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Manual pilotingManual piloting
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SelfSelf--pilotingpiloting withwith a pilota pilot

1980 20121980 -2012
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SelfSelf--pilotingpiloting withoutwithout anyany pilotpilot
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11-- A problem of informationA problem of information
Knowledge planeKnowledge plane

Situated view on the networkSituated view on the network

Configuration planeConfiguration plane
An intelligence is needed to pilot the networkAn intelligence is needed to pilot the network

Configure the control algorithmsConfigure the control algorithms

Information planeInformation plane
Proposed in IEEE 802.21Proposed in IEEE 802.21oposed 80oposed 80

Governing planeGoverning plane
ACFACFACFACF

Piloting planePiloting plane
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PostPost--IP ArchitectureIP Architecture

Plan de 
pilotagepilotage

Plan de données
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22-- A A PilotingPiloting SystemSystem

Piloting

systemsystem

Data Plane
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Automatic piloting systemAutomatic piloting system
Distributed Distributed 

scalablescalable

address large and complex problemsaddress large and complex problemsg p pg p p

solve problems locallysolve problems locally

able to respond in millisecondsable to respond in millisecondsable to respond in millisecondsable to respond in milliseconds

99



BTH ?    BTH ?    BeyongBeyong The HorizonThe Horizon

Interface nano : 

biology-electronic
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SolutionsSolutions
Distributed automatesDistributed automates

Reactivity quite good but no global piloting visionReactivity quite good but no global piloting vision

PBM PolicyPBM Policy--based Managementbased ManagementPBM PolicyPBM Policy--based Managementbased Management
Management, no control, no scalableManagement, no control, no scalable

Autonomic solutionAutonomic solution
A good beginning (not well defined)A good beginning (not well defined)A good beginning (not well defined)A good beginning (not well defined)

Distributed intelligent agentsDistributed intelligent agents
A solutionA solution
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4G4G
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GenerationGeneration
11stst generation: analog circuit generation: analog circuit 

22ndnd generation: digital circuitgeneration: digital circuit
8 Kbps8 Kbps8 Kbps8 Kbps

33thth generation: packet + ATMgeneration: packet + ATM--basedbased
Downlink: from 384 Kbps to 42 MbpsDownlink: from 384 Kbps to 42 Mbps

Uplink: from 64 Kbps to 5 76 MbpsUplink: from 64 Kbps to 5 76 MbpsUplink: from 64 Kbps to 5,76 MbpsUplink: from 64 Kbps to 5,76 Mbps

44thth generation: multimedia + IPgeneration: multimedia + IP--basedbased
Downlink: from 100 Mbps to 1 Downlink: from 100 Mbps to 1 GbpsGbps

Uplink: from 50 Mbps to 300 MbpsUplink: from 50 Mbps to 300 Mbps
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Wireless networksWireless networks
GSM

IS95GPRS

EDGE

IS95

EDGE
Cdma2000UMTS

2000

1X EV-DO
nX EV-DO

HSDPA
Mobile WiMAX 

2007

nX EV DO
HSUPA

UMB
2010

WiMAX phase 2LTE UMB
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WiMAX phase 3



Wireless NetworksWireless Networks
IP Networks - Ethernet

RAN Interactive TV - IEEE 802.22 - WiRAN

MAN Mobile WDSL - IEEE 802.16 –WiMAX mobile

Fixe WDSL - IEEE 802.16 - WiMAX

DECT
Wi Fi IEEE 802 11

LAN

PAN
Wi-Fi  - IEEE 802.11

Wimedia - IEEE 802 15

1515

Wimedia  - IEEE 802.15



PeakPeak raterate
1 Gbps

4G (WiMAX     WiRAN)

2G 4G3G

1 Mbps

1997 2007 2012
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The The revolutionrevolution
Today: the spectrum is totally fullToday: the spectrum is totally full

Tomorrow: the spectrum is quasi emptyTomorrow: the spectrum is quasi empty

Cognitive radioCognitive radioCognitive radio Cognitive radio 
The point in which a wireless machine and the related networks are The point in which a wireless machine and the related networks are 
sufficiently computationally intelligent about radio resources and related sufficiently computationally intelligent about radio resources and related 
computercomputer--toto--computer communications to detect user communications computer communications to detect user communications 
needs as a function of use context, and to provide radio resources and needs as a function of use context, and to provide radio resources and 
wireless services most appropriate to those needs.wireless services most appropriate to those needs.pp ppp p

The spectrum is definitely inefficiently utilized (10% on the average)The spectrum is definitely inefficiently utilized (10% on the average)
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Cognitive radioCognitive radio
Main Main characteristicscharacteristics

Spectrum Sensing: detecting the unused spectrumSpectrum Sensing: detecting the unused spectrump g g pp g g p
Transmitter detectionTransmitter detection: : 

Cooperative detectionCooperative detection::Cooperative detectionCooperative detection::

Interference based detectionInterference based detection. . 

Spectrum Management: Capturing the best availableSpectrum Management: Capturing the best availableSpectrum Management: Capturing the best available Spectrum Management: Capturing the best available 
spectrum to meet user communication requirements. spectrum to meet user communication requirements. 

spectrum analysisspectrum analysisspectrum analysisspectrum analysis

spectrum decisionspectrum decision
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exampleexample
TV chanel of 5 MHzTV chanel of 5 MHz

0 2 µs
1919

0,2 µs



The revolutionThe revolution
Intelligent antenna Intelligent antenna 

Antenna technology that does spatial Antenna technology that does spatial beamformingbeamforming and and 
spatial coding to cancel interference.spatial coding to cancel interference.

Portable

Po rta b le

2020



SOFDMASOFDMA

2121

Alcatel sourceScalable orthogonal frequency-division multiple access



4G4G
Native IPNative IP

DefinitelyDefinitely differentdifferent of UMTS, HSDPA, etc.of UMTS, HSDPA, etc.
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GenerationGeneration
22ndnd generation: GSMgeneration: GSM

2.5 generation : GPRS2.5 generation : GPRS

2.9 generation : Edge2.9 generation : Edgeg gg g

33thth generation : UMTS generation : UMTS –– UMTS Release 5UMTS Release 5

3.5 generation : HSDPA (3G+) 3.5 generation : HSDPA (3G+) –– UMTS Release 6UMTS Release 6

3.7 generation : HSDPA 3.7 generation : HSDPA –– UMTS Release 7UMTS Release 7

3.9 generation : HSUPA 3.9 generation : HSUPA ––UMTS Release 8UMTS Release 8

44 ti HSOPA ( 3G)ti HSOPA ( 3G) UMTS R l 9UMTS R l 944thth generation : HSOPA (super 3G) generation : HSOPA (super 3G) –– UMTS Release 9UMTS Release 9

4.x generation : LTE4.x generation : LTE
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GenerationGeneration
IS95IS95

cdmacdma 20002000

dd 1 EV1 EV DODOcdmacdma 1x EV1x EV--DODO

cdmacdma 1x EV1x EV--DODO RevARevAcdmacdma 1x EV1x EV DO DO RevARevA

cdmacdma 1x EV1x EV--DO DO RevBRevB

cdmacdma nxnx EVEV--DODO

dd 2000 AIE2000 AIEcdmacdma 2000 AIE2000 AIE

UMB (UMB (normalizednormalized by 3GPP2, April 2007)by 3GPP2, April 2007)

2424

U (U ( o a edo a ed by 3G , p 00 )by 3G , p 00 )



HSDPAHSDPA
HighHigh--Speed Speed DownlinkDownlink PacketPacket Access Access 

DownlinkDownlink speed: speed: 
1.8 1.8 MbpsMbps, , 
3.6 3.6 MbpsMbps, , 
7.2 7.2 MbpsMbps
14 414 4 MbpsMbps14.4 14.4 MbpsMbps
4242 MbpsMbps
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HSDPAHSDPA
Differences with UMTSDifferences with UMTS

Retransmissions using HRetransmissions using H--ARQ techniques: Hybrid ARQ techniques: Hybrid 
Automatic Repeat RequestAutomatic Repeat Request

Two packets in error may be sufficient to be correctedTwo packets in error may be sufficient to be correctedTwo packets in error may be sufficient to be correctedTwo packets in error may be sufficient to be corrected

Scheduling within the Scheduling within the Node BNode B : FPS (Fast Packet : FPS (Fast Packet 
Scheduling)Scheduling)Scheduling)Scheduling)

500 times per second, indication of the quality of the signal: scheduling 500 times per second, indication of the quality of the signal: scheduling 
as a function of the quality every 2 seconds.as a function of the quality every 2 seconds.

Modulation and coding: AMC (Adaptive Modulation and Modulation and coding: AMC (Adaptive Modulation and 
Coding)Coding)

Optimization of the coding as a function of the Optimization of the coding as a function of the QoSQoS of the channel : of the channel : 
QPSK, 16QAM, etc.QPSK, 16QAM, etc.
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HSDPAHSDPA
HSDPA (UMTS Release 7) 42 HSDPA (UMTS Release 7) 42 MbpsMbps

MIMO (Multiple In Multiple Out)MIMO (Multiple In Multiple Out)
Transmission speed  = f(Transmission speed  = f(NbNbantenneantenne))
DiversityDiversity

X1 Y1
D1 D5 C1 D1 D5… …

X2 Y2
D2 D4

1

C2 D2 D4

Modulation
Traitement

… …

… …
D1 D2 D3 D4 D5 D6 D1 D2 D3 D4 D5 D6

& 

Mapping

Traitement 

du signal… …

Xn Yn
D3 D6 Cn D3 D6… …
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HSUPAHSUPA
HighHigh--Speed Uplink Packet Access Speed Uplink Packet Access 

Utilization of the same HSDPA improvements but Utilization of the same HSDPA improvements but 
uplinkuplinkuplinkuplink

Objective: 5,76 MbpsObjective: 5,76 Mbps
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HSOPAHSOPA
High Speed OFDM Packet Access High Speed OFDM Packet Access 

4G or «4G or « Super 3GSuper 3G »»

New generation: incompatible with previous version at the New generation: incompatible with previous version at the g p pg p p
physical layerphysical layer

Radio interface: OFDMARadio interface: OFDMARadio interface: OFDMARadio interface: OFDMA

50 Mbps uplink and 100 Mbps downlink50 Mbps uplink and 100 Mbps downlink

200 li t f 50 MH200 li t f 50 MH200 clients for 50 MHz200 clients for 50 MHz

MultiMulti--technology in the terminal to accept HSDPA and technology in the terminal to accept HSDPA and 
HSUPA t i lHSUPA t i lHSUPA terminalsHSUPA terminals
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LTELTE
Long Term EvolutionLong Term Evolution

Normalization 3GPP (September 2007)Normalization 3GPP (September 2007)

On the market end 2009/2010On the market end 2009/2010

50 Mbps uplink (with 20 MHz)50 Mbps uplink (with 20 MHz)

100 Mbps downlink (with 20 MHz)100 Mbps downlink (with 20 MHz)100 Mbps downlink (with 20 MHz)100 Mbps downlink (with 20 MHz)

OFDMAOFDMA

Same model as Same model as WiWi--xx by using different sizes of the cells: xx by using different sizes of the cells: 
from from picocellpicocell (PAN) to regional cell (RAN)(PAN) to regional cell (RAN)
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UMBUMB
Ultra Mobile BroadbandUltra Mobile Broadband

Normalization April 2007, 3GPP2Normalization April 2007, 3GPP2

On the market beginning 2010On the market beginning 2010g gg g

100 Mbps uplink, 200 Mbps downlink100 Mbps uplink, 200 Mbps downlink

OFDMAOFDMAOFDMAOFDMA

Same model as Same model as WiWi--xx by using different sizes of the cells: xx by using different sizes of the cells: 
f thf th ii ll (PAN) t i l ll (RAN)ll (PAN) t i l ll (RAN)from the from the picopico cell (PAN) to regional cell (RAN)cell (PAN) to regional cell (RAN)
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WiWi--xx xx familyfamily
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4G 4G exampleexample: IEEE 802.22: IEEE 802.22
Digital dividend: Band of 120 to 300 MHz within the 54 Digital dividend: Band of 120 to 300 MHz within the 54 –– 862 MHz TV 862 MHz TV 
bandband
Cognitive radioCognitive radio
Intelligent antennaIntelligent antenna
44thth generationgeneration

IP technologyIP technology
OFDMOFDMOFDMOFDM

QoSQoS support at the MAC layersupport at the MAC layer
Very easy deploymentVery easy deploymenty y p yy y p y
Radio characteristics are controlled by the senderRadio characteristics are controlled by the sender
GPS/Galileo to determine where the terminal isGPS/Galileo to determine where the terminal is
Range: 40 kilometersRange: 40 kilometers
Bandwidth: 180 MHzBandwidth: 180 MHz
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IEEE 802.22IEEE 802.22
PilotingPiloting

The frequency to be chosen (assuming intelligent antenna)The frequency to be chosen (assuming intelligent antenna)The frequency to be chosen (assuming intelligent antenna)The frequency to be chosen (assuming intelligent antenna)
Scheduling within the “Scheduling within the “Node B”Node B” : FPS (Fast Packet Scheduling): FPS (Fast Packet Scheduling)

500 times per second, indication of the quality of the signal: scheduling as a 500 times per second, indication of the quality of the signal: scheduling as a 
function of the quality every 200 millisecondfunction of the quality every 200 millisecondfunction of the quality every 200 millisecond.function of the quality every 200 millisecond.

Modulation and coding: AMC (Adaptive Modulation and Coding)Modulation and coding: AMC (Adaptive Modulation and Coding)
Optimization of the coding as a function of the Optimization of the coding as a function of the QoSQoS of the channel : QPSK, 16QAM, of the channel : QPSK, 16QAM, 
64QAM64QAM64QAM.64QAM.

Simulation study with a cognitive frequency Simulation study with a cognitive frequency 
h i (b t f f iti di )h i (b t f f iti di )choice,  (but far from cognitive radio): choice,  (but far from cognitive radio): 

Equivalent telephony 1 000 000 clients instead of 100 000.Equivalent telephony 1 000 000 clients instead of 100 000.
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WiMAX Phase 2WiMAX Phase 2
IEEE 802.16m: Advanced Air InterfaceIEEE 802.16m: Advanced Air Interface

Standard on Standard on NovemberNovember 2008, 2008, approvalapproval FebruaryFebruary 20092009

SOFDMASOFDMA

IncreaseIncrease of the of the throughputthroughput usingusing Cognitive RadioCognitive Radio

Smart Smart antennaantenna

1 1 GbitGbit/s /s dowlinkdowlink and 100 Mbit/s and 100 Mbit/s uplinkuplink

WiMAX Ph 3 10WiMAX Ph 3 10 GbitGbit// d li kd li k d 1Gbit/d 1Gbit/ li kli kWiMAX Phase 3 : 10 WiMAX Phase 3 : 10 GbitGbit/s /s downlinkdownlink and 1Gbit/s and 1Gbit/s uplinkuplink
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ConclusionConclusion
Fixed machines should disappearFixed machines should disappear

Cable on the local loop should disappear (even Cable on the local loop should disappear (even 
optic fiber access)optic fiber access)optic fiber access)optic fiber access)

Electronic commerce should become mobileElectronic commerce should become mobile
EverywhereEverywhere

Every timeEvery timeyy

Using image and video high definitionUsing image and video high definition
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QuestionsQuestions

Guy.Pujolle@lip6.frGuy.Pujolle@lip6.fr
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Ethernet Carrier GradeEthernet Carrier Grade
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EthernetEthernet



Carrier GradeCarrier Grade
ScalabilityScalability

Several million usersSeveral million users

ProtectionProtectionProtectionProtection
Five «Five « 99 » = 99,999 percent network availability» = 99,999 percent network availability

Link recovery Link recovery 
Achieved with SONET/SDH within 50 msAchieved with SONET/SDH within 50 ms

l t h ll t h ln:m:l technologyn:m:l technology

Hard Quality of ServiceHard Quality of Service
Strong guaranty on some servicesStrong guaranty on some services
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Ethernet Carrier GradeEthernet Carrier Grade
Service managementService management

Respect of the SLA (Service Level Agreement)Respect of the SLA (Service Level Agreement)

Locate and diagnosis the faultsLocate and diagnosis the faultsgg

TDM supportTDM support
Virtual leased line Virtual leased line 

How to add this carrierHow to add this carrier--grade functionality to grade functionality to 
Ethernet equipment without losing the costEthernet equipment without losing the costEthernet equipment without losing the costEthernet equipment without losing the cost--
effectiveness and simplicityeffectiveness and simplicity
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Ethernet Carrier GradeEthernet Carrier Grade
ThreeThree solutionssolutions

Ethernet/MPLSEthernet/MPLS

Ethernet MEFEthernet MEF

Ethernet GVLAN (Ethernet GVLAN (GeneralizedGeneralized VLAN)VLAN)



Ethernet/MPLSEthernet/MPLS
First solutionFirst solution

IP signaling to open a path (LSP)IP signaling to open a path (LSP)

Label all along the path (MPLS Label or Shim Label)Label all along the path (MPLS Label or Shim Label)g p ( )g p ( )

Ethernet switching along the pathEthernet switching along the path



MPLSMPLS
MultiprotocolMultiprotocol Label Label SwitchingSwitching

TCPTCP

IP IP

TCP

IPIP IPIP

he
rn

et

he
rn

et

he
rn

et

he
rn

et

he
rn

et

he
rn

et

E
th

E
thE
thE
th

E
thE
th



MPLS : MPLS : conceptualconceptual viewview

Tunnel
LSPs

Label 

Switched 

P t lProtocol

FEC (Forwarding Equivalence Class)



Ethernet frameEthernet frame



Metro Ethernet Metro Ethernet Forum Forum ((MEF) MEF) 
2rd  Solution 2rd  Solution providedprovided by the MEF for MAN and by the MEF for MAN and 
WANWANWANWAN

MEF : Metro Ethernet Forum



Interface and serviceInterface and service
Interface UNI (User Network Interface)

2 types of service:2 types of service: 

E-Line (Ethernet Line)

E-LAN (Ethernet LAN)



CC--Ethernet servicesEthernet services



EPL et EVPLEPL et EVPL



EPLAN et EVPLANEPLAN et EVPLAN



Ethernet Ethernet withwith QoSQoS
Field IEEE Field IEEE 802.1p802.1p

802.1p 6 802.1p 6 DiffServDiffServ ExpeditedExpedited ForwardingForwarding
802.1p 5/4/3 802.1p 5/4/3 DiffServDiffServ AssuredAssured ForwardingForwarding
802 1 2 B t ff t802 1 2 B t ff t802.1p 2 Best effort802.1p 2 Best effort

DiffServ
IEEE 802.1p

IPv4 TOS
IP k t Eth t F

The flow control technique The flow control technique isis identicalidentical to the flow control of Frame to the flow control of Frame 
RelayRelay

IPv6 CSIP paket Ethernet Frame

yy
CIR (CIR (CommittedCommitted Information Rate)Information Rate)
CBS (CBS (CommittedCommitted BurstBurst Size)Size)
EIR (EIR (ExcessExcess Information Rate)Information Rate)
EBS (EBS (ExcessExcess BurstBurst SizeSize))
CM (CM (ColorColor Mode)Mode)CM (CM (ColorColor Mode)Mode)



Ethernet flow controlEthernet flow control

Green: Conformance to CIR/CBS   =  Guarantee

Yellow: Conformance to EIR/EBS = No GuaranteeYellow: Conformance to EIR/EBS   =  No Guarantee

Red: no conformance = Reject



Test configurationTest configuration

User NetworkUser Network
Interface (UNI)Interface (UNI)

User NetworkUser Network
Interface (UNI)Interface (UNI)

Test Configuration for Ethernet Services at the UNITest Configuration for Ethernet Services at the UNI

Testers Testers 
generatinggenerating
receivingreceiving

Testers Testers 
generating generating 

receiving receiving 

Interface (UNI)Interface (UNI)

MetroMetro
EthernetEthernet

Interface (UNI)Interface (UNI)

receiving receiving 
monitoringmonitoring
framesframes
at the UNIat the UNI

monitoringmonitoring
framesframes

at the UNIat the UNI

EthernetEthernet
NetworkNetwork



Ethernet carrier gradeEthernet carrier grade
3th solution3th solution

QQ--tag (defined in IEEE 802.1Q) permitting to define VLANstag (defined in IEEE 802.1Q) permitting to define VLANs

Management and performance are enhancedManagement and performance are enhancedg pg p

Two solutions to support this hierarchical Two solutions to support this hierarchical 
approachapproach

IEEE 802.1ad (also known as QIEEE 802.1ad (also known as Q--inin--Q, stacked VLANs or Q, stacked VLANs or 
Provider Bridges), extends the original concept of VLANs.Provider Bridges), extends the original concept of VLANs.

the service provider can still only create 4 094 customer the service provider can still only create 4 094 customer 
VLANsVLANs



QQ--inin--QQ

SA SA SA
DA
Type

DA
Type

VID

DA
Type

S VID
Payload

VID
Type

S-VID
Type

Payload
C-VID

Type
802 1

Payload

802.1

802 1q
SA: Source Address

802.1q

802 1ad

DA: Destination address

VID: VLAN ID

S-VID: Service VID 802.1adS-VID: Service VID

C-VID: Customer VID



MACMAC--inin--MACMAC
IEEE 802.1ah (also known as MACIEEE 802.1ah (also known as MAC--inin--MAC or MAC or 
P id B kb T t) hi hP id B kb T t) hi hProvider Backbone Transport), which Provider Backbone Transport), which 
encapsulates the customer MAC header with a encapsulates the customer MAC header with a 

i id MAC h di id MAC h dservice provider MAC header.service provider MAC header.
16 million service instances can be supported16 million service instances can be supported

Security is enhanced: clear demarcation point between the Security is enhanced: clear demarcation point between the 
customer and service provider networkscustomer and service provider networks

Robustness: isolated from broadcast storms and potential Robustness: isolated from broadcast storms and potential 
forwarding loops created in the end customers’ networks.forwarding loops created in the end customers’ networks.



MACMAC--inin--MACMAC
SA
DA

SA
DA

SA
DA Type

B-SA
B-DA

DA
Type

Payload

DA
Type

VID
Type

DA
Type

S-VID
Type

I-SID
Type

B-VID
Type

Payload

Payload

Type

C-VID
Type

Type

802 1

SA
DA
Type

Payload
802.1

802.1q
SA: Source Address C-VID

S-VID
Type

802.1ad
SA: Source Address
DA: Destination address
VID: VLAN ID
S-VID: Service VID
C-VID: Customer VID Payload

Type

C-VID: Customer VID
B-SA: Backbone SA
B-DA: Backbone DA
B-VID: Backbone VID
I SID: Service

y

802.1ahI-SID: Service



Ethernet Carrier GradeEthernet Carrier Grade
FromFrom a non a non connectedconnected technique to a technique to a switchedswitched
t h it h itechniquetechnique

PBT(ProviderPBT(Provider BackboneBackbone Transport)Transport)PBT(Provider PBT(Provider BackboneBackbone Transport)Transport)



Ethernet PBTEthernet PBT
Provider Provider BackboneBackbone TransportTransportB-SA

B DA

Type
B-VID

Type
B-DA

ForwardsForwards traffictraffic on full MAC + VLAN (60 on full MAC + VLAN (60 
bits) bits) addressesaddressesSA

DA

I-SID

VLAN Tag VLAN Tag isis no longer network global: no longer network global: 
scalingscaling issues are issues are removedremoved

Type

S-VID
Type

A range of A range of VLANsVLANs cancan bebe usedused for for 
bridgingbridging and and anotheranother range for PBTrange for PBT

C-VID
Type

g gg g gg
Payload


