/ SOUTHERN UNIVERSITY OF SCIENCE AND TECKNOLOGY

* A HILY

COURSE SPECIFICATION

MR E R UERBERIMR R BN AR 2 G E T . WXIRIEEEI5ED), 1Bk
AEARHM,

The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.
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1. PFELFR Course Title
Design of Modern Communication Systems
, HRER TR TRA
’ Originating Department Department of Electrical & Electronic Engineering
PRAE
3. RRES EE312
Course Code
4. PRFEESY Credit Value 3
5. WX k0% Major Core Courses
Course Type
RIRE
6. # %2 Spring
Semester
BRES s : ,
7. FRFEXNiE English & Chinese
Teaching Language
RRHN. FTR%¥R. BKRT
X (WEEANZR, EFAR| THRHE, BTSSR TRER
BRI Rui Wang, Associate Professor, Department of Electrical and Electronic Engineering
8. L wang.r@sustech.edu.cn
Instructor(s), Affiliation&
Contact
(For team teaching, please list
all instructors)
SRRABE FIRFER BR| oy TR, w750 THREA
9. TR Dr. Guang Wu, Department of Electrical and Electronic Engineering
Tutor/TA(s), Contact wug@sustech.edu.cn
ERALIRB(TAH)
10.  Maximum Enrolment
(Optional)
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1. BEHR vHZ BRI |5 He(ERAER) B2
Delivery Method Lectures |Tutorials Lab/Practical |Other (Please specify) |Total
2B 32 32 64
Credit Hours
SBRE. RuPITR EE206 5 )53 EE313 L=

12. Pre-requisites ~ or  Other| cEong communication Principles EE313 Wireless Communications
Academic Requirements

JEERRE. HEZEIHAL

13. Courses for which this course
is a pre-requisite
HEERBEARERZR
Cross-listing Dept.

HERPKHFH G SYLLABUS
15.  #X H#7 Course Objectives

ARTTRFEG H S M il RIS K5 WIFi R4t LTE RSH 5G REHATHE R IR, F5Bh24E Rli WiFi #1 LTE
ZRGWIEZM MAC hil, ZEIZBEIRHERTEARE, TM# 56 RKREMAHHEAR, BE%FIH MATLAB X 802.11a/b/g/n/ac
. LTE HhBGHATThEE T B, FHRERI Mok (USRP) HEATHHMIRIE

This course will introduce the modern wireless communication systems, including WiFi, LTE and 5G. Student should be
able to read the industrial specifications, understand the basic principles of design a communication system and 5G
technologies, simulate the 802.11a/b/g/n/ac systems and LTE systems via MATLAB and USRP.

16. Pk 2 Bk Learning Outcomes

W ERIEN S, AR ARSI EE

1. B 4R WIFi Ml LTE RGELZ AN MAC B3l 3 A SR B

2. BEWEXS WIFi A LTE REGHZH MAC IR#843 Bh s EAT Th Be ) s

3. BB R L fa & (USRP) X WiFi Il LTE R  P03 2 A1 MAC st k47 SR BB 5

After completing this course, the students will be able to

1. To understand the fundamentals of the PHY and MAC layers of WiFi and LTE systems.

2. To simulate some components of the PHY and MAC layers of WiFi and LTE systems via MATLAB.
3. To emulate some components of the PHY and MAC layers of WiFi and LTE systems via USRP.

17.  BEANEEFEAT (WRRETUFSCONE, WREABN AR AAT; WEAREEEEREEE:, #¥EHhAEHR
EHAO
Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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g4 (Lecture) :

Week 1: WiFi Architecture

Development of IEEE802.11 standard, basic elements of IEEE802.11 system, and etc.
551 WIFi Ik R 451

IEEE802.11 YA JE bR HEAL HERE , |IEEE802.11 HYFEAK 4 .

Week 2: WiFi Multiple Access: Distributive Coordinate Function (DCF)

Coordinate functions in IEEE802.11, carrier sense multiple access with collision avoidance, interframe space, hidden
node problem, and etc.

B2 WIiFi I hbEAFEA

|[EEE802.11 P30 E LI WML AE, kTRl e S 1 2R i W kBN, Wodla) B, BRBR YT o i) RS

Week 3: WiFi Frame Structure
MAC frame format, frame control field, RTS frame, CTS frame, ACK frame, Beacon frame and etc.
55 3 F: WIFi (gt #y

MAC Wik, mingizslk, RTSMmi, CTS Wi, ACK i, Beacon Mmi%%,

Week 4: WiFi Frame Synchronization
HT physical layer, PPDU formats, short training field and its detection, long training field and its detection, and etc.
554 WIiFi fbifE25

HT 3%, PPDU K, JEIIZRA 81 B A, IR o1 S A I 4%

Week 5: MIMO Basics

Spatial diversity, space-time block code, spatial multiplexing, SVD decomposition, diversity and multiplexing tradeoff,
precoder and equalizer and etc.

5. MIMO Al

4, DS, SEEH, AR ESE, RSN S ERINLG, Wik, ([SEnE

Week 6: MIMO in WiFi

MIMO transceiver in IEEE802.11, cyclic shift, MIMO modes in IEEE802.11, channel estimation, Implicit feedback
beamforming and calibration, explicit beamforming, encoding of channel matrix and etc.

6 H: WIiFi £ REHAR
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IEEE802.11 ) MIMO Yt & 8L, TEH#AI, IEEE802.11 i) MIMO LAE A, fZiEfhit, BT BRI R ST 5K
e, BT R R, [SEEMENmIDE.

Week 7: Mid-term Report (Presentation)

BT R PR (kR

Week 8: Overview of LTE
History and development of cellular systems, core network, access network, 3GPP specification and etc.
% 8 JH: LTE fid

RGNS ERE, Ok, AM, 3GPP iR,

Week 9 : LTE Frame Structure

LTE protocol architecture, downlink OFDM, uplink SC-FDMA, peak-to-average power ratio, TDD and FDD, frame
structure, resource element, physical resource block, and etc.

% 9. LTE fliigs#

LTE Pl ZeHy, 47 OFDM AR5, 1247 SC-FDMAfRAEIAR, DhA eI bt, i o X A XL, Wigitey, Wi
v IR A5 5

Week 10: LTE Downlink |

Primary synchronization signal, secondary synchronization signal, physical broadcast channel, physical control format
indicator channel and etc.

%10 8. LTE B9 FAT4%%-1

ERPES, KEADES, WEHEE, Wi R EIES.

Week 11: LTE Downlink 2
Physical downlink control channel, physical downlink shared channel and etc.
A1 E: LTE 1 7 fed-2

W TIERIEE, ME T TR EESE.

Week 12: LTE Uplink

Physical uplink shared channel, physical uplink control channel, physical random access channel and etc.
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12 . LTE 19 bAT44

B EATICRAEIE, WL EATIEHIEIE, MR AEIES

Week 13: 5G Technology — Massive MIMO

Point-to-point massive MIMO, multi-user MIMO, downlink precoder design, uplink equalizer design, pilot contamination
and etc.

13 H: 5G KL RERH AR

XS KRR REEOR, 2P KR 2 REBOR, TATTgiS it  BATHULT, OG5 55,

Week 14: 5G Technology — NOMA

Motivation, technology, comparison with traditional orthogonal multiple access technologies, performance gain and etc.
14 1: 5G FIEZZHFEALAR

NOMA EEARM A, HARMNT, SAEGIEZIATARIINS L, PEREE 5%

Week 15: 5G Technology — mmWave

Motivation, pros and cons of mmWave, hybrid beamforming structure, latest development of mmWave and etc.
#5015 JH: 5G =KW HA

ZARPOEERGE, RBEAL, REEMPBORBUEHEAR, Bt .

Week 16: Final Report (Presentation)

9516 J: IR (ki)

SR

1. MATLAB {54 f2 (2 ) ;

SRIG A 1. FRAREAE RABIHRE: 2. %) MATLAB @154 f%; 3.5T MATLAB {1 QPSK ISR AL F 528 .
1. MATLAB programming for communication systems (2 weeks) ;

Contents of the experiment: 1. Understand process of communications systems design; 2. Learn MTALAB programming
for communication systems; 3.Implementation of a QPSK transceiver simulation via MATLAB.

2. F&F USRP WISCAfE i (2 D 5

SEIG NS 1. IR ANTEfE USRP WHE4iH); 2. 48 USRP #J MATLAB sk % 3.3 T USRP K QPSK SC A& 4zl .
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2. Text transmission by using USRP (2 weeks) ;

Contents of the experiment: 1. Understand the architecture of USRP (Universal Software Radio Peripheral); 2. Know well
MTALAB drivers for the USRP; 3. Implementation of text transmission by using USRP.

3. = AE (16QAMIBAQAM) (2 &)

SEIS NS 1. BRARE R R T, 2. 48 MATLAB # AWGN {58 MEFS 18 &, 3. 16-QAM F1 64-QAM f1)
MATLAB i ESE2H: 4. 16-QAM ] USRP 3L AAL#i 2.

3. High-Order Modulation (2 weeks) ;
Contents of the experiment: 1. Understand the principle of High-Order Modulation; 2. Know well implementation of

AWGN and Rayleigh channel in MATLAB; 3. Implementation of 16-QAM and 64-QAM via MATLAB simulation; 4.
Implementation of 16-QAM text transmission by using USRP.

4. (5iE%8Y (LDPC) (2D ;

SEG AR 1. FRARLE M RS LA R HE, 2. BRI MATLAB {55 ; 3. LDPC i3f) MATLAB 15 E.SC2H; 4. £F
USRP f{] LDPC Sz

4. Low-Density Parity-check Code (2 weeks) ;

Contents of the experiment: 1. Understand the principle of linear block codes; 2. Well know the Hanming Code
simulation via MATLAB; 3. Implementation of the LDPC (Low-Density Parity-check Code) simulation via MTALAB; 4.
Implementation of the LDPC by using USRP.

5. MIMO R4 @5 (2 F) ;

SEES NS 1. B MIMO BRI AR F B, 2. Alamouti 4 F5 ) MATLAB 1 . S23l; 3. 3% T Alamouti 474 () USRP 5k
.

5. Modelling and simulation of MIMO transmission system (2 weeks) ;

Contents of the experiment: 1. Understand the principle of MIMO (Multiple-Input Multiple-Output) technology; 2.
Implementation of the Alamouti code simulation via MTALAB; 3. Implementation of the Alamouti code by using USRP.

6. 802.11a/b/g/nfac G E (2 &)

SEEG N7 1. HEAR 802.11a/b/g/n Th A N 2R, 2. B I8 802.11a/b/g/n {5 1E 61 A4l 7325 3. 802.11alb/g/n S4%i i) %
A1 MATLAB 1/ 28

6. 802.11a/b/g/n/ac protocol simulation (2 weeks) ;

Contents of the experiment: Understand the principle of 802.11a/b/g/n; 2. Well know the channel model and usage of
802.11a/b/g/n; 3. Design and implementation of 802.11a/n preamble simulation via MTALAB.
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7. 35T USRP #1 802.11a/n K& &M (2 D) ;
LI ZE: 1. BEAREE S TR 2,35 T 802.11a/n MRS AL T &, 3. 2T 802.11a/n &AL USRP 528

7. 802.11a/n Image Transmission and Reception by using USRP (2 weeks) ;

Contents of the experiment: Understand the source code of image; 2. Implementation of 802.11a/n image transmission
simulation via MTALAB; 3. Implementation of 802.11a/n image transmission by using USRP.

8. LTE /NXHEF LTE R4AHE (MIB #1 SIB) f#thth (2 F)

SEIG A 1. B AG-LTE MBI HE; 2. /NX R ZIEFEYT I 3. MIB F SIB A5 45 FLSLH; 4. 2T USRP F/N X 38 21
MIB fi# A S23.

8.Cell search and MIB/SIB Recovery (2 weeks) ;

Contents of the experiment: 1. Understand the access process of 4G-LTE; 2. Implementation of cell search simulation
via MATLAB; 4.Implementation of cell search and MIB/SIB recovery by using USRP.

b R H e 2% %K Textbook and Supplementary Readings

Standard specifications of IEEE802.11 and 3GPP, which can be accessed from
http://grouper.ieee.org/groups/802/11/

http://www.3gpp.org/

PRFEVEfE ASSESSMENT

AR PG B 1) SEREBRSTASE B #iE
Type of Time % of final Penalty Notes
Assessment score

H &) Attendance
WERI
Class
Performance

/NI
Quiz

PR H Projects 20
SRR 30
Assignments

BhER
Mid-Term Test

BIRER
Final Exam
BRME
Final
Presentation
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S26HR 15 /Lab Report
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EfE % #t REVIEW AND APPROVAL
AFEFRE LT TRAENB RS HGET

This Course has been approved by the following person or committee of authority




