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Just a fact...Just a fact...



Guillaume VILLEMAUD – Advanced Radio Communications            4

A wired and wireless worldA wired and wireless world
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FocusFocus
Lots of new emerging technologies to increase data rate 

and/or mobility key points ?
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OutlineOutline
This course presents advanced techniques used to enhance 

wireless communications capabilities through 3 different examples: 
WiMax, LTE and UWB. Each technology could be further 
understood by the way of simulation and analysis tools.

Introduction and Common ConceptsIntroduction and Common Concepts

Wireless Broadband Access: Wireless Broadband Access: WiMAXWiMAX

3GPP Long3GPP Long --Term Evolution for MobileTerm Evolution for Mobile

Ultra Wide Band technologiesUltra Wide Band technologies

Simulation Project: ADS and VSA studySimulation Project: ADS and VSA study
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source Alcatel

RoadmapRoadmap
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RevRev B note: N B note: N isis the the numbernumber of 1.25 MHz of 1.25 MHz 
chunkschunks of of spectrumspectrum usedused. Not . Not yetyet deployeddeployed..

0.150.15
1.81.8
1.8xN1.8xN

2.452.45
3.13.1
4.9xN4.9xN

CDMA/FDDCDMA/FDDMobile InternetMobile InternetCDMA2000CDMA2000EVEV--DODO 1x1x RevRev.. 00
EVEV--DODO 1x1x Rev.ARev.A

EVEV--DODO Rev.BRev.B

SucceededSucceededby EVby EV--DODO0.1440.1440.1440.144CDMACDMAMobile phoneMobile phoneCDMA2000CDMA20001xRTT1xRTT

ReportedReported speeds speeds accordingaccording to IP Wireless to IP Wireless 
usingusing 16QAM modulation 16QAM modulation similarsimilar to to 
HSDPA+HSUPAHSDPA+HSUPA

16161616CDMA/TDDCDMA/TDDMobile InternetMobile InternetUMTS/3GSUMTS/3GS
MM

UMTSUMTS--TDDTDD

3GPP3GPPRelease 7Release 70.90.91.91.9TDMA/FDDTDMA/FDDMobileMobile InternetInternetGSMGSMEDGE EvolutionEDGE Evolution

33––12 km12 km64646464HCHC--
SDMA/TDD/MIMOSDMA/TDD/MIMO

MobileMobile InternetInternetiBurstiBurst
802.20802.20

iBurstiBurst

Mobile range (900 m)Mobile range (900 m)50505050OFDMAOFDMAMobileMobile InternetInternetWiBroWiBroWibroWibro

56.956.956.956.9OFDMOFDMMobile InternetMobile InternetHIPERMAHIPERMA
NN

HIPERMANHIPERMAN

Mobile range 18miles (30km)Mobile range 18miles (30km)
extendedextendedrange 34 miles (55km)range 34 miles (55km)

1.81.8
3.63.6
5.45.4

5.35.3
10.610.6
15.915.9

FlashFlash--OFDMOFDMMobile InternetMobile Internet
mobilitymobility up to up to 
200mph (350km/h)200mph (350km/h)

FlashFlash--
OFDMOFDM

FlashFlash--OFDMOFDM

WiMAXWiMAX --m update to m update to offeroffer over 1 over 1 GbitGbit /s /s 
speeds, (comparable to LTE speeds, (comparable to LTE advancedadvanced).).

70707070MIMOMIMO --SOFDMASOFDMAMobile InternetMobile InternetWiMAXWiMAX802.16e802.16e

LTELTE --AdvancedAdvancedupdate to update to offeroffer over 1 over 1 GbitGbit /s /s 
speeds.speeds.

86.486.4326.4326.4OFDMA/MIMO/SCOFDMA/MIMO/SC --
FDMAFDMA

General 4GGeneral 4GUMTS/4GUMTS/4GLTELTE

NotesNotesUplinkUplink
(Mbit/s)(Mbit/s)

DownlinDownlin
kk

(Mbit/s)(Mbit/s)

Radio TechRadio TechPrimaryPrimary UseUseFamilyFamilyStandardStandard

BriefBrief overviewoverview
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Different kinds of linksDifferent kinds of links
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Wireless Wireless everywhereeverywhere

© ANRF :
http://www.cartoradio.fr

Eiffel tower

We can We can 
observe a observe a 
growing growing 
number of number of 
antennas on antennas on 
rooftops in all rooftops in all 
cities.cities.
Not only Not only 
different use different use 
or standard, or standard, 
but also but also 
different different 
operators.operators.
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Network structuresNetwork structures
The more visible wireless network is The more visible wireless network is 
probably broadcast systems (ex: TV, AM probably broadcast systems (ex: TV, AM 
or FM radioor FM radio……).).

FeaturesFeatures ::
��1 simplex link (downlink)1 simplex link (downlink)
��1 1 omnidirectionalomnidirectional emitteremitter
��Directional or Directional or omnidirectionalomnidirectional receiversreceivers
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Radio Radio relayrelay
High capacity radio point to point link, used High capacity radio point to point link, used 
to realize wireless bridges.to realize wireless bridges.

FeaturesFeatures ::
��1 simplex or duplex link 1 simplex or duplex link 
��2 2 TxTx/Rx with high gain antennas/Rx with high gain antennas
��Possible repeatersPossible repeaters
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Fixed architecture with Fixed architecture with 
Gateways (base Gateways (base 
stations, access stations, access 
pointspoints……).).

FeaturesFeatures ::
��1 duplex link1 duplex link
��1 1 omnidirectionalomnidirectional or or 
sectorialsectorial TxTx/Rx/Rx
��1 highly Directional 1 highly Directional 
TxTx/Rx for user/Rx for user

Application: WLLApplication: WLL

Point to Point to MultiMulti --pointpoint
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Mobile radioMobile radio
Transmission between one fixed Transmission between one fixed 
access point and mobile users.access point and mobile users.

Features:Features:
��1 duplex link1 duplex link
��2 2 omnidirectionalomnidirectional TxTx/Rx/Rx

Application: police, Application: police, 
firemen,emergencyfiremen,emergency……
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EIREIRVLRVLRHLRHLR AUCAUC

GMSCGMSC

ISCISC

MSCMSC

OMCOMC

BSCBSC

BSCBSC

Cellular NetworksCellular Networks
Cellular: extension of geographical region of coverage and Cellular: extension of geographical region of coverage and 
increase of the number of possible users.increase of the number of possible users.

Features:Features:
��duplex linksduplex links
��OmnidirectionalOmnidirectional or or sectorialsectorial TxTx/Rx for BS (cells)/Rx for BS (cells)
��OmnidirectionalOmnidirectional TxTx/Rx for MU/Rx for MU
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Monitored Area

Sink Station

Sink Station

Event
Sensor

Sensed 
Area

Ad hoc and Ad hoc and sensorsensor networksnetworks
Large scale networks with light (or null) infrastructure.Large scale networks with light (or null) infrastructure.

Features:Features:
��duplex links M2Mduplex links M2M
��omnidirectionalomnidirectional TxTx/Rx/Rx
��Low energy resources and costLow energy resources and cost

Application: monitoring, detection, Application: monitoring, detection, domoticsdomotics……
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T r a n s m i s s i o n  s c h e m eT r a n s m i s s i o n  s c h e m e
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RF VisionRF Vision

RF chains dimensioning RF chains dimensioning 
depends on the dynamic of depends on the dynamic of 
signals to deal with and tolerated signals to deal with and tolerated 
distortions.distortions.
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Radio Channel VisionRadio Channel Vision
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Tends to express an analytical expression of radio Tends to express an analytical expression of radio 
channel variations.channel variations.
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Global VisionGlobal Vision
Emitter

BB RF

MACBBRF

Receiver

MAC
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ModulationModulation
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TransmittingTransmitting informationinformation
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QPSK

BPSK

I

Q

1 symbol = 1 bit

1 symbol = 2 bits
Increasing modulation Increasing modulation 
order increases the order increases the 
encoded number of bits encoded number of bits 
per emitted symbol.per emitted symbol.

Phase shift Phase shift keyingkeying
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IQ modulationIQ modulation

Information is mapped in a complex plane, modulated on Information is mapped in a complex plane, modulated on 
an inan in--phase and inphase and in--quadraturequadrature branches.branches.
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64 QAM

16 QAM

256 QAM

1 symbol = 4 bits

1 symbol = 6 bits

1 symbol = 8 bits

Quadrature Amplitude ModulationQuadrature Amplitude Modulation
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Symbol Error Rate ComparisonSymbol Error Rate Comparison
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sequence: 0100010110

BPSK

Some snapshotsSome snapshots
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BPSK constellationBPSK constellation
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QPSK

sequence: 10 00 11 01

11

01 00

10

QPSK in timeQPSK in time
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QPSK constellationQPSK constellation
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16QAM

QAM in timeQAM in time
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QAM constellationQAM constellation
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64 QAM

16 QAM

256 QAM

QPSK

BPSK

64 QAM

16 QAM

256 QAM

QPSK

BPSK

For a fixed W, the For a fixed W, the 
capacity depends on the capacity depends on the 
available SNR (basis of available SNR (basis of 
adaptive modulation adaptive modulation 
schemes).schemes).

Channel capacityChannel capacity
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Spectrally viewing...Spectrally viewing...

No filterNo filter

RectangularRectangular

CosineCosine

So donSo don’’t forget t forget 
the filters !!!the filters !!!
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Wireless ChannelWireless Channel
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A look on A look on topologytopology
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Propagation Propagation channelchannel
To estimate radio link quality, we need to know the To estimate radio link quality, we need to know the 
effective received power.effective received power.
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Link budgetLink budget
Free space Friis’ formula

erer PGG
r

P ⋅⋅⋅






=
2

4π
λ

Pr : received power at Rx

Pe : emitted power at Tx

Ge : Tx antenna gain

Gr : Rx antenna gain

r : Tx/Rx distance
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AntennaAntenna gaingain

MultiplyingMultiplying factor factor allowingallowing to to renderrender the power the power densitydensity
createdcreated in a in a particularparticular direction. This factor direction. This factor doesdoes not not 
dependdepend on on feedingfeeding power but power but includesincludes losseslosses of the of the 

antennaantenna ((matchingmatching and and materialsmaterials).).



Guillaume VILLEMAUD – Advanced Radio Communications            40

Distance Tx-Rx

(d
B

)

Path loss

Attenuation proportional
to the distance

Shadowing

Distance Tx-Rx

(d
B

)

Slow variation due to 
obstacle

Fading

Distance Tx-Rx

(d
B

)

Fast variation due to 
multi-path

More More detailsdetails
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PathPath lossloss

++

ShadowingShadowing

++

FadingFading

In a real environment, the 3 phenomenon are added (in dB, In a real environment, the 3 phenomenon are added (in dB, 
multiplied in linear scale !)multiplied in linear scale !)

RealityReality
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Back to the SERBack to the SER
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More complete More complete FriisFriis ’’ formulaformula

PePe: constant: constant
Ge and Gr Ge and Gr functionfunction of direction (spatial of direction (spatial filtersfilters))
k and n k and n dependingdepending on on environmentenvironment

Long term Short term



Guillaume VILLEMAUD – Advanced Radio Communications            44

General modelingGeneral modeling
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Ground effectGround effect

0 0
50 50

100 100
150 150
200 200
250 250

km0 1 2 3 4

Signal Signal attenuationattenuation

NeedNeed a lot of informations a lot of informations 
on the real on the real environmentenvironment to to 
evaluateevaluate lineline--ofof--sightsight
conditions.conditions.
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At long distance

PL becomes : 

if (sin ϕ � ϕ)

we obtain : 
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Example : GSM, λλλλ=30cm, hE=15m; hR=1,5m 

Dry ground :
εr=5

1010
11

1010
22

1010
33

1010
44

1010
55--120120

--110110

--100100

--9090

--8080

--7070

--6060

--5050

--4040

--3030

k (distance d = k.k (distance d = k. λλλλλλλλ))

lo
ss

es
lo

ss
es

: : 
-- P

L(
d)

P
L(

d)

free-space model

Two-ray model
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Dry ground :
εr=5

1010
11

1010
22

1010
33

1010
44

1010
55--120120

--110110

--100100

--9090

--8080

--7070

--6060

--5050

--4040

--3030

k (distance d = k.k (distance d = k. λλλλλλλλ))

lo
ss

es
lo

ss
es

: : 
-- P

L(
d)

P
L(

d)
Simplified model

R=-1

Example : GSM, λλλλ=30cm, hE=15m; hR=1,5m 
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Dry ground :
εr=5

1010
11

1010
22

1010
33

1010
44

1010
55--120120

--110110

--100100

--9090

--8080

--7070

--6060

--5050

--4040

--3030

k (distance d = k.k (distance d = k. λλλλλλλλ))

lo
ss

es
lo

ss
es

: : 
-- P

L(
d)

P
L(

d)
Real Model

Example : GSM, λλλλ=30cm, hE=15m; hR=1,5m 
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losseslosses : : --PL(d)PL(d)

Two-slope model20dB/dec

40dB/dec








 ⋅=
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Example : GSM, λλλλ=30cm, hE=15m; hR=1,5m 
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10,3 dB

0 0
50 50

100 100
150 150
200 200
250 250

km0 1 2 3 4 5 6 7

NLOS caseNLOS case

No direct visibilityNo direct visibility……
A pure geometrical A pure geometrical 
approach would predict approach would predict 
no signal no signal 
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?

hR
hE

h

Geometrical model
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?

hR
hE

Geometrical model
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Fresnel ZoneFresnel Zone
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All points corresponding to the 
same phase

Fresnel ZoneFresnel Zone
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rn=3

rn=1

rn=-1

InterceptionInterception
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StatisticalStatistical FormulationsFormulations
In multiIn multi--pathpath environmentenvironment , , statiscalstatiscal lawslaws are are basedbased on on 

distributionsdistributions

avec

Rayleigh’s lawNLOS
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RiceRice ’’ss lawlaw
LineLine--ofof--sightsight conditions plus multiconditions plus multi--pathpath..

K factor can variate from 0 (Rayleigh) to infinity (AWGN)
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Loi de Loi de NakagamiNakagami

Facteur m factor can variate from 1/2 (mono-lateral gaussian
fading) and infinity (perfect)
m=1 correspond à Rayleigh

LineLine--ofof--sightsight conditions plus multiconditions plus multi--pathpath..
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Time domain aspectTime domain aspect
Shadowing and fading parameters are timeShadowing and fading parameters are time--variant. Emitted variant. Emitted 

signals are then dimensioned depending of timesignals are then dimensioned depending of time--domain domain 
behavior of the wireless channel.behavior of the wireless channel.

( ) ( )( )

( ) ( ) ( )tj
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nn
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tthth
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CoherenceCoherence bandwidthbandwidth

Numerous Numerous 
parameters are parameters are 

linked to the channel linked to the channel 
behavior: frame behavior: frame 

duration, equalizers duration, equalizers 
length, training length, training 
sequences...sequences...
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MultiMulti --pathpath

MultiMulti--pathpath produceproduce important important recievedrecieved power variations but power variations but 
alsoalso multiple multiple delayeddelayed copies of te signal.copies of te signal.
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Impulse Impulse responseresponse
Usual parameters
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ExampleExample
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SomeSome valuesvalues
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The point The point isis ……

WeWe cancan evaluateevaluate Pr versus Pr versus PePe, but , but whatwhat
about the radio about the radio linklink qualityquality ??

WeWe needneed to know the noise to know the noise levellevel
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Noise sources
• galactic (15MHz, 100GHz)

• thermal (Johnson): white noise (up to infrared...)

• artificial: evolving, non predictible

80

100

20

120

0

60

40

100 101 10210-1 103

Frequency (MHz)

Urban zone 
Residential zone
Rural zone
Desert rural zone
Galactic noise

(dB)

Receiver noise

Noise level relative 
to minimal thermal 

noise
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RandomRandom aspect of noiseaspect of noise
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Thermal noise : 

avec k=1.379.10-23 W.Hz-1.K-1

example : GSM : B=270kHz, T=290°K

• Noise factor 

• Noise figure 

• Noise temperature

BTkPN ⋅⋅=

BTk

N

BTk

GN
F eqout

....

/
==

( )FFdB 10log.10=

BTkBTkN eqeq .... +=
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-90dBm

-120dBm

InterferenceInterference
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OrthogonalityOrthogonality trendstrends
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SpreadingSpreading techniquestechniques

A way of strengthening a signal against channel effects and A way of strengthening a signal against channel effects and 
interference is to spread it spectrally.interference is to spread it spectrally.

Two kinds of spreading: FHSS (ex: Bluetooth) and DSSS Two kinds of spreading: FHSS (ex: Bluetooth) and DSSS 
(ex:802.11b).(ex:802.11b).

The consequence is that the total bandwidth is increased but The consequence is that the total bandwidth is increased but 
the power is the power is spreadedspreaded..

By using the DSSS principle with a set of orthogonal codes By using the DSSS principle with a set of orthogonal codes 
allows to reallows to re--use the same band for multiple users: CDMA use the same band for multiple users: CDMA 

(basis of 3G technologies).(basis of 3G technologies).
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Direct Direct sequencesequence spreadingspreading
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DSSS DSSS spectrumspectrum



Guillaume VILLEMAUD – Advanced Radio Communications            79

802.11b

WiFiWiFi
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CDMACDMA
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W-CDMA
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OFDMOFDM
Orthogonal Frequency Division Multiplexing is in use in every Orthogonal Frequency Division Multiplexing is in use in every 
emerging technologies (802.11a/g/n, emerging technologies (802.11a/g/n, WiMAXWiMAX, LTE, DVB, LTE, DVB……))
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CyclicCyclic prefixprefix
A cyclic prefix is introduce at the beginning of each OFDM A cyclic prefix is introduce at the beginning of each OFDM 

symbol to prevent from ISIsymbol to prevent from ISI
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A simple A simple exampleexample :: If one If one sendssends a million a million symbolssymbols per second per second usingusing
conventionalconventional singlesingle--carrier modulation over a carrier modulation over a wirelesswireless channelchannel, , thenthen
the the durationduration of of eacheach symbolsymbol wouldwould bebe one one microsecondmicrosecond or or lessless. This . This 
imposes imposes severesevere constraintsconstraints on on synchronizationsynchronization and and necessitatesnecessitates the the 
removalremoval of of multipathmultipath interferenceinterference. If the . If the samesame million million symbolssymbols per per 
second are second are spreadspread amongamong one one thousandthousand subsub--channelschannels, the , the durationduration
of of eacheach symbolsymbol cancan bebe longer by a factor of a longer by a factor of a thousandthousand, i.e. one , i.e. one 
millisecondmillisecond, for , for orthogonalityorthogonality withwith approximatelyapproximately the the samesame bandwidthbandwidth. . 
Assume Assume thatthat a a guardguard intervalinterval of 1/8 of the of 1/8 of the symbolsymbol lengthlength isis insertedinserted
betweenbetween eacheach symbolsymbol. . IntersymbolIntersymbol interferenceinterference cancan bebe avoidedavoided if the if the 
multipathmultipath timetime--spreadingspreading (the time (the time betweenbetween the the receptionreception of the first of the first 
and the last and the last echoecho) ) isis shortershorter thanthan the the guardguard intervalinterval, i.e. 125 , i.e. 125 
microsecondsmicroseconds. This corresponds to a maximum . This corresponds to a maximum differencedifference of 37.5 of 37.5 
kilometerskilometers betweenbetween the the lengthslengths of the of the pathspaths..
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MultiplexingMultiplexing structurestructure
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ExampleExample of valuesof values
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802.11g
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InterestInterest in multiin multi --pathpath
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Drawback: Drawback: highhigh PAPRPAPR
An OFDM signal exhibits a high peakAn OFDM signal exhibits a high peak--toto--average power ratio average power ratio 
(PAPR) because the independent phases of the sub(PAPR) because the independent phases of the sub--carriers carriers 

mean that they will often combine constructively. mean that they will often combine constructively. 

High resolution High resolution 
DAC/ADC DAC/ADC 
needed.needed.

Also needs of Also needs of 
fine fine 

synchronization synchronization 
and linearityand linearity
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Access sharingAccess sharing
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Multiple AccessMultiple Access
Beyond the unitary link capacity, wireless systems need to Beyond the unitary link capacity, wireless systems need to 

share the resource between multiple users.share the resource between multiple users.
Different approaches: TDMA, FDMA, CDMA, SDMA, Different approaches: TDMA, FDMA, CDMA, SDMA, 

OFDMA, CSMAOFDMA, CSMA--CA.CA.
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Possible Possible combinationscombinations
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More recent techniquesMore recent techniques

SDMA OFDMA
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CSMACSMA--CACA

To avoid centralized and highly synchronized architectures, To avoid centralized and highly synchronized architectures, 
each emitter senses the medium before sending data.each emitter senses the medium before sending data.
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RF partRF part
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Receiver threshold

– Modulation, coding, BER
� acceptable SNR :
(notations : SNR, SINR, C/I, Eb/No).

Decibels : 

Tr(d,f)

bruit
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SensitivitySensitivity

Mean SNR at the antenna

Key Key parameterparameter for system for system dimensioningdimensioning, , itit allowsallows to to 
know the know the amountamount of of receivedreceived power power neededneeded to to ensureensure

a a desireddesired levellevel atat the mixer input. the mixer input. 
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Back to white noiseBack to white noise ……
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ExampleExample of GSMof GSM
Source Nokia
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DimensioningDimensioning
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Noise figureNoise figure
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SomeSome wordswords on on basebandbaseband
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Main Main stepssteps of of receivingreceiving

Power detection

Channel selection

Coarse synchro

Down-sampling

Sampling

AGC

Frequency correction

CIR calculation

Equalization

Frame synchro

Demod

De-interleaving

Channel decoding

Source decoding
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A/D ConversionA/D Conversion
Limitations
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SNR for ADCSNR for ADC
Plus distortions SNDR

Effective number of bits:

N represents considered number of bits for ADC, fs the sampling 
frequency and fmax the maximum frequency contained in the signal 

to digitize.
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Gain controlGain control
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Standard characterization (802.11b or 802.11g) 

44 Mo/s data rate 
(I & Q signals) 

802.11b sampling  802.11g sampling  

Time synchronization  
(barker reference) 

44 Mo/s 

Time synchronization 
(Short preamble 
reference)  

40 Mo/s 

Under sampling Under sampling 

- Frequency Offset 
correction 
 
- CIR computation 
 
- RAKE equalization 
 
- SFD 
synchronization 

44 11 Mo/s 44 20 Mo/s 

- Frequency Offset 
correction 
 
- Long preamble 
synchronization 
 
- Guard Interval 
removing 
- FFT 

44 PCMo/s 


