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Multiplexing

How to share the capacity of a data link?

 FDM: Frequency Division Multiplexing

 TDM: Time Division Multiplexing (Synch, Stat)

 CDMA
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Multiplexing
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Frequency Division Multiplexing

• FDM: A number of signals can be carried 
simultaneously.

—Each signal is modulated to a different carrier 
frequency

—Carrier frequencies are sufficiently separated so 
signals do not overlap (guard bands)

• Available bandwidth of medium exceeds the 
sum of all channels

• Examples: broadcast radio, cable TV

• Channel allocated even if no data
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Terminologies

• Channel (FDM): each modulated signal requires 
a certain bandwidth centered on its carrier 
frequency, referred to as a channel.

• Subcarrier: each of the multiple carriers is 
referred to as a subcarrier. Its frequency is 
denoted by fi . fi must be chosen so that the 
bandwidths of various signals do not 
significantly overlap. 
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Frequency Division Multiplexing

Diagram
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FDM System
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Frequency Division Multiplexing

Diagram
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Frequency Division Multiplexing
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Frequency Division Multiplexing
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Frequency Division Multiplexing
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Frequency Division Multiplexing
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Time Division Multiplexing
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FDM vs TDM
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FDM vs TDM
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TDM
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Terminologies

• Frames: a cycle of time slots, each of which is 
dedicated to a data source. 

• Channel (TDM): the sequence of slots dedicated 
to one source, from frame to frame, is called a 
channel.
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TDM
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TDM
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TDM



20

TDM
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TDM
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TDM Synchronization
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TDM
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TDM
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TDM
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TDM
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Statistical TDM

• In Synchronous TDM many slots are wasted

• Statistical TDM allocates time slots 
dynamically based on demand

• Multiplexer scans input lines and collects data 
until frame full

• Data rate on line lower than aggregate rates of 
input lines
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Synchronous TDM vs. Statistical 

TDM



29

CDMA
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CDMA
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CDMA
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Codes Utilisés

 m-sequences (Pseudo Noise Seq.)

 Gold Codes

 Kasami Codes

 Barker Codes

 Walsh-Hadamard Codes



CDMA
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Codes Orthogonaux (Walsh-Hadamard Codes)



CDMA
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Codes Orthogonaux (Walsh-Hadamard Codes)



CDMA
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Codes Orthogonaux: (Walsh-Hadamard Codes)



CDMA
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Exemple utilisation des codes Walsh-Hadamard Codes:

IS-95 CDMA Standard (2G, USA, Korea, …), CDMA2000 (3G:

evolution de IS-95)

In IS-95 CDMA, 64 Walsh codes are used per base 

station. This enables to create 64 separate channels per 

base stations (i.e. a base station can handle maximum 64 

unique users at a given time).In CDMA-2000 standard, 

256 Walsh codes are used to handle maximum 256 unique 

users under a base.
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Codes Orthogonaux: Appropriés pour les 

systèmes synchrones
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Codes Orthogonaux:  non appropriés pour les systems 

asynchrones à cause de leur mauvaise intercorrélation
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Codes non orthogonaux: appropriés pour 

des systems asynchrones
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m-sequences (Pseudo Noise Seq.)

Ce sont les codes les plus longs qui peuvent être générés à

l’aide de registres à décalage linéaires bouclés
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m-sequences (Pseudo Noise Seq.)

Contenu Initial du registre (Seed), Ex. 00001

Polynôme caractéristique: Ex.
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Séquence complète (Exemple précédent) 
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m-sequence
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m-sequence
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Corrélation
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Corrélation
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m-sequence autocorrelation
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GOLD Codes

The cross correlation properties are as important in 

communication systems as autocorrelation properties. Cross 

correlation is a measure of agreement between the two different 

codes. The periodic cross correlation between any pair of m-

sequences is very high. Such high values of cross correlation are 

undesirable in CDMA communications. Gold developed new 

sequences with better cross correlation properties called Gold 

sequences 
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GOLD Codes
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Gold Code Generation
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Preferred type m-sequences

Note that there exists numerous choice of Gold sequences 

based on the m-sequence configuration of the LFSRs and 

what is initially loaded into the two LFSRs. Not all the Gold 

sequences possess good correlation properties. In order to 

have a Gold code sequence with three valuedpeak

cross−correlation magnitudes, that is both bounded and 

uniform, the m-sequences generated by the two LFSRs need 

to be of preferred type.
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Three valued cross-correlation values occur when n is odd or 

when mod(n,4)=2.

The peak cross-correlation magnitude achieves the minimum 

possible value only when n is odd (n=[5,7,9,11,…]). Therefore, 

this is the best choice here.

When mod(n,4)=2, the m-sequences listed in table are still of 

preferred type (three valued cross-correlation), but the lower 

bound is weaker when compared to the lower bound when n is 

odd.
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CDMA / GOLD Codes
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CDMA / GOLD Codes

Generating Preferred Pairs of m-sequences:

1) Take a m-sequence (d) for given length N 
(N=2n−1) ,where n is the number of registers in 
the LFSR).

2) Decimate the m-sequence by a decimation 
factor of q. This is our second sequence. d′=d[q]

3) If the value of q is chosen according to the 
following three conditions, then the two m-
sequences d and d′will be preferred pairs.
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CDMA / GOLD Codes

A) n is odd or mod(n,4)=2

B) q is odd and either q=2k+1 or q=22k−2k+1 for 
an integer k.

C) The greatest common divisor of n and k 
satisfies the following conditions:

• gcd(n,k)=1, when n is odd

• gcd(n,k)=2, when mod(n,4)=2
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CDMA / GOLD Codes

• Example:

Lets consider generation a preferred pairs of m-
sequence of length N=63 (n=6). Since 
mod(n=6,4)=2, the first condition is satisfied. 
Taking q=5 and k=2 satisfies condition 2 and 3. 
So we will use a decimation factor of q=5 in our 
simulation for preferred pairs generation.
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CDMA / GOLD Codes

• Cross-Correlation :

The cross-correlation property of the preferred pairs for 
Gold code generation are three valued and the values 
are:

[−1/Nt(n),−1/N,1/N(t(n)−2)], where t(n) is given by:

t(n)=2(n+1)/2 +1,  if n is odd 

t(n)= 2(n+2)/2 +1 if n is even

For our example, the theoretical cross-correlation 
values for the previous preferred pairs of m-sequences 
are [−0.2698,−0.0159,0.2381].
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CDMA / GOLD Codes
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CDMA / GOLD Codes
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• Exemple Utilisation Gold codes: 3G/UMTS 
(Universal Mobile Telecommunications
System)/2000



Multiplexage par longueur d’onde
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POTS modem communication
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Solutions offered by ADSL
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ADSL
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Historique de l’ADSL

• Besoins : Haut Débit à bas prix
—Fibre optique trop onéreuse

—Fin du monopole de téléphonie locale

• Chronologie
—1987 : Développé par les laboratoires BellCore

— 1996 : Expérimentation télévision numérique

—1999 : Première commercialisation de l’ADSL

• Utilisation dans le monde : 
- 2001 : environ 10 millions

- 2003 : plus de 72 millions

- Cas de la Corée: Près de 21,3 lignes pour 100 habitants, alors que 
l’Allemagne, pourtant numéro 1 européen n’en a que 2,23 lignes pour 
100 habitants. 
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Principe de l’ADSL

Notion de paire de cuivre
– Utilisation de la paire téléphonique de cuivre

 La liaison ADSL s'installe par dessus la ligne téléphonique 
d'abonné. 

 Coté abonné, il faut installer: 

– un filtre ADSL

– un modem ADSL
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Principe de l’ADSL 

Notion asymétrie de la ligne
 3 canaux de transmission (multiplexage)

Flux montant : Emission des données

Flux descendant : Réception des données

Canal analogique : RTC
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Principe de l’ADSL 
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Principe de l’ADSL 
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Principe de l’ADSL 

Notion de débit

 Débit ascendant

Débit offert de l’abonné vers le serveur (jusqu’à 640 
Kbit/s)

 Débit descendant

Débit offert du serveur vers l’abonné (jusqu’à 8 Mbit/s)

 Débit minimum garanti

Débit garanti au client 100% du temps

 Débit crête

Débit instantané pouvant être atteint sur une durée limitée
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Interface USB

Modem 
ADSL

Filtres
Enfichables

Signal 
téléphonique

Signal ADSL

Principe de l’ADSL 

Entrée de ligne

Signaux Voix et ADSL

Notion de filtre (splitter)
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Les technologies xDSL

• Les différences

—La vitesse

—La distance

—Le débit entre le flux montant et le descendant
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Les technologies xDSL 

LES TECHNOLOGIES DSL 

Technologie Définition 
Mode de 

transmission 
Débit Download Débit Upload 

Distance 
maximale 

HDSL 
High data rate 

DSL 
Symétrique 

1.544 Mbps 

2.048 Mbps 
1.544 Mbps 
2.048 Mbps 

3.6 km 

HDSL 2 
High data rate 

DSL 2 
Symétrique 1.544 Mbps 1.544 Mbps 3.6 km 

SDSL 
Single line 

DSL 
Symétrique 768 Kbps 768 Kbps 3.6 km 

ADSL 
Asymmetric 

DSL 
Asymétrique 1.544-9 Mbps 16-640 Kbps 5.4 km 

RADSL  
Rate Adaptive 

DSL 
Asymétrique 0.6-7 Mbps 0.128-1 Mbps 5.4 km 

VDSL 
Very high data 

DSL 
Asymétrique 15-53 Mbps 1.544-2.3 Mbps 1.3 km 

 

• La comparaison
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Les équipements

RBCI

ATM

FAI : Free

N1

N2

BAS

FAI : Wanadoo

DSLAM

Digital Subscriber Line Access Multiplexer

Broadband Access Server

Brasseur ATMModem

Filtre



Les équipements 2/2
• DSLAM (Digital Subscriber Line Access Multiplexer)

— Assure le rôle de multiplexeur vers l’interface haut débit

• Brasseur ATM (Asynchronus Transfert Mode)
— Assure la diffusion des paquets contenant les données

• BAS (Broadband Access Server)
— Point de concentration assurant l’aiguillage du flux vers les 

FAI
— Assure le lien avec le PAS pour l’identification

• PAS (Plate-forme d’Accès aux Services)
— Assure l’identification et la facturation
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Les protocoles

Modem USB

PPP

USB

HTTP

TCP

IP

USB

ADSL ADSL PHY PHY

802.3

(FE)

PPP

IP

802.3

Données utiles TCP IP PPP AAL5 ATM ADSL

MODEM

ADSL

DSLAM

BAS

Fibre OptiquePaire CuivreCâble USB

PPP

ATMATM

AAL5

ATM

Session PPP

AAL5
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• Modem Ethernet
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Quadrature Amplitude Modulation (QAM)
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QAM and noise
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QAM vs. SNR
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We will always assign less bits to the carriers then allowed by the measured 

SNR. Typically we assign anaverage of 2 bits less. 

Modem does not calculate with bits. It measures the available SNR, then 

subtracts the Target Noise Margin, and then checks to what constellation it 

would fit (table slide 31).
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Bitswapping explained
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Bitswapping explained
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Bitswapping explained
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Bitswapping explained
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ADSL Superframe
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Communicating modems
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Communicating modems

• Modems using the ANSI ADSL standard locks to a carrier 
in the up - and downstream direction, i.e. the ATU-R 
locks to the pilot (carrier 64:276 KHz) in the 
downstream part and the ATU-C locks to the pilot in the 
upstream part (carrier 16:69 KHz). ANSI has 2 pilot 
carriers, 1 in the downstream and 1 in the upstream.

• Modems using the ITU-T ADSL standards only require 
the ATU-R to lock to the ATU-C and also use this lock 
for his upstream transmission.
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