Introduction of Research on
Wireless Transmission Theories and
Technologies

Linglong Dai

- . . . * -~ Frrane.

Department of Electronic Engineering, &8

Tsinghua University

June 2019



Outline

Lab introduction

Research works

Results and awards

Future works

Linglong Dai: Introduction of Research on Wireless Transmission Theories and Technologies 2/23



Affiliation

® Department of Electronic Engineering, Tsinghua University
» University ranking: No. 17 in the world (No. 1 in China), QS 2019
> EE ranklng No. 12 in the world (No. 1 in China), QS 2019

o Beumg Natlonal Research Center for Informatlon Science and
Technology
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Research directions

® \Wireless transmission theories and technologies

» 5G/6G wireless communications
v Massive MIMO
v Millimeter-wave/THz communications
v New waveforms (NOMA, FTN, OTFS, etc.)
v Reconfigurable intelligent surface (RIS)
v Channel coding (LDPC/Polar codes)

» Machine learning for wireless communications
» Compressive sensing for wireless communications
» Advanced prototype and demo platform

1980s 1990s 2000s 2010s
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Research group

® Professors ® Postdoc ® Secretary

Linglong Dai: Introduction of Research on Wireless Transmission Theories and Technologies 5/23



Research feature

® Consider both the basic research as well as the major industrial
applications

» Basic research on the fundamental theory with international academic
Impact, as well as the potential applications in strategical industry of
China

» Supported by governments (e.g., 973 plan, 863 program, NSFC, etc.) as
well as industry (e.g., British Telecom., Huawei, China Mobile, etc.)

® Major projects
» The first group of 863 Projects on 5G Research (2014-2016)
» The first group of Major Projects on 5G commercialization (2018-2019)
» Principle investigator (PI) of many national projects from NSFC, MOST
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International cooperation

Collaborator

1 UK

2 USA
3 USA
4 USA
5 Japan
6 Korea
7 Canada

University of
Southampton

The University of
Texas at Austin

University of
Wisconsin-Madison

Columbia
University

Tohoku University

Seoul National
University

University of
Waterloo

Prof. Lajos Hanzo
Fellow of the Royal
Academy of Engineering
IEEE Fellow

Prof. Robert Heath
|IEEE Fellow

Prof. Akbar Sayeed
IEEE Fellow

Prof. Xiaodong Wang
Fellow of the National
Academy of Sciences

Prof. Fumiyuki Adachi
One creator of WCDMA
IEEE Fellow

Prof. Byonghyo Shim
Expert in Wireless

Prof. Sherman Shen
Fellow of the Royal
Society of Canada

IEEE Fellow

1 joint project (finished)
8 joint papers

Co-supervisor of a Ph.D. student

4 joint papers

Co-supervisor of a Ph.D. student

3 joint papers

Co-supervisor of a Ph.D. student

4 joint papers

5 joint papers

1 joint project (ongoing)
5 joint papers

Co-supervisor of two Ph.D. students

1 joint paper
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Example: Research on massive MIMO

Pilot design and downlink channel estimation based on compressive sensing

Uplink pilot decontamination based on graph coloring
Low-overhead codebook design based on channel subspace
Efficient channel feedback based on low-rank matrix completion
Low-complexity uplink multi-user MIMO signal detection
Energy-efficient SIC-based hybrid precoding design
Performance analysis of massive MIMO with practical constraints
Integration of massive MIMO with mmWave, THz, NOMA, lens antenna, etc.

Base Station

Downlink L&Hﬂ'fﬁﬂ

pilot design

Uplink multi-user
Detection

Upnlink channel

estimation

(Hybrid)
precoding

Massive
MIMO
channel

Uplink pilot
design

N
&

Uplink channel

Users

Downlink channel

estimation

7/

55

feedback
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Books

® Publish 1 book and translate 1 book

Jonathan Rodriguez
Linglong Dai
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Compressive Sensing for Wireless Networks
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Paper publication

® Publish 112 papers (70 journal papers and 42 conference papers)
® 62 IEEE journal papers (IEEE TSP/JSAC/TWC/TCOM, etc.)
® 13 papers on IEEE Journal on Selected Areas in Communications

(IF: 8.085)

IEEE
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Paper publication

® Top 10 out of 89 SCI journals in the area of telecommunications

Rank

1
2

© 00 ~N O OoO1

10

Journal

IEEE Communications Surveys & Tutorials
IEEE Communications Magazine

IEEE Wireless Communications

IEEE Journal on Selected Areas in
Communications

IEEE Internet of Things Journal

IEEE Network
Vehicular Communications
IEEE Transactions on Wireless Communications

IEEE Vehicular Technology Magazine

IEEE Transactions on Vehicular Technology

IF 2017 No. of papers

17.188
10.435
8.972

8.085

7.596

7.230
5.108
4.951

4.429
4.066

2
4
2

13
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Paper citation

® Google scholar citation: 7200+, Highest citation: 1200+

® ESI Top 1% Highly Cited Papers: 13

® ESI Top 0.1% Hot Paper: 3

® The citers include 8 academicians from U.S., Canada, U.K., 10
Editors of the top IEEE journals, and 60 IEEE Fellows

Linglong Dai o \ HERF PR AR | |
Associate Professor, Department of Electronics Engineering, Tsinghua University, Beijing,
China
7£ tsinghua edu cn FYEEFHBHEZHIAE - EH 3 |FREk
Wireless Communications  Signal Processing Massive MIMO  Millimeter-Wave Communic...
Non-Orthogonal Mutiple Ac.. 2t 2014 4
Bl 7265 7068
ol Ellz: P51 Fi h 1% b 44
10 $58 104 102
Non-orthogonal multiple access for 5G: solutions, challenges, opportunities, and future 1208 2015
research trends 2200
L Dai, B Wang, Y Yuan, S Han, | Chih-|
EEE Communications Mag .
1650
Energy-efficient hybrid analog and digital precoding for mmWave MIMO systems with large 379 2016 o
antenna arrays 100
X Gao, L Dai, S Han, h
EEE Journal on Selected Areas in Communications 34 (4), 998-1009 I 550
Millimeter wave communications for future mobile networks 259 2017 =N I 0

M Xiao, S Mumtaz, Y Huang, L Dai

Y Li, M Matthaiou, GK K nidis,

MmWave massive-MIMO-based wireless backhaul for the 5G ultra-dense network 225 2015
Z Gao, L Dai, D Mi r

EEE Wireless Communications 22 (5), 13-2

Spatially common sparsity based adaptive channel estimation and feedback for FDD massive 194 2015
MIMO

Z Gao, L Dai, Z Wang, S Chen

EEE Transactions on Signal Processing 63 (23), 6169-6183

Spectrally efficient time-frequency training OFDM for mobile large-scale MIMO systems 192 2013
L Dai, Z Wang, Z Yang

EEE Journal on Selected Areas in Communications 31 (2), 251-263
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Patents

® 10 granted patents

No. Title Number
FHER £ 1E 32805 & F R Gt hrY CP-
1 OFDM B EHIS & BT Z1.200810118118.9
TOA ENMBIEIHFERETZM T FEN
2 i i Z1.200910237602.8

3 FiTZ A PRER B35 ZUHEN 5 Z1.201010129747.9

4 &Fr- ﬁ%?ﬂﬂﬁ@m%giﬂéﬂmﬁ EREE S 5010102185324

5 ET B —4E7)I1 2580 OFDM RT3 ZL 201110124559.1

6 ETYREEERARNELMSE Z1.201110188004.3

7 BT ERBMIEILHTDS-OFDMIE #i/SE  ZL201210054244.9

8 — KRS 75 75 R EK RS 88 Z1.201310174342.0
E TS E=rHE XM FHEMIMO-OFDM

9 Jrariis Z1.201410025293.9
{FEFHEE X RS R E EERANEE

10 pichiaspres ZL.201310745257.5

date

2011-12-28

2012-02-08

2013-01-30

2013-06-05

2013-08-07

2014-01-29
2014-07-02
2016-06-22
2017-01-11

2017-02-15

Inventors

Jian Fu, Linglong Dai, Jian Song, Jun
Wang, Jintao Wang, Zhixing Wang

Zhaocheng Wang, Linglong Dai, Jun
Wang, Zhixing Yang

Jian Song, Linglong Dai, Jian Fu,
Zhixing Yang

Zhaocheng Wang, Depeng Jin, Yong
Li, Linglong Dai, Changyong Pan

Zhaocheng Wang, Linglong Dai,
Zhixing Yang
Zhaocheng Wang, Ruifeng Ma,
Linglong Dai, Zhixing Yang
Zhixing Yang, Linglong Dai,
Zhaocheng Wang, Changyong Pan
Chen Qian, Linglong Dai, Zhaocheng
Wang
Linglong Dai, Zhen Gao, Chao Zhang,
Zhaocheng Wang
Linglong Dai, Zhen Gao, Chao Zhang,
Zhaocheng Wang

Linglong Dai: Introduction of Research on Wireless Transmission Theories and Technologies

13/23



Patents

® 10 issued patents

No.

1

10

Title

— L E K Large-Scale MIMO R LM 4 SHESHEC
BERGEMITHAEMEE
—FZ K Large-Scale MIMO RN ER S0

S

{EE 2B R FEMIMOERLE R 75 3%

Interference Coordination of Small Cell Cluster in
Ultra Dense Networks (UDN) with Base Station

(BS) Assisting Information

—MMRERBREXRBEREZER LT TR

—HET F=ENBARIT %

ETHRENESRSILITHE

Multi-Resolution Beam Management in
Millimetre-Wave Communications Systems for 5G

R AR BEFERIRBUR SRR BISIA

—MFD-MIMORZHHEEF SIS %

Number

201410099131.X

201410140828.7

201510050035.0

FAI16GB3312X

201610839401.5
201610056982.5
201610074557.7
201810589433.3
201710034980.4

201710030892.3

date

2014-03-17

2014-04-09

2015-01-30

2016-04-30

2016-06-24
2016-07-24
2016-09-25
2018-06-08
2017-01-18

2017-02-22

Inventors
Linglong Dai, Zhen Gao, Zhaocheng
Wang

Linglong Dai, Zhen Gao, Zhaocheng
Wang

Xinyu Gao, Linglong Dai, Zhaocheng
Wang, Jinhui Chen

Yang Yang, Linglong Dai, Yuan
Zhang, Richard MacKenzie, and Mo
Hao

Xinyu Gao, Linglong Dai, Sen Wang,
Shuangfeng Han, Chih-Lin I

Wengian Shen, Linglong Dai, Yi Shi,
Leiming Zhang

Linglong Dai, Chen Hu, Jianjun Li,
Yi Shi, Leiming Zhang

Linglong Dai, Wenqgian Shen, Jianjun
Li, Richard MacKenzie, and Mo Hao

Xinyu Gao, Linglong Dai, Yi Shi,
Leiming Zhang

Jianjun Li, Linglong Dai, Sen Wang,
Shuangfeng Han, Chih-Lin
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Awards

2018 IEEE ICC Best Paper Award (Top 1.5%)
2017 NSFC Outstanding Young Scholar Award

2017 IEEE VTC-Fall Best Student Paper (Top 0.2%)
2017 IEEE I1CC Best Paper Award (Top 1.2%)

2016 URSI AP-RASC Young Scientist Award
2015 IEEE Trans. Broadcast. Best Paper Award
2014 IEEE I1CC Best Paper Award (Top 1.8%)

2016 Electronics Letters Best Paper Award (Top 0.1%0)

2018 IEEE ComSoc Asia-Pacific Outstanding Paper Award

2017 IEEE ComSoc Asia-Pacific Outstanding Young Researcher Award

SIEEE 2013 C S < IEEE .Q PARIS  CoSoc

5113 JUNE - BUDAPEST, HUNGARY w2017

BEST PAPER AWARD BEST PAPER AWARD

Y 5o ons so Signal Processing for Communications
EX‘I:E”DS ITS CONGRATULATIONS
Rk | s —

AoD-adaptive Subspace Codebook for
Channel Feedback in FDD Massive MIMO Systems

Wengian Shen, Linglong Dai, Guan Gui, Zhaocheng Wang,
Robert Heath Jr. and Fumiyuki Adachi

Gualiang Xue

oy, Presicent ‘Guollang Xus, IEEE Communications Socket, VP - Conforsnces

TEEE NTC017.Fal

Q

V1C2017- Full

TDRDIV TD
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Awards

® 2013 IEEE ICC Best Paper Award (Top 1.3%)

® 2013 National Excellent Doctoral Dissertation Nomination Award

® 2013 Excellent postdoctoral (Top 0.8%o)

® 2012 Beijing Excellent Doctoral Dissertation Award

® 2011 Excellent graduates of Tsinghua University

® 2011 Tsinghua Excellent Doctoral Dissertation Award

® 2011 Academic Star of Tsinghua (Top 0.05%0)

® 2010 First price of GE Technology Innovation Award

® 2010 First class of comprehensive scholarship

® 2009 Outstanding student leaders @ (4
i o, provia -
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Projects

No.

10

Project name
Wideband Transmission Theory and Technologies

Key Signal Processing Technologies for 5G
Millimeter-Wave Massive MIMO with Lens Array

New Multiple Access Technique with Massive
Connectivity and Low Latency for 5G

Research on Non-Orthogonal Multiple Access
(NOMA) for 5G

Low-Cost Architecture for High-Frequency
Communications

Basic Theory for Capacity-Approaching and Highly
Reliable Broadband Spectrum Communication

5G System Design, Key Technology Research and
Standardization

Green Heterogeneous Sensor Networks Based on
Broadcasting for Smart City

Spectrum-Efficient TFT-OFDM Based on Time-
Frequency Training
Transmission Mechanism and Channel Capacity
Analysis of Broadband Spectrum Communication

Project source

National Natural Science
Foundation of China

Royal Academy of
Engineering, UK

Korea National Research
Foundation, Korea

National Natural Science
Foundation of China

Huawei

National Key Basic
Research Program

China Mobile

China MOST

National Natural Science
Foundation of China
National Key Basic
Research Program

Time

2017/01-2019/12

2017/04-2019/03

2017/03/-2019/02

2016/01-2019/12

2018/09-2019/09

2015/01-2017/12

2015/04-2016/04

2015/04-2017/03

2013/01-2015/12

2013/01-2014/12

Role

Pl

Pl

Pl

Pl

Pl

Pl

Pl

Pl

Pl

Pl
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Academic services

Editor, IEEE Transactions on Communications (IF: 4.058)

Editor, IEEE Transactions on Vehicular Technology (IF: 4.066)
Area Editor, IEEE Communications Letters (IF: 1.988 )

Co-Chair, 5G Signal Processing of IEEE Communications Societ
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Academic services

® Guest Editor, IEEE Journal on Selected Areas in Communications

(topic: mmWave communications) (IF: 8.085)

IEEE JOURNAL ON

SELECTED AREAS IN Guest Editors
COMMUNICATIONS

TED AREAS IN COMM

S HOME » CALL FO

FLTURE MOBILE N

=

MILLIMETER WAVE COMMUNICATIONS FOR FUTURE MOBILE NETWORKS

CALL FOR PAPERS HOME

o+ MILLIMETER WAVE COMMUNICATIONS FOR Ming Xiao, Royal Institute of Technology, Sweden, Email: mingx@kth.se
Shahid Mutmtaz, Campus Universitario de Santiago, Portugal, Email: smumtaz@av.it.pt

ll@tsinghua.edu.cn

IEEE JSAC Special Issue on Millimeter Wave Communications for Future [T 1ol
Mabile Networks

Yonghui Li, University of Sydney, Australia, Email: yonghui.i@sydney.edu.au

. CALLFORPAPRS Michail Matthaiou, Queen’s University Belfast, UK, Email: m.matthaiou@qub.ac.uk

zatian of smart terminals with emerging new applications, future celular

he Sth generaton (5G) wirele=s communcation networks snd beyond, sre . SUBMITAMANUS George K. Karagian

, Aristotle University of Thessaloniki, Greece, Email: geokarag@auth.gr

ez by vary high rates an 8 e Syshem cacty. Thus,thrs are Surrg I o i o i
demands on the new techriues supportig signfcanty Ngner rates, compares ta the stoe of the. [ERAANANETONY Emil Bjérnson, Linkdping University, Sweden, Email: emil.bjornson@liu.se
ot A promiing e at rereae h s s 1 i g bt P o ver

i equres o go t ighar e encs, sspacaly o milmatar wave (misue) spectr [T AURON Theodore S. Rappaport, New York University, USA, Email: tsr@nyu.edu

{30-300 GHz) to provide mURL-Gign and 5k per second ((Gbos) rates. Other advancages of
mmWave include imited inter-cel interference, low trensmission latency, and mproved securty.  [ISESTESITNNCTI]
Despite the bensfits, we need Lo address many challenges in arder to make mmWave practically

feasible, such a5 strong blockages for directional signak, Imited the multiplexing gaire, comglex hardware complexity and igh energy

Chih-Lin I, China Mobile, China, Email: icl@chinamobile.com

Amitava Ghosh, Nokia, USA, Email: amitava.ghosh@nokia.com

consumpton etc. The main goal of this specal issue & to expiore new ideas and developments to address these challenging problems. of Kai Yang, Huawei Resea rch, USA, Email: kai yang@ huawei.com

mmIWave communications far fulure celLiar netwarks. The pUIPose i Nat anly ta serve &s & calctien of recent develapments of mmViave
but 3ks0 to inspire to contrbute In this exciung and promising fil, The topics of Interest nciuds, but 2re
rot limited to the folowing aress of mmWave communications:

® |eading Guest Editor, IEEE Wireless Communications (topic:

orthogonal multiple access) (IF: 8.972)

IEEE

WIRE LESS cvrsr eptrons

COMMUNICATIONS

HOME » IEEE WIRELESS COMMUNICATIONS HOME » CALL FOR PAPERS » NON-ORTHOGONAL MULT

Linglong Dai (Lead)

NON-ORTHOGONAL MULTIPLE ACCESS FOR 5G Tsinghua Universtty, China

CALL FOR PAPERS daill@tsinghua.edu.cn

In the 5th generation (5G) of wireless communication systems, hitherto unprecedented .

requirements such as high spectral efficiency, massive connectivity, and low latency are expected Naofal Al-Dhahir

to be satisfied. As a promising technigue to address these challenges, non-orthogonal multiple University of Texas at Dallas, USA

access (NOMA) has been actively investigated in recent years. Unlike conventional orthogonal
multiple access (OMA) schemes, the key idea of NOMA is to support multiple users by non-
orthogonal resource allocation, and hence introduce a controllable amount of inter-user
interferences that can be mitigated with the aid of sophisticated multi-user detectors at the cost of George K. Karagiannidis
increased recsiver complexity. Recently, various novel NOMA schemes have been extensively Aristotle University of Thessaloniki, Greece
investigated for 5G, such as pewer-domain NOMA, code-domain NOMA including multiple access g
solutions relying on low-density spreading, sparse code multiple access, lattice partition multiple geokarag@ece.auth.gr

access, multl-user shared access, as well as pattern division multiple access. Moreover,

standardization work on NOMA has been started in 3GPP under the name multi-user superposition

transmission (MUST). The NOMA principle has also been recently standardized by the next Robert Schober

generation digital TV standard ATSC 3.0 under the term layered division multiplexing (LDM), and Friedrich Alexander University, Germany
related field test results have demonstrated significant gains in spectral efficiency.

aldhahir@utdallas.edu

robert.schober@fau.de

Zhiguo Ding
Lancaster University, UK
z.ding@lancaster.ac.uk

Chih-Lin I
China Mobile, China
icl@chinamobile.com

Ioannis Krikidis
Cyprus University, Cyprus
krikidis.ioannis@ucy.ac.cy

non-
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Prototype 1: Wireless communication with large antenna array

® Wireless communication based on 256-element large intelligent

surface

» New antenna array design and verification at 2.3 GHz
» Real-time VR video transmission

256-element surface array at the BS Real-time video Demo
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Prototype 2: DL-based millimeter-wave communication

® Deep learning (DL) based mmWave communication

» DL-based end-to-end communications
> 256-element antenna array
> 28 GHz, 1.6 Gbps

=
T NATIONAL
"INSTRUMENTS

Exhibit@IEEE ICC 2019, May 2019 Real-time video Demo
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Research plan

® 6G technologies
» THz communications, RIS, OTFS, Polar codes, etc.

® Machine learning for future wireless communications
» ML-based algorithm design (signal detection, precoding, channel
estimation, codebook design, channel feedback, etc.)
» ML-based architecture design (joint receiver design, autoencoder-based
joint transceiver design, etc.)

® Prototype for THz and ML
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Reproducible Research: http://oa.ee.tsinghua.edu.cn/dailinglong/
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