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« Comparing fiber and copper wire:

High bandwidth

Few repeaters / km
No electromagnetic interference sl

No corrosion 3,

Lightweight
Difficult to tap (lewe o2 9 conl e o2 1)
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Item LED Semiconductor laser
Sheath Jacket
Core Data rate Low High
o Mode Multimode | Multimode or single mode
\ Distance Short Long
Cladding Jacket o - .
(glass) (olastic) o Cladding Lifetime Long life Short life
® ®) Temperature sensitivity Minor Substantial
Cost Low cost Expensive
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Band Downlink | Uplink | Bandwidth Problems

L 1.5 GHz | 1.6 GHz 15 MHz | Low bandwidth; crowded
S 1.9GHz | 2.2 GHz 70 MHz | Low bandwidth; crowded
C 4.0 GHz | 6.0 GHz 500 MHz | Terrestrial interference
Ku 11 GHz | 14 GHz 500 MHz | Rain

Ka 20 GHz | 30GHz | 3500 MHz | Rain, equipment cost
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(a) Bit stream 1lolololol1lol11l 111111

(b) Non-Return to Zero (NRZ)

(c) NRZ Invert (NRZI) J

—

(d) Manchester

|

I L UL L
LT L

(Clock that is XORed with bits) _|_ B

(e) Bipolar encoding
(also Alternate Mark
Inversion, AMI)

Figure 2-20. Line codes: (a) Bits, (b) NRZ, (¢) NRZI, (d) Manchester, (e) Bi-
polar or AMI.
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(b) Amplitude shift keying. (c) Frequency

Figure 2-22. (a) A binary signal

shift keying. (d) Phase shift keying.



Frequency Division Multiplexing

Channel 1
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Figure 2-25. Frequency division multiplexing. (a) The original bandwidths.
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(b) The bandwidths raised in frequency. (c) The multiplexed channel.

A Separation f- One OFDM subcarrier(shaded)
2D g odlew! oy Af
M s yE
i = Frequency
fs fo fa fa fs

Figure 2-26. Orthogonal frequency division multiplexing (OFDM).



Time Division Multiplexing
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Figure 2-27. Time Division Multiplexing (TDM).
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Code Division Multiple Access (CDMA)

« A technigues which allows for a new
multiple access mechanism and is proving
to be very effective for mobile .
communication. (Used in 2G and 3G mobile
systems)
* Time division: TDM
— each speaker gets its turn
« Frequency division: FDM
— concurrent speakers separated far enough
* Now: Code Division

— every speaker speaks a different language at
the same time

« Key idea:

— Each station uses the entire frequency band,
but uses a different code.

Each bit time interval is divided into m slots
called chips

Each transmitter uses a unique chip sequence
to send 1 and its inverse to send 0.

— Sendlas:11-1-11-11-1

— SendOas:-1-111-11-11
Chips are chosen to have these properties:

/——-—_\_____/—



CDMA

A:0001101 1 A (=1-1-1+1+1-1+1+1)
: . . B:00101110 B: (=1 -1 +1-1+1+1+1-1)
 Practical issues: ¢:01011100 C: (-1 +1 -1 +1 +1 +1 -1 1)
. D:01000010 D:(-1+1-1-1-1-1+1-1)
— Keys should be known in advance @) )
— Power Control: Six examples:
« Senders should be received with same power - O e ol Aol i
« Send with inverse power of received signal -11- B+C S2=(2 0 0 0+2+2 0-2)
strength 10-- A+B S3=(0 0-242 0-2 0+2)
101—- A+D+C S4=(—1+1-0+0-1-1-1+1)
_ I on- I 1111 A+B+C+D S;=(4 0-2 0+2 0+2-2)
Synchron_lzatlon. what if senders are not 01 ReBiPel & alds o Dbm
synchronized: (©
« Lock into the ‘wanted’ channel 8, 6 Cim (1 4141 414041 41 410 1
« Other channels will be received as background S;0C=(2+0+0 40 +2 42 +0 +2)/8 = 1
noise S;¢C=(0+0+2+2+0 -2+0-2)/8=0

S;oC=(1+1+343+1-1+1-1)/8=1

SseC=(4+0+2+0+2 +0-2+2)/8=1

S¢* C=(2-2+0-2+0-2-4 +0)/8 =1
(d)

/‘\______,/
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» Public Switched Telephone Network (PSTN)

— Originally designed to transmit human voice
— Loop plant with Limited bandwidth and complex interference environment

Telephone system organization: hierarchical network with three important components:

— Local loops:

— Switching centers:
— Trunks: connecting switching offices using various transmission technologies

Intermediate
Telephone End Toll switching Toll End Telephone
H office office office(s) office office ﬁ
o/—Q a—U-—A Q—\o
Local Toll very high Toll Local
(b) ()
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By
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W l‘ v?"- s
]
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. bandwidth .
loop connecting intertoll connecting loop
trunk

trunk trunks

Figure 2-29. (a) Fully interconnected network. (b) Centralized switch. . . . . .
Figure 2-30. A typical circuit route for a long-distance call.

(c) Two-level hierarchy.
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Y\ Second level
switch
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switch

Figure 1.2 Three-level switching hierarchy.

/\____/



SLIC/CODEC

« Important User Side Functions < Important Network Side Function
_ Battery supply to subscriber line ~ — PSM Coder/Decoder

0 | : — Filtering and Amplification
— Overvoltage protection — Compression/Decompression

— Off/On hook detection R $i3210
— Ring Generation &
— Tone Detection o
— Tone Generation o e
— Hybrid . el
— Testing
Fsviac :
reux Comporeeh
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Computer Trunk (digital, fiber) Digital line ——
; Local loop == | — L
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\ T
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Codec Modem

/ Figure 2-32. The use of both analog and digital transmission for a computer- //

to-computer call. Conversion is done by the modems and codecs.



Voice band modem standards

« V.32: 9600 bps : 4 bits / baud

* V.32 bis: 14.4 kbps : 6 bits / baud

« V.34: 28.8 kbps (Using QAM Constellation)

* V.90: 56 kbps DS, 33.6 kbps US

« V.92: 56 kbps DS, 48 kbps US

« Compression schemes:

« MNPs : run-length encoding (runs of zero’s may be very common)
* V.42 bis : Ziv-Lempel compression

« Some advanced techniques used:

« Trellis Coding

 Divide bandwidth (3000 Hz) into 512 bands of 20 bps [ adaptive optimal use of
frequency bands and avoiding noisy bands

/——-—\___/



363 W ADSL (w yiuwd g oo dils>

Spo pwgre y SIS U e W gy &l bl
e T9) (59) |
:Central Office (CO) cwow =

9 G gugw &, ol sy eyl gl sniS sl edlal — S\.ﬁiﬁi Telephone
DSLAM 4 YU (clouslS )3 Jl)!
. Codec
Customer Premise End (CPE) cwws © Spitter | Telephone Splter
line
p3g0 & YL ilS'y8 iz o el gly oniiSlas 5l eolal — - 4 NID
CPE ADSL = Computer
=| - DSLAM E'

xSl lp cds 4 ADSL Jisw oy il @ @ - é

- . o | e ADSL Ethernet

')9'” ? L$'>])'b b9b J‘>b‘) To ISP modem

Telephone company end office Customer premises

Figure 2-35. A typical ADSL equipment configuration.
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64 kbit/s
Data gm 2048 kbitis (’f-SWM)

4
-
1
-
1
32
1
32
DSMX
64k2

8448 kbit/s (+/-30ppm)

34 368 kbhit/s (+/-20ppm)

i 139264 kbit/s (+/-15ppm) SER E2 ‘_i: J..Sw.u u_QLo‘ Cw L;.)‘Ja}' 48Ls! =y El )LQ‘.>
s i Ay o B3 S, Sty il o ool ablsl 4 E2 s
f’ - ey o B4 S LS Lol e oolaw adlsl 4 E3 s

- 341140
DSMX
8134
DSMX
28

Frame Size
(bits)

ITU-T

Standard Frame Per Second

Signal Bit Rate

G.704/732 E1(2.048 Mbps +/-50ppm) 256 8000
G.742 E2 (8.448 Mbps +/-30ppm) 848 9962.2
G.751 E3 (34.368 Mbps +/-20ppm) 1536 22375
G.751 E4 (139.264 Mbps +/-15ppm) 2928 47562 8
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SONET/SDH

SONET (Synchronous Optical Network)

Japanese standard North American European standard .. .
= Shendend ==o— <SDH (Synchronous Digital Hierarchy) ,
.4 il &wdsj‘_;uﬁ‘))J@‘saw&yd@“s]dlﬁ))]_\:u‘
4. | 97728 kbivs 274176 kbit/s 5 3 L 139264 kbit/s w‘ LS)“"Q
<3 <6 el « 4 .
3. | 32004 kbit's 44736 kbivs b~ 34368 kbivs L5>|).L> laal @
P - 5 5 sl el Sl (slatugs ()5 dote —
6312kbit's | _ 8448 kbit/s ) . ] K
o - Seal w3 T Sz Slyo alud b 09,8 (Sl (o b 2,51 oald =
primary rate 1544 kbit/s BREN preveyrems QAM jl sty o5 wal —
loxd 45l ae oml aw slo L0 4l (g piwd —
- Gl JWSer JS” 8
64 kbiv/s
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PDH Add/Drop
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SDH Add/Drop

140 Mbit/s
2 Mbit/s

STM-1, STM-4
— 140 Mbit/s

L | 15 Z: 34 Mbiv/s
STM-1 8 Mbit/s

2 MblUS—Am.

34 MbiV/s = e
@ 752 Mbit/s
-l STM-1/STS-3c Gateway to SONET
Iv/s
ADM: Add Drop Multiplexer 34 Mbit/s
DXC : Digtal Cross Connect 140 MbiVs
™ : Terminal Multiplexer STM-1
STM-4
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SONET/SDH

« SDH Rate and signaling ol JU5 i 395 Sy (ol (Slagtonnd 0138 B yune g 0diiS g

— 155 Mbps or multiples ol PAYIoAd 4 by o K108 o (sl
— 270 x 9 x 8 bits per frame of 125 microseconds
« SDH multiplexing
— 261 x 8 x 9 x 8 bits for synchronous payload envelope (SPE)
— Payloads can carry many different types of traffic

— Header bytes are used for framing, parity, voice channels, error monitoring, IDs, clocking and
synchronization

. . 270
« Standards: Multiples of 4nxSTM-1 ; -
— STM-1: 155.52 Mbps . %
— STM-4: 622.08 Mbps ; —
— STM-16: 2.5 Gbps 6
— STM-64: 10 Gbps : #%
— STM-256: 40 Gbps o —:
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Wavelength Division Multiplexing
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/ Figure 2-41. Wavelength division multiplexing. //



Physical (copper)
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Figure 2-42. (a) Circuit switching. (b) Packet switching.
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Switching

» Message switching

Store-and-forward technique used

Each router sends the entire message before sending the
next one

Path is blocked for long times => random and
uncontrolled delay

Not used in data networks

» Packet switching

/"\

Store-and-forward technique used
No dedicated path

Packet size should be limited in order not to block
switches and/or overflow buffers

First packet is forwarded while second is received.
Rate conversion is easy
Delivery order may not be guaranteed
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Figure 2-43. Timing of events in (a) circuit switching, (b) packet switching.



