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1.1

International Summer School of Wireless Communication Principles and Key
Technologies

1.2.

School of Information Science and Engineering, Southeast University

1.3.

32 2 /

This international summer school is based on the overall strengths of information
subject of Southeast University (SEU). It adheres to academic-orientation and
strengthens development training by integrating general education, professional
education, academic exchange, and innovation & enterprise education, thus enabling
overall improvements of students’ comprehensive quality. The theme of the summer
school is the basic principles and technology frontiers of wireless communication
systems. Three English courses are included, i.e., Introduction to Wireless
Communication System, Mobile Fading Channel Modeling, and Frontiers of
Microwave, Millimeter-wave and Terahertz Technologies. Five SEU teachers, nine
oversea teachers, and four company teachers will participate in this project. Each course
has five parts, including theoretical lectures, labs/tutorials, invited talks given by



international masters, invited talks given by industrial experts, and visits to state key
labs. From this international summer school, students will experience lectures given by
experts at home and abroad, be geared to teaching styles of international universities,
closely combine theory and applications, inspire innovative thinking and learning
enthusiasm, thus laying a solid foundation for future work and research in related areas.
Each course has 32 class hours and 2 credits. Course certificates are available for
international students and non-SEU students in Chinese universities.

2.

2.1. Introduction to Wireless Communication System (
)

This course focuses on the fundamental theories and key technologies of wireless
communication system, along with process of digital signal modulation, transmission,
reception, and equalization techniques. Various modulation techniques will be
discussed, as well as the performance analysis methods. We will also introduce some
advanced topics in digital communications, such as channel equalization, channel
coding and pulse shaping, multiple access, and OFDM. Four invited lectures on
intelligent reflecting surface communications, green and intelligent communications,
and 6G wireless communication technologies will also be given.

2.1.1.
Platform:
Time Class Content Lecturer FreeConferen
ceCall

i;élén C1- | Introduction to Wireless Jie Huan Access code:
15’_ 35 C2 | Communication System g 635-508-3

John Thompson’s lecture:
5-Jul _Oven_new of green a_nd J0hn Access code:
16:00- C3 | intelligent technologies Thomoson 635-508-3
16:45 for  future  wireless P

systems
5-Jul ca- Digital _ Signal _ Access code:
18:30- Cs Modulation and Jie Huang 635-508-3
20:05 Demodulation
11-Jul C6- | Digital Signal Jie Huang Access code:




15:50- C7 | Modulation and 635-508-3
17:25 Demodulation
12-Jul . :
) C8- | Capacity of Wireless . . Access code:
15:50- Junling Li
C10 | Channels 635-508-3
18:15
Wei  Zhang’s lecture:
14-Jul Intelligent reflecting Access code:
14:00- C11 | surface configurations for |  Wei Zhang '
: . 635-508-3
14:45 smart radio using deep
reinforcement learning
18-Jul
_ C12- .
15:50- C13 Experiments

17:25




2.1.2.

Summer Course: Summer Course:
Introduction to Wireless Communication Systems Introduction to Wireless Communication
Chapter 0: Introduction Chapter 0: Introduction
"Prof. Cheng-Xiang Wang, 'Dr. Jic Huang, ’Dr. Yunfei Chen, Prof. Cheng-Xiang Wang, 'Dr. Jie Huang, *Dr. Yunfei Chen,
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National Mobile Communications Research Laboratory National Mobile Communications Research Laboratory
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Py 5 Bandpass Real Signal vs. Lowpass Complex Signal

= A real-valued bandpass signal s(1) with the carrier frequency f, can
be represented by the lowpass complex envelope form:

s(1)=Re[ F(1)e” ™), F(1)=5,(0)+ jisg(r).

= ¢} is the complex envelope of the carrier modulated bandpass signal s(7)
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protect the source against errors introduced by the channel S Y

= The capacity depends on the fading model of the channel (constant channel,
engodic/block fading). as well as on the channel state information (CSI) available at
the transmitter and the receiver.

= Additive White Gaussian Noise (AWGN) channel: no fading WThe irellis dingram, by exploiting the repetitive structure, provides u
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2.13.

Wireless Communication System SEU Summer Class Report Yuxuan Liu_04021723

1)Introduction diodes, and different states such as "ON" or
The origins of RIS can be traced back to "OFF" can be achieved at different voltages,
_ _the studv of "metamaterjals.”. a.class_of . man- _. and the response fn_electrmagnetic.waves is
made materials with properties different from also different.
conventional materials. Studies have shown In actual implementation, artificial atoms
that te-propertieszof Lighi-amd electromagnetic.  ~ can—also-use- FIN Tubesg transistors;, MEMST—
waves can be changed through metamaterials, graphene,  temperature-sensitive  devices,
which cannot be done by natural materials, and photosensitive devices and other materials.
this effect has important applications in The two states of "ON" and "OFF" can
communication. correspond to 0 and 1 in the information world,
and by configuring these units as 0 or 1,
metamaterials have the ability to dynamically

encode.

Figure 1.1 Communication Process

As is known , the subject of

communication is the source (transmitter), the
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technologies, metamaterials have been widely Figure 1.2 Structure of Information Metamaterials
used to manipulate electromagnetic waves in
the past ten years. Early metamaterials have a Under different codes, information
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curing mode, can not control electromagnetic of different shapes through reflection, so as to
waves in real time, so we call it simulated achieve the purpose of dynamic manipulation
metamaterials. Later, metamaterials can realize of electromagnetic waves.
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Abstract

Movable antenna (MA) is a new antenna
architecture. Different from conventional
fixed-position antennas (FPAs), the positions
of MAs can be flexibly adjusted in a spatial
region for improving the channel condition,
which  enhances the communication
performance.
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Figure 1. MA system structure

In a given receive region, if the MA can

attaining higher array gains and mitigating

+ rapidly deployed at the position with the the multi-user interference more effectively.  be
ghest channel gain, the receive signal-to- However. since the antennas are deployed at  hi
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2.2. Mobile Fading Channel Modeling ( )

This course focuses on mobile fading channel modeling methods. A brief
introduction of mobile fading channel will be given, followed by channel statistical
properties, various channel model parameter computation methods, and different
channel modeling methods will be discussed. An overview of standard 5G channel



models is then provided. Meanwhile, 6G key technologies and challenges in channel
modeling will be investigated. Three invited lectures on vehicle-to-vehicle (V2V)
channel measurements and modeling, LiFi channel modeling, and channel model
evolution from 5G to beyond 5G will also be given.

2.2.1.
Class Platform:
Time Content Lecturer FreeConferen
ceCall

28-Jun Cl- Fun_damentals of Mobile Cheng-Xiang | Access code:
09:50- co Fading Channel Wan 635-508-3
11:25 Modeling g
29-Jun C3- Fun_damentals of Mobile _ Access code:
14:00- ca Fading Channel Jie Huang 635-508-3
15:35 Modeling
3-Jul Random Variables, ]
14:00- (é% Stochastic Processes, and |  Yang Miao Agggfgé:gge.
15:35 Deterministic Signals
4-Jul Characterization and _
14:00- %78 Modeling of Mobile | Yang Miao Aggg?;ggge'
15:35 Fading Channels
5-Jul Characterization and _
14:00- gfo Modeling of Mobile | Yang Miao Agg:?;ggie'
15:35 Fading Channels
6-Jul Characterization and _
14:00- %1112 Modeling of Mobile | Yang Miao Agggf;ggge'
15:35 Fading Channels
10-Jul 1 oy | Channel Model - Access code:
14:00- Cl4 Parameter Computation Junling Li 635-508-3
15:35 Methods
13-Jul

] C15- . . . Access code:
14:00- C16 Experiments Junling Li 635-508-3
15:35
17-Jul

_ C17- . . . Access code:
14:00- C1s Experiments Junling Li 635-508-3
15:35
2u s

' C20

15:35




17:25 Channel Models

Chao  Li’s  Lecture:
24-Jul Wireless channel model Access code:
11231% €2 | evolution from 56 to| MO 635-508-3

beyond 5G (5.5G)

ﬂ;gl C26- | Wireless Channel Models Jie Huan Access code:
16:35 | €28 |for5Gand Beyond g 635-508-3

A. F. Molisch’s Lecture:
28-Jul Evaluation methods and Access code:
10:00- C29 i A. F. Molisch '
10-45 modeling  aspects  of 635-508-3

channels

fi;gl C30- | Wireless Channel Models Jie Huan Access code:
15'_35 C31 | for 5G and Beyond g 635-508-3

31-Jul Harald Haas’s lecture:
21:00- C32 | Indoor LiFi channel | Harald Haas
21:45 modeling

Access code:
635-508-3

2.2.2.

Lecture Contents (1/2) Analog/Physical and Digital Channels

1. Fundamentals of Mobile Fading Channel Modeling (4 hours)

2. Random Variables, Stochastic Processes, and Deterministic Signals (2 hours) Apalog/nhysical channel...

3. Characterization and Modeling of Mobile Fading Channels (6 hours) + TherredlarHoking e
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Guideline and Introduction 5 -
Analog Wireless Channels Importance of Wireless Channel Research
* A typical macro-cell mobile radio communication environment: multipath effect = Channel characterization and modeling are the foundations of system design, theoretical
analysis, performance ion, and optimization of wireles ication systems.

® 6G channels have new characteristics in typical frequency bands and seenardos.

= 6G channel measurements and models are urgently needed!

s Summer Course: Mobile Fading Channel Modeling
- Chapter 1: Fundamentals of Mobile Fading Channel Modeling




Wireless Channel Model Evolution
from 5G to Beyond 5G (5.5G)

Channel & Spectrum Research Center

2 HuawEl
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Summer Course: Mobile Fading Channel Modeling
Guideline and Introduction
!Prof. Cheng-Xiang Wang, 'Dr. Jie Huang, *Dr. Yang Miao,
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'National Mobile Communications Research Laboratory
Sehoal of Information Science.and Ensioesring..,.
Seutheast Jmtumm-‘_ﬂalrjmgﬁqﬁ'na_

= “Eaculty-of Electrical Engineering, Mathematics and Computer.Seigng
University of Tivente, Enschede, The Natherlands
E maJJ r!g\'gagg@g ‘l&g &g ,hkmgﬁgggw‘dl_l,; L

suifiaker codiser Mokl ¢ elng,
Gruidelime-and Inum

o

Course Structure
= Lectures + Tutorials + Di: (32 hours+16 di
* Lectures (25 hours):

2 hpoess ablos stpohast

— R i e HEe

hours)

ppangess, andadete iz )

Flﬂeci‘:i_r m“ n[ MIMQ.,C.II.MD,BLMI}(!-?!S“W"‘

Predictive AU/ ML-based channel madel

Stored channel measurements ]—
r

A singhe realization of a stockastic model — 11

RT channel model

Relations Between Stochastic Processes, Random Variables,
Sample Functions, and Real (Complex) Numbers

Stochastic process
uin=pis) |

B, /

- RSGESM
o || esed Real (complex) nmnber

L 3 = RY Example 2.6: () = cos(27 fi 428 ~f~=—comst., #

- - Stochastic process

- I 5 i =cos(2Rfi+8)|
e z KBSM. Ammdpenl #=f=const. i=tg=const,/ \

CBSM -1 = = [ \ —
i u-_nuh—u —  Weichselberger model i iy [Samle RVjuty=cos2epp®)] [uc=cost
S, 0=6),

——+ Physial ansboesl e sl

Giao, 5. Salows. 2nd

el sification and cempagison of massive MIMO propegation
EE Ju. Things T oL 9.0, 23, pp. 234

eng. ¢
Dee. 2022, cf

'

L ——

Summer Course: Mobile Fading Channel Modeling
Relations Between the Correlation Functions for WSSUS Channels

Chapter 1: Fundamentals of Mobile Fading Channel Modeli
AL

a; ,u,, TA':—O \\—'V
(A
” QAN ? \‘M IA" 0

e e

B u,

Fig. 3.15: Fourier transform relations between the channel
correlation functions for WSSUS channels.
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2.2.3.

Summer Course: Mobile Fading signifies a fundamental shift in the design and
Channel Modeling operation of wireless networks.['l The central

tenets of Beyond 5G encompass ultra-reliable
Student Name:  25E[E (Zeyuan Niu) and low-latency communications (URLLC),

massive  machine-type = communications
(mMTC), enhanced $pectrum efficiency, and *
seamless integration of terrestrial and non-

Student Number: 04020131
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Course Report of Mobile Fading Channel Modeling

04020432 IpZ1E

bands that have not been traditionally used for

abstract wireless communication. As existing frequency

bands become congested due to the increasing

LiFi (Light Fidelity), also known as

2.3. Frontiers of Microwave, Millimeter-wave and Terahertz

Technologies ( )

This course introduces the fundamental knowledge and application of microwave,



millimeter-wave and terahertz techniques, as well as their recent developments.
Specially, the following contents are introduced in detail: the basic knowledge of
electromagnetic equations and electromagnetic waves; microwave network and its
applications; electromagnetic guided-wave theory and its applications, as well as its
applications in the advanced filter design; microwave and millimeter-wave techniques
in the next-generation satellite and 5G/6G communication systems; function-integrated
passive devices and antennas; new manufacturing techniques for millimeter-wave and
terahertz components, as well as microwave and millimeter-wave filters based on
additive manufacturing; high-power microwave technologies for satellite applications;
basic knowledge of radar system: advanced phased array radar technology and its recent
development. This course helps students master the basic knowledge of microwave,
millimeter-wave and terahertz technology, understand their applications, and establish
the “field” concept of microwave technology.

2.3.1.
Time Class Content Lecturer Location
Jiulonghu
03-Jul Fundamental Equatior)s _ campus J2-
09:50- C1- | of Electromagnetl_c Jia-Sheng 101;
11:25 C2 | Waves and Their Hong Tecent
Applications (Unit 1A) Meeting: 757-
996-544
Jiulonghu
04-3ul Fundamental Equatior)s _ campus J2-
09:50- C3- |of Electromagnetl_c Jia-Sheng 101;
11:25 C4 | Waves and Their Hong Tecent
Applications (Unit 1B) Meeting: 165-
343-195
Jiulonghu
05-Jul _ _ campus J2-
09:50- C5- Mlcrgwa_ve Netvv_ork and Jia-Sheng 101;
11:25 C6 | Applications (Unit 2A) Hong Tfecent
Meeting: 395-
510-980
Jiulonghu
06-Jul _ _ campus J2-
09:50- C7- Mlcr(_)wa_ve Network and Jia-Sheng 101,
11:25 C8 | Applications (Unit 2B) Hong T_ecent
Meeting: 182-
766-976
07-Jul C9- | Guide-Wave Techniques Jia-Sheng Jiulonghu




09:50- C10 |and Fundamental Hong campus J2-
11:25 Theories of Filters (Unit 101;
3A) Tecent
Meeting: 906-
248-822
Jiulonghu
08-Jul Guide-Wave Techniques . campus J2-
09-50- C11- | and . FL.Jndamenta.lI Jia-Sheng 101;
1125 C12 | Theories of Filters (Unit Hong Tecent
3B) Meeting: 762-
654-005
Microwave and Jiulonghu
09-Jul Millimeter-wave . campus J2-
09-50- C13- Technlqyes in thm.e Next Jia-Sheng 101;
1125 C14 | Generation Satellite and Hong Tecent
5G/6G Communication Meeting: 708-
Systems (Unit 4A) 102-179
Microwave and Jiulonghu
10-Jul Millimeter-w_ave _ campus J2-
09:50- C15- Technlqyes in th_e Next Jia-Sheng 101;
11:25 C16 | Generation Satellite and Hong Tecent
5G/6G Communication Meeting: 948-
Systems (Unit 4B) 478-941
Jiulonghu
29-3ul Developmept _ of campus J2-
14-00- C17- Meteo_rologlcal Satelll_tes Zhen-Hua Zhu 101;
17:25 C20 | and Microwave Detection Tfecent
Technology Meeting: 105-
785-531
Jiulonghu
30-Jul | ., | Introduction of Radar Hong-Chao caml%uls; I2-
14:00- Techniques and Relative
17:25 c24 Theory wu Tfecent
Meeting: 502-
641-862
Jiulonghu
31-Jul Introduction of Wireless campus J2-
C25- . . 101;
09:50- Energy Harvesting | Jiafeng Zhou
11:25 €26 Techniques (Unit 1A) T_ecent
Meeting: 288-
895-074
01-Aug co7- Introduction of Wireless Jiulonghu
09:50- C28 Energy Harvesting | Jiafeng Zhou campus J2-
11:25 Techniques (Unit 1B) 101,




Tecent
Meeting: 725-
616-588

07-Aug
09:50-
11:25

C29-
C30

Introduction of Wireless
Power Transfer
Techniques (Unit 2A)

Jiafeng Zhou

Jiulonghu
campus J2-
101;
Tecent
Meeting: 231-
848-474

08-Aug
09:50-
11:25

C31-
C32

Introduction of Wireless
Power Transfer
Techniques (Unit 2B)

Jiafeng Zhou

Jiulonghu
campus J2-
101;
Tecent
Meeting: 950-
921-951
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SEU Intermational Summer School ———

How to Design a Filter? @

* Real life experience

& ivivoor 050 a2
SEU Intsmatianal Summer School @ ‘SEU Intematonal Summer Sehoct —p—
About Myself Experiment Results
= Ajﬁﬁf:fgl’;‘mi‘:“anm Q The I?xperimenl Setup

- Energy harvesting
- Power amplifiers, filters and antenna arrays
- Metamaterials

+ Relevant experiences
- Microwave filters M‘s DMy
- Power amplifiers for 4G/5G Applications
- Antenna arrays for energy harvesting
~ Rectifier design for wireless charging

. FrﬂfESSiDE_‘*“:"

(=

Switch Clrcuir Management Circuit

f. 50 HZ

Voltage: 230V

Load: 135 kQ

diatena Zhou

SEU International Summer School

Butler Matrix for Energy Harvesting

¥ Butler matrix: more complex designs
 Couplers can also improve impedance matching

-3
E £ | Al-Polarized
Wideband

Wide Input Powar Rangs

o
{ Wide Load Range

5. 7. 80, L. sl "AllPolarised Wideband Rectenna with Brhanced
EMciuncy within Wide ingut Poswer and Load Ranges” [EEE TIE 2621

‘Six-Port Coupler for Rectifier

Jiafeng
10:58

SEU International Summer School

RF Reclifier with A Wide Dynamic Range

Using second-order brsifs < - ler[1]
achieve 23 dB of Eff higher 50% dynamic
range. (3dBm to 20 dBm).

Using adaptive power distribution network [2]
achieve 22 dB of EF. higher 50% dynamic
range. (-5 dBm ta 17 d&m).

11 ¥, Zhang, 2. Do aned 0. K “Hih

e B 27
121, Wamg and A, Mortacr, R Arey Wi edaptve Pwer kbt or Wide Dyramic e HI-0C Cormmsion.” 6
T o Mot Thic e Tchgocs 2113
LIVERPOOL

Nece sssary Phvsics and. Mifaths ®
1 » Series resonance and parallel resonance

- ' fmi.j iy 5
Fhei .

SEU International Summer School
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Report on Frontiers of Microwave, Millimeter-wave and

Terahertz Technologies-

JIANG Yuxue{04020104)+
[School af Information Science and engineering, Southeast Universicy, Narjing 210000, Ching)

Abstract: Microwave, millimeter wave, and terahertz techneologies have undergone rapid
development in recent decades, bringing revolutionary changes to fields such as communication,
microwave devices, radan and satellites. They are now one of the cutting-edge drivers promoting
human technological development. This article is based on the "Microwave, Millimeter Wave, and
Terahertz Frontier Technology” course of the International Summer School in 2023, Firstly, an
overall review of the course content iz provided. Subsequently, my learning zains baszed on the
various themes of the course is summarized. Finally, the report summarizes my own experiences

and experiences from participating in this course, |

Key words;microwaye: millimeter wave; terahertz
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Research of Electromagnetic Metamaterial

on Antenna.

04020212 Wang Yagi-

Abstract-Electromagnetic Metamaterial 1s one of the research focuses in the field of electromagnetic

—micrommve-and neasmaterigle seiece. The cme

manoe-af meterastarial-presder aensteckuisal

Gl InCE
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I. Introduction-

Electromagnetic phenomencn is a general
term for the electrical and masnetic properties of
matter. Electromagnetism stodies the interaction
between electric field, maonetic field and matter
and itz practical application Regardless of the
foorm in which electromagnetic  waves
propagate the electromagnetic characteristics of the
propagation medium play an important role. As is

well known, when electromagnetic waves

e T T O T e  w i e L e

refer to composite or hybnd materials that are
made by rigorous artificial desion according to
application requirements and arranged by periodic
or aperiodic artificial sub wavelength stroctural
waits. According to the equivalent medmm theory,
the electromagnetic properties of Metamatenial can
be determined by the equivalent dielectric constants
&r and equivalent permeability ur . By artificially
dezioning Metamaterizl elements, the equivalent
permuttivity £ and equivalent permeability u, at
resonance frequency can be calculated to design
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other polygons. The characteristic functions of
electromagnetic waves on different patch shapes

will vary, resulting in different transmission
BBk methods and radiation characteristics. The design

R L £ and analysiz of rectangular patches are relatively
iRzl () -

frid2 (AEFe

simple, maling it easier to use the fransmission
line model method for impedance matching. The

i IR ' t A el e Tl oA
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Fig2 2 Schematic diagram of (z) nght-hand and (k) 4 g //.,' /{F
laft-hand materials. S i "N

As showm in Fig 2.2, when an electromagnetic ] L 7
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MIMO OFDM



