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ÅIt includes the Wifi , Cellular, and Ad hoc networking.

ÅHowever, in this lecture, we focus on the Wifi and Cellular neworking.

What is the mobile networking? 2



WiFi vs. Cellular 3

Recently, the environment of mobile networking has been changed. 
So, we could not say that WiFiis genallymuch faster than cellular.
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1. WiFi



ÅUnder 802 LAN MAN standards committee

Wireless networks are standardized by IEEE 6
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IEEE has defined the specifications for a wireless LAN, called 
IEEE 802.11, which covers the physical and data link layers.



Frequency Bands- ISM 7
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ÅIndustrial, Scientific, and Medical (ISM) bands

ÅUnlicensed, 22 MHz channel bandwidth



ÅA BSS (Basic ServiveSet) without an AP(Access Point) is called 
an ad hocnetwork;

a BSS with an AP is called an infrastructurenetwork.

802.11 Architecture 8

STASTA

STA STA

STASTASTA STA

APAP

ESS

BSS

BSSBSS

BSS

Existing 
Wired LAN

Infrastructure 
Network

Ad Hoc 
Network

Ad Hoc 
Network



Basic service sets (BSSs) 9



Extended service sets (ESSs) 10

ESS



11802.11 WLAN Standards

ay 202x > 45 20,000 –
40,000

10 300ς500 It is the follow-up of IEEE 
802.11ad.



802.11 Timelines 12

expected to become 

an official IEEE specification 

in September 2020

scheduled for release

in 2020



ÅThe Wi-Fi spectrum is divided into a fixed number of channels

Å11 in North America

Å13 in most of Europe, Korea and China

Å14 in Japan

Creating WLAN Connections 13



MAC layers in IEEE 802.11 standard 14

LLC : Logical Link Control
MAC : Medium Access Control

FHSS : Frequency Hopping Spread Spectrum
DSSS : Direct Sequence Spread Spectrum
OFDM : Orthogonal Frequency Division Multiplexing



CSMA/CA flowchart 15

DIFS: distributed

interframe space

SIFS: short

interframe space

RTS : Reguest to Send

CSMA/CA : 
Carrier-sense Multiple Access with Collision Avoidance

https://en.wikipedia.org/wiki/Carrier-sense_multiple_access_with_collision_avoidance


CSMA/CA and NAV (Network Allocation Vector) 16

When a station sends its RTS, it includes a time of how long it needs the medium.
hǘƘŜǊ ǎǘŀǘƛƻƴǎ ǘƘŜƴ ǎŜǘ ǘƘŜƛǊ b!± ǘƛƳŜǊ ǘƻ ǘƘƛǎ ǘƛƳŜ ǎƻ ǘƘŜȅ ŘƻƴΩǘ ǘǊŀƴǎƳƛǘΦ
DIFS: Distributed interframespace; SIFS: short interframespace



Horizontal and Vertical Handoff 17

BS



2. LTE



ÅCellular  network/telephony is a radio-based technology; radio waves are electromagnetic waves that antennas
propagate

ÅMost signals are in the 850 MHz, 900 MHz, 1800 MHz, and 1900 MHz frequency bands

CelluarFrequency Bands 19



CelluarFrequency Bands 20



CelluarFrequency Bands in Korea 21

Carriers Total Bandwidth



ÅBase stations transmit to and receive from mobiles at the assigned spectrum

ÅMultiple base stations use the same spectrum (spectral reuse)

ÅThe service area of each base station is called a cell

ÅEach mobile terminal is typically served by the ôclosestõ base stations
ÅHandoff when terminals move

Cellular Network 22



Evolution of Cellular Networks 23

1G 2G 3G 4G2.5G

5G
OFDM



Evolution of Cellular Networks (Contõd) 24



Mobile Wireless Evolution 25



ÅIt is useful to think of cellular Network/telephony in terms of generations: 

Å0G:  Briefcase-size mobile radio telephones

Å1G:  Analogcellular telephony

Å2G:  Digitalcellular telephony

Å3G:  High-speeddigital cellular telephony (including video telephony)

Å4G:  IP-based òanytime, anywhereó voice, data, and multimedia telephony at 
fasterdata rates than 3G 
(deployed in 2012ð2015)

Cellular Network Generations 26



ÅThe base stations need to serve many mobile terminals at the same time 
(both downlink and uplink)

ÅAll mobiles in the cell need to transmit to the base station

ÅInterference among different senders and receivers

ÅSo we need multiple access scheme

The Multiple Access Problem 27



Multiple Access Schemes 28

3 orthogonal Schemes:

ÅFrequency Division Multiple Access (FDMA)
ÅTime Division Multiple Access (TDMA)
ÅCode Division Multiple Access (CDMA)



ÅEach mobile is assigned a separate frequency channel for the duration of the call

ÅSufficient guard band is required to prevent adjacent channel interference

ÅUsually, mobile terminalswill have one downlink frequency band and one uplink frequency 
band

ÅDifferent cellular network protocols use different frequencies

ÅFrequency is a precious and scare resource. We are running out of it
ÅCognitive radio

Frequency Division Multiple Access 29



ÅTimeis divided into slots and only one mobile terminal transmits during 
each slot

ÅLike during the lecture, only one can talk, but others may take the floor in turn

ÅEach user is given a specific slot. No competition in cellular network

ÅUnlike Carrier Sensing Multiple Access (CSMA) in WiFi

Time Division Multiple Access 30

Guard time ςsignal transmitted by mobile 
terminals at different locations do no arrive 
at the base station at the same time



ÅUse of orthogonal codes to separate different transmissions

ÅEach symbol of bit is transmitted as a larger number of bits using the user specific 
code ðSpreading

ÅBandwidth occupied by the signal is much larger than the information transmission rate

ÅBut all users use the same frequency band together

Code Division Multiple Access 31

Orthogonal among users



ÅIt is useful to think of cellular Network/telephony in terms of generations: 

Å0G:  Briefcase-size mobile radio telephones

Å1G:  Analogcellular telephony

Å2G:  Digitalcellular telephony

Å3G:  High-speeddigital cellular telephony (including video telephony)

Å4G:  IP-based òanytime, anywhereó voice, data, and multimedia telephony at 
fasterdata rates than 3G 
(to be deployed in 2012ð2015)

Cellular Network Generations 32



Long Term Evolution(LTE) : Specifications and Speed 33

Parameter  Details  

Peak downlink speed  with 64QAM in Mbps  100 (SISO), 172 (2x2 MIMO), 326 (4x4 MIMO)  

Peak uplink speeds(Mbps)  50 (QPSK), 57 (16QAM), 86 (64QAM)  

Data type  
All packet switched data (voice and data). No 

circuit switched.  

Channel bandwidth (MHz)  1.4,   3,   5,   10,   15,   20  

Duplex schemes  FDD and TDD  

Mobility  
0 - 15 km/h (optimised), 

15 - 120 km/h (high performance)  

Latency  
Idle to active less than 100ms 

Small packets ~10 ms  

Spectral efficiency  
Downlink:   3 - 4 times Rel 6 HSDPA 

Uplink:   2 -3 x Rel 6 HSUPA  

Access schemes  
OFDMA (Downlink) 

SC-FDMA (Uplink)  

Modulation types supported  
QPSK,   16QAM,   64QAM (Uplink and 

downlink)  

 



ÅFeatures:-

ÅCompatibility of services

ÅEnhanced peak data rates to support advanced services and 
applications (100 Mbit/s for high and 1 Gbit/s for low mobility).

ÅSpectrum efficiency: 3 times greater than LTE.

ÅPeak spectrum efficiency

- downlink : 30 bps/Hz

- uplink : 6.75 bps/Hz.

ÅSpectrum use: the ability to support scalable bandwidth use and 
spectrum aggregation where non-contiguous spectrum needs to be 
used.

Long Term Evolution(LTE)-Advanced: Key Features 34



LTE Architecture 35

Control Plane
User Data Plane

NAS Security
Idle state mobility handling
EPS bearer control

Radio bearer control
Inter-cell RRM
Connection mobility control
Radio admission control

MME : Mobility Management Entity
HSS : Home Subscriber Server
SGW : Serving Gateway
PGW : Packet Data Network Gateway
PCRF : Policy and Charging Rules Function
UE : User Equipment

Mobility Achoring UE IP address allocation 
Packet filtering



3. 5G



Background and Motivation 37

ÅTraffic growth due to:
Å Tsunami of heterogeneous connections:

Å Smartphones 

Å Connected vehicles

Å Wearables devices

Å IoTsensors

Å And so oné

Å Novel bandwidth hungry applications:

Å Real time HD streaming

Å Online Gaming

Å Ultra-reliable and low-latency 

communication

Å Virtual reality services

Å Enhanced mobile broadband

Å Mobile hologram

Å And so on CAGR: Compound annual growth rate



Å5G Technologies 
ÅHigh Data Rate per user: 1Gbps 

ÅVery Low E2E Latency : milliseconds 

ÅNetwork Intelligence, Network Personalization

ÅGreen Network 

ÅSupport up to 1000 times more capacity 

Vision of 5G 38



5G Spectrum 39

/5G sub 6G Hz



Global 5G Spectrum 40



5G Promises 41

Å5G cellular networks were assumed to be the key enabler and 5G networks are expected to 
deliver more speed + capacity to support massive machine-to-machine communications and 
to provide low-latency, high-reliability service for time-critical applications



Research Topics for 5G 42

* C-RANςremoval of functionality from cell sites to consolidation point in the network



C-RAN 43
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ΨSoftwarisationΩ ƻŦ ǘƘŜ ƴŜǘǿƻǊƪ
C-RANςremoval of functionality from cell sites to consolidation point in the network
NFV and SDN ςenabling flexibility in where functions are deployed and scaled
MECςpushing Core Network functions and content ingress to cell sites
CP/UP split ςdecoupling of user plane traffic from control plane functions



An Approach for 5G 44

MIMO : multiple-input and multiple-output
RAT : radio access technology



Communication Standards Evolution 45



3GPP LTE Evolution 46



Next Generation WiFi 47

(WiDiby Intel) (Hotspot2.0)



User Experience Expectation 48



Enabling Techniques for UHD Everywhere 49

HeNB: Home enhanced Node B



Enabling Techniques for Intelligent Agent 50



Technologies for Interworking [1] 51



Technologies for Interworking  [2] 52



3GPP Rel.12 Onward Requirement 53



3GPP Rel.12 & Onward Core Technology 54



Evolution of LTE in Rel. 13 55

ÅLTE in unlicensed spectrum

ÅCarrier Aggregation enhancements

ÅLTE enhancements for Machine-Type Communications (MTC)

ÅEnhancements for D2D

ÅElevation Beamforming / Full -Dimension MIMO

ÅEnhanced multi-user transmission techniques

ÅIndoor positioning

ÅSingle-cell Point -to-Multipoint (SC-PTM)



5G 3GPP Standardization

Å3GPP Release 15, 16 & 17
Å Release 15 (5G phase 1), a standard 

development phase completed in June 
2018.

Å Release 15 includes standardizing:
Å New 5G radio access technology (NR) 
Å Frequency aggregation (CA)
Å Network slicing
Å Mobility frameworks

Å The launch of Release 15-based 
equipment and network construction was
realized in the early of 2019.

Å The Release 16 (stage 1) was issued in the 
end of 2019

.

Source: https://5g - ppp.eu/newsflash - january- 2018/

56

2016 2017 2018 2019 2020 2021 2022

Early Drop Rel16

Release 15

Early phase 1 
development

Phase 1 
development

Phase 2 
development



3GPP Rel. 17 57



1. Small Cell Enhancement

2. Device-to-Device Communication

3. 3D MIMO

Some Focus Areas 58



Small Cell: What is Small Cell Enhancement 59



Small Cell : Use Cases 60



Small Cell: Technical Challenges [1] 61



Small Cell: Technical Challenges [2] 62



D2D: What is D2D Communication? 63



D2D: Use Cases [1] 64



D2D: Use Cases [2] 65



D2D: Use Cases [3] 66



D2D: Technical Challenges 67



3D MIMO: What is 3D MIMO? 68

PA : Power Amplifier



Moving Cell 69



A View of Moving Cell 70



5G Core Network Architecture 71

Service-Based
Architecture(SBA)
Entities

User Plane Entities

Å Control Plane functions are connected by http2-based service-based interfaces
Å In principle any service-based interface exposed by a Network Function can be used (consumed) by any other 

Network Function



4G and 5G Core Network Architecture Comparison 72



ÅThe Winter Olympics, held in PyeongChangin February 2018, was a significant focus for showcasing 
5G technologies. KT was an official partner of the Olympics and offered a range of 5G-based 
services.

ÅSouth Korea has completed auctioning off spectrum (3.5GHz and 28GHz spectrum) for 5G and is set 
to begin its rollout in December 2018. 

Å280MHz bandwidth of 3.5GHz spectrum and 2400MHz bandwidth of 28GHz spectrum(800Mhz each) were available in 
block auction. 

ÅThe respective spectrum was divided into 28 blocks and 24 blocks. 

ÅEach telco SK Telecom, KT, and LG Uplus-- had a 10 block cap per spectrum

5G progress in South Korea 73

Source: Global Race to 5GτSpectrum and Infrastructure Plans and Priorities, April 2018, 
https://www.ctia.org/news/global-race-to-5g-spectrum-and-infrastructure-plans-and-priorities



ÅKorea: KT, SK-Telecom, LGU+ (April 2, 2019)

ÅSuccessfully collaborated and launched with Samsung Electronics to 
develop a 5G end-to-end network that includes:

Å5G virtualized core

ÅVirtualized RAN

ÅDistributed Unit

(baseband unit and radio unit) 

ÅTest device - based on the 3GPP 

5G New Radio (5G NR) 

5G Networks: Industrial efforts 74



ÅIs it 20G? 

Measured Data Rate of 5G 75



Multi-RAT Aggregation 76



5G of Verizon (April 3, 2019) 77

ÅSpectrum : 28GHZ



ÅChina began 5G national rollout in Oct. 2019

ÅJapan commercially launched the 5G, March 2020

ÅEU countries launched the 5G, June 2020 

Å14 Countries

5G in other countries 78



Cross Layer Optimization for Network Management 79

ÅExponential Traffic Growth

ÅVoDon mobile devices (eMBB)

Å# of M2M connections (mMTC)

ÅTime critical communication (URLLC)

ÅRadio Access Network (RAN)

Å5G (3GPP R 15.3.0) September 2018

ÅDynamic network conditions

ÅMoving target problem

ÅSupply-Demand problems

ÅBS on/off, i.e., network scale up/down

ÅUser Association (UA)

ÅResource Allocation (RA)

ÅService Provisioning
Source: Cisco Visual Networking Index (VNI ), Feb. 2019.



Motivation of AI in 5G and Beyond 80

To unleash the true potential of 5G and Beyond 
networks:
ÅIntelligent functions using AI across both the edge 

and core of the network are required along with the 
novel enabling technologies

Role of AI in 5G and Beyond 
networks

Exploit big data analytics to enhance 
situational awareness and overall 
network operation such as:

Å Fault Monitoring   
Å User Tracking
Å Cell Association
Å Radio Resource Management
Å Cache Resource Management 
Å Mobility Management
Å Management and Orchestration
Å Service Provisioning Management
Å And so on..

AI functions must be able to:
Å Adaptively exploit the wireless system resources 
Å Generate data to optimize network operation
Å Guarantee the QoSin real time



Motivation of AI in 5G and Beyond 81

AI-based system operation is no longer a privilege, but rather 
a necessity for 5G and beyond networks.

In addition, Edge Computing is an integral part of the 5G and 
beyond networks.



Q and A 82


