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Abstract

Using tools from stochastic geometry, I develop a stochastic geometry-based tractable
framework to analyze the performance of a mobile user in a two-tier wireless network
operating on sub-6GHz and terahertz (THz) transmission frequencies. Specifically,
using an equivalence distance approach, I characterize the overall handoff (HO) rate
in terms of the horizontal and vertical HO probability. In addition, I characterize
novel coverage probability expressions for THz network in the presence of molecular
absorption noise and highlight its significant impact on the users’ performance.

Specifically, I derive a novel closed-form expression for the Laplace Transform of
the cumulative interference in the presence of molecular noise observed by a mobile
user in a hybrid RF-THz network. Furthermore, I provide a novel approach to derive
the conditional distance distributions of a typical user in a hybrid RF-THz network.
Finally, using the overall HO rate and coverage probability expressions, the mobility-
aware probability of coverage has been derived in a hybrid RF-THz network.

The mathematical results validate the correctness of the derived expressions using
Monte-Carlo simulations. The results offer insights into the adverse impact of users’
mobility and molecular noise in THz transmissions on the probability of coverage of
mobile users. The results demonstrate that a small increase in the intensity of THz

base-station (TBSs) (about 5 times) can increase the HO probability much more
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compared to the case when the intensity of RF base-station (RBSs) is increased by
100 times. Furthermore, I note that high molecular absorption can be beneficial (in
terms of minimizing interference) for dense deployment of TBSs and the benefits can

outweigh the drawbacks of signal degradation due to molecular absorption.
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Chapter 1

Introduction

1.1 6G and its Evolution:

The “G” in mobile communications denotes the “Generation” of telephone network
standards and technological implementations. The evolution was started with 1G
in 1979 and now we are in the era of fifth generation (5G) networks. Each cellular
generation is designed to improve the reliability of wireless connections and the volume
of data rates on the basis of customers’ demands. With the recent release of 5G-new
radio (NR) standard, early 5G deployment has already started in various countries
including South Korea, Canada, and China. The deployment of 5G will take the
annual GDP growth of Canada to $40B and create 250K permanent jobs by 2026. [1].

5G-NR has a multitude of advantages over the long-term evolution (LTE)/ LTE-
advanced technology, i.e., higher data rates (0.1 Gbps), low latency (1 - 10 msec),
higher mobility (500 km/h), and support to 108 devices per sq. km. The use-cases of
5G-NR include ultra-reliable low latency communication (uRLLC), enhanced mobile

broadband (eMBB), and massive machine-to-machine communication (mMTC) that



leverage on three disruptive technologies, i.e., millimeter-wave (mmWave) communi-
cation, large-scale antenna arrays (i.e., massive MIMO), and ultra-dense deployment
of access points. Subsequently, a variety of exhilarating applications are emerging,
such as intelligent transportation, e-health, agriculture, virtual/augmented reality
(VR/AR), and rural connectivity. Despite the aforementioned advancements, the
global mobile traffic volume is expected to grow from 7.462 EB/month in 2010 to
5016 EB/month in 2030 [2]. Thus, the launch of the sixth generation (6G) wireless

networks are inevitable. The key performance indicators of 6G are listed as follows [3]:

e Data rate: The peak data rate is expected to be at least 1 Tbps which is 100
times more than 5G [2]. For specific applications, such as terahertz (THz)
wireless backhaul and front-haul (x-haul), the peak data rate can reach up to
10 Tbps. A user-experienced data rate can range from 1 - 10 Gbps, which is
higher than 5G.

e Latency: Latency will be in the order of < 1ms [3] and can go up to 10 ps for
the industrial IoT applications. An over-the-air (OTA) latency of 10-100 ps is

targeted in 6G, as compared to the latency of 1 to 10 ms in 5G.

e Connectivity and Capacity: 6G will support 10 to 100 times connections (tril-

lions of devices) than 5G.

e Volumetric Spectral and Energy e ciency: Due to integrated terrestrial-aerial
network in 6G, the network spectral-energy efficiency will be defined over a
specific volume in km®. The energy efficiency in 6G is expected to improve by

10 to 100 times than 5G.



Table 1.1: The key characteristic comparison between 5G and 6G

Key Characteristic 5G 6G

Area Tra c Capacity 0.01 1 Gbps/m?

Network Energy E ciency 100 times than IMT-2020 (5G)

Connectivity Density (Devices/km?) | 10° 107

Latency (ms) 1-10 0.01-0.1

Mobility (Km/h) 500 1,000
User-Experienced Data Rate (Gbps) | 0.1 1

Per device peak-data rate (Th/s) 0.02 1

The era of 6G will connect each and every device and the term “internet-of-
everything” will become popular over “internet-of-thing” [3]. To deal with high data
rate in evolving wireless applications, THz frequencies (up to 3THz) would be a
potential candidate for 6G networks. International Telecommunication Union formed
a group named “Network 2030” to search new technologies for 6G. In table 1.1, a
comparison of the key characteristics of 5G and 6G networks is presented.

Furthermore, 6G networks will accommodate different communications modes
from satellite-ground to underground. Therefore, modeling the mobility of users and
base stations would be crucial. Note that the satellites, unmanned-aerial-vehicles,
and ground users will have mobility. On top of it, the use of high frequencies exac-
erbates the hand-off and mobility related issues as the coverage areas shrink. In Fig.
1.1, the vision of 6G in coexisting radio frequency (RF), mmWave, THz, and optical

wireless communication networks has been illustrated.






