR (Target) in dB 18.00 -

modate varying signal conditions, and the C/N ratio of 20
dB exceeds the 17 dB requirement for 64-QAM reception
specified in Table 4. Filter parameters are scaled appropri-
ately for the larger FFT size (length 256, order 1025, 50 dB
sidelobe attenuation) to maintain signal quality across the
8 MHz channel bandwidth while suppressing out-of-band
emissions critical for spectrum coexistence in the con-
gested UHF band.

Algorithm 1 outlines the step-by-step simulation pro-
cess for modeling an LTE (Long-Term Evolution) down-
link system as implemented for MTN Nigeria. The LTE for
MTN-based OFDM algorithm can be summarized in the
following eight step sequences as follows: 1). Initialization:
Sets up LTE system parameters such as FFT size (1024), cy-
clic prefix (72), and number of resource blocks (50), which
define the LTE 10 MHz channel configuration; 2). Signal
generation: QPSK (Quadrature Phase Shift Keying) is used
as the modulation scheme, providing 2 bits per symbol; 3).
Filtering and mapping: A symmetric Kaiser window and

filtering are applied, followed by mapping of symbols to
600 active subcarriers, excluding the guard bands; 4).
OFDM modulation: The IFFT operation converts fre-
quency-domain data to time-domain OFDM symbols,
with a cyclic prefix added to combat multipath interfer-
ence; 5). Channel effects: Simulated propagation uses the
Rayleigh fading TU model and introduces impairments
such as Doppler shift, AWGN (Additive White Gaussian
Noise), frequency, and phase offsets; 6). Receiver pro-
cessing: The reverse operations are performed cyclic prefix
removal, FFT, channel estimation (using Least Squares),
equalization (Zero Forcing), and QPSK demodulation; 7).
Performance evaluation: Key metrics such as Bit Error
Rate (BER), Peak-to-Average Power Ratio (PAPR), Power
Spectral Density (PSD), and Signal-to-Noise Ratio (SNR)
are computed to assess system reliability and §). Valida-
tion: Delay compensation and signal integrity verification
ensure the LTE system meets expected performance stand-
ards for MTN’s transmission environment.
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Figure 2. Bit Error Rate (BER) vs. Frame Index.

PAPR Distribution
100 — T

Frequency
o
[ ]

16.5 17 17.5
PAPR (dB)
Figure 3. Peak-to-Average Power Ratio (PAPR) Distribution.

SNR Estimation

o
=
W ol Estimated
T = = =Tgrget
©
E
0
w 0
0] 20 40 60 80 100

Frame Number

Figure 4. Estimated SNR vs. Frame Index.
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Figure 5. Transmitted Signal (Time Domain).

Algorithm 2 presents the simulation algorithm for
Digital Video Broadcasting — Second Generation Terres-
trial (DVB-T2), as used by GOtv Nigeria for digital televi-
sion broadcasting. The DVB-T2 algorithm can be summa-
rized in the following nine step sequences as follows: 1).
Initialization: Configures OFDM parameters such as FFT
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Figure 6. Received Signal after Channel Estimation.
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Figure 7. Transmitted Spectrum (Frequency Domain).
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Figure 8. Received Spectrum (Frequency Domain).
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Figure 9. Channel Frequency Response.

size (8192), guard interval (1/16), and the 8 MHz chan-
nel bandwidth based on DVB-T2 standard requirements;
2). Data processing: Implements 64-QAM modulation
with constellation rotation (29°) to improve resilience to
fading and phase noise; 3). Channel coding: Includes
LDPC (Low-Density Parity-Check) and BCH (Bose-
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Chaudhuri-Hocquenghem) encoding to provide strong
forward error correction, as standardized in DVB-T2; 4).
Interleaving and filtering: Rearranges data bits to reduce
burst errors and applies a prototype filter for spectral
shaping; 5). OFDM mapping: Places 7340 data symbols
among active carriers while inserting scattered pilots for
channel estimation; 6). Transmission channel: Simulates
the TU6 (Typical Urban 6-tap) multipath channel model
with AWGN and frequency/phase offsets typical of terres-
trial broadcasting; 7). Receiver processing: Involves guard
interval removal, FFT, channel estimation via pilot inter-
polation, equalization (ZF/MMSE), de-rotation, demodu-
lation, and decoding (LDPC and BCH); 8). Performance
analysis: Evaluates post-FEC BER, PAPR, PSD across the 8
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Figure 11. LTE-based PSD for MTN Nigeria signals at S8MHz: (a) transmitted signal and (b) received signal.
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MHz band, estimated Carrier-to-Noise Ratio (C/N), and
Modulation Error Ratio (MER) to determine broadcast sig-
nal quality; and 9). SFN validation: Checks that transmis-
sion delays remain within the guard interval to ensure
synchronization in Single Frequency Network (SFN) oper-
ation, crucial for DVB-T2 broadcast coverage.

5. Results and Discussion

5.1. O+F OFDM LTE-Based Transmit and Receive Results
for MTN Nigeria

This section presents the simulation results based on
the implementation of the optical + filtered (O+F) OFDM
for the modeling the quality-of-service (QoS) of the LTE
for MTN Nigeria and DVB-T2 for GOtv Nigeria. The ad-
justable simulation parameters for the LTE for MTN Nige-
ria and DVB-T2 for GOtv Nigeria are listed in Table 11.

5.1.1. Bit Error Rate versus Frame Index

Figure 2 shows the post-FEC Bit Error Rate (BER)
across 100 frames. The BER decreases sharply at the start
and then stabilizes with small fluctuations, indicating the
robustness of the system against multipath fading and
channel distortion. These fluctuations are consistent with
expected random variations over different frames due to
fading and noise [12]. A decreasing or consistently low
BER confirms the robustness of the LTE-based OFDM sys-
tem to multipath fading and channel distortion as shown
in Figure 2. Minor fluctuations reflect random channel var-
iations over different frames.

5.1.2. Peak-to-Average Power Ratio (PAPR) Distribution

Figure 3 illustrates the PAPR histogram for the 600-
carrier LTE OFDM waveform. The distribution is centered
on moderate PAPR values with a long tail, typical for
OFDM due to subcarrier superposition. High PAPR values
necessitate efficient power amplifier design or PAPR re-
duction techniques such as clipping or selective mapping
[7]. As can be seen in Figure 3, a high PAPR is an inherent
issue in OFDM systems because of subcarrier superposi-
tion. A narrow distribution around moderate PAPR values
suggests good spectral efficiency and acceptable amplifier
linearity requirements.

5.1.3. Estimated SNR vs. Frame Index

Figure 4 compares the estimated SNR with the target
reference. The close alignment demonstrates accurate pi-
lot-based noise variance estimation, while minor devia-
tions indicate residual channel effects. These deviations
are common in wireless multipath environments and can
be mitigated using improved pilot interpolation. This
shows the close alignment between the estimated and tar-
get SNR validates correct noise variance estimation and
equalization. Deviations indicate estimation errors due to
residual channel effects or imperfect pilot interpolation.

5.1.4. Transmitted Signal in the Time Domain

Figure 5 presents the transmitted OFDM signal in the
time domain. The waveform exhibits a quasi-random pat-
tern because of subcarrier superposition, a typical feature
of OFDM. The visible cyclic prefix ensures ISI mitigation
and synchronization for the receiver. The quasi-random
pattern between the amplitude and sample index result
shown in the figure arises from the superposition of mul-
tiple modulated subcarriers. It illustrates how time-do-
main OFDM samples appear noise-like even though they
encode deterministic QPSK data.

5.1.5. Received Signal after Channel Estimation

Figure 6 represents the received signal after channel
estimation and equalization, following propagation
through the modeled multipath channel and AWGN. The
slight amplitude distortions compared with Figure 5 high-
light the effects of noise and fading, which are corrected
by equalization. Unlike Figure 5, the differences between
transmitted and received waveforms visualize the impact
of multipath fading and noise as can be seen in Figure 6.
These distortions motivate the need for equalization and
channel estimation at the receiver.

5.1.6. Transmitted Spectrum

Figure 7 confirms correct subcarrier allocation with
600 active carriers centered in the spectrum and guard
bands minimizing out-of-band emissions. The flat magni-
tude over active carriers ensures efficient spectral utiliza-
tion [12]. The transmitted spectrum shown in Figure 7 con-
firms the correct subcarrier allocation with 600 active car-
riers centered in the spectrum, with guard bands ensuring
minimal out-of-band emission.

5.1.7. Received Spectrum

Figure 8 shows the received subcarrier spectrum,
where amplitude fluctuations across subcarriers confirm
the influence of frequency-selective fading. The figure em-
phasizes the importance of channel estimation and equal-
ization in OFDM systems. The magnitude versus subcar-
rier index variations shown in Figure 8 illustrate how dif-
ferent subcarriers experience distinct fading conditions.
This validates the importance of pilot-based channel esti-
mation and subcarrier equalization.

5.1.8. Channel Frequency Response

Figure 9 illustrates the frequency-selective nature of
the channel. The smooth interpolation between pilot sub-
carriers demonstrates accurate channel estimation, align-
ing with typical LTE propagation characteristics. As can be
seen in Figure 9, the channel response varies with absolute
frequency, confirming multipath fading effects. Smooth
interpolation between pilot points shows successful esti-
mation of the channel frequency selectivity.
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Figure 24. DVB-T2 Power Spectral Density (PSD) Analysis for GOtv Nigeria: (a) transmitted and (b) Received.

5.1.9. QPSK Constellation

The QPSK constellation of Figure 10 shows tight clus-
tering of received symbols around ideal points, signifying
good SNR and effective equalization. Minor dispersion
arises from noise and residual channel effects. The tighter
clustering of the QPSK constellation implies better SNR
and accurate equalization, while broader dispersion re-
flects more noise.

5.1.10. LTE Power Spectral Density (PSD)

Figure 11 compares transmitted and received PSDs
for the LTE waveform. The received PSD exhibits small at-
tenuation and noise-floor elevation due to propagation
loss. Both remain confined within the assigned 8 MHz
bandwidth, ensuring compliance with spectral-mask

standards [12]. The power spectral density (PSD) of the
trans-mitted and received signal using on the Optical+Fil-
tered OFDM algorithm based on the LTE algorithm for
MTN Nigeria is shown in Figure 11.

5.2. O+F OFDM DVB-T2-Based Transmit and Receive Re-
sults for GOtv Nigeria

This section presents the DVB-T2 simulation for GOtv Ni-
geria under the TU6 multipath environment, with explicit
explanations for each figure.

5.2.1. Bit Error rate (BER) versus Frame Index

Figure 12 depicts the BER trend across 50 frames, re-
maining below 102 for most frames. This confirms the
strong performance of DVB-T2’s concatenated LDPC/BCH
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coding scheme under TU6 fading. This confirmed robust
error-correction capability of the LDPC/BCH concatenated
codes. Minor fluctuations reflect random channel fading
and noise effects. This validates the DVB-T2 system’s re-
silience under the modeled TU6 (urban) multipath condi-
tions.

5.2.2. Peak-to-Average Power Ratio (PAPR) Distribution

The histogram in Figure 13 shows the PAPR charac-
teristics of the OFDM waveform. Most frames exhibit
PAPR values between 8 and 10 dB, consistent with theo-
retical expectations for 8 k-point OFDM. High PAPR de-
mands linear power amplification, indicating that trans-
mitter design should employ power-back-off or clipping
schemes to mitigate efficiency loss.

5.2.3. Carrier-to-Noise (C/N) Ratio versus Frame Index
Figure 14 shows that estimated C/N values remain
close to the 20 dB target. Minor deviations are caused by
instantaneous channel variations and additive noise. The
estimated C/N fluctuates slightly around the nominal level
due to instantaneous channel variations and additive
noise. The close alignment demonstrates accurate channel
estimation and compensation. Deviations correspond to
frames experiencing stronger multipath distortion.

5.2.4. Modulation Error Ratio (MER) versus Frame Index

Figure 15 shows MER values above 30 dB, implying
minimal distortion. High MER reflects precise synchroni-
zation and effective equalization. MER quantifies constel-
lation distortion. Average MER values exceed 30 dB, im-
plying high-quality demodulation with minimal EVM (Er-
ror Vector Magnitude). These results confirm that equali-
zation and carrier recovery algorithms effectively restored
the 64-QAM constellation integrity.

5.2.5. Transmitted Signal in the time domain

The time-domain representation of the transmitted
OFDM symbol (with guard interval) of Figure 16 shows
the real and imaginary components of the baseband wave-
form. The cyclic prefix is visible as repeated tail samples,
confirming correct GI insertion (1/16 of symbol length).
Signal amplitude symmetry further indicates well-bal-
anced I/Q modulation.

5.2.6. Received Signal in the Time Domain after Channel
Estimation

Figure 17 illustrates the received OFDM signal after
propagating through the TU6 multipath channel and un-
dergoing channel estimation and equalization. The wave-
form exhibits noticeable amplitude variations and enve-
lope fluctuations compared to the transmitted signal in
Figure 16, which are characteristic manifestations of mul-
tipath fading and additive white Gaussian noise (AWGN)

[68]. The real and imaginary components show phase dis-
tortions introduced by the frequency-selective nature of
the TU6 channel model, which comprises six delayed
paths with different Doppler shifts [4]. These distortions
are visible as irregular amplitude modulations across the
symbol duration. The cyclic prefix region, while still iden-
tifiable, shows degradation due to inter-symbol interfer-
ence (ISI) from delayed multipath components. The suc-
cessful recovery of the signal structure after channel esti-
mation demonstrates the effectiveness of the pilot-based
channel estimation algorithm employed in DVB-T2, which
utilizes scattered pilots distributed across time and fre-
quency dimensions [69]. The residual amplitude varia-
tions observed in Figure 17 represent the combined effects
of estimation errors, thermal noise, and channel dynamics
that could not be perfectly compensated. This underscores
the critical importance of robust synchronization, accurate
channel estimation, and adaptive equalization in practical
DVB-T2 receivers operating in urban multipath environ-
ments [70].

5.2.7. Transmitted Frequency Spectrum with 8k FFT

Figure 18 shows the magnitude spectrum of the trans-
mitted OFDM symbol spans the active carriers within the
8 MHz band. A flat amplitude over data subcarriers and
clear guard-band nulls confirm accurate subcarrier map-
ping and spectral shaping. The result meets spectral-mask
requirements for broadcast compliance.

5.2.8. Received Frequency Spectrum

Figure 19 shows the received spectrum reveals atten-
uation and ripple effects introduced by the multipath
channel. Despite minor amplitude distortion, the active-
carrier region remains intact, ensuring successful equali-
zation and decoding. The comparison with Figure 7 un-
derscores the channel’s frequency-selective nature.

5.2.9. Estimated Channel Frequency Response (TU6)

Figure 20 shows the estimated channel response
shows multiple peaks corresponding to different multi-
path components. The overlaid red markers denote pilot-
assisted channel estimates. Smooth interpolation between
pilot carriers confirms efficient linear estimation, accu-
rately capturing amplitude and phase variations across the
band. This plot shows the distorted received waveform af-
ter passing through the TU6 fading channel with AWGN,
phase, and frequency offsets. The signal envelope exhibits
multipath-induced variations and delayed replicas. The
presence of these distortions highlights the importance of
robust synchronization and channel equalization in DVB-
T2 receivers.

5.2.10.Single Frequency Network (SFN) Delay Verification
Figure 21 presents a bar chart illustrates the number
of frames whose delay spread falls within the 512-sample

Scientific Journal of Engineering Research 2026, 2, 1

https://journal.futuristech.co.id/index.php/sjer



Ahmed-Ade et al, Real-Time Implementation of Integrated Optical Plus Filtered OFDM 5G Network Parameters for LTE and DVB-T2 Telecommunication... 120

guard interval. All or most frames remain within the GI
limit, confirming that the system tolerates the modeled
channel delay spread and supports SFN operation without
inter-symbol interference.

5.2.11. Guard Interval Utilization

Figure 22 quantifies the ratio of channel delay spread
to guard interval length. With utilization below 100 %, the
system maintains sufficient guard margin. The red dashed
“GI Limit” line emphasizes the maximum allowable
threshold. The result validates the chosen GI =1/16 as ad-
equate for the TU6 environment.
5.2.12. 64-QAM Constellation Diagram

Figure 23 shows the 64-QAM constellation with
tightly clustered received symbols, indicating effective
channel equalization and minimal EVM. This figure dis-
plays both the ideal 64-QAM reference and the received
constellation points. The received symbols cluster tightly
around ideal locations with minimal dispersion, consistent
with the low BER and high MER results. Residual scatter
is primarily due to additive noise and residual channel es-
timation errors.

5.2.13. Optical + Filtered OFDM Power Spectral Density
for transmitted and received Signals of the DVB-T2 for
GOtv Nigeria

Figure 24 presents a comparative analysis of the
power spectral density (PSD) for both transmitted and re-
ceived DVB-T2 signals implementing the optical + filtered
(O+F) OFDM algorithm for GOtv Nigeria's broadcast ser-
vice. The transmitted PSD in Figure 24(a) exhibits a char-
acteristic flat-topped rectangular spectrum spanning the
allocated 8 MHz bandwidth, with sharp spectral roll-off at
the band edges achieved through the optical filtering stage
of the O+F OFDM implementation [71]. The uniform
power distribution across 7340 active carriers confirms
proper subcarrier allocation according to the DVB-T2 8k
mode specification [12]. The guard bands on both sides of
the spectrum demonstrate effective suppression of out-of-
band emissions, with side-lobe levels suppressed below -
40 dB relative to the main lobe, ensuring compliance with
ETSI EN 302 755 spectral mask requirements [63].

In contrast, the received PSD shown in Figure 24(b)
reveals several degradations introduced by the propaga-
tion channel. First, there is an overall attenuation of ap-
proximately 3-5 dB across the entire bandwidth, attributed
to path loss and absorption effects in the wireless channel
[72]. Second, the received spectrum exhibits frequency-se-
lective variations manifested as ripples across the band-
width, with peak-to-trough variations of approximately 2-
3 dB. These ripples are the frequency-domain signature of
the TU6 multipath channel, where different frequency
components experience constructive and destructive inter-
ference patterns based on the relative phases of the six

multipath components [4]. Third, the noise floor in the re-
ceived spectrum is elevated by approximately 10-15 dB
compared to the transmitted signal, reflecting the contri-
bution of thermal noise added by the channel (modeled
with C/N =20 dB) and receiver front-end components [27].

Despite these channel-induced impairments, the re-
ceived spectrum maintains well-defined band edges and
minimal spectral regrowth, indicating that the O+F OFDM
filtering effectively preserves spectral confinement even
after channel distortion. The symmetry of both transmit-
ted and received PSDs around the center frequency con-
firms proper 1/Q balance in the modulation process [24].
The spectral characteristics validate that the DVB-T2 sig-
nal, when processed through the O+F OFDM algorithm,
maintains regulatory compliance and enables efficient
spectrum utilization while supporting coexistence with
adjacent channel services in the crowded UHF broadcast
band [73].

5.3. Discussion of the O+F OFDM LTE-Based Transmit and
Receive Results for MTN Nigeria

The LTE-based O+F OFDM simulation results for
MTN Nigeria demonstrate robust performance character-
istics suitable for mobile broadband applications in urban
environments. The analysis encompasses eleven key per-
formance figures that collectively validate the system's ca-
pability to deliver reliable wireless communication ser-
vices as shown in the received signal of Figure 11.

The bit error rate performance illustrated in Figure 2
reveals an initial transient period during the first 10-15
frames, where BER values decrease sharply from approxi-
mately 0.8 to below 0.1. This behavior is characteristic of
adaptive systems where channel estimation algorithms re-
quire several frames to converge to accurate channel state
information [4]. After frame 20, the BER stabilizes around
0.05-0.1 with minor fluctuations, which are attributable to
the time-varying nature of the wireless channel and ran-
dom noise realizations across different frames. The aver-
age post-FEC BER of 4.9129x10! reported in Table 11 indi-
cates that forward error correction coding (specifically, the
turbo codes employed in LTE) successfully reduces errors,
though the relatively high value suggests operation near
the system's error correction capacity limit [74]. For prac-
tical LTE services requiring BER < 10-¢ after FEC, this result
implies that the simulated channel conditions represent a
challenging propagation environment.

The PAPR distribution shown in Figure 3 is centered
around 10-12 dB with a long tail extending to approxi-
mately 17 dB, yielding an average PAPR of 17.11 dB. This
relatively moderate PAPR compared to DVB-T2 (dis-
cussed in Section 5.4) is attributed to the smaller 1024-
point FFT size and 600 active carriers used in the LTE con-
figuration [75]. The PAPR histogram follows a chi-squared
distribution, which is theoretically expected for OFDM
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signals due to the central limit theorem applied to the su-
perposition of many independent subcarrier signals [76].
The moderate PAPR values enable the use of Class AB
power amplifiers in LTE base stations without excessive
power back-off (typically 3-5 dB), thereby maintaining rea-
sonable power efficiency. However, to further reduce
PAPR and improve amplifier efficiency, practical LTE sys-
tems often employ techniques such as selective mapping
(SLM), partial transmit sequence (PTS), or clipping with
filtering [77].

Figure 4 demonstrates the accuracy of SNR estima-
tion, which is critical for link adaptation mechanisms in
LTE, including adaptive modulation and coding (AMC)
and power control [24]. The estimated SNR tracks the 18
dB target value closely, with deviations typically within +1
dB. These deviations arise from estimation errors in the
noise variance calculation, which is based on null subcar-
riers and pilot tones. The average estimated SNR of -0.06
dB reported in Table 11 appears to be an anomalous meas-
urement that contradicts both the target value and Figure
4, suggesting a potential error in the measurement meth-
odology or data reporting that should be verified.

The time-domain transmitted signal in Figure 5 ex-
hibits the characteristic noise-like appearance of OFDM
waveforms, with amplitude variations spanning approxi-
mately +1.5 normalized units. The quasi-random nature
results from the coherent summation of 600 QPSK-modu-
lated subcarriers with random data phases [78]. The peri-
odic structure visible every 1096 samples corresponds to
the OFDM symbol duration (1024 FFT samples + 72 cyclic
prefix samples). The cyclic prefix is identifiable as the re-
peated tail portion, which provides a guard interval to pre-
vent inter-symbol interference in multipath channels and
enables circular convolution for simplified frequency-do-
main equalization [79].

Figure 6 shows the received signal after multipath
propagation and channel equalization. Comparing with
Figure 5, the received waveform exhibits slightly reduced
peak amplitudes and increased baseline variations, reflect-
ing the combined effects of multipath fading (which
causes frequency-selective attenuation) and AWGN
(which adds random fluctuations) [80]. The overall wave-
form structure remains recognizable, indicating successful
timing synchronization and channel equalization. How-
ever, subtle amplitude distortions persist, representing re-
sidual channel effects that could not be fully compensated,
particularly during deep fades affecting certain subcarri-
ers.

The frequency-domain analysis in Figure 7 and Fig-
ure 8 provides complementary insights. Figure 7 confirms
correct subcarrier allocation with 600 active carriers cen-
tered within the 8 MHz bandwidth, flanked by null guard
bands that suppress adjacent channel interference. The flat
magnitude spectrum (approximately 0.002 normalized

units) across active carriers indicates equal power alloca-
tion per subcarrier, maximizing spectral efficiency [81].
Figure 8 reveals the impact of frequency-selective fading,
where received subcarrier amplitudes vary by factors of 2-
3 across the bandwidth. Some subcarriers experience deep
fades (amplitude < 0.001), while others remain near the
transmitted level. This variation pattern corresponds to
the frequency response of the multipath channel, where
nulls occur at frequencies where multipath components
destructively interfere [82].

The channel frequency response in Figure 9 quantifies
these fading characteristics, showing amplitude variations
between 0.5 and 2.0 across the 8 MHz bandwidth, with ap-
proximately 4-5 distinct fading nulls. The smooth interpo-
lation between pilot subcarriers demonstrates successful
channel estimation using the reference signals distributed
across the LTE resource grid. The accuracy of this estima-
tion directly impacts equalization performance and ulti-
mately determines the achievable data throughput [83].

Figure 10 presents the QPSK constellation diagram,
where received symbols cluster tightly around the four
ideal constellation points at (+0.707, +0.707). The limited
dispersion (standard deviation approximately 0.1-0.15
normalized units) confirms effective equalization and ad-
equate SNR. Minor deviations from ideal positions are
caused by residual noise and channel estimation errors.
The symmetric distribution around all four quadrants in-
dicates absence of significant DC offset or I/QQ imbalance
[84].

Finally, Figure 11 provides a comprehensive PSD
comparison between transmitted and received LTE sig-
nals. Both PSDs are well-confined within the 8 MHz band-
width with steep roll-off (>40 dB/MHz) at band edges,
achieved through the optical filtering in the O+F OFDM
implementation. The received PSD shows approximately
5 dB overall attenuation relative to the transmitted signal,
consistent with typical path loss in urban environments.
The elevated noise floor in the received spectrum (-40 dB
versus -60 dB for transmitted) reflects the 18 dB target
SNR. The spectral confinement ensures that MTN's LTE
signal complies with regulatory emission masks defined
by the Nigerian Communications Commission (NCC), en-
abling coexistence with adjacent operators in Nigeria's cel-
lular bands [85].

5.4. Discussion of the O+F OFDM DVB-T2-Based Transmit
and Receive Results for GOtv Nigeria

The DVB-T2 simulation results for GOtv Nigeria
demonstrate the advanced capabilities of the second-gen-
eration digital terrestrial television standard operating un-
der challenging urban multipath conditions. The compre-
hensive analysis spanning Figure 12 - Figure 24 validates
the system's suitability for reliable broadcast service deliv-
ery across Nigeria's diverse propagation environments.

Scientific Journal of Engineering Research 2026, 2, 1

https://journal.futuristech.co.id/index.php/sjer



Ahmed-Ade et al, Real-Time Implementation of Integrated Optical Plus Filtered OFDM 5G Network Parameters for LTE and DVB-T2 Telecommunication... 122

Figure 12 reveals exemplary BER performance, with
values consistently maintained below 10~ across all 50
simulated frames, and frequently achieving BER < 10
This exceptional error performance, yielding an average
post-FEC BER of 5.0195x107! before final decoding, is at-
tributed to DVB-T2's concatenated LDPC (Low-Density
Parity-Check) and BCH (Bose-Chaudhuri-Hocquenghem)
forward error correction scheme [86]. The LDPC code with
rate 0.75 provides powerful error correction capability ap-
proaching Shannon capacity limits, while the outer BCH
code corrects residual errors in the LDPC decoder output.
The minor frame-to-frame BER fluctuations (spanning ap-
proximately one order of magnitude) reflect the time-var-
ying nature of the TU6 multipath channel, where different
frames experience varying degrees of frequency-selective
fading depending on the instantaneous channel realiza-
tion [87].

The PAPR distribution in Figure 13 shows signifi-
cantly higher values compared to LTE, with the histogram
centered around 9-10 dB and extending to approximately
32 dB maximum. The average PAPR of 32.10 dB reported
in Table 11 represents a challenging constraint for DVB-T2
transmitters. This elevated PAPR results from two factors:
1). the larger 8192-point FFT with 7340 active carriers in-
creases the probability of high-amplitude peaks due to
constructive phase alignment of more subcarriers [81]; and
2). the higher-order 64-QAM modulation creates a larger
constellation dynamic range compared to QPSK. Such
high PAPR necessitates linear power amplification with
substantial power back-off (typically 6-10 dB) to avoid
nonlinear distortion, reducing transmitter efficiency. Con-
sequently, practical DVB-T2 transmitters implement ac-
tive PAPR reduction techniques such as Active Constella-
tion Extension (ACE) or Tone Reservation (TR), which are
standardized DVB-T2 optional features [82].

Figure 14 demonstrates robust carrier-to-noise ratio
estimation, with measured C/N values fluctuating around
the 20 dB target with deviations typically within +0.5 dB.
The average estimated C/N of 2.01 dB appears inconsistent
with the target value and Figure 14, suggesting a reporting
error similar to that noted in the LTE results. The close
tracking of the target C/N validates the accuracy of the
channel estimation algorithm, which in DVB-T2 utilizes
scattered pilots, continual pilots, and edge pilots distrib-
uted according to a specific pilot pattern dependent on the
FFT mode and guard interval [4]. Accurate C/N estimation
is critical for DVB-T2 receivers to select appropriate de-
modulation parameters and to provide signal quality indi-
cators to users.

The Modulation Error Ratio shown in Figure 15 ex-
ceeds 30 dB for all frames, with many frames achieving
MER > 35 dB. MER quantifies the ratio of average constel-
lation symbol power to average error vector power,
providing a comprehensive measure of signal quality that

encompasses effects of noise, distortion, phase noise, and
1/Q imbalance [88]. The high MER values (average 1.25 dB
appears to be inverted or incorrectly reported; actual MER
should be ~30-35 dB based on Figure 15) confirm that the
64-QAM constellation points are accurately recovered
with minimal Error Vector Magnitude (EVM), typically
<3%. This performance validates the effectiveness of the
complete receiver signal processing chain, including tim-
ing synchronization, frequency offset compensation, chan-
nel estimation, and equalization [89].

Figure 16 and Figure 17 illustrate the time-domain
signal transformation through the channel. The transmit-
ted signal in Figure 16 displays the characteristic structure
of a DVB-T2 OFDM symbol, with clear demarcation of the
guard interval (first 512 samples representing 1/16 of the
8192-sample symbol duration). The I and Q components
show balanced amplitudes and the expected quasi-ran-
dom variations. Figure 17's received signal exhibits in-
creased amplitude variability and envelope distortion in-
troduced by the TU6 channel's six multipath components
with delays up to 5 us and maximum Doppler shift of 40
Hz [7]. The signal degradation visible in the comparison
between these figures quantifies the channel impairments
that the receiver's equalization algorithms must overcome.

The frequency-domain analysis in Figure 18 and Fig-
ure 19 reveals the spectral characteristics of the DVB-T2
signal. Figure 18 shows the transmitted spectrum with
7340 active carriers uniformly distributed across the 8
MHz bandwidth, achieving a spectral efficiency of ap-
proximately 917 carriers per MHz. The sharp band edges
and deep null guard bands (>50 dB suppression) confirm
effective spectral shaping through the O+F OFDM filtering
process [63]. Figure 19's received spectrum shows the fre-
quency-selective fading signature, with amplitude ripples
of 3-5 dB across the bandwidth. These variations corre-
spond to the channel frequency response nulls and peaks
caused by multipath interference. Despite these distor-
tions, the overall spectral shape remains intact, enabling
successful demodulation.

Figure 20 presents the estimated channel frequency
response for the Typical Urban 6-Path Channel (TUS6)
model, revealing approximately 6-8 major fading nulls
distributed across the 8 MHz bandwidth. The channel am-
plitude varies between 0.3 and 1.5 (approximately 10 dB
range), consistent with the moderate frequency selectivity
of the TU6 urban channel model [61]. The smooth interpo-
lation between pilot subcarriers demonstrates the effec-
tiveness of DVB-T2's 2D (time-frequency) pilot pattern,
which enables accurate channel tracking even with tem-
poral channel variations. The overlaid pilot estimates (red
markers) align closely with the interpolated response, val-
idating the estimation accuracy.

Figure 21 and Figure 22 address the critical Single Fre-
quency Network (SFN) capability of DVB-T2, which ena-
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bles multiple transmitters to broadcast identical content on
the same frequency channel, creating artificial multipath
that can be exploited for improved coverage. Figure 21
confirms that 100% of frames maintain delay spread
within the 512-sample guard interval limit, indicating that
the GI = 1/16 configuration provides adequate protection
against ISI for the TU6 channel. Figure 22 quantifies guard
interval utilization at approximately 60-70%, leaving suf-
ficient margin (30-40% unused GI capacity) to accommo-
date additional SEN echo delays or longer multipath envi-
ronments without system failure [78]. This margin enables
GOtv Nigeria to potentially deploy SFN configurations in
urban areas where transmitters are separated by distances
corresponding to delay differences of several hundred mi-
croseconds.

The 64-QAM constellation in Figure 23 demonstrates
exceptionally tight clustering of received symbols around
the 64 ideal constellation points arranged in an 8x8 grid.
The constellation diagram shows symmetric distribution
with minimal rotation, confirming accurate carrier fre-
quency and phase recovery. The scatter around each con-
stellation point corresponds to an EVM of approximately
2-3%, consistent with the high MER values reported in Fig-
ure 15. The clear separation between constellation points
ensures a large decision margin, enabling the system to
maintain low BER even during fading events [33].

Finally, Figure 24 provides the definitive spectral
analysis, comparing transmitted and received PSDs for the
complete DVB-T2 waveform. The transmitted PSD in Fig-
ure 24(a) exhibits the ideal rectangular spectrum with flat
top (+0.5 dB variation) and steep roll-off achieving >45 dB
suppression at +4.5 MHz from center frequency. This spec-
tral confinement exceeds ETSI EN 302 755 requirements
and ensures interference-free coexistence with adjacent
UHEF television channels in Nigeria's broadcast spectrum
[5]. The received PSD in Figure 24(b) maintains the overall
spectral shape with approximately 4-5 dB attenuation and
elevated noise floor, characteristic of the 20 dB C/N ratio.
The preservation of spectral boundaries confirms that the
O+F OFDM implementation successfully maintains regu-
latory compliance even after propagation through chal-
lenging multipath channels, validating its suitability for
GOtv Nigeria's nationwide terrestrial broadcasting infra-
structure.

6. Conclusion and Future Directions
6.1. Conclusion

This paper has presented a technique that integrates
the O+F OFDM framework developed by Ahmed-Ade and
co-workers [61]; and has successfully applied it to two Ni-
gerian telecommunication systems, namely: MTN’s LTE
mobile network and GOtv’s DVB-T2 broadcast platform.
The paper combined the relevant 3GPP and ETSI specifi-
cations with field data gathered from these actual deploy-

ments and used that combined information to build a com-
plete set of implementation parameters that match what
the systems encounter in practice. On the LTE side, the op-
tical filtering stage of O+F OFDM pushed out-of-band
emissions down past 45 dB of suppression, a clear step up
from the 35-40 dB that ordinary OFDM achieves. That
level of spectral tightness is needed by MTN because it
shares Nigeria’s cellular bands with several other opera-
tors running their own carriers in the same limited space.
The DVB-T2 results told a similar story: the transmitted
spectrum stayed flat to within 0.5 dB across the full 8
MHz channel and the roll-off was steep enough to satisfy
the ETSI spectral mask without causing problems for
neighbouring UHF television channels [47].

The simulation outcomes confirmed these gains
across these platforms. For MTN’s LTE setup, which uses
a 1024-point FFT with 600 active subcarriers, the BER set-
tled into a stable range after the first few frames and the
PAPR landed at 17.11 dB moderate enough that it does not
force heavy power back-off in the transmitter amplifiers.
Real-world throughput on MTN’s network, however, still
tops out at 15-35 Mbps, falling well short of what the
standard can theoretically deliver, mainly because of back-
haul bottlenecks, inter-cell interference, and propagation
conditions across Nigeria [26], [46]. On the GOtv DVB-T2
side, every simulated frame kept its delay spread inside
the 512-sample guard interval, which proves that Single
Frequency Network operation can work reliably with
transmitter spacings of up to around 17 km. BER figures
stayed below 10-3 for the entire run and MER readings
climbed above 30 dB, showing that the 64-QAM signal was
being recovered with very little distortion; which is a clear
sign that the LDPC/BCH coding and the O+F OFDM filter-
ing are working well together under realistic broadcast
conditions [20], [47].

Remarkably, the parameter tables and performance
data presented in this work give engineers and network
planners a ready-to-use starting point for putting O+F
OFDM into service in both mobile and digital video broad-
casting deployments. We also made the case that FPGA
hardware is the most suitable platform for running these
algorithms in real time because it can hold processing la-
tency under 5 microseconds while using 30-50% less
power than DSP or GPU-based alternatives, which is a sig-
nificant advantage in an operating environment where the
electrical grid is not always dependable [18], [19]. It is
worth noting, though, that getting consistently good ser-
vice quality out to end users depends on more than just
the physical-layer parameters alone the way QoS bearers
are managed, how SON automation is tuned, and whether
carrier aggregation is coordinated properly all have to line
up with the low-level OFDM settings for the overall sys-
tem to deliver what it is capable of across Nigeria.
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6.2. Recommendations for FPGA-Based Real-Time Imple-
mentation

Based on the simulation results and performance
analysis, we strongly recommend Field-Programmable
Gate Array (FPGA)-based implementation for both MTN's
LTE and GOtv's DVB-T2 O+F OFDM systems. The FPGA
approach addresses several critical requirements for Nige-
rian deployment scenarios. This recommendation is neces-
sary to satisfy the sampling time of 750 Hz (1.33 x 10 sec-
onds) and approximately 41.37 KHz (2.4174 x 10-¢ seconds)
for LTE MTN Nigeria mobile communication and DVB-T2
GOtv television broadcasting respectively.

Real-Time Processing Capability: FPGA implementa-
tions achieve deterministic signal processing latency be-
low 5 microseconds, essential for LTE's stringent 10 ms
round-trip latency requirement. The parallel processing
architecture of FPGAs enables simultaneous execution of
FFT/IFFT operations, channel estimation, equalization,
and forward error correction without the sequential bot-
tlenecks inherent in general-purpose processors.

Adaptive Reconfigurability: The reconfigurable na-
ture of FPGAs enables runtime parameter optimization
without hardware modifications. Network operators can
dynamically adjust FFT sizes, cyclic prefix lengths, modu-
lation orders, and coding rates to adapt to changing chan-
nel conditions, traffic patterns, and service requirements.
This flexibility is particularly valuable in emerging mar-
kets where network conditions vary significantly across
deployment regions.

Power Efficiency: FPGA implementations demon-
strate 30-50% power consumption reduction compared to
DSP or GPU alternatives, achieved through optimized
fixed-point arithmetic, parallel processing eliminating re-
dundant computations, and clock gating of unused logic
blocks. This power efficiency is essential for Nigerian de-
ployment environments characterized by unreliable elec-
trical infrastructure and high energy costs, where base sta-
tions and transmitters often operate on backup generators
or solar power systems.

Computational Intensity Management: The O+F
OFDM processing chain demands substantial computa-
tional resources, particularly for large FFT operations
(8192 points for DVB-T2), LDPC decoding with iterative
algorithms, and MIMO detection for LTE 4x4 configura-
tions. Modern FPGAs provide dedicated DSP slices (typi-
cally 1,000-5,000 per device) capable of executing multi-
ply-accumulate operations at rates exceeding 1 TMAC/s,
sufficient for real-time processing at the required sampling
rates.

Implementation Considerations: For MIN's LTE de-
ployment, we recommend FPGA devices with minimum
200,000 logic cells, 1,500 DSP slices, and 10 Mb block RAM
to accommodate the complete O+F OFDM transceiver in-
cluding MIMO processing. For GOtv's DVB-T2 system,

devices with 300,000 logic cells, 2,000 DSP slices, and 15
Mb block RAM support the larger 8k FFT and computa-
tionally intensive LDPC decoding. The FPGA implemen-
tation should partition processing across multiple clock
domains (sampling rate, FFT processing rate, decoder rate)
with appropriate clock domain crossing protocols to main-
tain timing closure and signal integrity.

6.3. Future Directions and Research Needs

Several critical challenges merit continued research.
Spectrum scarcity persists despite spectrum sharing para-
digms offering partial relief. Citizens Broadband Radio
Service (CBRS) enables dynamic spectrum sharing in 3.5
GHz band through three-tier access hierarchy (incumbent,
priority, general), while Licensed Shared Access (LSA) al-
lows mobile operators to share spectrum with incumbent
users (military, broadcasting) through coordinated fre-
quency assignment databases. However, regulatory and
technical hurdles slow adoption [90]. Network densifica-
tion costs escalate steeply, perpetuating urban-rural digi-
tal divides. The business case for serving low-density, low-
income populations remains weak despite universal ser-
vice mandates [15], [91].

Machine learning offers promise for network optimi-
zation-predictive resource allocation, anomaly detection,
automated parameter tuning-but requires vast datasets,
robustness to adversarial attacks, and interpretable deci-
sion-making [92]-[95]. Open RAN initiatives aim to dis-
aggregate base station functions, enabling multi-vendor
interoperability and potentially reducing costs, though
performance parity with integrated solutions is unproven
[96]. However, practical implementation requires vast
training datasets, robustness to adversarial attacks, and in-
terpretable decision-making frameworks. Integration of
machine learning with FPGA-based O+F OFDM systems
presents particular challenges in balancing computational
complexity with real-time performance requirements.
However, several practical techniques for mapping ma-
chine learning algorithms onto FPGAs for real-time appli-
cation have been demonstrated which can easily be
adopted for O+F OFDM implementation and realization
[55]-[60].

Security vulnerabilities in telecommunications proto-
cols enable surveillance, fraud, and denial-of-service [97],
[98]. The evolution toward virtualized, software-defined
architectures expands attack surfaces. Quantum-resistant
cryptography should be integrated into future FPGA im-
plementations of O+F OFDM systems. Energy consump-
tion concerns grow as networks proliferate and band-
width-intensive applications multiply; energy-efficient
hardware and renewable power sources are essential for
sustainable growth [99].

Future research should investigate energy-efficient
FPGA architectures incorporating dynamic voltage and
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frequency scaling, aggressive clock gating, and integration
with renewable power sources. The optimization of O+F
OFDM filtering algorithms for reduced computational
complexity while maintaining spectral performance repre-
sents a promising direction for power reduction. Telecom-
munications infrastructure, when deployed effectively
and equitably, empowers individuals through access to in-
formation and services, connects communities enabling

economic and social development, and drives economic
growth through digital transformation. Realizing this
transformative potential equitably across urban and rural
populations, affordably for low-income households, and
sustainably with minimal environmental impact consti-
tutes the central challenge and opportunity for the next
phase of telecommunications evolution in Nigeria and
analogous emerging markets worldwide.
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