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Va

Plan

° Syst‘emes de transmission radio
\ . . .
® Systemes de communication cellulaires

® Procedures principales pour les portables
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Systémes de communication radio
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Analog Transmitter

O N Modulator
(RF up conversion)

Power Amplifier

i
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Analog Receiver

Band Pass Filter

>

Low Noise Amplifier

>

Demodulator
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Analog Transmitter and Receiver

—>

Low Noise Amplifier

—>

Demodulator

all

’—’ Band Pass Filter

T

Duplex

Power Amplifier

l—

Modulator
(RF up conversion)
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Digital Transmitter

r ~
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«
(\3 Antenna
Analog to digital Digital modulation Analog
conversion (convert digital _L_ modulation
(AUDIO CODEC) data to analog (RF up -
i wave
* Data source signal) convertion)
! Y
Channel coding Data
(ERROR coding) segmentation Power ampl
Y 4
Interleaving > Ciphering Duplexer
Digital baseband unit RF frontend

Transmitter
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Exemple: GSM transmitter détails
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Wy Source coding

Sample rate = 8kHz, each sample is converted to 13 bits, __ (SPeech coding)

Analog signal resulting rate = 13 *8000 = 104 kbps 13 kbps !
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Digital Receiver

r ~
‘@
Antenna
Digital to analog Digital Analog‘
conversion demodulation |14 | demodulation
(AUDIO CODEC) (genera(e (RF down
data) conversion)
: : ;
| ) Data -
Channel decoding concatenation Low noise
ampl
4 ¥ ;
Bandpass filter
De-interleaving < De-ciphering
Duplexer
Digital baseband unit RF front-end

Receiver
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Systemes de communication

cellulaires
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Cellular System Overview

Radio Base Station
1G: RBS
2G: BTS
3G: NodeB

Cell

Local Area
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15t Generation Cell

Access Technique:

* FDMA (Frequency Division Multiple Access)
Cell RBS 1 Analog Traffic Channel per frequency used

Multiple Frequencies managed by the same Radio Base Station

f
uplink frequency band downlink frequency band

B Celli
W Cell
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Cell

2"d Generation Cell (1/2)

Access Technique:

* FDMA (Frequency Division Multiple Access)

* TDMA (Time Division Multiple Access)

* 8 or 16 Digital Traffic Channel per frequency used
Multiple Frequencies managed by the same BTS

BTS
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uplink frequency band downlink frequency band

B Celli
W Cell
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2nd Generation Cell (2/2)

Frequency (MHz)

suswel [0 1]2]a]a]s]e]7(o]r]2]s][a]s]6]7]

; 461/8=577s :

sl —> !

! iTime: !

! | slot ; Burst !
]

ZOOKHZI—- o[1lz|3!4!5]s[7 o[1]2[sfafs[e]7]

890.4 MHz - o|1|2[3'4 s|6]|7[o]1]2]3]a]s]6]7]

| ' '
Il } >
i | Time
A TDMA frame = 8 time slots

i i
< > i\ Aphysical channel = > (frequency, time slot)

A TDMA time frame = 120 / 26 = 4.61 ms =(8904, 4)

Figure 7.2 Time division multiplexing

|0|1[2|[3]|41516|7JDownlink$

Upink [ 0 | 1 [ 2 T3] a s[5 ]7]

Figure 7.3 Uplink and downlink separation by approximately three time slots
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3 Generation Cell (1/2)

Access Technique:

Cell NodeB

+ 1 Digital Traffic Channel per orthogonal code
* Multiple Codes (Channels) per frequency used
* 1 Frequency managed by 1 NodeB

*  WCDMA (Wideband Code Division Multiple Access)

Vv

Y
uplink frequency band
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downlink frequency band

B Celli
W Cell
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3" Generation Cell (2/2)

FDO/TDD
picocell

FDD macrocell

FDD microcell

Cell type Radius Mobility Max. available data rate

Macro >10km High 384 kbps
Micro 0.1-1km High/low 384 kbps
Pico <100m Low 2 Mbps
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LATT

LA27

LA3

o

IMSI <> LA

BTS

BTS

IMS1 <> LA
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HLR | MSISDN <-> IMSI, VLRID

LA = Local Area
IMSI = International Mobile System Identifier

MSISDN = Mobile System ISDN Number (phone number)

BTS = Base Transceiver Station

BSC = Base System Center

MSC = Mobile Switching Center

GMSC = Gateway MSC

HLR = Home Location Register

VLR = Visitors Location Register

PSTN = Public Switching Telephone Network
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3 3

BTS
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b ar 1 Y SMS-GMSC
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GSM/UMTS Network nodes

e 5 5
P |: GERAN F1,CS

UTRAN
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CN

MS = Mobile System

UE = UMTS Equimpent

USIM = UMTS Subscriber Identification Module
ME = Mobile Equipment

GERAN = GSM — EDGE Radio Access Network
UTRAN = UMTS Radio Access Network

AuC = Authentication Center

EIR = Equipment Identification Register

SGGN = Servicing GPRS Service Node

GGSN = Gateway GPRS Service Node
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Procédures principales
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/
Procédures Principales

® Beacon scanning at boot
® Mobile Originating Call
® Mobile Terminating Call
® Paging

* Handovers

e SMS transmit/receive
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Cellular Typical Digital Channels

Logical channels

/——If~—\~J Signaling cha;n;i)
( Traffic channel
TCH/F @@ Gommon coioi(COCH) (" Dedicated cntrol )

DL, UL NB DL, UL NB

FCCH SCH BCCH] SDCCH| SACCH, [FACCH
DL, FB DL, SB DL, NB DL, ULNB DL ULNB DL, ULNB

Epch [AGCH] @J

DL, NB UL, AB DL, NB
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TCH: Traffic Channel

TCH/F: Traffic Channel Full rate

TCH/H: Traffic Channel Half rate

FCCH: Frequency Correction CHannel
SCH: Syncronization Channel

BCCH: BroadCast CHannel

CCCH: Common Control CHannel

PCH: Paging CHannel

AGCH: Access Grant CHannel

RACH: Random Access CHannel

CBCH: Cell Broadcast CHannel

SDCCH: Standalone Dedicated Control CHannel
SACCH: Slow Associated Control CHannel
FACCH: Fast Associated Control CHannel
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Channel multiplexing (example GSM)

1 bit = 3.69 pus
1TS = 577 s (= 156.25 bits)

[
| TDMA frame
«——— 8TS,4615ms

o[1]2[3[4[5[e]7]

Traffic channels Signalling channels

1 Multiframe = 26 TDMA framesg (120 ms; 1 Multiframe = 51 TDMA frames (235.38 ms)

FEFEEREE e UL | FoRReRreeE

‘| Multiframe 0 ] Multiframe 1 ] xuniiramez ] (I X 1] owame 49 [ Multiframe 50
va

Multiframe 0 | Multiframe 1 | eee [ Multiframe 25

>

1 Superframe = 51 x 26 traffic channel multiframe or 26 x 51 signalling channel multiframe = 1326 TDMA frames = 6.12 sec.

Superframe 0 { Superframe 1 Superframe 2 Superframe 2046 [ Superframe 2047

1 Hypeframe = 2048 superframe (2715648 TDMA frames = 3h 28 m 53 5)
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Network scan at boot (1/2)

| Y
uplink frequency band downlink frequency band
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[ | Operator 1
M Operator 2
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Network scan at boot (2/2)

Scan channels ;
monitor received Select frequency with highest
signal strength for signal level

different carriers

Search for FB J

FB detected ?

Search for SB ]

SB detected
YES
[ Read BCCH channel information and J

Select frequency with next
highest RF level from the list
-

NO

determine whether it is allowed to camp

v

Is the
current BCCH
included?

From the channel update the
control channel list

YES

[ Camp on BCCH and start decodingj
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Mobile Originating Calls (1/2)

BTS
BSC IMSI <-> LAl
= N
BTS _ VIR
MSC
BTS GMSC
BSC -/
BTS
HLR | MSISDN <->IMSI, VLRID
IMSI <-> LAI
BTS VLR
BSC MsC
BTS
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S

Mobile Originating Calls (2/2

mMs BSS msc VLR HLREIR/AuC PSTNASDN

RIL 3-RR channel
foquest RACH
RIL 3-RR IMM SABM
AGCH
\dentity of
<ldentity of message> SDCCH (UL)
UA
SDCCH (DL)
Service request
SDCCH (UL) MAP/B service
TMSI, call setup Service request request, TMSI, call
se
TMS!, call setup =2
and TMSI
T
RIL 3-CC setup (calllmtom\aﬁon) MAP/B send call

setup information

RIL 3-CC call i Call complete MAP/B
P

I

Subscriber
phone
rings
RIL 3;90 assignment Cmd
RIL 3-CC assignment complete “TUP / ISUP
e | SDCH (uplink) answer
RIL 3-CC assign. complete | TUP/SUP initial address message (IAM) signal”
TUP/SUP address complete message (ACM) [¢————
RIL 3-CC alerting
TCH /ACCH RIL 3-CC connect
Answer message
RIL 3-CC connect ack

T 1
<==Conversion starts ===>
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LA1T

LA2—

LA37

Mobile Terminating Calls (1/2)

BTS
BSC IMSI <-> LAl
BTS \VLR
N
S \..
- T
N
BTS 1 GMS! PSTN
BSC
3 ~J\
X BTS - b
HLR | | MSISDN <-> IMSI, VLRID
IMSI <-> LAI
BTS VLR
BSC MSC
BTS
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Mobile Terminating Calls (2/2)

rrier sine wav

Paging request
Channel uest
Immediate assignment
Paging response
Authentication request
Authentication response
Ciphering mode command
Ciphering mode ack
Setup

all confirmed
Alterting
Connect
Assignment command
Assignment ack

Connect ack
Conversion
----------- Conversion - - - - - - - - - - -
<+—— Measurement report ————»
Conversion

Disconnect

Release complete

. Channel release
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~
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Paging (1/2)

Portable dans la celle

HLR

Cell BTS BSC VLR MSC
IMSI
IMSI
LA#, BSC#
_Page invite
¢ Paging -
Paging req
EE Paging res .
Paging res
Paging res
Connect
_ Connection
w
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Paging (2/2)

Portable pas dans la cel

le

Cell BTS BSC VLR MSC HLR
IMSI
IMSI
LA#, BSC#
_Page invite
¢ Paging »
== Paging req ] ITPAG
b Paging
C Paging req
” Paging TPAG * NB_PAG_ATTEMPT
Paging req
< Paging
Paging req
Subscriber |Absent
“| Subscriber

Absent
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Handover - Intra BSC

LA1- IMSI <-> LAl
BTS VLR
L MSC
BTS MSC PST
LA2~ BSC
BTS
HLR | MSISDN <-> IMS]I, VLRID
= IMSI <-> LAl
BTS VLR
LA3— BSC MSC
BTS
@ - Cours APS - Institut REDS/HEIG-VD — Smartphone as telecommunication device
/
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LATT

LA27

LA37

Handover - Intra MSC

IMSI <-> LAl

. PST

BTS
TS
BTS
BTS
BTS
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MSISDN <-> IMSI, VLRID
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MS
Serving BSC E

Measurement report

Handover request

Intra MSC Handover

Target BSC

Handover request

HO req ack
Handover command
Handover command
Handover access
Physical information
Handover detected
Handover completed
Handover completed

Release

Release complete
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LATT

LA27

LA37

Handover - Inter MSC

BTS

BTS

BSC

IMSI <-> LAl
VLI
GMS!
HLI
IMSI <-> LAl
V!

BTS
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MSISDN <-> IMSI, VLRID
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Mobile Originating SMS

SMSC SMS- HLR MSC VLR MS
IWMSC
Access Request

< >
Authenticate
< >

Message Transfer

sendInfoFor-
MO-SMS
forwardShortMessage
-
< Message
Transfer
Delivery
Report Delivery Report !
Delivery
Report

Mobile Ongination (MO) SMS Flow
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SMS MO Call Flow :

1. The mobile station transfers the short message to the MSC.

2. The MSC queries the VLR to verify that the message transfer does not violate the
supplementary services invoked or the restrictions imposed on the subscriber.

3. The MSC sends the short message to the SMS-IWMSC (Inter-Working MSC for
SMS) using the “forward Short Message” operation.

4. The SMS-IWMSC delivers the short message to the SMSC (Short Message Service
Centre).

5. The SMSC acknowledges the successful outcome of the “forward Short
Message” operation to the MSC.

6. The MSC returns the outcome of the short message operation to the mobile
station.



Mobile Terminating SMS

SMSC GMSC HLR MSC VLR MS
Message A
Transfer gcndRouﬁngInfo;
ForShortMsg
forwardShortMessage
sendlnfoFor-)
MT-SMS '( Page

Authenticate |
< >

4 Message Transfer

Deliver Report >

SM-Delivery

g ReportStatus
Delivery

Report
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SMS MT Call Flow :

The Short Message is transferred from SMSC to SMS-GMSC.

SMS-GMSC queries the HLR (SRI) & receives the routing information for the
mobile subscriber (SRI-ACK).

The SMS-GMSC sends the short message to the MSC using "Forward Short
Message" (FSM) operation.

The MSC retrieves the subscriber information from the VLR. This operation may
include the Authentication Procedure.

The MSC transfers short message to the Mobile Station (MS).

The MSC returns the outcome of the "Forward Short Message" operation to the
SMS-GMSC (FSM-ACK).

If requested by the SMSC, it returns a status report indicating Delivery of the
Short Message.
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