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SRAZAG I This course provides a comprehensive introduction to Low-Density Parity-
(Course Descriptions) Check (LDPC) codes for 5G New Radio (NR) mobile communications, the key|

channel coding technology adopted for the physical layer data channels of]
5G NR. The course then introduces the 5G NR radio access technology,
covering its standardization, key features, and technology components,

including how LDPC coding is applied in 5G NR. The curriculum integrates




theoretical concepts and comprehensive math derivations with hands-on|

coding activities and simulations, bridges academic theories with industrial

applications, and provides awareness of emerging research directions about|

private and secure technology toward 6G mobile communication and Al

preparing students to effectively understand, analyze, and tackle future

challenges in advanced wireless communication technology.

ERBR

(Learning Objectives)

1.

Students can understand the key channel coding technology in phys-
ical layer signal processing of 5G New Radio (NR) communications,
including the parity-check matrix, Tanner graphs, and all major de-
coding algorithms with their complete mathematical derivations.
Students can gain hands-on experience by conducting simulations and
practical coding exercises using Python (Google Colab), specifically
focusing on LDPC encoding and decoding techniques used in 5G NR.
Students can understand the key features and technology components
of the 5G NR radio access technology, how LDPC channel coding is
adopted in the 5G NR standard, and emerging research directions to-
ward future private and secure 6G systems.

BT

(Textbooks and References)

Textbook:

1.

Bernard Sklar and Fredric J. Harris, Digital Communications: Funda-
mentals and Applications. 3rd Edition, Pearson, 2021.

S. Parkvall, E. Dahlman, A. Furuskar, and M. Frenne, "NR: The new|
5G radio access technology," IEEE Communications Standards Maga
zine, vol. 1, no. 4, pp. 24 — 30, Dec. 2017.

Self-prepared presentation slides and lecture handouts will be pro-
vided.

References:

1.

Erik Dahlman, Stefan Parkvall, Johan Skold, 5G/5G-Advanced: The
New Generation Wireless Access Technology. 3rd Edition, Academic
Press, 2023.

S. Lin and J. Li, Fundamentals of Classical and Modern Error-Correct-
ing Codes. Cambridge, U.K.: Cambridge University Press, 2021.
FR&GEFREL - ELRE - R, FARTEHEMN A %KIGPP
New Radio (NR) * RIHF . 2% E F, 2021.

Ali Zaidi, Fredrik Athley, Jonas Medbo, Ulf Gustavsson, Giuseppe
Durisi, Xiaoming Chen, 5G Physical Layer: Principles, Models and
Technology Components. Academic Press, 2018.

V.-L. Nguyen, P.-C. Lin, B.-C. Cheng, R.-H. Hwang, and Y.-D. Lin, "Se-
curity and privacy for 6G: A survey on prospective technologies and
challenges," IEEE Communications Surveys & 7Tutorials, vol. 23, no.
4, pp. 2384 - 2428, Fourthquarter 2021.

3GPP Specifications.

A2 K& (Course Syllabus)

R N AEE S ANY
(Number of|(Core
Approximate |Capabilities)
Hours)

gz —

¥ 70 * #4(Topic)

M 2 4 (Content) 3% 1% (Lecture)

1. Introduction

+ Introduction to the course 1 WAl [JA2[ A3
[JA4 [JA5 []A4




[]A7 MAS

2. LDPC Codes: Background
and Overview

Shannon's noisy channel coding
theorem and the origin of LDPC
codes (Gallager, MacKay)

LDPC codes in modern standards
Python code demo

HA] HA2 HAS
BA4[JA5[]A6
[JA7 HAS

3. LDPC Codes: The Parity-
Check and Matrices

Parity-check matrix, parity checks,
regular/irregular LDPC codes, syn-
drome testing

Python code demo

HAl HpA> A3
WA4[JA5[]AS
[JA7 HA

4. LDPC Codes: Finding the
Best-Performing Codes

A good starting point: the (6,3) code
The Tanner graph, cycles, and girth
of a graph

Python code demo

HA] A2 HAS
BA4[JA5[]A6
[JA7 HAS

5. LDPC Codes: Hard-Decision
Decoding

Decoding overview

Majority-logic, Dbit-flipping, and
weighted bit-flipping decoding; be-
lief propagation preview

Python code demo

HA1HA2EA3
WA4 [ ]A5[]A6
[JA7 A

6. LDPC Codes: Mathematical
Foundations

Soft-decision versus hard-decision
decoding

A posteriori probability and likeli-
hood; Gallager's major develop-
ment; check-node and bit-node mes-
sage computations

Python code demo

6

HA] HA2 HAS
BA4[JA5[]A6
[JA7 HAS

7. LDPC Codes: Decoding in Sum-product algorithm (SPA) mes-6 HAl HA2EA3
o - - - : W A4 A5 []A6
the Probability Domain sage-passing steps with worked it-
. [1aA7 HAS8
erations
Python code demo
8. LDPC Codes: Decoding in Log-likelihood functions and the ¢ |6 A1 HA2 BA3

the Logarithmic Domain

(x) function

Log-domain decoding steps with
worked iterations

Python code demo

BA4[JA5[]A6
[]A7 MAS

9. LDPC Codes: Reduced-
Complexity Decoding and

Performance

Min-sum and normalized min-sum
algorithms

Performance comparisons of LDPC
and turbo codes; LDPC codes near
the Shannon limit

Complete mathematical derivations
Python code demo

A1 HA2EA3
WA4 [ ]A5[]A6
[JA7 EAg

10. 5G NR: The New Radio
Access Technology & QC-
LDPC

NR standardization and key fea-
tures; transmission scheme, numer-
ology, and frame structure

Duplex schemes, low-latency sup-

port, QC-LDPC channel coding,

HAl HA2EA3
W A4[JA5 A6
[]A7 MAS




beam-centric design and multi-an-
tenna transmission, initial access,

LTE coexistence, and performance

evaluation
* Python code demo
11. Private and Secure * Introduction to research topics in/6 HA] A2 BA3
Technology for 6G and Al privacy-preserving and secure wire- WA4[JA5 []A6
[]A7 HAS8

less technologies for 6G and Al

* Physical-layer security; privacy-pre-
serving federated learning; security|
and privacy for 6G

* Python code demo

3£ (Notes) -

ARBRAAHBAZIAINE > TRHRERTHKE - FTHRAZIFR - FE KA BFAmBEE

MBS AITAE  BRABEERLERAEARE - KFHUGEAFTARBEENLRBRIAKEN
%~ ° (This syllabus reflects the current course plan and may be adjusted due to national holidays,
unforeseen class suspensions, drills, or other special circumstances. Any changes will be announced
through official course channels. The instructor will make appropriate adjustments to course arrangements
and instructional content as needed.)

HOF BB

(Teaching Key Points Overview)

HHM Y iE B 5 % f§ 3R (Self-prepared presentation slides)

(Teaching Materials) B 2 %2 3% & (Lecture handouts)
W 3£ 42 X (Teaching scripts/programs)

B abr W35 2 B 3£ 38 (Slide-based instruction)

(Teaching Methods) u Rk £ # il (Blackboard-based instruction)

e A | J:ﬁ%i‘%/g (Attendance) 15%

(Evaluation Tools) B 5+ 1F ¥ (In-class assignments) 30%
B 2 X F 1F (Programming projects) 25%
B 25 K 3% % (Final report) 30%

HEE R M 27 42 48 35 (Course website)

(Teachlng Resources) W T4 4 # (Digital materials for download)
[ & 8 493k (Lab website)

FLET AR B SR R IR -

(Instructor s Information) (This course will be taught in English.)
FELGEREMEMAEA ERHAE -
(Students should respect intellectual property rights and use authorized
textbooks.)

HE A8 B BB F R FRAEEERRE (GRAEAEONE) HEED R - REEERET

(Course relative information) |# ° A4 —F UK R¥3H R  (Plagiarism is strictly prohibited in all
homework and assignments, including both code and written reports. Any|
student found to have engaged in plagiarism will automatically fail the
course.)
EEERIEFHEA Al TH (4@ ChatGPT ~ Gemini ~ Claude %) >
SANN A A AEAREAE R B 0 R AIRE IR 5 A Al A R R BT
oo RRREBES LB THRARDERRIE - If Al tools (e.g.,
ChatGPT, Gemini, Claude) are used in an assignment or report, students




must clearly disclose where such tools were used and specify which por-
tions were generated or assisted by Al Undisclosed use of Al may be

treated as plagiarism in this course.)

A B AR BLHCH A% S AE A 48 B

(Relationship between Course Objectives and Core Educational Competencies)

# A% BATEAEASEA4 A5 A6l A7 AS

Al

B A TRTERALHRZ FE ¥ 28 (Competence in computer science and computer

engineering.)

A1 A B (Why Relevant) :

‘The course content covers the fundamental physical-layer coding knowledge applied for 5G NR
mobile communications and related privacy and security introductions, aiming to cultivate
students' professional knowledge from a systematic perspective in the field of information and

communication.

iZ % 45 4% (Achievement Indicators) :
Grades are determined by assignments, practical programming tasks, and the final (project)
report. Graduate students must achieve a score of over 70, and undergraduates must exceed 60

to pass.

3 & F /£ (Assessment Methods) :

Assessment Criteria for Assignments, Programming Projects, and the Final (Project) Report:

* Level 5: Submission of 80% of assignments and an anticipated semester grade of 80
points or above, or a report grade of 80 points or above.

* Level 4: Submission of 60% of assignments and an anticipated semester grade of 70
points or above, or a report grade of 70 points or above.

* Level 3: Submission of 40% of assignments and an anticipated semester grade of 60
points or above, or a report grade of 60 points or above.

* Level 2: Submission of 20% of assignments and an anticipated semester grade of 50
points or above, or a report grade of 50 points or above.

* Level 1: No assignment submissions or an anticipated semester grade of less than 50
points, or a report grade of less than 50 points.

A2

BAE A B ~ FIRRMR ~ BB K Z AN Be creative and be able to solve problems and to
perform independent research.)

A1 A B (Why Relevant) :

Assignments integrate practical experience; students are required to write programming

implementations to enhance their ability to independently solve practical and interesting
problems. Assignments will also include reading academic literature and providing concrete
summaries.

iZ % 45 1% (Achievement Indicators) :

Students are encouraged to participate in discussions and bravely attempt solutions, but must

complete their assignments independently. Flaws or errors in assignments are entirely
acceptable, as there may not always be an absolute correct answer. Plagiarism is strictly
prohibited for all homework and assignments.

3 & F /£ (Assessment Methods) :
Same as the Assessment Criteria outlined in Al.

A3

BAEE P RXEER XA BMZ A H (Demonstrate good written, oral, and communication
skills, in both Chinese and English.)

AT A Bl(Why Relevant) :

Students are required to complete the final project report in English, clearly articulating the




motivation, logical reasoning, methodology, and outcomes.

iZ ;% 45 4% (Achievement Indicators) :
The final project report should be clear, easy to follow, logically sound, and systematically

organized.

3 & F /£ (Assessment Methods) :

Same as the Assessment Criteria outlined in Al.

g A 4 2l 2- 3 o8s

A4

ER A

A1 A B (Why Relevant) :
Students will base their work on programming assignments to complete a final project report.
The report should clearly present the motivation, methodology, results, and possible

innovations.

iZ ;% 45 4% (Achievement Indicators) :
The final project report should be clear, easy to follow, logically sound, and systematically

organized.

3 & F /£ (Assessment Methods) :
Same as the Assessment Criteria outlined in Al.

A8 B B 58 & #H 3 AT 98 4L BF (Have international view and vision of future technology.)

A1 A B (Why Relevant) :

Assignments will include tasks for students to read the latest academic articles and produce
summaries. Students are required to learn about current knowledge of one of the key coding
technology in 5G physical-layer mobile communications as well as the potential developments in
the future 6G system.

iZ ;% 45 4% (Achievement Indicators) :
Students can study international journals and conference papers, and are able to accurately

summarize and analyze their contents.

3 & F /£ (Assessment Methods) :
Same as the Assessment Criteria outlined in Al.

#H BAR
(Educational Objectives)

1. B 45 348 F 2 AT H K R E Sh A F AT A 2 A 4 (To cultivate talent with the ability to conduct
independent academic research or drive product innovation and development.)

QEBBAHRARFARESEN  RABKRFTHEAT - RE - TEZH E(To develop
teamwork spirit and technological integration skills, enabling individuals to assume leadership,

planning, and management roles within a team.)

SEBIHAE - ARIBAKE L2 H M N X AT (To nurture talent with innovative research
capabilities, a drive for self-challenge, and a commitment to lifelong learning.)

4. B K B itmE ~ TRME - B BB X AT (To foster individuals with academic integrity,
engineering ethics, and a global perspective.)

AN Y]

(Core Competencies)

Al B A BT A2 A2 AR R & ¥ 4038 (Competence in computer science and computer engineering.)

A2. B R BI#T B ~ FIREAE R ~ B LB R Z AE /1 (Be creative and be able to solve problems and to
perform independent research.)




A BEAEE b 3 X F ¥3H XA AIRZ A /1 (Demonstrate good written, oral, and communication skills,
in both Chinese and English.)

A4 B R B R AT EABH K X HE /1 (Be able to plan and execute projects.)

AS. B & - WA~ S RETEHAABRE KA X /) Have communication, coordination,
integration skills and teamwork in multi-disciplinary settings.)

A6 B A 4 52 H R JE B AR R 4 38 2 48 /1 Recognize the need for, and have the ability to
engage in independent and life-long learning.)

A7 3R 18 A 47 ¥ T 42 45 72 (Understand and commit to academic and professional ethics.)

A8. B B [52# & #H AT 9% . 2F (Have international view and vision of future technology.)

FEEREMAEM  RFEEVIHGEEIHAES
(Please respect the intellectual property rights; do not photocopy the textbooks assigned by professors.)




