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Abstract 
This paper evaluates the technical and economic feasibility of deploying 5G 
NR on the network of the Burkinabè mobile operator Telecel Faso through a 
MATLAB-based simulation of an OFDM transmission chain. The study quan-
tifies three major technological bottlenecks: Peak-to-Average Power Ratio 
(PAPR) reduction, Doppler effect tolerance under high mobility, and spatial 
diversity gains provided by Multiple-Input Multiple-Output (MIMO) tech-
niques. The simulation results demonstrate that clipping at an 8 dB threshold 
reduces the PAPR by 2.5 dB, significantly improving the power efficiency of 
base station power amplifiers—a critical operational requirement given local 
energy constraints. Regarding mobility, adopting numerology μ = 2 with a 60 
kHz subcarrier spacing preserves link integrity at speeds up to 350 km/h, en-
suring seamless service continuity along major road corridors. Furthermore, 
the 2 × 2 Alamouti space-time block-coding scheme yields a 15 to 18 dB di-
versity gain over a Rayleigh fading channel, successfully eliminating error 
floors in dense urban environments. Overall, this techno-economic character-
ization confirms that a phase-one 5G NR rollout is immediately feasible via a 
software upgrade of the legacy Huawei RAN infrastructure for an estimated 
investment of 10 million XOF. 
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1. Introduction 

The evolution of mobile networks from 4G LTE to 5G NR is driven by an expo-
nential growth in data traffic, propelled by the ubiquity of high-definition video 
streaming, the proliferation of Internet of Things (IoT) devices, and the emer-
gence of ultra-low latency applications [1] [2]. To overcome the spectral efficiency 
constraints inherent to traditional multiplexing schemes (FDM, TDM, CDMA), 
Orthogonal Frequency Division Multiplexing (OFDM) has established itself as the 
core physical layer standard [3]-[5]. Utilizing subcarriers that overlap at right an-
gles, OFDM enhances spectral efficiency and offers strong protection against mul-
tipath fading that varies with frequency.  

Nonetheless, moving to 5G NR poses considerable operational and financial 
difficulties, especially in Sub-Saharan Africa, where mobile networks are mainly 
designed for 4G. For a company such as Telecel Faso, which is the third-largest 
provider in Burkina Faso with close to 3 million subscribers, transitioning to 5G 
NR involves a practical approach focused on optimizing capital expenditure and 
ensuring compatibility with existing systems. The deployment of late-generation 
Huawei radio equipment (such as the BBU BTS5900 and advanced RRUs) enables 
a Non-Standalone (NSA) migration path via a straightforward software upgrade 
[6] [7]. Consequently, the core research challenge shifts from determining whether 
5G NR is achievable to precisely characterizing the physical-layer requirements 
and economic viability of its integration. 

While the scientific literature extensively addresses physical-layer bottlenecks 
in OFDM systems—such as Peak-to-Average Power Ratio (PAPR) reduction 
through clipping, SLM, or PTS techniques [8] [9], Doppler shift mitigation using 
flexible 5G NR numerologies, and spatial diversity gains via MIMO technologies 
[3] [5]—few studies holistically combine these physical parameters within a sim-
ulation framework tailored to the operational realities of a West African mobile 
operator. 

This paper presents a techno-economic feasibility study for the deployment of 
5G NR at Telecel Faso, supported by a MATLAB-based simulation of an end-to-
end OFDM transmission chain. The study sequentially quantifies the energy effi-
ciency gains achieved through PAPR reduction, link robustness under high high-
way mobility scenarios, and diversity gains in dense urban channels. These phys-
ical performance metrics are then translated into a practical deployment roadmap.  

The remainder of this paper is organized as follows: Section II outlines the sys-
tem model and MATLAB simulation methodology; Sections III through V we 
adress analyze the empirical results regarding PAPR, Doppler tolerance, and 
MIMO diversity; In Section VI, we present the techno-economic feasibility assess-
ment for Telecel Faso, followed by concluding remarks in Section VII. 

2. Problem Statement 

The advent of fifth-generation mobile networks (5G NR) marks a major techno-
logical breakthrough, promising ultra-high data rates, reduced latency, and un-

https://doi.org/10.4236/eng.2026.1811027


W. O. Compaoré et al. 
 

 

DOI: 10.4236/eng.2026.1811027 492 Engineering 
 

precedented spectral flexibility. However, in sub-Saharan Africa, simply copying 
and pasting Western or Asian models cannot achieve the deployment of these tech-
nologies. For service providers such as Telecel Faso in Burkina Faso (with around 3 
million customers), the transition to 5G NR must reconcile radio performance 
requirements with the economic constraints of existing infrastructure (Huawei 
BBU BTS5900 and RRU equipment). In practice, this transition faces three major 
technological hurdles: 
• Energy inefficiency (high PAPR). 
• Vulnerability to mobility (Doppler effect). 
• Urban error floor (multiple paths). 

To address these shortcomings, this article uses Modeling and MATLAB simu-
lation to evaluate an OFDM transmission chain adapted to the context of Telecel 
Faso. 

3. OFDM Principles and 4G/5G NR Physical Context 

Characterizing the mobile radio channel represents an indispensable prerequisite 
for cellular network dimensioning. Unlike stable, guided wired links [8], the wireless 
environment imposes severe propagation constraints: path loss degrades the signal-
to-noise ratio (SNR) as a function of distance; multipath propagation in urban en-
vironments causes frequency-selective fading and inter-symbol interference (ISI), 
while user mobility induces Doppler spread that disrupts frequency synchroniza-
tion. To address this threefold physical challenge, Cyclic Prefix Orthogonal Fre-
quency Division Multiplexing (CP-OFDM) was standardized by 3GPP as the base-
line waveform for 4G LTE and 5G NR down link transmissions [2] [10]. 

Conceptually, an OFDM system divides the channel bandwidth into a large 
number of orthogonal subcarriers, efficiently synthesized via Inverse Fast Fourier 
Transform (IFFT) at the transmitter and extracted via FFT at the receiver [4]. Strict 
orthogonality between two subcarriers with frequencies kf  and lf  is guaran-
teed over a symbol duration ST  provided their subcarrier spacing f∆  satisfies 

1 Sf T∆ = . This managed overlap removes the passive guard bands needed by tra-
ditional FDM, thus enhancing spectral efficiency.  

To reduce the delay spread of the channel, a cyclic prefix (CP) is added to the 
beginning of every symbol. By absorbing inter-symbol interference, the CP con-
verts the linear convolution of the channel into a circular convolution, reducing 
receiver equalization to a straightforward complex division per subcarrier. 

Table 1 below summarizes the main differences between 4G LTE and 5G NR. 
 

Table 1. Summary Comparison of 4G LTE/5G NR Parameters. 

Parameters 4G LTE 5G NR 

f∆  Spacing 15 kHz (fixed) 15 - 120 kHz 

Max Bandwidth 20 MHz 400 MHz 

MIMO 8 × 8 max 64 - 256 ante 

Latency 10 ms max <1 ms 
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Furthermore, OFDM inherently aligns with multi-antenna (MIMO) architec-
tures. Due to the fact that every subcarrier undergoes uniform fading, the spatial 
processing needed to merge the streams from multiple antennas is greatly simpli-
fied, making it possible to implement large-scale MIMO systems that are vital for 
increasing capacity in crowded urban environments.  

However, there are two significant physical constraints that practical OFDM set-
ups encounter. The first issue is that the coherent addition of subcarriers results in a 
high Peak-to-Average Power Ratio (PAPR), pushing power amplifiers into nonlinear 
areas of operation, which presents a major financial and energy efficiency challenge 
for base station implementations. The second issue is that high sensitivity to fre-
quency shifts caused by Doppler effects disrupts the orthogonality between subcarri-
ers, leading to inter-carrier interference (ICI) in situations with high mobility.  

As a result, moving from a fixed 4G LTE framework to a more adaptable 5G 
NR structure necessitates addressing these physical obstacles while maintaining 
compatibility with existing systems. Optimizing these physical layer parameters 
in Table 1 forms the core of the techno-economic feasibility study conducted on 
Telecel Faso’s network. 

4. Simulation Methodology and System Architecture 

To translate the physical principles of CP-OFDM discussed in Section II into quan-
tifiable performance indicators, an end-to-end transmission chain was implemented 
within the MATLAB environment [11]. The decision to build a custom algorithmic 
framework—bypassing proprietary, commercial 5G toolboxes—serves a dual scien-
tific and operational objective: it ensures granular control over every processing block 
(QAM mapping, IFFT synthesis, CP insertion, channel modeling, FFT, equalization, 
and demodulation) while faithfully replicating the core processing sequences exe-
cuted by the Digital Signal Processors (DSP) within the Huawei BBU BTS5900 base-
band units [12] currently deployed across Telecel Faso’s network. 

To balance computational efficiency with physical accuracy, the baseline phys-
ical model employs a 64-point FFT core configured with 52 active subcarriers (a 
scaled, representative model of the full-scale 2048-point LTE standard), appended 
with a 16-sample cyclic prefix ( 25%CP ≈ ). The physical layer chain supports 
QPSK, 16-QAM, and 64-QAM modulation schemes. 

Performance evaluation is conducted across two complementary propagation 
environments: 
• An Additive White Gaussian Noise (AWGN) channel: serving as the theoreti-

cal baseline for PAPR characterization and constellation decision threshold 
validation. 

• A 3-tap frequency-selective Rayleigh fading channel: defined by relative delay 
profiles of [ ]0,1,3  samples and power gain profiles of [ ]1,1.5,0.25 , accu-
rately capturing the multipath reflection profile characteristic of Bobo-Diou-
lasso’s dense urban topology. 

To evaluate Doppler shift resilience and lay the groundwork for 5G NR migra-
tion dimensioning, the four 3GPP-standardized numerologies { }0,1,2,3µ ∈ , 
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corresponding to subcarrier spacings f∆  from 15 to 120 kHz, were integrated 
into the simulator. Each operational scenario undergoes Monte Carlo evaluation 
over 1,000 consecutive OFDM symbols per Signal-to-Noise Ratio (SNR) step, 
swept across a range of 0 to 30 dB. Table 2 summarizes the complete parameter 
set governing the simulation platform. They are aligned with the reference 5G NR 
numerology ( 0.15 kHzµ = subcarrier spacing, 20 MHz channel bandwidth). 

 
Table 2. Main parameters of simulated OFDM chain. 

Parameters Retained Values 

Carrier frequency 3.5 GHz (band n78) 

Sampling rate 30.72 MHz 

FFT size 
2048 for μ = 0; 2048/ 

2μ for other numerologies 

Useful subcarriers 1272 (106 PRBs) for μ = 0 

Cyclic Prefix (normal CP) 144 samples for μ = 0 

CP duration µ = 0 (15 kHz) 4.69 µs 

CP duration µ = 1 (30 kHz) 2.34 µs 

CP duration µ = 2 (60 kHz) 1.17 µs 

CP duration µ = 3 (120 kHz) 0.59 µs 

Modulations QPSK, 16 – QAM, 64 − QAM 

5G NR numerologies μ = 0, 1, 2, 3(15 to 120 kHz) 

Channel Rayleigh, 3 taps 

Doppler model Jakes 

Swept velocities 
3 to 500 km/h (maximum Doppler frequency 

of approximately 1.62 kHz) 

Swept SNR 0 to 30 dB 

OFDM symbols per SNR point 1000 

Rayleigh realisations per SNR point 50 

 
Figure 1 shows the general architecture of simulated OFDM chain. 
 

 
Figure 1. Simulated OFDM transmission chain architecture. 

https://doi.org/10.4236/eng.2026.1811027


W. O. Compaoré et al. 
 

 

DOI: 10.4236/eng.2026.1811027 495 Engineering 
 

The sampling rate of 30.72 MHz corresponds to a 20 MHz bandwidth, that is, 
a ratio fs/B of 1.536. The 3.5 GHz carrier lies in band n78, which constitutes one 
of the principal axes of worldwide 5G NR deployment and is envisaged for the 
deployment of Telecel Faso. The Doppler model retained is Jakes’ model, conven-
tionally employed for mobile channels. At 500 km/h and 3.5 GHz, the maximum 
Doppler frequency reaches approximately 1.62 kHz, that is, nearly 11% of the sub-
carrier spacing for µ = 0. This ratio regulates the interference between carriers and 
the resilience of the system at elevated speeds. The power-delay profile is adjusted 
so that the total of the powers equals one, ensuring a consistent reference SNR no 
matter the setup.  

In exploring each physical limitation discussed in the following sections (PAPR, 
Doppler shift, and MIMO application), the approach follows a thorough four-step 
process: first, empirical observation of the physical effect through simulation; sec-
ond, application of a specific mitigation strategy; third, quantitative assessment of 
the resulting compromises; and lastly, development of practical engineering sug-
gestions. This organized method provides a consistent foundation for evaluating 
physical limitations before they are integrated into the techno-economic viability 
analysis in Section VII. 

5. Results: SISO Chain Validation and PAPR Evaluation 
5.1. Functional Verification of the SISO Chain 

The dependability of the SISO OFDM simulator was confirmed by thoroughly 
testing four essential physical metrics. First, the consistency of QPSK mapping 
was confirmed by the exact alignment of the symbols onto theoretical constel-
lation coordinates ( )2, 2± ±  illustrated in Figure 2. Second, the spectral 
analysis validates the energy confinement within the useful bandwidth and the 
expected attenuation across the lateral guard subcarriers. 
 

 
Figure 2. QPSK constellation diagram. 
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Third, the description of the Bit Error Rate (BER) in an Additive White Gauss-
ian Noise (AWGN) channel shows a complete match with theoretical predictions, 
reaching the desired BER of 10−6 at a Signal-to-Noise Ratio (SNR) of near 12 dB 
for QPSK. Furthermore, scaling up the modulation order (from QPSK to 16-QAM 
and 64-QAM) introduces a logical SNR penalty of ~16 dB to maintain this base-
line performance level (BER = 10−6), accurately illustrating the classic trade-off 
between spectral efficiency and noise robustness. 

Finally, evaluation over the 3-tap frequency-selective Rayleigh fading channel, 
shown in Figure 3, highlights the intrinsic vulnerability of the SISO link. The lack 
of spatial diversity severely degrades the slope of the BER curve, sustaining a rel-
atively high error rate (~10−4 to 10−5) even at high SNR regimes (30 dB). This be-
havior empirically confirms the necessity of introducing spatial diversity mecha-
nisms (MIMO) to guarantee a reliable quality of service in dense urban environ-
ments. 

 

 
Figure 3. BER performance of an OFDM SISO system in AWGN and Rayleigh channels. 

5.2. PAPR Characterization and Mitigation 

Evaluating the peak-to-average power ratio (PAPR) through the complementary 
cumulative distribution function (CCDF) gives an average PAPR of 6.7 dB, with 
peaks reaching10.5 dB. More critically, about 20% of the generated OFDM sym-
bols exceed a 9 dB threshold. This constraint forces a severe output back-off (OBO) 
on the power amplifiers (PAs) integrated into the Remote Radio Units (RRUs). 
The PAs must then operate well below saturation, in a low-efficiency regime, to 
avoid non-linear distortion and adjacent-channel spectral regrowth. 

To relieve this bottleneck without hardware overhead or receiver-side signaling 
(side information), we evaluated amplitude clipping [9] over several clipping ra-
tios (CR). 

Clipping is applied to the time-domain signal after oversampling by a factor of 
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4, that is, at a sampling frequency of 122.88 MHz, which limits spectral regrowth. 
The clipping threshold CRdB is defined as the ratio, in decibels, between the peak 
power and the targeted mean power. For the 8 dB threshold used throughout this 
study, the amplitude limit given by (1): 

dB
10

clip avg 10
CR

A P= ⋅                       (1) 

where Pavg denotes the mean power of the OFDM signal. Any sample whose am-
plitude exceeds Aclip is set to this value, its phase being preserved. By construction, 
the PAPR of the clipped signal is approximately bounded by CRdB; the small devi-
ation comes from the reduction of the mean power after clipping. 

Setting the clipping threshold at 8 dB yields the best operational trade-off. It 
reduces the peak PAPR by 4 dB at the cost of a marginal BER degradation, equiv-
alent to an SNR penalty of 1 to 1.5 dB at the target BER of 10−3. On the other hand, 
applying stronger clipping at 6 dB results in significant in-band distortion and a 
bit error rate penalty ranging from 2 to 3 dB. The effect of the 8 dB threshold on 
the PAPR distribution is shown in Figure 4. 

 

 
Figure 4. CCDF of PAPR before and after clipping at 8 dB. 

 
The transmitter quality parameters obtained at 8 dB are summarized in Table 

3. 
 

Table 3. Transmitter quality after clipping at 8 dB. 

Parameter 
Measured 

value 
Reference limit (3GPP) 

EVM (Error Vector Magnitude) 5% 8% (64-QAM) 

ACLR/ACPR (Adjacent Channel 
Leakage Ratio) 

−35 dBc −30 dBc 
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These results indicate that clipping at 8 dB remains compatible with the trans-
mitter quality requirements defined by 3GPP, subject to verification of the nor-
mative limits cited above. 

From an operational standpoint, this mitigation can be deployed through a soft-
ware or firmware update of the DSP cards of the Huawei BBUs, without any hard-
ware change. By suppressing power peaks by 2.5 dB, the operator can relax the PA 
linearity constraints. Across the Telecel Faso RAN footprint, the improved RRU 
power efficiency translates directly into lower site energy consumption and a 
measurable reduction in operational expenditure (OPEX). 

6. Results: Doppler Effect, Numerology, and Channel Coding 
6.1. Mobility Sensitivity and Impact of 5G NR Numerology 

In a mobile environment, a terminal moving at velocity 𝑣𝑣 experiences a Doppler 
frequency shift in Equation (2) 

( )d cf v f c= ∗                         (2) 

relative to the carrier frequency df  (c being the speed of light). This frequency 
shift destroys the orthogonality among subcarriers and introduces Inter-Carrier 
Interference (ICI), directly degrading the Signal-to-Interference-plus-Noise Ratio 
(SINR). 

Evaluating the physical flexibility of 5G NR demonstrates that the baseline nu-
merology μ = 0 (∆f = 15 kHz, inherited from 4G LTE) suffers severe BER degra-
dation at speeds exceeding 200 km/h. Conversely, adopting numerology μ = 2 (∆f 
= 60 kHz) widens the subcarrier spacing, accommodating significantly higher 
Doppler spread and maintaining a stable BER up to extreme speeds of 350 km/h 
shows in Figure 5. 

 

 
Figure 5. BER vs. Speed for the four 5G NR numerologies. 

 
Under static conditions (AWGN channel), all four numerologies exhibit virtu-

ally identical performance. Consequently, selecting a wider subcarrier spacing 

https://doi.org/10.4236/eng.2026.1811027


W. O. Compaoré et al. 
 

 

DOI: 10.4236/eng.2026.1811027 499 Engineering 
 

serves as an optimization dedicated strictly to mobility tolerance, incurring no 
performance penalty under stationary conditions. For Telecel Faso, deploying nu-
merology μ = 2 provides a generous reliability margin across Burkina Faso’s major 
intercity highway corridors (where vehicular speeds typically range from 80 to 130 
km/h). 

6.2. Impact of Channel Coding (FEC) in Selective Fading  
Environments 

To fortify the radio link against deep frequency-selective Rayleigh fading and re-
sidual ICI, a rate R = 1/2 convolutional Forward Error Correction (FEC) scheme 
paired with Viterbi soft-decision decoding [13] was integrated into the transmis-
sion chain. 

Over an AWGN channel, this coding scheme yields a net 6 𝑑𝑑𝑑𝑑 coding gain at 
equivalent BER targets. Over the frequency-selective Rayleigh channel, the impact 
of FEC is crucial: it eliminates the asymptotic error floor observed in uncoded 
transmissions (BER ≈ 10−3 to 10−4), achieving high service reliability (BER = 10−6) 
at a moderate SNR range of 16 to 18 dB. 

7. Results: Spatial Diversity (MIMO) and Beamforming 
7.1. Spatial Diversity Gain of the 2 × 2 Alamouti Scheme 

To mitigate frequency-selective Rayleigh fading without adding uplink feedback 
overhead for channel state information at the transmitter (CSIT), we evaluated 
the Alamouti space-time block code (STBC) in a 2 × 2 MIMO configuration [7]. 
The simulations show a clear improvement over the baseline SISO link. At the 
target Bit Error Rate (BER = 10−3), the 2 × 2 MIMO system provides a net spatial 
diversity gain of 15 to 18 dB over the Rayleigh channel. It also reaches the relia-
bility threshold at a signal-to-noise ratio (SNR) of only 10 to 12 dB, which is al-
most the same as what an ideal additive white Gaussian noise (AWGN) channel 
achieves in Figure 6. 

 

 
Figure 6. BER comparison: SISO vs. 2 × 2 MIMO in AWGN and Rayleigh channels. 
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Physically, the improvement comes from diversity combining, which reduces 
the probability of deep fades and of outage, thereby eliminating the structural er-
ror floor characteristic of SISO transmissions. Combining does not, however, cre-
ate a line-of-sight component: each individual link still follows a Rayleigh distri-
bution, and the gain lies in the lower probability that all branches are in a deep 
fade at the same time. 

7.2. Beamforming and Array Gain 

Unlike Alamouti MIMO, which exploits spatial diversity to fight fading, beam-
forming applies progressive phase and amplitude weightings across an antenna 
array to synthesize a directional radiation pattern [7]. By generating constructive 
interference in the intended direction and destructive interference elsewhere, beam-
forming delivers a theoretical array gain expressed as 10 × log10 N dB, where N 
represents the number of radiating elements. 

 

 
Figure 7. Radiation patterns for 2, 4, 8, and 16 element antenna arrays. 

 
Simulating array topologies with { }2,4,8,16N ∈  elements confirms boresight 

power gains of 3, 6, 9, and 12 dB, respectively, in Figure 7. The N = 8 configuration 
(9 dB power gain) represents an optimal trade-off for retrofitting dense urban sites 
across Telecel Faso’s footprint, while the N = 16 setup lays the groundwork for 
Massive MIMO deployment [14]. Applying beamforming to three representative 
deployment scenarios illustrated in Figure 8 highlights the flexibility of directional 
coverage targeting:  
• Dense Urban Core in blue (e.g., Bobo-Dioulasso): Broad, high-resilience beams 

for rich multipath environments. 
• Suburban/Peripheral Zones in red: Energy-concentrated beams to extend cov-
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erage to cell-edge users. 
• National Highway RN1 Corridor in green: Narrow, elongated beams aligned 

with the transit route to maintain link budget for high-speed mobility. 
 

 
Figure 8. Example of scoring across three zones: the center of Bobo in blue, a peripheral 
district in red, and the RN1 highway in green. 

7.3. Synergy and Additivity of Physical Layer Protections 

Table 4 summarizes the SNR values required to reach a BER of 10−3 and of 10−6 
 

Table 4. Required SNR by configuration. 

Configuration SNR at BER = 10−3 SNR at BER = 10−6 

SISO without FEC >30 dB (floor) Not reached 

FEC only 16 to 18 dB 16 to 18 dB 

MIMO 2 × 2 only 10 to 12 dB 10 to 12 dB 

MIMO + FEC 8 to 10 dB 8 to 10 dB 

 
Compared with SISO without FEC, whose BER of 10−3 is not reached below 30 

dB, the combination of MIMO and FEC yields a gain of at least 20 dB. Adding 
FEC to a 2 × 2 MIMO link lowers the threshold by approximately 2 dB on the 
central values, which reflects a complementary effect between spatial diversity and 
error correction. This difference, however, is of the order of the measurement var-
iability and should be confirmed by complementary simulations. 

A comparative synthesis of the physical layer techniques reveals a clear perfor-
mance hierarchy and a remarkable synergy among mechanisms: 
• Forward Error Correction (FEC) eliminates the Rayleigh error floor but re-
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quires an SNR of 16 to 18 dB to hit BER = 10−6 
• 2 × 2 Alamouti MIMO outperforms FEC alone, reaching the same target at 10 

to 12 dB. 
• Combining both techniques (2 × 2 MIMO + FEC) produces an additive effect, 

achieving a cumulative gain of 20 to 22 dB over uncoded SISO. 
The additional 2 dB synergy gain arises from the soft-decision Viterbi decoder 

processing a signal whose deep fading dips have already been smoothed out by 
spatial diversity. These empirical findings demonstrate that deploying MIMO and 
beamforming is not merely an optional software optimization, but an essential 
engineering pillar to guarantee coverage and capacity in a commercial 5G NR de-
ployment. 

8. Discussions: 5G NR Deployment Feasibility 

The preceding results allow for the definition of an adaptive zoning model, sum-
marized in Table 4, which pairs each geographic zone type with a specific numer-
ology, antenna configuration, and 5G NR service mix aligned with the measured 
empirical constraints. 

8.1. Validation of Results against Literature 

To establish a clear theoretical baseline for the proposed simulator, this section 
reviews core physical-layer techniques tailored to Sub-6 GHz radio propagation. 
Rather than addressing non-terrestrial or optical propagation environments, the 
following synthesis isolates the fundamental building blocks of modern terrestrial 
transceivers: frame-level OFDM signaling, space-time diversity via the Alamouti 
scheme, and adaptive channel estimation/equalization over Rayleigh fading chan-
nels. 

8.2. Deployment Feasibility for Telecel Faso 

Based on the obtained results, a progressive three-phase deployment scenario is 
proposed. The first phase (0 - 3 months) consists of an NSA software upgrade on 
Huawei BTS5900 BBUs without hardware replacement, requiring an estimated 
investment of 10 million XOF across six pilot sites in Ouagadougou and Bobo-
Dioulasso. The second phase (3 - 6 months) entails deploying beamforming-ca-
pable Active Antenna Units (AAUs) for an estimated investment of at least 24 
million XOF. Finally, the third phase (6 - 12 months) extends coverage along ma-
jor highway corridors and rural zones while preparing for migration toward a 5G 
Standalone architecture. Table 5 presents the cost estimate for each deployment 
phase. The total corresponds to the sum of the three phases. 

An inspection of the equipment conducted during field training confirms the 
hardware compatibility of Huawei BBUs and RRUs [12] with Sub-6 GHz NSA 
mode, subject to a firmware update and regulatory spectrum allocation by ARCEP 
Burkina Faso [15]—specifically band n78 (3.5 GHz) and band n1 (2.1 GHz), real-
locable via Dynamic Spectrum Sharing [5]. 
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Table 5. Cost estimate by phase. 

Phase 
Scope and equipment 

(Huawei) 
Number of sites 

Estimated cost 
(FCFA) 

Justification 

Phase 1: short 
term (0 to 3 

months) 

NSA software activation of 
existing BBU BTS5900, RTN 

backhaul 

6 sites 
(Ouagadougou and 

Bobo-Dioulasso) 
10,000,000 

Firmware update of existing 
BBUs. No hardware replacement. 

Existing backhaul reinforced. 

Phase 2: 
medium term 

(3 to 6 
months) 

Active antennas AAU 5613 
(Massive MIMO and 

beamforming) and RRU radio 
swap for the sub-6 GHz 5G 

band 

30 dense urban 
sites 

450,000,000 

Estimated unit cost of 15 M 
FCFA per site (AAU, RRU and 

installation). Equipment 
required for beamforming and 

5G data rates. 

Phase 3: long 
term (6 to 12 

months) 

Extension of road axes (RN1 
and others), deployment of the 

5GC core (Huawei) 

Approximately 100 
sites, plus the core 

network 
2,500,000,000 

Average cost of 20 M FCFA per 
site for rural areas, plus 500 M 

FCFA for the 5GC core. 

TOTAL 
ESTIMATE 

Overall 5G NR extension 
project for Telecel Faso 

Approximately 136 
sites (national 

scale) 

2,960,000,000  
(≈2.96 billion) 

Sum of the three phases. 

8.3. Study Limitations and Future Perspectives 

This study includes several recognized limitations: the 3-tap Rayleigh channel 
serves as a simplified approximation of the physical radio environment, channel 
estimation is assumed to be ideal (whereas real-world estimation via DMRS pilots 
would introduce an additional 1 to 2 dB SNR degradation), and inter-cell inter-
ference is not explicitly modeled. These limitations define clear avenues for future 
research, including neural network-based channel estimation [16], in-situ propa-
gation measurements in Bobo-Dioulasso, and multi-cell modeling incorporating 
ICIC/eICIC mechanisms [17]. 

9. Conclusions 

This paper presented an in-depth simulation-based characterization of an OFDM 
transmission chain operating under LTE/5G NR requirements to resolve three 
fundamental physical layer bottlenecks: Peak-to-Average Power Ratio (average 
PAPR of 6.7 dB, reduced by 2.5 dB via an optimal 8 dB clipping threshold), Dop-
pler tolerance (link integrity guaranteed up to 350 km/h using numerology μ = 2), 
and spatial diversity exploitation (15 to 18 dB gain delivered by the 2 × 2 Alamouti 
MIMO scheme over a Rayleigh fading channel). The underlying techno-economic 
evaluation demonstrates that a Phase-1 5G\NR deployment is immediately ac-
tionable for Telecel Faso via a software-only upgrade of existing radio infrastruc-
ture, requiring an initial investment estimated at 10 million XOF. 

Beyond its direct operational impact on the Burkinabè market, this research 
establishes that a contextualized, adaptive deployment model—in contrast to uni-
form rollouts modeled after mature markets—represents the most viable trajec-
tory for mobile operators in developing nations. Future research avenues emerg-
ing from this study, including artificial intelligence-driven channel estimation 
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[16], extension into millimeter-wave spectrum bands [17], and network slicing 
modeling for URLLC applications in telemedicine and connected agriculture, set 
the groundwork for next phases of this infrastructure evolution. 
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