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Syllabus

Course No. | 4307528 | -ecture po1  [|Course Titlel  \vireless Networking  |Credit| 3
No. (Subtitle)
_ Name | Kyunghan Lee (Associate Professor) |Homepage https://nxc.snu.ac.kr
Representative E-mail kyunghanlee@snu.ac.kr Phone No. 02-880-1672
Instructor

Interview Time/Place : Tue/Thu 11:00am - 12:00pm, Building 301, Room 1006

Prerequisite

In this course, we will learn and discuss various wireless and mobile networking topics over
popular wireless access network standards including 802.11 (WLAN), LTE, and 5G. Such
* 1.Purpose of|topics will cover conventional approaches as well as state-of-the-art approaches related to

Course major technical issues characterizing the capability and the efficiency of link layer, network
layer, and transport layer protocols for wireless and mobile networking.

We will mainly use presentation slides and recent research papers for the lectures.
Reference
* 2 Materials * Stefania Sesia, Issam_Toufiké Matthew Baker, LTE, The UMTS Long Term Evolution:
and Reference From Theory to Practice, 2" Ed., Wiley, 2011.
* Bernhard H. Walke, Stefan Mangold, Lars Berlemann, I[EEE 802 Wireless Systems:

Protocols, Multi-Hop, Performance and Spectrum Coexistence, 1°' Ed., Wiley, 2007.
* James F. Kurose, Keith W. Ross, Computer Networking, 7" Ed., Pearson, 2016.
Attendance Task Medium Final Random Attitude Other Total

Evaluation

10 35 0 40 10 5 0 0
* 3 Evaluation

Method Attendance Students who are absent for over 1/3 of the dass will receive a grade of 'F or 'U' for the course
Policy : (Exceptions can be mede when the cause of absence is deemed unawidable by the course instructor.)

Remark of Others :
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Syllabus
37— Week1. Part I. Preliminaries: Introduction to wireless/mobile networking (ONLINE)
Week2. Part I. Preliminaries: Performance measures and application performance (ONLINE)
331 —* Week3. Part I. Preliminaries: Wireless access channels
Week4. Part I. Preliminaries: Technical issues in the link layer and wireless MAC
Weekb. Part I. Preliminaries: Technical issues in the network layer and wireless proxy
Weeké. Part I. Preliminaries: Technical issues in the transport layer and wireless TCP/UDP
* 4 lLecture | Week7. Part II. IEEE 802.11 WLANSs: Introduction to WiFi networks and their PHY layers
Plan Week8. Part II. IEEE 802.11 WLANs: MAC protocols
Week%. Part II. IEEE 802.11 WLANs: Recent advances in WiFi networks
Week10. Part III. 3GPP LTE/5G networks: Introduction to LTE/5G
Week11. Part III. 3GPP LTE/5G networks: RRC/RLC/MAC/Cellular transport protocols
Week12. Part IV. Bluetooth/WPAN
Week13. Part V. State-of-the-art approaches 1
Week14. Part V. State-of-the-art approaches II (mainly on Al-based approaches)
* The planned contents may vary in order to reflect the most recent research trends.
5.Ref8rencesto This course is taught in English.
Regi%grgstieon Tasks, quizzes, and evaluations may include paper review, presentation, and writing.
6. Support O Physical Dsability: Make textbooks (digital textbook), Allow rote takers and assistants
Services for For Lectures O Hedth Impairment Bxcuse absence due to health problems, Allow note takers
Students with
Disabilities  |For Assignments
& Evaluations
% You can Students who take this course can get gopropnate level of sypport service including the support
modify these listed above depending on the students’ individual characteristics and needs through consultation]
default Others with professors and the Support Center for Students with Disabilities. If you have ary
contents. guestions mnceming support rvice for students with disabilities you can Support Center for
Students_with Disabilities (02-83)-8/87).
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http://lps3.ebookcentral.proquest.com.libproxy.snu.ac.kr/lib/snulibrary-ebooks/reader.action%3FdocID=693278&query=lte+the+umts+long+term+evolution+from+theory+to+practice
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Fundamentals

Fundamentals of Wireless Communication
David Tse and Pramod Viswanath
Cambridge University Press, 2005

Quiz #1 (03/31) - up to 3 questions
1. Introduction PDF

2. The wireless channel PDF
3. Point-to-point communication: detection,

Fundamentals of
— Wireless diversity and channel uncertainty PDF
~ Com"muni(ati()n Quiz #2 (04/14) - up to 3 questions

il 4.  Cellular systems: multiple access and
Pramod Viswanath

£ interference management PDF
et 5. Capacity of wireless channels PDF

[BOOK] Fundamentals of wireless communication, D Tse, P Viswanath - 2005 - books.google.com
The past decade has seen many advances in physical layer wireless communication theory and their implementation in wireless systems.
This textbook takes a unified view of the fundamentals of wireless communication and explains the web of concepts underpinning ...

Cited by 11262 Related articles All 30 versions
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https://web.stanford.edu/~dntse/wireless_book.html
http://www.ifp.uiuc.edu/~pramodv/
https://books.google.com/books%3Fhl=en&lr=&id=GdsLAQAAQBAJ&oi=fnd&pg=PR15&dq=Fundamentals+of+Wireless+Communication&ots=aLDBbeOMar&sig=oNcAs31Escf0Kotcj3LKu76Dt_Q
https://scholar.google.com/citations%3Fuser=MzD8rjoAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations%3Fuser=lPycXNcAAAAJ&hl=en&oi=sra
https://scholar.google.com/scholar%3Fcites=12244022916673036937&as_sdt=2005&sciodt=0,5&hl=en
https://scholar.google.com/scholar%3Fq=related:ieIJmviB66kJ:scholar.google.com/&scioq=Fundamentals+of+Wireless+Communication&hl=en&as_sdt=0,5
https://scholar.google.com/scholar%3Fcluster=12244022916673036937&hl=en&as_sdt=0,5
https://web.stanford.edu/~dntse/Chapters_PDF/Fundamentals_Wireless_Communication_chapter1.pdf
https://web.stanford.edu/~dntse/Chapters_PDF/Fundamentals_Wireless_Communication_chapter2.pdf
https://web.stanford.edu/~dntse/Chapters_PDF/Fundamentals_Wireless_Communication_chapter3.pdf
https://web.stanford.edu/~dntse/Chapters_PDF/Fundamentals_Wireless_Communication_chapter4.pdf
https://web.stanford.edu/~dntse/Chapters_PDF/Fundamentals_Wireless_Communication_chapter5.pdf
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Recall: Layered Network Architecture

o0 Data link (including MAC) and Physical (PHY) are very system
dependent (e.g., WLAN, LTE, 5G)

0 Many existing application, transport, and networking layer
protocols are developed for wireline, but can be reused for
wireless. However ...

OSlI Layers TCP/IP Protocol Suite TCP/IP Updated

7| Application |

6| Presentation Application Application

5 Session ¥

4 Transport | Transport | Transport % o

3 Network | Internet | Network “ '*%

2 Data Link | I Data Link é

1 Physical Hink Physical Y §
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TyplCa| Reseal’Ch QueStiOnS Communications theory

(analysis over hardware)

/ _ (theory over physics)
—0 What's new? y OVEr Py

- Observation paper y
S.

0 What should we do?
- Positioning paper

—  Network systems
0 How do we implement that? (mostly software)

- System paper (placing/mixing dist. functions)

— 0 How much can we improve (in reality)?
- (Extensive) Measurement paper B

0 Is it the best or Is it better (in theory)? v
, Network theory
2 AnalyS|S/Theory pPaper (analysis over software)
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Wireless vs. Wired

0 Scarce resources, i.e., bandwidth
= 1 Gbps WLAN vs. 1 Gbps LAN

; ; Signal Power ™
Maximum achievable ?
data rate (in bits/sec) '7\ L/(m Watts)
\.I

S
C=B-log,(1+ F) — SNR (Linear Scale, not in dB)
A : ,

»_/l LN l'\l
- \ l
Noise Power — /

' i in Watts v
Radio Ch?ir;nslz?andwmth ( ) As this gets larger, C (Capacity)

gets larger

0 Less-reliable communication
» Fading, shadowing, background noise

» Interferences — inter-symbol interference (ISI), inter-cell
interference, interference from other systems

0 User mobility
» Handoff, location management
= Channel reliability affected by Doppler shift (coherence time)

\.\fi:\‘*" WIRELESS NETWORKING, 430.752B, 2020 SPRING N x c I_AB
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Recall: Wireless Channel Gain

Path loss: signal attenuation as it propagates through space

Shadowing: additional signal attenuation caused by blocking objects (walls,
buildings) existing between transmitter and receiver

0 Multi-path fading: constructive and destructive additions of multiple
propagation paths

Channel gain
(log scale)
A

— — — Pathloss
oy Path loss + Shadowing
~ ——— Path loss + Shadowing
+ Multipath Fading —» Small-scale fading

} Large-scale fading

P, /P, tx/rx power

d: distance between tx and rx
A: wavelength (1 = ¢/f)

a: path loss exponent

>

Distance
(log scale)
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10
Wireless vs. Wired

o Time-varying environment
= Time-varying channel and user mobility
» Time-varying interferers
= Location-dependent errors

0 Broadcast nature of channel
= Multiple access for sharing the medium

0 Less-secure environment
* Due mainly to the broadcast nature of the wireless
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Wireless vs. Wired

o Wireless # mobile |

0 Wireless node can be static and fixed

" e.g., Fixed wireless local loop (WLL) or IEEE 802.16 Broadband
wireless access (BWA)

0 Mobile node can use a wireline networking
" e.g., laptop with Ethernet link

0 Different techniques used to tackle either of them!
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12
Wireless-aware Protocols
o Application layer
= Adaptive application, device-dependent, location-dependent, ...
0 Transport layer — TCP
= Packet drops due to channel errors and user mobility are
interpreted to be due to the network congestion
0 Network layer - IP
= Different from wireline due to user mobility and broadcast nature
of wireless link
= Mobile IP, ad hoc routing, ...
Wireless-agnostic Protocols (popular these days)
0 Same application, Same TCP, Same IP
= How can it be possible?
N i e RXC]u18
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Adaptive and Cross-layer Approach

0 Wireless environment is time-varying, so the network
protocols need to be adaptive

= MAC with adaptive algorithms for link adaptation, transmit power
control, ...

= Adaptive application using adaptive video codec, adaptive voice
codec, ...

0 The optimal usage of the scarce and time-varying
wireless network can be done via cross-layer design anad

optimization!
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Wireless & Mobile Networks (WMN)

0 Nomadic systems

= Communications is typically done while the node is stationary
= WLAN, WPAN

0 Mobile systems

= Communications can be done while the node is moving fast
» 3G/4G cellular systems

0 Nomadic system can provide faster link!
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WMN: Handoft and Mobility Management

0 Network and MAC layers related

= By its nature, a cross-layer design is needed

0 Handoff within and across wireless systems

» Handoff within cellular (e.g., LTE) systems
» Handoff between WLAN and LTE systems

0 Location tracking

= For paging, location-dependent service, ...
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WMN: Infrastructure vs. Ad hoc

0 Infrastructure-based wireless networks

= An access point (AP) or base station (BS) as an interface
between wireless and (wireline) backbone

= Star topology (in a cell), handoff support
= Requires cell planning (with frequency reuse)
= Cellular systems, typical 802.11 WLANSs with APs, ...

0 Ad hoc networks

= Wireless multi-hop transmission
= Peer-to-peer topology
= 802.11 ad hoc mode, Bluetooth, ...

o Wireless mesh networks

= Network for wireless infrastructure

;;E%i;'_\'/ WIRELESS NETWORKING, 430.752B, 2020 SPRING N x c I_AB
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WMN: Mobility vs. Data Rate
<o,
- Lo
mobility o /7kogm
high-speed train
@
O
§ driving in country Beyond 3G
c requirements for 4G
driving in city
5 walking
°
S
‘= shifting locations
More BW,
g Antenna
5 (relatively
= AX  WLAN | easy)
Iz Bluetooth 6ad 802.11 n »—»
0.1 1 10 100  data rate
Source: IEEE 802 Wireless Systems, Wiley 2007 [Mblt/S]
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N Frequency Bands Frequency Range
E | VLF very low frequency 3 kHz 30 kHz
ectromagnetic pec rum ety
MF medium frequency 300 kHz 3 MHz
HF high frequency 3MHz - 30 MHz
VHF very high frequency 30 MHz - 300 MHz
UHF ultra high frequency 300 MHz - 3 GHz
SHF super high frequency 3GHz - 30 GHz
EHF extremely high frequency 30GHz - 300 GHz
~—— ——
Longer cm mm um nm Shorter
Wavelength 153 492 4ot 1 101 102 103 104 105 106 107 108 109 1010 101 1012
(meters) T ] 1 1 T ] 1 T T T 1 1 T T
< iod | o
Size of & if,_‘ i A period {%ﬁ ©
wavelength Soccer Baseball Virus Protein molecule
Field
Common _ g e ] —
name of wave RADIO WAVES INFRARED 5) ULTRAVIOLET HARD X-RAYS ,
B @ )
— ;
@ | O \iFi MICROWAVES m SOFT X-RAYS CANMARATE
= LTE mmWave VLC
SOURCES b 2 O =
AM _ Microwave o= lffgf ﬁ&iﬁ Light X-ray
Frequency radio cavity rad|o oven Radar People bulb The ALS machine The APS
(Waves/ 1 ] ] ] ] ] ] ] ] | | ]
second) 106 107 108 109 1010 i 10M 1012 1013 1014 1015 1016 1017 1018 1019 1020
MHz GHz THz PHz
Energy of
1 photon | | | | | L | | | | | | | | | |
(electron volts) 10 108 107 106 10° 104 1073 102 101 1 101 102 103 104 105 108
Lower Source: Argonne National Laboratory Higher

Q ,,.:._%
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Licensed vs. Unlicensed Bands

0 Licensed bands

= Operators get the license by paying money, ..
= 800 MHz, 1.8 GHz, 2.1 GHz

0 Unlicensed bands

= Used without license as long as the regulatory requirements are
met such as maximum transmit power level, spectral mask, etc.

= 900 MHz, 2.4 GHz, 5 GHz, 60 GHz ISM (industrial, scientific and
medical) bands

o Different for different countries
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TV White Space (TVWS)
470 MHz 698 MHz 806 MHz
. TV Channels |
:h----i--i:l EDAnang
Switchover to Digital TV l Digital
C eeessssese— | 0 Unses
T O O T 1 OO O A | e ’
TV White Space Digital Dividend
o TV white space (TVWS)
= Mightinclude 54-72, 76-88, 174-216, and 470-698 MHz
= Temporally or spatially unused spectrum between active TV channels
= Available for communication purposes, e.g., Super Wi-Fi, IEEE 802.22,
In some countries
o Digital dividend (DD)
» Became available due to digital TV transition
* To be allocated for other wireless services
N i e NXC]L18




UNITED

MARITIME MOBILE

NOT ALLOCATED

STATES

FREQUENCY

ALLOCATIONS

THE RADIO SPECTRUM

RADIO SERVICES COLOR LEGEND

AERONAUTICAL
MOBILE INTER SATELLITE,

AERONAUTICAL

MOBILE SATELLITE LAND MOBILE

LAND MOBILE
SATELLITE

AERONAUTICAL
RADIONAVIGATION

AMATEUR SATELLITE

MARITIME
RADIONAVIGATION

[ |
/|
/|
[ |

BROADCASTING
soaveastna [T wersororosicat
swnssoionsnon [ vercoroLocicn
SATELLITE SKTELLTE

Fixen [ vome
menswreume [JII woseswreure

ERDERONNCN

ACTIVITY CODE

Il oo

ALLOCATION USAGE DESIGNATION

MARITIME MOBILE
SATELLITE

SERVICE. EXAMPLE DESCRIPTION
Pinay FIXED Copi Lot
Sscondary Mo I Capial it overcas s

5

U.S. DEPARTMENT OF COMMERCE

National d Information
MA))) e of Spectrum Management
JANUARY 2016

0kHz

WRITINE
MOBILE

MARTMIE HOBILE
MARITIME MOBILE

g i
ot 11 | | ﬁ
= (080 % lt BEZz-alEn; =

30GHz v - or2sson

WIRELESS NETWORKING, 430.752B, 2020 SPRING
SEOUL NATIONAL UNIVERSITY

VARITIVE
MOBILE
MARITIVE
MOBILE
MARITIVE
Radioocation | MOBILE
300 kHz

%2 £ £ 1 i X% £ £ % LI ]

T e

i
I

Wi
E

(2016.10)




22

JISZESUR KCAN\ ¢33 uuTTIgH
4 w
3k i 195 150 s o 5 0 0 5 up s ) 1t 5500 ke
o o B 1# 1# 1#
8 [l 2l El B f BB g K 8 fl £ k
o 2 b g of el H B BAF F Bl # EER=EE 1 = = 5 [ H
o || e i A El sl B OMEE H WEN ioHe AN B fi H A L B |
s = I = % l B HE E l 1 & [ B FENE il = il [l 8 El
&l b I o of| f B oo B HAEE 1 - =1= = 3 el a Il
H E & bl A F E B B[ (10 1 I 8 K F & [
sl bl 1# [ i u e o g S 2
4 f B il il 5 o
9
5500 ke i 0800 5105 o 1150 2 12560 e
H — ]
E B | 8 '
i 2 & E kil Bl | = EH Pl
i g By ‘ H B =4 g EH o F
N 2 % &l 1 = B &
il K o = Bl 23 4 =
e & oo fes & i 5
£l E [l 1
1875
12560 iz i3 18 e ) 18700 e
El H N
o H B SlEle
= o 5 i il of
H i l i El e fe &
H % Bl B 120 B
q o l g = [ I g
e f o el 3
§ &l 4 ff
18700 ke s 2 2 %115 Il 28000 ke
STl
EiEES : . z
(L H AT 4B RHHY £
28 s 4 4
2 |
[
281 296 s 400 M
ILS| FF
il o ol | o=
s [t o al| @ H |+
e o of |- B E1E]
| = s
et il a 2 (B il E|E
I A5 e A (e i s
§ a (B §
SRR T
1
400 e 5 65 bt o s 1100 e
= = i
] = ol R =
| . . EIES ] E all
i = 2| 2 2| 2 dfl o 38 DME, TCANE
b 2 a a8 || || | A &[T SO | B
e g5 Sl s|ls || - .
I+ H i) | b
VWS HOIEIE S g | TR | Joufo] com | cow | | s TR R :
W T 150
1100 e 1505 168 0 85 2200
SToTE RS - - =
XJ (MMARSAT) qn | (wABSAT) Sla ol Tﬁk‘ OIT‘SWJ B EHE °“(=ﬁJ
b HABAAIA oF | mmmaus e | w ST B EHE HeolsEL
otatzof i [ R e g ik Kr | | S (TDD) o | s [sa | Bl BBl e |sofso]a|a] gee
4 J— e 5 e | U “ (olge) e e I I Il Il I e
% R serink) | “mA® foulsn] | o (10w) eow | o | cow | (row) A F t Bl eom | com | o | iom | o
al
G & S [ T T 0T 7% 20 28 76
220 2w ; 7 s 3 P 29.5 6
oI5 o i R
il UEE P Bl | saneins g . o olE&4l
i 4 B I 2l o
§ s, [2 A il I a A syage
el 1 o || 2 sl 12 A = ol (=gEswraolcts) | K Lo+ ST ol
I HE oo | room 2 H B < 5 % |2
s ® : 1 el i = H oo | oo | e | 8
ijo3 |zl
266 18 05%; 2 1 289
2 2! g 22
2950 i o 25 89 52 i 1 100 8
& SHLEY
) e (S eAlA0cH)
= B2 Ru08YIAE 0 b “13i21 R421)/ 8 E0IR1Y aiEx
=l o - E o
gl 2 iz EE = & Al =sedolcs
fiot
s "
100 Gk 85 11 518 ] 3 ) » w6 52 3000 &
H
el <} el k) A <) ] El <}
a e a i . 1 3t I of [ f
s o Py g i g @ g of [ e
A 4 A A A & A 7 2 A
2 2 2 2 = 2 ) = of [ 2
A &} A A A 3 Al a &
)

)

%
NS
KL

WIRELESS NETWORKING, 430.752B, 2020 SPRING

SEOUL NATIONAL UNIVERSITY

NXC

LAB




23
-,
Allocated Spectrum to Korean MNOs 215, o) Q) mviezsyy  KCA\ vagssummuss
f; : uplink @: downlink @: TDD
(¢ 800N ~ 900MH: CHed )
819 824 829 839 849 9043 914.3
10MHz f
1 0MHz @
884 894 9493 959.3
(OJALR) (2G) (LTE) (LTE)
KT SKT SKT KT
( 1,80k Chiy ) T e Y TR
1715 1725 1730 1735 1740 1745 1765 1770 1780 =
ﬁ —————— 800 ~ 900N 30 30 20 80
________ 10MHz 1.86k 35 55 20 110
. ! Lok | 2o o w0 W
2.66Hz 60 40 100
1810 oo 1830 (LTE) 1860 1870 sea 100 100 o m
SKT KT 1095 1056 1000 3150
216k ~ 2.6 e )
1920 2520 2540 2550 2575 2615
2110 2360 2620 2640 2660 2670
LTE) (3G) (LTE) (30) (WiBro) (WiBro) (LTE) (LTE) (LTE/3G)
SKT KT SKT KT SKT SKT LT
¢ 3.5GH, ~ 286iz CHed )
D=
52| 3400 3428/807-58500 *768.08 360/ 1218-585709 26500 120788 o7309  W207.2B 58199 W207:3B 8900
@ pust
e o - -
(5G) (5G) (5G) (5G)
KT SKT KT SKT
¥GHS
“%4% WIRELESS NETWORKING, 430.752B, 2020 SPRING NXClLAB
iﬂi ¥ SEOUL NATIONAL UNIVERSITY



