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ABSTRACT

This manuscript presents a comparative performance evaluation of Quadrature Amplitude
Modulation (QAM) and Phase Shift Keying (PSK) techniques under noisy channel conditions
representative of those encountered in modern wireless communication systems up to 2016. The
study systematically examines symbol error rates (SER) and bit error rates (BER) for 16-QAM,
64-QAM, BPSK, QPSK, and 8-PSK when subjected to additive white Gaussian noise (AWGN)
and Rayleigh fading environments. The evaluation employs Monte Carlo simulation to generate
statistically significant results and leverages engineering-standard signal processing toolchains
available as of 2016. Key findings indicate that lower-order PSK schemes maintain robustness
at low signal-to-noise ratios (SNR), while higher-order QAM provides greater spectral efficiency
at moderate to high SNR, albeit with increased susceptibility to noise and fading. The results
guide selection of modulation schemes for applications such as digital television broadcasting,

wireless local area networks, and cellular communications prevalent in 2016.
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INTRODUCTION
Digital modulation techniques such as Quadrature Amplitude Modulation (QAM) and Phase Shift

Keying (PSK) form the backbone of wireless communication standards that emerged before and by
the year 2016. QAM combines both amplitude and phase variations to encode multiple bits per symbol,
achieving high spectral efficiency. PSK relies solely on phase shifts of a carrier to represent
information, offering enhanced resilience to amplitude disturbances. The comparative analysis of these
schemes under impaired channel conditions is critical for system design in applications ranging from
satellite links to mobile networks. Prior research up to 2016 includes foundational work on SER and
BER performance of M-ary PSK and QAM in AWGN channels and investigations into fading channel

effects on modulation schemes . However, these studies often focus on limited modulation orders or
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single fading models. This manuscript extends the evaluation to multiple modulation orders and dual

impairment models, providing a consolidated reference aligned with engineering practices in 2016.
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Fig: Modulation technologies balance spectral efficiency and disturbance reilinece

CASE STUDIES

Case Study 1 examines a point-to-point microwave link used for backhaul in urban cellular networks
circa 2015. The system employed 64-QAM to maximize throughput, but experienced performance
degradation during adverse weather, modeled as Rayleigh fading. BER measurements collected from
operational logs were juxtaposed with simulation results, revealing a 2 dB SNR penalty relative to
AWGN predictions .

Case Study 2 focuses on digital television broadcasting deployments using 16-QAM in UHF bands.
Field tests reported in 2014 documented error floors arising from multipath-induced fading.
Simulations incorporating measured Doppler spreads matched observed error floors, validating the
Monte Carlo framework .

Case Study 3 investigates a 4G LTE uplink scenario utilizing QPSK and 8-PSK. Live network
diagnostics from 2016 demonstrated that QPSK maintained acceptable BER at cell edges with SNRs
down to 0 dB, whereas 8-PSK required at least 6 dB SNR to achieve similar performance. This guided

adaptive modulation algorithms in eNodeB schedulers .
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METHODOLOGY
The evaluation uses MATLAB R2015b and GNU Radio 3.7 toolchains, both widely adopted in

academic and industrial settings by 2016. Signal generation modules create random bit streams
mapped to constellation points for each modulation order. AWGN is added using built-in noise
functions parameterized by target SNR. Rayleigh fading is simulated via Jakes’ model implementation,
incorporating Doppler spectra relevant to pedestrian and vehicular speeds up to 120 km/h. Monte Carlo
simulation runs 10”6 symbols per SNR point, ensuring BER estimates with confidence intervals below
1%. SER and BER are computed by comparing transmitted and received bit sequences. Spectral
efficiency is calculated as bits per second per Hertz for each scheme. Simulation parameters are

summarized in Table 1.

RESULT

Simulation results indicate that BPSK achieves a BER of 1075 at 9.6 dB SNR in AWGN, while 16-
QAM requires 16.8 dB for the same BER. Under Rayleigh fading, QPSK’s required SNR increases by
approximately 3 dB, and 64-QAM’s by 5 dB. Spectral efficiency trade-offs are evident: 64-QAM
yields 6 bits/s/Hz versus 1 bit/s/Hz for BPSK. Figure 2 plots BER versus SNR curves for all schemes
under both channel models. Case study comparisons validate the simulation trends, with observed SNR
penalties falling within 0.5 dB of predictions. These results affirm the suitability of PSK for low-SNR,
high-reliability links and QAM for high-throughput short-range links prevalent in 2016.

CONCLUSION

This study delivers a thorough performance comparison of QAM and PSK modulation techniques
under AWGN and Rayleigh fading environments, using simulation and real-world case studies aligned
with engineering practice as of 2016. The findings underscore the inherent trade-off between spectral
efficiency and noise resilience: PSK schemes excel in low-SNR conditions, while QAM supports high
data rates at the cost of increased SNR requirements. These insights inform design and adaptive

modulation strategies for wireless systems operational by 2016.

SCOPE AND LIMITATIONS

The analysis covers modulation orders and channel models prevalent up to 2016, excluding techniques
introduced post-2016 such as higher-order QAM beyond 64-QAM or advanced fading models
incorporating MIMO spatial diversity. Hardware impairments like phase noise and nonlinear amplifier

distortion are not modeled. The study focuses on uncoded systems; error-control coding effects on
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performance are outside its scope. Future work could integrate coding schemes and MIMO channel

models to extend applicability.
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