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Courtesy: For All Mankind (SO2E01)
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Solar flare that size, we're gonna have interference Let's alert the FCC
there's a good chance across the broadcast spectrum. and get them ready for that.
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| found my passion
in the Army Research Lab.
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Wireless Communications Trends
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How to Meet Demand in Current Landscape?

Measure for Throughput : Shannon formula as a guide

C =n Wlog(1 + SINR)

Higher the better 2 Linear dependence

Depends on spectrum allocation
Bandwidth W

Natural resource, scarce

Not everything is useful, expensive
Maximize the spectral efficiency bits/sec/ Hz

Spectrum range for future radio access

The essential

The complementary
Centimetric range

Sub-THz range
I . L
| | | | I |

| | | | | |
1GHz 3 GHz 10 GHz 30 GHz 100 GHz 300 GHz

B Current 5G spectrum range [ Possible new 6G spectrum range

Ehe New York Times

PLAN TO REALLOCATE PART OF
RADIO BAND DISPUTED

By Reginald Stuart, Special To the New York Times
July 6, 1986

Ehe New York Times

Carriers Warn of Crisis in Mobile

Spectrum

Wireless companies say that smartphones are threatening to overwhelm their
networks, and are asking the government for help. But some experts maintain that
technology already has the answers.

B evetisarice A []

By Brian X. Chen
April 17,2012

AT&T, Verizon, T-Mobile and Sprint say they need more radio
spectrum, the government-rationed slices of radio waves that carry
phone calls and wireless data.

Wealth
Billionaires Musk, Ergen and Dell Brawling
Over Spectrum at FCC

By Todd Shields + Follow
October 9, 2021, 8:45 AM EDT

> Fight boils over for spectrum needed for proposed 5G service
>




Sensor-Driven Vehicles

Vernetzung der Sensoren und Kameras Tesla Enhanced Autopilot
Topology of the sensors and cameras it - thd»Ranqeh-Radar
o717 Frontkamera ateway, T I oo Advanced Sensor Coverage

Sensor fir Fahrerverfugbarkeit —
Sensor for driver availability

Umgebungskamera

Aussenspiegel (li/re) 3 — Umgebungskamera
right side E hinte
360° environment camera Rear 360°

enviranment camera
Mid-Range-Radar
vorne rechts
Mid .7:\09’:.-;’??: 3 Mid-Range-Radar
' hinten links
Mid range radar
rear left
Long-Range- sechs Ultraschallsensoren
Radar it

hinten "
Six rear ultra sonic sensors = A _ ——— C —
12 Ultrasonic Sensors

Long range radar

Umgebungs-
kamera vorn

Laserscanner
Laser scanner

sechs Ultraschallsensoren vorn —|

Semi-Autonomous Self Driving
Six front «

Mid-1

GPS

LIDAR

CAMERAS

ARTIFICIAL
INTELLIGENCE (4)

3)

©. Audi, https://www.autonomousvehicletech.com/articles/136-the-new-audi-a8-reaches-level-3
© 2. Qualcomm, Tesla, Audi, https://www.texas.aaa.com/automotive/advocacy/self-driving-cars-autonomous-vehicles-explained.html
© 3. Hertzwell © 4. Owners, graphic from web



https://www.texas.aaa.com/automotive/advocacy/self-driving-cars-autonomous-vehicles-explained.html

In Addition, Modern Cars are ...

Software-Managed ; ... and Connected' '/’3

Connected Car & Digital Business & .
Device Platform Automated Mobilit, In-Veb:
Volkswagen Intelligent Driving Vehicle Motion Ve age
SIovp Body & Cockpit Audi & Energy 230 %
Audi Porsche

'Y -
= wd
& ofe ke SN . 0e® Y e

SMART
DEVICE

-
S BACKEND/
r S CLOUT
[ ===

() cle Motion Infotainment Body Electronics

Transform multiple A One SW-Stack, cross- Defini#
Backends into One Development of a cross- branded approach for Development and delivery Lo

T
Volkswagen Automotive brand, standardized cockpit Autonomous Driving/Parking of powertrain, chassis and D _@ L@
Cloud and body platform and Driver Assistance energy/charging softwar~ S e

for all future E/E- Systems, scalable from functions, locate
architectures — the NCAP to Level 3 and beyond high per*

“One Infotainment Platform”

Performance Example App!

Uncompressed ALY
(Level 3-4 Autono

24Gbps

Q- _ss technologies (PRLTEV-Cel
Advanced Infotainmen_
Sensor Data (e.g. 4K vi§ DSRC > P

s <
T
Infotainment C_V2X --—-\A\-\\=\v--—-—-/ﬁ-/‘----:\>-.-:"_‘_:’s—/-/-/-----\-\\

(e.g. full HD video) < ATE-V-Direct "~ - - -~ “LTE-\-Direct =

1Gbps Legacy Entertainment Systems)
P Dashboard/ Touch Screens
In-vehicle Networks
Tl (e.g. Apps, Traffic, Vehicle Health Report)

D Safety .J: Infotainment In-vehicle networks




IEEE Spectrum Allocation
2022 THE CONVERSATION

US A|r||nes Beg|n Academic rigor, journalistic flair

InstaIIing 5G C-Band Radio interference from satellites is
. . threatening astronomy - a

Filter for Radio proposed zone for testing new

Modern radar/comms operate in an increasingly crowded RF spectrum

ﬁgggeters on Airbus technologies could head off
Radars need to use full bandwidth and undertake continuous transmissions [l SB S the problem At
y Woodrow Bellamy eptember 14, ErbRelioc Mt 32029 248N EST

Christopher Gordon De Pree
Deputy Electromagnetic
Spectrum Manager, National
Radio Astronomy Observatory

Send Feedback | ¥ @WBellamyIIIAC

5G C-Band, Airbus A320, airlines, FAA, radio
altimeter, U.S,

IEEE Radar VHF/UHF Ku, K, Ka,V, fy=inge

band [30 MHz -1 W
GHz] [12-300 GHz]

Christopher R. Anderson
Associate Professor of Electrical
Engineering, United States Naval
Academy

Mariya Zheleva

© 0w

Examples of ~ FOPEN ARSR ASR, TDWR CASA Automotive pasisn resor ofComputer
radar usage NEXRAD radars, cloud St Gr o
radars
Co-existing TV/broadcast/ WiMAX, LTE 802.11a/ LTE 802.11ad,
comms 802.11ah/f JTIDS ac mmwave
comm

THE THREAT TO WEATHER RADARS
2016 By WIRELESS TECHNOLOGY

Welcome to the 2nd > X 3
2 nd Workshop on / ‘

EARS ENHANCING ACCESS IA\

Workshop totHe RADIO SPECTRUM

OCTOBER 19 - 20, 2015 Platforms for Advanced
Wireless Research

NN N
O/ BFDATA
N:T FACTORY

JULY1,2016 | JOURNAL ARTICLE

Shared Spectrum Access for Radar and
Communications (SSPARC)

Sponsored by the National Science Foundation

P

Spectrum and Wireless Innovation

enabled by Future Technologies (SWIFT)

Dynamic Zone




Integrated Sensing and Communications (ISAC) Topologies

H COEXISTENCE Iu CO-DESIGN
S| et [PPSRl
© 2 BS O s
2 | B = LSS
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©
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.
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';—/_E‘:_- Common 802.11ad Tx
Bi-static JRC Broadcast
(or in-band full duplex without a common waveform)

1% Unshared Shared



More ISAC Topologies
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Distributed ISAC Considerations

Challenge: Future networks will be more decentralized and edge-focused

Current research devoted to colocated/centralized ISAC

Synchronization

Slglell
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Proposed Ambiguity Function
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Multiple targets
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Outline ‘ Motivation & Challenges

Applications Comms-Aided Weather Radar, Full-Duplex ISAC

‘ Dual-Blind Deconvolution

Architectures ‘ IRS-Aided, THz, Passive, Heterogeneous, Secure ISAC

[l[-Posedness
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It'll be on the sail
by the antenna array.

Introductory Example
Comms-Aided Weather Radar



Opportunistic Use of Comms for Radar Purposes

Millimeter-wave satellite
communications terminals
offer an alternative to
rainrate (R) estimation

Wide coverage through
~300,000 UTs spread across
Europe and 2 million
worldwide.

¥
3

Signaling data already
aggregated in a database
Database Gateway

Low capital/operational
expenditure

Challenge: How to estimate R from attenuation data

[1] K. V. Mishra, A. Gharanjik, M. R. B. Shankar, and B. Ottersten, “Deep learning framework for precipitation retrievals from communication satellites” European Conference on Radar in Meteorology &
Hydrology, 2018.

[2] A. Gharanjik, K. V. Mishra, M. R. B. Shankar and B. Ottersten, “Learning-based rainfall estimation via communication satellite links,” IEEE Statistical Signal Processing Workshop, 2018.
[3] K. V. Mishra, M. R. B. Shankar and B. Ottersten, “Deep rainrate estimation from highly attenuated downlink signals of ground-based communications satellite terminals,” IEEE International Conference on
Acoustics, Speech and Signal Processing, 2020.



Deep-Learning-Based Rain-Rate Estimation

Millimeter-wave weather radars employ
additional parameters to estimate R

-20

Wind shear, storm types and intensities
perturb the linear R-Ah relationship

-30

y_range [km]

-0

-50
Luxembourg Germany

-40 -35 -30

We turn to deep learning to estimate rainrate

€
from comms UTs :
<
[
B sp
=
g Satellite link
E —-—-=-- DWD radar
g, . . ‘
LSTM Layer L L < v v May 22, 12:00 May 22, 18:00 May 23, 00:00 May 23, 06:00 May 23, 12:00
istm | [istm] st | Jistm] [istm fime (UTC) 2018
Unit unit [ 7] Unit Unit [ "] Unit 0
=
AN ™ /] 7 Esr Satellite link
;; ———— DWD radar
NS
AN L ==
@ @ g o N oA . e I A -
May 22, 12:00  May 22, 18:00  May 23, 00:00 May 23, 06:00  May 23, 12:00
time (UTC) 2018

[1] K. V. Mishra, A. Gharanjik, M. R. B. Shankar, and B. Ottersten, “Deep learning framework for precipitation retrievals from communication satellites” European Conference on Radar in Meteorology &
Hydrology, 2018.

[2] K. V. Mishra, M. R. B. Shankar and B. Ottersten, “Deep rainrate estimation from highly attenuated downlink signals of ground-based communications satellite terminals,” IEEE International Conference
on Acoustics, Speech and Signal Processing, 2020.



Rain-Map Comparison

UT-Based rain maps broadly
follow the intensity and direction
of the storm

Beneficial in weather-radar-
denied environments

Low-cost solution that
complements weather radars

., DATABOURG
¥ SYSTEMS

Rain intensity (mm/h)

(a) Rainfall map at 1500 UTC on 22 May 2018

Rain intensity (mm/h)

() Rainfall map at 1535 UTC on 22 May 2018
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-3 -25 -20 -15 -10
Easting from radar (km)

(b) Rainfall map at 1500 UTC on 22 May 2018
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2018-05-22 15:35:00+00:00
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—25 0

-25 -20 -15 -10
Easting from radar (km)

(d) Rainfall map at 1535 UTC on 22 May 2018

w

]

Northing from radar (km)
Accumulated Rain (mm)
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[1] K. V. Mishra, A. Gharanjik, M. R. B. Shankar, and B. Ottersten, “Deep learning framework for precipitation retrievals from communication satellites” European Conference on Radar in Meteorology &

Hydrology, 2018.



Radar Rain Monitoring

=
L.

Comparison
to Radar

Radar

Sat

i 7

3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00
[1]J. Krebs, K. V. Mishra, A. Gharanjik, and M. R. B. Shankar, “Spatio-Temporal Rainfall Estimation from Communication Satellite Data using Graph Neural Networks,” European Geosciences Union General
Assembly, 2022.




CNN Training
Comparison to Radar October 13,2020

020-10-01 16:00 Radar Rain Intensity 2020-10-01 16:00 DATABOURG Rain Intensity

3.0 T T .

3.0

25

2.0

0.5 0.5

ade:

[1]J. Krebs, K. V. Mishra, A. Gharanjik, and M. R. B. Shankar, “Spatio-Temporal Rainfall Estimation from Communication Satellite Data using Graph Neural Networks,” European Geosciences Union General
Assembly, 2022.
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Comms, give me a wide-band.

00000000
00000000

Distributed Systems



Distributed

Non-colocated MIMO : Multi-cell, Distributed

=
el
R -
_e____sc-/—
-‘_~<
R -

Better service to the users at the cell edge

=  Assumes some infrastructure and protocol
support

Large virtual arrays or massive MIMO
=  Synchronization and scaling up



https://doi-org.proxy.bnl.lu/10.1109/ITA.2014.6804225

Widely Distributed MIMO Radar
¢ Exploits spatial diversity of the target

¢ Tx and Rx placed so far apart that target RCS
appears different to each Tx-Rx pair

& Also called “Statistical MIMO” because RCS is

modeled as a random variable (=radar channel is o o |7 B
statistical) - . ]
¢ Practical applications include detection of stealth | o o
target Who may have minimal baCI(SCa—tter in eaCh . 74(;00 -30‘00-2(;00-1(;!00 (; 10‘00 20‘00 30‘00 40‘00 50‘00 60‘004
X [m]
direction

A. M. Haimovich, R. S. Blum and L. J. Cimini, "MIMO Radar with Widely Separated Antennas," in IEEE Signal Processing Magazine, vol. 25, no. 1, pp. 116-129, 2008
S. Sun, K. V. Mishra and A. P. Petropulu, "Target Estimation by Exploiting Low Rank Structure in Widely Separated MIMO Radar," RadarConf 2019.



Widely Distributed MIMO Radar: Model with Doppler

4 Assume that the radar target scene

consists of K targets distributed in an area I
denoted by a set of coordinates S, sharing 000 o o L neredTaserspee)]
the same 2-D plane Lo L °

¢ Time delay t,,,,¥ at n-th Rx w.r.t. m-th Tx is E o o o x

linearly proportional to the target’s
location p®:

(k) _ plm) (k) _ p(m
k) Hp pt —I_ p pr -4000 -3000 -2000 -1000 O 1000 2000 3000 4000 5000 6000

mn ’ X[ml
(o

¢ Doppler frequency f., . is proportional t

the target’s radial velocity v : £ <<V(k) P el N (v, pﬁn)>>
T




Courtesy: Citadel (SO1EQ6)
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4-'5‘-‘ / } \Duke will maintain altitude

at‘ '5,000 feet to avoid radar.

Distributed IBFD ISAC



Statistical/Distributed Co-Design MRMC

-
-~ ~
# Cellular coverage S
\
of the BS
| MIMO radad
‘ % nth Rx ’
\ MIMO radar r

Target RCS is not identical for all Tx-Rx pairs; modeled statistically § Radars work in cooperation with the downlink-reflected signal

IBFD MU-MIMO comms transmit while receiving target echoes Determine a common metric for both radar and comms
Compounded and weighted sum mutual information as metric Practical constraints: power budget, QoS, and PAR

e J. Liu, K. V. Mishra and M. Saquib, “Co-Designing Statistical MIMO Radar and In-band Full-Duplex Multi-User MIMO Communications," arxiv preprint 2020.




Spectral Codesign System model
- Observation Window - =0 8 -

~—UL Frame 1—, ~—UL Frame k— — UL Frame K—: |
ULUEG{ [T I PPt PP Pt ey

'~ DL Frame 1—. ~—DL Frame k— ~—DL Frame K—-! .

I
MIMO radar: PRI 1 | : : PRI k : . : | PRI K |

Tx m, ' e oot :

0 G1, T (k- DT, ¥+ GT, T (K- DT, ¥+ GT, 7
UL UE iix,;(6) = SKZ3 BN Py lk] dyslk, 1] ziT(t — (kN + DT, T
A—W ; _ v
Precoder of UL UE i Data stream of UL UE i :t:z:ser?illtt::l - Smr (t) = Ilgz(} amr,k d)mr (t — kTT - GTp)
J K-1VN-1 .
BS Tx: Xp (t) - Zj=1 Zk=0 Zl:O Pd,j [k] dWN + l)Tp) Radar Tx M, code in the k-th PRI
Preco:er of DL UE j Data stream for DL UE j

J. Liu, K. V. Mishra and M. Saquib, “Co-Designing Statistical MIMO Radar and In-band Full-Duplex Multi-User MIMO Communications," arxiv preprint 2020.



Spectral Codesign System model

«———UL Frame k—, [y k.1
Composite Receive Signal Model [ ! [ ]yslk.1]

/ . Yum.i [K> ]

/ \
e 1 [yulk.n
Receive Signal at BS Rx to decode UL UE i: ' UL symbol of interest np | t
YLu [k' l] = Yu,i [k' l] + Yum,i [kr l] + ¥YrB [k, l] + ¥YBB [k, l] + ZB [k, l] ‘ : DL Frame k : . yr,j [k, l]
Multiuser-interference FD Self-interference l-' |', I : |:| Yu i [k, 1]
: [k, 1
Receive Signal at DL UE j: j B Yom K 1]

v [k, 0 = ya [k 1] + Yam, [k, 1 + yulk 0 + ye ik, 1 + 24k, 1]

UL interfering signal

Receive Signal at radar Rx n.:
Y, [k]

= Yrtn, [k] + YBtn, [k] + YBm,n, [k] + Yun, [k] + Yen, [k] + Zppr (K] 11;4)(11\30 radar
T A L Ve [
Target reflected DL Multi-path UL signal r +GT,, t_curn K:+6l, 1
signal propagated DL Comp!ex .
signal Clutter sienal Gaussian Noise
UCIEN vectors



CWSM Maximization Problem

Receive Signal at n,-th radar Rx: Linear receiver at
Radar R
det(Uyp, (Rs + Rinn, )UT x

det(Ur‘nr Rin,nr UI-I'-,IIT)

L, = log

Radar interference-plus-
noise covariance matrix

Receive Signal at BS Rx to decode UL UE i:
-1
k] = logdet (1+ Uy [k]RY [K]UT, [k] (U, [KIRY, (k10T [K]) )

~ Linear receiver at BS Rx
to decode UL UE i

Receive Signal at BS Rx to decode DL UE j:
-1
Iq,j[k] = logdet (1 + U ; [KIRS [K]UJ ;K] (Ua; [KIRS,; [KIUT; [K]) )

Compounded and weighted sum mutual information (CWSM):

Ny K Lo K I
Icwswm =2 1“@ g +Zk 12_ 1“1‘ wilk] +zk 12_ 1ad1d,j[k]
nr= = 1= — ]=

Weight of radar Rx nr Weight of UL UE i




CWSM Maximization Problem

maximize Iewsm{{P}, {U}, A}

/u’bj/ect to Y tr{Py;[K]P] [K]} < PB,:|,
' budgets
tr{Pul- [kIP] [k]} < R,

Waveform code matrix

A= [aT[l]' ""aT[K]] > RDL!
= [a1: -, aMr] Ru [k > RUL, QoS constraints
a =
” mT” rmr }
K max |an [k]| codes
kel T <y YL km,

Pr,mr

Non-convex problem solved through BCD algorithm
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Comms, give me a wide-band.

Distributed Algorithms



BCD-Based Iterative Alternating Algorithm

PAR constraint

Cost function

QoS

constraints

Partition the CWSM maximization problem into two sub
problems

Orriginal problem w/o the PAR constraint

: Matrix nearness problem to impose the PAR constraint

Equivalence of the weighted sum rate and the WMMSE
Theorem |

e First order Taylor series expansions
* Theorem 2




BCD based Iterative Alternating Algorithm

N, K I
P (P) (0),4] & D an (W, K,y K]} + Zkzlzizla?tr{w\uf 1B K]}

K ] M
) d . . ean square
Weighted mean + Z Z a; tr{Wd’j [k]Ed,j [k]} Weight matrix  orror matrix
square error sum k=1 j=1

Theorem (Liu, Mishra and Saquib, 2020)

Solving the problem

minimize  Zuwmse( (P}, (U}, A}
subject to Z§=1 tr{Py [k]P;r‘j [k]} < Pg,

tr{Py;[k1P} [k} < Py,
Ri‘[k] = RyL,
R{[k] = Rpy,
yields the exact solution of the original problem without the PAR constraint.



BCD based Iterative Alternating Algorithm

_ maximize
Sub-problem 2: Matrix A, VM
nearness problem Subject to

lam, — am.|l, = a structured tight frame
design problem

e, I*= P,

K 22 Jam, I

<
PT,mr ymr

BCD lIteration
Summary / \

-

- (P}
e A’

@l Sub-problem

v Sub- problem2

 A®D

\_

£: iteration index of the master problem

{P({’+1)} {U€+1}
A{’+1

\ Master
Problem

1: iteration index of the sub-problem 2



Numerical Experiments

— — i i Random
Without Cooperatlon Proposed [RadapCode BD NSP Uniform

With Cooperation Matrix




Numerical Experiments

10
< 9 BD DL Precoding | ‘ /
m (]
~
2 o Uniform UL Precoding / !
s | | | o
he i o
5 Random Radar Code Matrix / | / .
0\. ° /"'.
2 7 \o-——“"——_. I [
CD [ )
O 6: . o : ‘/'
~ Ej:/s\;"f_.:%._———f—'/"‘
5
-20 -15 -10 -5 0 5 10 15 20
SNRr(d B)

The proposed precoder design scheme outperforms some conventional strategies

J. Liu, K. V. Mishra and M. Saquib, “Co-Designing Statistical MIMO Radar and In-band Full-Duplex Multi-User MIMO Communications," arxiv preprint 2020.



Courtesy: Species |l

We had a malfunction
in the K.U. band antenna.
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Dual-Blind Deconvolution




Co-Existence Receiver

|

Passive Radar Dynamic Communications

Problem: Neither the transmitted signals nor the channels are known

E. Vargas, K. V. Mishra, R. Jacome, B. M. Sadler and H. Arguello, “Dual-Blind Deconvolution for Overlaid Radar-Communications Systems,” arXiv preprint arXiv:2208.04381, 2022.
E. Vargas, K. V. Mishra, R. Jacome, B. M. Sadler and H. Arguello, “Joint radar-communications processing from a dual-blind deconvolution perspective,” IEEE ICASSP, 2022.



Dual-Blind Deconvolution Problem
y(t) = x,(£) * h,(£) +x.(0) * h (1)

Trans;rli;cted radar signal Radar Channel PRI T Radar waveform s
= S e—jZT[[Tir]gt
Z)S(t pT) [%rle) Propagation paths ¢ Symbols g
p:
Transmitted L Radar targets L Time delay ©
o Communications channels
P-1K-1 o Subcarriers K Attenuation o
Z Z [g,], e=/2mkAS E=pT) [aclq8(t = [Tlq )e_Jzn[vC]qt
520 =0 - =0 Transmitted pulses P Doppler v
L-1 Q-1
— —j2 + —-j2 +
Wy = ) [a],[s],e - 2rmlzletplvile) 4 Z [a]q[gp]ne /27 CITda*Plvel)
£=0 q=0

Unknown variables: set of channel parameters {t,., v,, a,., T;, V., &} and the

transmit signals s, g




System Model

Assumptions

» The channel parameters are normalized continuous-valued. T, V,, &, T, Ve, & € [0, 1]
» The transmitted signals lies in a low dimensional subspace (J<<M (lifting trick)
s=Bu -B e CM,ueC/ |g=Dv - B € CMP*PJ y € CcV/

» The channels are sparse L,Q << MP
Linear Sensing Model

» The discrete signal model with the lifting trick can be written as follows

y =R,.(Z;) +R(Z;)
Where X, and X are linear operator

» Z. and Z are rank-one matrices containing all the unknown variables, defined as:

L—1 0—1
Z, = Z[ar]fa(r{’)ul—lr Z. = Z [ac]qa(cq)vH
£=0 q=0

where a(r) = a([qj, v]) = [e (—j27T(—NT,(O)v), ) e(_jZH(_NT;(O)V)’ r) e(_jZH(NT'(P—l)V)]
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Atomic norm minimization framework

»Leveraging the of the channels, we use ANM framework for

estimations of channel parameters.
> We define the atomic sets as > The corresponding atomic norm are given by
— H. 2 —
Ay ={ua@ir e D% ull, =1} iz, = in Tl el 12, = Solalealrut)
r [ar]ere€[0,1]2,|[ul],=1

A: = {va@)":c € (0,02 |wll, = 1} 12l ,, = inf, (% llaclyl |2 = Zqlaclqa(cq)v"}

[aC]q’CqE[Oll]zl“v”Z:l

> The primal optimization problem is given by ﬁm
migrizrrlcize|lzr||cﬂr + ||ch|ﬂcsubject to y= K,.(Z,) +R.(Z,) ,,\ny T

E. Vargas, K. V. Mishra, R. Jacome, B. M. Sadler and H. Arguello, “Dual-Blind Deconvolution for Overlaid Radar-Communications Systems,” arXiv preprint arXiv:2208.04381, 2022.
E. Vargas, K. V. Mishra, R. Jacome, B. M. Sadler and H. Arguello, “Joint radar-communications processing from a dual-blind deconvolution perspective,” IEEE ICASSP, 2022.



Dual problem and SDP formulation

»The dual optimization problem allows to locate the off-the-grid parameters
via positive trigonometric polynomials.

»The dual optimization problem is given by

Dual variable

maxiqmize(q, y)r subject to ||N;i(q)||cﬂr <1, ||N’g(q)||cﬂc <1

»The dual problem can be casted to a SDP problem via the Bounded Real Lemma
Gram matrix
Q Q,’!] “o, [ Q Q!

maximize(q, y)r subject to —
q,Q a Q. I Q. Ip

] #0,Tr(0,8Q) = &,

» Trigonometric Polynomials

f+(r) = Qra(®) eR’ | f.(c) = Q.a(c) € RY
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Dual certificate and recovery guarantee

Let R = {rg}gj;g and C = {cq}{Q = ,Z., Z. is the unique solution if

|1 (M| = M| <1, r € [0,1]A\R
||fc(c)|| =1,c €C, ||fc(c)|| <1lce [0:1]2\6

We can recover Z, and Z, precisely with a probability of 1 — § given by

MP > ¢Jumax (L, Q)log? (?) max <log (@) ,log (@))



Localization for single Rx

® True parameters
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Courtesy: The Expanse (Season 5)
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The tight-beam backscatter was probably a communication
we picked up with Marco.

Practical Issues with DBD




Practical Issues: Lack of Synchronized transmission

Synchronized tranmission Unsynchronized transmission
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> Rx signal » SDP formulation mirgrglize lg — | subject to

I E = diag (113,1 ® é(rs)) ’ Q | 61121 > Q 6{‘1
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Multiple emitters

> Rx signal

Practical Issues

K, K,
y= ) Re(Ze)+ ) N (20)
=1 =1

» SDP formulation

maxiznize < q,y >p subject to

q,
SH ~H
[NQ erl ? 0’ [~Q QCl ] ? 0,
Q., I Qc, uclpy
~H ~H
~Q Qry, -0, [~Q cK_C] =0
Qry, I Qcy,  Hclpy
Tr(©,Q) =0

Noisy measurements

> Rx signal

y = NT(ZT') + NC(ZC) + w
lwllz < u

» SDP formulation

maﬁigﬁze(q, VIr — ullqll3

subject to

Q 0of
S
Qe @

Q. Ipy

7 0,

7 0,

Tr(©,®Q) = &,



Multi-Antenna Co-existence
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Numerical Experiments
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The decoy ships will jump into the enemy star system at extreme radar range from the Cylon asteroid

IRS-Aided ISAC
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IRS-Based JRC
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Intelligent Reflecting Surfaces (IRS)

) Meta surface consists of massive near-passive elements | [} |ncreased signal strength in LoS

1 Each element can change the phase of impinging signals
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Representative Results
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Emerging Distributed JRC/ISAC Trends °
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