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Communications sans fil



Bandes de fréquences

Source:
Andy Dornan

The Essential Guide to Wireless
Communications Applications

Prentice Hall
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Ondesradios

Longueur Fréguence Nom Usage
d’onde
1-10 metres 30-300 MHz VHF: Very High | Radio FM
Frequency Téévision
0.1-1 metre Télévision
Télephonie
mobile
Réseaux sans fil
10-100 mm 3-30 GHz SHF: Super Satellites
High Freguency
1-10 mm 30-300 GHz EHF: ExtraHigh | Satellites

Frequency

Radars




Spectre alloue alatééphonie 3G

| TU: International Telecommunications Union
IMT-2000: International Mobile Telecommunications

UMTS: Universal Mobile Telecommunications System
(standard W-CDMA européen)

W-CDMA: Wideband Code Division Multiple Access
MSS. Mobile Satellite System
Cordless. téléphone sansfil (= mobile, cellulaire)



Spectre 3G (2)

1850 MHz 1800 MHz 2000 MHz 2100 MHz 2200 MHz.
ITU IMT-2000 MSS _ IMT-2000 MSS
Europe A W-CDMA MSS W-CDMA MSS

ey,

Japan, JC;:TEE W-CDMA, MSS W-CDMA, MSS
Korea HEEs cdmaz2000 cdma2000
China .= W-CDMA, cdma2000 MSS W-CDMA, MSS

o cdma2000

}-" s
Canada } § MSS MSS

J P
2

223 Cordless

2G mobile

3G mobile |:| 3G satellite . Space travel

Fixed wireless



|SM

Industrial, Scientific and Medical: 2.4-2.5 GHz

« Wi-Fi (802.11) et Bluetooth
o Fours a micro-ondes, etc.

Pas de licences.p compétition



GSM

Combine:

« FDMA : multiplexage frequentiel (Frequency Division
Multiple Access) ; chaque canal (unidirectionnel)
occupe une bande passante de 200 kHz

« TDMA : multiplexage temporel (Time Division
Multiple Access) ; chaque canal est divisé en 8 slots
(slot = tranche, créneau)



Trames GSM

Débit brut: 270.8 kbps (kilobits par seconde), par
modulation GMSK (Gaussian Minimum Shift keying)

Une multitrame comporte 26 trames, soit 32 500 bits
transmis en 120 ms.

24 trames pour la voix ou les données, 1 trame pour
la signalisation, 1 trame pour les SMS et autres
trafics spéciaux (numero appelant, etc.)

Une trame comporte 1250 bits, émis en 120/ 26 @
4.6 ms

Un slot comporte 1250 / 8 = 156.25 bits (sic !), émis
en 15/26 @0.577 ms, sOit 577 s



959.8 MHz

935.4 MHz
935.2 MHz

Frequency ——»

914.8 MHz

890.4 MHz
890.2 MHz

FDMA + TDMA

Tanenbaum, Computer Networks, section 2.6

TDM frame

N

Channel

Base
(" to mobile

Mobile
" to base

GSM uses 124 frequency channels, each of which uses an

eight-slot TDM system



GSM Framing Structure

)

32,500-Bit multiframe sent in 120 msec

C
o123 |4 |5|6 |78 |2 |10|11|T|[13(14(15(16 |17 |18 |19 [20|21|22|23|24
L

Y

A

— -

e o Reserved
- T - for future
~~ use

A
\
A
\
e
N
N
&
W
—
_|
O
=
3
=
1]
w
D
I
—
5.
P‘
(9)]
—_
a
=
wn
(M)
O
!
{
!
y

0 1 2 3 4 5 6 7

- .~

_ G 8.25-hit
- By ,,| |+ (30 usec)

- W, guard time
_--"148-Bit data frame sent in 547 usec ~~__

000 | Information | | Sync | | Information | 000

Bits 3 57 \ o6 / 57 3
Voice/data bit

A portion of the GSM framing structure.

Computer Networks

Tanenbaum
Section 2.6



R. Levine
Digital Switching

Lectures April 17 & 24, 2001
Cellular & PCS

Two suggested reference books by L.Harte and R. Levine :
Cellular and PCS: The Big Picture (1997)

GSM SuperPhones (1999)

both published by McGraw-Hill



Trame GSM

- GSM TDMA Frame and Slot

. hi—
1 T |1x

Baze

l corresponding frame
« Base Tx frame start is advanced 3 slots from logically
corresponding Base Rx frame start with corresponding slot
number

— Mobile set using a designated slot first receives, then
waits 2 slots, then transmits, then waits for 4 “idle” time
slots, then repeats

= Mobile can do other things in & “idle” slots (ke maHD)

— Mobile set does not transmit and receive simultaneously when
using only 1 time slot for digitally coded voice communication

— Mobile can make small Tx timing adjustments, in response to

base commands, to adjust for 3.3ps/km one-way (6.6 ps/km 2-
way) radio signal delay
Revised 2001 ©1996-2001, R.C Levine 53



Slot GSM

GSM Full ation Bursts

Power profile Two 1-bit flag bits (normal burst only) indicate
presence of fast associated channel (FACCH)
e

Normal and Dummy Burst - pa€d on all chamnnels Texcept EACCH) 1n both directions
3 5 7bits 1 26 1 57 3 825
Normal Burst for all 2way communications (and BCCH downlink)




Codes détecteurs/correcteurs d' erreurs

Original 260 bits produced by Class. 1b
RELP coder from 20 ms -
: " 132 bits

speech sample time window
arranged in order of effect of
bit error(s) on speech quality. .
Class 1a are most important. cyclic redundigncy code

(CRC) parigy pits

appended ze
CRC appended to 50 most 132
important bits. Tail bits . o
appended to CI.1 e
Convolutional Code r=1/2 K=5
189 bits produce 378 bits due to convolution with 189 bit constant. Class.2 bits have no error protection

456 bits total will be distributed over & time frames via interleaving, then encrypted and transmitted

Revised 2001 ©1996-2001, R.C.Levine 87



Codes (2)

The 3-bit CRC permits correction of single bit errors in the 50
most protected bits all by itself.

The convolution code can correct several bit errors, and detect
any bursts of errors which are within a consecutive group of 5
bits.

Most of the bits in Classes 1a and 1b are most significant bits
of filter coefficients and other numerical bit quantities which
have an obvious significant effect on the sound output if they
are wrong.

Most Cl.2 bits are least significant bits of numeric quantities
and some bits describing the excitation waveform.



Chiffrement

Encryption

The last binary process before modulation

encryption mask from algorithm A8 in GSM example

information bits Um radio replica of

- > interface prfiginal .
XOR |} ——»| XOR information

crypto mask bits

ﬂ_

information bits (already error protected
and interleaved). We skip non-info bits
like training, tail zero bits, etc.

Locally generated and properly

synchronized copy of encryption
mask, also generated by A8 in GSM.



CDMA — Code Division Multiple Access

A:00011011 A (=1 =1 —1 +1 +1 —1 +1 +1)
B:00101110 B: (=1 =1 +1 =1 +1 +1 +1 —1)
C:01011100 C:(—1+1—-1+1+1+1-1-1)
n D:01000010 D:(—1+1—-1-1-1-1+1-1)
<< (a) (b)
o
; Six examples:
e}
QO
= -—1- C Si==1+1-1+1+1+1-1-1)
& © -11- B+C S,=(—2 0 0 0+2+2 0-2)
C:)U ET) AN 10-- A+B S;=(0 0-2+2 0 -2 0+2)
O "5' c 101— A+B+C S;=(—1+1-3+43+1 -1 -1 +1)
cC o O 1111 A+B+C+D Sg=(—4 02 0+2 0+2-2)
(D) E — 1101 A+B+C+D Sg=(—2-2 0-2 0-2+4 0)
8 6 & ©
= O W

SieC=(1+1+1+1+1+1+1+1)/8=1

S;eC=(2+0+0 +0 +2 +2 +0 +2)/8 = 1

S;eC=(0+0+2+2+0 2+0—-2)/8=0

S,eC=(1+1+3+3+1 -1 +1-1)/8=1

Sge C=(4 +0+2 +0 +2 +0 -2 +2)/8 =1

Sge C=(2-2+0 -2 +0 -2 —4 +0)/8 = -1
(d)

(a) Binary chip sequences for four stations
(b) Bipolar chip sequences

(c) Six examples of transmissions

(d) Recovery of station C's signal



