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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
Course Description related information-theoretic capacity limits.
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 multipleaccess
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(NOMA) communications, full-duplex radio,
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 II: diversity-multiplexing trade-off and universal space-time codes
8.MIMO llI: Multi-user communications

9.Massive MIMO

Practical examples of the above concepts are presented throughout the
course.
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Topics

Objective: The wireless channel

Description: Wireless multipath channel modeling, including large-
scale 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
Module 1 , o _
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.

Objective: 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 succinctly identifies
Module 4 ,
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

Module 5 Description: So far we have only considered single-input
odule
multi-output  (SIMO) and multi-input._single-output (MISO)

channels. They provide diversity and power gains bL_J_t no
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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
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 lI: 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 IlIl: Multi-user communications

Module 7 Description: Here we study pre-coding techniques such as 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
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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
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.
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