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The Chairs’ Column 
 

We are pleased to present to 
you the latest issue of ISAC-
Focus at the end of this year. 
Two weeks ago, the ISAC-ETI 
has held its bi-annual ETI 
meeting (virtual) right after the 
IEEE GLOBECOM 2021. We 
are very happy to report that it 
was a great success with more 
than 70 global attendees from 
the ISAC-ETI, who were ac-
tively involved in the discus-
sion of exciting ISAC events 
and future plans, as well as 
technical issues. Althouth the 

Covid-19 is still raging around the Earth and prevents us 
from meeting each other face to face, we are glad to see 
that our communication is unobstructed and highly effi-
cient, which is the essential purpose of establishing the 
ISAC-ETI. 
  2021 has been an extraordinary year and has witnessed 
the rapid growth of our ETI. Our community is becom-
ing larger, stronger, and worldwide, with more than 800 

members subscribed to our mailing list, and more than 
5000 people followed our social media. Look what we 
have achieved: 5 ongoing special issues on top-tier jour-
nals (e.g., JSAC and JSTSP), 1 dedicated symposium 
(led by Prof. Gerhard Fettweis and co-sponsored by the 
ISAC-ETI), 2 regular sessions, 6 workshops, 7 special 
sessions, 11 tutorials, 7 high-quality IEEE ComSoc-SPS 
ISAC webinars, and more. Without any doubt, we are 
now the largest ETI within the ComSoc, and also the 
largest academic organization dedicated to the ISAC 
technology! We would like to take this opportunity to 
sincerely thank our members who provided their gener-
ous support and great passion to the ISAC-ETI. The 
credit belongs to all of us. 
  We always believe that  "If you want to go fast, go alone. 
If you want to go far, go together". We hope that ISAC-
ETI will become a hub of relevant academic and indus-
trial events, and more importantly, a home for every re-
searcher who is actively exploring the fascinating, broad, 
and profound ISAC technology. 

 

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

 
It is my great pleasure to present to you the second 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 WiFi Networks. In this 
issue, we feature the following sections:  a video interview with 
Prof. Joerg Widmer hosted by Prof. Nuria Gonzalez Prelcic; 
several technical articles from Dr. Perry Wang, Prof. Bo Tan, 
Prof. Zhaoming Lu, and Dr. Zhiping Jiang; industrial activities 

in the newly established IEEE 802.11be Task Group; and gen-
eral 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. 
 

Figure source: https://arxiv.org/pdf/2104.11457.pdf  

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 

https://arxiv.org/pdf/2104.11457.pdf
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ISAC Newsletter Video Interview 
Summary  

The second interview of this series is devoted to the topic of 
ISAC for WiFi networks, Dr. Nuria Gonzalez Prelcic inter-
viewed Dr. Joerg Widmer, who is a Professor at IMDEA Net-
works, in Spain, and is one of the pioneers of WLAN sensing, 
with several best paper awards for his work.  
 
Dr. Widmer provided his perspective on technology readiness 
for the WLAN sensing use cases being discussed in the frame-
work of the IEEE 802.11bf task group. Then Dr. Widmer and 
Dr. Gonzalez Prelcic discussed the pros and cons of the two dif-
ferent approaches for joint localization and communication that 
are being considered by the task group, one of them based on 
directly exploiting the information in the signal received by the 
WiFi device, and the other one leveraging reflections on the ob-
jects to be localized in a radar-like operation. Dr. Widmer also 
explained his thoughts about the current work on localization 
that combines channel state information and sensor observa-
tions to increase precision.  Finally, both researchers discussed 
about the potential benefits and challenges when using recon-

figurable intelligent surfaces for joint localization and commu-
nication. 
 
Link: https://youtu.be/8EWnfvN7pV0  (Youtube) 
https://www.bilibili.com/video/BV1JS4y1M7kZ/ (Bili-
bili) 
 

 
 

Technical Articles 

 

 Millimeter-Wave WLAN Sens-
ing with Directional Channel 

Measurements 

Pu (Perry) Wang, Mitsubishi Electric Research Laboratories 
(MERL), Cambridge, MA, USA 

Maximilian Arnold, Nokia Bell Labs, Stuttgart, Germany 
 

Introduction 
Wi-Fi sensing or WLAN sensing has received tremendous at-
tention over the past decade. More recently, in September 2020, 
IEEE 802.11 Standards Association established a new task 
group for WLAN sensing for making greater use of 802.11 tech-
nologies towards new industrial and commercial applications in 
home security, entertainment, energy management (HVAC, 

light, device power savings), elderly care, and assisted living. 
 
Most Wi-Fi sensing frameworks use either fine-grained channel 
state information (CSI) or coarse-grained RSSI measurements 
at sub-7 GHz bands; see Figure 1 for an illustration. The con-
ventional RSSI measurement suffers from data instability and 
coarse granularity of the channel information. In the form of 
channel impulse/frequency response, on the other hand, the CSI 
measurement is more fine-grained but requires access to physi-
cal-layer interfaces and high computational power to process a 
large amount of sub-carrier data. Moreover, the raw CSI from 
commercial off-the-shelf (COTS) devices is sensitive to subtle 
environmental changes and is subject to hardware impairments 
such as carrier frequency offset (CFO), sampling fre-
quency/time offset (SFO/STO) at both transmitter and receiver, 
and initial phase difference across RF chains. These constraints 
limit the generalization capabilities of WLAN sensing in dy-
namic indoor space.

https://youtu.be/8EWnfvN7pV0
https://www.bilibili.com/video/BV1JS4y1M7kZ/
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Figure 1. Comparison channel representation in 802.11ac and 
802.11ad. 
 
Millimeter wave (mmWave) Wi-Fi channel measurements 
above 45 GHz, e.g., 60 GHz of 802.11ad/ay, rely on directional 
beamforming technologies. They can be an alternative channel 
measurement for WLAN sensing, yielding a better trade-off be-
tween sensing performance, overhead, and generalizability. The 
directional beamforming is required for mmWave Wi-Fi due to 
quasi-optical propagation behavior, low reflectivity, and high 
attenuation at mmWave bands. The “directional” nature has 
been fully reflected in 802.11ad/ay in both network architecture 
and physical (PHY) layer. The resulting directional channel 
measurements, in our view, may bring new lives into the 
mmWave Wi-Fi technology that is not yet widely adopted and 
is struggling to make significant commercial impact. In this ar-
ticle, we provide a short review on recent advances in mmWave 
WLAN sensing with these directional channel measurements.  

MmWave Directional Channel Measurements  
MmWave directional channel measurements can be collected 
before a mmWave link establishment, e.g., during beacon 
header, and during data transmission, as shown in Figure 2.  

Figure 2. mmWave directional channel measurements col-lected in 
SLS and BRP [1] 
 
Directional Beacon: Due to larger propagation loss, mmWave 
access points (APs) need to employ directionally transmitted 
beacons to periodically announce its presence and provide 
the SSID and other parameters for stations (STAs) in farther 
distances. As shown in Fig. 2, such a beacon is initiated within 
a beacon header interval (BHI), where a mandatory sector-level 
sweep (SLS) using coarse-grained beam sectors is adopted. In 
the subsequent data transmission interval (DTI), previously 
identified coarse-grained antenna sector can be refined in an op-
tional beam refinement phase (BRP) which is implemented in 
additional training fields. In either SLS or BRP, AP and STA 
can sequentially train their own transmission (TX) and recep-
tion (RX) beam sectors with station feedback to the AP. A sim-
ple illustration in Fig. 3 shows the Tx sector sweep (TXSS) at 
both AP and STA (or UE-user equipment) that sends a list of 
pre-defined beam sectors, computes the signal-to-noise ratio 
(SNR) per beam sector, and identifies the best Tx beams to be 
used in the following data transmission phase.  
 
Directional channel transfer function: Emphasizing that 
mmWave devices are currently shifting towards OFDM imple-
mentations allows to extract the channel transfer function, 
 

𝐻𝐻𝑘𝑘,𝑙𝑙 = 𝑎𝑎𝑘𝑘,𝑙𝑙 𝑒𝑒𝑗𝑗2𝜋𝜋𝑘𝑘𝜋𝜋𝜋𝜋𝜋𝜋�����
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

𝑒𝑒𝑗𝑗2𝑙𝑙𝜋𝜋𝑇𝑇0𝜋𝜋𝐷𝐷�������
𝑆𝑆𝑆𝑆𝑅𝑅𝑅𝑅𝑆𝑆

,

 
Figure 3. Beam training in 802.11ad/ay that is mandatory in SLS and optional in BRP.

https://en.wikipedia.org/wiki/SSID
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at subcarrier k and symbol l, where 𝛥𝛥𝛥𝛥 is the subcarrier spacing, 
𝑎𝑎𝑘𝑘,𝑙𝑙  the measured amplitude and 𝑇𝑇0  the OFDM symbol dura-
tion. Thus, the channel experiences a linear phase shift over the 
subcarriers that depends on the time traveled 𝜏𝜏 and a Doppler 
shift that depends on the speed [5]. This technology is called 
OFDM Radar, directly linking propagation effects into the 
physical information domain. Using the concept of OFDM Ra-
dar, the task boils down to the estimation of the phase differ-
ences over the subcarriers to get the range and the beam index 
reinterpreted in the angular domain. 
 

WLAN Sensing with mmWave Direction Channel 
Measurements 

A direct localization using mmWave beam SNRs was proposed 
in [2] by formulating the localization as an AoD (angle-of-de-
parture) estimation and a follow-up position-and-orientation es-
timation problems. Nevertheless, it requires the information of 
beampatterns of the employed mmWave routers. To compen-
sate the irregular beampatterns due to housing and hardware im-
pairments, one can directly fingerprint mmWave beam SNRs to 
register positions, orientation, pose, and occupancy patterns 
without the knowledge of beampatterns. Specifically, the fin-
gerprinted beam SNRs are trained with deep neural networks 
such as VGGs and ResNets to learn representative features for 
classification and regression tasks [3].  
  
More recently, mmWave Wi-Fi sensing that combines both sub-
7 GHz CSI and 60-GHz beam SNR was considered in [4]. Both 
types of Wi-Fi channel measurements provide rich yet comple-
mentary features in different physical domains. As illustrated in 
Fig. 1, the CSI measurements are equivalent to the power delay 
profile (PDP) in the time domain and reflect the power distribu-
tion along multiple propagation paths. On the other hand, the 
beam SNRs are spatial-domain channel measurements over var-
ious beamforming directions.  To further tackle the issue of lim-
ited labeled data, an autoencoder-based multi-band fusion net-
work is pre-trained first with all training data pooled for multi-
ple sensing tasks. The final sensing task can re-use the pre-
trained fusion network with new sensing heads that can be 
trained with a small amount of labeled training data for each 
task. Performance evaluation with commercial 802.11ac/ad-
compliant Wi-Fi routers on three indoor tasks (see snapshots of 
Fig. 4) shows that the proposed multi-band Wi-Fi sensing can 
achieve notable performance improvements over CSI-only, 
beamSNR-only, and a few baseline fusion methods (see IF/FF - 
input/feature fusion in the Table below). 
 

Figure 4. Multi-band Wi-Fi Sensing using 60-GHz directional channel 
measurements 
 
On the other hand, to utilize the directional channel transfer 
function, we consider a standard industrial use case to track an 
automated guide (AGV) vehicle in a factory (see the left plot of 
Figure 5) [6].  Figure 5 shows the probability of detection 𝑃𝑃𝐷𝐷 in 
this frame for multiple SNR ranges. It can be seen that mmWave 
sensing can tackle this task in the normal to high SNR regimes.  

 
Figure 5 Industrial use case of tracking AGV (left) and the probability 
of detection (right) 
 

Challenges Ahead 

Given that measurements are heavily depending on the device 
and the scenario, multiple challenges in reproducibility arise. 
Further questions regarding useability compared  with different 
vision and Radar based systems emerged. Thus, several consid-
erations to drive the inventiveness and reproducibility of 
mmWave Wi-Fi sensing are noted below: 

• Open datasets with fine-grained mmWave traces and la-
bels. 

• Open datasets with multiple sensor modalities (e.g., cam-
era) for fair performance comparison; 

• a common metric for performance comparison. 
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• multiple reference and baseline algorithms using, e.g., 
OFDM Radar; 

• Understanding of overhead of communication resources 
using phased array codebooks. 

 
To tackle these challenges, we are proposing a raytracing engine 
containing multiple different sensory (camera, LIDAR, Depth, 
Radar) to compare performance against other technologies. Fig. 
6 shows the Raytracing engine allowing to include realistic sce-
narios contained in a Blender file and outputting different mo-
dalities [5]. 

 
Figure 6 Raytracing for Sensing [4] 
 

References: 
[1] T. Nitsche, et. al, "IEEE 802.11ad: directional 60 GHz communi-
cation for multi-Gigabit-per-second Wi-Fi," IEEE Communications 
Magazine, vol. 52, no. 12, pp. 132-141, December 2014.  
[2] G. Bielsa, J. Palacios, A. Loch, D. Steinmetzer, P. Casari and J. 
Widmer, "Indoor localization using commercial off-the-shelf 60 GHz 
access points", Proc. IEEE Conf. Comput. Commun. (INFOCOM), pp. 
2384-2392, Apr. 2018. 
[3] T. Koike-Akino, P. Wang, M. Pajovic, H. Sun and P. V. Orlik, "Fin-
gerprinting-based indoor localization with commercial mmWave 
WiFi: A deep learning approach," in IEEE Access, vol. 8, pp. 84879-
84892, 2020.  

[4] J. Yu, P. Wang, T. Koike-Akino, Y. Wang, and P. V. Orlik, "Multi-
band Wi-Fi sensing with granularity matching," submitted to IEEE IoT 
Journal, 2021.  
[5] T. Wild, V. Braun, and H. Viswanathan, “Joint design of commu-
nication and sensing for beyond 5G and 6G systems,” IEEE Access, 
vol. 9, pp. 30 845–30 857, 2021. 
[6] M. Arnold, et. al., “MaxRay: A Raytracing-based integrated sens-
ing and communication framework”, International Hybrid Symposium 
on Joint Communications & Sensing (JC&S 2022), 2021, under re-
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Using Wi-Fi Signal as Sensing 
Medium: Passive Radar, Chan-
nel State Information and Fol-

lowups 

Bo Tan, Bo Sun  
Faculty of Information Technology and Communication Sci-

ences, Tampere University, Finland 
bo.tan@tuni.fi, bo.sun@tuni.fi 

 

Abstract 
The idea of exploiting the Wi-Fi bursts as the medium for sens-
ing purposes, particularly for the human targets in the indoor 
environment, was cultivated in both radar and computer science 
communities and it has became a noticeable research genre with 
cross-disciplinary impact in security, healthcare, human-ma-
chine interaction etc.This article comparatively introduces pas-
sive radar based and channel state information (CSI) based ap-
proaches. For each means, the primary design principles, signal 

mailto:bo.tan@tuni.fi
mailto:bo.sun@tuni.fi
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processing and representative applications scenarios are shown. 
At last, some opportunities and challenges of Wi-Fi sensing are 
pointed out for the sake of stepping closer to the practitioners 
and end-users.  
 

A Brief Rewind 
With the broad rollout of the Wi-Fi access points (AP) back to 
the middle 2000s, radar researchers started exploring the capa-
bility of sensing indoor and outdoor targets [1] with this almost 
free-of-charge radio resource. In the early works, the key focus 
of passive Wi-Fi radar are the correlation property of the wave-
form in time and frequency domains by using the ambiguity 
function and the constant false alarm rate (CFAR) algorithms 
proposed for the Wi-Fi waveforms. At the same time, intensive 
passive Wi-Fi radar experiments were conducted in the high-
clutter indoor, even through-the-wall scenarios [2], to detect 
various types of targets. With the path paved by early works, the 
researchers also conducted works on optimized signal pro-
cessing flows for real-time detection and variant estimation al-
gorithms that help capture the status of the detailed motion [3]. 
Due to the coarse range resolution caused by the limited band-
width of early version 802.11 signals for the indoor scenarios, 
most of the passive Wi-Fi radar works leverage the estimated 
Doppler as the primary metric because of the flexible control of 
the Doppler resolution. A cluster of attempts had been made on 
capturing the high-resolution Doppler sequences, which indi-
cates the detailed motion status of the detected targets, espe-
cially for human targets. The prosperity of the passive Wi-Fi 
Doppler radar extends the scope of conventional radar to bioin-
formatics (e.g., activity recognition, limb movement character-
ization, vital signs like respiration and heartbeat detection) sens-
ing for healthcare and facilitates a new research genre on ma-
chine learning aided radar results interpretation [4]. 
 
On the other track, the release of the open-source channel state 
information (CSI) exporting tools such as Linux 802.11n CSI 
Tool [5] and Atheros CSI Tool [6] facilitates a wave of research 
on terminal localization and tracking based on the angle and de-
lay extracted from CSI. Representative work in this wave is the 
joint subspace angle-delay estimation based on the frequency 
and spatial channel samplings [7]. Besides using the CSI for di-
rect positioning and localization of the Wi-Fi devices, another 
interesting trend is the use of the CSI to interpret the dynamic 
environment, especially the dynamic introduced by the human 
activities. For example, passive indoor tracking [8] and device-
free gesture recognition with in-home Wi-Fi signals [9]. The re-
cent works in this trend have revealed incredible subtle dynam-
ics contained CSI, which can be used for key-stroking recogni-
tion, vital sign detection and bioindication. The principle of 
these works is in line with the passive radar if we analogize the 

transmitting and receiving pilot signals as the reference and sur-
veillance channels. 
 
From the literature, it is not difficult to notice that detecting and 
understanding the motion and activities of human targets is the 
most investigated topic because of its promising potential in 
healthcare, security and human-system interaction contexts. 
Due to the non-rigid kinematic nature of the human target, its 
impact on the radio includes the reflections of a collection of 
moving, rotating, and even vibrating body linked segments (re-
gardless of the absorbing effect). Unlike the rigid point target, 
the non-rigid targets result in complicated time delays and fre-
quency shifts representation of the reflected radio Wi-Fi signals. 
Though efforts have been made to build an analytical model of 
the human target, such as the Boulic-Thalmann model, it is still 
difficult to fully cover the complex kinematics of all body parts, 
occlusion (one body part obscuring the others) and environmen-
tal factors such as the observation perspective, multipath and 
interferences. Therefore, researchers leverage the data-driven 
means, especially the deep neural network (DNN), to resolve 
the problems from gesture/activity modelling to target identifi-
cation for passive radar and CSI-based tracks.  
In this article, we depict the premier principles of passive radar 
and CSI based Wi-Fi sensing and their potential variants in the 
recent future. We also point out concerns and challenges of Wi-
Fi sensing towards practical applications. 
 
Passive Wi-Fi Radar 

 
Figure 1. The concept schematic of Passive Wi-Fi Radar in an indoor 
context 
 

A. A Parasitic System 
Passive Wi-Fi radar is usually considered a parasite to the cur-
rent Wi-Fi system. It does not require any change and it does 
not introduce any external radio signal to the existing system. 
Usually (depending on the deployment layout), the reference 
signal is expected to be received from the direct path without 
strong multipath impact and reflection components. The sur-
veillance signals are expected to be received from the other 
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paths, which potentially contain the reflections from targets of 
interest. The fundamental principle is to extract the differences 
between the reference signal and the surveillance signals. A 
commonly used method to jointly acquire the time and fre-
quency domain differences is cross ambiguity function (CAF): 
𝐶𝐶𝐶𝐶𝐶𝐶(𝜏𝜏,𝛥𝛥) = ∫ 𝑒𝑒−2𝑗𝑗𝜋𝜋𝜋𝜋𝑗𝑗𝑟𝑟(𝑡𝑡)𝑠𝑠∗(𝑡𝑡 − 𝜏𝜏)𝑑𝑑𝑡𝑡𝑗𝑗2

𝑗𝑗1
       (1) 

where 𝑟𝑟(𝑡𝑡) and 𝑠𝑠(𝑡𝑡) are the reference and surveillance signals, 
respectively, it is easy to see that dominant factors of the passive 
radar performance are: i), the quality of the reference signal; ii), 
the separation of the reference and surveillance channels. Thus, 
a normalized least mean squares (NLMS) filter or direct signal 
interference cleaning (DSI) algorithms must be applied before 
and after the CAF processing.  
 

B. Micro-Doppler 
Due to historical reasons, the early 802.11 standards only de-
fined the signal bandwidth up to 40 MHz. The signal leads to 
approximate 10 meters range resolution, which is almost useless 
for the indoor application. The Doppler becomes the primary 
metric used for most passive Wi-Fi radars. To some extent, the 
Doppler resolution is controllable by adjusting the integration 
duration of equation (1). Thus, by choosing the integration du-
ration properly, passive Wi-Fi radars can be used for different 
human activities. Fig. 2 shows an example of the sequence of 
Doppler detections caused by the walking human, which in-
cludes forward and backward directions. Besides visualizing the 
walking, the detection of the Wi-Fi Doppler can be fine-grained 
to imply the subtle human body motion consists of the chest 
movement caused by the respiration and hand gestures. This 
merit makes the passive Wi-Fi radar a promising option for res-
idential healthcare applications. 

 
Figure 2. The Doppler sequence of a walking human, (a) without DSI 
cancellation; (b) with DSI cancellation; (c) detailed gait feature 
caused by torso. 
 

C. Reference-free Passive Radar 
The requirements of the high-quality reference signal and the 
separation of the reference and surveillance channels severely 
limit the deployment flexibility of the passive Wi-Fi radar in 

practice. To cast off this constraint, researchers have started to 
look for reference-free passive radar options. The premier ap-
proach is to take advantage of the prior knowledge of the wire-
less communications frames (e.g., predefined preamble se-
quence at the head of the frame before the data transmission) to 
i), recover the original transmitting signal for CAF processing; 
ii), interpertating the environment dynamic by evaluating dis-
tortion of the receiving signal. The later operation is virtually 
equivalent to the CSI based sensing approach.  
 

Sensing with CSI  
A. A Layer in Communications Receiver 

 
Figure 3. The illustration of the Wi-Fi CSI based sensing and position-
ing 

 
It is often called the sensing layer, that uses the predefined pilot 
sequences (preamble sequence in 802.11 standards) to obtain 
the accurate channel status, including frequency offsets, time 
offsets and magnitude attenuation between the transmitter and 
the receiver. The estimated offsets are often used for frequency 
tuning, time synchronization and channel equalization in the ra-
dio communication systems. However, most Wi-Fi device ven-
dors do not open the CSI data directly to the end-user. The de-
velopers can read the CSI of some specific devices (e.g., Intel 
5300, Atheros QCA9558) via the open-source drivers [5,6]. 
Considering the Intel 5300 as an example, it uses pilot OFDM 
symbols in the 802.11n signal to estimate the CSI and reports 
the 30 × 3 channel matrix  (30 subcarriers from 3 receiving an-
tennas). Each matrix consists of complex entries. Each entry can 
be written as 𝑯𝑯 = ��ℎ𝑖𝑖𝑗𝑗�𝑒𝑒−𝑗𝑗𝜑𝜑𝑖𝑖𝑖𝑖�, where ℎ𝑖𝑖𝑗𝑗 and 𝜑𝜑𝑖𝑖𝑗𝑗 are the chan-
nel magnitude and phase of the ith receiving antenna and jth 
subcarrier.  
 

B. A Good Sources for Localization 
The CSI matrix 𝑯𝑯 can be considered as the 2D (spatial and fre-
quency) samples of the propagation channel, which can be used 
for inferring the spatial and temporal property of the propaga-
tion. If we assume the direct path dominates the propagation, 
the phase on each antenna (spatial domain sample) and subcar-
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rier (frequency domain sample) provide an opportunity to local-
ize the signal source by the joint angle-time estimation. In [7] 
and other works with a similar purpose, the Schmidt orthogo-
nalization based subspace estimation and time-spatial smooth-
ing techniques are applied for direct Wi-Fi device localization. 
There may not always be dominant direct components in the in-
door environment, rather a collection of scattering components. 
In this case, the multiple carrier nature of the Wi-Fi signal pro-
vides a high degree of freedom and resolution on the temporal 
domain to compensate for the limited spatial resolution brought 
with only three antennas when using the subspace approach. 
With this advantage, the Wi-Fi CSI matrix 𝑯𝑯 is also used for 
localizing and tracking the passive targets [8], which scatter the 
Wi-Fi signal to the receiver. 
 

C. Sensing with the Help of Deep Learning 
In practical applications, the information in need is not as 
straightforward as locations, for example, the body poses, ges-
tures and the sequence of the movements needed in the residen-
tial healthcare applications. In addition, due to the kinematic 
complicacy of the human movement and high volume of envi-
ronmental factors, it is almost impossible to build an analytic 
relation for specific activities and CSI measures. The recently 
published papers demonstrate that the DNN is an inevitable ap-
proach to handle the complex features and environmental de-
pendence introduced by diversity of subjects, activities, per-
spectives, layouts, clutters characteristics. Obtaining compre-
hensive datasets and the transfer learning techniques become 
the mutual reinforcing pair to straighten out the relations be-
tween tremendous variables from subjects and environment. 
 

New Opportunities and Challenges 
A. Extend Spatial Freedom on the New Spectrum 
The rollout of the new standards like 802.11 ad/ay activates the 
mmWave bands, bringing extra spectrum resources for the high-
speed data transmissions. Intuitively, the sensing will also ben-
efit from mmWave signal because of the finer range resolution 
and more sensitive Doppler shift brought by the extended band-
width and high carrier frequency. The more important benefit 
of the mmWave signal may be the new level of freedom on the 
spatial domain, which is brought by highly dense antenna ele-
ments that can be accommodated in the limited area. Con-
strained by the physical size, the wide beams of the sub-6 GHz 
signal have a limited spatial resolution to pinpoint a target. 
Meanwhile, they cause more multipaths which are challenging 
to be resolved with coarse range and spatial resolution. Particu-
larly for the passive radar operation, the high directivity of the 
mmWave signal provides high-quality reference signal, refer-
ence-surveillance separation and more surveillance channels for 
high-capacity passive sensing.   
 

B. Modal Fusion 
Though the DNN is an excellent tool to handle the high volume 
variables in the human target activity modelling, most of the 
current passive radar or Wi-Fi CSI based human sensing works 
are only verified in the specific environment due to the lack of 
the commonly accepted referencing datasets. Achieve the do-
main independence model has been an explicit prospect in the 
community. But the pace is slow due to the difficulties on large-
scale data collection in various environments and annotation of 
the massive volumes of data. Therefore, having the passive Wi-
Fi radar or CSI dataset accompany the other data modals (e.g., 
video, acoustics and infrared) as ground truth or cross-valida-
tion will be a path to facilitate the data resources growth. The 
OPERAnet [10], which contains the passive radar, CSI, and 
UBW and depth sensor, is a valuable pilot towards this direction. 
RF-pose [11] proves the feasibility of cross-modal training for 
radio sensing data. 
 

C. Privacy: a Double-Edged Sword 
Most Wi-Fi signal based sensing propositions claims privacy-
preserving as the one significant benefit compared with the 
video solutions, which take the identifiable image information 
of the user. It becomes an antinomy when the Wi-Fi becomes 
more and more accurate because it becomes private infor-
mation. In this context, the privacy concern will be the main 
impedance to the popularity of the Wi-Fi sensing concept. Be-
cause of the tradition, even physical layer security solutions will 
be invalid as the sensing system often uses radio frequency 
preparties. Thus, the new privacy-preserving paradigm from the 
waveform level [12] is on the agenda to pave the path for Wi-Fi 
sensing. 
 

Conclusion 
The past works from researchers of the radar, electronics and 
computer science communities have proved the feasibility and 
illustrated the prospect of sensing within the Wi-Fi framework. 
However, as an underlying service in the standardized commu-
nications system, the quality of the service (QoS) needs to meet 
a certain referable standard. Thus, it still needs tremendous ef-
forts of the community to build the standard reference perfor-
mance metric in typical scenarios. Furthermore, we also need 
catalytic factors such as the system on a chip (SoC) solution of 
the sensing function, innovative user-centric service design 
trustable privacy-preserving mechanism to finally bring the Wi-
Fi sensing (regardless of the forms) to the end-users from the 
laboratory.    
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Abstract 
In this paper, we introduce PicoScenes-6E, the next-gen of the 
PicoScenes platform that aims to advance Wi-Fi sensing re-
search into the Wi-Fi 6E era. Pursuing this goal, PicoScenes-6E 
supports packet injection and CSI measurements in the full Wi-
Fi 6E standard (802.11ax-format, up to 160-MHz bandwidth, 
and operating in the 6-GHz band) by both the commodity Wi-

Fi hardware and software-defined radio (SDR). For the com-
modity hardware approach, PicoScenes-6E provides all-format 
CSI measurements for both the collaborative and uncollabora-
tive stations, enabling truly ubiquitous Wi-Fi sensing. For the 
SDR approach, PicoScenes-6E provides rich low-level controls 
and all-stage PHY-layer information, which is much richer than 
simple CSI. The PicoScenes-6E middleware platform is up-
graded in concurrent multi-frontend CSI extraction, low-level 
hardware control, and all-format packet injection. PicoScenes-
6E is available at https://ps.zpj.io. 
 

Introduction 
The past decade has witnessed a successful development of RF 
sensing technologies based on various RF technologies, such as 
Wi-Fi [1], RFID [2], mmWave radar [3], LTE [4], LoRa [5], 

https://ps.zpj.io/
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acoustics [6], etc. Wi-Fi-based RF sensing (Wi-Fi sensing) 
overwhelmingly prevails over other technologies in de facto ul-
tra-dense deployment, spectrum agility, relatively large band-
width, MIMO radios, and the most affordable cost for large-
scale applications. 
 
However, the development of Wi-Fi sensing has always been 
hampered by four hindrances: outdated CSI-extractable hard-
ware, underpowered measurement software, insufficient spec-
trum compared to radar, and the inconsistent CSI between the-
ory and real-world measurement caused by the undisclosed 
baseband implementations. Our previous work introduced 
PicoScenes Wi-Fi sensing middleware (PicoScenes 1.0) and 
solved the above issues to a different extent [1]. Unfortunately, 
PicoScenes 1.0 was a step behind the times regarding the latest 
protocol support, large bandwidth support, and CSI measure-
ments for non-cooperative stations. 
 
In this paper, we introduce PicoScenes-6E, the next generation 
of the PicoScenes system catching up with the latest Wi-Fi 6E 
era. In this version, through the support for Intel AX210 Wi-Fi 
network interface controller (NIC) and the upgraded Wi-Fi 
baseband implementation, PicoScenes-6E brings unprece-
dented “10 all” to the Wi-Fi sensing research community. The 
"10 all" are: PicoScenes-6E now supports CSI measurement for 
all received frames (collaborative and uncollaborative) in all 
bands (2.4/5/6-GHz), all protocols (802.11a/g/n/ac/ax), all 
bandwidths (20/40/80/160-MHz), all encodings (BCC/ LDPC), 
all encryptions (Open/ WPA2/ WPA3) and all modes (AP/Sta-
tion/Monitor), from all types of sensing frontend (commercial 
Wi-Fi NIC or SDR). And if you use SDR as the frontend, you 
can access all Tx controls (baseband and RF controls) and all-
stage Rx PHY-layer information. 
 
In Sections 2, 3 and 4, we describe three key advantages of 
PicoScenes-6E. In Section 5, we discuss several open research 
problems. We conclude the paper in Section 6. 
 

Enabling Wi-Fi 6E Sensing on Commodity Hard-
ware  
AX210 NIC’s support for packet injection and CSI measure-
ment grants the PicoScenes-6E a fundamental breakthrough in 
802.11ax protocol support, 160-MHz bandwidth and 6-GHz 
band access. Here, we give a brief introduction to PicoSecenes-
6E. 
 
802.11ax format CSI measurement for uncollaborative sta-
tions: 
802.11ax has introduced the most significant changes to Wi-Fi 
baseband design ever since the birth of 802.11a. PicoScenes-6E 
is currently the only platform supporting CSI measurements for 

802.11ax-format packets, even for the packets transmitted from 
the non-associated stations. PicoScenes-6E also extends the 
multi-NIC concurrent CSI measurement to AX210. Combining 
these two capabilities, researchers can now build a fully passive 
all-format Wi-Fi sensing array.  
 
This all-in-one CSI measurement capability delivers a new 
game-changing Wi-Fi sensing paradigm: omnidirectional and 
fully passive Wi-Fi sensing by harnessing every bit of the sur-
rounding Wi-Fi traffic. We name this new Wi-Fi sensing para-
digm OmniSense, as depicted in the Figure 1. Its core workflow 
is to transform all overheard Wi-Fi traffic into Wi-Fi sensing 
signal sources, thus achieving full-coverage Wi-Fi sensing. 

 
Figure 1 - OmniSense Wi-Fi sensing paradigm 
 
160-MHz bandwidth CSI measurement (RX) and packet in-
jection (TX):  
Bandwidth determines the resolution of the RF sensing. 160-
MHz bandwidth (160BW), the highest bandwidth supported by 
the 802.11ac/ax protocol, shrinks the temporal resolution to 
6.25 ns or the equivalent spatial resolution of 1.875 m, which is 
4x more fine-grained than the 25 ns resolution of the most pop-
ular IWL5300 + 40-MHz sensing configuration. 
 
To the best of our knowledge, PicoScenes-6E is currently the 
only platform supporting 160BW CSI measurement using com-
mercial off-the-shelf (COTS) hardware. For each 160BW 
packet in 802.11ac or 802.11ax format, the AX210 NIC returns 
for each spatial stream a CSI array with 484 or 1992 subcarriers, 
respectively. Both I and Q components are returned in 16-bit 
format for each CSI subcarrier, implying that the NIC hardware 
could sample with up to 16-bit precision. 
 
For Wi-Fi sensing research, stable Wi-Fi traffic with a transmis-
sion parameter can significantly alleviate post-experiment data 
alignment and preprocessing efforts. To make this possible for 
160BW CSI measurement, PicoScenes-6E adds the manual rate 
control for the packet injection-based transmission, allowing 
AX210 NIC to transmit 802.11ac/ax 160BW format packets in 
any Tx configurations. To date, PicoScenes-6E is currently the 
only platform providing 11ac/ax format packet injection with up 
to 160BW modulation. In this way, researchers can perform the 
Wi-Fi sensing experiments with a minimal set of only two 
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AX210 NICs, one Tx and one Rx. 
Wi-Fi Sensing Research in 6-GHz Band:  
The 6-GHz band (6GB), i.e., the continuous spectrum spanning 
from 5945-MHz to 7125-MHz, is undoubtedly a new play-
ground for Wi-Fi sensing research. PicoScenes-6E is currently 
the only platform supporting CSI measurement and packet in-
jection in this band. Notably, 6GB is not available in all areas. 
To overcome this problem, PicoScenes-6E introduces a fully 
self-managed spectrum management domain that lifts bans in 
all regions for all 20/40/80/160-MHz bandwidth channels in 
6GB. 

 
Figure 2 – 7 continuous 160BW channels in 6GB v.s. 2 non-adjacent 
160BW channels in 5GB 
 
Compared to the 2.4/5-GHz band, 6GB offers unique ad-
vantages, such as shorter wavelengths that promise more accu-
rate phase-based sensing techniques, continuous channels that 
support large spectrum stitching, and interference-free trans-
mission that produces CSI measurements with low ambient 
noise. Among these benefits, we are most interested in two 
points. The first is the large continuous spectrum. As shown in 
Figure 2, by stitching seven continuous 160BW channels, re-
searchers could obtain a channel estimation with unprecedent-
edly over-GHz bandwidth, which dramatically reduces the tem-
poral and spatial resolution to a staggering 1ns and 30cm. The 
second is the interference-free measurement. Compared to the 
2.4/5GB, the 6GB is exclusive for 802.11ax and future proto-
cols where few devices are available. As a result, Wi-Fi sensing 
in the 6GB will enjoy pure interference-free measurement. 
 

Harnessing the full power of SDRs in Wi-Fi sens-
ing 
Low-cost CSI-extractable Wi-Fi NIC is one of the key factors 
motivating the Wi-Fi sensing research. However, their inherent 
drawbacks have hindered researchers from digging deeper, i.e., 
undisclosed baseband architecture, inadequate hardware con-
trol, lack of access to complete PHY layer information, and lack 
of feature agility. 
 
SDR was once considered a perfect complement to COTS NIC 

for Wi-Fi sensing research [7], [8]. Still, the lack of publicly 
available Wi-Fi baseband implementations is its Achilles’ heel 
- the raw I/Q stream is too primitive to reveal channel charac-
teristics. And even worse, developing a Wi-Fi baseband imple-
mentation is more challenging than the upper-layer Wi-Fi sens-
ing research. 
 
PicoScenes-6E solves the above dilemma once-and-for-all with 
a hardcore solution: we develop a high-performance Wi-Fi 
baseband software implementation. Through its integration into 
the PicoScenes-6E platform, PicoScenes-6E gain the capability 
to transparently convert your SDR devices into SDR-based Wi-
Fi NICs, i.e., sending/receiving Wi-Fi frames in real-time, 
measuring CSI, adjusting the low-level RF settings, and acquir-
ing the all-stage complete baseband signal, just like a super-
charged Wi-Fi NIC with all the underlying control and data ac-
quisition opened. Our baseband implementation has four high-
lights: all-protocol compliance, all-stage PHY layer information 
return, rich low-level control, and high performance. 
 
First, PicoScenes-6E Wi-Fi baseband is rigorously compliant 
with 802.11a/g/n/ac/ax Wi-Fi protocols at all bandwidths 
(20/40/80/160 MHz), all coding (LDPC and BCC), all MCS 
(MCS 0 to 11), and all MIMO configurations (up to 4x4 
MIMO). It has passed 100% compatibility tests with various 
commercial Wi-Fi devices for all combinations of the above 
factors. 
 
Second, PicoScenes-6E empowers Wi-Fi sensing researchers to 
make the most of the received signal by providing the PHY 
layer information of all intermediate stages, which are far richer 
than mere CSI. They include the CSI calculated by L-LTF seg-
ment (Legacy CSI), CSI calculated by HT/VHT/HE-LTF seg-
ment (HT/VHT/HE-CSI), CSI calculated by OFDM pilot sub-
carriers (Pilot CSI), the estimation for carrier frequency offset 
(CFO) and sampling frequency offset (SFO), all OFDM sym-
bols before equalization, and the raw per-packet baseband sig-
nals. 
 
Third, by providing a broad range of low-level controls, 
PicoScenes-6E gives researchers the flexibility to investigate 
how signals are affected by different modulation parameters and 
distortions. For example, researchers can specify for both the 
Tx and Rx sides, the non-standard carrier frequencies and band-
widths, CFO, SFO, I/Q mismatch, resampling ratios, and vari-
ous OFDM coding/decoding settings. 
 
Finally, our software baseband implementation is high-perfor-
mance: supporting over 4kHz packet injection (Tx) and over 
1kHz CSI measurements (Rx). To combat the inevitable packet 
loss in high-throughput situations, PicoScenes-6E provides sig-
nal recording and replay capabilities for both Tx and Rx 
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streams, allowing researchers to fully capture the signal and de-
code the traffic without packet loss. 

Powerful and Versatile Wi-Fi Sensing Middle-
ware 
PicoScenes-6E, far beyond a CSI data logger, is a powerful and 
versatile Wi-Fi sensing middleware. It integrates the concurrent 
multi-frontend CSI extraction, multi-hardware low-level con-
trol, all-format packet injection and high-performance Wi-Fi 
baseband implementation. PicoScenes-6E currently supports 
the most CSI-extractable hardware, namely the AX210, AX200, 
Qualcomm Atheros AR9300 (QCA9300), Intel Wireless Link 
5300 (IWL5300) and all models of the USRP devices, including 
the latest USRP X410. 
 
As a Wi-Fi sensing middleware, PicoScenes-6E encapsulates 
the per-NIC low-level hardware controls into a set of unified 
APIs and exposes them to the upper-level plugin layer. Through 
the PicoScenes-6E plugin mechanism, complex and interactive 
CSI measurement tasks can be quickly prototyped in a mission-
focus manner. We demonstrate this advantage by the EchoProbe 
plugin, which provides ms-grade round-trip CSI measurement, 
large spectrum scanning and the basic CSI data logging abili-
ties. 
 
We provide PicoScenes-6E MATLAB Toolbox (PMT) and 
PicoScenes-6E Python Toolbox (PPT), which parse the 
PicoScenes-6E generated .csi file in MATLAB and Python. The 
fundamental data structure is in versioned-segment format, 
which guarantees forward compatibility across the future up-
grade. 
 

Open Issues in Wi-Fi 6E Era 
Wi-Fi sensing is still an active research field with many inter-
esting open issues. In the following, we discuss open issues 
from three aspects. 
 
Picosecond-level or millimeter-level Wi-Fi sensing: Besides 
the 11ax 160BW CSI, AX210 also provides the packet 
timestamp w.r.t the 320-MHz baseband clock, i.e., 3.2 ns reso-
lution for each packet, which is 320x more fine-grained than the 
conventional us-grade timestamp. This high precision clock, if 
combined with phase-based ranging technologies and 16-bit I/Q 
ADC resolution, the accuracy of the eventual Wi-Fi sensing ap-
plication could be 10-100 times further refined than 3.2 ns, i.e., 
reaching the picosecond-level or millimeter-level Wi-Fi sens-
ing. 
 
Multi-band Wi-Fi sensing: Fully utilizing the total 1.6 GHz 
bandwidth of the 2.4/5/6-GHz bands is an open and challenging 
task. For the learning-based research, the challenge is how to 

perform the full-spectrum CSI measurement within the coherent 
channel time. EchoProbe [1], an open-source PicoScenes-6E 
plugin, could help address this challenge by performing the 
round-trip CSI measurement over a large spectrum. 
 
For the model-based Wi-Fi sensing research [9], there is one 
more challenge: how to perform spectrum stitching. Our previ-
ous work has demonstrated that spectrum stitching is feasible 
for both the amplitude and phase by canceling the baseband dis-
tortion in all CSI measurements. However, accelerating this 
process and performing the stitching in overlapping-free chan-
nels are vital challenges. 
 
Multi-NIC phased array: In pursuit of finer angular resolu-
tion, the use of multiple phase-synced antennas, i.e., phased ar-
ray, is an inevitable choice. However, Wi-Fi sensing research 
has long been hampered by the lack of antennas. Although 
PicoScenes-6E supports up to 8x8 MIMO using 4 USRP X310, 
the excessively high cost hinders its wide application. 
 
Phaser[10] enables the first phased array using COTS Wi-Fi 
NICs by sharing one antenna between two Intel 5300 NICs. 
However, the latest NICs with M.2 form factor, e.g., the AX210 
NIC, have only two radio chains. It would be too costly to sync 
multiple NICs by sharing one antenna. How to perform large-
scale Wi-Fi NIC synchronization with few antennas sacrificing 
is a challenge. 
 

Conclusion 
In this paper, we introduce PicoScenes-6E, a Wi-Fi sensing 
middleware that aims to advance Wi-Fi 6E based Wi-Fi sensing 
research from both hardware and software aspects. In the hard-
ware aspect, PicoScenes-6E is the first platform that supports 
Wi-Fi 6E standard Wi-Fi sensing via COTS hardware and SDR. 
In the software aspect, PicoScenes-6E supports the most CSI-
extractable hardware and is the first platform that supports 
multi-NIC concurrent CSI measurement and plugin mecha-
nisms. PicoScenes-6E is available at https://ps.zpj.io. We be-
lieve that PicoScenes-6E can benefit your next Wi-Fi sensing 
work! 
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Major Depressive Disorder De-
tection and Risk Assessment 

based on WiFi Signals 

Zhaoming Lu, Zijun Han, Lingchao Guo, Shuang Zhou and 
Liming Wang 

Abstract 

Major Depressive Disorder (MDD) is a common mental disor-
der worldwide, which greatly affects the patients’ daily life. 
Current MDD assessment relies almost on the clinical inter-
view, structured questionnaire or camera surveillance, risk-ing 
a range of subjective biases and privacy intrusion. Therefore, 
this work aims to develop an objective and non-intrusive MDD 
detection system using WiFi signals, to support the clinical di-
agnosis and the risk assessment of MDD recurrence. Based on 
the investigation of extensive literature, we formally take the 
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three physiological indicators as the basis for detecting MDD, 
including abnormal psychomotor, moving trajectory, and sleep 
stage. We also detail how to detect these physiological indica-
tors with Channel State Information (CSI) extracted from WiFi 
physical layer. To be specific, we design: (1) a 3D human pose 
estimation scheme to deduce whether there is psychomotor ag-
itation or retardation, (2) a generic fine-grained indoor human 
tracking scheme to generate the subject's long-term life diary 
with high-level semantics to infer the changes of interest in ac-
tivities, (3) a sleep monitoring scheme to deduce the sleep qual-
ity of subject, i.e., recurrent insomnia or dreaminess. Experi-
ments attest our system is expected to serve as a supplement and 
auxiliary means for the clinical MDD detection. 
 
Index Terms—Major Depressive Disorder, abnormal psycho-
motor, moving trajectory, sleep stage, CSI 
 

Introduction 
MAJOR Depressive Disorders (MDD) are affective disorders of 
high prevalence, often leading to mental disability, morbidity or 
mortality [1].  As reported by World Health Organization 
(WHO), there are more than 350 million people worldwide suf-
fering from MDD [2]. However, the current MDD detection re-
lies almost exclusively on the clinical interview, and structured 
questionnaire, risking a range of subjective biases [3]. Besides, 
patients are not willing to seek assistance, but tend to hide their 
illnesses and avoid treatment. Target for an objective diagnosis 
method, some efforts have been made to assess MDD through 
computer vision, yet they are intrusive and the potential patients 
may be reluctant to be explicitly surveilled in the long run. 
 

Aided by the ubiquitous WiFi signals, in this work, we aim 
to develop an objective, reliable and non-intrusive MDD detec-
tion system to support the clinical diagnosis and the risk assess-
ment of MDD patient recurrence. MDD is associated with a 
range of physiological symptoms [1-3] such as anxiety, sadness, 
loss of interest in activities and changes in sleep patterns (e.g., 
insomnia or dreaminess), etc. Based on the investigation of ex-
tensive literature [4-6] and the cooperation with Beijing 
Xicheng District PING’AN Hospital, we formally take the fol-
lowing three physiological indicators as the basis for detecting 
MDD, including abnormal psychomotor, moving trajectory, 
and sleep stage, as shown in Fig. 1. Abnormal psychomotor in-
cludes psychomotor agitation and retardation, where the former 
is characterized by bradykinesia and even numbness, while the 
latter shows irritability and anxiety. The moving trajectory in-
dicates whether a subject is still or not and where the subject is 
located, which can provide us with important high-level seman-
tics of the subject such as living habits and emotions (e.g., in-
terest in activities). The sleep stage is generally divided into 
three parts, i.e., wake, rapid eye movement (REM), and non-
REM (NREM) [6]. The statistics of the occurrence frequency 
and the duration of each stage are directly related to the sleep 

quality of subject, which contributes to judge whether there is 
recurrent insomnia or dreaminess.  

 
Fig. 1. MDD detection overflow of our work. 
 

Preliminary Results 
In this section, we will detail how to detect these physiological 
indicators, and the preliminary results. 
 
Abnormal Psychomotor Detection 
For abnormal psychomotor detection, we design a 3D human 
pose estimation scheme [7] based on WiFi physical layer Chan-
nel State Information (CSI). Specifically, we denoise the CSI 
amplitude by Discrete Wavelet Transform (DWT) and the phase 
by conjugate multiplication between adjacent antennas. To 
maintain the continuity of human movement detection, we con-
struct a sensitive tensor that combines amplitude and phase in 
time sequence. We also design a neural network to extract hu-
man pose features and thus convert them into key-point coordi-
nates. The neural network contains 13 residual blocks (as shown 
in Fig. 2) to avoid gradient disappearance. The ground truth of 
human pose skeletons is obtained from the Video-Pose3D 
model-based key-point coordinates captured by the synchro-
nized cameras.  

 
Fig. 2. Residual block for abnormal psychomotor detection. 
 
The human poses estimated in both Line-of-Sight (LoS) and oc-
cluded (NLoS) scenarios are as shown in Fig. 3. With the recon-
structed human pose, we can derive the activity semantics (e.g., 
category or speed), and further deduce whether there is psycho-
motor agitation or retardation. 



17 

ISAC-Focus, Issue 2, 2021 
 

 

 

 
Fig. 3. Human poses estimated in both LoS and NLoS scenarios. 
 
Moving Trajectory Detection 
For moving trajectory detection, we design a generic fine-
grained indoor human tracking scheme [8] which correlates the 
subject movements with the channel parameters. Different from 
previous 2D indoor tracking schemes, we elaborately design a 
3D tracking model to deduce the subject 3D coordinates, like-
wise leveraging two orthogonal WiFi links with linear arrays. 
To this end, we make two key observations: (1) The linear ar-
ray-resolved Angle-of-Arrivals (AoAs) indeed contain the inte-
grated information of azimuth and elevation in 3D space. (2) 
The radial motion deviating from the sensing plane also leads to 
length variations of paths. Based on these observations, we first 
estimate the channel parameters of multipaths such as AoA and 
Time-of-Flight (ToF), and derive the length variations based on 
phase offsets. We finally integrate the AoA-ToF with the path 
length to jointly deduce the subject 3D coordinates.  
 
The motivation is that the body movement cannot be completely 
abstracted as the rigid movement of a cylinder. For accurate 
moving trajectory detection, the 3D results can be projected to 
a 2D horizontal plane as shown in Fig. 4. By reconstructing the 
trajectory, we can analyze whether a subject is still or not and 
where the subject is located at any time, and further generate the 
subject's long-term life diary with high-level semantics to infer 
the changes of interest in activities. 

 
Fig. 4. The reconstructed moving trajectory. 
 
Sleep Stage Detection 
For sleep stage detection, we design a sleep monitoring scheme 
[9] to classify human sleep stages by large motion detection and 
breath rate estimation. Specifically, we first detect whether the 
large motion exits or not using the Autocorrelation Function 
(ACF) of CSI power response compared with a pre-configured 

silence threshold. If there is no large motion, we leverage the 
CSI ratio model [10] to derive the respiration patterns of all the 
OFDM subcarriers, as shown in Fig. 5. We further calculate the 
autocorrelation of each respiration pattern, and leverage Maxi-
mal Ratio Combining (MRC) to achieve an optimal combina-
tion. The first peak lag of the combined autocorrelation results 
is taken as the estimated breath rate.  

 
Fig. 5. Comparison between the ground truth (red curve) and the esti-
mated 
 
The large motion detection and the breath rate estimation are 
combined to classify the sleep stages, i.e., wake, REM, NREM.  
We divide the overnight sleep into multiple 5-min fragments, 
and design a neural network to classify the sleep stages for each 
fragment. The ground truth is collected from the Polysomno-
graphy (PSG). Based on the statistics of the occurrence fre-
quency and the duration of stages like wake and REM, we can 
deduce the sleep quality of subject, e.g., if there is recurrent in-
somnia or dreaminess. 
 
MDD Assessment 
Long-term detection and thus fusion of these physiological 
symptoms support the all-weather diagnosis of potential pa-
tients, and the risk assessment of MDD patient recurrence. Spe-
cifically, in order to make the detection as objective as possible, 
we fuse two representative structured questionnaires from clini-
cians for evaluation, i.e., Quick Inventory of Depressive Symp-
tomatology Self Report (QIDS-SR) and Diagnostic Statistical 
Manual (DSM), and the estimated three symptoms account for 
the same proportion of the evaluation results. Benefits provided 
by the accurate detection of activities, trajectory and sleep qual-
ity make our proposed scheme expected to serve as a supple-
ment and auxiliary means for the traditional MDD detection 
schemes.  
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Industrial Activities and Standardization Progress  
Opening The full 6-GHz band is Imminent for License-Exempt Spectrum Access including 
Wi-Fi and 5G-NR 

Released in 2019, 802.11ax or Wi-Fi 6 at 2.4- and 5-GHz bands 
has been a success from both Standards and business perspec-
tives by timely meeting the requirement of faster speed and sup-
porting dense users in the pandemic era. It has been featured in 
the latest smartphones, laptops, gadgets, and Wi-Fi routers.  

 
Figure 1 Timeline for Wi-Fi 6E/7 that includes the full 6-GHz band 
 
To answer the call from the wireless industry for extremely high 
throughput (EHT), global regulatory agencies started to open 
the full 6-GHz band from 5925 to 7125 MHz for license-exempt 
spectrum access.  It started with US Federal Communications 
Commission (FCC)’s approval back to April 2020, followed by 
South Korea in October 2020, Brazil in February 2021, Saudi 
Arabia in March 2021, and Canada in this May. The up-to-date 
list of countries that adopted and are considering the full 1.2-
GHz and lower 500-MHz bandwidths can be found at: 
https://www.wi-fi.org/countries-enabling-wi-fi-6e. 
 
Benefits of the additional 1.2-GHz bandwidth are clear: wider 
and contiguous channels of up to 160MHz, higher throughput 
with 1024-QAM, larger capacity, and lower latency at single-
digit milliseconds. The use cases for Wi-Fi 6E/7 are  
• 4K UHD video streaming 
• Next-generation virtual and augmented reality 
• Immersive gaming 
 Low-latency high-capacity virtual meeting 
 IoT devices with target wake time 

 Entire home coverage with a speed of gigabit  
 Indoor asset tracking and management 

 
Figure 2  Countries that adopted and are considering the full-1.2GHz 
and lower-500MHz bands at 6GHz. Picture source: Wi-Fi Alliance  
 
The imminent opening of the 6-GHz band brings both opportu-
nities and challenges to the ISAC community to make impact 
on billions of devices to be deployed in the near future. Super-
wide channels adopted by Wi-Fi 6E/7 may imply wideband 
channel state information (CSI), higher resolution in path delay 
estimation, dynamic frequency selection, more packed antennas 
for beamforming, multiple link operation (MLO), multi-
band/link multi-channel aggregation, coordinated beamforming 
for multi-AP features. On the other hand, it calls for coexistence 
investigation, new channel models, functional requirements 
(specifications), and evaluation results, which are currently in-
vestigated by 802.11be.    
 

Contributors： 
Pu (Perry) Wang (MERL, TGbf voting member)  
Fei Gao (Nokia Bell Lab) 
 

 
 Figure 1 Channel Allocation at 6 GHz with 7 160-MHz superwide channel. Picture source: Wi-Fi Alliance

https://www.wi-fi.org/countries-enabling-wi-fi-6e
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DATE NAME TYPE LOCATION ORGANIZERS（*） WEB PAGE DUE 
DATE 

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  
Passed 

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 

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 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/  Passed 

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 

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, Tenali 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 16-20, 
2022 

The Multifunctional Network of 6G 
and Beyond: Fundamentals of Inte-

grating Communications and Sensing 
Tutorial Seoul, South Korea 

(Hybrid) 

Fan Liu, 
Christos Masouros, and J. An-

drew Zhang, 
https://icc2022.ieee-icc.org/  / 

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 Passed 

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 

* Only ETI members are mentioned. 
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Community News 
Open Positions 

“ 
Open Research Position at the Barkhausen Institute, in 
Dresden, Germany. 
We are looking for a Research Associate for Joint Communica-
tions and Sensing (m/f/d) to creatively pursue our research 
agenda. Besides sharing your unique ideas, you will work at in-
vestigating new signal processing techniques for both commu-
nications and radar applications, by means of hardware demon-
strations, computer simulations and theoretical work. For fur-
ther information please access the following 
link: https://www.barkhauseninstitut.org/en/careers/open-posi-
tions/detail/research-associate-joint-communications-and-ra-
dar-sensing-mfd. 
 
Open Research Position at the UNSW, in Sydney, Australia. 
Postdoc Fellow Position at the University of The Wireless Com-
munications Research Lab at UNSW Sydney is looking for a 
Postdoc Fellow who will work on Integrated Sensing and Com-
munications (ICAS)  at UNSW Sydney. The Postdoc Fellow 
will predominantly work on an innovative research project in 
the Wireless Communications Laboratory 
(http://www2.ee.unsw.edu.au/wcl/index.html). The purpose of 
the position is to undertake research on designing and develop-
ing efficient pragmatic transceivers, channel estimation algo-
rithms, and detections to fulfil the formidable demand for future 
ultra-fast and highly reliable data communication and radio 
sensing services over high mobility channels. An applicant 
needs to have a PhD (or soon to be awarded) in Electrical or 
Electronics Engineering, with physical-layer wireless commu-
nications and Signal Processing background. For further infor-
mation about this position, please contact Professor Jinhong 
Yuan, J.Yuan@unsw.edu.au 

 
CSC Tampere University Scholarships, hosted by Dr. 
Taneli Riihonen and Dr. Bo Tan 
 
The China Scholarship Council (CSC) Tampere University 
joint scholarship program provides the possibility for Chinese 
PhD students, post-docs and visiting scholars to apply for fund-
ing to conduct research at Tampere University, Finland. The 
joint program allows for ten PhD students to start and complete 
a full doctoral program (48 months) annually. Funding is also 
allocated annually to seven post-doctoral fellows (6–24 months) 
and three scholars (3–12 months) for visiting Tampere Univer-
sity. 
 
We are looking for candidates to join us in the Unit of Electrical 
Engineering at the Faculty of Information Technology and 
Communication Sciences through the CSC Tampere University 
scholarship program. We are interested broadly in all relevant 
aspects of integrated sensing and communications, from where 
we will develop an exciting and innovative research topic to-
gether with each candidate based on his or her own interests and 
expertise. Furthermore, we will be happy to conduct the re-
search and publishing in collaboration with domestic supervi-
sors and their research teams. 
 
Please contact Assistant Professors Taneli Riihonen (taneli.rii-
honen@tuni.fi) and Bo Tan (bo.tan@tuni.fi) as soon as possible 
if you are interested in applying or if you can recommend suit-
able candidates as a domestic supervisor. Especially, note that 
doctoral students need to first submit their applications to the 
Doctoral Programme of Computing and Electrical Engineering 
by the end of January 2022 in order to receive its conditional 
approval before submitting applications then to the CSC accord-
ing to CSC's guidelines (deadline of which is typically at the 
end of March).

 
 

Congratulations to ISAC-ETI 
members who won 2021 IEEE 

Signal Processing Society 
Awards! 

IEEE SPS Best Paper Award 
Tsung-Hui Chang, Mingyi Hong, and Xiangfeng Wang for 
“Multi-Agent Distributed Optimization via Inexact Consensus 
ADMM”, IEEE Transactions on Signal Processing, January 

2015. The paper link is: 
https://ieeexplore.ieee.org/document/6945888 
 
Liang Liu and Wei Yu for “Massive Connectivity With Mas-
sive MIMO-Part I: Device Activity Detection and Channel Es-
timation”, IEEE Transactions on Signal Processing, June 2018. 
The paper link is: 
https://ieeexplore.ieee.org/document/8323218 
 

IEEE SPS Young Author Best Paper Award 
Fan Liu, Longfei Zhou, and Ang Li, for the paper co-authored 

https://www.barkhauseninstitut.org/en/careers/open-positions/detail/research-associate-joint-communications-and-radar-sensing-mfd
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https://www.barkhauseninstitut.org/en/careers/open-positions/detail/research-associate-joint-communications-and-radar-sensing-mfd
http://www2.ee.unsw.edu.au/wcl/index.html
mailto:J.Yuan@unsw.edu.au
https://www.tuni.fi/en/research/research-tampere-university/csc-tampere-university-joint-scholarship-programme
https://www.tuni.fi/en/research/research-tampere-university/csc-tampere-university-joint-scholarship-programme
https://www.tuni.fi/en/research/research-tampere-university/csc-tampere-university-scholarship-programme-for-doctoral-students
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https://www.tuni.fi/en/research/research-tampere-university/csc-tampere-university-scholarship-programme-post-docs-and-visiting-scholars
https://www.tuni.fi/en/research/research-tampere-university/csc-tampere-university-scholarship-programme-post-docs-and-visiting-scholars
https://isac.committees.comsoc.org/
mailto:taneli.riihonen@tuni.fi
mailto:taneli.riihonen@tuni.fi
mailto:bo.tan@tuni.fi
https://www.tuni.fi/en/study-with-us/doctoral-programme-computing-and-electrical-engineering
https://www.csc.edu.cn/
https://ieeexplore.ieee.org/document/6945888
https://ieeexplore.ieee.org/document/8323218
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with Christos Masouros, Wu Luo, and Athina Petropulu, 
“Toward Dual-functional Radar-Communication Systems: Op-
timal Waveform Design”, IEEE Transactions on Signal Pro-
cessing, August 2018. The paper link is: 
https://ieeexplore.ieee.org/document/8386661 
 
Chengwei Zhou for the paper co-authored with Yujie Gu, Xing 
Fan, Zhiguo Shi, Guoqiang Mao, and Yimin D. Zhang, “Di-
rection-of-Arrival Estimation for Coprime Array via Virtual 
Array Interpolation”, IEEE Transactions on Signal Processing, 
November 2018. The paper link is: 
https://ieeexplore.ieee.org/document/8472789 
 

Kaiming Shen for the paper co-authored with Wei Yu, “Frac-
tional Programming for Communication Systems-Part I: Power 
Control and Beamforming”, IEEE Transactions on Signal Pro-
cessing, May 2018. The paper link is: 
https://ieeexplore.ieee.org/document/8314727 
 

IEEE Signal Processing Magazine Best Column 
Award 
Moshe Mishali and Yonina C. Eldar for “Wideband Spectrum 
Sensing at Sub-Nyquist Rates”, IEEE Signal Processing Maga-
zine, July 2011.The paper link is: 
https://ieeexplore.ieee.org/document/5888634 
 

  

Congratulations to ISAC-ETI 
member Prof. Bruno Clerckx, 

who is evaluated to IEEE Fellow 

Our member Bruno Clerckx is evaluated to IEEE Fellow for 
contributions to multi-antenna communications and wireless 
power transmission. Link: 
 https://www.ieee.org/content/dam/ieee-
org/ieee/web/org/about/fellows/2022-ieee-fellows-class.pdf 
 

Prof. Bruno Clerckx is a (Full) Profes-
sor, the Head of the Wireless Communi-
cations and Signal Processing Lab, and 
the Deputy Head of the Communica-
tions and Signal Processing Group, 
within the Electrical and Electronic En-
gineering Department, Imperial College 
London, London, U.K. He received the 
M.S. and Ph.D. degrees in applied sci-
ence from the Université Catholique de 

Louvain, Louvain-la-Neuve, Belgium, in 2000 and 2005, re-
spectively. From 2006 to 2011, he was with Samsung Electron-
ics, Suwon, South Korea, where he actively contributed to 4G 

(3GPP LTE/LTE-A and IEEE 802.16m) and acted as the Rap-
porteur for the 3GPP Coordinated Multi-Point (CoMP) Study 
Item. Since 2011, he has been with Imperial College London, 
first as a Lecturer from 2011 to 2015, Senior Lecturer from 2015 
to 2017, Reader from 2017 to 2020, and now as a Full Professor. 
From 2014 to 2016, he also was an Associate Professor with 
Korea University, Seoul, South Korea. He also held various 
long or short-term visiting research appointments at Stanford 
University, EURECOM, National University of Singapore, The 
University of Hong Kong, Princeton University, The University 
of Edinburgh, The University of New South Wales, and Tsing-
hua University. 
 

He has authored two books on “MIMO Wireless Communi-
cations” and “MIMO Wireless Networks”, 200 peer-reviewed 
international research papers, and 150 standards contributions, 
and is the inventor of 80 issued or pending patents among which 
15 have been adopted in the specifications of 4G standards and 
are used by billions of devices worldwide. His research area is 
communication theory and signal processing for wireless net-
works. He was an Editor for the 3GPP LTE-Advanced Standard 
Technical Report on CoMP. He is an IEEE ComSoc Distin-
guished Lecturer 2021-2022. 

 
  

https://ieeexplore.ieee.org/document/8386661
https://ieeexplore.ieee.org/document/8472789
https://ieeexplore.ieee.org/document/8314727
https://ieeexplore.ieee.org/document/5888634
https://www.ieee.org/content/dam/ieee-org/ieee/web/org/about/fellows/2022-ieee-fellows-class.pdf
https://www.ieee.org/content/dam/ieee-org/ieee/web/org/about/fellows/2022-ieee-fellows-class.pdf
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Call for Articles: Radar-Centric ISAC  
 
 

 
 
This is the call for technical articles for the third issue of ISAC-
Focus. The technical theme of this issue is Radar-Centric ISAC. 
The article shall focus on the latest development of ISAC tech-
nologies for the integration of communications into a primary 
radar system. The article can be a review of the latest technolo-
gies on the focus of this issue, or an introduction of specific de-
velopment 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 techniques: 
• High spectrum-efficiency information embedding 

schemes; 
• Complete communication receiver designs including syn-

chronization, channel estimation and equalization tech-
niques;  

• Communication protocols tailored to radar-centric ISAC; 
• Multiuser access schemes; 
• Information embedding schemes and receiver signal pro-

cessing directly working with a (mmWave) FMCW radar 
(so that full duplex is naturally implemented); 

• Communication-assisted radar sensing 
 
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 25th Feb. 
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 Three). You may contact An-
drew Zhang if you have any questions on ISAC-Focus. 
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