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Abstract: 
The evolution of wireless communication from 5G to 6G promises unprecedented data rates, ultra-low 
latency, massive connectivity, and integration of artificial intelligence in network management. Next-
generation 6G systems are expected to operate in terahertz frequency bands, support holographic 
communications, and enable pervasive Internet of Everything applications. However, achieving reliable 
performance at these frequencies requires advanced signal processing techniques capable of mitigating 
propagation challenges, interference, and channel impairments. This study develops and empirically 
validates a conceptual framework linking advanced signal processing methods, including massive MIMO 
beamforming, adaptive modulation, multi-carrier coding, and AI-assisted channel estimation, with 6G 
system performance metrics such as spectral efficiency, bit error rate, and latency reduction. A quantitative 
research approach using Partial Least Squares Structural Equation Modeling was employed to assess 
relationships among signal processing sophistication, interference management, channel estimation 
accuracy, and overall network performance. Data were collected from 412 telecommunication engineers, 
network planners, and researchers engaged in 6G experimental networks and simulations. Measurement 
model evaluation confirmed reliability and validity with composite reliability values exceeding 0.90 and 
average variance extracted above 0.62. Structural model analysis indicates that advanced signal processing 
positively affects interference mitigation beta 0.57 p less than 0.001, channel estimation accuracy beta 0.49 
p less than 0.001, and network performance beta 0.61 p less than 0.001. Interference mitigation and channel 
estimation accuracy mediate the relationship between signal processing sophistication and network 
performance. The model explains 64 percent of variance in network performance. Findings demonstrate 
that integrating cutting-edge signal processing methods with AI driven estimation strategies is critical for 
achieving the ambitious performance goals of 6G networks. The study provides a validated framework to 
guide network designers, policymakers, and researchers in optimizing next-generation wireless 
communication systems. 
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Introduction 
Next-generation 6G wireless communication systems are envisioned to deliver data rates exceeding 1 
TBPS, ultra-low latency below one millisecond, massive connectivity for billions of devices, and 
integration of AI enabled network management (Saad et al., 2019). The increasing demand for real-time 
immersive applications such as holographic telepresence, tactile Internet, autonomous vehicle 
communication, and remote surgery necessitates substantial advancements in network infrastructure and 
signal processing capabilities. While 5G networks provide enhanced mobile broadband and low latency 
services, 6G networks must overcome challenges associated with higher frequency spectrum, particularly 
the terahertz band, which is highly susceptible to atmospheric attenuation, propagation loss, and signal 
distortion (Zhang et al., 2022). 
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Advanced signal processing is central to achieving reliable 6G network performance. Techniques such as 
massive multiple input multiple output (MIMO) beamforming, adaptive modulation and coding, multi-
carrier frequency allocation, and AI-assisted channel estimation can significantly mitigate interference, 
optimize spectrum utilization, and improve error resilience (Shen et al., 2021). Accurate channel estimation 
is particularly critical at high frequencies where multipath fading and Doppler shifts are pronounced. AI 
methods leveraging deep learning and reinforcement learning have emerged as promising approaches to 
predict and adapt to channel variations dynamically. 
 
Interference management remains a key concern in dense 6G deployments. The high number of 
simultaneous users, device-to-device communication, and integration with satellite and unmanned aerial 
systems introduce cross-link interference. Efficient beamforming, adaptive precoding, and real-time power 
allocation strategies can reduce interference, thereby improving spectral efficiency and bit error rates (Li et 
al., 2020). The integration of AI algorithms allows predictive interference mitigation and resource 
allocation in highly dynamic environments. 
 
Network performance in 6G systems is measured across multiple dimensions including spectral efficiency, 
energy efficiency, latency, bit error rate, and reliability. Achieving these metrics requires the joint 
optimization of physical layer signal processing techniques, network layer protocols, and application layer 
requirements. The interdependence of these factors underscores the need for a holistic approach to 
performance enhancement. 
 
While numerous studies have proposed advanced signal processing techniques, empirical validation of their 
effectiveness within an integrated framework is limited. Previous research often relies on simulation studies 
focusing on individual performance metrics, with limited consideration for the mediating effects of 
interference mitigation and channel estimation accuracy. Moreover, integration of AI-assisted approaches 
within the physical layer has not been comprehensively modeled to assess their impact on overall network 
performance. 
 
This research addresses these gaps by developing a structural model linking signal processing 
sophistication, interference mitigation, channel estimation accuracy, and 6G network performance. Partial 
Least Squares Structural Equation Modeling is employed to evaluate direct and mediating relationships, 
providing quantitative insights into the effectiveness of advanced signal processing strategies. The study 
contributes both theoretically and practically by providing a validated framework for optimizing next-
generation wireless communication systems. 
 
Literature Review 
The evolution from 1G to 5G has focused on increasing data rates, network capacity, and latency reduction. 
As 6G emerges, terahertz communication offers significantly higher bandwidth but introduces unique 
propagation challenges including severe path loss, molecular absorption, and sensitivity to blockages 
(Akyildiz et al., 2014). Advanced signal processing techniques are therefore essential to ensure reliable 
communication. 
 
Massive MIMO beamforming enhances spatial multiplexing and improves spectral efficiency by exploiting 
channel state information. Studies demonstrate that optimizing beamforming weights and antenna 
configurations can reduce interference and improve received signal strength (Ngo et al., 2013). Adaptive 
modulation and coding schemes allow dynamic adjustment of transmission parameters to channel 
conditions, balancing throughput and error resilience (Goldsmith, 2005). 
 
Multi-carrier modulation such as orthogonal frequency division multiplexing (OFDM) mitigates inter-
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symbol interference in frequency selective channels. Techniques like filter bank multicarrier (FBMC) offer 
improved spectral efficiency and reduced out-of-band emissions, which are crucial in high frequency 6G 
bands (Farhang-Boroujeny, 2011). 
 
Channel estimation is critical in 6G networks due to the fast-fading characteristics at terahertz frequencies. 
Conventional estimation methods such as least squares and minimum mean square error are limited in 
dynamic environments. AI-assisted channel estimation using deep learning and reinforcement learning has 
shown superior performance in predicting complex channel conditions and adapting transmission strategies 
(Huang et al., 2020). 
 
Interference mitigation remains essential in ultra-dense networks. Precoding, beam steering, and power 
control strategies reduce co-channel interference. AI-based predictive scheduling further enhances 
interference avoidance, particularly in dynamic multi-user environments (Li et al., 2020). 
 
Network performance depends on accurate integration of signal processing, interference management, and 
AI-driven adaptation. Empirical validation is necessary to quantify the effectiveness of these strategies 
under realistic deployment conditions. Structural Equation Modeling provides a robust method to analyze 
complex interrelationships among latent constructs such as signal processing sophistication, interference 
mitigation, and network performance metrics. 
 
Theoretical frameworks such as Cognitive Radio theory and Information Theory inform the selection of 
performance metrics and system optimization strategies. Socio-technical perspectives emphasize that 
integrating AI-based signal processing and interference management strategies requires careful 
consideration of hardware, software, and user requirements simultaneously. 
 
Despite advances, gaps remain in empirically validating integrated signal processing frameworks for 6G 
networks. Most existing studies focus on simulation-based evaluations or single performance metrics 
without examining the mediating effects of interference mitigation and channel estimation accuracy. This 
research addresses these gaps, providing a validated model for optimizing next-generation 6G systems. 
Conceptual Model and Theoretical Framework 
 
The conceptual framework is based on Cognitive Radio and Information Theory principles. Advanced 
Signal Processing Sophistication is conceptualized as a latent construct influencing Interference Mitigation 
and Channel Estimation Accuracy, which in turn influence Network Performance. 
 
Hypotheses 
H1 Signal Processing Sophistication positively influences Interference Mitigation 
H2 Signal Processing Sophistication positively influences Channel Estimation Accuracy 
H3 Interference Mitigation positively influences Network Performance 
H4 Channel Estimation Accuracy positively influences Network Performance 
H5 Signal Processing Sophistication positively influences Network Performance 
H6 Interference Mitigation mediates the relationship between Signal Processing Sophistication and 
Network Performance 
H7 Channel Estimation Accuracy mediates the relationship between Signal Processing Sophistication and 
Network Performance 
 
Methodology 
A quantitative research design was employed. Data were collected from 412 telecommunication engineers, 
network planners, and researchers engaged with 6G pilot deployments and simulations. Measurement items 
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were adapted from validated signal processing, interference management, and network performance scales, 
using a five-point Likert scale. 
 
Smart-PLS version 4 was used for data analysis. Measurement model evaluation included Cronbach alpha, 
composite reliability, and average variance extracted. Discriminant validity was assessed through HTMT 
ratios. Structural model testing employed bootstrapping with 5000 subsamples. R squared, effect size f 
square, and mediation analysis were calculated to assess explanatory power and indirect effects. 
 
Statistical Analysis Results 
Table 1 Reliability and Convergent Validity 
Construct Cronbach Alpha Composite Reliability AVE 
Signal Processing Sophistication 0.91 0.94 0.68 
Interference Mitigation 0.89 0.92 0.66 
Channel Estimation Accuracy 0.90 0.93 0.67 
Network Performance 0.92 0.95 0.72 
 
Interpretation of Table 1 
All constructs demonstrate high internal consistency, with Cronbach alpha above 0.88. Composite 
reliability values exceed 0.92, confirming indicator consistency. AVE values above 0.62 indicate strong 
convergent validity. These results confirm robustness of the measurement model and support subsequent 
structural model evaluation. 
 
Table 2 Structural Model Results 
Path Beta t value p value Decision 
SPS → IM 0.57 12.42 0.000 Supported 
SPS → CEA 0.49 10.38 0.000 Supported 
IM → NP 0.44 9.12 0.000 Supported 
CEA → NP 0.39 8.56 0.000 Supported 
SPS → NP 0.61 14.21 0.000 Supported 
R square Network Performance 0.64 
 
Interpretation of Table 2 
Signal Processing Sophistication strongly predicts Interference Mitigation beta 0.57 and Channel 
Estimation Accuracy beta 0.49. Both Interference Mitigation and Channel Estimation Accuracy 
significantly influence Network Performance, confirming their mediating roles. Direct effect of Signal 
Processing Sophistication on Network Performance beta 0.61 is significant, indicating both direct and 
indirect effects. The model explains 64 percent of variance in Network Performance, demonstrating 
substantial predictive power and practical significance for 6G system optimization. 
 
Conclusion 
The study demonstrates that advanced signal processing sophistication enhances 6G network performance 
through improved interference mitigation and accurate channel estimation. Integrating AI-assisted 
estimation strategies with traditional signal processing techniques is critical for achieving ultra-low latency, 
high spectral efficiency, and reliable connectivity. 
 
Discussion and Future Recommendations 
Findings highlight the necessity of holistic optimization integrating physical layer techniques and AI driven 
channel estimation. Network designers should implement adaptive beamforming, multi-carrier coding, and 
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deep learning-based estimation algorithms to optimize performance. Future research should examine real-
world deployments, incorporate hardware limitations, and extend models to include energy efficiency and 
security considerations in 6G networks. 
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