ChoongSeonHong

cshong@Kkhu.ac.kr
URL.: http://networking.khu.ac.kr

Departmentof Computer Science and Engineering
KyungHeeUniversity,Korea

KHu


mailto:cshong@khu.ac.kr

What is the mobile networking?

t includes th@Vifi, Cellular, and Ad hoc networking.
However, In this lecture, we focus onttie and Cellulameworking
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WIFivs. Cellular

Cellular Data Wi-Fi

Offered by mobile carriers (AT&T, Venizon, Set up yourself in-home, by T at work, or offered by
Sprint, T-Mobile, etc) Internet Service Providers (ISPs)

Covers large areas (cities, towns, etc) | ocation-based covers small areas such as cafes, your
home, or airports

Users purchase plans for a certain amount  Typically Wi-Fi has no mit for the amount of data
of data per penod (10 GB, 50 GB
Unlimited, etc)

Useful for simple internet activities Generally much faster than cellular, perfect for data-
(checking Email or Facebook) intensive activities (Skype, Netflix, Youtube, downloading

music, etc.)

Recently, the environment of mobile networking has been changed.
So, we could not say thaYiFiis genallymuch faster than cellular.
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Wireless networks are standardized IEE
AUnder 802 LAN MAN standards committee

1SO
OSl IEEE 802
7-layer standards
model 4
~
)
_/ -

IEEE has defined the specifications for a wireless LAN, called
IEEE 802.11, which covers the physical and data link layers.
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Frequency Bandswm

A Industrial, Scientific, and Medical (ISM) bands
A Unlicensed, 22 MHz channel bandwidth

Short Wave Radio FM Broadcast
AM Broadcast Television

Cellular (840MHz)
NPCS (1.9GHz)

Infrared wireless LAN
Audio

Extremely] Very | Low | Medium| High| Very| Ustrafl S®per| Infrared| Visiblq Ultra-| X-Rays
Low Low High| HIgh gh Light | violet
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802.11 Architecture 8

AA BSS (BasBerviveSet)without amAP(Access Poiig)called
anad hocnetwork;

a BSS with an AP Is callad infrastructureetwork.

ESS

Existing
Wired LAN

STA

Infrastructure
Network

Ad Hoc
Network

Ad Hoc
Network
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Basic service sets (BySs

BSS: Basic service set
AP: Access point

L -

L -

|
Ad hoc network (BSS without an AP) Infrastructure (BSS with an AP)
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Extended service sets (ESS}¥

ESS: Extended service set
BSS: Basic service set

S I e—
—— e

- H

ESS 4 “Distribution system
| \
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802.11 WLANStandards
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IEEE Re lease Frequency Max Data Range [(m) Status and Comments
802.11 | Date (GHz) Rate
(Mbps)
Indoor Outdoor

-1997 1997 2.4 2 20 100 Obsolete

a 19949 5/3.7 5 35/- 120/5k Legacy systems

b 19949 2.4 11 35 140 Legacy systems

E 2003 2.4 o4 38 140 Legacy systems

§ 2009 2.4/5 600 70 250 Current systems

ac 2013 2.4/5 450/7,000 | 35 Next generation — just starting to
be deployed.

al 2012 60 7,000 10 Known as WiGig. Short-reach
high data rate data transfers.

af. Est. 2016 | 0.470-0.710 568 6,000 Being called White-Fi because it
uses unused TV spectrum.

ah 0.9 40 In deve lopment.

al 4560 7,000 10 Modification of 802.11ad for
45GHz band for use in China

. Est. 2019 | 2.4/5 450,/10,000 | 35 Revision to 802.11acto increase
efficiency.

ay 202x > 45 20,000~ 10 300c500 | It is the followup of IEEE

40,000 802.11ad.




802.11 Timelines
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expected to become

/an official IEEE specification
in September 2020

scheduled for release

in 2020

Task Group Title Status ETA/Pub'd
802.11-2016 was 76me) | Current Standard - IEEE Std P802.11-2016 published |2017-12-31
802.11ai - 2016 Fast Initial Link Setup published | 2016-12-31
802.11ah - 2016 Sub 1 GHz published |2017-05-10
802.11aj - 2018 China Millimeter Wave published |2018-04-18
802.11ak - 2018 General Link (GLK) published |2018-06-14
802.11aq - 2018 Pre-Association Discovery (PAD) published | 2018-08-31
802.11ax - TBD High Efficiency WLAN TG in-process| Dec 20134
802.11ay- TBD Next Generation 60 GHz TG in-process

22,.2“;1 o ,',IO?OP 802.11 Accumulated Maintenance Changes  |TG in-process| May 2020
802.11ba-TBD | Wake Up Radio TG in-process| Sep 2020
802.11az- TBD Next Generation Positioning TG in-process| Mar 2021
802.11bb - TBD Light Communications (Li-Fi) TG in-process| Jul 2021
802.11bd - TBD Next Generation Vehicle to Everything (NGVXx) SG Only Sep 2021
802.11bc - TBD enhanced Broadcast Services (eBCS) SG Only Feb 2022
802.11be - TBD Extremely High Throughput WLAN (EHT) SG Only May 2023
802.11bf - TBD Full Duplex (FD) SG Only TBD 2024
802.11b? - TBD Real Time Applications (RTA) TIG Only TBD

802.11me - TBD | g0 11 Accumulated Maintenance Changes Planning | TBD 2024

(expected as 802.11-2024)




Creating WLAI onnections

ATheWi-Fispectrum idivided intoa fixed number of channels
A11 in North America
A 13 in most of Europ&orea andChina
A14 in Japan

2.4 GHz Channel Plan

Channels
1 2 3 4 5 6 7 8 9 10 11 12 13 14

2.402 GHz |<—22 MHz—» 2.483 GHz

87181
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MAC layers in IEEE 802standard

\
LLC IEEE 802.1
sublayer
l Contention-free
Data link service Contention
layer 1 service
Point coordination function (PCF)
MAC Y
sublayer
Distributed coordination function (DCF)
Y Y
A
Physical 802.11 802.11 802.11 802.11a 802.11a 802.11¢g
layer FHSS DSSS Infrared DSSS OFDM DSSS
Y

FHSS Frequency Hopping Spre&gbectrum
LLC : Logical Link Control DSSS : Dire&equence Spreadpectrum
MAC : Medium Access ControDFDM :OrthogonalFrequencyDivision Multiplexing
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CSMA/CAlowchart

CSMA/CA . Start
Carrier-sense M ultiple Access with Collision Avoidance ir

Set back-off
to zero

A -
v

Y
Persistence |

strategy

DIFS: distributed
interframe space

i
| Wait DIFS

[

| SendRTS SIFS: short

r .
Wait back-off ™ Seta tmer interframe space
time ’
1 W«:.m) RTS : Reguest to Send
before time-out?

¥ Yes
| Wait SIFS

4
‘ Send the frame

[/

‘ Set a timer
No 4
Back-off Increment Yy No / ACK received
limit? back-off efore time-out?
Yes ¥ Yes

|(|'|U @ @


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

CSMA/CA and NAV (Network Allocation Vector

Source

Destination

RTS
__)_ -
SIFS
CTS
-
SIFS
——0
SIFS
ACK
<
Y Y
Time Time

Y

Time

All other stations

NAV
(No carrier sensing)

When a station sends its RTS, it includes a time of how long it needs the medium.

hiKSNJ adldAz2y &

UKSY

asi

GKSANI b! +

|(|'|U DIFS: Distributethterframe space; SIFS: shanterframe space

Y

Time
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Horizontal and Vertical Handoff

. e

@1 Vertical Handover

Horizontal Haudover> é
e / BS

Cellular Network

Cellular Network

Horizontal — —
Handoff Vertical
Handoff
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CelluarFrequency Bands

A Cellular network/telephony isradio-based technology; radio waves are electromagnetic wavestitahnas

KHu

propagate

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

Most of the white
areas on this chart
are reserved

. for military, federal
Auctioned 2.4 GHz band government and
spectrum Used by more than 300 ind
> 3 ; industry use
consumer devices, including
- Garage Wireless microwave ovens, cordless J
BroadcastTV  door Cell medical Cell phones and wireless Wi-Fi  Satellite Security
Channels 2-13 openers phones telemetry phones  networks (Wi-Fi and networks TV alarms
h h Bluetooth) B | —
1 1.5 2 3 B 5 50 300
GHz GHz GHz GHz GHz GHz GHz GHz
1 1 1 1 1 1 | 1 1 1 1 I

w

L = | ! Signals in this
* @ oo

AMradio  Remote- BroadcastTV GPS Satellite Weather CableTV Highway Police  gentshort
535 kHz controlled UHF channels (Global positioning radio radar  satellite toll tags radar unobstructéd
to 1,700 kHz toys 14-83 systems) transmissions .
distances
Permeable zone Semi-Permeable zone Line-of-Sight zone
Frequencies in this range are considered Diffcult for signals
more valuable because they can penetrate to penetrate dense ) ' )
dense objects, such as a building made objects Signals in th'_S Zone can
out of concrete travel long distances, but
could be blocked by trees
and other objects
Visible
Microwaves Infrared light Ultraviolet X-rays Gamma rays .
e 1 T b
frequencies RADIO WAVE SPECTRUM frequencies

3 kHz wavelength

300 GHz wavelength



CelluarFrequency Bands
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1G pc] 3G 4G
Period 1980-1990 1990-2000 2000-2010 2010 - (2020) ‘ (2020 - 2030)
Bandwidth  150/900MHz  900MHz 100MHz 100MHz 1000 BW pr
unit area
Frequency Analog signal 1.8GHz 1.6-2.0GHz 2-8GHz 3-300 GHz
(30 KHz) (digital)
Data rate 2kbps 64kbps 144kbps - 100Mbps - 1Gbps <
2Mbps 1Gbps
Characteristic First wireless  Digital Digital High speed, all
‘communicatio broadband, IP
n increased
| speed |
Technology Analog cellular Digital cellular CDMA, UMTS, LTE, WiFi WWWW
(GSM) EDGE




CelluarFreqguencyands in Korea
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§ :uplink  B:downlink  §: TOD
‘ 800M: ~ S00%: HE )
819 824 829 839 849 9043 914.3
] | 108 L)
| | 10k . ]
864 869 B74 884 894 9493 969.3
(OJALR) (2G) (LTE) (LTE)
KT SKT SKT KT
C 1.8Gk cheq ) — ———
1716 17256 1730 1736 1740 1745 1765 1770 1780 arriers Total Bandwidt
BT N
L] 108 j 800 ~ S008:
- T a3 1.8 ao u
| | || O] | 21 40 «0
T S 265 80
1810 1830 1860 1870 I8 100 100
(LTE) (LTE) pres 800 800
SKT KT 1008 1026
A
210Gk ~ 266k chsS )
1920 1940 1950 1960 1970 1980 2500 2520 2540 2550 2575
[ o ’ 1.
2110 2130 2140 2160 2160 2170 2620 2640 2660 2670
(LTE) (3G) (LTE) (3G) (LTE) (LTE) (LTE/3G)
SKT KT SKT SKT o

(5G)
KT

(5G)
SKT




Cellular Network

ABase stations transmit to and receive from mobiles at the assigned spectrum
A Multiple base stations use the same spectrum (spectral reuse)

AThe service area of each base station is calledla

AEach mobile ter minal Il s typically ser
A Handoff when terminals move

Cell boundary

.-"" .
gic Switche
; hone
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Evolution of Celluldtetworks

695 = = = = = CDMA 2000
CDMA
1}{-DO
ANALOG I5-136 TDMAKCDMA LTE ., &

FDMA TDMA nel

* GSM —====* EDGE — UMTS

TDITA TDTMA CDTMA

1G 2G 2.5G 3G 4G
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Evolution of Cellular NetworksCo nt 0 d)

Analog | IEEE802.16 |
| IEEE802.20 |

EV- D0|EV -DO|EV-DO|EV-DO|
Rev-A|Rev-B|Rev-C|
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Mobile Wireless Evolution

KHu

MOBILE WIRELESS ; - Nosiandad
- EVOLUTION -+ LTE advanced. "Q
j RNy i ~100Mbpsq G
: .« UMTS, WCD! T
-+ ~1aambps 4G
'+ GSM.TDMA 3G ? §

* ~270kbps [

Q 9(} § . IEEE 802. llac(69Gbps)
: « IEEE 802 11n (600 Mbps)

& " 2G : - IEEE802.11 g/a(54 Mbps)

w _ « IEEE 802.11b (11 Mbps) ' WIRELESS LAN
4 w ~ EVOLUTION

: « IEEE 802.11 (2 Mbps) ; ;
1980 1990 2000 2010 2020 >




Cellular Network Generations

Alt is useful to think of cellular Network/telephony in terngeoérations
AOG: Briefcasesize mobile radio telephones
A1G: Analogcellular telephony
A2G: Digitalcellular telephony
A3G: Highspeedligital cellular telephony (includingleo telephoiy

A4G: IRbased Oanyti me, anywhered voice,
fasterdata rates than 3G

(deployedin 201262015)
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The Multiple Access Problem

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

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

Alnterference among different senders and receivers

ASo we need multiple access scheme
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Multiple Access Schemes

frequency

3 orthogonal Schemes:

AFrequency Division Multiple Access (FDMA)
ATime Division Multiple Access (TDMA)
ACode Division Multiple Access (CDMA)

time
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Frequency Division Multiple Access

N YV

A Each mobile is assigned a separate frequency channel for the duration of the call
A Sufficient guard bands required to prevent adjacent channel interference

AUsugllymobiIe terminalwill haveone downlink frequency barahd one uplink frequency
ban

A Different cellular network protocols use different frequencies

A Frequency is a precious and scare resource. We are running out of it
A Cognitive radio
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Time Division Multiple Access

FRAME j FRAME j+1 FRAME j+2

SLUTlJ SLOT 2 I SLOT 3 I SLOT 4 I SLOT 5 I SLOT 6

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

ATimeis dividedinto slot@nd only one mobile terminal transmits during
each slot

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

AEach user is given a specific $lmt.competitioin cellular network
AUnlike Carrier Sensing Multiple Access (CSNMIn
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Code Division Multiple Access

AUse of orthogonal codds separate different transmissions

AEach symbol of bit is transmitted as a larger number of bits using the user specific
coded Spreading
A Bandwidth occupied by the signal is much larger than the information transmission rate
A But all users use the same frequency band together

I Orthogonal among users

Data Signal

‘H H ‘ Transmitted signal:
U_|_|_|_| U H m H H U U Data Signal XOR with
L],_i
T

the Pseudorandom

[
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Cellular Network Generations

Alt is useful to think of cellular Network/telephony in terngeoérations
AOG: Briefcasesize mobile radio telephones
A1G: Analogcellular telephony
A2G: Digitalcellular telephony
A3G: Highspeedligital cellular telephony (includingleo telephoiy

A4G: IRbased Oanyti me, anywhered voice,
fasterdata rates than 3G

(to be deployed in 20122015)
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Long Term Evolution(LTE) : Specifications and Speed |E_—

Parameter Details
Peak downlink speed with 64QAM in Mbps 100 (SISO), 172 (2x2 MIMO), 326 (4x4 MIMO)
Peak uplink speedsibps) 50 (QPSK), 57 (16QAM), 86 (64QAM)

All packet switched data (voice and data). No

Data type circuit switched.
Channel bandwidtiiMHz) 1.4, 3, 5, 10, 15, 20
Duplex schemes FDD and TDD
. 0 - 15 km/h (optimised),
Mobility 15-(12pO km/h %higm performance)
Idle to active less than 100ms
Latency

Small packets ~10 ms
Downlink: 3 -4 times Rel 6 HSDPA
Uplink: 2-3 x Rel 6 HSUPA
OFDMA (Downlink)
SCGFDMA (Uplink)
QPSK, 16QAM, 64QAM (Uplink and
downlink)

Spectral efficiency

Access schemes

Modulation types supported
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Long Term Evolution(LTE)-Advanced: Key Features

AFeatures:-
ACompatibility of services

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

ASpectrum efficiency: 3 times greater than LTE.

APeak spectrumfficiency
- downlink 30 bps/Hz
- uplink :6.75 bps/Hz.

ASpectrum use: the ability to support scalable bandwidth use and
spectrum aggregation where nroantiguous spectrum needs to be
used.
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LTE Architecture
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NAS Security  aeeeeaaa Control Plane
|dle state mobility handling User Data Plane
EPS bearer control

E-UTRAN LEPC

:

: °

: 510

: ¢~ s MME

- S |

| 1

: 511

: - o s > o

: S8
SG PGW
: { SAE-GW

---------------------- - MME : Mobility Management Entity
Radio bearer control Mobility Achoring ~ UE IP address allocationiss : Home Subscriber Server

I Packet filtering SGW : Serving Gateway
Inter-ce .RRM 3 PGW : Packet Data Network Gateway
Connection mobility control PCRF : Policy and Charging Rules Functi

Radio admission control UE : User Equipment
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Background and Motivation

A Traffic growth due to

A Tsunami dfieterogeneousonnections:
Smartphones
Connectedehicles
Wearablesdevices

loTsensors

And so oéa

Too oo oo o o

Novel bandwidth hungry applications:
Real time HBtreaming
OnlineGaming

Ultra-reliable and lowlatency
communication

Virtualreality services

Enhanced mobile broadband
Mobile hologram

Andsoon

To To To o T To I

KHu

7% CAGR
2017-2022

Billions of
Devices

2022

2020 2021
= M2M (11%, 31 %)
= Nonsmartphones (34%, 10%)
= PCs (2%, 1%)

2017 2018 2019

= Smartphones (42%, 44%)
= Phablets (8%, 10%)
Tablets (2%, 3%)
= Other Portable Devices (0.1%, 0.0%)

CAGR: Compound annual growth rate



Vision of6G

A5G Technologies
AHigh Data Rate per user: 1Gbps
AVery Low E2E Latency : milliseconds
ANetwork Intelligence, Network Personalization
AGreen Network
ASupport up to 1000 times more capacity

Reduce _; . Teach
latency to D networks to
milliseconds » be self-aware

Support up to
1000 times :
more capacity !

Reinvent
Telcos for
~ the cloud
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5G Spectrum

oG

6 GHz 24 GHz

-

4G/5G sub 6G HArge Millimeter Wave Bandwidth Opportunity
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Global 5G Spectrum

600MHz (2x35MHz)

600MHz (2x35MHz)

JOOMHz (2x30 MHz)

J00MHz (2x30 MHz)

J00MHz (2x30 MHz)
J00MHz (2x30 MHz)

J00MHz (2x30 MHz)

<1GHz

2.5GHz (LTE B41)

3GHz ——— 4GHz

355-3.7GHz 37-42GH:z

SGHz
5.3-71GHz
5.9-6 4GHz
4.8-5GHz
L
4.4-49GHz
I

24-28GHz

24 25-24 45GHz
24 75-2525GHz
275-28.35GHz

27.5-28 35GHz

24 5-275GHz

26GHz

26.5-27 5GHz

24 5-275GHz

26.5-29.5GHz

275-23.5GHz

24 25-275GHz

37-37.6GHz
37.6-40GHz
47 2-48 2GHz
AT
37-376GHz
37.6-40GHz

375-425GHz

39GHz

37-40GHz—64-71GHz

64-711GHz

64-MGHz




5G Promises

Enhanced Mobile Broadband

Gigabytes in a second
3D video, UHD screens

H ilding —
St e Riliding Work and play in the cloud

Augmented reality

— Industry automation

0
o
e
©
c
@
S
n
)
()
©
n
-
O
LN

Voice
| — Self Driving Car
Smart City —— Mission critical
application
e.g. e-health
Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

A5G cellular networks were assumed to be the key enablebéndetworks are expected to
deliver more speed + capacity to support massive mag¢binechine communications and
to provide lowlatency, higireliability service for timeritical applications
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Research Topics for 5G

‘

o Cognitive Radio < Massive MIMO 9 Cooperative Svsterm
< New Spectrum (EHF/SHF) o Distributed MIMO X Y

. \ o Channel Coding
o Carrier Aggregation o Relay

Capacity per C-RAN Unit Cos

c/s= D Bilog(1+ ) /5

¢ Interference coordination o Green Network
¢ Heterogeneous Network . . :
o Mulfible Antennas < Successive / Simultaneous ¢ Cloud Architecture
P Interference Decoding < SON

anne NEIEEEE

kHu * GRANG removal of functionality from cell sites to consolidation point in the network




w—
o

Boftwarisatio®® 2 F (1 KS ySig2N]

CGRANCc removal of functionality from cell sites to consolidation point in the network
NFV and SDN enabling flexibility in where functions are deployed aualed

MECc pushing Core Network functions and content ingress to cell sites

CP/UP split decoupling of user plane traffic from control plafusctions
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An Approach for 5G
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® Bandwidth( ~10x)
* New Spectrum resource
. Carrier Aggregation

s Cognitive'Radio

i g
Sk - gl

1,000’ x
Capacity
by 2020

® Resource Reuse (=10x)
» Small Cell

. Heterogeneous Network

2” g
“‘“,, “X’

3 « (« »
\ tA)

(A) (A))

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

!

® Spectral Efficiency (=10x)
* High order MIMO

- Beamforming




Communication Standards Evolution

L a MT-Advanced
Mobility Standard
. . - > 4 N
/ N
1995 2000 2005 2010 I \
High . : : | d
e | Gy
. . ! Rel8/9 ,"° ? | \
; : 3GEv.) | |
o o ST
— % = W-CDMA .
% CDMA  *HSDPAHSUPA % - “ 56 \
AMPS w oM "CDMA2000/EV-DVADO . 1
Medium - :.; '- :: \
(Vehicular) H . 80216;-" . \
. '.. | '- \
: ’ “ ., \
-.: ‘.- ." " . N
Low 1 .“ 80\2_16@ . 802. y' . 802.11ac/ad
(Nomadic) )
Y 802 11alb WLAN %, "o,
14.4 Kbps 144 Kbps 384 Kbps  ~ 50 Mbps ~100 Mbps ~1 Gbps

>
Peak Data Rate



3GPP LTE Evolution

’2008 2009 2010 2011 2013 2014

3GPP Workshop for Rel.12 & Onward
(Ljubljana, 6/11-12, 43 company presentations)

3GPP Workshop for LTE-Advanced

LTE-A Study

SO P s
wn, AP e, uFat L o S
A g < TR

& b
OFDMA ; i | =
Location Based Service Carrier Aggregation CoMP L e <
3GPP D , eIMTA Sm:II Cell
= Amorphous RAN
LTE ﬁ] T\ & . é ~a 3 5 | @D P
g = 4= -“ “_"fé E*—*E
MIMO Dual Layer Beamforming ~ MIMO Enhancements FelCIC | M2M Optimization D2D
B oD - i i : |-| [jc __Ea-‘
& 9 ePDCCH B — T
- &gD G &gD ~N T 9 sl A HE- N . I i Eil
A- é A = ﬂ I Data | | | | : ==
MME@@ GW MBMS Relay EPDCCH New Carrier Type 3D MIMO
e e |
(((p,>> @: ::.):) "_.a"'t ]"--Lx 4 : .:] ... .-h'd-"", CC-:. :DD :
’ 4 \\ %&L"" ﬁ ‘\__* ‘-’,II]H \‘ ((‘(‘"
- E el E N— £ W s 8| \\_‘__-_ = @
Home Cell 1 g;' | m—r i " |
EPC Femto Cell SON MDT Mobhile Relay Heterogeneous .
AN Interworking_~

LTE-A: Long Term Evolution Advanced, OFDMA: Orthogonal Frequency Division Multiple Access, EPC: Enhanced Packet Core, MTC: Machine-to-Machine,
D2D: Device-to-Device, SON: Self Organizing Network, elCIC: Futher Enhanced Inter-Cell Interference Coordination, EPDCCH: Enhanced Packet Data Control Channel,

MDT: Minimization of Driving Test, CoMP: Coordinated Multi-Point Operation, 3D MIMO: 3 Dimensional Multiple Input Multiple Output
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Next Generatio’WIiFi
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= Peak rate enhancement
= Balanced QoS

= Ubiquitous connectivity

Cooperation

o || ey “©
i @ |

Pico/Femto

User Experience Expectation

UHD Everywhere

Intelligent Agent

* Ambient sensing/adaptation
* Throughput enhancement
* Proximity awareness

© Y 5’ 3 i
é Mobile device as
intelligent agent

Application Server

=R =l =

b UL o

L

PN
Context reasoning

Cloud network

Transpor't__atic,n Context gathering ’-‘—‘-.'m, )

=N | Fv. "%
ealt £y ~ Lawyer

More than FHD device

Shopping Restaurant

* Cost per bit reduction for
end user satisfaction

%' Offloading

= Energy saving

4

Network



Enablinglechniques for UHD Everywhere

Peak Rate Enhancement

» Evolution of carrier aggregation
« 3D / Massive MIMO
« UHD multimedia broadcast/multicast service (MBMS)

Balanced QoS
+ Intra-RAT/ Inter-RAT cooperation

Amorphous cell

HeNB enhancement

Relay enhancement

Advanced UE receiver

— Ubiquitous Connectivit

» Relay enhancement (including UE relay)
-« D2D

HeNB: Home enhanced Node B
KHu



Enabling Technigues for Intelligent Agent

Ambient Sensing/Adaptation

« Intra/Inter RAT cooperation (cognitive network routing)

« M2M communication for sensor network

Throughput Enhancement

« Evolution of carrier aggregation

« 3D / Massive MIMO

« Amorphous cell

» Interference management & traffic adaptation (eIMTA)

« Advanced UE receiver

Proximity Aware Communication

- D2D

KHu



Technologies for Interworking [1]

KHu

= Interworking between 5G and 3G/4G

- Fast inter-RAT handover designed to secure service continuity between the two RATs

- Integration of radio-network resources between 5G and 3G/4G to offer high quality

services together with enhanced reliability

Inter-RAT Handover Between 3G/4G and 5G

 IP mobility support (data session continuity)

through fast inter-RAT handover

~
e

Integration Between 4G and 5G

» Carrier aggregation based integration
- 4G frequency bands: High mobility & large
coverage data service

- 5G frequency bands: Ultra high rate data service

5G BS with 3G/4G Radio

5G Coverage

=




Technologies for Interworking [2]

= Interworking between 5G and Wi-Fi

- Utilize free radio resources (ISM bands) and provide acceptable quality control for Wi-Fi
radio through L2 Wi-Fi integration
- Support traffic offloading through Wi-Fi radio

Per-Flow Based Interworking WiFi Integration

* QoS of IP flow transmitted through Wi-Fi is « Wi-Fi radio can be controlled better while

not guaranteed utilizing ISM bands
. ‘ - Integration layer manages licensed band

and unlicensed band jointly  ((9))

Example of Integration Between Non-co-located BS and AP

KHu



3GPP Rel.12 Onward Requirement

Improved Channel Capacity Improved Data Rates for

Cost Per Bit Reduction

to Cope with Traffic Explosion
Exabytes per Month

12

Enhanced User Experiences

W Mobille VolP (0.3%)
¥ Moblle Gaming (1.1%)

W Moblle File Sharing (3.3%)
W Mobile M2M (4.7%)
6 B Mobile Web/Data (20.0%)
B Mobile Video (70.5%)
Jpe— i I

20m 20012 2013 2014 2015 2016

UHD
3D Video

~50% Cost per Bit >>50% Cost per Bit
Reduction from Reduction from
WCDMA to HSPA HSPAto LTE

Network Cost per MByte as % of GPRS

L |

EDGE{2.50) WCDMA(30) HSDPA (3.50) HEPA+ LTE (40)
Source: Cisco

Figures i legend refer %0 rafic share in 2016
Source: Cisco VM Mobide, 2012

Source: Morgan Stanley

Improved Backhaul Performance Energy Saving Device & Application Diversification

THINGS 50 billion

PEOPLE 5 billion

PLACES 1 billion

1875 1900 1925 1930 1973 2000 2025
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3GPP Rel.12 & Onward Core Technology

3D MIMO D2D
Enhanced Carrier Aggregation Het-Net Interworking

High Frequency

Small Cell / Amorphous RAN
Enhanced CoMP

FDD + TDD + Unlicensed

| A

//
== Reference

i Signal

=

FDD: Frequency Division Duplexing, TDD: Time Division Duplexing, D2D: Device—to—Device, Het—Net: Heterogeneous Network, MTC Machine Type Communication (M2M)
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Evolution of LTE In Rel. 13

ALTE in unlicensed spectrum

ACarrier Aggregation enhancements

ALTE enhancements for Machine Type Communications (MTQ
AEnhancements for D2D

AElevation Beamforming / Full -Dimension MIMO

AEnhanced multi-user transmission techniques

Alndoor positioning

ASingle-cell Point -to-Multipoint (SC-PTM)
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5G 3GPPStandardization

A 3GPP Release 186 & 17

KHu

A

A

A

Release 15 (5G phase 1), a standard
developmentphase completedn June 2016
2018.

Releasel5 includes standardizing:

A New 5Gradio access technolo@iR)
A Frequencyaggregation (CA

A Network slicing

A Mobility frameworks

Thelaunch of Release #%ased

equipment and network constructiowas
realizedin the early of 20109.

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

2017

2018

__Reease1s

2019

Early phase 1

development

2020 2021 2022

Phase 1

Phase 2
development

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



3GPP Rel. 17

2020 2021 2022

Mar. Jun. Sep. Dec. Mar. Jun, Sep. Dec. Mar. Jun. Sep. Dec. Mar.
TSG#83 1SG#84 TSG#85 TSG#86 1SG#87 TSG#88 TSG#89  TSG#90 TSG#91 TSG#92 TSG#93 TSG#94  TSG#95

. \ ; |
Rel-16 Stage 3 ‘ ‘ Release ] 6
) Rel-16 | I

T ; i |
1 l

Rel-16 Stage 2

ASN.1 RAN4
Rel-17 Stage 2

Rel-17 Stage 3

L

Release 18




Some Focus Areas

1. Small Cell Enhancement
2. Device-to-Device Communication
3. 3D MIMO
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Small Cell: What is Small Cell Enhancement

* Enhancement of cellular network for indoor and outdoor scenarios using
low power nodes

Small Cell

v To cope with mobile traffic explosion

v With or without macro cell coverage

v Dense or sparse deployment

v' Different or same frequency for macro and small cell layers

Enhancement

KHu



Small Cell : Use Cases

» Small cells cluster scenarios

Scenario 1

( Common design for scenarios #1, #2a, #2b, and #3 \ o / ™
- Data/control splitting

Note: Overlapping : T'F \cro
e _ - Data throughput boosting /"JQ e T
present or not - T - Offloading

Macro cell - Extended coverage

/ *.._Coordination Small cells Cluster

-------F---

Sfﬁallcell CoordmatmnE E alll:..il‘ Kr\.v‘len':m cell (Outdoor) and Srall cell {Out::i-:u:ﬁi)/J

-'

""""--..... Clust o= Backhaul link within cluster
\ Flor F2 uster / ——— Backhaul link between small cells and macro cell
Note: Users are distributed both for outdoor and indoor.
Scenario 2b Scenario 3
Scenario 2a
E2 E2 A= } s
ez .‘ C’I_L._.D éb ;
Small cels SmaT s — =
Cluster Cluster Cluster
Macro cell (Cutdoor) and Small cell (Qutdoor) \Macro cell (Outdoor) and Small cell (Indoor) \k Small cell (Indoor) _,/

Backhaul link within cluster
——— Backhaul link between small cells and macro cell

Backhaul link between small cells and macro cell MNote: Users are distributed both for outdoor and indoor.

Note: Users are distributed both for outdoor and indoor. MNote: Users are distributed both for outdoor and indoor.

Source: 3GPP TSG R1-130748
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Small Cell: Technical Challenges [1]

KHu

High Frequency Band

Dual Connectivity

= Utilization of Higher frequency bands (3GHz or higher) with wider bandwidth

Existing cellular bands
(high power density for coverage)
o“_"'_‘\

Higher frequency bands
(wider bandwidth for high data rate)

“Very wide
(e.g. > IGHz)

4
- e
- = i

-§ —

» Relaxation of backhaul requirements

Super wide |
(eg. > 10GHz)

* Function (C/U) splitting between Macro and small cells

I Fre-:;t:al-rncy - in
0 ™
o L

-

Micro/Pico won-fiber ba
eNB

()

ion
ged connectio Macro

—

f1

eNB

~




Small Cell: Technical Challenges [2]

= Cooperation of dense network of distributed transmission points
= UE-centric virtual cells

* Enhanced mobility support (to minimize the handover frequency)

Amorphous Cell R
—— N P A= »,_\/
- = }’
,'.'—’— 7 =y e B —

C S ‘

\

= Enhanced inter-cell interference coordination & measurement

= Support of small cell discovery

Interference
Management Discovery signal only
& | (9) / f1
Discover
y A )
Macro UE Pico
» Higher order modulation (256 QAM for cellular)
Improved
Spectral Efficiency = New carrier type: eNB power saving with reduced overheads
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D2D: What is D2D Communication?

= UE directly communicates with peer UE over-the-air

v Energy-efficient discovery of peer UEs

v Spatial reuse of time/frequency resources
v" Latency reduction

v" Proximity-based services

SGW/PGW SGW/PGW

Data path of the evolved packet service (in 3GPP)
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D2D: Use Cases [1]

» Public safety message delivery by UE relaying and information flooding

v Out of network coverage
v Emergency when network is destroyed

» Social networking
v'Discover friends in the vicinity
“Multi-player”

. 5 ; yobile Social Nefwork
v Find people with common interest  [Frfieteens I |
Neighbothood Gaming

L
eesiane, ORI P e

Commercial

Network = Mobile advertizing
Enhancement v'Neighborhood stores
v'Individual offer

“Proximate Context-
aware Gaming”

“Vouch" ~ building 3.
party Trust Nets

A

“FlashPay" - eCash
between eWalm:s‘ ;
OURLCONM Prgriatars st Cen Sdendil

Source: Qualcomm
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D2D: Use Cases [2]
» D2D scenarios: 3GPP D2D Within network Outside network
— In network coverage Initial Focus coverage coverage
— Out of network coverage Non public safety & public Public safety only
— Partial network coverage safety requirements

Direct At least public safety Public safety only
&L THTTETH I requirements
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D2D: Use Cases [3]

KHu

|

' 2
Supermarket

“~ Airport Railway ~
station

F o
a4 &

Local voice service

Sensors on
home devices

UE as |
gateway
Sensofrs on car

UE

Sensors on
customers

UE as a gateway to sensor networks

ov\%
- N i bj”lnrm\et ~ 1

focal

multicasting Machine to
machine

Muitiplayer
gaming @
° l @ Context-aware

rs &, application
Content sharing 4 i

Local data service

Computer

UE

s
%

Moblle internet
devices

UE cooperative relay

<Lei Lei, Zhangdui Zhong, Chuang Lin, and Xuemin (Sherman) Shen, “Operator Controlled Device-to-Device Communication in
LTE-Advanced Networks,” IEEE Wireless Communications, June 2012>




D2D: Technical Challenges

KHu

UE

eNB

Discovery of UEs
v"Identification of a certain UE in its proximity in a battery efficient way
Synchronization and measurement of channels from UEs
Receive over UL resource or transmit over DL resource
Maintenance of dual connectivity
v One link with eNB, the other with UE(s)

Group communication, relaying, security, privacy, etc.

Control of D2D links
v" Scheduling of individual D2D transmission and high-level control
Coordination of interference
v Maximization of spatial reuse without causing serious interference
v" Single or multiple-operator scenarios
Charging, accounting, security, privacy, etc.

WLAN incorporation




3D MIMO: What is 3D MIMO?

* Advent of Active Antenna System (AAS)
v Each antenna element combined with active transceiver (including PA)

» Massive MIMO antenna elements

* 3D beamforming and single/multi-user MIMO based on 2D AAS

Coverage for higher vertical

Higher signal level in | Lower signal level in
sub-array sub-array

256 Antenna

Elements

Coverage for lower vertical
angle

16 Antenna

Elements

Coverage for ground level

PA : Power Amplifier
KHu



Moving Cell

“Phones will become base station”
- Ericsson CTO (UIf Ewaldsson)

“Cell-centric architecture should evolve into
a device-centric one”

- Alcatel Lucent (Federico Boccardi)

Mobile Communications Enabler for 2020,
including “Moving Networks”
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A View of Moving Cell

(Multi-hop)

5G Moving Cell Backhaul l.mk L
g v ot s A e G e e )
” ’ <,
'I .’I %
] N Wireless
: . 77T 1 (Multi-hop)
: Application Server 'I " \\‘i: S!CiG_l]?gl Link
| ' . ' . ) ; 4-
I ) N S : l‘.‘&“!
: * Base Station AT i N’
| '©. (L3 Relay) y “ah ]
\\ F Ry 4
¥ . o s e e . s e :"'---'-—-—' Wireless
: . Access Link
ﬁ : a
=

KHu

/

N

T )
\+% ")) Core Network
eNB .
Wireless ¥ A

- @)

v
e

Cellular._:'. -"-.;Bluetooth
i WiFi,

[[ Main Characteristics ]]

: Movmg Small Cell
Wireless Mobile Backhaul Link

v" Robust Cell Mobility
v'  Device Group Handover
v Multi_RAT Access Link

(Cellular, Non-Cellular)

= Cell-to-Cell Direct Comm.

v" Wireless Sidehaul Link
v"  Direct Local Routing

= Edge Cloud Service Provision
v" Local Application Server
(e.g. Content Cache,
Proximity-based SNS Server,
Local Cloud Proxy)




5G Core Network Architecture

ServiceBased
Architecture(SBA)
Entities

(R)AN
NG-RAN, Fixed

== g

AUSF Authentication Server Function NEF
AMF Access and Mobility Management Function NSSF
AF Application Function NRF
DN Data Networks PCF

SMF UPF

(R)AN

Session Management Function

N6
Network Exposure Function PN
Network Slice Selection Function '\ Control
Network Repository Function ~=7

Policy Control Function
User Plane Function
(Radio) Access Network

A ControlPlane functions are connected by http2sed servicdasedinterfaces
A In principle any serviebased interface exposed by a Network Function can be used (consumed) by any c

Network Function

KHu

User Plane Entities



4G and 5G Core Network Architecture Comparison

SBA Legend 5G Core Service Based Architecture (SBA)

Shared

Control

Plane
AUSF
User AAA

Plane Access and Mobility Session Management
Management Function Function

Metwork Slice Metwork Metwork Repository Policy Unstructured Data Unified Unified Data  Authentication
Selection Exposure Function Control Storage Function Data Repository Server
Function Function Function Management Function
5G
RAN
UE Access
T Network

User Plane

Functi
4G . nction ¢ Data
RAN Network
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5G progress in South Korea

A The Winter Olympics, heldRyeongChanin February 2018, was a significant focus for showcasing
5G technologies. KT was an official partner of the Olympics and offered a range-ba5¢&d
services.

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

A 280MHz bandwidth of 3.5GHz spectrum and 2400MHz bandwidth of 28GHz spectrum(800Mhz each) were available in
block auction.

A The respective spectrum was divided into 28 blocks and 24 blocks.
A Each telco SK Telecom, KT, antJp@s-- had a 10 block cap per spectrum

Current date : .
Government publishes Winter Olympics

national t?roadb,and.f KT trialed 5G technology during
spectrum ('K-ICT’) plan Winter Olympics. SKT/LGU+ also
conducted demonstrations

2022 =

MSIT announces plans to invest KRW1 .6trillion
(USD1.5billion) by 2020 for local firms to build 5G networks

S 2014 ) ==Y Y2016 o 2018 B . 020

LGU+ trials LGU+ launch

SKT ftrials SKT launch

KDDI trials KT launch

Source: Global Race to 6Gpectrum and Infrastructure Plans and Priorities, April 2018,
https://www.ctia.org/news/globatraceto-5g-spectrumand-infrastructureplansand-priorities



5G Networks: Industrial efforts

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

ASuccessfully collaborated and launched with Samsung Electronics t
develop a 5G endto-end network that mcludes

A5G virtualized core
AVirtualized RAN
ADistributed Unit
(baseband unit and radio unit) #
ATest device based on the 3GP,
5G New Radio (5G NR) |
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Measured Data Rate of 5G
Als it 20G?

1:50 28 9. Gd V&5 BN T 7%E

HGADEZ I

L R —

138

[ gy
annm
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MulttRAT Aggregation
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5G of Verizon (April 3, 2019)

Comparison LTE and Verizon Wireless 5G

PHY parameterization (1/2)

LTE Roi-14) | Veron50

ROHDE&SCHWARZ

Downlink (DL)
Ugplink {UL)
Subframe length
Subcarrier spacing
Sampling rate
Bandwidth

NFFT

OFDM symbel duration, no CP

Frame length
#Subframes (#slots)
CP type
Multiplexing

Max RBs

DL/UL data ceding

OFDM

DFT-5-CFDM (SC-FDMA)
1ms

15 kHz

30.72 MHz

20 MHz

2048

66.67 us

10 ms

10 (20)

Normal & extended
FDD/TCD

6, 15, 25, 50, 75, 100
Turbo code

OFDM
OFDM
0.2ms

75 kHz
153.6 MHz
100 MHz
2048

1333 us

10 ms

50 (100)
Normal only
Dynamic TOD
100

LDPC code

August 23, 2019@Phoenix



5G In other countries

AChinabegan 5G national rollout in Oct. 2019
AJapan commercially launched the 5G, March 2020

AEU countridaunchedhe5G, June 2020
A14 Countries

1 4 Countries with
5G commercial service

5G commercial service

No 5G commercial service

5G countries
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Cross Layer Optimization for Network Management
AExponentialraffic Growth "’°

80

AVoDon mobile devicegkBB
A# of M2M connectione\MTQ
ATimecritical communication (URLLC)

ARadio Access Network (RAN)

Exabytes
per Month

A5G (3GPP R 15.3.0) September 2018 R R

ADyn amimetwork conditions M Mobile Tdeo (59%,79%) M Mobile Non-video (41%,21%)

AMovingtarget problem
ASupplyDemand problems 20 | st e oot o

ABS on/off, i.e., network scale up/down 120

AUserAssociation (UA) Sl

AResourcallocation (RA) “

0

A ServiceProvisioning 2017 2018 2019 2000 2021 2022

Source: Cisco Visual Networking Index (VNI ), Feb. 2019.
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Motivation of Al in 5G and Beyond

To unleash the true potential of 5G and Beyond  Role of Al in 5G and Beyond

networks:
networks
A Intelligent functions using Al across both the edge

and core of the network are required along with the Exploitbig data analytics to enhance
10YE) EMEIINg IBe C)Ise situational awareness and overall

network operation such as:
Al functions must be able to: A Fault Monitoring
A Adaptively exploit the wireless system resources A User Tracking

A Generate datdo optimize network operation A Cell Association

: . A Radio Resource Management
A Guarantee theQoSin real time A Cache Resource Management

A Mobility Management

A Management and Orchestration

A Service Provisioning Management
A And so on..
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Motivation of Al in 5G and Beyond

Al-based system operation i80 longer a privilege but rather
a necessity fobG and beyond networks

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