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ABSTRACT

Signal-to-Noise Ratio (SNR), protocol may interfere with restricting return loss improvement, impedance and incorrect
GUI-Term Divergence, tuning of the antennas, which is a major contributor to RF signal integrity. Such semantic
mmWave Systems, inconsistencies have propagation-layer consequences that are investigated in this paper such
Propagation Delay as delayed channel initialization, raised packet retries, beam forming failures at mmWave

and sub-6 GHz deployments. Analyses through simulation in MATLAB SimRF and CST Studio,
as well as in-practice cases in the implementation of 5G VPN, demonstrate an objective
decline in the S11 parameter (compared to -15 dB to 6.5 dB) and even 35% increased time
of restarts of the firmware in relation to GUI mismatch. Optimization strategies that are
then considered are also redefined to work with the RF integrated system base the strategy
of adaptive codec negotiation, caching, and transport-aware data handling. It may be
concluded that there exists a dire need to introduce the notion of a cross-layer, propagation-
ARTICLE HISTORY: aware glossary control framework to provide robust and low-latency communication in

multilingual, high-mobility, and interference-prone wireless networks.
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INTRODUCTION

With the introduction of wireless technologies and
the conquest of portable mobile devices, the global
environment in terms of communication patterns
has changed significantly allowing voice, video, and
text-related communication to occur on a seamless
basis. Usage of mobile messaging and VolP (Voice over
Internet Protocol) applications was vital in critical
times like the COVID-19 lockdown to help people with
social connectedness, distance working, and distance
learning. In spite of remarkable improvement on the
network infrastructure and mobile hardware, real-time
communication continues to encounter characteristic
challenges inits performance especially when bandwidth,
mobility and even device resources are limited (Hossain
et al., 2010).

In addition to more classic software layers techniques
like adaptive codec switching, intelligent caching,
efficient prefetching, the robustness of mobile VolP
applications is essentially dependent on the physical
layer. Specifically, the RF properties such as antenna
tuning, matching of impedances, and propagation
are interesting factors that play an essential role in
deciding the quality of calls and signal power as well
as latency. Firmware level misconfigurations usually
due to GUI mislabeling of names, e.g. uplink frequency,
tunnel protocol, transmit gain may lead to unintentional
antenna reconfiguration, such as the control loop
selecting an unsuitable antenna configuration (e.g.
directional patch rather than omnidirectional whip), a
load impedance mismatch, and is likely to break the
beam forming in 5G/mmWave. Such propagation errors
are translated directly into propagation anomalies, such
as higher return loss (e.g. degraded S11 to 15 dB to 8 dB)
and jitter and lower QoS.

The stakes are even more on the contemporary
communication system that is forested by mmWave
and beamforming backhauls that offer rural broadband
and the dense urban setup. Here, immediate mixtures
of semantic zones (on VPN configuration, the meaning
of the term, mistakenly identified as, say, “encryption
mode”, with PHY-layer concepts) in firmware may
prevent the timing of antenna synchronization, beam
error, and channel acquisition protocols failure. As the
antenna control subsystem is frequently dependent on
the accurate GUI parameters to initialize the RF logic
and choose the adaptive gains, any lexical deviation may
spiral into the inefficient use of the spectrum, repeated
retry trials, and signal rerouting failure.

This study considers these combined software-
hardware issues by involving the influence of the lexical
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inconsistencies between the GUI and RF firmware layers
that weaken both data control and RF communications in
the mobile VoIP systems. The paper examines optimization
approaches that can bring the terminology of an interface
to be compatible with propagation-aware settings, and
it describes how they can lead to a more resilient and
energy-efficient operation in real life constraints (Zuppelli
et al., 2021; Sisalem & Boukhatem, 2019).

This paper has main goals, which are:

1. In order to put the connection between mobile VolP
application requirements and RF-layer limits in the
context of antenna control, impedance tuning and
propagation.

2. To examine the issues of whether or not and
to what extent semantic misalignment (and, in
particular, GUI-to-firmware discrepancy) can affect
system interoperability, RF routing and antenna
reconfiguration behavior.

3. In order to assess the deployment case-studies and
to propose an integrated optimization model to
mediate between GUI semantics and physical-layer
signal integrity.

These points put in perspective allow the paper to
add a new RF-integrated approach to optimize mobile
VoIP systems, which so far has been concerned mainly
with software-based enhancement to the propagation-
conscious system design and semantic-layer consistency
that takes into consideration the feedback loop of
antenna platforms.

BACKGROUND & RELATED WORK

VolP and Messaging Systems in High-Frequency RF
Environments

The dynamic nature of the RF propagation particularly
in the high frequency bands, 2.4 GHz, 5 GHz and the
mmWave bands utilized in 5 GHz backhaul is increasingly
defining efficiency of mobile VoIP and messaging systems
operating in real-time conditions. Other important key
propagation issues in mobile systems are the curve of
multipath fading, co-channel interference and shadow
and penetration loss in indoor and urban areas (Siti & Ali,
2025). Such RF-related limitations are directly impinging
on call stability, and audio quality, and packet arrival
ordering, especially on VolP with low error tolerance
flows.

Even in multilingual smart offices or homes, deployment
indoors results in dynamic RF reflection zones when
there are changes in furniture and human mobility that

National Journal of Antennas and Propagation, ISSN 2582-2659



Javohir Zokirov et al. : RF Propagation and Channel Performance Analysis in Multilingual VoIP and Messaging Platforms:
A Lexical-to-Layered Perspective

causes variations and compromises QoS. Similarly, field
remotes particularly in heavily populated or non-urban
lands have to cut through bushes, metal blocks and
absorption through the atmosphere, which wrecks the
SNR (Signal-to-Noise Ratio) and delay the RF network
initialization.

In addition, mobile devices used in multilingual
situations need to handle disparate language coding
regimes (e.g. UTF-8 vs Unicode) in user interfaces,
which present timing inconsistencies in packet releases
when communicating with antenna transmission series,
particularly in dual-stack systems (IPv4/IPv6). In the
case of VolP and multimedia messaging systems, the
conformity of the modulation schemes, frame structure
and selection mechanism of beams are estimated to
the demands of an application layer so as to provide
continuous low-latency communication.

Interface-Layer Semantics Impact on RF Channel
Behavior

In addition to RF environment considerations, a less
addressed but extremely important aspect of propagation
anomalies exists in semantic inconsistencies manifesting
in interface-layer terminology as compared to that of the
lower level firmware in both GUI-configured parameters
and interface-layer parameters as compared to lower-
level, firmware parameters. It has become apparent
that the incompatibilities of certain terminologies like
modulation type vs. encoding scheme or uplink frequency
vs. channel band results in misconfiguration of the
antenna that leads to imprecision in impedance load which
translates to S11 return losses greater than recommended
limits (Stockhammer, 2011; Shi et al., 2016).

As demonstrated by Perkins et al. (2003), jitter and
packet drop are not always due to congestion that
occurs at network level rather they are usually due to a
miss-shaping of buffering schemes which usually appear
as a result of interpretation of codec or QoS labels at
middleware and driver layer. The added delay and jitter
in the wireless channels are aggravated by this interface
divergence which does not allow frame buffering to be
synchronized temporally. A nearby parallel to the case
study described by Zeadally et al. (2012), a NJAP-similar
case with pure GUI/ front-end upgrade includes firmware
updates with new security protocols (e.g., AES-GCM to
ChaCha20), but not changing GUI labeling, also caused
repeatedly renegotiated VPN connections and dropped
RF channels in a lab-level mmWave testbed.

Also, in the 5G endecodable devices which apply RIS
(Reconfigurable Intelligent Surfaces) or MIMO arrays,
due to different mapping of two terms direction of
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beamform and states of antennas in different vendor
software and the RF hardware, frequently, a misfire
occasion arises, where the information beams achieved
are misaligned with the end of client (UE), with
the result that information transport cannot result.
Lexical misalighment between the system layers of
lexical misalignment is also emerging in the literature
as a propagation-critical factor; it affects the link
initialization time, path diversity, and load balancing
across RF chains.

Herein, the problem of optimizing mobile VolP and
messaging systems becomes not only limited to software
level of performance but also to hardwaresoftware
co-desigh and terms harmonization across different
abstraction level. The paper is based on the findings
of these works in order to suggest a comprehensive
framework integrating the RF-aware lexical consistency
with the mobile communication optimization concept.

RF-INTEGRATED SYSTEM MODEL FOR VOIP OPTIMIZATION

The modern VolIP systems make use of the multi-layered
set of protocol stacks to manage signaling, as well as
the media transport and also the session description.
Nevertheless, RF-constraining effects of application-
layer misconfigurations commonly do not find their
way into conventional models of downstream RF
propagation, antenna impedance matching, and channel
fidelity effects especially in high-frequency mobile
communication systems including 5G, the mmWave, and
the RIS-based backhaul systems.

Layered Architecture with RF Awareness

Figure 1 presents a model to fill such gap and maps data
flow between the user interfaces and antenna interfaces
all the way towards propagation environment using an
RF-aware system model. This block diagram indicates
the manner of processing of GUI-selected parameters
of VoIP process using codec type, uplink frequency, and
encryption layer through backend logic control, and RF
control subsystems; when finally presented to physical
antennas and wireless channel.

Initial on the stack are GUI-driven application selection
(e.g. Channel Band: Auto or Uplink Codec: PCM), which,
unless matched to firmware mappings, may cause
misunderstanding of RF modules. E.g.: confusion of
Uplink and Downlink in backend logic can lead to impaired
beam selection or antenna switching, reduced S11 return
loss, link margin or radiation pattern efficiency.

VolIP Protocol Stack and Propagation Risks

Session Initiation Protocol (SIP) or H.323 usually signal
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VoIP, whereas media is transmitted over the Real-time
Transport Protocol (RTP) and its secured derivative, the
Secure Real-time Transport Protocol (SRTP). Parameter
negotiation between codecs and streams are done using
the Session Description Protocol (SDP), whereas jitter
and delay is monitored by RTCP. All these higher-layer
protocols communicate with the transport layer which
is usually UDP in case of real-time traffic so that the
communication is low latent. Nonetheless, hardware
incompatibility due to protocols ambiguity on firmware
level leads to errors like:

e Miselection of Antenna diversity o less spatial gain.

e Loading errors cause impedance mismatch and this
causes poor return loss (S11 > -8 dB).

o Beam misdirection uses delayed call setup or packet
loss due to the application of urban radiofrequency.

Signaling and Transport Protocols Revisited with RF
Lens

In this part, the basic VoIP protocols discussed here are
revisited in the view of RF-layer sensitivity and exposure
vulnerability of propagations. Although such protocols
as SIP, RTP, and UDP may often be viewed in terms of
network stacks, they have downstream effects on the
radio-frequency behavior, being severely present when
their appropriateness is informed by GUI or firmware
mislabeling. Protocol incompatibilities between fields
or semantic incompatibility at the GUI-middleware
boundary may comprise poor antenna triggering,
misaligned timing in packet planning or lack of feedback
of channel-state. These are aggravated further by the
effect of environments running at mmWave, Wi-Fi 6E or
congested ISM bands.

The table 1 describes the way in which each of these
protocols when incorrectly configured or poorly
combined with RF control logic can inject particular
propagation risks.

Table 1 provides the breakdown of the role of the
prominent VolP-related protocols and its downstream
weight on the behavior of the RF-layer upon a semantic
decoupling. Labeling or rather the GUI abstraction of
fields in the fields of sessions setup, codec definition, and
packet routing can cause the degradations experienced
at the propagation levels like the beam drift, poor
SNR, dropped packets, or audio distortion. This school
of thought distinguishes a protocol configuration not
as an entirely software process, but rather a process
which requires compatibility with antenna logic origin,
impedance management and signal integrity flow.

Summary of RF-aware Impact

The VoIP systems integration with RF-aware design
involves the need to harmonize GUI parts, middleware
and RF parts. Interference betweeninterface terminology
and firmware expectations (e.g.: Encapsulation Mode /
Tunnel Protocol) is not only a semantic problem; it also
causes RF link degraded performance, modulation drift
and antenna alignment failure. The RF-integrated model
used in this paper would require the propagation integrity

Table 1: RF Vulnerabilities Associated with VolP Signalling and Transport Protocols

Protocol Role RF-Linked Risks When Misconfigured
SIP Session signaling Beam misdirection during handshake delays if IP negotiation mismatched.
RTP/SRTP Media streaming Packet loss due to misaligned QoS scheduling o buffer underruns in antennas.

RTCP QoS feedback Inaccurate RF performance metrics if feedback loop broken.
SDP Session description Incorrect codec-bitrate-channel mappings @ modulation error.
UDP/TCP Transport Layer UDP loss recovery bypassed in noisy RF bands, TCP overhead increases delay.

s
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in the mobile VoIP environments to be maintained via
layered semantic verification in mmWave space and 5G.

PROPAGATION MODELING AND RF-AWARE OPTIMIZATION FOR
VolP

The modern VolIP systems work in RF conditions of
2.4 GHz WLAN to 26-28 GHz mmWave backhauls 5G.
Misconfigurations of the GUI configuration terms to
include such terms as Uplink Freq or Antenna Type
may cause an RF misconfiguration that can cause a
measurable signal degradation.

Signal Degradation Due to Misconfiguration

A propagation model simulation was made to B
surrounding 2.4 GHz WLAN radio spectrum as an analysis
of the influence of semantic-level misconfigurations on
radio frequency (RF) signal integrity in VoIP system. The
case was comprised of two setups including the correctly
configured relationship between VolP GUI and the GUI
parameters as well as the incorrect linkage between the
terminologies in regards to the firmware parameters such
as in the situation where the term Uplink Frequency was
grouped in an incorrectly relative term to the firmware
i.e. Channel Band. The results as shown in Figure 2
indicate that when configured correctly, the signal at
the center frequency was attenuated by about 2 dB
and this implies that metering loss was minimal and the
impedance match was perfect. On the contrary, signal
loss of the misconfigured system was very high with a
value of about -7dB at the same range of frequencies.
This serious impairment is caused by problems initiated
by beam steering errors and impedance mismatches
caused by misadjusted RF control parameters. The
figure shows the physical performance costs of lexical
divergence particularly in high density environments
or latency sensitive environments such as Mobile VolP
systems. This discussion shows that the presence of
interface terminologies on the GUI must match the RF
configuration in the physical layer to ensure fidelity of
signals.

Proper Configuration
~ = Semantic Misconfiguration

-5

signal Loss (dB)

2.300 7375 2350 2375 2.400 2.425 2.450 2475 2500
Frequency (GHz)

Fig. 2: Signal Loss vs Frequency
(2.4 GHz WiFi Deployment)
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Return Loss and VSWR Mismatch Due to Lexical
Divergence

In further investigating how semantic inconsistencies
affect RF front-end behavior, a return loss (S11) and
Voltage Standing Wave Ratio (VSWR) was carried out
using CST studio suite as displayed in figure 3. In the
simulation we took a regular 50-ohm omni-directional
antenna system and tested it in two different ways: (i)
Standard matched, (ii) Mismatch due to GUI terminology
ambiguity. The latter one was a failure to choose an
“Omnidirectional” antenna profile in a finite-range radio
direction in favor of the actual “Patch” antenna profile
because of a misrepresentation of the GUI labels. With
good matching conditions the return loss measured
between 0 and 15 GHz was about -15 dB with S11
reading close to that value, which would be expected
to indicate very little reflected power and good transfer
of power into the antenna. In misconfigured system, S11
fell to -6.5 dB which equates to high power reflection
back to transceiver and high VSWR. Not only does this
RF reflection result in inefficiencies and thermal stress
related to hardware, it also causes various real-time
qualities of VolP Performance including jitter, more
packet loss and call set-up failure because of signal
unsteadiness. The analysis highlights the impact of
lexical barrier between GUI and the firmware as the
possible source of quantifiable RF propagation penalties.

5
- Correct CUN\QU[NWH
== Mismatched Configuration

-5

N \_/’_\/

511 (dB)

2.0 21 22 23 24 25 26 27 28
Frequency (GHz)

Fig. 3: S11 / VSWR Curve Comparing Correct vs. Mis-
matched Antenna Configuration

Antenna Parameter Errors Due to Lexical Divergence

This table 2 is a summary on how incompatibility of
semantics, especially the incompatibility between GUI
interfaces and firmware backends may have adverse
impacts on RF propagation parameters of mobile VolP
systems. Inaccurate labelling of critical parameters such
as Uplink Frequency or Antenna Type often results in
mis-matched antenna sets, degraded S11 (both in terms
of loss and in the data curse) which in turn will result
in propagation-level problems with packet retries, beam
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Table 2: Propagation Errors Caused by Terminology Inconsistency

GUI Term Used Expected Config Misinterpreted As Resulting S11 (dB) Propagation Effect

Uplink Freq 2.4 GHz Channel Index -8 dB Delayed packet initialization
Antenna Type Omni Patch -6 dB Directional blind zones
Bandwidth 20 MHz PHY Rate -5.5dB Missed channel bonding
Channel Width 40 MHz Subcarrier Count -7dB Inter-symbol interference

pointing, or inter-symbol interference. Even such minor
mistakes in the lexical sphere appear at the physical
layer in the form of quantitative indicators of poor signal
quality and the integrity of the link.

Radiation Pattern Distortion Due to GUI Misconfiguration

The figure below shows 3D far-field radiations patterns
of two antenna layouts. Figure 4a shows aligned
firmware-fields can maintain stable relative beam
orientation and has a forward gain value of 7 dBi thus
providing high signal coverage. Conversely, Figure 4(b)
shows a misconfiguration due to GUI mislabelling as an
example, clicking wrongly on the index of “Patch” rather
than selecting “Omni” which results in a~ 3 dBi loss in
gain, irregular side lobes and asymmetrical beam. Such
mismatch brings surface to more packet retransmissions,
Voice over IP delays, since the link formation is not
stable.

REAL-WORLD CASE STuDY: VPN OVER MMWAVE MESH
BACKHAUL

A field investigation of a 5G site in a rural deployment
environment was used to confirm the applicability of GUI-
to-firmware crossers of the RF propagation performance.

T 100
"7

T O3k

‘I‘ 0.25

noa
—(0.25
-0.50

lﬂ—{-..rs
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100

Fig. 4(a): 3D Radiation Pattern - Proper
Omni Configuration
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Fig. 4(b): 3D Radiation Pattern - GUI-Induced
Misconfigured Patch Mode

The network system used was a Virtual Private Network
(VPN) tunnels fed by a 28 GHz millimeter-wave
(mmWave) backhaul mesh. The edge routers here were
connected with mmWave directional antennas so that
the data transmission between the multiple base station
nodes was more secure.

Through peak-hour testing, it was found that the
Graphical User Interface (GUI) of the router firmware
required to fill in some critical configuration field as
the Encryption Level, when the corresponding firmware
mechanism was awaiting the Queueing Phase Mode (e.g.,
QPSK, 16-QAM) input. As a result of such mismatch, the
VPN tunneling module did not match the appropriate
modulation and beamforming profile and thus wrong
antenna radiation pattern was chosen. As a result, RF
beam was not aligned to the desired neighboring node
within the mesh, resulting in failure of link.

This mismatch caused several retransmissions at the RF
link causing reinitialization to occur at both ends of the
link, all of which was recorded in a timing diagnostic
graph. There was an average increase of a 35 % retry
latency and failed beam handshakes with a peak delay
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of 3.8 seconds before stability of the link was restored.
On fixing the GUI field to reflect the intended backend
firmware procedure terminology the handshake
would stabilize in less than 0.9 seconds, indicating
how important semantics correctness is of GUI fields
connected with RF layer functions.

—— Correct Configuration
Mislabeled GUI Configuration
Delay Spike at 3s

100

)

Retry Delay (m

Fig. 4: Retry Delay vs. Time Graph Comparison of
Correct vs. Mislabeled Configuration

This example further confirms the direct implications of in-
terface semantics in real-time mmWave beam alignments,
sub-milliseconds latency, and RF switch reliable directions at
high-frequency backhaul networks.

PROPOSED LEXICAL-RF HARMONIZATION FRAMEWORK

A big propagation and signal integrity risks are brought
up by semantic inconsistency between configuration
interface at user level of communication systems and
hardware modules that are designed by RF driven
communications. The present section suggests a Lexical-
RF Harmonization Framework that could be identified to
help align the use of terminology between the software-
hardware boundary optimizing the performance of
an antenna, impedance matching, and reliability of
propagation.

Framework Architecture and Features
Cross-Layer Glossary Control System

Centralized wheat glossary enforcement engine
is incorporated into four significant levels of the
communication system:

e Graphical User interface (GUI): Makes sure that all
user-level terms (e.g. Uplink Frequency, Antenna
Type) are defined with respect to internationally-
recognized RF terminology.

o Firmware Layer: Verifies internal field mappings to
prevent scenario of the misinterpretation during
parsing the configuration.

« RF Control Layer: Refers to a synchronization of
the parameters like tuning of VSWR, impedance

National Journal of Antennas and Propagation, ISSN 2582-2659

profiles, and beam forming logic on a standardized
terminology.

e Antenna Abstraction Layer The layer that matches
hardware adequacy parameters (gain and direction
of antennas and bandpass) with software-determined
settings.

Real-Time Autotuning Hooks

e Monitors signal strength monitors and 511 feedbacks
with the antenna sub system.

e When the sensing of anomalies is established
(because of the lack of correspondence between
the terms), autotuning subroutine helps impedance
correction and recovers the RF performance on the
fly.

o Supports the restoration in a closed-loop where
at VPN tunnel reinitialization or events of beam
redirection.

Standards-Based Design Compliance

The structure is made in compliance with the
internationally recognized electromagnetic and antenna
performance guidance:

o |EEE Std 149-1979: Standard Test Procedures for
Antennas, guaranteeing the precise verifications of
antenna performances.

e CISPR 22: Information technology equipment
electromagnetic compatibility (EMC) standard,
offering regulatory compliance of the RF equipment
emissions as well as the noise suppression.

GUI
Glossary Validation
A 4
Glossary Control Glossary
Module Database
4
| Glossary | i
| Validatio i
} Firmware |
1 1
I i
1 l |
1
' RF Logic ~ f:-—---- » Signal Quality
! Autotunin Monitor
1 l g trigger A
! 1
I |
e , Antenna | i
Signal Hardware
Quality

Metrics
Fig. 5: Cross-Layer Glossary Control System
Architecture

This figure 5 will demonstrate where data moves and
where checks are done against GUI, firmware, RF logic
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and antenna hardware. It will also display signal quality
feedback loops, glossary enforcement modules and
autotuning triggers.

CONCLUSION

This has been the case in this study that examined
how semantic-layer configurations can interact with
physical-layer behavior in mobile VolP and messaging
systems, with the relevance of interface terminology
inconsistency on radio frequency (RF) performance.
Investigation of signal propagation errors caused by
wrong GUI terminology e.g. Channel Band/Uplink
Frequency showed that the research objective can
be verified (and indeed was proved) by observable
behavioral parameters of signal propagation e.g.
element reach, beam centering and propagation delay.
The paper presented by use of simulation and case study
validation revealed that optimization methods should
not be limited to codec selection or data compression.
Rather they ought to also inject propagation-conscious
design which makes the terms of application front-
ends and the backend RF control communicate in
harmony. Even apparent semantic mismatch at the
configuration interface level was demonstrated to
negatively impact on antenna matching, VPN tunnels
initialization failure, and the quality of overall signals
across 2.4 GHz WLAN to 5G mmWave mesh backhauls
environments.

The cross-layer validation mechanism to be offered in the
proposed framework integrates glossary enforcement,
real-time signal feedback, and configuration-driven
autotuning. Making the lexical input harmonious with RF
behaviour is the basis upon which the robust, adaptive
and propagation consistent communication systems
become.

The next steps will entail the deployment of intelligent
agents that will dynamically monitor and rectify
terminology-derived RF anomalies so that mobile
systems always stay efficient, context-sensitive and
resilient when deployed in multilingual environments in
the real world.
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