PELERFRA LR 200265 ¥




PBLEZE X F§l & Fig

#1. REGTRREN

Bl

BEIEZ—TMESINTEN IR MMZONRZX TEER, H5F0NE
BEIETFNEEZAMNESHLENRENNA, BEIFMINGERBRERS.
BEIENEMEBELTNREFEFRNEEERRE RSCEMNE R LR ITE]
IR R AKMEEEMREHE BEIRIERTEREEZRLTLBENE
EEWERNBRAR, flLEBIERS, TEBMNEE2BEMNR BN
BN

L BEEMNBBEEEES T UEB BT B R EEHENFEHITEERH
H—M@EEATN, EEFEEEBREAETEIAER®R. NAR NMELELE
BN, ATENILTEE, TEENBERETESHE NZRAZHT
ARG ZRPAZWAZHERE. NEZWAZHERE. KMEZBASHE
ERG. @I LLE. FEXZUBEANBES. " ERAEEEBESRETF
SCIE, Z0LTE/LTE- A F15G, MEEFAtLEEBM 56 MIEH,

KRENTIEEHEFFEERLABERANELRRE, HRRES
WMAZHHERFEEXILTLBEHEAR. SHHIG. BLAST 24, MR AR
HEMEXMER, IZFENERAF ZAP. ZEHEKBE. PETHNZES(E
EIANESEREN R BAMBIEWAIAL. AELEMAOIET
BRBEHFAFENNRRZAHENEHBERARN, WAMEZWAZHE RS
(MIMO) | FFEXZU(INOMAYERE. &N T ELBAMYELM(I0T), FZ1]
M ERFANEPEIRTBRENESAERANINEERER.

#2. 73815
WL

AR RRITZHER, 40

* WA R EE?

* WfafRR LRSI BkER?

* W{EIATRETE, EMEETIAES?

* fEF e, BYjE). SRERE L TRIR?
* MEATEAREL SR THEESE?
* AR FIRE ITE MLEH 56 MLE?
* AR TSR A YR SR T4 M 4R ?

#AABRLINER

BL
Prof. TR

HIRBRIRTREZ T EBRFHFRETRM, T2016 F37 2018 F1BE

BN 4d=




PBLEZE X F§l & Fig

HFBEMRAEK, 857 16 LA 20 BELE, HAWRFAES
5] 1100 AETHMRES. BERENERNBEE —BEEKRTLLBE &
SR, FEEELCTEYVIAMFIERHRE, 25 400 RBEETEHREILEXH
INTFHRENIMEEERT . ITLEkR, MMAITLXHSI A 6000 &R, BiF
E{EER 8 ADEL MU EHIBR, (IEEE ES4EFIRY (R ESAMIE
EFMEVRAYS) WEIESH, %17 & IEEE T4 BEERFTSR AR
FBEE, XERFEZEMERERFSSA, UREFEHEFR (FHEA) B
+.

#4.RIFIRE
qL

RERENE

f+ 472 PBL BFTT% 1

PBL #HZHERER 1

BIRIR-1
X ZERPBL RERITRAIRR
23
FIEiR EEZREEEE,
BREANERE, MIESER
%
7H 20 H ik FAEMERAZEIYES

F= AN INR . FahiE & . T 5E.
E—F ERY BRAMAYT R)MEAMNBERE
=) AEMAEY MELEENGT
IR KB Ao BB TREZMNFEEM
BHS HIBEENTF, FLLEE S
THERNZS, KRR T
BT AT AR R AME.
7H 22 H BIER-1

AR MR S E IR
BIRIR-2
FIE/NARE F 15
FIEiR S SBE-N, £
7H23H HMMEEATEE M

7 X BiERR, BRIIELN
EPEREEE LNBEERTE
BATREFEFNEZHMEME
FRZAMEE. TEMT B




PBLEZE X F§l & Fig

RTEE ST D PHESERIZRE
=. SN B E., X
Tz ft. ARERD, R
R R I MBI
kYIS EZ e 3

FH
HIR KB
S

7R 25H

ES] p——

Bh#GR-2
IR 2 &R

7R 26 H
A=

BIZIR-3
TXERRERMIREES]
FIBir BE RS- ZEKIA[RIF
FILEE

R EESRSZFT, REEN
R ZETL R AKX BT
B, ADIREFEAARXLEE
&, FAEBLFRA LTE, LTE-A F1
5GNR A=,

7R 27H

=] —

Bh#GR-3
iR S &R
ERE/NVATN B A E

7H29H
ISk

BIRIR-4
BRI 5 BRI IR

15

7H30H
IEPAY

Bh#BUR -4
ER3#/NRIN B IE i E

7TH31H
ISi=

HIZIR-5

R FRREHIR
BN TLEERE

ik FRIEL AR IR
TEARRS, HEAMEETE
BB MERERR M, FRET
B L& FEEHITEFORT
%, AELBREHIREKREMR
7 EH

8H2H

= —

Bh#LR-5
ER#t/)\ ¢RI B A E

8 H3H

=] —

BIZIR-6

AN FRRBMIRSFES
FIHiR: BRENSRE ALY,
NEEBNENERESNG, %
BRBEE AIESaAZSHEY
iR BmAZHEE (SIMO) H
ZEANBGE (MISO) @Rt
TEHEMMINRIEE, ARER




PBLEZE X F§l & Fig

HIR K HE (Dof) iz, BHEREE
BT A SNR TERARFM. ZAA
REKRE ZHHEERFRMABHEER

HEH. EFL, BEZEMET#
B B i e 3 M B IR R P 52
M, FEd g AR R A IR
B, X% %> V-BLAST #1
D-BLAST 2244, MURHEEEZK=S
FSIEREA, fl ZF, MMSE,
EETHERE . BIREBHE
S —#HF5 56 NR AREF 56
AFE MIMO B3R UEES

LDIEERRE,
Bh#R-6
8 A5H ks
AR E & 2
a% H3, AR

IES/VAT B R B R
8H6H BIRIR-7

A HIE AT AT E L Lo

sA7H | FESHbTmES

He AAREL R !
T 2

e

* David Tse and Pramod Viswanath, Fundamentals of Wireless
Communication, Cambridge University Press, 2005.

% Internet of Things (loT) in 5G Mobile Technologies Constandinos X.
Mavromoustakis, George Mastorakis, Jordi Mongay Batalla

% 5G Mobile and Wireless Communications Technology Afif Osseiran, Jose F.
Monserrat, Patrick

Marsch

#B.10E £ &

BL

FIRFEEM PBLEFE, PBLEANE XS, 2—MUAFEBROHNEF
Tk, BUNRHRBRMMWEZ NG, FAARANBE AT ERR—
MABRAIBENEHRFES] ., T HARRETEATE E3
® 5G NR /NXEREA
® KHMAE MIMO MZREIHRED T
® TRRALRARRIMERE AT

BN 4d=




PBLEZE X F§l & Fig

® TLEWAESLEDHT
® TLNBBFENHT

EIH&?&?X?M i
B

Course Title 5G and Wireless Communication Technology

Credit Hours 32 (one credit hour is 45 minutes)

This class will address many challenges such
as:

How to model the wireless channels?

How to address the challenges in wireless
communications?

How to mediate fading, co-channel
interference, and noise?

Course Objectives How to leverage wireless resources such as
space, time and frequency, etc.?

How to work compute the channel capacity
in different wireless scenarios?

How to enhance the current LTE-advanced
and 5G networks?

How to design robust future wireless
networks?

The primary objectives of the course are as
follows. Exposing participants to the
fundamentals of wireless communication
techniques. Providing a deep understanding
of wireless communication techniques
associated with MIMO communications
systems, space-time coding, BLAST
architectures, precoding technique, and

o related information-theoretic capacity limits.
Course Description Providing the students with a clear idea of
single- user, multi-user, and multicarrier
communications, single and  multi-cell
(including  the emerging small cell
architectures), and ad-hoc networks.
Exposing the students to advance mobile
communication techniques such as massive
MIMO, non-orthogonal multiple access
(NOMA) communications;full-duplex radio,
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and the Internet of Things (loT). Providing
hands-on experience on the latest
communication (LTE, massive MIMO) and
signal processing techniques through labs
and tutorials.

The topic in the global context

This course takes a unified view of the fundamentals of wireless
communication and the recent developments and explains the concepts
underpinning these advances at a level accessible to an audience with a basic
background in digital communications.

Brief introduction of the course

The few past decades have seen many advances in wireless communication
theory such as multiple-input multiple-output (MIMO), multi-user MIMO,
Network MIMO, massive MIMO, full-duplex radio, NOMA communications,
etc., have recently gained considerable research attention. While some of the
technologies have been implemented in cellular systems such as LTE/LTE-A
and 5G, others are being considered for beyond 5G. This course takes a
unified view of the fundamentals of wireless communication and the recent
developments and explains the concepts underpinning these advances at a
level accessible to an audience with a basic background in digital
communications.

This course will cover the current topics of interest in Advanced Wireless
Communications.

1.The wireless channel

2.Point-to-point communication: detection, diversity, and channel uncertainty
3.Cellular systems: multiple access and interference management

4.Capacity of wireless channels

5.Multiuser capacity and opportunistic communication

6.MIMO I: capacity and multiplexing architectures

7.MIMO |I: diversity-multiplexing trade-off and universal space-time codes
8.MIMO [lI: Multi-user communications

9.Massive MIMO

Practical examples of the above concepts are presented throughout the

course.
Topics
Objective: The wireless channel

Module 1 _ . : . . .
Description: Wireless multipath channel modeling, including

N
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largescale fading, small-scale multipath fading. A detailed study
on how physical parameters such as carrier frequency, mobile
speed, bandwidth, delay spread, and angular spread impact
how a wireless channel behaves from the communication
system point of view.

We start with a deterministic physical model and progress
towards statistical models, which are more useful for design
and performance evaluation.

Objective: Point-to-point communication: detection, diversity,
and channel uncertainty

Description: We study that communication over a flat fading
channel has poor performance due to the significant probability
Module 2 that channel is in a deep fade. Reliability is increased by
providing more resolvable signal paths that fade
independently. Diversity can be provided across time,
frequency and space. Name of the game is how to exploit the
added diversity in an efficient manner.

Objective: Cellular systems: multiple access and interference
management

Description: So far we have focused on point-to-point
Module 3 communication. In a cellular system, additional issues come to
the forefront: Multiple access and inter-cell interference
management. We will study these topics in detail and consider
practical LTE, LTE-A and 5G NR scenarios.

Obijective: Capacity of wireless channels

Description: So far we have only looked at specific
communication schemes. Here we study information theory,
which provides a fundamental limit to (coded) performance. It
Module 4 : : - .
succinctly identifies the impact of channel resources on
performance as well as suggests new and cool ways to
communicate over the wireless channel. It provides the basis for

the modern development of wireless communication.

Objective: MIMO [: capacity and multiplexing architectures
Description: So far we have only considered single-input
multi-output (SIMO) and multi-input single-output (MISO)
channels. They provide diversity and power gains but no
Module 5 degree-of-freedom (d.o.f.) gain. D.o.f gain is most useful in the
high SNR regime. MIMO channels have the potential to provide

d.o.f gain. We would like to understand how the d.o.f gain

depends on the physical environment..and come up with
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statistical models that capture the properties succinctly. Here
we consider V-BLAST and D-BLAST architecture, and other
receiver signal processing techniques, such as ZF, MMSE,
successive interference cancellation, etc.

Objective: MIMO II: diversity-multiplexing trade-off and
universal space-time codes
Module 6 . . . . :
Description: Here we study the diversity-multiplexing trade-off
and universal space-time codes
Objective: MIMO III: Multi-user communications
Description: Here we study pre-coding techniques such as
Module 7

zero-forcing, regularized zero-forcing, single and multi-cell
MMSE, etc.

Objective: Massive MIMO

Module 8 Description: Here we study the 5G NR standard and 5G massive

MIMO base station and UE signal processing, etc.

Required Readings
David Tse and Pramod Viswanath, Fundamentals of Wireless Communication,
Cambridge University Press, 2005.

Suggested list of the topics for the final project
1.5G NR cell search techniques

2.Performance analysis of massive MIMO networks
3.Performance analysis of pre-coding techniques
4. Analysis of wireless receiver signal processing
5.Capacity analysis of wireless networks

Criteria
Using mathematical modelling and Matlab programs
Theoretical analysis

Class Expectation

The students will understand fundamentals as well as advanced concepts in
wireless communications. They will be able to understand the wireless channel
characteristics and modeling; wireless communication concepts and
techniques; and application of these concepts in a cellular system context.
They will be able to learn the recent developments such as opportunistic and
multiple-input multiple-output (MIMO) communication techniques. These
techniques have brought completely new perspectives on how to
communicate over wireless channels. They will be able to.quantify the wireless
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channel capacities and degrees of freedom regions for different channel
models, such as point-to-point channels, multiple access channels, broadcast
channels, interference channels, etc. Finally, they will be able to design and
analyze the cellular systems, for example, interim of spectral and energy
efficiencies, coverage, etc., and advanced topics mentioned above. This course
very useful if you are seeking high study in signal processing and wireless
communications, or jobs in wireless industry, such as Huawei, China mobile,

etc.




