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The Marconian Legacy...
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My Current Lab
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Wireless Past, Present &
Futures...



Overview

Wireless Past, Present & Futures

History & Motivation of RadCom - Hardware Co-design
Beyond Spectrum Sharing

What Will 6G Be?

From Conflicting Design Trade-offs to Fully-Fledged
Pareto-Optimal RadCom

The Future?
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® Liu, Qin, Elkashlan, Ding, Nallanathan & Hanzo: Nonorthogonal Multiple
Access for 5G and Beyond, Proceedings of the IEEE, 2017
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Dual-Function Radar & Comms (RadCom) History

1963 —

1994
1996

2003 4

2010 1

2013
2016

2019

The world’s first DFRC scheme is proposed in [85], in which the communication bits are modu-
lated on the radar pulse interval

The first patent on MIMO communication system is granted [94].

The Advanced Multifunction RF Concept (AMRFC) Program [41] is initiated by the Office of
Naval Research (ONR) of the US.

/ The first DFRC scheme that exploits chirp signals is proposed [86].

/

The concept of the collocated MIMO radar is proposed [99].
The HAD structure is introduced into MIMO communication [115].

T. L. Marzetta’s seminal work [122] on massive MIMO communication is published

The concept of the phased-MIMO radar is proposed [120], which achieves a balance between
phased-array and MIMO radars.

The OFDM based DFRC signaling scheme is proposed [91].

NYU WIRELESS’s landmark paper [22] on mmWave mobile communication is published.

DARPA launches the project “Shared Spectrum Access for Radar and Communications (SS-
PARC)”, which aims at releasing part of the radar spectrum for use of commercial communication

The first information-theoretical analysis for the DFRC sysiem is presented [40].

__—— The HAD technique is applied to the mmWave massive MIMO communication system [116].

The first signaling scheme for MIMO DFRC systems is proposed [106], where communication
data is embedded into the sidelobe of the MIMO radar beampattern

__ This work proposes to combine both the phased-MIMO radar and the HAD communication
techniques for designing mmWave massive MIMO DFRC system.
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Historic Preamble...
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Is RadCom Only On About
Spectrum Sharing or Hardware
Sharing?
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'Killer’ Applications...

Service’s Intent Abstraction

Service’s Intent Translation

Service Decomposition
Intelligent Emergency Immersive

Transportation Rescue Tourism

Distributed

Satellite

Cooperative Controller
Control =\ Knowledge
Layer chedule Abstract

Micro- Micro- Micro-
service, service, service;
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Spectrum Sharing

Super Data Layer Above 6 GHz
e¢MBB Addressing specific use cases 800 MHz assignments
requiring extremely high data rates (contiguous)
eMBnlzI\:J-]BCL LG, Coverage and Capacity Layer 2-6 GHZ
(wide area but Best compromise between capacity 100 MHz assignments
and coverage (contiguous)

no deep coverage)

eMBB, URLLC, Over-sailing Layer Below 2 GHz
mMTC Wide area and deep indoor coverage Up to 20 MHz
paired/unpaired

SOURCE

4G & 5G Spectrum Sharing: Efficient 5G Deployment to Serve
Enhanced Mobile Broadband and Internet of Things Applications
by Wan, Guo, Wu, Bi, Yuan, Elkashlan & Hanzo, IEEE VTM, 2018
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Hardware Sharing:

1/ Joint Waveform Design (PAPR, ACF, CCF);
2/ Synchronization;

3/ MIMO;

4/ ML/AI in the Face of Uncertainty

Nas A L] Scaterers
RF Chain 1 e "‘?"”35 in comms IYiAvw(ennas
3 channel
RF Chain 2 3 //.’ N
< / \
< l’ A \ —
—, \ ! &
RF Chain Nrr ‘4 /i
S~ > 3
DFRC BS @ Targotof Interost A Target not of Interest UE

SOURCE
@ Joint Radar and Communication Design: Applications,
State-of-the-Art, and the Road Ahead, (©IEEE Liu, Masouros,
Petropulu, Griffiths & Hanzo IEEE TCOM, 2020

@ Mobile Radio Communications by Steele & Hanzo, 1999, Chapter 2,

Bello Functions
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The Future - What Will 6G Be?
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Maritime
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SOURCE

Towards 6G wireless communication networks: Vision, enabling
technologies and new paradigm shifts, Science China, 2020 (©)You, Wang
... & Hanzo
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So, Dr Shannon - which MIMO is best for RadCom?

C = B - log(1+ SINR)

A *Diversity — STBC, etc. ’_\ A *Multiplexing — BLAST, etc. ’_\

Y Y Y
Tx /27 Rx |TX|52YﬁX |Rx|
. /L J

(‘ *Beamforming ~N A *Space Division Multiple Access "\
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ﬂ _ CIR, Y
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The Pathloss Escalates vs. the Carrier Frequency
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Zheng, Zhao, Mei, Shao, Xiang & Hanzo: Survey of
Large-Scale MIMO Systems, IEEE Communications
Surveys & Tutorials
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No. of Antennas Required for Compensating the Pathloss
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Separate vs. Joint Beamforming

T t
Target arge

LLL0011) LI

N, Radar Antennas Nc Comms Antennas

Separated Deployment Shared Deployment

SOURCE

@ MU-MIMO Communications With MIMO Radar: From
Co-Existence to Joint Transmission Liu, Masouros, Li, Sun & Hanzo
IEEE TWC, 2018
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Separate vs. Joint Beamforming; SINR=10 dB; K=4;
Nr=14; N=6; PSLRs are 7 and 15 dB

Separated Deployment Shared Deployment
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SOURCE

@ MU-MIMO Communications With MIMO Radar: From
Co-Existence to Joint Transmission Liu, Masouros, Li, Sun & Hanzo
IEEE TWC, 2018
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The Future: Pareto-Optimal Multi-Functional MIMOs
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SOURCE

@ Near-Capacity Wireless Transceivers and Cooperative

Communications in the MIMO Era, by Hanzo et al. Proc. of the
IEEE, 2011
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Fully-Fledged Pareto-Optimal RadCom

SOURCE

@ Thirty Years of Machine Learning: The Road to Pareto-Optimal Wireless
Networks, (©Wang, Jiang, Zhang, Ren, Chen & Hanzo IEEE COMST,
2020

@ Joint Radar and Communication Design: Applications, State-of-the-Art,
and the Road Ahead, ©IEEE Liu, Masouros, Petropulu, Griffiths &
Hanzo IEEE TCOM, 2020
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Pareto-Optimal RadCom Futures...
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Pareto-Optimal RadCom Transceiver Design

Available Techniques

Multi~dimensional PSK Channel Coding Channel DEC
OFDM Spere Packing QAM CC.TC, LDPC SOVA, MAP
Modulation TCM RA. RS, BCH. MAX-LOG

Kernel Problem

limited resou unlimited QoS is desired

Design Conflict
Trade-Off

b

Constraints

y

Design

Relay aided
Scheduling

Multi-function
Beamforming

MIMO

Non-Coherent|
Sevices

Schemes

SDR Design | | ete. |

SOURCE

@ Near-Capacity Wireless Transceivers and Cooperative
Communications in the MIMO Era, by Hanzo et al. Proc. of the
IEEE, 2011
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