
 

ISAC FOCUS 

A quarterly newsletter focusing on various aspects of the ISAC technology 

 
 
 

 
 

 

The Chairs’ Column 
 

We are thrilled to announce the 
publication of the first issue of 
ISAC Focus, the official newsletters 
of the IEEE ComSoc Integrated 
Sensing and Communication 
Emerging Technology Initiative 
(ISAC-ETI). Despite the Covid 
challenges, this year, we have wit-
nessed a tremendously growing in-
terest from wireless communica-
tions and signal processing commu-
nities in relevant areas of ISAC. In 
May 2021, we established the IEEE 
ComSoc ISAC-ETI, which is cur-
rently the world’s largest academic 

group dedicated to ISAC, consisting of 450+ members from 
worldwide research institutions and hi-tech companies. In 
June 2021, the IEEE SPS established the ISAC Technical 
Working Group (ISAC-TWG). At the time of writing, the 
IMT-2030 (6G) Promotion Group in China identified ISAC 
as one of the most important key techniques of 6G wireless 
networks in an official 6G symposium hosted in Beijing, 
which envisioned a decade-long ISAC research roadmap.  

In the future, ISAC-ETI will continue organizing a series 
of events and activities to promote the multidisciplinary 
research as well as standardization process of ISAC tech-
nologies, ranging from fundamental theory, to signal pro-
cessing and networking, and to emerging applications 
such as intelligent transportation. Being one of such at-
tempts, ISAC Focus aims to facilitate effective commu-
nications between academic and industrial communities 
in ISAC, as well as a fast dissemination of the latest de-
velopment of ISAC technologies to its members and the 
wider societies. Our hope is that ISAC-ETI would be-
come the hub of ISAC related events, and ISAC Focus 
may eventually grow into a professional technical journal, 
which, undoubtedly, needs your generous assistance and 
supports. 
 
Let’s get ready to enter into the ISAC era, where all-
things sensing and connections bring everyone into an in-
telligent world! 

 

          Fan Liu, Academic Chair of the IEEE ComSoc ISAC-ETI 
          Tony Xiao Han, Industrial Chair of the IEEE ComSoc ISAC-ETI
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ISAC For Vehicular Networks 
A Note from the Editor-in-Chief, Prof. J. Andrew Zhang 

 
 

It is my great pleasure to present to you the first issue of ISAC-
Focus, the newsletter of the ISAC-ETI. 
 
ISAC-Focus is the quarterly newsletter of the Integrated Sens-
ing and Communication Emerging Technology Initiative (ISAC 
ETI) of the IEEE Communications Society. The aim of this ETI 
is to explore and support a wide variety of research directions 
and standardization opportunities related to Integrated Sensing 
and Communication (ISAC). ISAC refers to the design para-
digm and corresponding enabling technologies that combine 
sensing and communication systems to utilize resources effi-
ciently and even to pursue mutual benefits. As the ETI’s news-
letter, ISAC-Focus aims to promote effective communications 
between academic and industrial communities in ISAC and fast 
disseminate the latest development of ISAC technologies to its 
members and the broader societies. ISAC-Focus generally in-
cludes four major components: a video interview, technical ar-
ticles/highlights, industrial activities and standardization pro-
gress, and ISAC Events. It will be published as an online multi-
media newsletter. Excluding the video Interview, the other parts 
will be in an electronic booklet. 
 
The focus of this issue is on ISAC for Vehicular Networks. In 
this issue, we feature the following sections: message from Wen 
Tong, the wireless CTO of Huawei; a video interview with Prof. 
Christos Masouros hosted by Prof. Nuria Gonzalez Prelcic; sev-
eral technical articles from Prof. Henk Wymeersch, Prof. Nuria 

Prlcic, Dr. Kumar Vijay Mishra,Dr. Fan Liu, and Dr. Kai Wu; 
industrial activities in the newly established IEEE 802.11bf 
Task Group (TGbf), facilitating sensing functionalities of Wi-
Fi Signals; and general news on events, funding information, 
and open positions. 
 
I would like to sincerely thank all the authors, contributors, and 
ISAC-Focus editors for making this happen. Hopefully, this can 
serve as the first step towards providing an excellent platform 
for all members and the wider research community for dissem-
inating and promoting the ISAC technologies. 
 

 
Image source (https://link.springer.com/article/10.1007/s11277-018-
5614-8/figures/1) 

EiC Assistant: Dr. Kai Wu 
 
Video Editors: Prof. Nuria Gonzalez Prelcic, and Prof. Jonathan Manton 
 
Technical Article Editors: Dr. Le Zheng, Dr. Xinping Yi, Prof. Shashikant Patil, Dr. Munyaradzi Munochiveyi, Dr. Pad-
manava Sen, Dr. ZhongXiang Wei. 
 
Standardization Progress Editors: Dr. Pu (Perry) Wang and Dr. Fei Gao 
 
Editor for ISAC Events and other news: Dr. Yuanhao Cui 
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Message from Dr. Wen Tong 
Wireless CTO of Huawei 

 

The innovation of the inte-
grated sensing and communi-
cations (ISAC) is not just a 
technical progress in wireless 
communications, rather it is a 
game-changer.  
 
The vision of the integrated 
sensing and communications 
is to enable the emerging in-
telligent world, where every-
thing is sensed, everything is 
connected, and everything is 

intelligent, 6G is the platform to realize this vision.  
 
Furthermore, 6G is not only a connectivity fabric to bridge the 
physical world and cyber world, rather it is the neural system 
that drives the physical world and cyber world, and 6G will 
transform the digital economy into an intelligence economy. As 
such, AI is the transformative engine. In this sense, the inte-
grated sensing and communications is the gateway to AI.  
Traditionally, sensing and communications are two different 
technical fields. There are recent efforts to apply sensing to fa-
cilitate and enhance wireless communications, and sensing is 
used as the auxiliary function. We would like to articulate fur-
ther that sensing should be a basic capability, a basic service and 
even a foundational application to enable AI.  Therefore, the in-
tegrated sensing and communications is not an extension of 
wireless communications, but a disruptive revolution. 
 
6G will exploit higher frequency spectrum resources as the pri-
mary frequency band, such as mmWave or even THz. Com-
pared to existing mobile communication networks, 6G radio 
waves have more than two-orders-of-magnitude improvement 
in the resolution of the physical world. That is, 6G network has 
the ability to “see” the physical world, which is one of its unique 
capabilities. 
 
The 6G new air-interface will support simultaneous wireless 
communication and sensing signaling, making 6G networks ca-
pable of both functionalities. That is to say, we will have one 

device, one spectrum, one network to perform both sensing and 
communications with one investment. The next-generation 
wireless network will become the network-of-sensors.  
Such an unprecedented large-scale wireless sensing capability 
brings us a great imagination: 6G terminals themselves can ef-
ficiently complete tasks of high-precision positioning, imaging, 
and even to analyze the spectrogram of the materials. The 6G 
network can assist in people and things for smart city applica-
tions. In-vehicle 6G systems can jointly work with 6G net-
worked sensing to perform flawless autonomous driving. On the 
other side, all the AI applications are built upon massive big 
data. 6G networks will not only be able to transmit information 
content bits, but also transmit, compute, and fuse the sensory 
data from the physical world in real time.  
 
In summary, there are two new features of 6G networks. 
 

• First: networked sensing, the use of mmWave, THz and 
other high-frequency bands in 6G networks, which will 
enable native network-wide sensing, and therefore to ena-
ble network-wide intelligence. 

• Second: machine learning, based on the 6G network sens-
ing capability, truly learning everywhere, always learning, 
and providing customized network-wide intelligence ser-
vices. 

 
Hence, we want to emphasize that sensing is native in 6G net-
works. It is not just an optimization tool. Sensing will be one of 
the most core services and applications for 6G. Certainly, the 
creation of the IEEE ComSoc Integrated Sensing and Commu-
nication Emerging Technology Initiative (ISAC-ETI) is timely 
and serves exactly this purpose.   
 
I am looking forward to working with you to promote the inte-
gration of sensing and communication in 6G networks, and to 
explore new wireless opportunities! 
 
 
Wen Tong, Wireless CTO, Huawei
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ISAC Newsletter Video Interview 
                  

Summary 

 

The first interview of this series is devoted to the topic of joint 
radar and communications (JRC) for vehicular networks. Dr. 
Nuria Gonzalez Prelcic, Professor at NC State University and 
the lead editor for the ISAC-ETI video interviews, interviewed 
Dr. Christos Masouros, Professor in the Dept. of Electrical and 
Electronic Engineering, University College London. Prof. Ma-
souros has a strong track record of publications in joint radar 
and communications, with many contributions to the area of ve-
hicular networks. He is also a co-chair of the ComSoc ISAC 
Emerging Technology Initiative. 
 
Dr. Masouros first provided an overview of the activities that 
the ISAC-ETI is planning for the next year. He described an ex-
citing list of activities that include training events, webinars, tu-
torials, best readings recommendations, special issues in the top 
IEEE journals or special sessions in IEEE conferences. In addi-
tion, the initiative will promote collaboration with similar ef-
forts launched by the research community and the IEEE Signal 
Processing Society, which has also established a Technical 
Working Group on ISAC.  
 
From a technical perspective, Dr. Masouros and Dr. Gonzalez 
Prelcic discussed two current research challenges in joint radar 
and communication for vehicular networks: the role of deep 
learning in JRC system design / optimization and the advances 

in the area of security in JRC systems. Dr. Masouros empha-
sized the numerous contributions of deep learning to data detec-
tion, target tracking and target recognition and classification, 
and the work of his group in joint waveform design. In the ve-
hicular application, Dr. Masouros and Dr. Gonzalez Prelcic also 
discussed the potential of using deep learning in radar aided 
communications to reduce overhead in complex multiuser envi-
ronments. Regarding the security considerations in JRC, Dr. 
Masouros described the trade-offs in the waveform and beam-
forming design for securing against malicious targets. 
 
Link:  https://youtu.be/2VtvtciOCx0  (Youtube) 
https://www.bilibili.com/video/BV1S34y1S7L9/ (Bilibili) 
 

 
Technical Articles  

 

ISAC for Vehicular Networks 

Henk Wymeersch 
Chalmers University of Technology, Sweden 

henkw@chalmers.se 
 

Abstract 
Ongoing research on integrated sensing and communication 
may indicate that automotive radar will soon be replaced by Be-
yond 5G. However, this transition is far from obvious. In this 

note, an overview of automotive radar is provided, including re-
quirements and sensitivity to interference. Approaches for ad-
dressing interference are discussed. Based on this understanding, 
we show that the potential of Beyond 5G to replace automotive 
radar requires solving several technical and non-technical prob-
lems.  
 

The current state 

Among the sensors on a modern vehicle, radars stand out due to 
their robustness to different weather and lighting conditions, 
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high resolution and 4D (3D position and 1D speed) capability, 
small footprint, and low cost. To meet automotive requirements 
in terms of resolution and accuracy, a radar combines measure-
ments of distance (obtained via the travel time of the signal), 
radial velocity (obtained via the Doppler shift), and angle-of-
arrival (obtained from capturing signals across different anten-
nas). The resolution that can be achieved depends directly on 
the total used bandwidth (for distance), the total coherent inte-
gration time (for Doppler), and the antenna aperture (for angle). 
Hence, a good radar waveform should have bandwidths on the 
order of 1-4 GHz, allow for coherent integration on the order of 
1-10 milliseconds, and support orthogonal signals over several 
antenna elements.  
 

 
Figure 1 Example of FMCW radar. The interference has high power 
compared to the backscattered signal. 
 
For low hardware complexity, the most used radar signal is fre-
quency modulated continuous wave (FMCW, see  Figure 1), de-
signed with the above requirements in mind. The FMCW wave-
form is of the form 

𝑠(𝑡) = 𝑒!"#$%!&'(.*+&", 

where f_c is the carrier frequency, and α is the chirp slope (ex-
pressed in Hz/second). The FMCW signal has constant ampli-
tude so that the peak-to-average power ratio (PAPR) is equal to 
zero decibels, which means that it can operate in the linear re-
gion of amplifiers with extremely high efficiency. FMCW sig-
nals occupy a small instantaneous bandwidth, which allows 
sampling with low-rate (and thus low-cost) analog-to-digital 
convertors (ADCs), often on the order of 20-40 MHz. The re-
ceiver mixes and samples the backscattered signal, yielding (un-
der typical conditions of limited Doppler and suitable FMCW 
parameters) at fast time 𝑛 (sample per chirp) and slow time 𝑚 
(chirp index) 

𝑦-,/ = 𝑔𝑒0!"#+1/2#𝑒0!3#4-2/6 + 𝑖-,/ +𝑤-,/ 

where g is the channel gain, 𝜏 is the delay, 𝑣 is the radial veloc-
ity, 𝜆 is the wavelength,  𝑇7  is the sampling interval, 𝑇 is the 
chirp duration, 𝑖-,/  is interference, and 𝑤-,/  is measurement 
noise. The resulting matrix observation is thus expressed in de-
lay-induced phase variations in fast time (with interval 𝑇7) and 
Doppler-induced phase variations in slow time (with interval 
	𝑇). Given the structure, the receiver applies an FFT operation 

to create a range-Doppler image [1].  
 
FMCW waveforms are very robust to interference from other 
FMCW transmitters. Despite such interferers having a very 
large power (due to the distance-squared path loss of the inter-
ference compared  to  the  distance-to-the-fourth-power  for  the  
desired backscattered signal), they are relatively orthogonal 
with high probability. This orthogonality is due to the limited 
instantaneous bandwidth and the large total available band-
width. Nevertheless, over time, interference is expected to be-
come problematic, since the orthogonality is not exact and be-
comes more pronounced with more radars present in transpor-
tation systems, using the same regulated and limited frequency 
spectrum. The effect of interference is two-fold (depending on 
the level of coherence between the desired backscattered signal 
and the interference signal): an increase of the noise floor, lead-
ing to potentially masking of weak targets and the introduction 
of false alarms (so-called ghost targets), leading to incorrect ac-
tions of the vehicles (e.g., unexpected braking). The detection, 
mitigation, and elimination of interference are thus important 
and urgent problems, where integrated or joint communication 
and sensing is likely the only viable solution. While a variety of 
methods exist, a long-term different approach is called for. 
Here, the automotive and communication industries have a dif-
ferent, but equally pragmatic, perspectives. Below, we aim to 
clarify these perspectives. 
 

Automotive radar: from sensing to ISAC 
The interference problem can be delayed by more aggressively 
exploiting physical degrees of freedom. In particular, the angu-
lar domain is under-utilized, given that current production ra-
dars only have a few antennas. Imaging radars use virtual arrays 
to provide very fine angular resolution as well as fine beam-
forming (depending on the aperture). This spatial degree of free-
dom further orthogonalizes the signals from different radars, 
thus limiting the effect of interference. To truly control the in-
terference, the automotive radar industry can learn from com-
munications and rely on explicit control of radar transmissions. 
Such coordination requires standardization, as proprietary solu-
tions are meaningless in an open traffic system. Efforts are now 
underway to (i) extend FMCW radar with coordination as well 
as (ii) develop a completely new generation of radar systems. 
 
In the former case (extending FMCW), the same properties that 
make  FMCW  useful  from  a  radar  perspective  also  make  it 
unattractive from a communication perspective. Modulating the 
phase of an FMCW signal with data is possible, though at a low 
rate. Moreover, acquisition of the FMCW signal at the receiver 
is challenging, as it requires the receiver to phase-lock onto the 
transmitted signal, which itself is constantly changing in fre-
quency. An alternative approach is the RadChat protocol [2], 
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which allocates a small (20-40 MHz) band inside the total radar 
band and reserves it for communicating narrowband control 
data. This data describes how far in the future the transmitter 
will send a particular FMCW waveform and allows the receiver 
to adjust its own timing and spectrum use for the transmission 
of an upcoming FMCW signal. Hence, the RadChat device 
switches between radar and communication functionalities. 
When additional time-frequency resources are available in the 
dedicated control channel, these can be used to transmit safety-
relevant data to nearby vehicles, via secure directional links.  
 
In the latter case (develop a new generation of automotive ra-
dar), the use of orthogonal frequency division multiplexing 
(OFDM) is a natural choice (see Figure 2), as it is the dominant 
communication waveform, has extremely high flexibility in 
terms of bandwidth, power and rate allocation, and support of 
multiple non-interfering users.  OFDM as a radar waveform has 
received considerable attention for several years [3] and enables 
flexible control of the trade-off between radar and communica-
tions via adaptive signal generation [4]. Given the same band-
width, coherent integration time, and antenna aperture, OFDM 
can achieve similar performance as FMCW and simultaneously 
provide high-rate links between vehicles. Radar signal pro-
cessing is like FMCW and can be performed by multi-dimen-
sional FFTs. On the other hand, OFDM is characterized by high 
PAPR (limiting power amplifier efficiency) and by high ADC 
bandwidth (increasing power consumption and cost). This latter 
drawback can be mitigated by new waveforms, such as stepped-
carrier OFDM, which occupy a small instantaneous bandwidth. 
Moreover, OFDM requires synchronization to provide interfer-
ence-free operation. In safety-critical applications, multiple ac-
cess techniques must thus be carefully optimized to provide 
timely and regular radar detections, even in dense deployments 
with many active radar transmitters. 

 
Figure 2. ISAC systems (as shown here with OFDM) can schedule 
transmissions and avoid interference. Effects of the data must be re-
moved for radar processing (shown in the red box). Communication 
waveforms tend to be more affected by hardware limits (e.g,. PAPR). 
 

5G and Beyond 5G: from communication to ISAC 
In parallel to the developments in the automotive industry, the 

communication industry has also started to appreciate the pos-
sibilities of ISAC, especially with the deployment of the 
mmWave bands, where the communication channel becomes 
largely geometric. In contrast to 5G systems, with bandwidths 
up to 400 MHz, Beyond 5G systems will likely feature band-
widths up to 10 GHz, and would thus be able to support typical 
advanced driver assistance systems / autonomous drive use 
cases. They nevertheless face several important challenges [5]:  

1. Waveform design: waveforms should be designed to allow 
high output power to ensure a sufficiently strong backscat-
tered signal. Hence, low PAPR is crucial, due to hardware 
limitations, so that OFDM may no longer be of primary 
interest.  

2. Hardware aspects: since radar signals carry information 
mainly in their phase variations across time and fre-
quency, phase coherent processing is needed. Hence, the 
transmitter and receiver should share a common clock. 
Due to the full-duplex operation of the radar, a sufficient 
isolation between the strong ISAC transmit signal and the 
extremely weak backscattered signal is necessary but is 
far from obvious since their relative power can exceed 100 
dB. In addition, (online) calibration of the transmit and re-
ceive arrays, mutual coupling, phase noise, power ampli-
fier nonlinearity, and wideband effects all pose significant 
challenges.  

3. Who controls the link? Control and operation of sidelinks 
between vehicles is a sensitive issue, both in economical 
but also technical terms. Local control may be preferred 
for latency, while centralized control can be beneficial to 
ensure overall performance. On the other hand, radar links 
can also be fully managed by a base station without any 
sidelink communication. Ideally, the scheduling system 
should have the possibility of selecting the most efficient 
method (based on latency, bandwidth, relative position of 
the vehicles, most critical objects, etc.). 

4. New performance metrics: To provide the safety-critical 
radar functionality, it is important to not only consider the 
standard metrics of accuracy and latency, but also integ-
rity (availability, reliability).  

 

Conclusions 
The evolution of automotive radar and beyond 5G share com-
mon characteristics: the use of ISAC, the use of high frequen-
cies, large bandwidths, and massive arrays, and would thus be a 
natural candidate to become a single unified system. Neverthe-
less, there are important challenges, both technical and non-
technical, to overcome for these two worlds to meet. The aim of 
this article was to reveal some of these challenges in the hope to 
create further discussion on this important topic.  
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Radar aided millimeter wave 
communication in vehicular 
scenarios: a deep learning 

strategy for spatial covariance 
estimation based on radar 

measurements 

N. González-Prelcic, Y. Chen, and A. Ali 
 

Abstract 
Automotive radar signals are a source of information about the 
propagation channel in a mmWave vehicular communication 
system when conveniently acquired at the network infrastruc-
ture. In this technical summary, we describe how the communi-
cation spatial covariance can be estimated from the FMCW ra-
dar signals generated at the vehicle side. In addition, we show 
how a deep neural network can be trained to learn the mis-
matches between the radar and communication channels and 
further refine the covariance estimate. This covariance vector 
can be later used by the communication system to significantly 
reduce the overhead required to configure the analog beam-
forming stages of the vehicular link. 

 

Introduction 
High data rate communication at mmWave is an essential ingre-
dient of future vehicular networks. The communication system 
is expected to support use cases that require a collective percep-
tion of the environment based on the exchange of sensor data. 
However, to make mmWave communication a reality, some 
technical challenges still need to be addressed. In particular, 
configuring mmWave large arrays is still a challenge. The beam 
training/tracking strategies used in commercial mmWave net-
works incur in a large overhead due to the fast variations of the 
vehicular channel, which create the need of constant array re-
configuration. 
 
Sensors or other communication systems operating at sub-6 
GHz frequencies can provide out of band information useful to 
aid configuration of mmWave links [1] in highly dynamic chan-
nels [1]. Thus, sensors at the base station or sensors at the vehi-
cles can acquire information about the propagation environment 
without taxing communication resources [2][3][4]. In particular, 
an automotive radar sensor collocated with the communication 
transceiver can generate information about the communication 
channel exploiting the similarity between the radar channel as-
sociated to automotive applications at 77GHz and the mmWave 
communication channel. In our previous work, we have defined 
a metric to quantify the congruence between radar and commu-
nication channels [3], and we have performed experimental and 
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ray tracing measurements [5] that justify the high similarity as-
sumption.  With this premise in mind, we pioneered the idea of 
radar aided communication with an active radar sensor at the 
base station first [2], and a passive radar sensor in a recent work 
[3].  
 
In this article, we review the idea of using a passive radar at the 
base station or road side unit (RSU) [3] to obtain an initial esti-
mate, with zero overhead, of the spatial covariance at the com-
munication receiver. We also describe the usage of deep learn-
ing tools to further compensate for the mismatches between ra-
dar and communication [6]. 
 

System model  
We consider a vehicle-to-infrastructure (V2I) communication 
link as described in [3]. It includes a mmWave base station on 
the side of a roadway and a connected vehicle on the road 
equipped with a mmWave transceiver. The communication sys-
tem operates at mmWave frequencies with a MIMO-OFDM 
waveform generated with a hybrid MIMO architecture at both 
sides of the link. A radar uniform linear array (ULA) with Nr 
antennas and a communications ULA with NBS antennas are 
mounted at the BS, as illustrated in Fig. 1. The ego-vehicle on 
the road is equipped with multiple medium range FMCW radars 
placed at the four corners of the car. Four communication an-
tenna arrays with Nv elements are located on the roof of the 
vehicle in accordance with 3GPP recommendations for 5G New 
Radio. The array in the vehicle providing the highest SNR will 
be selected for communication. To assist communication, the 
passive radar at the BS will listen to the FMCW signals coming 
from the automotive radars in the vehicle.  
 
Fig. 1 also illustrates the relationship between the multipath 
components of the automotive radar signal and the communica-
tion signal, even in a non-line-of-sight situation. Leveraging this 
similarity, the BS can estimate the spatial covariance of the 
FMCW radar signals and exploit it to aid in the configuration of 
the analog stage of the hybrid precoder and combiner. 

 
Fig. 1: Illustration of a radar aided V2I link with an example of the 
communication and radar paths. 

Spatial covariance estimation based on automo-
tive radar measurements 
Estimating the radar covariance from the radar signals received 
at the radar array of the BS is not free of technical challenges. 
First, the conventional estimate of the radar covariance Rr ∈ 
CNr×Nr is built from the received signal as 

Rr=89 𝐘𝐘
∗, 

where Y contains I samples of each one of the received signals 
coming from the different antennas of the radar receiver. In a 
conventional automotive radar receiver, these signals are ob-
tained after mixing the received echoes with a chirp reference 
signal and then low pass filtering. This reference signal is how-
ever unknown at the BS, it is only known at the vehicle radar 
transceiver. In [3], we proposed an alternative processing stage 
that provides the same spatial covariance without knowledge of 
the reference signal. It is based on the idea of mixing with a 
sinusoidal reference signal, instead of a chirp, to generate the 
receive samples. We prove that, because the spatial covariance 
depends only on the phase difference across antennas, the spe-
cific frequency of the resulting signal after mixing is not rele-
vant, and the radar covariance can still be obtained from the 
simple mixing.  
 
An additional challenge is created due to the bias in angle esti-
mation through FMCW radar, which can create nulls in the di-
rection for communication for some choices of the system pa-
rameters. In our work [6], we showed that the form of the bias 
is similar to the one that appears in FDD systems between the 
uplink and downlink channels. Hence, we used a covariance 
correction strategy used in FDD systems to rectify bias and ob-
tain the estimate of the radar covariance that can be used as an 
estimate of the communication covariance. 
 

Covariance mismatch compensation based on 
deep learning 
The accuracy of the estimate of the spatial communication co-
variance based on radar measurements is limited due to the in-
herent mismatches between the radar and communication chan-
nels. For example, the radar and communication systems oper-
ate at different frequencies, which create different propagation 
conditions.  In addition, the radar and the communication trans-
ceivers are not located at the same point, what introduces dif-
ferences in the delay and angle domains. 
 
To compensate for these mismatches, we propose in our most 
recent work [6] the usage of a deep neural network capable to 
map or translate the radar covariance to the communication co-
variance. We consider two possible DL strategies. The first one 
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translates the radar covariance vector to a communication co-
variance vector, while the second one maps the radar azimuth 
power spectrum (APS) obtained as a transformation of the co-
variance vector to the communication APS. Given the interest 
on using the communication APS to configure the mmWave ar-
rays, the MSE between the estimated APS and the true commu-
nication APS is considered as the loss function to train the net-
works. Different deep neural network (DNN) architectures are 
required to maximize the translation performance of the covar-
iance vector or the APS, given the different features of both 
functions. For example, sharp peaks could be observed in the 
APS, which constitute a local feature that can be learned with a 
convolutional layer, while the dominant eigenvectors do not 
have specific structural patterns and fully connected layers can 
be used in this case. The details of the designed deep networks 
can be found in [6]. 
 

Results 
To test the results of the radar aided beamtraining strategies, the 
V2I link is simulated using ray tracing, which enables the crea-
tion of the corresponding datasets for the data driven approaches 
to covariance estimation. The parameters of the simulated sys-
tem are described in [3,6] and summarized in Table 1, corre-
sponding to a realistic vehicular system. The coherence time of 
the V2I channel is set to 4NBSNv blocks. 

 
Table 1: Simulation parameters for the V2I radar aided mmWave V2I 
communication system. 
 
Fig. 2 shows the rate results for this system using the exhaustive 
approach to beam training (as baseline) and the radar aided 
communication strategies described in previous sections [6].  
The radar assisted strategy without mismatch compensation 

(red line) introduces a relevant gain in rate with respect to the 
exhaustive search strategy (blue line). The mismatch compen-
sation based on APS translation (yellow line) and covariance 
vector translation (purple line) introduce an additional rate in-
crease of     13.3% and 21.9% respectively, as discussed in [6]. 
 

Conclusions 
Radar sensors provide information about the common propaga-
tion environment that can be leveraged by a communication 
link. Such information is effective for reducing MIMO commu-
nication overhead, both in line-of sight and non-line-of-sight sit-
uations. This provides evidence that the sensors widely used to 
support vehicular automation may also be leveraged to make 
communication for those vehicles more efficient.  
 
Based on the promise of the initial work, approaches that go be-
yond exploiting the spatial covariance now need to be investi-
gated. For example, better MIMO performance can be obtained 
by configuring the transmitter based on full instantaneous CSI. 
It would be interesting to understand how radar, in combination 
with the received communication signals, can reduce channel 
estimation and feedback overheads.  

 
 
Fig. 2: Rate results with the beam search size of 64 for exhaustive 
search, 12 for radar APS based search and search based on the APS 
prediction, and 2 for search based on the covariance column and ei-
genvector prediction. 
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Parameter Symbol Value Units

Communication system
Transmit power Pc 30 dBm
Carrier frequency fc 73 GHz
Bandwidth Bc 1 GHz
BS height hBS 5 m
Vertical separation of arrays at the BS 10 cm
Distance BS to closest point on the road d 10 m
Number of antennas at the BS NBS 128
Number of RF chains at the BS 1
Number of antennas at the vehicle Nv 16
Number of arrays at the vehicle 4
Number of RF chains at the vehcile 1
Height of the communication arrays at the vehicle 1.6 m
Number of phase shifter bits D 2 bits
Number of subcarriers K 2048
Subcarrier spacing 240 kHz
Cyclic prefix length Lc 511 samples

Radar system
Center frequency fc 76 GHz
Bandwidth Br 1 GHz
Transmit power Pr 30 dBm
Number of antennas Nr 128
Chirp period Tp 500 us
Samples per chirp I 1024 samples
Height of the vehicle radars 0.75 m

1.3.3. Learning mismatches between radar and

communication channels

The approach described in the previous section exploits the relationship be-

tween the radar and communication covariances to reduce mmWave link con-

figuration overhead. In particular, the radar estimated covariance is used as

a direct estimate of the communication spatial covariance, without any ad-

ditional refinement step to compensate for the mismatch between radar and
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Abstract 
We present an ultra-short range IEEE 802.11ad- based vehicu-
lar integrated sensing and communications (ISAC) framework, 
wherein the radar’s Doppler resilience is improved by incorpo-
rating Prouhet-Thue-Morse (PTM) sequences in the preamble. 
This processing reveals detailed micro-features of common au-
tomotive targets such as pedestrians and various vehicles. We 
verify these features through extended scattering center models 
of animated targets in pyBullet software. The PTM-based Golay 
complementary sequences encapsulated in 802.11ad result in 
very low sidelobe levels for most moving automotive targets. 
This Doppler-resilient transmission maintains the same detec-
tion performance as the traditional sequences even at much 
lower signal-to-noise ratios. We further demonstrate the appli-
cation of similar concepts for 802.11ad-based radar mounted on 
an unmanned aerial vehicle. 
 

Introduction 
In planning an article for this inaugural issue of ISAC Focus, the 
newsletter of Integrated Sensing and Communications - Emerg-
ing Technology Initiative (ISAC-ETI), we spent some time 
wondering what best captures the recent expeditious concur-
rence of sensing and communications technologies. Some re-
flections reminded us that ISAC research often dwells upon 
classical theoretical concepts, while simultaneously il- lustrat-
ing a fresh perspective to suit ISAC applications. This has been 
true for a large body of ISAC research: whether it is appli-
cation of known concepts such as precoding and interference 
alignment to enable convergence [1]; modifying known wave-
forms such as orthogonal frequency-division multiplexing 
(OFDM) or phase-modulated continuous-wave (PMCW) sig-
nals for sensing [2]; or a refreshing look at Michael Bell’s clas-
sical work [3] on information-theoretic radar for radio-fre-
quency (RF) convergence applications [4]. 
 
In keeping with this interesting tradition, we have therefore de-
cided to contribute something that not only represents this 
crossover of ideas between the two fields of sensing and com-
munications but also is, at once, old and new. This is succinctly 
demonstrated in the recent reemergence of Golay sequences 
[5] as a part of the IEEE 802.11ad Wi-Fi protocol. The perfect 

auto-correlation properties of these sequences attracted early in-
vestigations for radar applications. The 1990 edition of 
Skolnik’s Radar Handbook mentioned these sequences but no-
ticed that their longer lengths contribute to decorrelation and, 
as a result, Golay sequences are not ‘widely used’. The latest 
2008 edition of the handbook altogether dropped mentioning 
Golay sequences. Soon after, these sequences found their way 
in the preamble of IEEE 802.11ad communications standard for 
the purposes of channel estimation [6]. Now, a recent spate of 
ISAC research to explore the feasibility of 802.11ad for auto-
motive sensing has resulted in Golay sequences retracing their 
original purpose of radar remote sensing [7–9]. 
 
K. V. M. is with the United States CCDC Army Research Laboratory, Adelphi, 
MD 20783 USA. e-mail: kvm@ieee.org. 
S. S. R. is with the Indraprastha Institute of Information Technology Delhi, New 
Delhi 110020 India. e-mail: shobha@iiitd.ac.in. 

 
Fig. 1. Simplified illustration of an automotive radar scenario. The 
white car on left is mounted with the radar whose approximate cover-
age is indicated by the gray triangular area. The solid white lines 
within this area indicate azimuth bins. The targets at close range (blue 
and orange pedestrians; blue and yellow cars) occupy several cross-
azimuth bins. Such targets are modeled as multiple point scatterers, 
each of which exhibits micro-motion. On the contrary, the targets at 
long range (green and yellow pedestrians; green and orange cars) fill 
up only a part of a single azimuthal bin and their micro-motions are 
indistinguishable. 
 
The initial 802.11ad-based ISAC research focused on either 
communications-aided vehicular sensing [7] or radar-aided 
beam alignment [2]. These works exploit the 802.11ad link to 
estimate ranges and Doppler velocities of automotive targets 
that are modeled as simple point scatterers. This representation 
based on Swerling-0 model is appropriate for medium and long-
range automotive radar applications where the far-field condi-
tion between the sensor and the target is sufficiently satisfied. In 
practice, however, 802.11ad is unsuitable for longer ranges be-
cause significant signal attenuation at 60 GHz arising from 
oxygen absorption severely restricts the maximum detectable ra-
dar range. Therefore, it is more useful to employ 802.11ad-
based ISAC for ultra-short range radars, which operate below 
40 m range in applications such as blind spot warning, closing 
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− 

vehicle detection, lane change assistance, and automatic park-
ing assistance. 
 
Employing 802.11ad for USRRs leads to a second problem. 
When the target is located within a close range of a high- reso-
lution radar, the received signal is composed of multiple reflec-
tions from different parts of the same object (Fig. 1). When the 
automotive target moves, these point scatterers may often ex-
hibit micro-motions besides the gross translational motion of the 
dynamic body. This extended automotive target model is more 
general. But the conventional Golay sequences in the 802.11ad 
waveform perform poorly in detecting both bulk and micro-
motions. 

 
Fig. 2. Composition of IEEE 802.11ad SCPHY frame [6]. 
 
This article focuses on the recent developments in further ex-
ploring the Golay sequences and their properties for ground and 
aerial vehicular sensing, in order to enhance the micro- Doppler 
features of the automotive targets. 
 

Structure of IEEE 802.11ad preamble 
The physical layer of IEEE 802.11ad protocol transmits control 
(CPHY), single carrier (SC) and orthogonal frequency- division 
multiplexing (OFDM) modulation frames at chip rates of 1.76 
GHz and 2.64 GHz, respectively. Every single CPHY and 
SCPHY frame is embedded with a 2172-bit short training field 
(STF), a 1152-bit channel estimation field (CEF), 64-bit 
header, data block and a beamforming training field (Fig. 2). 
The CEF consists of two 512-point sequences Gu512[n] and 
Gv512[n] which encapsulate Golay complementary pairs 
{𝐺𝑎𝑢256, 𝐺𝑏𝑢256} and {𝐺𝑎𝑣256, 𝐺𝑏𝑣256}. 
 
A Golay pair consists of two unimodular sequences G1,N and 
G2,N of the same length N such that the sum of their autocorre-
lations has a peak of 2N and zero side-lobes: 

G1,N [n] ∗ G1,N [−n] + G2,N [n] ∗ G2,N [−n] = 2Nδ[n]. (1) 

This perfect auto-correlation property is beneficial for distin-
guishing closely-spaced targets. The IEEE 802.11ad protocol 
has multiple such pairs. At the receiver, each such pair is corre-
lated and their results are averaged [8]. This procedure has been 
successfully utilized in several 802.11ad-based ISAC works [7, 
9].. 
 
However, when a target is moving, the Doppler-based phase 

shifts across the two members of the pair may differ. For ex-
ample, a point scatterer moving with a Doppler shift of fDb will 
give rise to a phase shift of θ ≈ 2πfDb Tp, where Tp is the 
pulse repetition interval (PRI). This implies the perfect auto-
correlation would no longer hold, i.e., 

(G1,N [n] ∗ G1,N [−n]) + (G2,N [n] ∗ G2,N [−n]) e−jθ
 = 2Nδ[n], (2) 

resulting in high side-lobes along the range. This limitation 
is overcome by using Doppler-tolerant Golay sequences such as 
the one proposed in [10]. Essentially, this requires altering only 
the sequence of transmission of members of each pair based on 
the Prouhet-Thue-Morse (PTM) sequence. The goal is to obtain 
a pulse train of Golay pairs such that their Doppler- shifted cor-
relations approach a delta function. The key is to transmit a 
Golay sequence that is also complementary with sequences 
in more than one packet. For instance, the PTM sequence 
for four sequences dictates sending following Golay signals in 
consecutive packets: 𝐺8,;[𝑛] ,  𝐺",;[𝑛] , 𝐺",;[−𝑛] , and 
𝐺8,;[−𝑛]	for an arbitrary Golay pair   =𝐺8,;[𝑛], 𝐺",;[𝑛]>. 

 
Fig. 3. Normalized ambiguity function for a point scatterer at range 20 
m moving with a constant Doppler of 10 m/s for (a) standard Golay 
(SG) (b) Doppler-resilient Golay waveform [8]. 
 
In such a transmission, not only the first and last two sequences 
are Golay pairs but also the second and fourth signals. This im-
plies 

?𝑒!/<
=

>?(

@𝐺>,;[𝑛] ∗ 𝐺>,;[−𝑛]A 

   ≈ (G1,N [n] ∗ G1,N [−n]) + 2(G2,N [n] ∗ G2,N [−n]) 
      + 3(G3,N [n] ∗ G3,N [−n]) 
   = 1((G1,N [n] ∗ G1,N [−n]) + (G3,N [n] ∗ G3,N [−n])) 
      + 2((G2,N [n] ∗ G2,N [−n]) + (G3,N [n] ∗ G3,N [−n])) 
    = (2N + 2(2N ))δ[n] = 6Nδ[n]. (3) 
 
Consider a simple nonfluctuating point scatterer of unit reflec-
tivity at a range of 20 m and moving with a Doppler velocity 10 
m/s. Fig. 3a plots the range-Doppler ambiguity function ob-
tained by correlating the waveform with its Doppler-shifted and 
delayed replicas. The ambiguity function (AF) completely char-
acterizes the radar’s ability to discriminate in both range and 
velocity of its transmit waveform. The complementary Golay 
(standard Golay or SG, hereafter) AF shows a very high 
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peak-to-sidelobe level of 15 dB at non-zero Doppler frequen-
cies. This would result in high false alarms especially at low 
signal-to-noise ratios (SNRs). However, the resultant AF plot 
for the Doppler-resilient Golay sequences (hereafter, modified 
Golay or MG), is nearly free of range sidelobes, especially at 
low Doppler velocities (Fig. 3b). 
 

Doppler-resilient     802.11ad-based     sensing 
In order to evaluate 802.11ad performance, realistic simulation 
models of automotive target are required. These models should 
account for the size, shape, material and aspect prop- erties 
along complex trajectories involving acceleration from start, 
driving turns and returning to halt. In [8], we considered the fol-
lowing common targets: a small car, a bicycle and a pedestrian. 
We realistically animated all three targets independently along 
a complex trajectory within the maximum unambiguous range 
of the radar. The pedestrian model was based on motion cap-
ture (MoCap) data while the dynamics of the car and bicycle 
were realistically modeled using the pyBullet - - a Python based 
open-source software development kit that uses physics-based 
packages. These animation models were then integrated with an 
electromagnetic scattering center model to obtain the time-var-
ying radar returns. Specifically, we model the car as a cluster of 
triangular plates with point scatterers on its body and four 
wheels; the bicycle is modeled with cylinders; and the pedes-
trian is represented with ellipsoidal body parts and correspond-
ing point scatterers (Fig. 4). 

 
Fig. 4. Scattering center model of (a) a car, (b) a cycle and (c) a pe-
destrian [8]. 
 
A. Ground-based 802.11ad ISAC 
Fig. 5a shows the trajectories followed by a car and a pedestrian 
within the common radar coverage area. The received radar sig-
nal is the superposition of the scattered signals from the two 
targets along with noise. The radar cross-section of the pedes-
trian is lower than that of the car. We computed the range-Dop-
pler AFs at 1 s when the car is closest to the radar. The range-
Doppler AF for SG and MG waveforms are shown in Fig. 5d 
and Fig. 5g, respectively. This clearly shows that, with the 
strong range sidelobes of the car, the relatively weaker pedes-
trian target is difficult to detect in Fig. 5d with the SG wave-
form. However, the improvement in the peak-to-sidelobe level 
in the MG waveform results in a clearly visible human in Fig. 
5g. We next observed the range-time signatures for SG (Fig. 
5e) and MG (Fig. 5h) sequences. We notice that the range tra-
jectories are in perfect agreement with the ground truth results 

of Fig. 5b. Again, in the case of SG waveform, a pedestrian is 
difficult to discern in the presence of high range sidelobes in 
Fig. 5e. This is not so with the MG waveform, wherein the use 
of a Doppler-resilient sequence suppresses the range sidelobes. 
The Doppler velocity-time spectrograms for SG (Fig. 5f) and 
MG (Fig. 5i) waveforms show radar backscatter from both the 
targets with corresponding micro- Doppler features. The spec-
trograms are very similar to the ground truth plots in Fig. 5c. 

 
Fig. 5. (a) Overlaid ground truth trajectories of a pedestrian and a car, 
(b) ground truth range-time plots and (c) ground truth radial velocity 
versus time for the signal reflected off from the point scatterers on the 
human and a car. (d)-(f) SG radar range-Doppler ambiguity plots, 
range-time and velocity-time signatures, respectively. (g)-(i) MG 
range-Doppler ambiguity plots, range-time and velocity-time signa-
tures, respectively [8]. 
 
B. UAV-based 802.11ad ISAC 
The unmanned aerial vehicles (UAVs) offer low-cost, flexible 
deployment. Therefore, they have become a promising platform 
for active radar sensing to find targets in obstructed regions and 
offer a temporary communications link at disaster sites. Alt-
hough both radar and wireless communications are essential for 
reliable control of UAVs, limited payload and power budget do 
not allow for mounting two separate systems. In this context, 
802.11ad-based ISAC on a UAV-borne platform merits inves-
tigation. 
 
Recently, there have been several different detailed studies of 
propagation links between aerial transmitters and ground 
based receivers, including systematic measurements and mod-
eling of UAV-to-ground channels. The UAV-ground links are 
line-of-sight in most scenarios with occasional blockages aris-
ing from terrain features such as buildings and vegetation. 
Besides the direct path, the propagation is characterized by mul-
tipath components from surfaces, diffraction around the edges 
of sharp obstacles and clutter from ground, and vegetation. 
While Rician fading model has been used to simulate the deter-
ministic strong LOS component and the randomly scattered 
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clutter components, we employed a two- ray framework to sim-
ulate the effect of the direct wave and the surface-reflected com-
ponents. Here, short propagation distance implies ignoring the 
earth’s curvature and treating ground to be a planar dielectric 
surface with a uniform lossy dielectric constant. We further in-
corporate electromagnetic scattering center model of road tar-
gets (Fig.6a) and surface clutter in the pyBullet software to 
examine 802.11ad for UAV-borne sensing. 

 
Fig. 6. (a) Simulation set-up of UAV-mounted ISAC for tracking pe-
destrian.(b) Radar signatures of the pedestrian i) Range-time ground 
truth data and ii) corresponding radar signature, iii) Doppler-time 
ground truth data and iv) corresponding signature, v) and vi) Range-
Doppler ambiguity plots at two different time instants. 
 
Repeating the similar processing steps as explained earlier for a 
pedestrian target, we observe that the range-time (Fig.6b- ii) and 
Doppler-time (Fig.6b-iv) radar signatures closely map to the 
ground truth results presented in Fig.6b-i and b-iii, respectively. 
The micro-Doppler features from the motions of the arms and 
legs are more prominent in the Doppler-time signatures unlike 
the rigid body motion of the different parts of the car. The 
range-Doppler ambiguity plots (Fig.6b-v and b-vi) show the tar-
get returns along with speckle noise from surface and Doppler-
based clutter. The slower speed of the pedestrian implies a 
greater overlap with the Doppler-based clutter. 
 

Summary 
This article takes a view that traditional Golay sequence pro-
cessing - as encapsulated in the standard 802.11ad - is not 
very appropriate for sensing for moving vehicular targets. We 
explained possible improvements using PTM sequence in trans-
mission, animating the targets using pyBullet, and including 
electromagnetic scattering in the analyses. As for the Golay se-
quences itself, this application demonstrates a historical cross-
over of ideas from sensing to communications and, through a 
stroke of ISAC luck, coming back home to sensing. 
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Abstract 
Integrated Sensing and Communications (ISAC) has been envi-
sioned as a key enabling technology towards the next-genera-
tion wireless networks [1], which may find usage in vehicle-to-
everything (V2X) communications for providing seamless con-
nectivity. In this article, we provide a brief overview on how 
radar sensing can be employed to enhance the vehicular com-
munication performance. We commence by introducing sensor 
aided beam training, followed by ISAC based schemes tailored 
for vehicle-to-infrastructure (V2I) beam tracking and prediction. 
Numerical results are provided to show the performance im-
provement in beam tracking and prediction, thanks to the ISAC 
signaling. 
 

Introduction 
The next-generation vehicle-to-everything (V2X) network rep-
resents a globally growing market that is forecast to reach 
$ 110.3 billion by 2026. Being equipped with numerous sensors 
and communication systems, today's vehicles have been shifted 
from conventional means of transportation into intelligent vehi-
cles, where the V2X network is expected to play a significant 
role in ensuring the safety as well as in improving the driving 
and commuting experience. To address the critical performance 
requirements of the future connected vehicles, the V2X network 
should provide high-throughput communication service of 
Gbps transmission rate, and high-accuracy localization service 
at a centimeter-level resolution [2]. As a consequence, the need 

for integrated sensing and communications (ISAC) design be-
comes indispensable, as it can reduce the payload mounted on 
the vehicles or road infrastructures, with the potential of en-
hancing both the sensing and the communication performance 
via beneficial cooperation. To that aim, the ISAC transmission 
schemes are yet to be explored under particular mobility con-
straints for vehicular scenarios. 
 
In what follows, we take the sensing-assisted vehicle-to-infra-
structure (V2I) network as an example, to shed light on how 
sensing, especially device-free sensing, can be employed to en-
hance mmWave V2I communication performance, thus to pur-
sue the coordination gain between the two functionalities. For 
convenience, we consider mono-static radar sensing with the 
assumption that the self-interference between ISAC is fully can-
celed.

 
Fig. 4. Frame structures for feedback-based beam training and track-
ing, and ISAC based beam prediction 
 

Sensing-Assisted V2I Beam Training 
In mmWave communication systems, a communication link is 
configured via classical beam training protocols [3]. As illus-
trated in Fig. 1, the transmitter sends pilots to the receiver over 
different spatial beams. The receiver measures the SNR of the 
received pilots by leveraging different receive combiners/beam-
formers, and feeds back to the transmitter the indices of the 
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beam pair that yields the highest SNR. In this way, the transmit 
and receive beams are aligned with each other. Nevertheless, an 
exhaustive search of the optimal pair requires a large number of 
pilots as well as frequent uplink feedback, which causes large 
overheads and latency. 
 
To guarantee the communication QoS for latency-critical appli-
cations such as V2X networks, the beam training overhead 
needs to be reduced to the minimum, which motivates research 
on sensor-aided beam alignment. Indeed, by leveraging the 
prior information provided by the sensors, such as GNSS, radar, 
lidar, and camera, the search space of the beams can be nar-
rowed down [4]. It has been shown in [5] that, for a V2I com-
munication system with 64×16 = 1024 beam pairs, the search 
space can be reduced to 475 beam pairs through the use of the 
positioning information generated by the GPS, and to 32 beam 
pairs with the help of the radar-based positioning, both of which 
attain the same accuracy compared to the exhaustive search 
method. On top of that, it is also possible to use a hierarchical 
beam search method in conjunction with the positioning infor-
mation from the sensors, which further reduces overheads. 
 
A more interesting example can be found in [6], where a MIMO 
radar mounted on the RSU is exploited to sense the vehicle. By 
assuming that the radar and communication channels share the 
same dominant paths, the covariance matrix of the communica-
tion channel can be estimated by relying on the echo signals. 
Based on this information, the RSU can further design a pre-
coder and send pilots to the vehicle to facilitate its receive 
beamforming. In this case, feedback between the vehicle and 
the RSU is no longer needed, as the channel reciprocity is em-
ployed. 

 
Fig. 5. ISAC-enabled V2I downlink system 
 

Sensing-Assisted V2I Beam Tracking and Predic-
tion 
Once the communication link is established, i.e., the initial ac-
cess is accomplished by beam training, both the transmitter and 

receiver are required to keep tracking the variation of the opti-
mal beam pairs for the purpose of preserving the communica-
tion quality, which is known as beam tracking [7]. Beam track-
ing schemes exploit the temporal correlation between adjacent 
signal blocks, i.e., the previously estimated beams are utilized 
as prior information for the current epoch. By doing so, the 
search space of the beams can be maintained to a small interval 
centered around the previous beam, thus avoiding the transmis-
sion of redundant pilots. Nonetheless, the receiver still needs to 
feed back the optimal beam index to the transmitter in each of 
beam tracking cycles. Again, it is possible to remove the feed-
back loop by using a radar sensor mounted on the transmitter. 
 
By taking a closer look at the above radar-aided beam training 
and tracking schemes, we see that the sensing and communica-
tion coordination gain is achieved by reducing the training over-
heads, but at the cost of extra radar hardware, i.e., with the loss 
of integration gain [5][6]. Moreover, in high-mobility commu-
nication channels, e.g., V2X channels, it is necessary to have 
the capability of beam prediction, as beam tracking may not be 
sufficient to adapt to fast-changing channels.  
 
To address these issues, the authors of [8][9] consider employ-
ing ISAC signaling in V2I beam tracking and prediction, which 
demands no dedicated sensors and hence realizes both integra-
tion and coordination gains, and is able to remove the feedback 
loop and the resulting signaling overhead for vehicular beam 
tracking. To be specific, ISAC signals are employed in the 
downlink transmission, where the echo signals reflected by the 
vehicles are exploited for tracking and localization. In other 
words, the whole downlink block is jointly used both as radar 
sensing signals and communication data symbols. As a result, 
no downlink pilots are needed, and the matched-filtering oper-
ation for the echo signals would bring significant gain in the 
signal-to-noise ratio (SNR). Following this spirit, an extended 
Kalman filtering (EKF) scheme has been proposed for tracking 
and predicting the angle, the distance and the velocity under the 
kinematic model of each vehicle.  
 
As observed from the ISAC frame structure shown in Fig. 1, we 
remark that ISAC based beam tracking/prediction schemes out-
perform the communication-only protocols in the following as-
pects: 

• No downlink pilots are needed: The entire ISAC signal 
block is exploited for both V2I communication and vehi-
cle sensing, where dedicated downlink pilots are no longer 
needed. This reduces downlink overheads, while at the 
same time improving radar estimation performance. 

• No uplink feedbacks are needed: The uplink feedback 
signal is replaced with the echo signal reflected by the ve-
hicle, which reduces the uplink overheads. 

• No quantization errors: The communication-only 
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scheme requires quantizing the estimated angle before 
feeding it back to the RSU. In contrast to that, the ISAC 
scheme performs continuous angle estimation by relying 
on the echoes received by the RSU, which improves the 
estimation accuracy. 

• Significant matched-filtering gain: The use of the entire 
ISAC signal block for radar sensing benefits from the 
matched-filtering gain, which is equal to the ISAC block 
length. In general, the matched filtering gain that spans 
the whole communication block, is much more significant 
than that of the feedback based scheme, where only a lim-
ited number of pilots are used for beam tracking. As a re-
sult, the estimation accuracy is improved. 

 
Fig. 6. Achievable rates comparison of the ISAC based and communi-
cation-only beam tracking schemes 
In Fig. 3, we consider a scenario where a 64-antenna RSU 
serves a vehicle on a straight road, where the vehicle is driving 
from one side at a distance of 25 m and a speed of 18 m/s, pass-
ing by the RSU to another side. Since the RSU transmits at a 
fixed power, the communication rate firstly increases and then 
decreases. We compare the achievable rate of the ISAC scheme 
using extended Kalman filtering (EKF), and a feedback based 
communication-only scheme, namely the auxiliary beam pair 
(ABP) tracking method proposed in [7]. It can be observed that 
while the ISAC scheme maintains a relatively stable rate, the 
achievable rate of the ABP technique goes down to zero drasti-
cally at 1040 ms, as it loses the track of the vehicle's angle. This 
further proves the superiority of ISAC signaling for V2I beam 
tracking and prediction. 
 

Conclusions 
The coming generations of vehicular networks, dominated by 
the connected and autonomous vehicle paradigm, will rely on 

seamless communication and radar sensing. At present, how-
ever, communication and sensing systems have to compete over 
a large portion of the wireless spectrum given the congestion in 
these frequency bands. This article has overviewed state-of-the-
art sensing-assisted V2I communication strategies, and has 
shown the potential gain that can be achieved by integrating 
sensing and communication functionalities into the future ve-
hicular networks. 
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Abstract 
Integrating sensing into standardized communication systems 
can potentially benefit modern vehicular applications that re-
quire both radio frequency functions. Most existing sensing 
methods in the literature choose to fully comply with the under-
lying communication signal structure, leading to limited sens-
ing. This, however, is unnecessary, as to be revealed in this ar-
ticle. Specifically, we first review a classical OFDM sensing 
method that has been widely applied in the past decade. We then 
illustrate the full compliance mentioned above. Last, we show-
case a flexible sensing scheme that removes full compliance and 
can be adapted to different fast-varying vehicular channels and 
sensing requirements. 
 

A Classical OFDM Sensing 
Integrated sensing and communications (ISAC) has attracted 
extensive attention in vehicular networks recently. By allowing 
sensing and communications to share the same waveform, hard-
ware and frequency spectrum, etc., ISAC improves cost and en-
ergy efficiency and helps alleviate the increasingly severe con-
gestion of the frequency spectrum [1]. As popularly seen in the 
literature, ISAC designs can be sensing-centric (SC), commu-
nication-centric (CC) and joint-design (JD) [2]. While SC-cen-
tric (or CC-) adds communications (or sensing) into existing 
sensing (or communications) systems as a secondary function, 
a JD-ISAC generally solves a holistically formulated optimiza-
tion problem for a (sub-)optimal JD waveform. This article fo-
cuses on CC-ISAC that is believed to penetrate consumer mar-
kets soon based on extensive recent research activities.  
 
More specifically, we discuss the sensing, that extracts targets 
location and velocity, in a common CC-ISAC scenario, as  
illustrated in Fig. 1. The communication transmitter transmits 
multi-carrier communication signals, and in the meantime, the 
receiver, synchronized with the transmitter, receives the target 
echo. Assume that self-interference between the transceiver is 
fully avoided/suppressed through some careful full-duplex de-
signs. Also, assume that the receiver has full knowledge of the 
transmitted data symbols. 

 
Fig. 1 A common CC-ISAC with co-located transceivers, where RG 
stands for range grid, DG for Doppler grid, RDM for range-Doppler 
map and PD for point-wise division 
 
OFDM is one of the most widely used multi-carrier communi-
cation waveforms. Given its potential of providing wide band-
width, OFDM sensing has also been extensively studied since 
the beginning of the 21st century. Today, many of us are famil-
iar with the classical OFDM sensing method (COS) developed 
in [3], which has great simplicity and low complexity and has 
been widely applied since its invention [4].   
 
COS is based on a block of consecutively transmitted OFDM 
symbols. Assuming that (C1) the maximum round-trip delay is 
smaller than the CP duration, the sensing receiver removes the 
CP of each OFDM symbol, transforms the symbol into the fre-
quency domain, and removes the data symbol on each sub-car-
rier through a point-wise division (PD). Such removal is condi-
tioned on that (C2) the data symbol is not zero or not too close 
to zero; otherwise, severe noise enhancement can happen. Next, 
a two-dimensional DFT can turn the data-removed signal ma-
trix into the so-called range-Doppler map (RDM), as illustrated 
in Fig. 1. Target detection and parameter estimation can be per-
formed based on the obtained RDM. 
 
For OFDM, the condition (C2) is not a problem as data symbols 
are directly drawn from constellations. However, when DFT-
spread OFDM is used, such as in IEEE 802.11ad, a DFT will be 
performed on data symbols before modulating them onto sub-
carriers. The DFT of constellation points approximately con-
form to centred normal distributions. Thus, the data symbols in 
Node A of Fig. 1 will be centred around zero, violating the con-
dition given in (C2).  
 
Cyclic cross-correlation (CCC) was proposed in [5] for DFT-
spread OFDM sensing. The CCC of two time-domain signals 
x[n] and y[n] can be performed by transforming them into the 
frequency domain, resulting in X[k] and Y[k], respectively; per-
forming point-wise conjugate product (PCP), i.e., X[k]Y*[k]; 
and taking the IDFT of the product sequence to go back to the 
time domain. For convenience, we refer to CCC-based sensing 
as C-COS 
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Discussions on Overlooked Issues 
COS has gained great popularity since its invention. Here we 
would like to discuss several overlooked issues in applying 
COS.  
 
The first issue regards the full compliance of COS and many of 
its variants with the underlying communication systems. This is 
manifested in two aspects.  

• The first aspect is seen from the condition (C1) which is 
generally assumed in the existing works on multi-carrier 
communication waveform based sensing. However, since 
CP is originally designed for communications, limiting 
the round-trip delay to CP length may not always be sat-
isfactory from a sensing perspective. 

• The second aspect lies in the dimension of RDM whose 
numbers of grids in the range and Doppler dimensions are 
generally identical to the numbers of sub-carriers and con-
secutive OFDM symbols, respectively, of the underlying 
communication system. Often, we take this arrangement 
for granted. However, it is interesting to ask is it really 
necessary? If we can, how to resize the RDM for a better 
sensing performance?  

 

The second issue is about the presence of CP. The future com-
munication waveforms may not have regular CP, as shown in 
Fig. 1. For example, in the recently proposed orthogonal time-
frequency space modulation (OTFS) [6], a single CP is gener-
ally used for a whole block of communication data symbols 
(equivalent to multiple consecutive OFDM symbols), which is 
known as the reduced CP (RCP). So far, RCP-OTFS sensing is 
mainly based on the maximum likelihood detection (MLD); see, 
e.g., [7]. Solving the MLD requires an exhaustive search over 
the whole range-Doppler region. For each range-Doppler grid 
to be tested, a metric is calculated with high-dimensional matrix 
operations involved. In addition, solving the MLD problems re-
quires a set of high-dimensional channel matrices pre-generated 
over the range-Doppler grids to be searched. Storing these ma-
trices and accessing them in real-time can be challenging in 
practice. 
 

A Flexible Sensing Framework (FSF) 
Recently, we developed a flexible sensing framework (FSF) in 
[8] to solve the issues mentioned above. Here, we would like to 
showcase FSF and provide some key results and insights. Let 
us think of the sensing in CC-ISAC from a more general per-
spective: we are given a chunk of signal samples which are 
communication signals passively modulated by sensing targets, 
and we want to make the most of the samples to infer, as accu-
rately as possible, the target parameters, regardless of the sig-

nal structure of the underlying communication system, e.g., reg-
ular CP or RCP, the numbers of sub-carriers and symbols, etc.  
 
As illustrated in Fig. 2, instead of complying with the commu-
nication system, FSF segments the received signal, which is the 
sum of the individual echo signal from each target, into consec-
utive sub-block (SB). This step is similar to COS, but note that 
the SB length can differ from the length of a transmitted com-
munication symbol. Moreover, FSF allows the consecutive sub-
blocks to overlap. The amount of overlapping can be exploited 
for attaining a better sensing performance. This degree of free-
dom is not available in COS and its variants. As shown in Fig. 
2, the communication-transmitted signal is segmented in the 
same way as described above, and each segment is called the 
essential signal of the sub-block. Due to the propagation delay, 
part of the essential signal is not within the received sub-block 
but right after it. To preserve the essential signal in each sub-
block, some samples right after a sub-block are added onto the 
same number of samples at the beginning of the sub-block, cre-
ating a virtual CP (VCP). As seen from Fig. 2, adding VCP can 
make each received sub-block comprised of cyclically shifted 
versions of its essential signal part, as long as the length of VCP 
is greater than the maximum target delay. The VCP length is 
not limited to the communication CP length, and hence the max-
imum sensing distance can be flexibly designed subject to a suf-
ficient link budget. However, the cost of adding VCP is the in-
ter-sub-block interference, as highlighted in the figure. 

 
Fig. 2 A flexible sensing framework for CC-ISAC. 
 
After segmenting the received signal in the way described 
above, the sequential processing is similar to COS, as described 
in Fig. 2. In particular, we take the DFT of each sub-block of 
the received signal and the essential signal. Then, we can re-
move communication data symbols using either PD as in COS 
or PCP as in C-COS. Last, a two-dimensional DFT can be per-
formed to generate RDM.  
 
A special note is given below in using PD. Recall that using PD 
requires the condition stated in (C2). Since we have ignored the 
signal structure in segmenting the received signal, the fre-
quency-domain essential signals will approximately conform to 
a centred complex Gaussian distribution, as analyzed in 
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[Lemma 1, 8]. Directly performing PD for data removal can in-
cur severe noise enhancement. Instead, it is proposed in [8] to 
divide the frequency-domain sub-block signal by an amplified 
frequency-domain essential signal. The amplification factor can 
be selected so that the divisor can be greater than one with a 
large probability. When the probability is large enough, the 
event will hold for sure over a limited number of base samples. 
A critical value of the amplification factor is also derived, as 
given in [(26), 8].  
 

Features/Advantages of FSF 
Next, we highlight some nice features of FSF in comparison to 
COS. Interested readers may refer to [8] for detailed analyses 
and derivations, where the specific thresholds defining high and 
low SNRs are given.   

1. When PD is used for data removal: FSF-RDM has a 
higher signal-to-interference-plus-noise ratio (SINR) than 
COS-RDM; the latter can outperform the former in high 
SNR regions, subject to (C1); and if (C1) is not satisfied, 
FSF-RDM can also achieve a higher SINR than COS-
RDM in high SNR regions. 

2. When PCP is used: FSF-RDM is guaranteed to have 
higher SINR than COS-RDM as long as the ratio between 
VCP length and sub-block length is no greater than the 
ratio between CP length and symbol length of the com-
munication system. 

3. For both FSF and COS: PD-RDM has a lower SINR than 
PCP-RDM in low SNR regions, while the former is better 
than the latter in high SNR regions.  

 
Fig. 3 validates the above results. The communication system is 
set as in IEEE 802.11ad: the centre frequency is 60.48 GHz; the 
bandwidth is 1.825 GHz; 512 sub-carriers per symbol; 128 sam-
ples in CP; and 143 consecutive symbols are used for sensing. 
Three targets are set with power 0 dB, -10 dB and -20 dB. The 
ranges of the targets are randomly and uniformly taken from 
[0,10] m over trials, and their velocities are similarly taken from 
[-149,149] m/s. From Fig. 3(a), we see that the two curves for 
FSF have larger values than COS when the SNR is smaller than 
2 dB, and COS has larger SINR than FSF when the SNR ex-
ceeds 2dB. This validates the first feature illustrated above. The 
second feature is validated by Fig. 3(b) that shows the consistent 
SINR improvement achieved by FSF over COS. Moreover, the 
cross-comparison between PCP and PD in both sub-figures val-
idates the third feature.  

 
Fig. 3 SINR in RDM under different SNR defined as the power ratio 
between the data symbol and receiver noise. The numbers in the legend 
are sub-block lengths in FSF. Unless otherwise specified, Fig. 3(a) is 
for PD-RDM and Fig. 3(b) for PCP-RDM. 
 

Concluding Remarks 
This article reviews a classical OFDM sensing method (COS) 
and highlights some overlooked yet important issues. A flexible 
sensing framework (FSF) recently proposed for CC-ISAC is 
also presented. The advantages of FSF over COS are introduced 
along with supporting numerical results. FSF removes the lim-
itations of COS and achieves unprecedented flexibilities in ad-
justing framework parameters for better sensing. However, the 
structure of communication waveforms, i.e., preamble plus pay-
load, has not been fully exploited in FSF. Preambles, such as 
the Golay sequences in IEEE 802.11ad [9], can have good auto-
correlation features, which is beneficial to sensing. Thus, using 
preambles solely can attain initial sensing results, which may 
help further improve FSF. Such a combination is an interesting 
future work. 
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Industrial Activities and Standardization Progress  
A New IEEE Standard Task Group Facilitating Sensing Functionalities of Wi-Fi Signals 

 
A newly established IEEE 802.11bf Task Group (TGbf) is look-
ing into modifications and enhancements to current Wi-Fi 
standards to go beyond its traditional role of data transmission 
and meet industry demands for robust and reliable wireless 
sensing and connectivity. By facilitating WLAN (wireless local 
area network) sensing procedures, defining sensing measure-
ments, interfacing sensing features with PHY and MAC layers, 
the standard will be beneficial to use cases such as  
 

• home security (e.g., use WLAN signal changes to detect 
an intruder);  

• energy management (e.g., use WLAN signal changes to 
control HVAC, light, etc., in order to save power);  

• home elderly care and assisted living (e.g., fall detection);  
• gesture recognition;  
• vital signs monitoring (e.g., breathing rate, heart rate);  
• facial and liveness recognition. 

 
Examples of WLAN Sensing Use Cases 

 
TGbf  Timeline 

 
By definition according to the TGbf website 
(https://www.ieee802.org/11/Reports/tgbf_update.htm), 
WLAN sensing is the use of received WLAN signals to detect 
feature(s) of an intended target(s) in a given environment. There 
are three keywords in the definition, namely features, targets, 

and environment. Features include range, velocity, angular, mo-
tion, presence or proximity, gesture, etc. Targets include object, 
human, animal, etc. Environment includes room, house, vehi-
cles, enterprise, etc.  
 
TGbf was established in September 2020 when IEEE 802.11 
Working Group approved the Project Authorization Request 
(PAR) and targets a formal IEEE standard in 2024. The PAR 
defines the scopes of TGbf as the following aspects: 

• Defines modifications to the IEEE 802.11 medium access 
control layer (MAC) and to the Directional Multi Gigabit 
(DMG) and enhanced DMG (EDMG) PHYs to enhance 
Wireless Local Area Network (WLAN) sensing (SENS) 
operation in license-exempt frequency bands between 1 
GHz and 7.125 GHz and above 45 GHz. 

• Enables stations to perform one or more of the following:  
¡ to inform other stations of their WLAN sensing capabil-

ities,  
¡ to request and setup transmissions that allow for WLAN 

sensing measurements to be performed,  
¡ to indicate that a transmission can be used for WLAN 

sensing,  
¡ to exchange WLAN sensing feedback and information 

• Defines WLAN sensing measurements to be obtained us-
ing transmissions that are requested, unsolicited, or both 

• Enables a MAC service interface for layers above the 
MAC to request and retrieve WLAN sensing measure-
ments. 

 
Current technical contributions focus on the following topics:  

• sensing procedures,  
• sensing measurements,  
• use cases,  
• channel model,  
• functional requirements (specifications),  
• evaluation results,  
• technology and standardization gaps to support WLAN 

sensing.  
 
According to the approved TGbf selection procedure, those 
technical contributions are currently under discussion and fa-
vored with a >75% approval rate to add to the specification 
framework document (SFD) with the initial draft (D0.1) tar-
geted in January 2022.  
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TGbf Selection Procedure 

 

The latest developments and activities can be found at the TGbf 
project page at: 
 https://www.ieee802.org/11/Reports/tgbf_update.htm.   
 

Contributors： 
Pu (Perry) Wang (MERL, TGbf voting member)  
Claudio De Silva (Facebook, Technical Editor)  
Tony Xiao Han (Huawei, TGbf Chair)  
Fei Gao (Nokia Bell Lab)

 
 

 
Event Calendar 

 

DATE NAME TYPE LOCATION ORGANIZERS（*） WEB PAGE DUE 
DATE 

November 
2021 

IEEE JSTSP Special Issue on Joint 
Communication and Radar Sensing for 

Emerging Applications 
Special Issues / 

Christos Masouros, Robert W. 
Heath, Jr., 

J. Andrew Zhang, 
Zhiyong Feng, 

Le Zheng, 
and Athina Petropulu 

https://signalprocessingsoci-
ety.org/sites/default/files/up-
loads/special_issues_dead-

lines/JSTSP_SI_joint_commu-
nication.pdf  

Passed 

Second Quarter  
2022 

IEEE JSAC Special Issue on Integrated 
Sensing and Communication Special Issues / 

Fan Liu, 
Aboulnasr Hassanien, 

Christos Masouros, 
Yonina Eldar, 

Jie Xu, 
Stefano Buzzi, 
Tony Xiao Han 

https://www.comsoc.org/publi-
cations/journals/ieee-

jsac/cfp/integrated-sensing-
and-communication  

Passed 

December 2021 
IET Signal Processing Special Issue on 

Advanced Signal Processing for Integra-
tion of Radar and Communication (IRC) 

Special Issues / 
Bin Liao, Ziyang Cheng, and 

Tianyao Huang 
https://ietresearch.onlineli-
brary.wiley.com/hub/jour-

nal/17519683/homepage/cfp  
December 6 

June 14-23, 
2021 

Enabling Joint Communication and Ra-
dio Sensing in Mobile Networks: A Tu-

torial 
(In ICC2021) 

Tutorial Virtual J. Andrew Zhang, Kai Wu, 
Y. Jay Guo https://icc2021.ieee-icc.org/  Passed 

July 28-30,  
2021 

Workshop on Integrated Sensing, Com-
putation and Communication towards 

6G (ISCC) 
(In conjunction with ICCC) 

Workshop Xiamen, China 
(In-person) 

Fan Liu, Chao Shen, Xijun 
Wang,  

and Yuanhao Cui 

https://iccc2021.ieee-
iccc.org/program/ 

 
Passed 

September      
 13-16, 2021 

1st International Workshop on Te-
rahertz for Integrated Sensing and 

Communication (THz-ISAC) (In con-
junction with PIMRC) 

Workshop 
Finland 
(Virtual) 

 
 

Wen Tong 

https://pimrc2021.ieee-
pimrc.org/1st-international-

workshop-on-terahertz-for-in-
tegrated-sensing-and-commu-

nication-thz-isac/ 

Passed 

September    
13-16, 2021 

Workshop on Integrated communica-
tion, localization and sensing in 6G 

era 
(In conjunction with PIMRC) 

 Workshop Finland 
(Virtual) 

Henk Wymeersch 
https://pimrc2021.ieee-

pimrc.org/integrated-com-
munication-localization-
and-sensing-in-6g-era/ 

Passed 
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September   
27-30, 2021 

Workshop on Integrated Sensing and 
Communication 

(In conjunction with VTC-Fall 2021) 

Special Ses-
sion 

Virtual Weijie Yuan  
and Yuanhao Cui 

https://events.vtsoci-
ety.org/vtc2021-fall/confer-
ence-sessions/call-for-work-
shops/w7-workshop-on-inte-

grated-sensing-and-communi-
cation/  

Passed 

September   
27-30, 2021 

Integrated Sensing and Communica-
tions: The New Catalysis for Signal 

Processing  
(In the proceedings of SPAWC) 

Keynote 
Lucca, Italy 

(Hybrid) 
Wen Tong https://www.spawc2021.com/k

eynotes/  
September      

29 

September  
27-30, 2021 

Integrated Sensing and Communica-
tion for 6G: From Theory to Applica-

tions 
(In the proceedings of SPAWC) 

Tutorial 
Lucca, Italy 

(Hybrid) 
Fan Liu, 

and Christos Masouros 
https://www.spawc2021.com/t

utorials/  
September      

29 

September   
 27-30, 2021 

Beyond Waveform Design in Inte-
grated Sensing and Communications 

(In the proceedings of SPAWC) 

Special Ses-
sion 

Lucca, Italy 
(Hybrid) 

Kumar Vijay Mishra, Bha-
vani Shankar, Fan Liu, and 

Weijie Yuan 

https://www.spawc2021.com/spe-
cial-sessions/ 

 
Passed 

December  
7-11, 2021 

Beyond 5G Joint Sensing and Communi-
cations 

(In the proceedings of GC2021) 
Tutorial Virtual 

Kumar Vijay Mishra, Bhavani 
Shankar Mysore R, Gerhard P. 

Fettweis 

https://globecom2021.ieee-
globecom.org/program/technical-

tutorials-0#tut11  

December 7-
11 

December  
7-11, 2021 

Integrated Sensing and Communication 
(ISAC) for 6G: From Theory to Applica-

tions 
(In GC2021) 

Tutorial Virtual Fan Liu, 
and Christos Masouros 

https://globecom2021.ieee-
globecom.org/program/technical-

tutorials-0#tut11  
December 7-

11 

March 9-10,  
2022 

2nd IEEE International Hybrid Sympo-
sium on Joint Communications and 

Sensing 
Conference 

Innsbruck, Austria 

    (Hybrid) 

Gerhard P.Fettweis,  
Fan Liu, Padmanava Sen, and 

Daniel Swist 
https://jcns-symposium.org/  November  

8 

April 10-13, 
2022 

3rd Workshop on Integrated Sensing 
and Communications: Toward Future 

Dual-Functional Network 
Workshop Austin, USA 

(Hybrid) 

Taneli Riihonen, Weijie 
Yuan, Yongzhe Li, and Yu-

anhao Cui 

https://wcnc2022.ieee-
wcnc.org/authors/call-work-

shop-papers  
December 

31 

May 16-20, 
2022 

4th Workshop on Integrated Sensing 
and Communication (ISAC) Workshop Seoul, South Korea 

(Hybrid) 

Wen Tong, Fan Liu, Jie Xu,  
J. Andrew Zhang, Taneli Rii-

honen, and Yuanhao Cui 
https://icc2022.ieee-icc.org/pro-

gram/workshops  January 20 

May 16–20, 
 2022 

Workshop on Synergies of Communica-
tion, Localization, and Sensing towards 

6G  
(In conjunction with ICC2022) 

Workshop 
Seoul, 

South Korea 
    (Hybrid) 

Henk Wymeersch 
https://icc2022.ieee-

icc.org/program/work-
shops#ws-2 

January 
20 

May 22–27,  
2022 

Integrated Sensing and Communica-
tions for Future Cellular and Vehicu-

lar Networks 
(In the proceedings of ICASSP) 

Special Ses-
sion 

 

Singapore 
(Hybrid) 

Weijie Yuan, 
Yuanhao Cui, 

and Marco De Renzo 
https://2022.ieeeicassp.org/im-

portant_dates.php 
October 

06 

* Only ETI members are mentioned. 
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Community News 
 

 

New Funding Approved 

Congratulations to Prof. Taneli Riihonen for his reception of the 
prestigious Academy Research Fellowship Funding. The pro-
ject title is “Multifunctional Radios in Radio-Frequency Sys-
tems' Convergence” . We firmly believe there are more funding 
opportunities in the ISAC area. 
 
Radio-frequency (RF) systems are converging in terms of spec-
trum allocations, equipment and waveforms toward united ap-
plications, in which each radio's operation is defined by pro-
gramming software and firmware only. To fully harness the 
benefits of this so-called 'RF convergence', the emerging gen-
eral-purpose multifunctional radio devices need to be capable 
of in-band full-duplex (IBFD), i.e., same-frequency simultane-
ous transmit and receive (SF-STAR), operation. For instance, a 
united cellular base station and radar would be transmitting 
shared downlink communication and radar waveforms while 
simultaneously receiving signal reflections for sensing its sur-
roundings. The research investigates how to achieve the 
IBFD/SF-STAR capability for multifunctional radios under 
self-interference and how to exploit them in new RF conver-
gence applications, e.g., joint radar sensing and wireless com-
munication at millimeter-wave frequencies. 
 

Open Positions 

Ph.D, PostDoc, and Research Assistant Professors (SUS-
Tech), hosted by Dr. Fan Liu 
 
ISAC Group@SUSTech is looking for self-motivated students 

who want to pursue Ph.D degrees in Electronic and Electrical 
Engineering. We also welcome applications of Research Assis-
tant Professors, and Post-Doctoral Researchers. If you are with 
a solid background in Wireless Communications/Signal Pro-
cessing and a strong grounding in mathematical skills, and are 
interested in working with us in the relevant areas of ISAC, 
please drop us an email with your CV by contacting: liuf6@sus-
tech.edu.cn 
 
You will be offered a competitive salary, and work closely with 
Dr. Fan Liu at the Department of Electrical and Electronic En-
gineering, Southern University of Science and Technology 
(SUSTech), Shenzhen, China. 
 
PostDoc Research Position, the University of Technology 
Sydney, hosted by Prof. J. Andrew Zhang 
 
We are looking for a self-motivated, recently graduated PhD 
student to join us, working on Integrated Radio Sensing and 
Communications. The role involves participating in research 
projects and supervising research students. In particular, the 
person is expected to conduct innovative research in integrated 
radio sensing and communications in mobile/cellular networks, 
which is known as perceptive mobile networks. This is a great 
opportunity for a candidate that has strong research experience 
and a publication track record in digital and statistical signal 
processing, array signal processing, information theorem, and 
machine learning techniques for wireless communications and 
radio/radar sensing. 
 
The position could be from one to three years. Please contact 
Prof. Zhang at (Andrew.Zhang@uts.edu.au) if you are inter-
ested.
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Call for Articles – ISAC for WiFi Networks 

 
 

This is the call for technical arti-
cles for the second issue of 
ISAC-Focus. The technical 
theme of this issue is ISAC for 
WiFi Networks. 
 
The article shall focus on the lat-

est development of ISAC technologies for WiFi Networks. The 
article can be a review of the latest technologies on the focus of 
this issue, or an introduction of specific development of the au-
thors’ own group in this area. Technologies can be published or 
non-published, but shall be no more than one year old from the 
date of being made to the public. 
 
We are particularly interested in articles discussing the latest 
development of the following techniques: 

• CSI extraction platform, particularly for those supporting 
802.11ac and 802.11ax; 

• Joint waveform design and optimization 
• Through-the-wall WiFi sensing; 
• WiFi sensing for multiple objects; 
• WiFi sensing for biomedical information extraction, such 

as breathing patterns; 
• Non-line-of-sight passive localization; 
• Actual application cases and testing results. 

 
When possible, we will also consider putting these articles 
together, extend and submit it to a leading journal. If you 
are interested, please let us know before you start, and we 
will coordinate the writing. 
 
The article is required to be rewritten in MS Word two-column 
format for easy edition. The article shall be written in the style 
of a tutorial, and optimized for online reading. Each article shall 
not be more than 1500 words, 6 figures and tables, and 10 ref-
erence papers. Up to 3 simple equations are allowed. The Ab-
stract is limited to 200 words. Author photos and affiliations are 
needed, together with an optional short biography (up to 150 
words). Submission in double-column is preferred. 
 
The submitted articles will be reviewed by one or more of the 
ISAC-Focus editors. We aim for fast publication of the results. 
Hence, there will generally be only one-round of review. 
 
The deadline for the article submission of this issue is 14th Nov. 
2021. Please submit your articles to Dr. Kai Wu 
(Kai.Wu@uts.edu.au), and cc to Prof. Andrew Zhang (An-
drew.Zhang@uts.edu.au). Please use the subject: Article Sub-
mission for ISAC Focus (Issue Two). You may contact Andrew 
Zhang if you have any questions on ISAC-Focus. 
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IEEE International Conference on Communications 
16-20 May 2022 // Seoul, Korea 
Intelligent Connectivity for Smart World 

 
 
 
 
 
 
 
 
 

 
 
 

 
General Co-chairs 
• Henk Wymeersch, Chalmers 

University of Technology, Sweden 
• Stefania Bartoletti, CNR and 

CNIT, Italy  
• Liesbet Van der Perre, KU 

Leuven, Belgium  
• Angeliki Alexiou, University of 

Piraeus, Greece  
• George C. Alexandropoulos, 

National and Kapodistrian 
University of Athens, Greece  

 
Main contact  
henkw@chalmers.se 
alexandg@di.uoa.gr 

 
Important Dates 

v Paper submission deadline  : 
January 20, 2022 

v Notification of acceptance:  
March 06, 2022 

v Camera-ready papers:  
March 15, 2022 

 
Submission link 
https://edas.info/N28800 
 
Webpage link  
https://www.locus-project.eu/ieee-
icc-2022-workshop/ 
 

 

 
 

 
 

Scope 
Research on 6G is now well underway and several large initiatives have been launched around the 
globe to define what this new generation of wireless networks will be. These definitions are supported 
by a wide variety of technological enablers, ranging from access in the THz spectrum, which brings 
massive bandwidths and laser-like beamforming capabilities, to the introduction of new antenna 
technologies and intelligent metasurfaces, which provide massive apertures and new ways of shaping 
the propagation medium. Due to the wide variety of envisioned use cases, 6G will not lead to a one-
size-fits-all solution, but rather inspire a rich diversity in terms of devices, spectrum usage, and 
technologies. Common among many emerging services in need of 6G is the requirement for 
localization and sensing to be an integral part of 6G. The ability of 6G to locate and track active users 
as well as passive objects will be part of the core communications functionality and will enable and 
enrich a wide variety of futuristic services, including immersive augmented reality, robot collaboration, 
and environment/earth monitoring. These services will lead to a more inclusive and sustainable 6G 
ecosystem. The overarching vision of this workshop is that the synergies among localization, sensing, 
and communications within the 6G ecosystem require a common venue, not focusing on any specific 
technological enabler, but rather support a broad and diverse set of viewpoints, including those from 
industry (telecom and radar industries) and academia (communications, signal processing, and circuits 
communities). 
Topics 
We seek original completed and unpublished work not currently under review by any other 
journal/magazine/conference. Topics of interest include, but are not limited to: 

● Use cases and applications of communication, localization, and sensing in a 6G context 
● 6G communication, localization, and sensing in the millimeter-wave and THz bands 
● Location-based network management and analytics 
● Communication, localization, and sensing with reconfigurable intelligent surfaces 
● Full duplex schemes for simultaneous communication and localization and/or sensing 
● Air interface and waveform design for integrated communication, localization, and sensing  
● Protocols for integrated communication, localization, and sensing  
● Signal processing techniques (including machine learning, AI, and beamspace processing) 

for integrated communications, localization, and sensing 
● Modeling of hardware, antennas, channels or propagation for joint communication and 

sensing 
● Localization and sensing at different frequency bands 
● Coexistence, coordination, and cooperation between radar and communication in 6G 
● Communication and positioning with energy-neutral devices and massive IoT 
● Energy-efficient, scalable (network and/or transceiver hardware) architectures and strategies 

for joint communication and sensing 
● Location-aware ultra-reliable communications 
● Context-aware localization systems  
● THz imaging, positioning/localization, THz spectroscopy in 6G 

Paper Submission 
The workshop accepts only novel and previously unpublished papers. The page length limit for all initial 
submissions for review is SIX (6) printed pages (10-point font) and they must be written in English.    All final 
submissions of accepted papers must be written in English with a maximum paper length  of SIX (6) 
printed pages (10-point font) including figures. No more than one (1) additional printed page (10-point 
font) may be included in final submissions and the extra page (the 7th page) will incur an overlength 
page charge of USD100. For more information, please see IEEE ICC 2022 official website: 
https://icc2022.ieee-icc.org/authors. 

Workshop on Synergies of Communication, Localization, and Sensing towards 6G 
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Topics of interest include, but are not limited to: 
  

− Signaling strategies for IRC 
− Optimization schemes for IRC with low-resolution 

ADCs/DACs 
− Joint estimation of radar target and communications 

channel parameters for IRC 
 

− Fundamental performance analysis for IRC 
− Multi-static IRC systems  
− Applications of IRC 
− Experimental verifications and prototypes for IRC 

 

IET Signal Processing 

Radar and communication are two key applications of radio technology, and they occupy a large portion of the frequency 
spectrum. Traditionally, radar and communication system are operated at different frequencies, owing to their different functions 
and application areas. For instance, radar was mainly employed for sensing (target detection, localization, recognition, imaging, 
etc.) in military field, while wireless communication was mainly for information delivery. However, along with the fast development 
of radio technologies and huge demand for information, the radio frequency (RF) spectrum is becoming increasingly congested, 
and the spectra of radar system will be overlaid with those of wireless communication devices. Moreover, radar and communication 
become increasingly merged in both technologies and applications. Besides the military field, radar has been widely employed in 
daily life including weather service, air traffic control, autonomous driving and security monitoring. Meanwhile, these applications 
rely much on information transmission through wireless communications. In this regard, integration of radar and communication 
(IRC) has proved to be a very promising development to address the spectrum congestion issue between radar and 
communications devices. This also brings us a number of key challenges in signal processing for both implementation of IRC and 
joint optimization between the two systems. All these lead to urgent need for research and development in various advanced signal 
processing techniques for IRC. 
 
This special issue seeks to bring together contributions from researchers and practitioners in the area of advanced signal 
processing for IRC 

Call for Papers 
 

Special Issue on: 
Advanced Signal Processing for Integration of Radar and 
Communication (IRC) 

Editor-in-Chief: James Hopgood, University of Edinburgh, UK 

Submission Deadline: 6th December 2021 |  Publication Date: January 2022 

From January 2021, The IET will begin an Open Access publishing partnership with Wiley. As a result, all 
submissions that are accepted for this Special Issue will be published under the Gold Open Access Model and 
subject to the Article Processing Charge (APC) of 2,200 USD. For further information on APCs, and support for APCs 
including Wiley’s institutional agreements and Research4Life initiative which offers waivers and automatic discounts 
for certain countries, please see our FAQs. Please submit your paper via ScholarOne, and for more information about 
the journal please visit our website and read our Author Guide. 

Guest Editors: Bin Liao 
Shenzhen University, China  
E: binliao@szu.edu.cn 
 
Wei Liu 
University of Sheffield, UK 
E: w.liu@sheffield.ac.uk 
 
 

Ziyang Cheng,  
University of Electronic Science and Technology 
of China, China 
E: zycheng@uestc.edu.cn 
 
Tianyao Huang 
Tsinghua University, China  
E: huangtianyao@tsinghua.edu.cn 
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Call for Papers 

Paper Submission Deadline: Nov 8, 2021 

EDAS Submission: https://edas.info/N28920  

As the standardization of 5G is being solidified, researchers are speculating what 6G will be. Integrating sensing 
functionality is emerging as a key feature of the 6G Radio Access Network (RAN), allowing to exploit the dense 
cell infrastructure of 5G for constructing a joint communication and sensing (JC&S) network. As such, the 
future cellular network could image and measure the surrounding environment to enable advanced 
environment and location-aware services, ranging from PHY to application layers. While positioning is already 
implemented in 4G and 5G standards, it is anticipated that JC&S will be at the heart of 6G and beyond systems. 
New developments are expected to increase communications and sensing performances relying, among 
others, on wider bandwidths, more antennas, and higher carrier frequencies. Advances in theoretical 
understanding of the performance and limitations, and new algorithmic solutions, including those based on 
machine learning, are needed to make that vision come true. 

Despite having drawn huge attention from both academia and industry, many open problems remain to be 
investigated in JC&S. This symposium aims at bringing together researchers from academia and industry to 
identify and discuss major technical challenges, recent breakthroughs, and novel applications related to JC&S. 
Topics include but are not limited to: 

• Fundamental information theoretical limits for JC&S 
• Network architecture / transmission protocol / frame designs for JC&S 
• Spectrum analysis and management of JC&S 
• Full duplex / interference management techniques of JC&S 
• Precoding / waveform / modulation / receiver design for JC&S 
• Security and privacy issues for JC&S 
• Machine learning / Network Intelligence for JC&S 
• MIMO / Massive MIMO / intelligent reflecting surface (IRS) for JC&S 
• Fine range, Doppler and angle estimation in wireless networks 
• SLAM in wireless networks 
• Millimeter wave / THz technologies for JC&S 
• JC&S for highly mobile networks 
• Chirp-based communication and sensing 
• Hardware reuse and sharing for JC&S 
• Standardization progress of JC&S 
• Wi-Fi sensing / positioning / detection for JC&S 
• Experimental, demonstrations and prototypes 
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Papers outside the areas listed above but related to the focus of the symposium (Joint Communications and 
Sensing) are also welcome. Manuscripts not exceeding 6 pages must be submitted through EDAS. Extended 
abstracts from 2 to 3 pages can also be submitted. Submissions should be formatted according to the IEEE 
conference template. Manuscripts will be peer-reviewed according to the standard IEEE process. All accepted 
(and presented) papers will be published in the symposium proceedings and will be available on IEEE Xplore. 

EDAS submission on: https://edas.info/N28920  

Deadlines: 

Paper Submission Deadline: Nov 8, 2021 

Acceptance Notification: Dec 6, 2021 

Final Paper Due: Jan 10, 2022 

Video Submission: Jan 10, 2022 
 

You can find more details about the conference and the paper submission process here. 
 
 

We would be delighted if you submit a paper and join us at this exciting event! 
 
With best regards, 
 

Gerhard P. Fettweis 
General Co-Chair 
 

André Bourdoux 
Technical Program Co-Chair 
 

Thomas Ußmüller 
General Co-Chair 
 

Fan Liu 
Technical Program Co-Chair 
  
 

 

 


