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Physical layer

Fundamentals of
Communication Networks



N ’r@ Disclaimer

[he basics of signal characterization
(in time and frequency for
deterministic and random signals) and
systems (transfer function,
transmission channel) are assumed to
be known

[he course of Fundamentals of Signals
and Systems provides this basic
knowledge




Functionalities of the physical
layer

Transmission
B Transport of modulated signals

B Modulation: transformation of bits in signals suitable
for the transmission medium with a sustainable rate

Synchronization : acquisition of frequency and
phase of the bit flow

Multiplexing: sharing of a common transmission
medium by a set of flows transmitted by a single
station

Multiple access: sharing of a common transmission
medium by a set of flows transmitted by multiple
separate station

Interworking:  modulation translation
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Transmission media




(@)
“1’"@ Transmission channels

[0 The transmission channel includes
B Transmitter
B Transmission medium
B Receiver

TX * H(f) [_'RX

[1 It is characterized by a transmission rate R (kb/
s) that depends on the bandwidth available and
the received power

[0 And a propagation delay ! which depend on
electromagnetic field propagation speen and
physical distance between TX and RC
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"1’"@ Transmission time

L bits
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[0 Transmission time T for transmitting L bits
depends on the transmission rate
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Propagation
v delay T

[0 The time ! necessary for a signal transmitted by
TX to reach RX depends on the distance D (in m)

and propagation speed v (in m/s, usually close to
light speed) D

I = —
V

» RX
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“1’"’@ Total time for transmission

[al[al[1l["al["al[ el al[ ol [

Distance L bit
D
N o[ al[al[ o[ o[ ol all ol [ 117
Propagation Transmission
v delay i time
I ]| T

propagation speed v = D/!
transmission rate R = L/T

Total delay between transmission of the first
bit and reception of the last bit = T+ I"

X

» RX




07 :‘@ Reference

Study more in deep:
B Tanenbaum book: Chapter 2, sections 1-4
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Multiplexing (physical level)
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[0 It's the operation that allows signals related to
different flows of bits transmitted by a station to
share the same physical channel

Node 1 , Node 2
Logical
level

Physical Physical
layer layer




‘;‘ge’?/ﬂ@ Physical multiplexing

O At physical layer we can divide the capacity of
atransmission channel (constant rate) into sub-
channels of lower capacity (constant rate)

63 E ) \ )
Q/)3 /) )>
MPX DMPX

Shared channel —
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O We have different techniques based on the
physical parameter used to divide channel

O Space division

O Frequency Division Multiplexing (FDM)
O Time Division Multiplexing (TDM)

O Code Division Multiplexing (CDM)

O Wavelength Division Multiplexing (WDM)
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Space division is the most
straightforward way of creating
multiple sub-channel

The typical example is the access
network with multiple twisted pair
cables used for telephony

Multiple optical fibers use the
same approach

With wireless things are more
complicated, but ...,
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[0 Transmission medium is characterized by an
available bandwidth

f

min fmax

[0 The available bandwidth can be divide into sub-
bands on which modulated signals of the sub-

channe

S can be transmitted

min fmax

15




Distribution of TV channels with antenna
systems

T
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Asymmetric Digital Subscriber Loop (ADSL)

Technique for multiplexing different signals
on the same twisted pair

Data channels (uplink and downlink) and
telephone channel are multiplexed using

FDM
Uplink up Downlink up
Voice to 1 Mb/s to 8 Mb/s
b 25-200 KHz 240 KHz - 2 Mhz
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[raditional FDM works below
modulation and divide transmission

bandwidth B, =NB|

Efficiency depends on the sub-bands
separation

Modern modulation techniques allow
FDM to be part of the technique itself
(example is OFDM - Orthogonal
Frequency Division Multiplexing)
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0 It's the operation that divides time axis into
regular inter of time (time slot )

[0 Time slots are cyclically assegned to N sub-
channels

[0 The cyclic period is (N time slots) is names
“frame”

time slot

0 Even if inCFrincipIe in different time slots separate
modulated signals can be transmitted, in practice
a single modulated signal is divided into time slots
with an integer number of symbols (bits)
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bits of N flows are gathered into queues
and transmitted in groups of K bits

The larger K the higher the delay and the
memory necessary

\ i Frame i
> > :
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Bits are then transmitted at a rate
which is at least N times faster than
the flows rate

\ i Fl’ame i
> > :
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- K=2
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Frame duration must have a duration
equal to the arrival time of K bits in
individual flows

Frame
output
Channel 1 Channel 2 Channel N
Channel 1 Input
Channel 2 input
ChannelN input
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V: flow rate (input)

W. multiplex rate (output) 7
N: # of flows 3 Mux
K: bits per slot — TDM
T+: Frame duration 3
k k
TF = — TF =N —
V %4
k W 1[2 N[ 1] 2 N
V — = «>
K bit
T. N s ‘
) T, : 23




TDM Example:
37 / Pulse Code Modulation (PCM)

Digital transmission of analog
telephone signal
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trans

In old telephone system, signal

mitted by end phone is analog

and converted to digital and

multi
telep

nlexed with others by local
none station

he @

igital coding is based on a 8 KHz

sampling rate with 8 bits per sample
which gives a 64 kb/s (ITU G.711,
1960)

Signals are directly multiplexed in

groups of 30 through TDM (E1 mux)
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Canale 1

|

Canale 2

Segnali analogici

sampling
8 KHz
Phase shift of 1/n
o e ]
TDM PAM
T fc1 I,Quantization Coding
;in 256 levels 8 bits 64 kb/s per channel
O/O <#II )__, Q C —>A
T fc2
TDM PCM
0 0

=

Canale N

chN
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CDM consists in multiﬁlexing N flows of bits/
symbols multiplying them for code word
selected among a set of mutually orthogonal
ones

Code words are exactly N bits/symbols long
which are named chips to avoid ambiguity

Chips have a duration N times smaller than
information bit/symbols of the flows

bit

q H F chip
Code word
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O Codes ¢ and c® are orthogonal whep

N
N 2 2 .
T : . = =1
e ()1e,(i) =0 Ec (i) Ec (i)

O An &xample of mutually orthogonal Normal codes
codes are given by the rows of (energy equal
Hadamard matrices: to 1)

)N 1& Example: N=4 [ ...

H2 -1 _ §

L 1% 1111 W e
1 -1 1 -1 codice 3

by _JH, H,& 1 1 -1 -1 -f

2n (Hn _Hn & 1 -1 -1 1 J-—COdice4




Output of generic receiver k:

N 3 |

11 b e (). )=! b "ci)=h,

i=1 j=1
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[0 Wavelength Division Multiplexing (WDM)

OO0 It's a different name assigned to FDM in optical
communications over fibers

[0 Frequencies are named colors and spectrums of
modulated signals are typically rather sparse
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It is used to group together multiple
physical channels and get a faster one

Bits/symbols arriving in sequence are
distributed in parallel over a set of slower
channels

A 4 A 4 A 4 A 4
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Multiple access at physical layer
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0 It's similar to multiplexing, but the physical
“broadcast” channel is shared among multiple
stations that use a different sub-channel

Node 1 Node 2 Node 3 Node 4

Logical
layer

Physical
layer

Broadcast Channel I




Multiplexing

Multiple |
Access : y : Y
AM AM AM AM
_______ e I s S [ R S [ B a, S
N\ Al /
— Channel broadcast I —
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Same approaches used for
multiplexing are used for multiple
access at physical layer

B FDMA Frequency Division Multiple Access
B TDMA Time Division Multiple Access
B CDMA Code Division Multiple Access
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' FDMA

There is basically no difference between
FDM and FDMA

min max

min max
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Multiple access Multiplexing
oo 25 MHz -------- SR 25 MHz -------- >
890 915 935 960 MHz
Uplink Downlink
124 carriers 124 carriers

37




[0 Like in TDM a set of time slots are defined and
grouped into a periodic frame

Frame

slot

[0 Transmissions from different stations are
typically several bits long and are called “bursts”

[1 Bits at stations are put in queues and then
transmitted during the right slot
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Frame

burst ‘
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Bit flows of different stations are typically
not synchronous

Receiver must synchronize first and then
start decoding bits

Guard times between slots are used to
avoid overlaps due to propagation delay

Frame

slot

— " " Guard time
40




[0 A central station can provide a reference
synchronization signal

Reference signal

Y
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Due to propagation delay the reference
signal is actually received at different
times (dispersion 2+!)

reference
When does the slots starts’

AN L

Lo TP S
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To avoid overlaps a safety margin of 2+!

IS added to slot duration

+“—>

cuard tme = |2+! I
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Efficiency = fraction of time used to data

transmission

Give

B T, guard time

T, information transmission time

o
B n, number of bits per slot
B R physical channel rate




i f@ TDMA: rates

[0 Frame duration must be equal to the interval of time in which

bits of a flow are generated to fit in a slot

O T; Frame

O V Sub-channel rate

« Frame T >

ChanneIiL : ChanneI; ChannelN output ,
Channel 1 Input s
Channel 2 input
ChannelN Input R
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. L 4T
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It is based on the same
principles of CDM but ...

Perfect orthogonality
among codes cannot be

achieved because of
imperfect synchronization h
Different codes are used J-L

even if interference among
sub-channels is generated synchronism

For a deep study see
courses on digital and
radio communications

47




OO0 Itis the way in which a physical channel is used
for transmitting in both directions

It can be considered like a special case of multiple
access

[0 Typical approaches are based on:
B Space division (two separate transmission media)

B Time Division Duplexing (transmission and reception
in different intervals of time)

B Frequency Division Duplexing (transmission and
reception simultaneous on different frequency
carriers)
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Switching
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0 Itis the function that allows relaying information

from one link to another

Node 1

Switching

Node 2

52
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)) Circuit switching

\Y \Z/

Aﬁ%ﬂ: /ﬂg /ﬂ\ ﬁ ’

Instaurazione

<> Propagazion

| " .
| < — Trasmissione

" Elaborazione

Ritardo
end-to-end

Dati

Rilascio
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C

Transmission time:
T=T,- T,=L/R L=packet leght [bit]

T,~transmission start

T;=transmission end R=transmission rate[bit/s]
T,=last bit arrival I=T,-T,=l/C I=link lenght[m]

C=propagation speed [m/s]
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‘%1’??’1@ Packet switching

Store and forward
[0 Representation scheme with multiple time axes:




Store-and-forward: packet must be
completely received before starting
transmission on next link

Cut-Through: transmission can start when
header is received

o




Statistical multiplexing

Ethernet C
@a_lowlbps Statistical multiplexing /@

O~ D|DDDIDDI_I Ia I_Iﬂl_l
\ %

B@! /‘ 1,5 Mbps /<>

Queue

Packet sequence from A and B does not follow a static
assignment like in TDMA, but transmissions occur
when packets arrive " statistical multiplexing
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Due to statistical 0 Waiting time

multiplexing packet B Time in the queue
experience variable waiting to be

delay | transmitted
[0 Node processing 0 Transmission time

B Error control O p . .
B Forwarding (table ropagation time

lookup)

transmission
A \ _, propagation__—=sp=—-.
B

o @ processlri

waiting
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Simplified node architecture

/O Bus
System NIC Fast Ethernet
DM Ll
Ctrl I
. DMA ~NiE FDDI
2 Xfer
Malin « NIC ATM
Memory
1. Packet input
2. Header processing NIC = Network Interface Controller
Routing table lookup DMA = Direct Memory Access

DMA transaction

3. Packet output
58




v

v

v

O 0O C

' Node model
input interfaces
for packet
processing U U U U

Processing
Arrival of and output
Output queue Transmission

packets from selection
Input queue
for on output link

transmission =g




Assumption:
processing delay neglected

C

B
‘ Packet can wait in ‘

the output queue

v

v

v
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Different output link
have independent
queues

C

D

v

v

v
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Different output link
have independent
queues

C

D

v

v

v
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w/

7 Queuing delay

O Queuing delay can be modeled considering
random process of arrival with queuing theory:

B R=rate [b/s]
B |=packet leght (bits)
B "=average arrival rate

Intensita di traffico = La/R

average
queueing delay
4

e e e e - - - - - - — - -

» [a/R

O L"/R ~ 0: small queuing delay

O L"/R -> 1: delay goes to infinity




”@ Packet losses

Queues have limited size

In congestion (queue full) packets are
dropped

Dropped packets can be
retransmitted depending on the layer/
protocol that manages the loss
(retransmission protocols typically at
link and transport layers).




Ao Packet switching:
@y datagram and virtual circuit

[here are two types of packet

switching techniques:
B Datagram
m Virtual circuit
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0 With datagram, output link
on destination address only

[0 Packets of the same flow

selection is based

are forwarded

Routing table

independently

Destination | Output port




20 f@ Virtual circuit

[0 Nodes identifies packets of a flow through a label
(or circuit identifier)

[0 The virtual circuit is setup before start
transmitting packets

[0 After setup phase all packets of the flow are
identified an forwarded in the network along the
virtual circuit

Routing table
label Output port
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H global
B |ocal

[0 Label assignment:

Input label

output

Output lah

el

112

234




