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The Chairs’ Column 
 

We are very pleased to present 

to you the latest issue of ISAC-
Focus, the newsletter of the 

IEEE ComSoc ISAC-ETI. By 

the time that this column ap-

pears, summer in Shenzhen is 
in its full swing. We believe 

many of you are enjoying your 

splendid holidays, or are pre-

paring some manuscripts based 
on the results obtained during 

the spring. As we are already 

halfway through 2022, we are 

very happy to report that our 
community remains strong. 

Our membership number grows to 880, which is cur-

rently the highest among all the 9 ETIs within the Com-
Soc. The number of followers of our social medias is 

also on the rise, namely, 5000+ on WeChat, 200+ on the 

YouTube channel, and 900+ on the Bilibili channel. We 

would like to take this opportunity to thank all of our 
members who supported and helped us in advertising 

and broadcasting the ISAC-ETI events. 

We are about to finish the 2nd Season of the IEEE 

ComSoc-SPS Webinar Series. Starting from the next 
season, the webinar series will be handover to volunteers 

from both the ComSoc ISAC-ETI and the SPS ISAC-

TWG. We would like to sincerely thank Prof. Xiangrong 
Wang from Beihang University, China, and Prof. Jona-

than Manton from the University of Melbourne, Aus-

tralia, for investing their precious time in planning and 

organizing the 3rd season of the ISAC webinars. In addi-
tion to those regular events, we are also extending our 

boundaries by reaching out to other communities. The 

most recent example is the 1st ACM MobiCom Work-

shop on ISAC Systems (ISACom), which is the first time 
that an ISAC event is organized in one of the top-tier 

ACM conferences. We are also planning a series of 

events for the upcoming IEEE RadarConf 2023, in col-

laboration with the IEEE AESS Radar Panel. We hope 
that these efforts will raise awareness of the ISAC theory 

and technology from a diverse of perspectives, thus im-

proving the understanding of the open problems, as well 
as facilitating the practical implementations of ISAC. 

Finally, we wish you a happy summer with sunshine 

and sandy beach and a fruitful golden autumn. Please 

stay tuned with us and expect more great things to come! 
 

 

          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 Mobile Networks 
 

A Note from the Editor-in-Chief, Prof. J. Andrew Zhang 

 
It is my great pleasure to present to you the fourth 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. This ETI aims 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 paradigm 
and corresponding enabling technologies that combine sensing 
and communication systems to efficiently utilise resources and 
even pursue mutual benefits. As the ETI’s newsletter, ISAC-
Focus aims to promote effective communications between aca-
demic and industrial communities in ISAC and fast disseminate 
the latest development of ISAC technologies to its members and 
the broader societies. ISAC-Focus generally includes four ma-
jor components: a video interview, technical articles/highlights, 
industrial activities and standardization progress, and ISAC 
Events. It will be published as an online multimedia newsletter. 
Excluding the video Interview, the other parts will be in an elec-
tronic booklet. 
 
The focus of this issue is on ISAC for Mobile Networks. In this 

issue, we feature the following sections: four technical articles 
from leading authors Fuwang Dong, Bo Chang, Pan Cao, and 
Liang Liu; industrial activities in 3GPP working item and 
802.11bf; 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 
provide an excellent platform for all members and the wider re-
search community for disseminating and promoting the ISAC 
technologies.  

 

 

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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ISAC Newsletter Video Interview 
(Absent in this issue.) 
 

 
 

  
Technical Articles  

 

Sensing as a Service: ISAC Re-
source Allocation in 6G Percep-

tive Networks 

Fuwang Dong and Fan Liu  
Department of Electronic and Electrical Engineering, Southern 

University of Science and Technology, China 
liuf6@sustech.edu.cn. 

 

Abstract 

In the upcoming 6G perceptive networks, where the cellular 
system is equipped with the networked sensing capability, sens-
ing as a service will play a more important role than ever before. 
In this article, we commence by defining the concept of sensing 
quality of service (QoS) in terms of diverse applications, fol-
lowed by a unified framework for Integrated Sensing and Com-
munications (ISAC) resource allocation. The system efficiency 
can be improved by flexibly allocating the limited power and 
bandwidth resources according to both sensing and communi-
cation (S&C) QoSs. Furthermore, we also discuss the perfor-
mance trade-off between S&C services in different resource al-
location schemes. 
 

Introduction 

While current cellular networks may provide sensing functions 
to a certain extent, the resolution and localization accuracy pro-
vided by the conventional technology in a device-based manner 
are unable to meet the demand for high-precision sensing. For-
tunately, the recent proposed perceptive network concept, in 
conjunction with the integrated sensing and communications 
(ISAC) technology, is expected to provide both robust sensing 
and wireless connectivity [1]. In such a network, the cellular 
system is equipped with the networked sensing capability, 
providing various sensing services to a vast number of users to 
enable numerous emerging applications, including connected 
vehicles, drone monitoring, and smart manufacturing. 
 
In contrast to the dedicated sensing or communication function-
ality, the ISAC methodology can improve the efficiency for 
both sensing and communications (S&C) by sharing the use of 

limited resources, namely, spectrum, energy and hardware plat-
forms [2]. Intuitively, the S&C performance achieved depends 
on the transmit resource to be allocated. Although the resource 
allocation problems are individually investigated in radar [3] 
and communication communities [4], the resource allocation for 
ISAC systems and networks still remains widely unexplored. 
Besides considering the performance trade-off among commu-
nication users or radar targets, the trade-off between S&C ser-
vices should also be taken into account in a perceptive network, 
in order to provide S&C services tailored for user’s specific 
QoS demands. 
 

ISAC Resource Allocation Framework 

In what follows, we consider a unified framework for joint 
power and bandwidth allocation in a single-cell ISAC system as 
shown in Fig. 1. The object to be served can be classified into 
the following three types. 

 Sensing targets: The targets that need to be sensed, e.g., the 
humans, buildings, monitoring areas, etc., which can be ei-
ther device-free or device-based. 

 Communication users: The terminals such as smartphones 
which require high-quality communication services only. 

 ISAC users: The users that require both S&C services, i.e., 
the intersection of sensing targets and communication users. 
The ISAC users could be people, vehicles, and drones which 
have communication equipment, namely the device-based 
targets. 

 

In the ISAC resource allocation framework considered, the sys-
tem power p  and frequency bandwidth b  need to be properly 
allocated among the objects to meet different QoS demands. 
The BS transmitter uses a portion of the total system resources 
to sense targets, whereas the other portion is employed for in-
formation transmission. Therefore, the associated optimization 
problem can be formulated as the following form 

,
max sensing QoS

 s. t.       communication QoS  threshold,

             resource budget, proportional rate.


p b

          (1) 

where the proportional rate constraints imposed are to ensure 
the proportional fairness among sensing targets that have differ-
ent importance levels. Before solving the above problem, we 
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should properly define the S&C QoS in terms of various tasks 
to measure the system performance. 
 

A. Communication QoS 

Communication tasks focus on transmitting information in an 

efficient and reliable manner. While there are many perfor-
mance metrics such as spectral efficiency, BER, etc., the achiev-
able rate is the commonly employed metric to measure the com-
munication QoS. Furthermore, the communication achievable 
rate depends on the power and frequency bandwidth based on 
the Shannon’s theorem, which motives us to properly allocate 
the limited resources. 

 
Fig. 1. The application scenarios of a single ISAC BS, providing communication and device-free sensing services simultaneously. 

B. Target Detection QoS 

The detection task is to determine the existence of a target in the 
area of interest, of which applications include unlicensed UAV 
monitoring, traffic accident area monitoring, etc. Mathemati-
cally, target detection refers to making binary or multiple deci-
sions to identify the status of a target, e.g., present or absent. 
The common QoS metrics include the probability of detection 

DP  , i.e., the probability that a target is declared when a target 
is in fact present, and the probability of false alarm FAP  , i.e., 
the probability that a target is declared but in fact absent. In ra-
dar application, it usually requires that the FAP  has to be main-
tained below a pre-assigned threshold while maximizing the DP , 
namely, the Neyman-Pearson criterion [5]. Generally speaking, 
high detection QoS is required for sensing scenarios where 
missing alarms may cause severe consequences. 
 

C. Target Localization QoS 

The localization task is to estimate the range and azimuth angle 
of the target, thereby determining the location in space. The lo-
calization of the static objects can be interpreted as parameter 
estimation problems for the time delay and angle of arrival. A 
straightforward metric to measure the localization performance 
is the mean squared error (MSE) between the true parameters 
and the estimated ones. However, the MSE is normally difficult 
to characterize. Alternatively, the Cramer-Rao bound (CRB) for 

target estimation, which is known as a lower bound on the var-
iance of an unbiased estimator, can be employed to measure the 
localization QoS [6]. Usually, nearby targets with large sizes 
require relatively low localization accuracy, or equivalently, 
lower localization QoS than the far and small ones. Moreover, 
we usually prefer to allocate more resources to the important 
target than the others.  
 
It should be pointed out that the motivation of power allocation 
is straightforward since the power resource has similar impacts 
on S&C performance. By contrast, the impacts of bandwidth re-
source imposed on radar and communication systems are quite 
different. As shown in Fig. 2, we consider the bandwidth allo-
cation in the following two scenarios. 

 Interference between S&C services in a single beam: For 
communications, the orthogonal bandwidth should be allo-
cated among the users to avoid inter-user interference since 
the communication users are able to operate on heterogene-
ous frequency band. By contrast, sensing targets will reflect 
the signals at all frequency bands. Hence, all the sensing tar-
gets in a single beam have to share the same bandwidth. 
Nevertheless, non-overlapped bandwidth should be allo-
cated between S&C services to circumvent the interference 
of radar signals to communication users.  

 Inter-beam interference among multiple beams: In dif-
ferent beams, the interference for S&C both stems from the 
power leakage from one beam to another. Such an inter-
beam interference can be alleviated by employing the 
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matched filtering method with orthogonal bandwidth. Be-
sides, the inter-beam interference can be omitted by scaling 
up the number of antennas, since the beam formulated will 
be sufficiently narrow. In other words, massive MIMO 
scheme allows us to allocate the maximum available band-
width to each target and user at the price of enlarged antenna 
array, where exists a trade-off between the bandwidth and 
the spatial/hardware resources.  

 
Fig. 2. Bandwidth allocation in different scenarios. 

 

D. Target Tracking QoS 

The tracking task is the extended application of localization, 
which refers to tracking the state variation (range, angle, veloc-
ity, etc.) of a moving target, e.g., a vehicle or a drone. Tracking 
tasks typically emerge in high-mobility ISAC scenarios, such as 
vehicle-to-everything (V2X) networks. In contrast to the con-
ventional CRB that relies on the measured data only, a posterior 
Cramer-Rao bound (PCRB) is introduced to measure the track-
ing QoS by considering the Fisher information provided by both 
the measured data as well as prior state models [7].  
 
In order to achieve a good tracking performance, inspired by [8], 
we establish a closed loop tracking strategy by adopting the ex-
tended Kalman filtering (EKF) scheme. Specifically, by con-
structing the state evolution model and the measurement model 
for the moving targets, the predicted PCRBs can be obtained 
after acquiring the target information at the current time. Then, 
the optimal power and bandwidth allocation for the next epoch 
can be attained through solving the optimization problem (1), 
resulting in optimal tracking accuracy.  
 

Conclusion 

A proper resource allocation scheme that allows the BS allo-
cates the available resources to the users according to different 
sensing and communication (S&C) QoS requirements, can sig-
nificantly improve the flexibility and capacity of the up-coming 
6G perceptive networks. However, the trade-off between S&C 
services leads to unique challenges and opportunities in the de-
sign of integrated sensing and communication (ISAC) enabled 
wireless networks. In this article, we proposed a unified frame-
work for ISAC resource allocation and evaluated the trade-off 

between S&C performance by adopting the desired resource al-
location scheme. 
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Abstract  

By providing ultra-high transmission data rate, millimeter wave 
(mmWave) and terahertz (THz) communications are promising 
to enable backhaul data transmission in cellular connected un-
manned aerial vehicle (UAV) networks. With the usage of high 
frequency (i.e., mmWave/THz), radio/radar sensing function is 
expected to be achieved in wireless networks, which can be used 
to track UAV for beam tracking in mmWave/THz communica-
tions and motion control of UAV. In this context, we propose a 
new integrated scheduling method of sensing, communication, 
and control for mmWave/THz communications in UAV net-
works to enable data transmission of the backhaul from UAV to 
the ground base station (BS). We provide a new definition from 
motion control perspective, i.e., state-tonoise- ratio, which links 
the relationship between sensing-control pattern activation and 
data rate determined by beam alignment in mmWave/THz com-
munications. A closed-form expression is obtained for data rate 
triggered sensing-control pattern activation design, where both 
data rate requirement in mmWave/THz communications and 
motion control performance of UAV are guaranteed. 
 

Introduction 

By building air-ground networks and thus achieving seamless 
wide-area coverage in wave (mmWave) and terahertz (THz) 
communications, cellular connected unmanned aerial vehicle 
(UAV) networks can provide high rate, ultra-reliable, and low-
latency wireless communications for users (UEs) with no or lit-
tle human assistance. The cellular-connected UAV can be re-
garded as an assisting node for backhaul and thus transmits the 
massive generated data of UEs to the ground base station (BS) 
with wave (mmWave) and terahertz (THz) communications [1]-
[3]. 
 
There are two benefits that can be provided by mmWave/THz 
band enabled UAV networks. First, the ultrahigh data rate of the 
backhaul from UAV to BS can be fully guaranteed. Second, 

high frequency mmWave/THz band can provide high-quality 
sensing property [4][5]. Then, BS can work as radar to track 
UAV for beam alignment and motion control of autonomous 
UAV. Specifically, since UAV moves freely in the air, BS needs 
to locate it for beamforming by radar sensing. Then, the trans-
mission rate from UAV to BS can be maximized by beam align-
ment and optimal resource allocation. On the other hand, once 
UAV is to be out the efficient coverage of the allocated beam, 
BS can generate a motion control command based on the sensed 
information to update the position of UAV and thus regain max-
imum data rate by beam alignment and beamforming. Thus, it 
is very important to jointly schedule sensing, mmWave/THz 
communications, and motion control of UAV to guarantee data 
rate requirement. 
 
However, how to jointly schedule sensing, mmWave/THz com-
munications, and motion control of UAV to guarantee data rate 
requirement is extremely challenging. In this paper, we propose 
a new integrated scheduling method of sensing, communication, 
and motion control to deal with the aforementioned issues for 
mmWave/THz communications in UAV networks, where we 
focus on the backhaul data transmission from UAV to BS. The 
main contributions of this paper are as follows: (1) we propose 
a new integrated scheduling method of sensing, communication, 
and control for mmWave/THz communications in cellular-con-
nected UAV networks, where both transmission data rate re-
quirement in communications and sensing-control pattern are 
jointly considered to achieve beam alignment for data transmis-
sion; (2) we analyze the relationship among sensing, 
mmWave/THz communication, and control, and then we pro-
pose a new state-to-noise-ratio definition from control perspec-
tive and analyze the relationship between the state-to-noise-ra-
tio and beam alignment; (3) we provide a closed-form expres-
sion for sensing-control pattern activation design based on state-
to-noise-ratio, which can guarantee communication require-
ment and meanwhile maintain good control performance. 

 
Fig. 3: Cellular-connected UAV with mmWave/THz communications. 
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Cellular-Connected Uav Scenario With 

Mmwave/Thz Communications 

 
This paper focuses on beam alignment of the backhaul trans-
mission from UAV to BS since massive collected data from 
UEs needs to be transmitted to BS, where we take one UAV as 
an example to obtain the proposed method. As shown in Fig. 3, 
an UAV covers a corresponding user cluster to enhance com-
munication between BS and UEs. A remote controller is embed-
ded in BS for UAV motion control to guarantee communication 
data rate requirement. The motion control process of the UAV 
is as follows. First, BS works as a sensing radar and can monitor 
the state of UAV with constant periodical time. To reduce the 
sensing frequency, the embedded controller is supposed to keep 
a local state estimation. When the estimated state cannot satisfy 
the data rate requirement of the backhaul, the sensing would be 
activated to obtain real-time state observation. Then, the embed-
ded controller calculates a control command based on the state 
observation, and sends it to UAV. Finally, the state of the UAV 
is updated to meet the data rate requirement. If the estimated 
state can satisfy the data rate requirement of the backhaul link, 
there is no need to active the sensing and motion control. We 

assume that 1k  is used to represent that sensing is activated 

at time index k and thus the sensed information is known by 

the embedded controller at BS and 0k  is used to represent 

that sensing is not activated and controller does not know the 
current state of UAV [6]-[8]. When sensing is not activated, the 
controller at BS would generate an estimated state according to 
the motion control model of UAV. 

 
Fig. 4: Beam misalignment. 

 
As shown in Fig. 4, we focus on the beam alignment fading in 

mmWave/THz communications, where l is the misalignment 

error between the beam center BSO  and the beam center UAVO
of UAV 
 

Integrated Scheduling Of Sensing, Communica-

tion, And Control 

For beam misalignment l , we have the following theorem. 

Theorem 1. The misalignment error lbetween the beam centers 

of BS and UAV increases with the state error monotonously. 

Furthermore, we can obtain that l follows Rayleigh distribution, 

where its probability distribution function (pdf) can be ex-

pressed as  
2

2 2
exp

s s

l l
f l

 
 

  
 

. 

 
Theorem 1 indicates the closed-form relationship between the 
misalignment error in backhaul of mmWave/THz communica-
tions and the state estimation error in motion control of UAV. 
Because of the coupled sensing-control pair, Theorem 1 also 
shows the closed-form relationship between the misalignment 
error and the activation of the sensing-control pattern. 
 
Furthermore, for motion control of UAV, we define state-to- 

noise-ratio as 1k
conSNR   at time index 1k  , which can be ex-

pressed as 

2

1|1
1 2

0

ˆk kk
k con

n n i
d ii

x
SNR

A w
 






 


. Here, 1|ˆk kx   

is the estimated state of UAV for time index 1k  based on k , 
n is the number of non-activated sensing for motion control, 

dA  is the system parameter of motion control for UAV. 

 
Based on Theorem 1 and SNR in motion control, we have the 
motion control activation policy for UAV as 

1 1
1

1 1

1, if

0, if

th
k k

k th
k k

C C

C C
  


 

 
 


 

Where the data rate threshold is 

 
22 2

1 2 0 2
0

2 ln
log 1 exp

g f trth
k

eq

h h P p
C S

N R

          
   

 
Fig. 3 concludes the flow diagram of the proposed method. First, 
the data rate requirement of backhaul from UAV to BS deter-
mined by beam alignment can be obtained at each time index 

k . Then, we can obtain that whether the sensing-control pattern 

should be activated. After that, the state of UAV updates for the 

next time index 1k  , where the activation policy is repeated 

as that at time index k . 
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Fig. 5: The state evolution of UAV with sampling time index. 

 

 
Fig. 6: Relationship between misalignment error and data rate. 

 

Fig. 4 illustrates the control performance of UAV when sam-
pling time index increases. Fig. 5 shows the relationship be-
tween misalignment error and data rate in mmWave/THz com-
munications. The results indicate that the proposed method can 
significantly reduce resource consumption and meanwhile guar-
antee the rate requirement of the UAV in mmWave/THz com-
munications and maintain good motion control performance of 
the UAV. 
 

Conclusions 

In the solutions reviewed in this paper, we proposed a new in-
tegrated scheduling method of sensing, communication, and 
control for backhaul transmission from UAV to BS in 
mmWave/THz communication enabled cellular connected 
UAV networks, where the mutual positive effect among sensing, 
mmWave/THz communications, and motion control of UAV 
was discussed. First, we analyzed the relationship between sens-
ing and control, which were coupled as sensingcontrol pattern 
to determine the mechanism for the motion control of UAV. 
Second, we provided the relationship between sensing-control 

pattern and backhaul transmission rate of mmWave/THz com-
munications in UAV networks, where a theorem was obtained 
to show their closed-form relationship. Finally, we designed a 
sensing-control pattern activation threshold to guarantee the 
data rate requirement in backhaul transmission and meanwhile 
maintain good motion control performance of UAV. 
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Abstract 

Rethinking the role of cellular mobile communication networks, 
we desire to add a “vision-like” functionality to the widely ex-
isting outdoor cellular base stations (CBSs) by integration of ra-
dar imaging and mobile communication (IIAC) technology 
through sharing the existing telecom infrastructure and spec-
trum. It is the first time to study systematically cellular base sta-
tion imaging (CBS-imaging) for flying target detection. Firstly, 
we provide the  concept, transmission signalling and systematic 
operation mechanism of CBS-imaging. Secondly, the feasibility 
study is conducted to support the idea of CBS-imaging. Finally, 
numerical simulation evaluates the imaging performance of 
three typical types of CBSs operating at 900 MHz, 3.5 GHz and 
28 GHz, respectively, which implies that CBS-imaging works 
for UAV detection!  

 

Introduction 

Mobile communication has been developed for forty years from 
the first generation to the fifth generation (5G) today that aims 
to provide seamless signal coverage and high data transmission. 
However, the widely-deployed cellular base stations and ubiq-
uitous radio frequency (RF) waves would be greatly under-used 
if they only serve data transmission. As both radar and wireless 
communications utilise similar hardware structure and system 
components in baseband and RF ends via RF waves, this pro-
vides a feasible opportunity to integrate radar and communica-
tion so as to fully exploit the system potentials through sharing 
the hardware and spectrum. The challenges arising in the inte-
grated system have attracted extensive research attention and 
efforts recently roughly from the application point of view as 
the following categories.  
 
- Integration of Localization and Communication (ILAC): Uti-
lise the wireless communication signaling to realize positioning 
functionality simultaneously, e.g., the popular WiFi-based in-
door positioning. One type of ILAC is active ILAC, where the 
target works a wireless receiver, e.g., mobile terminal, and its 
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position can be estimated through measuring its own received 
signals characteristics, e.g., the time of arrival (ToA), angle of 
arrival (AoA) or received signal strength (RSS) [1-2]. The other 
type of ILAC is passive ILAC, where the target is neither a 
transmitter nor a receiver, but exists in the wireless propagation 
environment. The wireless propagation channel is varying with 
the position of the target, and thus its position can be estimated 
via measuring the wireless propagation channel that contains 
the contribution of the target at different location [3]. 
 
- Integration of Sensing and Communication (ISAC): The ISAC 
design in general depends on what the primary function is. The 
focus here is given on integrating additional radar sensing func-
tionality into mobile communication systems as a by product, 
where the radar sensing utilises the spectrum, or hardware or 
both of communication. In most of previous work, the sensing 
function of a dual-functional ISAC system mainly refers to the 
detection of the status of a target, e.g., its appearance, range, 
direction, track and movement by sharing the spectrum, or hard-
ware or both with communication. The design of channel esti-
mation, waveform, beamforming and resource allocation has 
drawn extensive research so as to balance the dual-functional 
ISAC performance [4-6].     
 
- Integration of Imaging and Communication (IIAC): Beyond 
the basic localization and status of the target, its more detailed 
features are usually desired, e.g., the size, shape, structure, so as 
to identify and recognise the target, which requires the radar im-
aging technology. However, there is very limited work on the 
integration of radar imaging and mobile communication (IIAC). 
Some work considered indoor imaging for the purpose of infer-
ring locations and surface properties of targets, for instance, 
WiFi signal is employed to detect moving human’s movement 
and activities behind the wall [7]. However, the indoor imaging 
capability and performance are significantly limited by physical 
defects of indoor WiFi router, e.g., the low transmit power and 
antenna gain, the narrow bandwidth and strong clutter interfer-
ence. Therefore, IIAC is more suitable for outdoor environment, 
in particular at the advanced 4G/5G cellular mobile communi-
cation base stations. In [8], the outdoor static environment is 
imaged by using millimetre wave base stations based on syn-
thetic-aperture radar (SAR) technology. In [9], it is the first time 
to propose and systematically study and demonstrate the IIAC 
at a CBS to empower vision to see UAVs based on inverse-SAR 
(ISAR) technology.  
 

CBS-Imaging: Concept and Strategy 

We introduce the concept of CBS-imaging to integrate the “vi-
sion-like” radar imaging functionality into CBSs to see moving 
targets simultaneously [9]. As illustrated in Fig.1, a CBS  usu-
ally deployed on the top of a tower or roof of the tall building 

enables an aerial radar sensing area targeting the flying objects, 
besides the conventional mobile communication service mainly 
supporting ground mobile users. The CBS-imaging is based on 
sharing both telecom infrastructure and spectrum. The effective 
imaging coverage ranges from a minimum distance 𝑅  to the 
maximum distance 𝑅  and spans an elevation angular range 
(cross range), which forms a three-dimensional (3D) effective 
sensing space.  

 
Fig. 1. CBS-imaging for flying targets. The figure is from [9]. 

 
Orthogonal frequency division multiplexing (OFDM) utilizes  
multiple carriers to transmit data in parallel, which forms the 
basic signal format in 4G/5G mobile communications. In this 
work, OFDM downlink signalling transmission is considered at 
cellular base stations. The OFDM data transmission has guard 
intervals that are utilised to separate two adjacent OFDM sym-
bols in order to eliminate inter-symbol interference. To avoid 
the influence on the OFDM symbols’ transmission, we propose 
to insert radar imaging signals - linear frequency modulated 
(LFM) pulses into OFDM guard intervals. In practical, the LFM 
pulses only occupies a very small portion in only some OFDM 
time guards. Therefore, this CBS-imaging signalling has little 
influence on the cellular communication operation and perfor-
mance.  
 
The stationary CBS can be treated as an ISAR to detect the mov-
ing targets. The relative movement of the target creates the syn-
thetic aperture, and the resultant Doppler shift of the target’s 
scatters from the rotation can be used to generate high resolution 
radar images by autofocus, e.g., [10]. 
 

CBS-Imaging: Feasibility Study 

The signal-to-noise ratio (SNR) of the radar echoes received at 
the CBS can be expressed as follows 

SNR =
P G G λ σ

(4π) R (k TB)n L
 

where P , G  and G  denote the CBS transmit power, transmit 
and receive antenna gain, respectively; λ is the carrier wave-
length; σ and R denote target’s radar cross-section (RCS) and 
range; k , T and B are the Boltzmann constant, the temperature, 
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radar sensing spectrum bandwidth, thereby k TB  being the 
thermal noise; and n  , L  denotes the system noise figure, 
safety margin in the transmission.  
 
The feasibility of CBS-imaging is evaluated based on three typ-
ical types of CBSs: 1) 3G/4G CBS at 900MHz, B = 20MHz, 2) 
5G CBS with FR1 at 3.5GHz, B = 100MHz, 3) mm-wave CBS 
at 28GHz, B = 1GHz. Consider the typical CBS with P =

43 dBm, n = 5 dB and L = 3 dB, and a minimum required 
SNR 10 dB, RCS from 0.01 to 1 square meter and the range 
from 100 to 2000 meters. The numerical result in Fig.2 shows 
that 52, 149 and 749 antennas are needed for the 3G/4G CBS, 
5G CBS and mm-wave CBS, respectively, to detect a 2000 me-
ters away target with a RCS of 0.01 square meter. It is worth to 
know that a flying bird has a RCS as small as 0.01 square meter. 
For UAVs with the reasonable sizes, the required number of an-
tennas can be greatly reduced for the RCS over 0.01 square me-
ter and hundreds of meters range. Therefore, it is feasible to use 
CBS-imaging for UAVs detection.   

 
Fig. 2. The  minimum  number  of  antennas  required  v.s. target’s  
RCS  and  maximum  detection  range. The figure is from [9].  

CBS-Imaging: A Case Study for UAV Detection 

CBS-imaging performance is illustrated by processing 1000 
echoes with the pulse width 0.4 µs and pulse repeat interval 500 
µs, thereby the total radar observation time 0.5 second. Assume 
that the maneuvering target has a rotation angle of 5 degree dur-
ing the observation. The basic 3D scattering model of a four-
rotor drone is given in Fig. 3. Without loss of generality, the 
same drone model in Fig.3 is scaled to denote different sized 
flying targets for a clear performance comparison.  
 
The CBS-imaging performance has been evaluated for three 
typical types of CBSs at 900MHz, 3.5GHz and 28GHz, respec-
tively. Fig. 4-6 presents some simulation results, which shows 
that the CBS-imaging performance and capability is highly de-
pendent on the CBS system setting, i.e., transmission bandwidth 
(range resolution), the carrier frequency (cross resolution and 
the SNR), and the target range (SNR), respectively. More sim-
ulation results can be found in [9].  

 

Conclusions 

The systematically study and illustration of CBS-imaging im-
plies that it is feasible to explore the vision functionality at CBS. 
The proposed CBS-imaging has been evaluated for different 
types of CBSs at 900MHz, 3.5GHz and 28GHz, respectively. 
The results imply that CBS at sub-3GHz is more suitable for the 
long-range target detection due to its low range resolution and 
less sever path loss. In contrast, mm-wave bands allows the 
CBS to see more detailed features of targets but with short dis-
tance because of its sever path loss and very high range resolu-
tion. The frequency range at 3.5GHz can be a trade-off choice, 
especially when the bandwidth becomes large by using carrier 
aggregation. 

 
Fig.3. 3D  scattering  model  for  a  typical  four-rotor  drone. The 
figure is from [9].  

 
 
 
 

 
Fig.4. CBS-imaging result: carrier frequency 900MHz with bandwidth 
B = 20MHz, 32-antenna CBS, target size 24 x 30 m, distance 2000 m. 
The figure is from [9].  
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Fig.5. CBS-imaging result: carrier frequency 3.5GHz with bandwidth 
B = 100MHz, 64-antenna CBS, target size 8 x 10 m, distance 200 m. 
The figure is from [9].  

 

 
Fig.6. CBS-imaging result: carrier frequency 28GHz with band-
width B = 2GHz, 512-antenna CBS, target size 8 x 10 m, distance 
200 m. The figure is from [9] 
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Abstract 

Recently, there is growing interests from both academia and in-
dustry in integrated sensing and communication (ISAC). In this 
article, we introduce the possibility to utilize the cellular net-
work as a platform to realize ISAC, where the communication 
signals are exploited to sense the environment as well. Particu-
larly, we will advocate a networked sensing architecture, under 
which the base stations (BSs) can cooperatively estimate the lo-
cations/velocities of the objects based on the echo signals re-
flected by them. 
 

Introduction 

Recently, integrated sensing and communication (ISAC) be-
comes a new trend for RF technologies [1]-[5]. Thanks to the 
mmWave/THz technique and the massive multiple-input multi-
ple-output (MIMO) technique, the communication signals used 
in the cellular network are of very high resolution in the 
range/angle domain. Hence, the future sixth-generation (6G) 
cellular network is a good platform to realize ISAC, where the 
communication signals are utilized for sensing as well [6], [7]. 
In this article, we will focus on the technique of networked sens-
ing in 6G-enabled ISAC systems. Similar to the joint processing 
strategy used in the cellular network for mitigating the inter-cell 
interference, networked sensing enables the base stations (BSs) 
to cooperatively sense the environment. Following the results in 
[7], this article will introduce an architecture for 6G-enabled 
networked sensing. Moreover, the data association issue [8] 
arising from networked sensing will be elaborated. 
 

 
Fig.1: 6G-enabled networked sensing 

Architecture for 6G-Enabled Networked Sensing 

The architecture for 6G-enabled networked sensing is shown in 
Fig. 1. First, we illustrate its ISAC nature. Similar to the current 
cellular network, the BSs in the ISAC network can receive the 
uplink signals from the mobile users, and transmit the downlink 
signals to the mobile users. At the meanwhile, the BSs can also 
utilize the downlink signals to sense the environment, similar to 
the radars. Specifically, the downlink signals would be reflected 
by some objects back to the BSs, and the BSs can then estimate 
the locations/velocities of these objects based on their echoes.  
 
Second, we elaborate the networked sensing nature of the archi-
tecture in Fig. 1, which is a key advantage over the conventional 
radar systems. Specifically, in practice, radars usually work in 
an independent manner due to their sparse deployment and the 
absence of a universal radar standard. However, the BSs are de-
ployed all over the world. Moreover, all the BSs adopt the same 
cellular standard made by 3GPP. Therefore, it is feasible to 
make adjacent BSs collaborate with each other for networked 
sensing. For instance, the BSs can share the local range/an-
gle/velocity information extracted from their received echo sig-
nals to perform networked sensing.  

 
Fig. 2: Modified TDD protocol 

 
Third, we discuss the duplex issue in the architecture presented 
in Fig. 1. In particular, we want to focus on the interference aris-
ing from communication to sensing. Such interference comes 
from two sources: the downlink signal of each BS may generate 
self-interference to sensing, and the uplink signals from the mo-
bile users may also generate interference to sensing. To deal 
with the self-interference issue, we may utilize the self-interfer-
ence cancellation techniques in full-duplexing network [9]. On 
the other hand, to mitigate the interference from the uplink sig-
nals, we may slightly modify the current time division duplex 
(TDD) mode and/or frequency division duplex (FDD) mode. 
Specifically, under the current TDD mode, the downlink signals 
and the uplink signals are transmitted at different time slots. 
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However, it is possible that the echo signals reflected by the ob-
jects and the uplink signals from the mobile users arrive at some 
BSs simultaneously. In 6G ISAC networks, we may add a guard 
interval before a downlink transmission time slot is transited to 
an uplink transmission time slot, as shown in Fig. 2, to guaran-
tee that the echo signals from the objects can come back to the 
BSs before the uplink transmission starts. On the other hand, 
under the current FDD mode, the uplink and the downlink trans-
missions are in different frequencies. Therefore, we can adopt 
the FDD mode without modification in ISAC systems because 
the echo signals from the objects and the uplink signals from the 
users are at different frequencies.  
 

Data Association Issue in Networked Device-Free 
Sensing 

In this section, we discuss a new challenge for 6G-enabled net-
worked device-free sensing: data association.  
 
In the device-based sensing systems [10], the objects to be lo-
calized should be the active objects that can generate RF signals, 
e.g., the mobile phones. Then, each active device can transmit a 
one-way signal to multiple anchors, such that its location can be 
estimated based on its range/angle-of-arrival (AoA) to these an-
chors with known locations. When there are multiple objects in 
the system, different objects can transmit signals with different 
signals such that each anchor can easily match each received 
signal to the corresponding object. 
 
In the networked device-free sensing systems, however, each 
object merely reflects the downlink signals to the BSs passively. 
From each BS perspective, its downlink signals would be re-
flected by multiple objects, and all these echo signals have the 
same signature. Therefore, the BSs cannot easily match each re-
flected signal and the location information contained in it to the 
right object. This leads to the data association issue.  
 
The consequence of the above data association issue is the pos-
sible existence of the ghost objects. Here, we provide an exam-
ple that was used in [7]. Suppose that there are 3 BSs and 2 
objects. The coordinates of BSs 1, 2, and 3 are (0,3), (5,0), and 
(0,−4), respectively, and the coordinates of objects 1 and 2 are 
(2,−2) and (−2,2), respectively. Suppose that the BSs can per-
fectly estimate the ranges of objects. Then, BS 1 has a distance 

set of {√29, √5}, BS 2 has a distance set of {√13, √53}, and 

BS 3 has a distance set of {2√2, 2√10}. If BSs 1, 2, and 3 use 

√29, √13, and 2√2 to localize object 1, and use √5, √53, and 

2√10 to localize object 2, then the locations of the two objects 

can be obtained. However, if BSs 1, 2, and 3 use √29, √53, and 

2√2 to localize object 1, and use √5, √13, and 2√10 to local-
ize object 2, then two ghost objects with locations (-2,-2) and 

(2,2) will be detected. In this case, the BSs do not know whether 
the two objects are at (2,-2), (-2,2), or at (-2,-2), (2,2). It is worth 
noting that the ghost objects do not always exist. For instance, 
if the locations of the two objects in the above example are 
changed to (-1,2) and (2,-1), then it can be shown that only one 
feasible data association solution exists and the locations of the 
two objects can be uniquely estimated.  
 
According to the above discussion, ghost objects arising from 
the data association issue may or may not exist in networked 
device-free sensing systems. The core question is as follows: 
what is the probability for the existence of the ghost objects 
when the objects are randomly located in the network. In [7], 
we rigorously showed that as long as any three BSs are not de-
ployed in the same line, then ghost objects do not exist almost 
surely when the objects are uniformly distributed in the network. 
To explain this exciting result, let us consider the following ex-
ample shown in Fig. 3. Suppose that there are four BSs and two 
objects. The line connecting two BSs is perpendicular to the line 
connecting the other two BSs, and the intersection point of these 
two lines is assumed to be (0,0). In this setup, it was shown in 
[7] that ghost objects exist if and only if x1+x2=y1+y2=0, where 
(x1,y1) and (x2,y2) are the coordinates of the two objects. When 
the two objects are uniformly located in the network, the prob-
ability that x1+x2=y1+y2=0 is zero. Therefore, although ghost ob-
jects may exist, the probability for the existence is zero in prac-
tice.  

 
Fig. 3: Ghost objects do not exist almost surely 

 
Last, we want to emphasize that although the above theoretical 
results indicate that data association is not a fundamental issue 
in theory, how to find the right data association solution is chal-
lenging in practice. More discussions about the algorithm for 
data association can be found in [7]. 
 

Conclusions 

In this article, we have introduced an architecture for the 6G-
enabled networked sensing to realize ISAC. Moreover, the data 
association issue in networked device-free sensing was elabo-
rated. We hope that this article can motivate more efforts on the 
study of 6G-enabled networked sensing.  
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Industrial Activities and Standardization Progress  
A New 3GPP Working Item Focusing on Integrated Communication and Sensing 

By Fei Gao and Perry Wang

A new 3GPP working item was established in Feb. 2022 to 
study the uses cases and related KPI to integrated communica-
tion and sensing.  
 
Integrated Sensing and Communication in a 3GPP 5G system 
means the sensing capabilities are provided by the same 5G NR 
wireless communication system and infrastructure as used for 
communication, and the sensing information could be derived 
from RF-based and/or non-RF based sensors. In general, it 
could involve scenarios of communication assisted sensing, e.g. 
where 5G communication system provides sensing services, or 
sensing assisted communication, e.g. when sensing information 
related to the communication channel or environment is used to 
improve the communication service of the 5G system itself e.g. 
the sensing information can be used to assist radio resource 
management, interference mitigation, beam management, mo-
bility, etc. 
 
The potential applications can be in intelligent transportation, 
aviation, enterprise, smart city, smart home, factories, consumer 
applications, XR, and public sector.  
 

The objectives of the study include: 

 Study use cases and potential requirements for enhancement 
of the 5G system to provide integrated communication and 
sensing services addressing different target verticals/appli-
cations, e.g. autonomous/assisted driving, V2X, avia-
tion/UAVs, 3D map reconstruction, smart city/factories, 
public sectors, healthcare, smart home, maritime sector. 
(Note: Use cases will focus on NR based sensing and could 
include non-3GPP type sensors (e.g. Radar, camera). 

 Study use cases and potential requirements for enhancement 
of the 5G system to provide integrated communication and 
sensing services addressing different target verticals/appli-
cations, e.g. autonomous/assisted driving, V2X, avia-
tion/UAVs, 3D map reconstruction, smart city/factories, 
public sectors, healthcare, smart home, maritime sector. 
 

 Identify potential service requirements in the areas of:  

 collection and reporting of the sensing information;  
 exposure of the sensing capabilities and information to 

3rd party. 

 Identify KPIs related to NR based sensing (e.g. range, mo-
tion, velocity) and performance requirements for transfer-
ring sensing related data. 

 Aspects related to security, privacy, regulatory requirements 
and charging. 

 Gap analysis between the identified potential requirements 
and existing 5GS requirements or functionalities.  

 

Update on Activities in IEEE 802.11bf 

By Tony Xiao Han 

The first draft of the amendment (i.e., Draft 0.1) has been re-
leased by the IEEE 802.11bf (WLAN Sensing) in April 2022. 
During the 30-day comment collection window (i.e., from April 
20 to May 20), 912 comments were received. 
 

Now, the Task group is working towards the creation of 
TGbf Draft 1.0, resolving the comments and revising the 
raft. 
 
More information could be found in our website: 

https://www.ieee802.org/11/Reports/tgbf_update.htm  
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Event Calendar 
 

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

29 August –2 

September, 2022 

New Frontiers in Integrated Sensing 
and Communications  

(In the proceedings of EUSIPCO) 

Special Ses-

sion 

Belgrade,  

Serbia 

Kumar Vijay, Bhavani Shan-
kar M R, Ziyang Cheng, 
Linlong Wu , Fan Liu, 

Christos Masouros 

https://2022.eu-
sipco.org/?page_id=545  

February 

20 

/ 
EURASIP Journal on Advances in 

Signal Processing Special Issue / 
Liangtian Wan, André L. F. 

de Almeida, Aohan Li 

https://asp-eurasipjour-
nals.springeropen.com/sparseten-

sorcommradar 
March 31 

Third Quarter 
2022 

IEEE Open Journal of Communications 
Society (OJ-COMS) Special Issues / 

Weijie Yuan, Marwa Chafii, 
Yuanhao Cui,Fabiola 

Colone, Yan Chen, Gerhard 
P. Fettweis  

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

ojcoms/cfp/integrated-sensing-
and-communications-multi-

functional  

May, 15 

February 2023 
IEEE Wireless Communication Maga-

zines Special Issue / 

Christos Masouros, J. An-
drew Zhang, Fan Liu, Le 

Zheng, Henk Wymeersch, 
Marco Di Renzo 

https://www.comsoc.org/publica-
tions/magazines/ieee-wireless-
communications/cfp/integrated-
sensing-and-communications-6g 

June 1 

Fourth Quarter 
2022 

IEEE Transactions on Green Communi-
cations and Networking Special Issues / 

Weijie Yuan, Derrick Wing 
Kwan Ng, Henk Wymeersch, 
Pingzhi Fan, Yuanhao Cui, 

Octavia A. Dobre 

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

tgcn/cfp/integrated-sensing-
and-communications-future-

green-networks 

June, 15 

March 2023 
EURASIP Journal on Advances in 

Signal Processing Special Issue / 
Yimin D. Zhang, Elias 
Aboutanios, Wei Liu, 

Tsung-Hui Chang 

https://asp-eurasipjour-
nals.springeropen.com/integrated-

senscomms 
July 1 

/ 
EURASIP Journal on Wireless Com-

munications and Networking Special Issue / 
Tingting Zhang, Yuan Shen, 

Pan Cao, Jiancun Fan, 
Xiangwei Zhou 

https://jwcn-eurasipjour-
nals.springeropen.com/integration-
of-radar-sensing--localization-and-

communications 

 November 

30 

April 10-13, 
2022 

3rd Workshop on Integrated Sensing 
and Communications: Toward Future 

Dual-Functional Network 
Workshop Austin, USA 

(Hybrid) 

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

anhao Cui 

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

shop-papers  

December 
31 

March 5-7,  

2023 

3rd IEEE International Hybrid Sympo-
sium on Joint Communications and 

Sensing 
Conference 

Seefeld (Tirol), 

Austria 

Gerhard P.Fettweis, Thomas 
Ußmüller, André  

Bourdoux, and Fan Liu 
https://jcns-symposium.org/  Oct 17 

September 15, 
2023 

China Communications on Integrated 
Sensing and Communication for Future 

Wireless Networks 
Special Issue / Shi Jin, Christos Masouros, 

Fan Liu, Jie Xu and Jie Yang 

http://www.cic-chinacommuni-
ca-

tions.cn/EN/news/news108.shtm
l 

January 10, 
2023 

January 15, 
2023 

China Communications on Orthogonal 
Time Frequency Space Modulation in 

6G Era 
Special Issue / 

Weijie Yuan, Zhiqing Wei, 
Jiamo Jiang, Shun Zhang, 
Jinhong Yuan and Pingzhi 

Fan 

http://www.cic-chinacommuni-
ca-

tions.cn/EN/news/news102.shtm
l 

July 15 

March 2023 
IEEE Communications Magazine on 
Integrating Sensing into Communica-

tions in Multi-functional Networks 
Special Issue / Weijie Yuan, Giuseppe Caire, 

Claudio da Silva and Tao Gu 

https://www.comsoc.org/publi-
cations/magazines/ieee-commu-
nications-magazine/cfp/integrat-

ing-sensing-communications-
multi 

1 August 

February 15, 
2023 

China Communications on Communi-
cation-Sensing-Computing Integration 
Technologies in the Internet of Vehi-

cles (IoV) / Vehicle-to-Everything 
(V2X) 

Special Issue / Shanzhi Chen, Richard Yu, 
Weisong Shi, Changle Li 

http://www.cic-chinacommuni-
ca-

tions.cn/EN/news/news104.shtm
l 

July 5 

* Only ETI members are mentioned. 
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Community News 

 

Job Description 

 
Research Fellow on  Learning-Based 
Communications (EPSRC LeanCom) 

 
 
 
 
 

 
Reference: 1883307 
Department of Electronic and Electrical 
Engineering 
 

 
  

 
Researcher Associate - RF Circuits & 
 Systems (m/f/d) (ISAC RF Hardware) 

 
 
 
 

 
 
 

 

E-mail:careers@barkhauseninstitut.org 
Web Page: 
https://www.barkhauseninstitut.org/en/careers/open-posi-
tions/detail/researcher-associate-rf-circuits-systems-mfd 
 
 
 
 
 
 

 
Research Associate: Joint Communications and 

 Radar Sensing (m/f/d) (ISAC PHY /Demonstrator) 
 
 
 
 

E-mail:careers@barkhauseninstitut.org 
Web Page: 
https://www.barkhauseninstitut.org/en/careers/open-posi-
tions/detail/research-associate-joint-communications-and-radar-
sensing-mfd

 
 
 

 

Short News 

 
The first draft of the amendment (i.e., Draft 0.1) has been 
released by the IEEE 802.11bf (WLAN Sensing) in April 
2022. During the 30-day comment collection window (i.e., 
from April 20 to May 20), 912 comments were received. 
Now, the Task group is working towards the creation of 
TGbf Draft 1.0, resolving the comments and revising the 
raft. 
 

Website: 
https://www.ieee802.org/11/Reports/tgbf_update.htm 
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Kumar Vijay Mishra have the following ISAC tutorials to re-
port: 
 
- K. V. Mishra and M. R. B. Shankar, "Beyond 5G integrated 
sensing and communications," International Radar Sympo-
sium (IRS), 12-14 September 2022, Gdańsk, Poland. 
 
- K. V. Mishra, M. R. B. Shankar and V. Koivunen, "Optimi-
zation and learning for joint radar-communications," Euro-
pean Signal Processing Conference (EUSIPCO), 29 August - 
02 September 2022, Belgrade, Serbia. 
 
 
 

 
- K. V. Mishra and M. R. B. Shankar, "Distributed integrated 
sensing and communications," IEEE International Confer-
ence on Signal Processing and Communications (SPCOM), 
11-15 July 2022, Bangalore, India. 
 
- K. V. Mishra and M. R. B. Shankar, "Distributed joint ra-
dar-communications," IEEE Sensor Array and Multichannel 
Signal Processing Workshop (SAM), 20-23 June 2022, Trond-
heim, Norway. 
 
- K. V. Mishra and A. M. Elbir, "Deep learning techniques 
for hybrid beamforming in mmWave and THz-band commu-
nications and radar," IEEE International Conference on 
Communications (ICC), 16-20 May 2022, Seoul, South Korea.
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Call for Articles: Fundamental Theories of ISAC 
 
 This is the call for technical articles for the fifth issue of ISAC-
Focus. The technical theme of this issue is fundamental theories 
for ISAC. There are many well-known fundamental theories for 
communications and Radar already, such as the seminal Shan-
non Capacity equations for communication capacity, the radar 
ambiguity function, and various Cramer-Rao lower bounds for 
radar and communication parameter estimation. It would be 
very important if we can also establish some fundamental theo-
ries for ISAC systems, to characterize the tradeoff between 
communication and sensing and their joint performance bounds, 
particularly in a networked environment. The article shall focus 
on the latest development of ISAC fundamental theories. It can 
be a review of the latest results on the focus of this issue, or an 
introduction of specific development of the authors’ 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 ISAC fundamental theories: 

 Characterization of the performance tradeoff between 
sensing and communications 

 Mutual information and “Capacity” of networked sensing 

 Cramer-Rao bounds for ISAC systems 

 Performance bounds for practical ISAC systems 
 

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). 
 
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 23rd Sept. 
2022. 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 Four). You may contact Andrew 
Zhang if you have any questions on ISAC-Focus. 
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