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GSM 3% B Fg Ex (1/2)

»GCSM Al TR D %J ( circuit-
switched transmission )

» GSM F§F<2: 3 4c f§ 30 PRF% (Short Message
Service » SMS) o ik §“PR7%+ (Dbearer service )

» GSM+

« B ik TR LI ﬁ@i (High Speed Circuit Switched
Data > HSCSD) CRE S AR S A RLS S
Tk g ¥ 1S, 2kbps o

e — ir4te ;Vaw AT PEF* (General Packet Radio
Service > GPRS) ESRE A ﬁs:.] ( packet-
switched transmission ) = 7% » & < 171.2kbps -



GSM % B g Ex (2/2)

» GSM++: EDGE ( Enhanced Data rates for GSM
Evolution )
* JUTARPIFE RS R RS 0 AW
%% B v £ 384kbps o
»3G: i * (7#3d 2 % v (Universal Mobile
Telecommunications System > UMTS )
e iz * WCDMA (Wideband CDMA ) Hjir
o & & 5B 3 (Quality of Service > QoS )
e B T (73t # 3P (High Speed Downlink Packet
Access * HSDPA )
V{4 UMTST™ {4t ¢ chid g &
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GSM fp& el =

> + ¥ ( Mobile Station > MS )
> s L3 % % (Base Station Subsystem » BSS)
> iz 2+ % ¥u (Network and Switch
Subsystem » NSS)
> Jefty 3F S & 5L (Operation Subsystem > OSS )
s E R R T

s
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» #id /i % (interface) mﬁ: s BB
E\ls}”q‘“f_ﬁfljfg/{f iZ i
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Bl 6-2 GSM & 3L 1 [
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> £ #5838 222 (Mobile Equipment » ME )
- SRR A el g S R I R L T
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13 T YA
éi* ‘_—:-—3‘ /J‘i “‘Vb

> L i 5 (Base Transceiver Stat1on BTS)
e BTSZ &£ RT M o & MSi 7 T el i 2 3z o
o FIRH S T TR gAML LT
o Al FEiEARY H 7 55 BRI E (signal strength
measurement ) > BTS € #-p ¢ & MSenis 5100 £ #ic
354 2 4BSC -
> b S4B (Base Station Controller » BSC)

2

+ f F &M T g ok e (channel assignment ) o -
%2 £ (handover) #25 o
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>« F i HE k& (switching system) o i ¥
B2 5 GSMentr ‘-=11‘ﬁf‘ ( core network )

PR M AR SRR
% 72 (roaming management) FIF FL o

> % SSTHEE 4 .

» GSM MAP ( Mobile Application Part) * >tz =
W GE VB (TN NILEARE o

>NSS& 5 14T ipit & &

e T 24 ¢ & (Mobile Switching Center » MSC) #
(TANDRE LI > f Fit 7 1 v 14



PR E I 6 5 (2/2)

»NSS# 7 7T ipid g2

« GMSC (Gateway MSC) & _3F7k«MSC » ¥ PCSi4
B2 PSTNE H 10 il 2 c0R i o

o AjEzrp FHLE (Home Location Register » HLR )
BREGTHLA LA 2 TR o

o % A3rp T E (Visitor Location Register » VLR)
B BEIHEEFEITREPN DT SR T

e K #FEF A E (Equipment Identity Register » EIR )
B U B 21 R P B o

e 233 ¢ & (Authentication Center > AuC) * k:InZFF
* = SIM+ 2. F % o
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R f‘é c B 3NPEE 1 E p B > (redundancy )

= ?’ g1 ( subscriber management)
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GSM &R % I &
GSM Radio Interface
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g2mT e (1/2)

» # * GMSK ( GPRS/GSM coding Gaussian
Modular Shift Keymodulation ) ~ 13kbps RPE-
LTP full-ratef=5.6kbps VSELP 38 = 5% o

> & 47 % 1 (Frequency Division Duplex > FDD )
. 1 {7 & ¢ s (uplink) : 890-915 MHz
« T {78 T 448 (downlink) : 935-960 MHz

> 1P ferif i B BE 5 200 KHz

> 2 Lo 12448 i i
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28T 1w (2/2)

> &4 % &€ 73 P~ (Time Division Multiple Access °
TDMA ) endjis o
e L X & B4.615msecsiiliE (frame) » & — B
GSMit=4R ¢ 3 — B S5 > L 5 WAZ5L48 (frame
number ) o

o MAzf & £ 50.577msec: 8B FFH, (timeslot)
e BEFTHOLAAE = o
o FH AR PEHY ’ﬁ}u%ﬂ’—-; — i g (channel) -
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¥l 6-3 GSM P&, % 4

downlink
FDMA
CO |[TSO|TS1 |TS2 |TS3 |TS4 |TS5 [TS6 [[S7 |TSO [TS1 [IS2 [TS3 TS4 | 937.2MHz
Cl | 150 TSI | TS2 | TS3 | TS4 | TS5 [TS6 TS7 |TSO |TS1 [TS2 |TS3 [IS4 937.4 MHz
RN W, W,
P‘\/ y
rame Frame (TDMA)
MS iz * C1eTS1

Control channel

Traffic channel
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DCS 1800

> 1 GSMAR-2 % H

- 2A

> ¢ * 1710-1785 MHz (uplink ) £ 1805-1880

MHz ( downlink )
( Digital Cellular

47 £ IR E 5 £ 5 DCS 1800
Standard 1800 ) = GSM1800 -

> % B¢ " 1900MHz# £ i7GSM i 1 AR 5

DCS1900 £ GSM

1900 -

> % & GSM#2 DCS!

18007 A = jigim¥e [E wmPe

(microcell/macrocell ) 77 4
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GSM enF L B4

> % BGSM B i e F R 41 E_rburstend) 8 4o 12 4
£ BT N LY W iE .
> FEf N B @ 35burst guard time o
> Burstsja 5 -
* Normal burst* ** i@ @ * K35 § & By 7o
e Fburst?z & Z’i\#i SR e > EMSH T s 1Y
miFe A DA PR A oo
e Sburst?c® Ay SR IEHZE > EMSKRIEEFREF » 1Y
aFrr A SEER RN o
e Aburstf_§ T EE 7 EFF » F BA burst ﬁrrz’gl}zz

LAY

f"rﬁ'%?ﬂﬁmg'/ﬁl°



B] 6-4 Normal Burst

Tailing Data Flag Training Flag Data Tailing Guard
57 bits 26 bits 57 bits 8.25 bits

Burst (148 bits/0.564 msec)

A
Y

A

Y

Time Slot (156.25 bits or 0.577 msec)
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B] 6-5 GSM Bursts

Tailing Data Flag Training Flag Data Tailing Guard

Normal Burst

Tailing Fixed Bits Tailing Guard

Frequency Correction Burst

Tailing Data Training Data Tailing Guard

Synchronization Burst

Tailing Synch. Seq. Data Tailing Guard

Access Burst
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# % pF 5 (Time Advance > TA)

» =BTST™ @BXEMSiE * 5% — B 53‘1‘% ’ E'JBTS@ 3
% = P 2 DIMSiE 4 F @ ciburst o

> AL B e w4
o BTS# i et 518 DIMS#7 % & chpr F > 4c } MS#

FMFEBTSE Teaps B > fL 5 Ak Btk
( round-trip propagation delay ) -

» MS e 1% PF %) & 3% 5 — Eround trip
propagation delay s79p= fF > 712 £ % Time
Advance - ‘{ﬁﬁ = TA -
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BS

TA/2

B] 6-6 Time Advance

| <4+—

937.2 MHz (downlink)

>45 MHz

892.2 MHz (uplink) -

MS

0

1

21314156

3 timeslot -TA
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R R R CATEEY]

> @ §83id ;¢ (physical channel ) @ BTS# MSF #
KRB F M enE RE

> B iEi0 ;g (logical channel ) @ f& g5 %7 # % chiy
ﬁ;uj?‘%%{ﬁﬁ’% % B 7\"\'223}7%’% # ;Fﬁ oF;\,}l T \Pj'*‘

lﬂ?;‘ m‘Kai fr *;’7,, o
| fﬁné’ E‘ﬂ %)}} n/jﬁ 'E-g £rd ;%}@Fﬁg Lt P - 3:;9/7
R

o« & o A3 if (Traffic CHannel » TCH) £ - 41id
i (Control CHannel » CCH) = = #f o

* %% B 6-7



Logical |
Channel

®l 6-7 GSM B8 i

——
——

M

28




723 ;g (Traffic CHannel - TCH )

> ik Ffrid ;g (Full rate TCH » TCH/F )
. {§i% 13kbps2 3§ £ 12 ~ 6 ~ 3.6kbps iy 7 AL -
+ & * & i Normal Burst kX i# ix o

> 1/2:# Z 2333 3 (Half rate TCH » TCH/H )
+ & =TkbpsiE F @%‘J » 624 3.6kbps#c i+ F AL @%‘J :
+ ¥ ¢ * Normal burst? — i#Dataff = % &% 7L o
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./64

¥r#1: ¢ (Control channel - CCH )

> A s = ZL;:F" :

R 438 ;¢ (Broadcast CHannel » BCH )

z& %%» MFREE ST BB o

o £ % p=4if i (Common Control CHannel - CCCH )
Vi BTSH- B2 WA L ahid i B 973 288 % i

BT R AL £ P -

o & B 4] ;g (Dedicated Control CHannel °» DCCH )

VBTSA fie 2 5 Y ch B 3 o
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B i (Broadcast CHannel ° BCH)

>4 F Rt i i (Frequency Correction CHannel >
FCCH )
o @iXFburst > & HHE F T 9 3
> e # i€ ig (Synchronization CHannel » SCH )
o @iXS burst > FEMSE{F 22BTS =2 ﬁmPﬁ HH o
> B #3413 i (Broadcast Control CHannel >
BCCH )

e I BAK Lo
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£ * fr4)i g (Common Control
CHannel ' CCCH)

> @ et id ;g (Paging CHannel » PCH )
* §F LT E P BTSHEEPCH v £ 4% o
> 4% P~ i (Random Access CHannel
RACH)

o L diT T EpF > £ ARACH ! @ i% A burst
2 A \;ﬁlé?%ﬁﬂﬂ,ﬁ/ﬁl°

> 3P~ uisil i (Access Grant CHannel © AGCH )
o Ak JEFAGCHE w2 v U@ ¥ g RT W o
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LRyl (DCCH) (172)

> > BG4 i (Stand along Dedicated
Control CHannel » SDCCH )
o BixZ R0 AIAR o SR F2 f e
> ik 4p B Fr43E ;g (Slow Associated Control
CHannel ° SACCH )

. ?5?* L enaiE F I o bldor F 4] (power control)
Attt (time alignment) F ¥4 F > W2 &
T AR ELRE % % (measurement report) ©
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L Rp#lid g (DCCH) (2/2)

> -1 4p B Fr3f ;g (Fast Associated Control
CHannel » FACCH )
o HX R L FIE £ (time-critical signaling) » & &
TIEAEL R T~ £ 303 (authentication ) M %
% 1% (handover) =3 5 o
o FACCH {}# 20 f33d if chpF ) o
> oz |} 3F3i8 g (Cell Broadcast CHannel >
CBCH )

o % k3 3 PRFE (short message service cell

broadcast messages ) °
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> F MSHE 515 gﬁﬁﬁf%%GSMr’v’ﬂi%Wﬁi‘E o
>MS§#§ ﬂi;%%ﬁ,ﬁxﬁg r'ﬂﬂiplg » JET R FE 5 71\§\'
>MS ¢ 4]* FCCH & p & &g & 12 (f 2BTSH
R
>d SCH ¥ # 3 & 5 ehdms (BSIC) o
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MS

BSS
RACH(request signaling channel)
AGCH(assign signaling channel) g
) SDCCH(request call setup) _

SDCCH message exchanges for call setup

SDCCH(assign TCH)

FACCH(complete assignment)

B
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R

MS BSS
PCH(page MS)

¢

RACH(request signaling channel)

-

AGCH(assign signaling channel)

¢

SDCCH(respond to paging)

SDCCH message exchanges for call setup
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Section 6.4
GSM 78 52
GSM Mobility Management
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v #3542 B (Call Origination Procedure ) @ & 1 #3477 3%

I

v % 3425 (Call Termination Procedure ) @ =+ $#4 #> 4t e

© LiRAR

e
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e ] 5L

» GSM & 5o @ JrE 15 4p B i w5045

Mobile system ISDN (MSISDN)
Mobile Station Roaming Number (MSRN)
International Mobile Subscriber Identity (IMSI)

Temporary Mobile Subscriber Identity (TMSI)
International Mobile station Equipment Identity (IMEI)
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MSISDN

» Mobile System ISDN

e MSISDN uses the same format as the ISDN address
(based on ITU-T Recommendation E.164).

 HLR uses MSISDN to provide routing instructions to
other components in order to reach the subscriber.

Total up to 15 digits

Country code | National destination Subscriber
(CO) code (NDC) number (SN)
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MSRN

» Mobile Station Roaming Number

» The routing address to route the call to the MS
through the visited MSC.

e MSRN=CC+NDC+SN
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IMSI

» International Mobile Subscriber Identity
e Each mobile unit is identified uniquely with an IMSI.

e IMSI includes the country, mobile network, mobile
subscriber.

e Total up to 15 digits

3 digits 1- 2 digits Up to 10 digits

Mobile country| Mobile network Mobile subscriber
code (MCCO) code (MNC) 1dentification code (MSIC)
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TMSI

» Temporary Mobile Subscriber Identify
e TMSI 1s an alias used in place of the IMSI.

e This value 1s sent over the air interface in place of the
IMSI for purposes of security.
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IMEI

» International Mobile Station Equipment Identity
e IMEI 1s assigned to the GSM at the factory.

 When a GSM component passes conformance and
interoperability tests, it is given a TAC.

e Up to 15 digits

3 digits 2 digits Up to 10 digits

Type approval | Final assembly
code (TAC) code (FAC)

Serial number (MSIC) L

/

45

Spare 1 digit




LAI

» Location Area Identity
LAl identifies a location area (LA).

e When an MS roams into another cell, if it 1s in the same
LAI no information is exchanged.

e Total up to 15 digits

3 digits

1-2 digits

Up to 10 digits

Mobile country
code (MCCO)

Mobile network

code (MNC)

Location area code (LAC)
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CGI

» Cell Global Identity
» CGI=LAI+CI

= MCC + MNC + LAC + CI
e CI: Cell Identity
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B K R E

> &3 38 E (Home Location Register
HLR)
e MSISDN -~ IMSI ~ VLR ISDN ~ MSC ISDN £
subscriber status
> E 3 3R E (Visitor Location Register »
VLR)
e MSISDN ~ IMSI ~ LAI
e TMSI - MSRN

e subscriber status

MSC 1




M AR

> B MS A F R IR E v Bk YEPF 0 F 8 RLARET
BTS2z 21 8. 5 & i iE p
o #7eBTS# £:5BTSH 48 F hLAL > # € fAix fe 3L
cds (7 B & (R4 2 37BTSHBCH s # o
o 3TeHBTS# ¥:9BTSH # Fe ALAI » MSi rVLRi&

(FIrp ehds (T o
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NN X
NLALLX)

/
= NS\ X n '

P N7
_ ‘5

AN\ X
L “&w.

(b) Inter-MSC movement

(a) Inter-LA movement

(c) Inter-VLR movement



B] 6-10 Inter-LA 21 j 4%
4>

HLR

<> <>
)e
3

@

LA2

@
C
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] 6-11

Inter-MSC i p jifg
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TeTE R P S
HLR:& {7
location update

deregistration
W ",ﬁ% VLR 7L

TMSI

MS’s IMSI 2 H is 333 7
new TMSI
TMSI
Step1: ~— > .

FEWBE I - BT O en@a » TS Ay o PRIt (BCCH) HR i
7 #(LAC, Location code) & #&_ % ¢ # & I - x]; Freniz B R oo

.

ELWEPFIH =% e 2% > P56 SDCCH i 5 new VLR » £ 7P e iF o

MS - Temporary Mobile Subscriber Identity (TMSI) % ¥ VLR gt @i % 37enVLR »
AP e iF o & B3P MS % VLR a0F i}ﬂ“FK € 7 : MSCi=xnt, TMSI, old LAI, target
LAI fe 3 © 4 M 3 21 54



TRTER FS
HLR:E {7
location update

deregistration
W ",’TT VLR F L

TMSI

MS’s IMSI 2 H is 333 7

new TMSI

Step 2:

IMSI & £ VLR 3457 » FIRATen VLR35 L ori Tl > 1% 2% iRk
TMSI 7% i# 3 £ VLR » 11 % 3 IMSI -

#7en VLR i {7303 (authentication) 25 » M 2R #-A s o £ wizf o f1* TMSI
X LWnIMSI R A3 ROLRHPRBE A LA TV REB o
55



TRTE R P S
HLR:& {7
location update

deregistration
W ",’TT VLRp 33t

TMSI

MS’s IMSI % H &5 3028 3L
new TMSI
TMSI

——————————————————————— —> i

Step 3:

.

AR AL TN VLR #-£ #0377+ 8 £ 5 HLR i (7 3p ehfs (F o
VLR £_4]%* IMSI ¥ $ ¥] MS 7 PLMN, i.e., HLR i3t -
HLR R #-< 4p B F A% v B 37e0VLR o

Step 4:

3 VLR 24 - BA5chTMSI 5 £ > s L 21 p 25 2 2 o 56



p:\.&\:ﬂ_t’\' s
HLR:E 7
location update

deregistration
W ",ﬁ% VLR 7L

TMSI

MS’s IMSI 2 H is t3z8 7

TMSI

Step 5:

f% 9315 > HLR § % - 83 VLR » & 4082 feime syl o4 -
B VLR = pame s ip 13 RIF BRERBARL
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7 ¥ :xP (Periodical Registration )

» MS % roaming pF }’%E* I 25 > HLR g P&
3 ﬁrri‘g'i Wt rri= g o

>t GSM 7 & $ £ 4% 7 8 & ER i 2y (re-
registration )

> i 5t e 2 3% MS periodically registration =77
period > FF ¥ 3| = B 71 — & registration 77 3%
PRI cnde i 0 Bk bRl 5 64 48124 P o

» Detection of potential fraudulent usage
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242 K (Call Origination
Procedure )

VLR

Logical channel usage
Authentication between VLR and MS
SS7 ISUP signaling between MSC and PSTN CO
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S V4

% =425 (Call Termination
Procedure )

-\

MSISDN

I

it i

Other
Switches

MSISDN
ISRy ~ Other

FRE S D Switches

1. Destination MSC 2 MSRN3:4 B VLR3:% < % LAl 22 TMSI.
2. BTSPCHA #MS 7 TMSI



> £ g o et ¢ E (Mobile-Assisted Handoff
MAHO )

> ERLrdd e w Tl g a7 RIE
> MSip| £ 17 cHBTS 2 85,55 B o

> PRI+ BTS¢ B-MS3E ¢ 1 B ani g
W3R SRR o

¥
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IRy e 5E

> Intra-BSS handover
o FTEBTSE b - BBSCid i 5 -

» Intra-MSC handover
o ATEBTSH* 3 b BSC 5 F > @ bl —
MSCeg g2 ¢ -
e X FL % inter-BSS handover
e [B6-15
» Inter-MSC handover
o FTEBTSH* % FMSCHE 5§ [ -
e [B6-16
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B] 6-15 Intra-MSC Handover
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B] 6-16 Inter-MSC Handover




Section 6.5
Z 2T E
Security Issue
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€ 2rPETE

» GSM enx% «}H‘ 23 )a 5 IF > e
o L INE (authentlcatlon)
VIRE R kB A B r,zit&u
VR, SR (AT R R
e 20 %.4c % (encryption)
Ve BRI R B A SRR RT 4 il

F GSM R G o

=1
= (o]

‘2

5
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AW’y
j >

o\
\d‘
M+

;&;ﬁ/?‘? NP
e A3.
Vo LIRS i o
VEGEF®AUC e SIM + ¢ > % 2 g 2 B i] o
VR ZED|FTOGSM & S, B AT A ST € i AR B 2
> e BE 2
e AS.
v k3t 2 4 e B4R (encryption key) ©
VEHNAUCH- SIM + ¢ > * & g B
e AS.
v 1§ 3t E 827 905 envisited system (4 BSS, VLR) -
v/ 3t F Rl ende B (ciphering) ¥ f# % (deciphering)

\\

B o
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i R S

» Ki * 2338

« EH AUCHSIM £ ¢ 5 ¥ 2 gk
» RAND 7 AuC # 2 71128-bit iy
> SRES

N

N
-1\\
O

'W

d g2 A3 A2 g% o 1 AuC &2 SIM 2 4

SRES v ;:_;;5_ MS mr, /z- r’:" o
» Kc ¢ /élp—nxz A8 & 4 m“"ﬁv”}*‘}v?4t'ﬁlﬁv°
» Frame Number.
e TDMA 12558 » # 34 @ o

7
T~
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B 6-17 GSM 2338 &2

St "—Iﬁv £ 42 SIM+ AuC
RAND
Ki Ki
v *—‘—V v A A 7 | L 2 4
392 4 B
A8 A3 RAESRE g A8
*
RESE>
SRES SRES
il !
Ke
#ﬂ fe
v e s
o & o e e AR
Sv i R AR
v VLR
Ke Frame
Number
A A A v
€% F « AMTHGE | %
?Q#JF‘H A5 < B2 T » A5 <« s o




2 * Triplets :3.3%

>Ki ¥ 3% AuC o € i3 = AuC e 3# 0
>4 MS # % F|- BaTh VLR § ¢ w AuC &
7 B s & (triplet) o
» Triplet # 7 338 F L : RAND  SRES& Kc
+ HLR =3 & 4 RAND > :* & SRES # Kc > & fi%
- 1@ triplet o
> FER o VLR ¥ 11 ® #i:i RAND & MS » #
triplet * mSRES E? MS iz % z_ SRES t* ¥F o

» 7S o VLR# Ke 2 BTS > @ L4+ p (7

A2 4 Kco
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TR A ¥ ] {8
HLR:E {7
location update

deregistration
W ",ﬁ% VLR 7L

TMSI

MS’s IMSI %

new TMSI
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Section 6.7

A8 % AL
Short Message Service ° SMS
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F] 6-20 SMS % 4

BST: Base Station Transiver
BSC: Base Station Controller
MSC: Mobile Switch Center
GMSC: Gateway MSC
IWMSC: Interworking MSC
SM-SC: SMS center

[ ]
— =

Short Message Sender

BSC

e SM-SC

Terminating MS 73



Mobility Databases
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Mobility Databases

» The hierarchical databases used in GSM.

e The home location register (HLR) 1s a database used for
MS information management.

e The visitor location register (VLR) 1s the database of
the service area visited by an MS.

MSC 1
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Home Location Register (HLR)

» An HLR record consists of 3 types of information:

e Mobile station information
v IMSI (used by the MS to access the network)
v MISISDN (the ISDN number — “Phone Number” of the MS)

e Location information
v ISDN number of the VLR (where the MS resides)
v ISDN number of the MSC (where the MS resides)
e Service information
v’ service subscription

v’ service restrictions
v’ supplementary services
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Visitor Location Register (VLR)

» The VLR information consists of three parts:

e Mobile Station Information
v IMSI
v MSISDN
v ' TMSI

e Location Information
v MSC Number
v’ Location Area ID (LAI)
e Service Information
v" A subset of the service Information stored in HLR
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Two Issues of GSM Mobility Databases

> Fault Tolerance.

e If the databases fail, the loss or corruption of location
information will seriously degrade the service.

» Database Overflow.

VLR may overflow if too many users move into the
VLR-controlled area in a short period.

e If VLR i1s full, a new arrival user fails to register in
VLR and thus cannot receive service.

e This phenomenon is called VLR overflow.
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VLR Failure Restoration
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VLR Failure Restoration (1/2)

» After a VLR failure, VLR’s information:

e Mobile Station Information
v'Recovered either by the first contact with HLR or MS.

e Location Information
v’ Recovered by the first radio contact with MS.

e Service Information

v" Recovered by the first contact with HLR of the corresponding
MS.
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VLR Failure Restoration (2/2)

» After a VLR failure, the VLR record restoration is
initiated by one of the following three events:

e MS registration
e MS call origination

e MS call termination

81



Restoration — MS Registration

» After a VLR failure:

No record of MS in VLR

VLR considers the registration as an inter-VLR
movement.

VLR ask MS to follow the normal registration
procedure defined in inter-VLLR movement.

The TMSI sent from the MS to the VLR cannot be
recognized

VLR asks MS to send IMSI over the air.

82



Restoration —MS Call Origination

» After a VLR failure:

VLR receives the call origination request
MAP_SEND_INFO_OUTGOING_CALL from the
MSC (and MS).

No record of MS in VLR

VLR considers it as a system error: “unidentified
subscriber” and rejects the request.

VLR asks MS to initiate the registration procedure of
inter-VLR movement.

After the registration procedure, the VLR record 1s
recovered. -



Restoration — Call Termination Message
(1/2)
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Restoration — Call Termination Message
(2/2)

Originating Target
Switch GMSC HLR VLR MSC
1. ISUP IAM -

2. MAP_SEND_ROUTING_INFORMATION
3. MAP_PROVIDE_ROAMING_NUMBER

| 4 MAP_PROVIDE_ROAMING_NUMBER _ack

| 3. MAP_RESTORE_DATA
5. MAP_RESTORE_DATA ack

6. MAP_INSERT_SUBSCRIBER;])ATA

<6. MAP_INSERT_SUBSCRIBER_DATA_ack

7. MAP_SEND ROUTING INFORMATION ack

-
8. ISUP IAM

-
9. MAP_SEND_INFO_FOR_INCOMI iG_SUBSCRIBER

10. MAP_SEARCH_FOR_MOBI LE_SUBSCRIBER>

12. MAP_PROCRSS_A1L;CESS_REQUEST
13. MAP_PROCRSS_ACCE SS_REQUEST_ack>
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HLR Failure Restoration
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HLR Failure Restoration

» In HLR, it is mandatory to save the updates into
backup storage.

» The service information is immediately
transferred from the HLR into the backup.

» The location information is periodically
transferred from the HLR into the backup.

» After an HLR failure, the data in the backup are
reloaded into the HLR.
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HLR Restoration Procedure Message

Flow
HLR

MAP RESET

VLR

MAP_UPDATE LOCATION

MAP UPDATE_LOCATION ack
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Questions in HLR Restoration
Procedure

» The HLR restoration procedure is not robust.

e An MS moves into a VLR during the uncovered period.
 HLR does not know this VLR at checkpoint.
 HLR will not ask the VLR to send location information.

» VLR Identification Algorithm is to solve the
problem.
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VLR Identification Algorithm
(VIA)
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VLR Identification Algorithm

» VIA identifies the exact VLRSs to be contacted by
the HLR after an HLR failure.

> Extra data structures are needed.

» Extra procedures are needed:
e Check-point procedure
e Registration procedure

e Restoration procedure
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Data Structure in VLR Identification
Algorithm (VIA) (1/2)

» To simply the description, we assume that every
VLR covers exactly one MSC.

» An extra data structure VLR_List* is a set of
VLRs that have been contacted with HLR during
the uncovered period.

» After an HLR failure, the HLR only needs to send
the MAP_RESET messages to VLRs listed in
VLR List*,
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Data Structure in VLR Identification
Algorithm (VIA) (2/2)

» In HLR, every record includes two extra fields.

 ts = the last time of location update

e PVLR = the address of VLR where the resided at the lat
check-pointing time. Thus, for any MS p, we have

HLR*[p].VLR = HLR[p].PVLR

» Two extra data structures in the HLR

e TS = the last check-pointing or backup time

e VLR_Counter = {(VLRI,Count 1), (VLR2,Count 2), ...,
(VLRn,Count n)} where Count n represents the “effective
number” of MSs entering the VLRn during the uncovered
period.

 Note that the VLRs recorded in VLR _Counter are the
VLRs in VLR _List*, 93



VIA Data Structure
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VIA Procedure 1: Check-Pointing

» In VIA, information of the HLR is periodically
saved 1nto the backup by this procedure.

» Step 1. For every entry p in HLR* do:
HLR[p]*.VLR <~ HLR[p].VLR

» Step 2. TS < current time;
» Step 3. For every location entry p in HLR do:

HLR[p].ts < TS
HLR[p].PVLR « HLR[p].VLR

» Step 4. VLR_Counter «— NULL; VLR_List* <«
NULL;
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VIA Procedure 2: Registration (1/3)

» Step 1. Update HLR:

 Vold <~ HLR[p].VLR;

* Send message, MAP_CANCEL_LOCATION, to
cancel the VLR entry of p at Vold;

* HLR[p].VLR < Vnew;
e told <~ HLR[p].ts;
e HLR[p].ts «t;



VIA Procedure 2: Registration (2/3)

» Step 2. Update the V., Count field in VLR_Counter:
If (HLR[p].VLR <> HLR[p].PVLR){
If (VLR_Counter[Vnew] exists){

VLR_Counter[Vnew].Count <-
VLR_Counter[Vnew].Count+1;

}else{
create VLR_Counter[Vnew] and VLR_List*[Vnew];
VLR_Counter[Vnew].Count <- 1;

J
J
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VIA Procedure 2: Registration (3/3)

» Step 3. Update the V_;; counter entry:
If (told > TS and Vold <> HLR[p].PVLR){

VLR_Counter[Vold].Count <-
VLR _Counter[Vold].Count — 1;

If (VLR_Counter[Vold].Count = 0){
Delete VLR_Counter[Vold] and VLR_List*[Vold];

J
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VIA Procedure 3: Restore

» Step 1. TS <- current time;

> Step 2.
for (every location entry p in HLR){
HLR[p].PLVR = HLR[p].VLR <- HLR[p]*.VLR;
HLR[p].ts <- TS;
J
»> Step 3.
for (every VLR entry V in VLR_List*){
send an SS7 TCAP MAP_RESET message to V;

J
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VLR Overflow Control

100



VLR Overflow Control

» VLR may overflow if too many mobile users
move 1nto the LA 1n a short period.

» When a VLR is full, a new arrival user can not
register and get service.

» If we want to let the new arrival user can get
service, all of the following procedures need to be
modified:

e registration, cancellation, call origination, call
termination
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Overflow Registration Operation
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Cancellation Operation with Overflow
VLR

Before the registration operation After the registration operation
(V1 may not be accessed for

de-registration)
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Call Origination with Overflow 'VLR

< )

V2

4@ MAP_SEND _INFO_FOR_OUTGOING_CALL

MAP_SEND_INFO_FOR OUTGOING_CALL_ack
a (deny_reason : no record)

e MAP_UPDATE_LOCATION_ AREA

-t

Algorithm O-I

c MAP_UPDATE_LOCATION_AREA_ack

e MAP_SEND _INFO_FOR_OUTGOING_CALL

Normal Call Origination
Procedure

0 MAP_SEND_INFO_FOR_OUTGOING_CALL ack __ | 104




Call Termination with Overflow VLR
(1/2)
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Call Termination with Overflow VLR
(2/2)




Section 6.8

Summary
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Summary
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Homework
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