KU LEUVEN :
TEGHNOLOGIECAMPUS GENT + 3 studiepunten

> 12 lessen op vrijdag 1ste LT
> Labo op donderdagnamiddag: planning eerste 6 weken
+ Labobad
- 18/2, lokaal B229 (zie volgende slide)
- Op 18/2 groep in 2 verdelen voor de resterende 5 |abosessies.
+ Opzetten mediacenter (Rpi)

- Op 25/02 :1ste groep de uitieg omtrent hun 2de opdracht, Dit in
lokaal B227.

Mobiele Communicatie

Lisven De Strycker + Op 03/03 : hetzelfde voor de 2de groep.

KU Leuven Tecl aie Campus

- Op 10/03 kunnen de studenten van de 1ste groep komen werken
in het labo aan hun opgave.
« Op 17/03 idem voor de 2de groep
+ 2% 6 weken : opzetten van een sensornetwork met
meshtopology

TR

* Noodzakelijk cursus materiaal -Inschrijven voor de cursus met het nummer C131477-K-1516 “labobad:
Boek Personalized Location Based Services” (via beheer > inschrijven)

Mgggﬁle communicatie’, Jochan Schiller, tw e editle, -In “Documents lacalization” de Pre-lab documents doomemen.

iS__BN 904300¢ E_ ) -Daarna in "Evaluation localisation” de Pre-lab test, part 'indoor
Bijkomende notities op toledo ! localization' uitvoeren die de kennis uit het vorige puntje gaat testen.

-Vioor het labo zelf de Hands-on documents in “Documents localization”
afdrukken en meebrengen naar het labo

-Het deel van smartphone programming mag genegeerd worden.







= Introduction
» Use-cases, applications

i KULEUVEN
: TECHNOLOGIECAMPUS GENT

= Broadcast Systems

DAB, DVB
+  Definition of terms
+ Challenges, history o Wireless LANS
. Wireless Transmission +  Basic Technology
« frequencies & regulations » IEEE 802.11a/bfg, 15, Bluetooth
- signals, antennas, signal = MNetwork Protocois
propsgaton + Mobile IP

+ muitiplexing, modulation, spread

spectrum, celiular system */ /Adhac nabiarking

. Media Access Routing Hoofdstuk 1 - Inleldlng
motivation, SOMA, FOMA, TDMA o Transport Protocals
(fixed, Aloha, CSMA, DAMA, + Reliable transmission
PRMA, MACA, collision v et

avoidance, polling), COMA

o Wireless Telecommunication Dl of: Sarvca

Systems = Supportfor Mobility
+ (GSM. HSCSD, GPRS, DECT, * File systems, WWW, WAP, |- :
TETRA, UMTS, IMT-2000 mode, J2ME, .
o Satellite Systems = Cutlook

e

* Computers are integrated

— small, cheap, portable, replaceable - no more separate devices +  Two aspects of mobility:
» Technology is in the background - user mobifity: users communicate “anytime, anywhere, with anyone”
- computers are aware of their environment and adapt (“location = ;“;?nmzw deicns nan be poriscked (wieiess) anylime, anywhees
Srareneas:) . ) + Wireless vs. mobile Examples
~ computers recognize the location of the user and react b % stationary computer
appropriately (e.g., call forwarding, fax forwarding, “context = notebook in a hotel
awareness”) x wirelese LANs in historic buildings
» Advances in technology Tablet

+ The demand for mobile communication creates the need for integration
of wireless networks into existing fixed networks:
— local area networks: standardization of IEEE 802 11,

— mare computing power in smaller devices
fiat, lightweight displays with low power consumption

- new user interfaces due to small dimensions ETSI (HIPERLAN)
- more bandwidth per cubic meter — Internet. Mobile IP extension of the internet protoce! IP
— multiple wireless interfaces: wireless LANs, wireless WANs, — wide area networks: e g., internetworking of GSM and ISDN.

regional wireless telecommunication networks etc.

T T




CVE? Choj __|[

p
4

s L, 2
£ condln SGloc - 3 Cv

4
wbeberan
- g dgm.ajsimd L 2 haser.

VY son sv o= 33Va efV

919 (GKV’)

ot tfuq g



) UMTS, GSM  LAN &
GSM/GPRS 53 kbit's 115 kbit/s 100 Mbit's, W"
Bluetooth 500 kbit's WLAN i

54 Mbit/s

cdma2000, TETRA, .. '.@-

UMTS

Personal Travel Assistant, GSM/EDGE 384 kbit/s, : =T .
Tablet, Laptop, DSL/WWLAN 3 Mbit/s : R

MTS, GEM
GSM, UMTS, WLAN, GSM 115 Kbitis, ':34 viwss
Bluetooth, ... WLAN 11 Mbit/s

= Power consumption
o limited computing power. low guality displays due to limited battery

Emﬁxﬂmmal capaw
» standard applications - CPU: power cansumption ~ CVZf
+ C:intemal capacity, reduced by integration
« \/ supply voltage, can be reduced to a certain limit
r‘—‘., + [ clock frequency, can be reduced temporally
| B - Battery takes up most of volume
m * Loss of data
Tablets » higher probability, has to be included in advance into the design (e.g.,
i + graphical displays defects, theft
?&m p;;ges = character recognition - i }
: Limited user interfaces

- simple graphical displays

- compromise between size of fingers and portability

- integration of character/voice recognition, abstract symbols
= Limited memory

= limited value of mass memories with moving parts

- flash-memory or ? as alternative
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Higher loss-rates due to interference
emissions of, e.g., engines, lightning

Restrictive regulations of frequencies

» frequencies have to be coordinated, useful frequencies are almost
all occupied

Low transmission rates

o local some Mbit/s, regional currently, e.g., 53kbit/s with GSM/GPRS

Higher delays, higher jitter

- connection setup time with GSM in the second range, several
hundred milliseconds for other wireless systems

Lower security, simpler active attacking

= radio interface accessible for everyone, base station can be
simulated, thus attracting calls from mobile phones

Always shared medium

o Secure access mechanisms important

KU LEUVEN

1896 Guglielmo Marconi
first demonstration of wireless
telegraphy (digital!)
long wave transmission, high
transmission power necessary (> 200kw)

1807 Commercial transatlantic connections
» huge base stations (30 100m high antennas)
1915 Wireless voice transmission New York - San Francisco
1920 Discovery of short waves by Marconi

reflection at the ionosphere

s smaller sender and receiver, possible due to the invention of the vacuum
tube (1906, Lee DeForest and Robert van Lieben)

Radio broadcast:

- 1908 first transmission (R_A. Fessenden)

o 1920 first commercial radiostation (KDKA Pittsburgh)
1926 Train-phone on the line Hamburg - Berlin

- wires parallel to the railroad track as antennas

KU LEUVEN

» Many people in history used light for communication & 7 "
- heliographs, fiags (.semaphore’), .. h“‘ﬁ/\ w/‘
— 150 BC smoke signals for communication;
(Polybius, Greece) —_ -
~ 1794, optical telegraph, Claude Chappe f”’ / i/‘)
» Here electromagnetic waves are ¥
of special importance:
— 1831 Faraday/Henr demonstrate electromagnetic induction
= J. Maxwell (1831-79): theory of electromagnetic Fields, wave
equations (1864) >
— H. Hertz (1857-94): demonstrates e
with an experiment the wave character
of electrical transmission th rough space
(1888, in Karlsruhe, Germany, at the
focation of today’s University of Karlsruhe)

1928 many TV broadcast trials (across Atlantic, color TV, TV news)
1933 Frequency modulation (E. H. Armstrong)
1958 A-Netz in Germany

= analog, 160MHz. connection setup onty from the mobile station, no
handover, 80% coverage, 1871 11000 customers

1972 B-Netz in Germany

= analog, 160MHz, connection setup from the fixed network too (but
location of the mobile station has to be known)

= available also in A, NL and LUX, 1979 13000 customer in D

o mostly in cars

1979 NMT at 450MHz (Scandinavian countries)

1982 Start of GSM-specification

- goal: pan-European digital mobile phone system with roaming

1983 Start of the American AMPS (Advanced Mobile Phone
System, analog)

* 1984 CT-1 standard (Europe) for cordless telephones m






* 1986 C-Netz in Germany

= analog voice transmission, 450MHz, hand-over possible, digital
signaling, automatic location of mobile device

o Was In use until 2000, services. FAX, modem, X.25, e-mail, 98%
coverage

+ 1991 Specification of DECT

= Digital European Cordless Telephone (today: Digital Enhanced
Cordless Telecommunications)

o 1880-1900MHz, ~100-500m range, 120 duplex channels, 1.2Mbit's
data transmission, voice encryption, authentication, up to several
10000 user/km2, used in more than 50 countries

+ 1992 Start of GEM
= fully digital, 200MHz, 124 channels
= automatic location, hand-over, cellular
- roaming in Europe - now wordwide in more than 200 countries
= services: data with 9 6kbit/s, FAX, voice, ...

1999 Standardization of additional wireless LANs
- |EEE standard 802, 11b, 2.4-2.5GHz, 11Mbit/s
= Bluetooth for piconets, 2.4Ghz, <1Mbit/s
Decision about IMT-2000
Several ‘members” of a family™: UMTS, cdma2000, DECT, ..
Start of WAP (Wireless Application Protocal) and i-mode
First step towards a unified Internet/mobile communicaiton system
o Access to many services via the mobile phone
2000 GSM with higher data rates
o HSCSD offers up to 57 Bkbits
First GPRS ftrials with up to 50 kbit's (packet oriented!)
UMTS auctions/beauty contests
o Hype followed by disillusionment (50 B$ payed in Germany for & licenses!)
2001 Start of 3G systems

« Cdma2000 in Korea, UMTS tests in Europe, Foma (almost UMESHElanan
KU LEUVEN
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994 E-Netz in Germany
GSM with 1B00MHz, smaller ceils
As Eplus in D (1997 98% coverage of the population)

996 HiperLAN (High Performance Radio Local Area Network)
ETSI, standardization of type 1: 5.15 - 5.30GHz, 23.5Mbit/s

recommendations for type 2 and 3 (both 5GHz) and 4 (17GHz) as wireless
ATM-networks (up to 155Mbit/s)

1997 Wireless LAN - IEEE802.11

a

|EEE standard, 2.4 - 2.5GHz and infrared, 2Mbit's
already many (proprietary) products available in the beginning

1988 Specification of GSM successors

for UMTS (Universal Mobile Telecommunication System) as European
proposals for IMT-2000

Iridium

1G

86 satellites (+8 spare), 1 8GHz to the mobile phone
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* Data link layer — multiplexing

s i i
Transport e Transport
Network Network Network Network

Data Link Data Link Data Link Data Link
Physical Physical | Physical Physical

e e

Chapter 10:
Support for Mobility

Chapter &:
Mabile Transport Layer

[ 1 I 1
Chapter 4: Chapter 5: | | Chapter & Chapter 7
Telecommunication Satellite Broadcast Wireless
Bystems Systemns Systems LAN
f i 3 ; t ]
Chapter 3
Medium Access Cantrol

Chapter 2

- service location

2 Application Iayer - new applications, multimedia

- adaptive applications
— congestion and flow control

» Transport layer ~ quality of service

~ addressing, routing,

device location

= Network layer ~ hand-over

~ authentication
= media access

.~ media access control

intagration of heterogensaous fixed and ’g’"“-ﬁ—%___h
mobile networks with varying |
transmissicn characteristics O_@ %-)
b S o
T —
=l %3 | regional
= /

vertical { oy
handaver e @-—" =

Wireless Transmission m
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» Freguencies

» Signals
:. : = Antenna

Hoofdstuk 2 — = Signal propagation
' i : = Multiplexing

Draadloze transmissie - Spread spectrum
« Modulation

« Cellular systems

R

twisted coax cable optical transmission # LF
gl ek ~— . Submarine (pentrate water, follow earth surface)
1 Mm ; mlkm ¥ i ) tlrn U inm | tﬂolurn 1|.!.n1 ! = Some radiostations
manz | :wiir.Hz | 3I1Hz | :foor.mz | autlsnz [ 3T|H1 300 THz | * MF and HF
1 | | R, | = | | [ | | = Hundreds of radio broadcast stations: AM (520 — 1605.5 kHz), short
VLF LF MF HF VHF UHF SHF EHF  infrared  visiblefight UV wave (5.9 = 26,1 MHz) and FM (87.5 - 108 MHz)
VLF = Very Low Frequency UHF = Ultra High Frequency = Short wave reflect against ionoschere
» LF =Low Frequency SHF = Super High Frequency - Power upto 500 kW _’é 5
+  MF = Medium Frequency EHF = Extra High Frequency « \HF and UHF
« HF = High Frequency UV = Ultraviolet Light 5 Aok o0d Giel sesevision
«  WHF = Very High Frequency . DAB
= GSM, UMTS

» Fregquency and wave length: i e

=i
« wave length A, speed of light ¢ = 3x10%mys, frequency f







= VHF-UHF-ranges for mobile radio par___| SR )
- simple, small antenna for cars { I I I I[ I I I I I ’I I
- deterministic propagation characteristics, reliable connections 1 Mm 10 km 100 m im a!grmn 1guum 4 :;n ..11_11
+ SHF and higher for directed radio links, satellite communication (C- il Wl W ol il T it Ml i
band, Ku-band, Ka-band) | B, P T £ 1 | I X ol
- small antenna, beam forming VLF LF MF HF VHF UHF SHF EHF infrared  visible light UV
= large bandwidth available Different frequencies for different applications: strictly regulated |
* \Wireless LANs use frequencies in UHF to SHF range In Belgium controlied by BIPT
. some systems planned up to EHF (60 GHz for indoor HD TV distribution) e kT
= limitations due to absorption by water and oxygen molecules (resonance +  Example B1P
frequencies) GSM - B80-815 MHz ug}, 935-860 MHz{down) (=124 channels) and 1710-1785 MMz (up), 1B05-1880
- weather dependent fading. signal loss caused by heavy rainfall etc {E‘:""‘"‘} Rt
= Infra red (IR) Auction 3G and ‘4G’ bands in Belgium in 2011
- Laser between buildings
= IrDA {850 — 900 nm) to connect laptops, PDA's, .. Spectrum is scarce (expensive)

= Dptical fiber (1350 nm and 1500 rnm) m

« License free frequency bands : 5 GHz: oS
ISM (Industrial, Science, Medical) Operating channels for 802.11a/ij o N w3 i
o 433 MHz : e.g. wireless control (keys, doorbell) B iz,
- 868 MHz : e.g. wireless domotics (-> 915 MHz in US) : ” e .
o 2.4 GHz :e.g. WiFi, ZigBee, Bluetooth = o
o 5.7 GHz 802.11h is an adapted version e il . :

of 802.11a for Europe including : .

« Transmit Power Control i i - .

- B1GHz + Dynamic Frequency Selection e >
> No license required BUT strict rules =
U-NII = Unlicensed National o o - .

Infarmation Infrastructure = i ok ) o






* ITU-R holds auctions for new frequencies, manages frequency bands * physical representation of data
worldwide (WRC, World Radio Conferences) y i .
* function of time and location

Europe Usa ]Jm
Calldar | GSM 450357, 475 | AMPS, TOMA, COMA | POC ' * signal parameters: parameters representing the value of
FPhones ABSIE0-A6T 480- B24-843, B10-826, d

496, 890-915/835- | B50-894 940956, ata

THa178EMB05. :&;&M oM 1:?:;% . cl ificati

:8& 1830-1900 classitication

i‘ﬁ%ﬁ o continuous time/discrete time

1] i} 1800- & v
| |1920 2020-2005 o continuous values/discrete values
Cordless CT1+ 885887, 330- | PACS 18:0-1910, 1530- FHS = g . .
R s B - analog signal = continuous time and continuous values

DECT = - digital signal = discrete time and discrete values

1880-1500
el ?ugggiz gggl; i éﬁ_gy - srgrjal parameters of periodic s[gnals: _

R 05250 period T, frequency f=1/T, amplitude A, phase shift ¢
R [nr ool T e > sine wave as special periodic signal for a carrier:

gﬂ"& 418, 433, 35, 915 426, 868 S(t} = At S'n(z . flt + [p‘)

+ Different representations of signals
— amplitude (amplitude demain)
= ]_ S ; . - frequency spectrum (frequency domain)
glt)=—c+ Y a,sin(2mfi)+ Y b, cos(2mift)
2 el ] - phase state diagram (amplitude M and phase « in polar coordinates)
A A Q=Msing
o
: ; ANWAY
\_ \AAAARANRAN L \/ v \ I=Mcosgq
o == AT i/ 7 1[Hz)
) o V V=¥ V VY « Composed signals transferred into frequency domain using Fourier
ideal periodic signal real composition transformation
(based on harmonics) + Digital signals need

- infinite frequencies for perfect transmission
— modulation with a carrier frequency for transmission (analog signal!)

e T






+ Radiation and reception of electromagnetic waves, coupling of wires to * Radiation pattemn simple dipole
space for radio transmission

* |sotropic radiator: equal radiation in all directions (three dimensional) - only
a theoretical reference antenna

* Real antennas always have directive effects (vertically andlor horizontally)
+ Radiation pattern: measurement of radiation around an antenna

ideal
isotropic
radiator

* Gain: maximum power in the direction of the main lobe compared to the power
of an isotropic radiator (with the same average power)

KU LEUVEN

* Real antennas are not isatropic radiators but, e.g., dipoles with lengths 3/4 on + QOften used for microwave connections or base stations for
car roofs or A/2 as Herizian dipole . "
3 shapi of arlenni ropororial b6 wdvalengl mobile phones (e.g., radio coverage of a valley)

LT e
l directed

rx,_,) x WA Y\}x antenna

Example: Radiation pamen:f\i:i—n:le Henziar?R side view (xy-plane) side view (yz-plane)  top view (xz-plane)
¥ y z
f_/\i/\\ [ | simple

z
e A =
side view (xy-plane) side view (yz-plane) top view (xz-plane) sectorized
i
X % antenna

= Gain: maximum power in the direction of the main lobe compared to the power 10p view, 3 secior 10p view, § sector
of an isotropic radiator (with the same average power)

KU LEUVEN







Time and frequency
dependent, site
survey i,

Signal can take many different paths between sender and receiver due to
reflection, scattering, diffraction

multipath
LOS pulses pulses

A

signal st recaiver

signal at sendar

Time dispersion: signal is dispersed over time (delay spread)

2 interference with “neighbor” symbols, Inter Symbol Interference (1S1)

The signal reaches a receiver directly and phase shifted

3 distorted signal depending on the phases of the different parts
Known channel characteristics (training sequence, preambie)

w -> equalizer w

Multipath propagation : signal strength

» Fast fading explanation

Two si_gnal with difference in Two signal with difference in
path distance of A path distance of M2

.
Bt >

- Freguency dependent : mitigation by frequency hopping (cfr infra)
- Position dependent ; mitigation by antenna diversity (switched or
combined diversity)

* Channel characteristics change over time and location

- signal paths change
- different delay variations of different signal parts
o different phases of signal parts

+ 2 quick changes in the power received (short term fading)

b -
H
= Additional changes in W
- distance to sender | |
obstacles further away 7 1

short term fading

= = slow changes in the average power

received (long term fading)

m * Moving sender/receiver: Doiiler m






= Multiplexing in 4 dimensions ' ﬁ m '

o space (s)

D

* Goal: multiple use
of a shared medium

» |Important: guard spaces needed!

'@DM cfr wired telephone

\

\

fn D"{"L |._ \ nﬁ—d

* A channel gets the whole spectrum for a certain amount of time
(time siot)

+ Advantages: o p—
= only one carrier in the ﬁ @ -
medium at any time
= throughput high even e
for many users
= flexible

* Disadvantages:
= precise

synchronization !

necassary

o time (1)
- frequency (f)
o code (c)

Separation of the whole spectrum into smaller frequency bands
A channel gets a certain band of the spectrum for the whole time

Advantages: =
= no dynamic coordination |5 ] ' g
necessary c

o works also for analog signals

Disadvantages:

= waste of bandwidth
if the traffic is
distributed unevenly

= inflexible
guard spaces
(adjacent channel interference)

Anbes c)Um.b-‘Q

Combination of both methods
A channel gets a certain frequency band for a certain amount of time
Example: GSM

Advantages: (frequency hopping)

« better protection against
tapping

= protection against frequency
selective interference

but: precise coordination
required







= Each channel has a unique code * Digital modulation
' - digital data is translated into an analog signal (baseband)
: At" mﬂ'e‘an"els e the same spectrum Y ) = ASK, FSK, PSK - main focus in this chapter
a same time )
. Advantages: - differences in spectral efficiency, power efficiency, robustness

- bandwidth efficient = Analog modulation
» no coordination and synchronization - shifts center frequency of baseband signal up to the radio carrier

i i A inst it a3 = Motivation
a gODd rotection ainst interference a
tappinpg " - Ssmaller antennas (e.g., 1/4)

+ Disadvantages:
o Power control
o more complex signal regeneration
= synchronisation between sender and receiver
« Implemented using spread spectrum
technology
» Guard spaces -> orthogonal codes

~ Frequency Division Multiplexing
- medium characteristics
* Basic schemes
o Amplitude Modulation (AM)
= Frequency Modulation (FM)
= Phase Modulation (PM)

e

Zie cursus vorig |aar (digitale modulatie, | en Q@ componten, * Modulation of digital signals known as Shift Keying
constellatiediagramma, ,;“]ilug . Amplitude Shift Keying (ASK):
g :_::t:-nd _[ Nw o very simple
o000t | @Wm N m radio transmitter - low bandwidth requirements .
rado 1 AW = very susceptible to interference
+ Frequency Shift Keying (FSK): 1|
s - - needs larger bandwidth '
LT I g el e I _
dermocuiation [ A\ 7| desssion  [pri01001 ok race v 5
NWI il * Phase Shift Keying (PSK): T

o more complex
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Discrete changes of carrier frequency

- sequence of frequency changes determined via pseudo random
number sequence

i user data

Two versions
- Fast Hopping:

several frequencies per user bit

o slow

o Slow Happmg._ o

several user bits per frequency (3 bitshop)
Advantages
. frequency selective fading and interference limited to short period
- simple implementation hra:;p e
- uses only small portion of spectrum at any time (3 hopsibit)

Disadvantages
= not as robust as DSSS

t.: bit period ty: dwell time
. simpler to detect

R ]

nanowband foond = Implements space division multiplex: base station covers a certain
user data signal | signal | transmission area (cell)
I= | | | « Mobile stations communicate only via the base station
= Advantages of cell structures:
ol b higher capacity, higher number of users

= less transmission power needed
= more robust, decentralized
= base station deals with interference, transmission area etc. locally

o :;:‘:‘I-"“"d = Problems:
signal [ I 7 data = Complex infrastructure: fixed network needed for the base stations, location
) I 1 }—- databases, ...
= handover (changing from one cell to ancther) necessary
(— FouEnty o interference with other cells
sequence synthesizer b + Cell sizes from some 100 m in cities to, e.g., 35 km on the country side

(GSM) - even less for higher frequencies — not perfect circle or hexagon
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User 1 User 3 User 2 User3 User4

\ K@Q’

NJ

Frequency reuse only with a certain distance between the base
stations
Standard model using 7 frequencies:

Fixed frequency assignment:
. certain frequencies are assigned to a certain cell
- problem: different traffic load in different celis
o used in GEM

Dynamic frequency assignment.

. base station chooses frequencies depending on the frequencies
already used in neighbor cells

. more capacity in celis with more traffic
. assignment can also be based on interference measurements
- usedin DECT

KU LEUVEN
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Grote caflen in
land elijre gebieden

3 cell cluster
7 cell cluster Keine cellen
in gebieden met
veel gebuiens
3 cell cluster

with 3 sector antennas

KU LEUVEN

- CDM systems: cell size depends on current load
« Additional traffic appears as noise to other users
« Ifthe noise level is too high users drop out of cells
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Hoofdstuk 3 — Medium
Access control

+ Canwe apply media access methods from fixed networks?

+ Example CSMA/CD
= (Carrier Sense Multiple Access with Collision Detection

- send as soon as the medium is free, listen into the medium if a

collision oceurs (original method in IEEE 802.3)
+ Problems in wireless networks

- signal strength decreases proportional to the square of the distance

- the sender would apply CS and CD, but the collisions happen at the
receiver

- itmight be the case that a sender cannot “hear” the collision, i.e.,
CD does not work

- furthermore, CS might not work if, e.g.. a terminal is "hidden”

Motivation

SDMA, FDMA, TDMA
Aloha

Reservation schemes
Collision avoidance, MACA
Polling

CDMA

SAMA

Comparison

e

Hidden terminals
- A sends to B, C cannot receive A

- C wants to send to B, C senses a “free” medium
(CS fails)

o collision at B, A cannot receive the collision (CD
fails)

- Alis “hidden” for C
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* Exposed terminals

- B sendstoA, Cwants to send to another terminal
(not A or B)

o C has to wait, CS signals a medium in use

- butA is outside the radio range of C, therefore
waiting is not necessary

- Cis "exposed” to B

* Terminals A and B send (with egual strength), C receives
< signal strength decreases proportional to the square of the distance
= the signal of tarminal B tharefore drowns out A's signal
o G cannot receive A

e T—
e

= [If C for example was an arbiter for sending rights (i.e. C is
basestation controlling medium access), terminal B would drown out
terminal A already on the physical layer

* Also severe problem for CDMA-networks - precise power control
needed!

b3

e T e

= SDMA (Space Division Multiple Access)
o segment space into sectors, use directed antennas
o cell structure (see also chapter 2)
* FDMA (Frequency Division Multiple Access)
- assign a certain frequency to a transmission channel between a
sender and a receiver
- permanent (e.g., radio broadcast), slow hopping (e.g., GSM), fast
hopping (FHSS, Frequency Hopping Spread Spectrum)
* TDMA (Time Division Multiple Access)
o assign the fixed sending frequency to a transmission channel
between a sender and a receiver for a certain amount of time

* The multiplexing schemes presented in chapter 2 are now used to
control medium access!
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Processing gain WCDMA - Spreading and despreading

dP/df dPrdf * UMTS chiprate: 3.84 Mcps (bandwidth 5 MHz)
spreading user signal ‘ Exa_mple : speech
i) ii) broadband interference o bitrate = 12.2 kbps
7 f narrowband interference = processing gain = 10 log (3.84 Mcps/12.2 kbps) = 25 dB
&  senir f. o Required Eb/No= 5 dB
o Signal to interference+ noise ratio SIR = 5dB - 25 dB =-20dB =>
dP/df dP/df dP/df signal can be 20 dB under interference+noise
despreading
; * + Example : data service 2Mbit/s (max for UMTS)
ii) & v) % v) ~ Processing gain less than 3 dB (10 log(3.84e6/2¢6) = 2.8 dB.
f f f
receiver

* Bij UMTS worden hogere bitrates dus gerealiseerd ten koste van
robuustheid tegen interferentie met andere signalen.

Processing gain = f/f, -> improvement in SIR w

}QS ?-Oﬁ. fe = EO( WE A f‘v\\\‘.-jeu\l‘t\
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WCDMA - Variabele bitrate UMTS FDD framge structure
W-CDMA
Radio frama * 1920-1380 MHz wplink
‘ = Codes with ditferent spreading, giving 8-384 kbps toms [ o [ f 2] o fle]ln]w] r:ﬂﬁ,ﬁi;TgQ:"’m“"k
2,840 Mchip/s
A T 28 o

2560 chips, 10 bils, SF=256 . (1500 power control
rate user ps: v m"o- Solari)
.. b Figh bt 666.7 ys ] Data J uplnnnp@ - spreading: UL: 4-256;
v

DL:4-512
| 2560 chips, 10°2" bits (k = 0., 6), SF= variabe!
| 4.4-50 MHz |

s 43@5?,.;] Pt [veei] Fm Kaec ) wlmnn@ « complex power control

8667 s | Dotay [rPCTFCI Date, | Pict | cowmiink pPCH
e gt

Time FBI: Feedback Information (s.g. for handover)
DPDCH DPCGH DPDCHDPCCH TPC: Transrit Power Coniral
7 ’ TFC!: Transpori Format C o Ik
2580 chips, 10°2%bits (k= 0...T) DPCCH: Dedicated Physical Control Channel
DPOCH: Dedicated Physical Data Channel
Slot structure NOT for user separation DPCH. Dedicsted Physical Channel

but support for periodic functions!

“‘@i‘ fdlﬂ} | ngm







DPDCH [kbit/s]
DPCCH [kbit/s] 15 15 15 15
Spreading 64 16 8 4

A oo

~
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UTRAN functions

* RNC
o (Call admission control
o Congestion control
¢ Radio channel encryption
- System information broadcasting
o Multipiexing and protocol conversions
= Radio resource conirol {incl measurement of intarfersnce and load)
= Radio bearer set-up and releasze
o Outer loop powsr control (slow, interference betwaen cells )
s Handover and RNS relocation

L+ B

* NodeB
= One or more antennas (one or more cellg)
o Inner loop power control (fast : 1500/s, near-far)
o Softer handover

&

ﬁé&j’v lﬂfz

L NX ®

"\ RNC: Radio Network Controlier
RNS: Radio Network Subsystem

UTRAN comprises
several RNSs

+ Node B can support FDD
or TDD or both

+ RNC is responsible for
handover decisions
requiring signaling to the
UE

+ Cell offers FDD or TDD

KU LEUVEN

Core network: architecture
J_’_________.*Ei_rwitawitchsd







Core network
* The Core Network (CN) and thus the Interface |,, too, are separated
into two logical domains:
+ Circuit Switched Domain (CSD)
o Circuit switched service incl. signaling
o Resource reservation at connection setup
= GSM components (MSC, GMSC, VLR)
o |C3
* Packet Switched Domain (PSD)
o GPRS components (SGSN, GGSN)
s I,PS
* Release 99 uses the GSM/GPRS network and adds a new radio
access
e Helps to save a lot of money ...
o Much faster deployment
o Not as flexible as newer releases (5, 6) -> IP corenetwork

Support of mobility: macro diversity

* Beside hard handovers (UTRA TDD,
interfrequency, intersystem handovers)
soft handovers are possible in UTRA

FDD.
*  Multicasting of data via several physical

channels (macrodiversity)

o Enables soft handover

= FDD mode only
*  Uplink
; simultaneous reception of UE data at
e ___N several Node Bs
RNC — N = Reconstruction of data at RNC

*  Downlink
Simultaneous transmission of data via
different cells
Macrodiversity helps against fast fading, - Different spreading codes in different
shadowing and muitipath propagation celis
| *+  Power control in all cells

o~ a

| -]

| +  Hidden for CN m

\
CN we \

y

UMTS protocol stacks (user plane)

UE U, UTRAN LCS 3G
i ;. MSC
apps.&|
protocols
Circuit L ﬁa SAR NIET
switched | wac | : [ mac | Aal2 AdLz
racio: | | | radio | ATM ATM Ve
= ] ]

Packet
switched

Support of mobility: handover

* One RNC manages the connection and sends data to CN; CN

not aware of the parallel connections

* RNC controlling the connection is called SRNC (Serving RNC)
* RNC offering additional resources (e.g., for soft handover) is

called Drift RNC (DRNC)

* End-to-end connections between UE and CN only via |, atthe

SRNC
o Change of SRNC requires change of |, (hard handover)
o Initiated by the SRNC

o Controlied by the RNC and CN

R

KU LEUVEN
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DSSS PHY packet format

* Synchronization

o synch., gain setting, energy detection (CCA), frequency offset N
compensation %%r g
+ SFD (Start Frame Delimiter) )
s 1111001110100000 /.”;A TS l.l,./.J h
+ Signal & o’
» data rate of the payload (OA: 1 Mbit's DBPSK; 14: 2 Mbit/s DOPSK)
* Service Length

o future use, 00: 802.11 compliant
*» HEC (Header Error Check)
« protection of signal, service and length, x'84x e+ 1

o length of the payload

128 18 8 8 18 16 _..m_._ma_mq bits
[ synctvonization | SFD [signai service|iengtn| HEC | paylosd |
——— e ——
PLCP preamble PLCP headar

802.11 - MAC layer Il
= Priorities
» defined through different inter frame spaces
= no guaranteed, hard priorities
= SIFS (Short Inter Frame Spacing)
+ highest priority, for ACK, CTS, polling response
= PIFS (PCF IFS)
+ medium priority, for time-bounded service using PCF

o DIFS (DCF, Distributed Coordination Function IFS)—"

+ lowest priority, for asynchronous um%
DIFS \ "~ DIFS ;

madium Is fres = DFS

) x
@
FoeT

802.11 - MAC layer | - DFWMAC
* 2 Traffic services
o Asynchronous Data Service (mandatory)

+ exchange of data packels based on "best-effort”
+ support of broadcast and multicast

o Time-Bounded Service (optional)

+ impiemented using PCF (Point Coordination Function), only with AP

pccess metheds _———  —— .W.u gu ,)O.rwr.

DFWMAC Sigributed Bbundation Wireiess MAC

DFWMAC-DCF CSMA/CA (mandatory)  (Dor=Distibutact saorclnstion function]
* collision avoidance via randomized back-off* mechanism

+ minimum distance between consecutive packets

* ACK packet for edgements (not for broadcasts)

+ avoids hidden terminal problem
DFWMAC- PCF (optional)
|s terminals according fo a list

[/

auaﬁ_:g_r

drect sccassl—

medium is fres = DIFS

slot time

station ready to send starts sensing the medium (Carrier Sense
based on CCA, Clear Channel Assaessment)

if the medium is free for the duration of an Inter-Frame Space (IFS},
the station can start sending (IFS depends on service type)

if the medium is busy, the station has to wait for a free IFS, then the
station must additionally wait a random back-off time (collision
avoidance, multiple of slot-time)

if another station occupies the medium during the back-off time of
the station, the back-off timer stops (fairness)

R
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Wireless communication has a higher bit error rate : use smaller frames mhb%b! W SOOI oo oy
-> fragmentation mode 2 — ¢? S _!._ww_ mﬂ_ﬂm -
paint =y _....,"Q._
Y r coordinator ! IFS
]
wiralags i
stations |
stations’

NAV

802.11 - Frame format 802.11 - Frame format
*  Duration *  More frag
o for NAV with RTS/CTS and fragmentation o mare fragmenits follow

GV\hVﬂ.. Retry
*  Addresses
. 48 bit MAC addrasses: receivar, transmittar (physical), BSS identifier, serider _&r « Cument frame is a retransmission of a sarfier frame
{logical), depend on DS-flelds (see further) ; * Power management
+  Sequence numbers r.u o indicate status of a station after a successtul frame transmission
.

. : S + More dat
»  important against duplicated frames due to lost ACKS - aw\ﬂ. ore data

« Types ‘\Ilul\llln./xlrr ) o sender has more packets avallable for receiver (a.g AP signals to statian in low
- " power mode that more packats are avallable)

control frames, management frames, data frames i z
Ny . mcgam earfllulllﬁlh gm@?ao WEP Wired Equivalent Privacy
Nr « 8.0 sublypes of management frames: D000 assocation request, 1000 beacon * Order - .
0 / w = @ sublypes of control frames: 1011 RTS, 1100 CTS u,_._om wﬁ:& *_.mn___.sa _,_.EM_ _3“._.8“#3 in n_Ma order , 3 W
bytes 2 2™\ & & 6 2 6 02312 4 : . 2 : =
% . > : Frama |Duration/| Address | Address | Address m..q.a_..a._ )Ea_s._ _ _
a%x&? e Mg_a_ é%_ﬁﬁ—rﬁau_g*%_ Bata "oni ok __ 5 A 2 i A ﬁ 3 _ S % Data | GRG
mﬁ bitd 2 2 4 1 1 T Cwrteediend d g O S (. Aﬂﬂl}/‘. 1
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802.11 - Roaming

* No or bad connection? Then perform:
*  Scanning

o scan the environment, i.e., listen into the medium for beacon signals
(passive scanning) or send probes into the medium and wait for an answer
(active scanning)

* Reassociation Request
= station sends a request to one or several AP(s)
* Reassociation Response
o success: AP has answered, station can now participate
- failure: continue scanning
+ AP accepts Reassociation Request
o signal the new station to the distribution system
o the distribution system updates its data base (i.e,, location infermation)
= typically, the distribution system now informs the old AP so it can release

resources E

%% ¢
T&Q%@»J A %% \m.)%wf

IEEE 802.11b — PHY frame formats %W % %J /,Bﬂ.
_.gn_u_.nv.uwmocaﬂa”m 8 8 18 18 variable bits \40{ 40/

_,,59,3.53 _ ma\_r-a:._ _Siiﬁm_l_._mm, | payoed | \p®
~ '
PLCP preamble PLCP header
N e A, = J
192 ys at 1 Mbit/s DEPSK 1, 2, 5.5 or 11 Mbit/s

Short PLCP PPDU format Heﬂea:.w__

56 18 16 variabla bits
[ shotsyncn | m_“o “ %B;.msa__sgn_ HEC mﬂm payload |
LS
PLCP u_.em__.._"__u _u_.o_u header
(1 Mbit/s, DBPSK) (2 Mbit/s, DOPSK)
2 5507 1 MDIUs 2 f

WLAN: IEEE 802.11b

*Data rate *Connection set-up time

a 1,2, 5.5, 11 Moi's, depending on o Connectioniessialways on

S «Quality of Service

w. Usardata rate ma epprax; 6 Mbitls s Typ Best effort, no guarantees
*Transmission range (unlass poliing Is used, limited support

o 300m outdoor, 30m indoor .;mﬂm”wm_ﬂ__ﬁag

i o Limied (no automated key
“Fraguency distribution, sym. Encryption)

» Free 2.4 GHz ISM-band mvoo.m Advantages/Disadvantages
«Security Advantage many installed systems,

o Limited, WEP Insecure, S510 o om_mvuou””ucaamwhw _,_M&_._wns_.m_._gau
=Availability inlegrated in laptops. simpls system

a Many products, many vendars o Disadvantage: heavy interference on

ISM-band, no service guarantees,
slow relative speed only

R R

Channel selection (non-overlapping)

Eurcpe (ETSI)

channal 1 channel 7 channel 13
M.B_”_ Mn_n mtm nhﬂu

T awe _z_:u_
U§ (FCC)Canada (IC)
Quasi non-overapping: 1/5/9/13

channel 1 channal B channel 11

28 »,_._» ..33 5

B MHz [MHz]

L






WLAN: IEEE 802.11a @

IEEE 802.11a — PHY frame format
*Data rate *Connection set-up time
o 6,9 12, 18, 24, 36, 48, 54 Mbit/s, = Connactionless/always on
depending on SNR it oS 4 1 12 ) & 18 variable & wvariable Dbils
- Usar throughput (1500 byte packets)  *Quality of Service TSt
5.3 (B), 18 (24), 24 (38), 32 (54) = Typ. besteffort, no guarantees (same _ rate Ta!ﬁn* _s_.az___ ni._QH tail' [service]
& B, 12, 24 Mbit's mandalory as all 802,11 products) fr 1 &
sTransmission range *Manageability e
00m ouldoor, 10m jndoor N PLCP header
o 100m o ; e ik o Limited (no automated key 5,
+ Eg. 54 MbivsuploSm, 4Buptoi2m, i
36 up 10 25 . 24 Up 10 Jom, 18 Up1o 4D distribution, sym. Encryption) % \
m, 12 up to 60m *Special Advantages/Disadvantages i
*Fraquency & Advaniage: fils into B02 x standards,
= Free5.15-535, 5475725 GHz ISM- free |SM-band, available, simple PLCP preamble _ signal data
band {in Europe) systemn, uses less crowded 5 GHz pr T abl
N i band variable symbols
Security \
o Limited, WEP insecure, SSID = Disadvantage: stronger m:.m&..é due Y v
i to hi \
“Avallibility gher fraquency, no o 6 Mbit/s 6,9, 12,18, 24, 36, 48, 54 MbiVs
o Some products, some vendors

S R e

“\
%ﬂ/ in IEEE 802.11a (and HiperLAN2)
Operating channels for 802.11a / US U-NI| L=

with 52 used subcarriers : 48 data + 4 pilol

(plus 12 virtual subcarriers gives 64 in total for FFT implementation)
_ 36 40 44 4 56 60 64 channel

0.8 ps guardspace: o prevent 1S
32 s for payload

1 + Different bitrates:

5150 5180 5200 5220 5240 6260 5280 5300 5320
-—
18,6 MHz

ke @dttams
ATATATATATATATARS P

5350 [MHz}

b (hance subcariar modulation: BPSK. QPSK, 16 QAM, 64 QAM),

._N,n_%n

148 153 187 181  chanmel 5000+ Sretiannet aumber k2]

AL

5726 5745 5765 5185 5805 §826 Wiy

—-r

16.8 MHz

T

; center frequancy =

21 26  subcamier sﬂ@

Sy %o YN

1 oFDM Qgg







802.11n

Delay spread «  Published Oct 2009
* 24 GHz or 5 GHz band can be used

¢ Muitpath propagation: delay spread * Technigues to achieve higher bitrates

« InterSymbol interference (ISl) g
= Mt chuteie (0.5, gamd paviod Sl neymbols) + MIMO: multiple datastream using multiple send and recelve anlennas (spalial division
+  Mitigate by diversity techniques multiplexing) * max 4 strearns

m 3 4 + 40 MHz channels (compared to 20 MHz in previcus versions)
* MIMO systems exploit multipath propagation + Shorter guard intenvals (time batween transmitied symbols e.g. to avoid |1S1)

Shorter Greenfleld preamble
signal at sender

s MAC
LOS pulses M“mu.-a « Aggregation of frames: packing multiple MAC-frames to reduce overhead (headers,
Interframe spacing, ack, contention, |
+  Block acknowledgement protocol
* Better robustness
o Spatial diversity, Space-time block coding (STBC), Fast link adaptation
» Trensmit beamforming (TxBF), Low density parity check codes (LDFC)

e R S BN

signal al receiver

802.11n 802.11n

Multiple antennas Datarates

e Rt s -
— ! lla,“!al-...l- o e Gl = Guard Interval
i o 51 $0im = Bhbesn 71 480 1
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11/05/2016

Receive beamforming Conventional beamformer

* Based on antenna amays
+  Example: linear uniform array

- Azsume: far field, plane wave, small
band, d< M2 (avoid spatial afiasing),

- Signal impinging on different
antennas have a time-delay
n d sin(8) that depends on B

== angle B can be calculated

i.e. reception sensitivity can be
steered in certain direction 8

- —

_, Lwear prase
agar

.l o -
b i T2

¥, T ")
- g™
5 - 5,

15 Array staering veclor

Beamforming

« Transmit beamforming:
- Antenna array is used to transmit
= Delay of signals is such that the signals are in-phase at
position of receiver
(reciprocal of receive beamforming)

ot
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