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Abstract—With the imminent arrival of sixth-generation (6G)
wireless networks, conventional communication-centric systems
face challenges in meeting future demands. As transformative
technologies need real-time and reliable sensing capabilities,
Integrated Sensing and Communication (ISAC) emerges as
a comprehensive framework, integrating communication and
sensing functionalities in one system. Sensing the environment
using the information from channel equalization, called Com-
munication based Sensing (CommSense), has been an area of
investigation by the authors for more than a decade. In this
work, we validate a CommSense-based ISAC system using in-
situ mmWave propagation models. To do this, firstly, we verify
the accuracy of our real-world measurements by validating the
measured Received Signal Strength Indicator (RSSI) against a
standard path loss model for the 60GHz band. Secondly, we
derive an in-situ Cluster Delay Line (CDL) channel model by
simulation, leveraging real map data to accurately represent
dynamic wireless environments. Finally, we apply CommSense
using the derived CDL channel and observe that it achieves
good accuracy in real-time environmental sensing. The result
is the facilitation of adaptive and context-aware communication
strategies, enabling transformative applications such as intelli-
gent traffic management, environmental monitoring, and IoT.
Through our contributions, we demonstrate the potential of
CommSense in achieving accurate sensing performance, opening
avenues for the future of wireless networks.

Index Terms—5G, 6G, Integrated Sensing and Communication
(ISAC), Joint Communication and Sensing (JCAS), Communi-
cation based Sensing (CommSense), mmWave Communication,
Machine Learning (ML)

I. INTRODUCTION

With the advent of the upcoming sixth generation (6G)
of wireless networks, there is an increasing awareness that
conventional communication-centric systems may not suffice
to meet the future’s challenging demands. As we embrace the
Internet of Things (IoT), autonomous vehicles, smart cities,
and other emerging technologies, the importance of real-time
and dependable sensing capabilities becomes more evident
[1], [2], [3]. This necessity led to the emergence of ISAC,
a framework that seamlessly integrates communication and
sensing functionalities into an unified ecosystem. Among the
emerging solutions that leverage the potential of ISAC, one
noteworthy approach is CommSense system.

CommSense [4] represents a data-driven implementation
with a communication-centric focus, utilizing the reference

signals integrated into the 5G resource grid to extract chan-
nel state information (CSI). By employing machine learning
(ML) methodologies, CommSense estimates environmental
changes in real-time [5], [6]. This data-driven approach en-
ables adaptive and context-aware communication strategies,
fostering transformative applications such as intelligent traffic
management [7], environmental monitoring [8], and immersive
augmented reality experiences.

The significance of millimeter-wave (mmWave) technology
in the context of ISAC cannot be overstated. The utilization
of mmWave frequencies provides substantial bandwidth, facil-
itating high data rates and meeting the extensive connectivity
demands envisioned in 6G networks. Additionally, the short
wavelength of mmWave signals enables the implementation
of sophisticated beamforming techniques, which not only
enhance spatial resolution but also address propagation chal-
lenges in densely populated urban areas [9].

The role of mmWave technology is pivotal in enabling
precise and high-resolution environmental sensing, a critical
aspect of context-aware communication and resource opti-
mization in ISAC scenarios. By fully harnessing the potential
of mmWave, CommSense can achieve unmatched accuracy
in identifying and interpreting environmental conditions. This
capability facilitates seamless adaptation of communication
strategies, ensuring superior performance and high-quality
service delivery within 6G networks.

To lay the foundation for our research, we validate the
measured Received Signal Strength Indicator (RSSI) against
a standard model for 60GHz band. This validation serves to
demonstrate the accuracy of our real-world measurements,
ensuring that they somewhat align with the expected path
loss characteristics. By providing empirical evidence of the
correspondence between our measurements and the theoretical
model, we establish the reliability of our experimental setup
and data collection methodology.

Building upon the validated real-world measurements, we
proceed to derive an in-situ CDL channel model. This model is
tailored to capture the unique characteristics of dynamic wire-
less environments and incorporates real map data to enhance
its realism and accuracy. The in-situ CDL channel model is
crafted to offer a comprehensive representation of multipath
propagation, channel fading, and spatial clustering effects,
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Fig. 1. A simplified block diagram of an ASIN instrument

making it well-suited for the simulation of 6G communication
scenarios.

With our in-situ CDL channel model in hand, we apply
CommSense, to explore its performance in dynamic wireless
environments. Through our experimentation, we observe that
CommSense effectively leverages the in-situ CDL channel
model, achieving a good level of accuracy in sensing perfor-
mance. The performance evaluation of the CommSense system
using the 5G standard CDL channels can be found in [10].

To summarize,
• We present a comprehensive investigation of ISAC in

60GHz band. By validating our real-world measurements
and path loss model, we establish the reliability of our
data collection.

• The derivation of an in-situ CDL channel model, tailored
to the dynamics of wireless environments, enables us
to explore the power of CommSense: a communication-
centric data-driven implementation of ISAC.

• Our findings highlight the potential of CommSense in
achieving good sensing accuracy (over 84%) in 6G com-
munication scenarios, opening doors to transformative
wireless applications and laying the groundwork for the
future of wireless networks.

II. BACKGROUND THEORY

A. CommSense System Model

CommSense incorporates the Application Specific Instru-
mentation (ASIN) framework, as introduced in [11], which
employs low-resolution sensors and artificial intelligence (AI)
algorithms for specialized tasks, as illustrated in Fig. 1,
minimizing computational overhead. This novel approach rev-
olutionizes sensor design, tailoring them to specific tasks. Uti-
lizing channel impulse response (CIR) or impulse radio (IR)
based sensing, CommSense systems extract environmental fea-
tures using the reference symbols employed in communication.

In conventional communication standards, pilot symbols are
transmitted to estimate the channel. Subsequently, channel
state information (CSI) is extracted from channel equalization
blocks at the receiver or user equipment (UE). CommSense
first captures relevant event information and then utilizes
stored phenomenological data and extracted CSI for training
and pattern classification. A simple illustration of this process
can be seen in Fig.2. This fusion of phenomenological data
and communication related information enables CommSense
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Fig. 2. CommSense’s flow diagram for identifying events of interest.

to achieve context-awareness and adaptive communication
strategies effectively.

B. Propagation in mmWave channel

• Free Space Path Loss (FSPL) : FSPL occurs when a
signal travels through an unobstructed wireless medium
without encountering any obstacles or reflections. The
free space path loss is calculated by the following for-
mula:

FSPL =

(
4πd

λ

)2

(1)

d : Distance between transmitter and receiver
λ : Wavelength of propagating signal.
e.g. For distance of 200m, The FSPL will be approxi-
mately 110dB at 60GHz

• Atmospheric Attenuation: Compared to sub-6GHz
bands, mmWave signals are more susceptible to atmo-
spheric effects like water vapor and oxygen absorption,
rain attenuation, and building material penetration [12].
These attenuating effects pose challenges to mmWave
signals, leading to shorter transmission ranges. A detailed
descriptions of these contributions can be found in [13].

Fig. 3. Atmospheric attenuation in 60GHz band



We utilized a MATLAB app, “Vaayu” [14], to get the
atmospheric attenuation profile as a function of frequency.
This app follows the ITU standard to calculate the atmospheric
attenuation, the plot is illustrated in Fig.3.

C. Channel model using Ray Tracing

Ray tracing serves as a prominent channel modeling tech-
nique employed to simulate diverse wireless communication
environments [15]. This method meticulously considers the
interactions of propagating waves with various objects and
structures along the propagation path. By tracing individual
rays from the transmitter to the receiver and accounting for
reflections, diffraction, and scattering effects, the ray tracing
model offers in-depth insights into signal strength, coverage,
and multipath characteristics as depicted in Fig.4. This helps
to optimize wireless network designs, strategically deploy base
stations, and assess communication system performance in
complex real-world scenarios. By exclusively considering the
attenuation and delay associated with each path, as depicted
in Fig.4, we can express the channel as

∑
i αiδ(t− τi), where

each (αi, τi) pair represents the attenuation and delay for the
ith path, respectively. For the purpose of our experiment, we
will normalize the delay of the initial path to zero.
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Fig. 4. A ray tracing model is a powerful tool in wireless communication,
employing geometric optics to simulate electromagnetic signal propagation.
By accounting for reflections, diffractions, and scattering effects, it offers
insights into signal strength and coverage, aiding network design, base station
deployment, and performance assessment in complex scenarios, pivotal in
advancing future wireless technologies.

D. Data generation and Evaluation of Comm Sense System

In this setup, the derived channel is put to practical use.
The base station transmits signals, and at the receiver, the
channel estimation process helps to get the CSI, which is
high-dimensional. To assess the system’s performance in real-
world scenarios, For a particular channel, the process of data
generation incorporates the addition of additive white Gaussian
noise (AWGN) to the received signal with that channel, then
we estimate the CSI. This high-dimensional channel CSI
represents the characteristics of that particular wireless channel
and that environment.

To effectively analyze and interpret this information, Prin-
cipal Component Analysis (PCA) is applied, which is one of

the dimensionality reduction tool [16], [17]. PCA transforms
the high-dimensional data into a lower-dimensional space,
capturing the most significant features while reducing the
computational complexity. With the reduced-dimensional CSI
in hand, the next step involves employing Support Vector
Machine (SVM) as a classification algorithm. SVM is used
to measure the accuracy of the sensing process, enabling
the system to distinguish between different environmental
conditions. By training the SVM with labeled data representing
known environmental states, it becomes capable of predicting
and categorizing new and unseen data.

Overall, this comprehensive approach combining Channel
modelling and validation, Channel estimation, data generation,
PCA, and SVM allows CommSense to effectively detect
and interpret environmental conditions based on the wireless
channel’s characteristics.

III. RESULTS AND DISCUSSION

A. Validation of the derived channel

Our work revolved around conducting an In-situ experiment,
which involves performing measurements and data collection
in the actual environment of interest. To ensure accuracy, we
meticulously set up the experiment using detailed mapping of
the area under investigation as illustrated in Fig.5. The objec-
tive of the experiment was to derive the channel characteristics
of the 60GHz band, focusing specifically on the line of sight
path and the path resulting from the 1st order reflection, which
corresponds to the non-line of sight path received from a single
bounce.

To validate our measurements and evaluate the channel’s
performance, we conducted a series of RSSI measurements
using Cambium Networks’ cnWave 60GHz radios [18], uti-
lizing a V5000 as transmitter and a V1000 as receiver with
center frequency of 64.8GHz and 2.16GHz bandwidth. The
22.5dBi Receiver was moved incrementally from Location
1 to 15, with a 2-meter step size between each location, as
illustrated in Fig.5. Subsequently, the obtained RSSI values
were juxtaposed with those projected by a standardized model
[13], as illustrated in Fig.6. We incur Root Mean Square
Error (RMSE) of 2.082dB and 1.046dB when we compare
the theoretical prediction with the actual measured data and
smoothed data respectively. This comparative analysis not only
confirmed the precision of our real-world measurements but
also validated the reliability of our setup.

The key contribution of our work lies in the precise mea-
surement of the in-situ Cluster Delay Line (CDL) channel
by ray tracing as discussed in Section II-C, and it is shown
in Table I. This table presents crucial information, including
Path delays, Average path gains, Angles of Arrival at the UE,
and Angles of Departure from the Base Station. The CDL
model is a critical component in the field of CommSense,
which is communication-centric data-driven implementation of
ISAC system. CommSense leverages the potential of mmWave
technology and advanced data analytics to enable real-time
environmental sensing, adaptive communication strategies, and
context-aware applications.
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Fig. 5. An In-situ experiment set up using detailed mapping, to derive the 60GHz band based solely on the line of sight path and the path from the 1st order
reflection(s) (i.e. non-line of sight path received from a single bounce). To validate our measurements and measure path loss, we relocated the Receiver/UE
from Location 1 to 15, recording the Received Signal Strength Indicator (RSSI) and comparing it with a standard model. The highlight of our endeavor was
the precise measurement of the In-situ CDL channel from our carefully designed setup, offering invaluable insights in the field of CommSense using mmWave
technology.

TABLE I
DERIVED IN-SITU CDL CHANNEL FROM FIGURE 5

Location # Path Delays (ns) Path Gains(dB) Angle of Departure (degrees) Angle of Arrival (degrees)
1 [ 0 1.64 ] [ -111.51 -115.66 ] [ 45.80 46.00 ] [ -134.19 -137.12 ]
2 [ 0 1.63] [ -111.62 -115.69 ] [ 45.66 45.45 ] [ -134.33 -130.92 ]
3 [ 0 1.57 113.85 ] [ -111.73 -115.80 -121.56 ] [ 45.52 45.45 52.58 ] [ -134.47 -133.55 107.87 ]
4 [ 0 1.59 111.95 ] [ -111.79 -115.78 -121.58 ] [ 45.10 44.92 52.03 ] [ -134.89 -131.82 107.64 ]
5 [ 0 1.53 103.98 ] [ -111.89 -115.88 -121.56 ] [ 44.97 44.92 51.62 ] [ -135.02 -134.35 109.42 ]
6 [ 0 1.56 102.09 ] [ -111.96 -115.83 -121.59 ] [ 44.55 44.49 51.07 ] [ -135.44 -133.95 109.12 ]
7 [ 0 1.58 1.62 106.16 ] [ -111.98 -115.96 -115.85 -121.66 ] [ 43.86 44.08 43.64 51.07 ] [ -136.13 -138.88 -131.57 112.03 ]
8 [ 0 1.55 109.93 ] [ -112.01 -115.99 -121.74 ] [ 43.11 43.23 50.52 ] [ -136.88 -138.35 111.22 ]
9 [ 0 1.62 96.20 ] [ -112.15 -115.91 -121.68 ] [ 43.27 43.21 50.11 ] [ -136.72 -134.98 114.47 ]

10 [ 0 1.485 ] [ -112.22 -116.09 ] [ 42.83 42.80 ] [ -137.16 -136.73 ]
11 [ 0 1.58 1.52 ] [ -112.25 -116.00 -116.11 ] [ 42.16 42.37 41.95 ] [ -137.83 -142.51 -135.21 ]
12 [ 0 1.49 ] [ -112.33 -116.08 ] [ 41.66 41.52 ] [ -138.33 -135.80 ]
13 [ 0 1.43 ] [ -112.44 -116.19 ] [ 41.53 41.52 ] [ -138.46 -138.37 ]
14 [ 0 1.51 ] [ -112.50 -116.13 ] [ 41.16 41.09 ] [ -138.83 -136.93 ]
15 [ 0 1.53 ] [ -112.49 -116.12 ] [ 40.20 40.24 ] [ -139.79 -140.91 ]



Fig. 6. To validate the channel measurements, we conducted RSSI measure-
ments while moving the Receiver from Location 1 to 15 (Fig. 5). Comparing
the measured RSSI values with those from standard model confirmed the
accuracy of our real-world measurements and verified the expected path loss
characteristics.

Our carefully designed setup and the precise measurement
of the In-situ CDL channel provide invaluable insights for the
implementation of CommSense using mmWave technology.
Understanding the characteristics of the channel, including
multipath propagation and path loss, is essential for optimizing
the design and deployment of wireless communication sys-
tems, particularly in the development of advanced networks.

B. Sensing Performance

We are using 60GHz band with a wavelength of 5mm,
and our step size for each location is approximately 2 meters
(which is 400 times the wavelength), we can reasonably
assume that the channels for each location are uncorrelated.
Therefore, our primary goal is to leverage the CommSense
principle to distinguish these channels effectively. In other
words, we aim to discriminate between each receiver location
or UE, based on the unique characteristics of their channels.

For simulation, we generated 100 data points for each
of the channels by transmitting 1.4MHz OFDM signal at
60GHz center frequency, as detailed in Section II-D. For
each location, we utilized the derived in-situ channel models
specified in Table I. These channel models allowed us to
recreate realistic wireless propagation scenarios. To handle
the high-dimensional channel state information obtained from
the simulations, we employed PCA to project the data into a
lower-dimensional space. This process reduced computational
complexity while retaining essential features.

To evaluate the performance of our sensing system, we
applied Support Vector Machine (SVM) with Gaussian kernel
on the projected data. An example of such analysis can be
found in Fig.7, where we successfully discriminated between
channels at Location 1 and Location 2 with 84% accuracy.
The results demonstrate the effectiveness of our approach in
distinguishing different channel conditions.

Furthermore, we present the overall accuracy of the sensing
system with respect to Location 1 as the reference, as illus-
trated in Fig.8. The figure shows that, on average, we achieved
a sensing accuracy of over 80% for all the channels, despite
being only 2 meters apart. These results indicate the reliability
and robustness of our CommSense implementation in accu-
rately detecting and interpreting environmental conditions in
dynamic wireless environments.

IV. CONCLUSION

In conclusion, mmWave technology plays a vital role in
enabling precise and high-resolution environmental sensing, a
critical aspect of context-aware communication and resource
optimization in ISAC. CommSense effectively harnesses the
potential of mmWave, achieving good accuracy in identifying
and interpreting environmental conditions.

This research laid a strong foundation by validating the
measured Received Signal Strength Indicator (RSSI) against
a standard model for the 60GHz band, ensuring the accuracy
of real-world measurements and establishing the reliability of
the experimental setup and data collection methodology.

Building upon the validated measurements, this study de-
rived an in-situ CDL channel model, tailored to capture
the unique characteristics of dynamic wireless environments.
CommSense effectively utilized this model in dynamic wire-
less environments, resulting in a good level of accuracy in
sensing performance.

In summary, this study on ISAC in the 60GHz band,
incorporating validated measurements and a customized in-situ
CDL channel model, demonstrates the effectiveness of Comm-
Sense as a communication-centric data-driven implementation.
The findings underscore CommSense’s potential in achieving
accurate sensing in 6G communication scenarios, paving the
way for transformative wireless applications and advancing the
future of wireless networks.

ACKNOWLEDGMENT

Aligned with Facebook Connectivity’s mission to expand
internet accessibility for a wider audience, this project was
a part of the Terragraph mmWave trial carried out at IIT
Hyderabad. Funding for this work was provided by Meta.
Partial support is also acknowledged from Sentech Inc, South
Africa.

REFERENCES

[1] F. Dong, F. Liu, Y. Cui, W. Wang, K. Han, and Z. Wang, “Sensing as a
service in 6g perceptive networks: A unified framework for isac resource
allocation,” IEEE Transactions on Wireless Communications, 2022.

[2] F. Liu, C. Masouros, A. P. Petropulu, H. Griffiths, and L. Hanzo, “Joint
radar and communication design: Applications, state-of-the-art, and the
road ahead,” IEEE Transactions on Communications, vol. 68, no. 6, pp.
3834–3862, 2020.

[3] J. A. Zhang, F. Liu, C. Masouros, R. W. Heath, Z. Feng, L. Zheng, and
A. Petropulu, “An overview of signal processing techniques for joint
communication and radar sensing,” IEEE Journal of Selected Topics in
Signal Processing, vol. 15, no. 6, pp. 1295–1315, 2021.

[4] A. K. Mishra, “Monitoring changes in an environment by means of
communication devices,” May 3 2018, US Patent App. 15/566,586.

[5] A. Bhatta and A. K. Mishra, “Gsm–commsense-based through-the-wall
sensing,” Remote Sensing Letters, vol. 9, no. 3, pp. 247–256, 2018.



(a) 2D Projection using PCA (b) Output from SVM on the PCA projected low dimensional data

Fig. 7. By utilizing Principal Component Analysis, the high-dimensional channel state information was projected into lower dimensions, reducing computational
complexity while retaining crucial features. To evaluate sensing accuracy, SVM was applied to discriminate channels at different locations. Here we present
one instance where we successfully discriminated between channels at Location 1 and Location 2 with 84% accuracy.

Fig. 8. Results showcased CommSense’s effectiveness, achieving an average
accuracy of over 84%, making it a robust and reliable approach for accurately
detecting and interpreting environmental conditions in dynamic wireless
environments.

[6] S. Sardar, A. K. Mishra, and M. Z. A. Khan, “Indoor occupancy
estimation using the lte-commsense system,” International Journal of
Remote Sensing, vol. 41, no. 14, pp. 5609–5619, 2020.

[7] ——, “Vehicle detection and classification using lte-commsense,” IET
Radar, Sonar & Navigation, vol. 13, no. 5, pp. 850–857, 2019.

[8] S. Sardar, A. K. Mishra, and M. Z. Khan, “Crowd size estimation
using commsense instrument for covid-19 echo period,” IEEE Consumer
Electronics Magazine, vol. 10, no. 2, pp. 92–97, 2020.
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