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GSM Overview




GSM

» Global System for Mobile Communication

> J % Group Special Mobile

PERERERL o & S R L iR

>d B4R %R ¢ (European
Telecommunications Standard Institute » ETSI)
STl A - B 2FO R AR kSR
FRAFOM L8 KL A Ap B R SR o

> 1999 £ {4 :xd 3GPP (the 3rd Generation
Partnership Project) § # 5 8 a3 & 4] 2
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GSM e B FE g (1/2)

»GSM FFECL: e m Bt R m@@?] (circuit-
switched transmission )
» GSM FF 20 3 4e f§ 2 PR5% ( Short Message
Service » SMS) Fork Y PR ( bearer service )
» GSM+
o % ik T B % ¥ #dp (High Speed Circuit Switched
Data > HSCSD ) : & * T B&s;% 2 $ a0 3% 8% Sdy
A BB ¥ 1£115.2Kbps -
o — ir4t# V& T PRI+ (General Packet Radio
Service » GPRS) : #* & iq‘i#ﬁ@ﬂﬁ] ( packet-
switched transmission) = ;% » & = 171.2kbps -




GSM e B FE £ (212)

> GSM++: EDGE ( Enhanced Data rates for GSM
Evolution )
e JI* ARHEMIEHB N RES BRET > G Y
i% 1% B ¥ 12 384kbps -
>3G: i@ * Fé5:d 2 % kv (Universal Mobile
Telecommunications System » UMTS)
e i * WCDMA (Wideband CDMA ) H i
o ik & F iR (Quality of Service » QoS )
e i T {747 35 (High Speed Downlink Packet
Access » HSDPA )
V4 UMTST 44 ¢ shiliiyié &
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GSM g

> + % ( Mobile Station » MS)

> A 53 k% (Base Station Subsystem -
BSS)

> % 2+ k%2 (Network and Switch
Subsystem » NSS)

> it F &+ k% (Operation Subsystem -
OSS)

s R EREFMRERE T

> & Aiw (interface) e 20 i TR B

et VRESEAN sz pti I
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Network and Switching
Subsystem (NSS)
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> * =i w (Subscriber Identity Module )
HM)
o — 2B A 98 5 m;ar'f’-_.[;
. ;f&;y_%c BATE E 2ARR TR 2 S ik
. ,éq = -“E._ki‘\ «},l N FRj$#{i]hi mF’ «},' N it&;,ﬂ
E RS BR
> £ 38 2 ic e (Mobile Equipment - ME )

o FHRB AR SHANTE R SA R Glhei i

BEERTHE
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> f ¥ Jg - (Base Transceiver Station » BTS)
« BTSH#&MT 4 5 2 MSit 7 FHhil i & e o
o RS TR - B ER 5 APM 2 U HL AT
o A GEIEARY R 7R L RIPIE (signal strength
measurement) > BTS¢ #-p & 22 MSeniz 550 £ #ic
¥t 2 4BSC
> A L F4]® (Base Station Controller » BSC)
o f F&EMT g s fe (channel assignment) > -

%_% ¥§ (handover) #25 -
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BRBRIREFRETE S

> rﬁﬂi%]%ﬁ% FERFEETE A~
( Transcoder/Rate Adapter Unit » TRAU )

> BSS¥: GSM e & [F & JF 38 (7 3% § 7 e 3%

o BT A G 13KbpsGSM g = 3N

o 7w LR * 64kbps=PCM (Pulse-Code

Modulation )

o PEGT S LA E A E B E
> aGSM#$2 ¢ » TRAUEZBTCe— 301 » 1

F 5 i TRAUE % >SMSC¥BTSHF » 1 b

BSC& BTSH gl igix o
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2 HT K (12)
LA R

>~ 4 /l tl_L
“*‘7@ /J

K ﬂﬂi

«E'ﬁ’

TR
# I (roaming management) HFh 50 o
> ¢ % SSTH%E 5 £ o
W E T F

A \:\.‘»E%—ﬁ:‘iﬁ‘ °
»NSS# 4 11T init A |

— /,_l_ .

CF e iE e
r,o

*GSM MAPE_%¢ 4. S8S72_ F %4 i#Bi¥ ¢

(switching system) - il #
GSM et & P&ﬁ*‘ (core network ) o
>ﬁ""ﬁ,\:\f’ ﬂ\ﬁ—x ‘C:IE‘}%-'

‘}“' g X j"}}%/ié
v/ K=

» GSM MAP (Mobile Application Part) # »tz =+
e

e 7B 24 ¢ & (Mobile Switching Center - MSC) #
(A AR BT 0
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FoAUEE Al & gy (R T
o F FNSS~A # Fendi o i fL 5 GSM MAP » @ 7 3% & c9SST 42 o
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»NSS# 7 0T ip

GMSC (Gateway MSC) & #7555 MSC » ¥ PCS
B PSTNE H 0 e BohRi i o

~#Eip T4 E (Home Location Register » HLR )
B REGITREA KA ST o

Z#Ep 4R (Visitor Location Register » VLR )
RHESEIIEE FETHRBPN O SRR

Ed ] PM\;p_p LR (Eqmpment Identity Register >
EIR) % d+ 3| i & I fu iR 5L -

.z ¢« (Authentication Center » AuC) * k3inz

* 2 SIMF 2 B % o 16
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YEF L

“,’N'

> F R R

>

T kB F s e g & (blocking rate) -
A B me B v et B

WA & A pAREE E p#F > (redundancy)
ENFY gy o

= 12 (subscriber management )

FIH S F R E T A% (call charging) » # =
B entRE o
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Section 6.3
GSM #:® 7 I &
GSM Radio Interface
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gRT A (12)

> £ * GMSK ( GPRS/GSM coding Gaussian
Modular Shift Keymodulation) -~ 13kbps RPE-
LTP full-rate4-5.6kbps VSELP 1478 = 3¢ -

> & #g % 1 (Frequency Division Duplex » FDD )
o {7 ¢ gaps (uplink) © 890-915 MHz
o T {7 Taap (downlink) @ 935-960 MHz

> AP T i g [ B 5 200 KHz

> 2L 2 1244 erHp i
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ERTAF (202)

> & #F %5 & 3B (Time Division Multiple

Access ° TDMA ) gk jir o

o Lr & F4.615mseceiiniz (frame) » = - B
GSMitt=3k & 4 — B S5 » 4 5 U250 (frame
number) -

o MA=f = = £ 5 0.577msecs 81 pFHY (timeslot) o
RE M BETROAAE = o

o FH M IR PEH ;*T&:ﬁe_?— Bid g (channel) -
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W] 6-3 GSM 4 % 4

downlink

FDMA

CO |Tso|Ts1 |Ts2 [TS3 [Ts4 |Ts5

TS6 [TS7 |TSO

TS1 |TS2 |TS3 [TS4

Cl TSO|TS1 | TS2 | TS3 | TS4 | TS5

TS6 [TS7 | TSO

TS1|TS2 |TS3 |TS4

937.2MHz

937.4 MHz
/

N
~N
Wme
MS

Control channel

Traffic channel

i¢ * C1leTS1

N
Frame (TDMA)
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DCS 1800

> 2 GSMAEBE JF 4 5 A #
> i¢ * 1710-1785 MHz (uplink) ¥21805-1880
MHz (downlink) #f £ <& > # % DCS 1800
( Digital Cellular Standard 1800 ) &t
GSM1800 -
> £ ® & * 1900MHz#E £ e7GSM % st o %?ﬁ»ﬁé
DCS1900: GSM1900 -
> & &£ GSM¥ DCS1800F A) = fighm*2 | E ‘m ¥z
( microcell/macrocell ) =% f# °
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GSM 3 L3

> i% B GSM & i3 mp’”‘ #{i‘]'a"l FE_rburstenA) 38 e 10 £
o B TR PR B
> B % ¢ F5burst22 guard time o
> Burstsnfa 5 -
e Normal burst#* >+ i#:% & * ﬁ;%ﬁ B Hcp TR o
o Fhurst* ¥ A3 5B 3% 5 BMSH T 45 & > 12
AFg e DA F SR .
e Shurst>c® fA3 5B I 8L EMSH D BERF 5 12
B AR SRR Gk o
© Aburstily B R & RER 0 L BAburstd gk
PSR mART R
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Tailing Data

B/ 6-4 Normal Burst

Flag Training Flag Data Tailing Guard

A

Burst (148 bits/0.564 msec) g

Time Slot (156.25 bits or 0.577 msec) >

24

24



®] 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

25

Access Burst

*F Burst (Frequency Correction Burst) : F burst}{7FCCH 5= » Data
MR8 AV 1420 » P EEMSHE T-F e THVEIER T '”EF‘J:BTS%E?F FEU“W °
S Burst (Synchronlzatlon Burst) : 7 SCH_H{EEE o i J[= K564 bitsp™
Training sequence » FEMSH' I'JFE - e I} UEfF o :}i[ﬂ %S burstfpLeT— {f
MSH ! fitdemodulationfivburst (F burst FIF;Idemodulatlon) [ANIF=S burst
pt a#mng sequence’%ﬁﬂm o Dataffy] i Hi= BLEY |\; [%?IHJ M ( Base Station

Identity Code » BSIC) #1I'] *Frame number » MSH I'| 2V =BT Spuframe
structure[ﬂjﬂ‘ o

A Burst (Access Burst) : 7:RACH_H{EGE o fipl=f5= BT HI=
S’ RACH Hﬁ“ll_A burst > —ﬁﬂpﬁi% & g‘ I H AR o El)ﬁ"p [ﬂ EJJ‘
Mq, MSrﬂF[JRACH ﬂ— ﬁtl e slot > f[J =LA burst iﬁ:rﬁ“gﬁi
collision -

*MS; "L".ﬁLJA burst » Higf FiMSE"ﬂBTSFﬁEIL@‘I— (=g HEHJ‘MS

ZEBTS VIR H‘j FLEH T I o B AburstJuin&BTSL ’Fi"nleSf

= AburstHIF ﬁﬁ’vﬁﬁﬁl¢ FVeYF B TSR i » E&lﬂkA bursti I+

HiMSPL— =1 32 1A burst “Jﬁb rt Guard timexdi i - BLBTSIS ™ -

TR A burst~’ \Hd\fkjp » #— [l'time slots ™ [ {W'A burst » PHIFA

burstFW’J'83 bits > E“*E]’[ﬁftime slot (156.25 bits) fiu— 4 ="~ #== o
D Burst (Dummy Burst) : BTSI<® ?wlv [fo! [E“ll_EﬂijJ? SV paburst
Mixed bitf:Lmodulating bit states -

4_
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#PFE (Time Advance » TA)

» £BTS™ B 4MS# * % - Bprf » PIBTSE &

% = 1 P 4T D MSEE 2 b # eiburst o
> BB E 5 4 i
o BTS#H i¥cinn 88 @ FIMS# 2 & chpf [ > 4v + MS%
FMEEBTSIE PR > L5 LK Bifar &
( round-trip propagation delay ) -
» MSeg % pF %) & 4% % — £round trip
propagation delay g B » 714 £ % Time
Advance > ﬁ*ﬁ”ﬁ, ZTA
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BS

TA/2

B 6-6 Time Advance

937.2 MHz (downlink) ™

>45 MHz

TA2 :
e 892.2 MHz (uplink) ~

MS

0| 1|2|3|4|5]|6

— 3 timeslot -TA
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R T 2 B

> § 83 i (physical channel ) : BTS2 MSH #
ki F L T
> 3487 i (logical channel) : ik 1 & 3% ey
Pl gy ik o & yp r F TR kA
BEARLE R Lo
e BB AR R MUY HEM G - T
B o
o & aiixid sg (Traffic CHannel » TCH) £ 454103
i (Control CHannel » CCH) & = #g o
« TR 67
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Logical
Channel

¥l 6-7 GSM B4 i

.
——

ﬁ It

29

o— & BTS ==~

*it 5[+ physical channel F{ABFFHGSAVEFR ST, [ RIS %

channels.

ffit MS R = s o= ey po fp]ip17E £ physical channel.

*GSM!'| 27l EliE (logical channels) fffe:d 4 B 5 % sk

E[fj EIJ\‘{%‘%‘-' [ﬁl B
logical °

Heerk] o ZERE ?&sﬁf@ﬁu [RULIHES Fﬁ% s B

«fl 4 b > 575 Traffic channel ®* control channel [ ~%f.

%z logical

o
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M i3 g (Traffic CHannel » TCH)

> it F gz i (Full rate TCH » TCH/F)
o B:%13kbps2 5 12 ~ 6 ~ 3.6kbpserdcdy AL
o & * # i Normal Burst k &% o

> 1/2:# g i (Halfrate TCH » TCH/H)
© JTKbpsiE § @4 o 62 3.6KbpsH = T B i -
o 5 i * Normal burst® — i@ Dataty i %k &% 3 o
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#-+]: i (Control channel » CCH)

N A = Bp
« B #i ¥ (Broadcast CHannel » BCH)
VR SRR ARTRE LSBT BRI -
o £ % p4(i@ i (Common Control CHannel >
CCCH)
Vr BTSH - HEAWEE L emdn o LG LHE
B o PR AR S £
o & fh4r+41i g (Dedicated Control CHannel -
DCCH)
v BTSA fie b < 8 % BBl if -
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R #% i i (Broadcast CHannel » BCH)

> #F et il i (Frequency Correction
CHannel » FCCH )
o @ixFburst > & EHEF I HF e
> ¢+ i i (Synchronization CHannel >
SCH) :
« @ixSburst RMSP# 2 BTSHI=3F Hfehk ¥ -
> B #4108 i (Broadcast Control CHannel -
BCCH)
o I B AL ST o
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£ % FriliE g (Common Control
CHannel » CCCH)

> el ig (Paging CHannel » PCH )
© ¥ REITEL P BTSEEPCHes v £ 5 o
> 4P~ i (Random Access CHannel -
RACH )
o LA BT AR £ ARACHF #:#Aburst »
LR LAY RART TR
> ¥ P~ uzril i (Access Grant CHannel »
AGCH)
o A S5 iBAGCHZ L7 M@ * cha MT
1’153 o
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% Bz 4l i (DCCH) (1/2)

> > % 4l s (Stand along Dedicated
Control CHannel » SDCCH )
o Bi¥sE > TEepdiEL o N Jﬁiﬁégm °
> i 4p B 44038 i (Slow Associated Control
CHannel » SACCH )
o R L MFEFT M > blder F 4] (power
control ) % pF £ & i+ (timealignment) % ¥#|F
Moo R oERTRELELRE % 5 (measurement
report) -

34
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L R4 (DCCH) (2/2)

> M-k 4p B )38 i (Fast Associated Control
CHannel » FACCH)
%% ?" L4411 4 (time-critical signaling) - & 3&
“J: Pp BLemk 2o~ £ 8303 (authentication) 12 %
1£ (handover) B -
. FACCH'é’« * ARG pE o
> ‘wmrz B 45 3¢ (Cell Broadcast CHannel »
CBCH)
o 3R #5PR5% (short message service cell
broadcast messages ) -
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> 5 MSE 15 > € F s > GSMen 2 38 M

>MS ¢ 35 DI EL B THEE o HETE_E G K
BCCH srfp |3 g o

>MS¢ F1* FCCH f& & p & g 5 0 if #BTSeh
HE TR o o

»d SCHv #3a Sa¥khi (BSIC) -

> K _BCCH R v # 3| lwre chidhmsh » %78 _F F_5 #7
e PLMN em®e o 2 2 § AR #53x > 3 7
PV H w5k o

> #7 £MSw MSCiip -
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MS BSS
RACH(request signaling channel)

AGCH(assign signaling channel)
-

SDCCH(request call setup)

SDCCH message exchanges for call setup

SDCCH(assign TCH)

FACCH(complete assignment)

37

lﬂﬁﬁflﬂ tHH MS ﬁ%[}”*%lﬁ—ﬁﬁﬂjﬁ’frigﬁ *]f logic channel.
1.MS *| RACH [El[ﬂ[ﬁ%?ﬂﬁg 'lflg*li

2.BSCFE{— (it SDCCH # jf' MS, ™ jjl}ﬁ] AGCH F?? MS
3.MS #|F=SDCCH == BSS IFHE—'J H"”?E,l%ﬁﬁp J%?ﬁﬂ%
4.— ﬁ' }%ﬂ BSS Ti f[ — [ TCH & F & MS, L['Sf[fll SDCCH.
5.MS “J FACCH 11 BSS ﬂf[ﬂﬁf'

P Fficall origination, calltermlnatlon p‘/iﬁ [ user service, location update,
— ERIE radio link .a? »%u&_[ TiE- H‘? ﬂ Bl J Y4 L mobile
initialization, — i(ﬁ;RACH SL]‘E;W radio resource firequest s

BSC. BSCFH’E} BTSiT* EW’FI& 53 el = A F‘Cﬁﬁj{ﬁ?ﬁ MS. BTS F&H[ﬁ
response [gi H’F‘ MS iﬁcF 1175 AGCH.

)N kL call termination, 't network initialization, ‘B“{j‘ﬁrrﬁ %~ | paging [IVE [

37



MS BSS
PCH(page MS)
RACH(request signaling channel)
§ AGCHo(assign signaling channel)
SDCCH(respond to paging)

L

SDCCH message exchanges for call setup

38

lﬂﬁﬁflﬂ SePEE A ﬁ'%lfﬁ?ﬁ MS Eﬁ’?ﬁfﬁ[ H]p% logic channel.

1.BSC foi2f LA “ e BTS I'] PCH ’?J‘{*’ MS () TMSI. (PERM_PAGE)
*PCH Fv paging request message +# ffi*'| TMSI, & %'~ - page 4 [
MS.

2.MS ZEZ[[F e 15U TMSI, "] RACH [ l'%f‘ﬁﬁﬁﬁ YHEL(CHH_REQ)

3.BSC i E;EF‘ it SDCCH = MS, 375 3m AGCH F'F MS (DSCH_ASS) FTJJE/‘
IAM =75

@ITU MS HZ] TCH V MS fﬂb‘& H{F=SDCCH == BSC?ﬁﬂ
4.MS F3fi SDCCH 33 call setup ﬁIFT;J ﬁ@ ¥ PAGE_RESP iy BSS, 11 f[ 1
f»‘[ TMSI == LAL
5.BSC {2 PAGE_RESP /] MSC
6.MSC 3fj4]! VLR = MS 7| [V, (PAGE_RESP)
7.BSC¢7 55 fic - {fd TCHAAMS, I'] 132 voice. :[LF“CGII F’?‘J % TCH ﬁgu[;;@
[’th%Z SC rﬁdﬁﬁ]gﬁp' l&a cell 3 TCH st = lﬂﬂ -
*Note: £.BSCfitthannel assignment.

38



Section 6.4
GSM {78 ¢ 32
GSM Mobility Management
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EAE T AR

VR AR
v %R R

2 AR R

(Call Origination Procedure ) : < #%3 #3+ 7 3%
( Call Termination Procedure ) : < §4g §> 4 ot

40
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» GSM Jx %u® fo 8 4p b o u] 5L -

* 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)

41

. ﬁ‘*JFF,f@*E J MSISDN (Mobile Station ISDN Number) A[]= #§5EHR(M5F)
-MSISDN—CC+NDC+SN, f‘ ﬂ?ﬂﬁ |- Tl I’FSFF’?“”
iy = =i “',% I[_'GSM]EIF' » SRR R0 | D = SRS
DNgFFﬁFE (Mobfe gtatlon ISDN Number F&MSIEDN)
*MSISDN lﬂlﬁﬁ?@? S Eﬂ# CCITT Recommendation E.164 -
* S ﬁ@f[ﬁww_ﬁ% MSRN kL[S 535 F=MS Uiy, fe., kL MSC, VLR =
A R R HEI“
*MSRN = CC+NDC+SN == MSISND & J’FEWﬁJE'Wff‘:“.
*MSRN g'l MS Fr i i MSC %ﬁﬁ%ﬁ: 4 5 i MSC F’%Jf T
MSRN (1P PRy GMSC llS‘TU MSRN %, jﬁfﬁ"zy %‘
#z MSC ﬂr#* -
*IMSI Y7 £% IMSN (Internatlonal Subscriber Number), kL="#§[v-) X ﬁ%[aﬁ'

va’%ﬂ"?E#JE'J* I#ﬁ_ﬁ% ( International Mobile Subscriber Identltyﬁ‘/IMSI) o [MSI &
7 SIM +, HLR, AUC, * | 'ﬁfJF’?T}EIfJ VLR HI

.?}?‘FI [f[:l%“}ﬂil f [%HI@?—:[I E}?‘FI *ﬁ? FI *?F"j I%E J;J\ *‘ﬁ%}ﬁyll}?l;é}}
B[k lﬂ% ( International Moblle Subscriber Identltyp&IMSI o fIERd IMSI 7
air interface _H{#5=, B7l]] }TMSI [*?ldentlfy MS itself.

-IMEIiJ?LI%L"’EJ(ﬁ N N ﬁ?ﬂtilqéﬁ}qﬁﬁ[ﬁ%@%ﬁﬁ%HU
S A= 42 770

/% fi{h F I LAI (Location Area Identity) f55— fi5]53 3 F57 L= 5l
( Location Area, LA) A=

o & LA '] iohlacell ﬁ‘/ a group of cells, — {# MSC ™ ﬁfiﬁﬂﬁ‘}g\ﬁlﬁ
LAs.

o i cell ?ngEJ Fre IEUESIAR CGI (cell global identity), F't LAI [ ClAE Y
*Example: tfzH [ [t cell f CGI = 466-01-91-1 =" 466-01-91-2

L."
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MSISDN

» Mobile System ISDN

* 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)

42

* s EFRY MSISDN (Mobile Station ISDN Number) A= #3#EHR (1)
*MSISDN=CC+NDC+SN, AT SEFRLE B fis- 4 l’ﬁFEFfr“”’?‘f
*Example: CC=886 %% Taiwan. [ElitB[*| T [IIBIHE, [N Sffsp 0=
AT 0.

-E'}ffip SET*H'” [HGSMIF ™ [ » 7 FIT‘"‘%EI“ H = BRISDNEERR

Mobile Station EDN Number ;I‘/MSISDN)

*MSISDN ‘:]Fﬂﬁ?ﬂ‘cﬂﬁ” CCITT Recommendation E.164 -

*MSISDN HJ A5 = HIE&*FUHLR FIJI‘?{:LP GMSC?TEEUHLR E[[ S Es U;&&E[
ﬁjf’?.ﬁuMsc *FLF‘[

42



MSRN

» Mobile Station Roaming Number

» The routing address to route the call to the MS
through the visited MSC.
+ MSRN=CC+NDC+SN

43

o7 ﬁﬁﬁ:j,ﬁ?i@'iﬁﬁ MSRN fLH [5G = MS pusg ey, Le., 1L MSC, VLR &7
PRSI B], P - 4 R,
*MSRN = CC+NDC+SN % MSISND £ filfiofs=*.

;al, call delivery [<f, HLR #} %] GMSC %%EI‘J‘ %o fE= ESpSIERR ﬁ?ﬂ?ﬁf

ST VLR S0 2 RIR VLR [l = B 9RE 1 i (routable
address) o [*“Bf!17 17 £ MSRN. VLR 752 MSRN #ff HLR.
*MSRN [I1 MS 77 [ MSC #f & % .  ffil MSC ) 73 /% {7 %19 MSRN, T
V) (APPSR M. iy GMISC S]] MSRN i, i 83128 1 5 5445 MSC i
< SRS
= AR
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IMSI

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

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

 Total up to 15 digits

3 digits 1- 2 digits Up to 10 digits

Mobile country| Mobile network Mobile subscriber
code (MCC) | code (MNC) | identification code (MSIC)

44

«IMSI ~ 7 £ IMSN (International Subscriber Number), kL= F5f-< "/\i"f;’@%[aﬁ'
Bﬁ’%‘ﬁﬁ%%ﬂ%ﬁ ( International Mobile Subscriber Identityﬁ‘}lMSI) o [MSI &
= SIM -, HLR, AUC, ¥ E T v VLR 1.
*MNC ' FLLL network provider, ﬁ? PLMN (public land mobile
network) pfj%ﬁﬁ.
sExample: MCC=466 ﬂp?ﬁ MNC=01 fl.s5i (€
*Example: MNC =01 {l. Telecom Australia, 234 fl. UK Vodafone.
«IMSI = 5[~ HLR/VLR I'[#5Z] MS fiy PLMN.

44



TMSI

» Temporary Mobile Subscriber Identify
* TMSI is an alias used in place of the IMSI.

 This value is sent over the air interface in place of the
IMSI for purposes of security.

45

T 1 S I TR o Pk R0 I

E[E I?Fﬁ% ( International Mobile Subscriber Identltyﬁ‘/lMSI) °

*fIHES IMSI 7 air interface _HH=, Bl [ TMSI ]’*‘ﬁ identify MS itself.

-EEI',‘MS BB S RY SR =58 %, MSCIVLR FEIF™ IMSI, SRz TMSI iy
ﬁﬁ\ﬂjfp@%;muﬁj%. TMSI £L VLR assign {F—‘] S. Fh, MS ?ﬁﬁf[ﬁ' MSC/VLR [R5

BRI, JO TP TMSE )L

*TMSI ﬂE'JH‘ff{‘ MS Z[- fl new LA, A 1 19255 (0 1 52 IMSI), fi

registration (location update) *'|.

L9t 1l MSC HHfe! paging a MS, =7 % 4] LA {1572 i#9 BS FIJ] PCH i

broadcast the TMSI of MS.

eLength TMSI is no longer than 8 digits (TMSI structure defined by the

operator), H1- if:%%} [4] F5 TMSI & 2% 32 bits.
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IMEI

» International Mobile Station Equipment Identity
* IMEI is assigned to the GSM at the factory.

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

» Up to 15 digits

3 digits 2 digits Up to 10 digits

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

Serial number (MSIC) | ~

46

Spare 1 digit

HIMELLE & LRl . O S B R
ﬁ%,p TS = BSPY E ) (7 35

= RIS o H06#, RN = HAVIMEL My IMEI=449 20
8300251418
ofEIBSIPE HI”J;J%F?E«_MﬁIMEIFHEEJ =
é, [F=GSM component passes conformance and interoperability tests, ]| F’jﬁg’ﬁ
I=TAC.

"FACRLM Tt R B VLG
*SNR £LE~ i TACIFAC ™~ (K~ . fur-8f. (i ARge.
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LAI

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

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

 Total up to 15 digits

3 digits 1-2 digits Up to 10 digits

Mobile country| Mobile network .
Location area code (LAC
code (MCC) | code (MNC) ! ( )

47

Bk B[S LAI (Location Area Identity) L5~ ffif[153 &5 = U = Hp it
( Location Area, LA) EW%HHF
o~ [l LA f'fi=kL a cell §% a group of cells, — {fi# MSC * rs’* =) U%E\mﬁ
LAs.
*LAI 7 call termination [ ® 55 2] MS Frig: (19 LA, T IF=LA furE cells
fBﬁF’T page [=MS.
eIn the Lin’s Chapter 11

*L Al = Mobile Country Code (3-digit) + Mobile Network Code (2 or 3-
digit) + location access code (16-digit)

osm (HIERE LAl = MCC (3-digit) + MNC (1-2 digits) + LAC (2 digits) ,

ex: 466- Bl -91 kL ROC-@@-E@?‘&?J‘HI@\
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CGl

» Cell Global Identity
» CGIl=LAI+CI

=MCC + MNC + LAC + ClI
e CI: Cell Identity

48

o) [t cell ﬂ?éj F e IEVESHIER CGI (cell global identity), [/t LAI [ Cl A=Y
*Example: A1z [ cell py CGI = 466-01-91-1 = 466-01-91-2
o MS™ GSM Ak ] i, MS Hipfi' (11 BS Elfj?ﬁg"',ﬁ'lfj CGI flIHZ[F 1e 1Hr:

[ LA CI. i BP9 LA, Ik 5151 MSCIVLR i 27
'

A1 MS B b i IF=g['=#Fi £ Registration 1Y Location Update.

MS (URSIIBEETL |y 1O AL i ssr

AR =%{J'§?’rfgg\[ FSESLAR T registration. F12E, [l 2 p(# BTS.
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B 6-8 % %7 & B

49

-GiMﬁf’ ﬁ@?ﬁjﬁﬁ[ﬁﬂf’ J%HW?L%{TEW'EHESJ ( Location Area > LA) > [it,GSMzE!
e TR SRR e F




3 TR E

> A Erp T E (Home Location Register »
HLR)
« MSISDN - IMSI ~ VLR ISDN + MSC ISDN#2

subscriber status

> E g TR (Visitor Location Register >
VLR)
« MSISDN ~ IMSI ~ LAI
« TMSI ~ MSRN
* subscriber status

MSC 1 MSC 2

50

50



P 25

> FMS & FHkw T v Bl PEPF > B8 TLARIT
BTS2 215555 & i i i
o 37ePBTSE £:9BTSH 40 F chLAl » 3 € Fiz in o
chds (T B & F4F 2 35BTSeBCHink # o
o #7ePBTSE £ BTSH 7 Ik ehLAl » MSi 4rVLR:iE

(73N s (F o

51

51



(@) Inter-LA movement

(c) Inter-VLR movement

o Hi MS fﬁk}{kﬁdﬁdle 12 F 3] = Pl roaming), fi'f F ﬁ?ﬁﬂ@ﬁg ATy
S g Q*EFF@FJ’% , TPl BCCH( roadcast control channel) # 2] CGI (&8 $75 CI A
LAD. Y5 P19 BS FHRIEEE, MS §5 [F19 BS . channel. 5 ) %“‘"EE‘JHIJVW
*New BS = old BS & #H![il LAL: [NER( JE’:’FEWF ilf% paging area 1, MS T
f{ﬂiﬂ MSC/VLR, F '{EZ,I IE\FFF‘I new BS [V BCH (Broadcast channel) [+
*New BS = old BS ® 7[ | LAL L5 0 f RSP (location
update) F¥ registration. ~" 53 A% I'] M iV cases:
*Intra-MSC movement: Fr&, BSs B [fi fJ~ MSC !, IFL‘“E
FURIRIEY VLR powef], $ ggwfu HLR. (4% HLR = 7 BA
LAI)
*Inter-MSC movement: Frel BSs Bt 1 [l MSC [iv presaafal (fl
ﬁ[[ﬂ | VLR ﬂJ ,1, , IFs EIEIEI'SFVLR *HLR ﬁJE*mH Le., MS
el ErFmE I*Fuag; ﬁ—‘tPJ
eInter-VLR movement: ¥, BSs FETPF"T | VLR | gjl,_ﬂ ILJE FZ,I
R1d¥ VLR =2 HLR V¥R, ie., MS F&l;[ﬁ@%\_m el
FiflL inter-VLR movement g% inter-MSC fiY reglstratlon ii“gﬂ EIEJ
ﬁgﬂp NE {F]}EH‘ » HLR ]I}\Ej}lﬁ P fﬂ[lﬁF_— fﬁ\‘sﬁ JLéFEr-f' PFI
-HLR VLR #J= | A4 identifiers 1F IR A T FF'

52



B 6-10 Inter-LA &Zip 4z

53
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B 6-11 Inter-MSC &#xf 4z
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B] 6-12 Inter-VLR &3ip 42

WE RS
HLR:E 7
location update

deregistration
/ﬁ n//Tj VLRp ?T\ L

TMSI

MS’s IMSI 2 H s 3o28 7o

new TMSI

55

*Step 1:

.EI R - PRI R LA LR IFI{?IT’{?#L I
BCCH) v ¥Rl (LAC, £ocat1on code)ﬁgi[uﬁ_7wl%gﬁf~ I
i o

o8 = SRR o = tebag o FZ3E SDCCH 3]+ new VLR > 3& .ﬂﬁ“t{ljﬁu
pife
-MS}{ij Temporary Mobile Subscriber Identity (TMSI) » &HJUVLR (= HHEu= %“f
PHUVLR > & mﬁ:t{ijp JEI*J]‘P
o5 R4 MSC 3257 VLR puerf] fﬂrﬁ : MSCHF g TMST, old LA,
target LAT {1 El {9 ﬁlﬁaﬁ] =11
*Step 2:
*IMSI % £}~ VLR %%Hl » PNIFETEY VLR P8 B Ao - A 20 il?if
““[ﬁ“%{j TMSI’FIIEE =EPIVLR > M'FIVIMSI -
%P?ﬂ Y VLR £/~ 55 (authentication ) FUAHA: » [P ? &[T
FIP TMSE 0 = B5R0 IMST U st O 52 - ) 1
FIHAE TV
*Step 3:
Tk By i ;g;f[fj VLR;{%;%EU;%# FEF'I F[écp HLR & ,?ﬁiﬁPJEJP*JIt °
*VLR RLA[[*] IMSI f*'$5 %] MS fiv PLMN, i.e., HLR G4t
*HLR E[[J}{‘—’]’IE&PFE[F% E}*]L[ﬂl*";ﬁﬂ JVLR -
*Step 4:
*Fr VLR % 5 = o TMSLAG 85 - S Bt PR st -
*Step 5:
[i—wﬁg,& ) HLRT? = gdf 1jgu\/LR FZ,I“]\}[‘—’J’I&S* o5 H;gqﬁ

—r s — — —
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Step 1:

FLWHBEI - BATORY SR v TS AR S
R #fr#1i g (BCCH) R 4 F#(LAC, Location code) &
TR EF BT - BATHRE BB o

2L WEPPE =% 2 e P15 SDCCH i % new
VLR » i {731p chfs i o

MS #- Temporary Mobile Subscriber Identity (TMSI)
2 eVLR g @ 3% B ATVLIR 5 iR 7P ends 0T o
* EEP MS E3 VLR iR 48§ 5 1 MSCizy, TMSI, old
LAI target LAl & i 4p ‘;:?gm.

56

*Step 1:
.f, rﬁg@%;ﬁf— [T puRL ST pusEf - '—ﬁliﬁlfﬁ’FIF[?[%ﬂ Uﬂaﬁ
BCCH) [ %] (LAC, Location code)’gi[lij‘ IFZEE— [
[ e
| RG99 A3 SDCCH %1 new VLR » 367 2P i
f-
-MS}{ﬁ Temporary Mobile Subscriber Identity (TMSI) * ERYVLR [=HHEE ;*FA
PHUVLR > & mrﬁ:tPJp VE[E o
o5 {fZE MSC 2554 VLR F Jﬁﬂfﬂfﬁ' : MSC#F 5 TMSI, old LAI,
target LAT #{1E |“J7FE[FT,J =11

*Step 2:

*IMSI 7+ £ Y VLR E%I%FKHI » PNIFETY VLR BB B PR - A 2 i,L?CT‘
—“fﬁ"f‘gﬁ TMSIﬁ% E Y VLR » I'J32V IMSI »

%ﬁJVLRT i I?JEEZ (authentication ) fvAd > » [FAH: jr (‘%'ZEIP ?E'EJZ‘L#'J
FIIH I TMST H=8> =BSAY IMSI L F [ ‘i'@ﬁﬁ‘n GBSO ‘ﬁ' A
P Hasav -

*Step 3:

TR P VLROK = REOFTO L AT HLR 2SRV = -
*VLR £LF"'] IMST ' $5 £ MS iV PLMN, i.e., HLR ff4it-o
*HLR HUF = BRI RS2 ISP VLR «
*Step 4:
P9 VLR o % = [P TMSLAF B A P Ao s o
*Step 5:
[i-r*%w » HLR Tf = f gUVLR %lﬂ‘—“f&k RIS

—r s — — —_
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Step 2:

IMSI &% VLR 3547 > Tt #5760 VLR 1945 £ #9733 F
B fiF 2 e TMSIBE I B VLR » 1B
IMS] -

#en VLR #7308 (authentlcatlon) SRR lbﬁiﬁdé—

u;é\i HFwizh o F1# TMSI = 3N, AW MSI R pﬁﬂ
3= i‘,ﬂ?—}i-‘lgﬁ v @ A g"“"“"aﬂ;p_ﬁ"o

57

*Step 1:

-EI fﬁk%;ﬁ—f— (Rl B puEEfal o RS L ,p{?[fg’ﬁﬂ Uﬂaﬁ

BCCH) f J’?I FEEPRI(LAC, £ocat10n code)’gi[u%_7‘°'%gﬁ*~ (B b fﬁ[’

e

ok Iigklﬂgu*ﬂﬂ JrfF,'uIcm@ HIZ IF—HJ SDCCH iﬁ]ﬁ' new VLR > éﬁﬁé}pljpa

pife

-MS}{’{ Temporary Mobile Subscriber Identity (TMSI) » &HJUVLR (= HHEu= %’f

PHUVLR > & mrﬁ:tPJp VE[E o
o5 R4 MSC 3257 VLR puerf] fﬂrﬁl : MSCHF g TMST, old LA,
target LAT #{1E |“J7FE[FT,J =11

*Step 2:

*IMSI 7+ £ Y VLR %%Hl » PNIFETY VLR B8 B s eeR] o HJH \ﬂ‘F

—“ﬁ‘f}“f‘ﬂj TMSIﬁ% =EHY VLR » I'ZFIVIMSI -

%‘EJ VLR &/ I?JEEI (authentication ) fVAA> > [FFE j[ &[T

FIIHTMST 424 =5 IMSL | 2 A8 1 fEeafpes i - o

P Hasav -

*Step 3:

T ;Qﬂé[fj VLR}L{%{%EU%# FEFII F[ I HLR 3% l*ﬁiHFUP*JIt °
*VLR RLA[[*] IMSI f*'$5 %] MS fiv PLMN, i.e., HLR G4t

*HLR [[bFf ‘T%WP%J Gve| L[pl**;a?ﬂ UVLR o

*Step 4:

TS VLR 7 % — 719 TMSL A 69 » SEA1- B AR

*Step 5:

[i-r*%@w » HLR Tf = ﬁf gUVLR %lﬂ‘—“f&k RIS

—r s — — —
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Step 3:

AR A AP VLR #-£ 37§ 2 & HLR
1T IP Hds TE o

VLR &41#* IMSI ¥ $ ¥] MS 9 PLMN, i.e., HLR =
B o

HLR B#-Z {84p B Tk iE v BATHVLR o
Step 4:

FMN VLR 224 - BT TMSI B+ 48 > 3 o B p
R R o
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*Step 1:
-EI fﬁk%;ﬁ—f— (Rl B puEEfal o RS L ,p{?[fg’ﬁﬂ [Erpia]
BCCH) J’?[ FEEPRI(LAC, £ocat10n code)’gi[lij‘ “'%gﬁ*~ (s ik fﬁﬂ
e
8 A [IE S =@ o [ SDCCH 34! new VLR é{'?ﬁ::ﬁ“mfj
f-
-MS}{’{ Temporary Mobile Subscriber Identity (TMSI) * ERYVLR [=HHEE %’f
FrHUVLR - & mrﬁ:tPJp YR
&) [l MSC 3245 VLR pevg] fﬂfﬁ' : MSCHF g TMST, old LA,
target LAT #{1E |“J7FE[FT,J =11
*Step 2:
*IMST 7 £ FY VLR Eﬂ”%@{ll » PNIFETY VLR B8 B s eeR] o HJH ‘iLF
—“ﬁ‘f}“‘éﬁ TMSIﬁ% =EHY VLR » I'ZFIVIMSI -

39?]EUVLR1 ] I?JEEI (authentication ) FUAHE: » [FREH:, j, A
FIIE| TVST 5> = 50 IMIST L 3807 S Ao i o 1) et
FIPRAR IV o

*Step 3:

CEaR AR 0 B VLROK = ol ﬁiﬁl HLR % wr,:tiljpipmt °
*VLR RLFJH ] IMSI [i'#5 £ MS fiY PLMN, i.e., HLR & fe
*HLR F[JH] ‘T%WF%J EPRLEFATFTYVLR ©
*Step 4:
*F{i VLR % —~ {19 TMSTAG 45 » S BgefImbsod -
*Step 5:
[i-r*%@w ’HLRT? = W%UVLR %IM‘—TI&W Ealilts

—r s — — —
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Step 5:

#3& » HLR ¢ i# - 8.3 £VLR » & R¥-< 4
&g -
B VIR #-L e gl £ 12 0 RIw BREF R & o

;

59

*Step 1:
.E, If,—g&&”gw—f— (EE ng‘ﬁ (AR > "Eiﬁl ,p Jﬁ?’[ﬁfﬁﬁl‘ Uﬂlﬁ
BCCH) # J’?[ PR (LAC, £ocat10n code)’gi[lij‘ “'%gﬁ*~ [t i fﬁﬂ
i o
8 A [IE S =@ o [ SDCCH 34! new VLR é{'?ﬁ::ﬁ“mfj
e
-MS}{’{ Temporary Mobile Subscriber Identity (TMSI) * ERYVLR [=HHEE %’f
PHUVLR > & mrﬁ:tPJp VE[E o
o5 R4 MSC 3257 VLR puerf] fﬂ‘ﬁ' : MSCH 31 TMSI, old LAI
target LAT #{1E |“J7FEIFT,J =11
*Step 2:
“IMSI 7 £19 VLR 151 » [Ei0 VLR EURS FRsvhl A9
““ﬁ*’j"‘fﬁj TMSIﬁ% =EPIVLR > M'FIVIMSI -

39?]EUVLR1 ] I?JEEI (authentication ) FUAHE: » [FREH:, j, A
FIIE| TVST 5> = 50 IMIST L 3807 S Ao i o 1) et
FIPRARE TV -

*Step 3:

TR R Y & 0 Y VLR}{%’:“*E%%EU??I* FEF" F[ip HLR % wﬁ:tiljpjgﬁrﬁ o
*VLR RLA[[*] IMSI f*'$5 %] MS fiv PLMN, i.e., HLR G4t
*HLR Ellﬁﬁ]"ﬁ‘*ﬁ‘% PR L[fl""ﬁgﬂﬂ YVLR -
*Step 4:
oy VLR & 4 — {[s#rHy TMSI ?ﬁf B o A= %EEP'J%E’—T»%F% °
*Step 5:
[i»W%is.A ’HLRT? = gfif 1guvLR g,d«}[ﬁj’fig&u I%Sqﬁ

—r s — — —
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Z #p3xp  (Periodical Registration)

»MS & roaming % > fd i 425 0 HLR SEpe
v L et aE g o

> & GSM 7 & R e e L ip (re-
registration) -

> & k€ 2 37 MS periodically registration
period > P ¥ | pF | 04 — 5 registration 97 3%
PGLP e i > HixHp e Fl 5 64 481 24
B o
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=42 B/ (Call Origination
Procedure)

61

61



% =425 (Call Termination
Procedure)

MSISDN

Other
Switches
MSISDN

2 PSTN + SR
RE T Switches

3

«Call termination ~"# £} call delivery.

’GSME\J;EF'F,PLTFFEIS-411§FIH o

‘@%ﬁﬁ {# 5L PSTN fji=]3 - ﬁ[l fit ﬂ??*—z‘" [HGSMI =] » 7
i /[Ejpf /I%EJISDNEFF’FSF ( Mobile Statlon FS N Number 5&
MSISDN ) -

*PSTN 57 #r MSISDN HiEf’ #3E MS £l #(— fl# PLMN, E‘dtﬁj (F=MSISDN i
Z[IIF=PLMN [~ GMSC % E!.

5 GMSC ¢ 73 #r MSISDN I'] #1 #1£7 EFD IF=MS p~ HLR pu b= 45 HLR
TR P £ B E Ve 9 MSC Ay

.§L¢FIUGSMA HH%EFI g Fﬁgﬁlﬂ}q

*Step 1:

Y] e - MSISDN#E@%%’? S GRS
Sl b TR v JJ&@MSlSDN > {F1 5547 MSISDN Fifi* 41
SEMS i’igﬁ”ﬂﬁ i PLMN > ;r HIPEIAMPF f RS 2P PLMN
GMSCW\‘P“@

*MSISDNAEF 1 GMSC V ##:5 » J&H HLR J & fi> 232~ G5 HLR 4
Sk lia i

"HLR JFE[ 0 IR %+ MSISDN #8575 IMSI » 2 = {0 IRy 555
=Ry VLR G i ORI VLR = B - (routable
address ) o JFREIAF B EL MSRN.

*Step 2:

*VLR J¥Z[ h el il i » A28 MS £LA active GRJFFHD? If not, F5 2= £8pY
= BElSEEAE (Mobile Station Roaming umber HYM RN) > }Hﬁ}MSRNw:
E[l HLR L[fI'THGMSC MSRN#F’[? = BSE MSC

*Step 3:
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ik

> £ it e» 2 L (Mobile-Assisted Handoff -
MAHO )

It ERE RN & Y

> MSip| 8 437 cBTSHL B3 B o

> PRI+ 5 BTS» ¢ B-MSF 4 F e gin &
W IR S R o

63
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2 ke g

> Intra-BSS handover
« FEBTSE k- BBSCHE fF#F -
» Intra-MSC handover

« FTEBTSE* 7 B BSCHE EEfF > i iv il - B
MSC:irg §F = 2 @ o
« * F % inter-BSS handover

- [B6-15

» Inter-MSC handover
© FTEBTSE 2 I MSCHE 54 F -
« [F]6-16

64
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B 6-15 Intra-MSC Handover

© o N o

11.

12.
13.

MS =211 STRN_MEAS FELf serving BSS. [ ELF[ 18 FA' fﬁ%ﬁgi@ %Y
#. Serving BSC éﬁﬁi%ﬂf@l fi-handoff.

Serving BSS 32 HAND_REQ ;F”—[ MSC, P KL I e e g5 MS i
target BSSs.

MSC ## i kL A FiE BSS kL7 candidate fl1, J[Hu e itk = BSS £
target BSS, 2%~ intra-MSC handoff. Fﬁﬁ el resources, — kL MSC =2
target BSS [H]fiv truck, 31— “fikL radio chamml. MSC 3™ trunk ™7 3=
HAND_REQ 5f; target BSS. [ Ll 1 &y ﬁ%ﬁglﬁgi‘ﬁl@ cell area [ ID (I')
#}H'.F’ﬁﬁﬁlfl BTS), MSC-BSS [#] trunk fiy 1D; == encryption key Kc.

BSS {713 i resource, F|:5[i HAND_REQ_ACK i MSC, I L1
& FA‘ Pﬂﬁf;‘/ radio channel i ID.

MSC = HAND_COMM {F—‘, serving BSS, | target BSS = new radio
channel ID.

Serving BSS i1 £l HAND_COMM #il£5i5; MS.

MS ffi*'] new radio channel ;=T HAND_ACC=" target BSS 7.

Target BSS i=[pi! CHH_INFO.

Target BSS f[?? MSC 1=13E:%1= handoff.

. Target BSS == MS “'«fz\?ii?*,F;Lﬁ,‘\fsynchronization,?ﬁf}aﬁiﬁfgqﬁfj time-slot .

SRY %, MS 32 HAND_COMP ?ﬁ target BSS.

[ﬁJE?*] [t MSC }1% voice trunk fH%[] target BSS. — ([} MS=* BSS3t'HY
synchronization == * 5= signalfiviiiss, BSS 1 HAND_COMP ri?ﬁ
MSC, .= handoff =I3Z5 5.

MSC ;= REL_RCH {ﬁ serving BSS, 171t old radio channel.

Pk serving BSS L[’Sf[fl":’l”féj,%’xﬁ MS {1 resource, j#f REL_RCH_COMP ;=5
MSC.

7

I

-1
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B 6-16 Inter-MSC Handover

* F<71 A1 Intra-MSC handoff 7 [l

MS 3= STRN_MEAS FHEIA A serving BSS. M ELF 180 3 il EgFF@FﬁFI Uy
#].Serving BSC éﬁ”ﬂ%ﬁ%l it~ handoff.

Serving BSS ;= HAND_REQ AT MSC, P RLF /]JH'F*’T“E rl Ej@ﬁ MS (i
target BSSs.

*MSC (#1475 serving MSC) 525l MS =B (i ssaa!, 21~
MSC(* £ target MSC) 7+, Serving MSC% | target MSC [y dlrectory
number & - &£ target MSCV [~ trunk.

4. *Target MSC =t HAND_NUM ; 'F‘ VLR, fIif 2V 8 MSEUEYE.

*VLR :Z[plE EIJ 2 TMSI fy HAND_NUM_COMP Q*quﬂ target MSC.
J

6. Target MSC* < HAND_REQ \J}target BSS. IF%HFL, chu bﬁ:ﬁl%mﬂi

10.
11.

12.
13.
14.

1R

cell area f 1D (15 ¢ "[ﬁ}ﬁu B
encryptlon key Kc

BSS [%»JJ"%F[FIJ resource, F [32[1' HAND_REQ_ACK 7 WF' MSC, IF5HELf
EIJ FJ{,J/ radio channel fi ID.

*Target MSC ;= HAND_PER_ACK {ﬁ serving MSC, F=. =152 ﬁP e
I'J3% 7 handoff.

*Serving MSC 32 NET_SETUP 5 7 target MSC ESE gl%ﬂ “EJHF
*Target MSC [pl : serving MSC £l SETUP_COMP.

Serving MSC 3= HAND_COMM {FI serving BSS, ij*! target BSS = new
radio channel ID.

Serving BSS}{ﬁ]’ [=HELHAND_COMM §#iy= ;‘%ﬁ
MS ffi*] new radio channel ;=T HAND_ACC=* target BSS jiji.
Target BSS i=[pi! CHH_INFO.

Tarnat RQQ £ S+ Tarnat NMQNQ LU SR + 1 = handnff

S), MSC-BSS [t trunk i~ =
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Section 6.5
FT2rPETE
Security Issue
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€ 2T E

» GSMe=x ’3::}% o B
o £ vz (authentication)
VIRFE G kB AR &F P GSMeR AR o
e 2% 4c % (encryption)
VR L TR T AR e 5

2

o

-
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=
Fu
N

Pt A BE
* A3
VO A i o
VE G AUCHSIM P 5 % S g B o
> eI
* AS.
v ¥t 4 4 g (encryption key) o
v T#*?AUC'erIM—F B b 5wk Bl o
o AbL.

v gt £ 21 995 envisited system (4 BSS, VLR) ©
v/ 3 Rlende % (ciphering) £ f# % (deciphering) -
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A B S8

> Ki #* >33
e X3 AUCH-SIM + ¢ 5 * 2 gk BeiR o
» RAND 7 AuC # # #7128-bit &g #ic
» SRES
o dFEE A3 AL nE%E > it AuC 2 SIM & 4 2
SRES » ¥ 333 MS (18 2 14 o
>Ked w52 AB A2 chig % » # 34 o
» Frame Number.
o TDMA 2428 48 » # 3t4c B o
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Bl 6-17 GSM 3473

e
= 7t in £ 42 SIM+ AuC

RAND

Ki Ki

v i—j—i A i v i—j—i v
A8 A3 RELR | g A8
} L]
RESE
SRES Gk SRES |
Kc
wk
* 2
maE R g AR
TR B AR
4 VLR
Kc Frame
Number
— i
i w X . EART R B - xi""*'
*’ijl AS 4t 7-%—’» ?ﬁ“" AS *’F‘F 71

lﬁﬂmq&ﬂ“‘ PEL S et = b= iFﬁET?i R o 6 E,’ Eﬁil?;{%’j IV
N Sﬁ G *Eiﬂ I fﬂﬁﬁ}% (secret key) Ki °
*?:L g’gﬁ[l AL - (12815 SV (random
numb ?Et“

FE P\Iﬂ[ o », RAND gﬁgﬁj Z R [P{HJ? - u\Bfﬁ&}gmﬁ[E'JKiB

B Hh - A
oHHi A3
:ﬁ mrrr& 4 7 SRES [ttt o

E A FTHIBRGE S o gy = RSl LR -

(1% & SRES « S % % 1 SRES [R5 » R
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& * Triplets ;3.3

>Ki #3* AuC > €= AuUC ehf £ 5 £ -
> MS Ho3] - BEATOVLR » § g w AUC &
Bz ss = (triplet) -
. Trlplet 7z 33 74 : RAND ~ SRES#Kc °
*« HLR =& 22 RAND > 3+ ¥ SRES &2 Kc» & f %
- 1 triplet -
> FE P o VLR 7 11 E 4% RAND % MS > #
triplet ¥ 7 SRES Lfi’ MS ix w 2. SRES ‘* ¥} o

At s VLR Ke 4 BTS @ 57 A 7

A2 Kco
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Section 6.7
3k 3

Short Message Service » SMS

73

SK{SMS St ("= [ 1 ag, B S e g [
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W] 6-20 SMS &% 4

BST: Base Station Transiver
{ GSM network BSC: Base Station Controller
MSC: Mobile Switch Center
E —— IS GMSC: Gateway MSC
IWMSC: Interworking MSC
SM-SC: SMS center

— \ SM-SC = I:I

Original MS TS

=
Short Message Sender

Terminating MS 74

YR 1+ SM-SC (Short Message Service Center) g1 store and forward il

*IWMSC LLEE [ MS 32 < fiJ short message, ™ lﬁ%’ﬁ SM-SC

TSR B B[ 12 (Short Message Service Gateway MSC ; SMS GMSC) fL# [[% SM-
SC u%% Ef MS i, 5 AR Y MSC, HE&F, MSC f15E:2 [V short
message.
*MSC: broadcast the SMS to all its BSSs.
*BTS: page the MS.
o155 MS 3= short message - {\F‘,iﬂ 1 MS 35 ’*H F&[Y steps. (Mobile Originating)
+Step 1: MS 3=¢11HY short message Fﬁlj LR A IWMSC (Inter-working MSC).
-Step 2: short message ¥ ﬁlf_‘fﬂ SM-SC (Short Message Service Center)
ey . VIR g [Jr‘e‘%-s Vi T‘«Lﬁﬁ}ﬁj@ uazgg,lp R Y o
*Step 3: ffﬁ%ﬁ, short message fiUf T3y, F 5T ;‘L"
<SR BS AR AR, Tfll“ D= B ST T E pVER, Y
TP = e P Pl Al T e
Predictive Text Input Algorithm: 2=t~ £ hot key (ex:
gt k), TS MS L 3D Key in SRR
*QWERTY keyboard: MS [iff 5] QWERTY keyboards

* %5 SM-SC 3= short message %] MS 35— Y steps. (' =kl MS 32 NPV,
Fvfl1 Internet _H(9 PC fit-page (Mobllel?ermlnatlng)

*Step 2: SM-SC 73 i Wiligt i B 8] 11+ (Short Message Service Gateway MSC ; SMS
GMSC) i 2 % [ 1jiuis. GSM ifget - SM-SC 7 F’?@l}%ﬁff;u~ e MSC.
«Step 3: Z/D[ﬁJ GSM roaming protocol fiv4! i, GMSC 5L MS Fi: iy MSC,
i"?}lfj’ [F=short message {#i:=%|| MSC.

aQtan A+ MQ F'i1-k RQQ KN AFZr RTQ 4% chnrt maccana 'l hrnaderact ., =U fHiL =
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Mobility Databases

75

o RIS AR, 4 IR 15 MS OB, B E | Fuaﬂfﬁrﬁw TN
*mﬂqﬁ[ VLR HLR.

oI'| FHHEE Y location update, call delivery i IEHI?B Rk UHLRF&VLR Ay
EWH Bl i&IFEJ}HEW\ VLR ES HLR -t Iﬁljg}gi«
*JVM HLR 55 VLR 22 H5t fail, m%,fu MS T’ ﬁ.gﬁjr-f'ﬁl' PRI {7
R AR HLR = VLR 8, 22 @i 1] crash 1, 4P s
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Mobility Databases

» The hierarchical databases used in GSM.

» The home location register (HLR) is a database used for
MS information management.

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

VLR 1

MSC 1 MSC 2 76

*GSMHRH [ (hierarchical )i v i i E k.
HLREL= iy B = B H 1y el
SVLREL- [ i JF B A S5 I
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Home Location Register (HLR)

» An HLR record consists of 3 types of information:

* Mobile station information

v IMSI (used by the MS to access the network)

v"MSISDN (the ISDN number—“Phone Number” of the MS)
 Location information

v ISDN number of the VLR (where the MS resides)

v ISDN number of the MSC (where the MS resides)
 Service information

v/ service subscription

v/ service restrictions

v'supplementary services

7

*HLR & F’%ﬁ 1= RV
oj flﬁMSElfJ%‘%ﬁi[‘J%ﬁ’ & ?ﬁ MSISDN + IMSI + VLR ISDN + MSC ISDN +
Subscriber Status.
*MS information :
*IMSI (BEE = B [ @IS, o ZVAEa I =™ i)
*MSISDN (= #$%5iE)
eLocation information:
*VLR address (= #57r5 FypUVLR & 1H)
*MSC address (= #Hr: FYAUMSCHF 1)
Service information:

-Sﬁrvice subscription (*'|+1 }Er?ﬁfﬂifﬁ%) ex. call forwarding, international
call,...

sService restriction (@ﬁiu B EifRF) ex. call barring
ssupplementary services ([I{fi{775)
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Visitor Location Register (VLR)

» The VLR information consists of three parts:
» Mobile Station Information
v IMSI
v MSISDN
v TMSI
» Location Information
v"MSC Number
v'Location Area ID (LAI)
 Service Information
v' A subset of the service Information stored in HLR

78

"VLR & &7 1= B
*VLR '] MS El@‘.—:t'%’am?&,’ & ?ﬁ MSISDN + IMST + LATI + TMSI +
MSRN + Subscriber Status + HON.
*MS information
*IMSI
*MSISDN
*TMSI
eLocation information:
*MSC address
LAl
*Service information: call forwarding, international call,...(subset of HLR)
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Two Issues of GSM Mobility Databases

» Fault Tolerance.

* If the database 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.

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

 This phenomenon is called VLR overflow.

79

PELTTE | IOP [T SRR i &, fL )~ L database 52 % F, W0 E
S xﬁd‘E‘ &'IF'EJ}HFT]‘ Tm{n%ﬁ‘ databasei;ﬁ'% '*Elff‘ﬁiﬁd-
-Fault Tolerance: i it vk ’T‘B_‘l JE@E a=al hﬁlf};{g{‘/%f%{j%‘}g[ﬁﬁ]%
H jJ;E_.{_Jdv/\FI k Iﬁﬁqusl;[-il:l:l{ ﬁ "F
[ﬂFﬂ IFIHIE <1 /i 31— B2 GSM failure restoration fiu &%, % R
- ﬁlﬁgﬂ JTm?i/ ﬂ%)}fvm |EIi3lt GSM restoration I ],
i frJIHTu VLRE'ﬂ HLR failure i,
*Database Overflow: [ [pLJ“FL BERLERIEY, PRIHEE 7 2019 MS 2250 -
VLR pdElE, ffr VLR full, £33 E| MS & 7 EUW*‘J I+Jf B[y record f’ F'J A=
], IR TR s sbrvice. LT RS VLR overflow.
o h plﬁ Jﬁ, i{?{ﬁj’ﬁ;ﬁ ﬂ#ﬁlrégpj e };Kﬁ]‘ypm BB VLR

overflow.
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VLR Failure Restoration

80

;Efl»f |7 i MS SEE]S - VLR [, (i VLR full, ;) MS 3% * [ 27

ISEPEsRY record it B, PRIFT R R, fl’,’ﬁﬁ“iﬁtdﬂkﬁ?’rﬁ service. x5 B
£% VLR overflow. ;g LK /7 3¢~ LETE'EE PR, BN FEHECE VLR
overflow lﬁ F Fem I



VLR Failure Restoration (1/2)

» After a VLR failure, VLR’s information:
* Mobile Station Information
v Recovered either by the first contact with HLR or MS.
* Location Information
v'Recovered by the first radio contact with MS.

¢ Service Information

v Recovered by the first contact with HLR of the corresponding
MS.

81

VLR [ [FVe R YRt o5 £ = 4 Fh, VLRV FiT® Jfailure]ﬂ\ﬂj : iF%E KRR
[ o3 Wil P IRIPR R G
*Mobile station information (IMSI =): Fh, VLR 33~ -*=2 HLR #5 MS
B, wppe ) HHE] MS E'@’FE‘EEJ?}'H
eLocation information (MSC ISDN =): Fh, VLR 57— 7%= MS £ i, fik
F‘IJJ*J @?H MS Efj ,’ll‘»llf-g[f.
Service information: ﬁrl VLR 57— V% HLR $ 8, fikp’ ') 5 2] =HLR
NEEE MS EIGJEIEEEHG[.



VLR Failure Restoration (2/2)

» After a VLR failure, the VLR record restoration
initiated by one of the following three events:
» MS registration
* MS call origination
e MS call termination

IS

82

o[fRLTE VLR (Y &, IR VLR jfﬁft;‘? MS #5 HLR fit 5§ )7
sAnswer: 7 M3 = FEEH {58 F B, VLR 7} ﬁ’ﬁlﬂé’? HLR ﬁ‘} MS £
ETH ;Eﬁ;sﬁ’m}ﬁ"égﬁa[, + ﬁ?,ﬁﬁb VLR record ﬁestoration.

*MS registration

*MS call origination

*MS call termination

N T IR = PR,

O,
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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-VLR movement.

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

* VLR asks MS to send IMSI over the air.

83

«di MS 3£~ registration [ (for example: periodical registration), [ 5" VLR {2
E| MS AV e, P #llﬁﬁ ﬁ‘tf‘ Fh ['ERL inter-VLR movement.

*VLR {#<inter-VLR movement, foI:f* MS *[fiy—- Jﬂ&}fqujﬁﬂ:{l S =
*MS fﬁﬁlﬂ old VLR ISDN = TMSI it VLR, {ERLE57E EPRI -, VLR
=R a7 TMSI;mePE FUFRITR MS {#52 IMSI, I JFEF“’“”



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 is
recovered. 8

-;jf,‘ MS 4514 T, MSC K] MAP_SEND_INFO_OUTGOING_CALL i

5 Fulsl;ﬂiéqﬁ VLR.

]

|

([ VLR 32 MS = [ erf], Wiwﬁﬁliﬁf[ﬁ'ﬁlﬁ*ﬁﬁ}fg system error,
}[%‘J’ MS ji#) £% unidentified subscriber.

VLR [FI I, 20 it MS &5 [ﬁj inter-VLR fi* location registration.
JIIF=VLR [ o & MS fuerl.
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Restoration — Call Termination Message
(1/2)

85

-FWE ﬁ,lfﬁ%’ﬁ F=MS, VLR T;’jﬂj“ F‘%f;&rlgjwﬁrrecovery
*Steps 1-3. B“jci/ ESE T AR 2 (R VLR I5E HLR RRE-
H MS EJ MSRN, (MAIj IEEOBIDE ROAMING _NUMBER).

VLR |7f<~]9%<HLR =4V IMSI 34 MS (19 record, (ENF° VLR 2% g

MS FV = [ers].

Pdfdﬁ?‘]} MS gt — {ft#ri record. i.e., VLR ﬁlfﬁ HLR [y
Steps 4-7. VLR @ 7| HLR ;2 41 MSC ISDN, i #* MSRN, i%ifj HLR 2=
gateway MSC | [ - 3 7t
*Steps 5-6.

*VLR F[J* == HLRﬂ [pﬁg\&}ef 1, 2£17 restoration. VLR 1=
MAP_RESTORE_ DA'If { HLR.

*HLR [f1s MAP INSERT_SUBSCRIBER_DATA (RISl
[UFUATVLR.

o[*=i, VLR record {f1=1#% recovered.

SR, VLR FI5E 7 2RI E BRE 1 HLR 2V, Eufﬁ location
information (LAI), TMSI.

«= /i Step 4.5 Step S.RL' ') [l # T Y.
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Restoration— Call Termination Message
(2/2)

Originating Target
Switch GMSC HLR VLR MSC

1. ISUP IAM

A

2. MAP_SEND_ROUT|NG_INFORMATION
3. MAP_PROVIDE_ROAMING_NUMBER

4. MAP_PROVIDE_ROAMING_NUMBER _ack

5. MAP_RESTORE_DATA

-t

5. MAP_RESTORE_DATA _ack _

6. MAP_INSERT_SUBSCRIBER_DATA

6. MAP_INSERT_SUBSCRIBER DATA_ack
7. MAP_SEND_ROUTING_INFORMATION_ack

-t

8. ISUP IAM o

e

.MAP_SEND_INFO_FOR_INCOMING_SUBSCRIBER
10. MAP_SEARCH_FOR MOBILE_SUBSCRIBER |
12. MAP_PROCRSS_A{CESS_REQUEST

13. MAP_PROCRSS_ACCESS_REQUEST _ack | gc

o JTAE P FIpAE
*Step 8. gateway MSC 7t Step 7.J%[] HLR 33 <fY MSRN [V i%, [fi33!11 SS7
ISUP message IAM Z| target MSC.
*Step 9-11.
starget MSC Fﬂfﬁi%"ﬁ | MS i LAL Y34,

«£T 1 E]=5, MSC 3¢, MAP_SEND_INFO_FOR_INCOMING_CALL

[
Z] VLR E%Hﬂ LAL
-T? F{fJfQL_, VLR “Jjéé"éj LAI El@?fﬁ?*.
1] VLR F{I‘é MAP_SEARCH_FOR_MOBILE_SUBSCRIBERZ]
MSC, fi:fs MSC st MS A fiv LA,
*Steps 12-13.
7 hL MSC 75 B BrERUEnE | LA JL1S5E MS fiop=il],
| U 1, MSC 321} MAP_PROCESS_ACCESS_REQUEST
?*‘F;I;lij’ MS i v LA f 2[R VLR,
-Fﬁﬂ\lj VLR record ElfJF%f%if? MS i location information ik recovered.
=
*MAP_SEARCH_FOR_MOBILE_SUBSCRIBER FL# 4 WiV &,
PEE MSC a5 flef BTS ﬁﬂd I {’?iﬁ]’[ﬁp‘fpuéﬁ 1=
o150 HERD R ISP (Wide Area Paging), GSM ik [ /a B % F i
MS = B %%F'J (re-register) fIVED ™
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HLR Failure Restoration

87

I =H T Hi HLR failure [5, HLR 911(fP i 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.

88

*HLR 3 & SHRGRRpY =0
~HLR ) 4 SYIREe | Ry, RS2 HiaR b i ) 5.

o351 DR geRL service information SEAEFVE YR (UHEH call
forwarding), %17+ HLR update E\HJ‘ Hijé[ﬁjﬁ\ij ¥ * backup storage.

5135 D& k! location update g AR (' VLR, MSC ISDN), foi
17 5~ i check-point fi f (7.

«di HLR ?gjt%f FITFT i) (3 WA o [ HLR fl1. Fl°) service information
sk LEfRY, [E location information #iFfi* fi= kL],
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HLR Restoration Procedure Message
Flow

HLR VLR

MAP RESET

\

MAP_UPDATE_LOCATION

A

MAP_UPDATE_LOCATION ack

\J

89

Fh, HLR SEI4R, DK 9 (e T [ HLR 1
o [ETFT IR J['}}Hl location update information 7 kLt ¥y, Hrl') ’F’TEF FL R ]
AR kL lost. xﬁﬁkﬁﬂj [LIZS {72 % uncovered period. JJfs i~ % flf (73 %] HLR
TEHERIR] .
*t uncovered period f[I:=%] HLR EI'\’JE‘HS[TQE#\, N EREITS %‘IT{;[;; i
FlaE = N [2iAY restoration fVE [
«Step 1. HLR 3=~ [l SS7 TCAP Ll ¥ MAP_RESET f—]?z HLR 37
fETE | MS B F,"_IEFG I pETE | VLRs.
SEEVLRF S~ fld MS Ul i |~ flif SS7 TCAP FEL i
AP_UPDATE_LOCATION E[ﬂl;ﬁﬁ HLR.
5 [ VLR 7 | PFIFPRTMS pueyR= 2] HLR, T;’j:lﬁ’?& traffic
cgngestion.
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Questions in HLR Restoration
Procedure

» The HLR restoration procedure is not robust.
» HLR does not know a VLR at checkpoint.
* An MS move into the VLR during the uncovered period.
* HLR will not ask the VLR to send location information.
» VLR ldentification Algorithm is to solve the
problem.

90

*HLR }i¥ restoration = > $w5t B2
5791 MS | 7 uncovered period ¥ F£EHE[ % £ VLR, iy = backup EI'J
ERRH P T 2 MS ﬁmﬂ& ‘i]ﬁ VLR. il [ HLR ] 01 ¢
IF=VLR fozyg], R ﬁﬁﬂ{llﬂlﬁ VLR = update %] .
*HLR fiiE 1 i[lﬁ;lifrsr[i_fg & % — -~ ~check-point tlmeEiJ‘ = BSETRRY
VLR i< {IP
o[ HLR iR T HEE 1 ﬁlﬂ[ﬁ VLR [‘ﬁvmﬂj F— FIpY MAP_RESET
Fofs
%’,IEI’SF:»I]E—HHFHE@, [RHIF=E] ~ $ET VLR Identification Algorithm, RiAEEE VIA,
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VLR ldentification Algorithm
(VIA)

91

o8+ A standard {1 HLR [V restoration = 7 SR BT, [RF=E R

VLR Identification Algorithm, 5% VIA.
IRV VIA R,
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VLR Identification Algorithm

» V1A identifies the exact VLRs to be contacted by
the HLR after an HLR failure.

» Extra data structures are needed.

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

92

VIA ] iﬁi{ﬁ?i'

VIA [UfE i S84 5~ 7% backup & f’?EJ?ﬁ[’w’%’? HLR ¥ #83gpy

VLR. I I[Hﬂ HLR restoration Eﬁ B“jﬁ 1 loss [~ [f" VLR, 12 Jiﬁ_ﬁl’ﬂ.

o[HIF=VIA %;[HHFHET?%&# "7+ HLR 38 % ﬁ‘SFB_EPI %, FE?'{#}H R EJVLR.

“[f i HLR 25 b (el
oty gi#}[:[_[—; Ej‘r}ifﬁ[% e

"]

-ﬁﬁﬁ, Eﬂﬁﬁ - Check-point procedure
-ﬁ%tP'J%EER Registration procedure
«1&F (#4- Restoration procedure
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Data Structure in VLR ldentification
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*,

93

LR [T HFEEI, 7Y I'F'ﬁl'ﬁ%r.%il i VLR [ L&) f’r fl## MSC.

£ HIIVIA, 7Y I'F‘EJ%‘TEI s B 29erR], [NIFRIET I database i data
structure.

*HLR " =& 5 F5E | 5 uncovered period 32 MS update iV VLR [V list.
&) Er’fﬁ | MS update Eﬁflﬂﬁ' Apgei=list, %K ZHfi 5 storage.

olF=list 757 VLR_List*.

Z?J’il‘ﬁi HLR TEJE@E{@E?T, e VLR _List* H IEIU VLR = MAP_RESET
Alp.
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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
* 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
» TS = the last check-pointing or backup time

* VLR_Counter = {(VLR1,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*. 94

« £ o Ry DA restoration (Y traffic, VIA <37 [21pY data structure:
eHLR* : r—%{%«—:w i MS g, Fﬁ%ﬁ%l 2 (i

«ts: (time stamp) 1™ record §& i~ W [SHSVR ],

*PVLR: (previous VLR) i f& %1V check-point E\ﬂj, MS Fri: i VLR.
S HLR T 2 (e

*TS: % backup ElfJE%lj fif] ( check-point E%j fiil).

*VLR_Counter: &~ {ii' VLR ﬁﬁéj— (EAE%HE S (VLR,Count), Count
L7+ uncovered period } 3% * VLR v MS {9 fla'ge

*J[HN 7 uncovered period [t ?J MS & * — {[# VLR, [EI~"73 8] [BE
], iﬁﬁiﬁlﬁﬁ?}kﬁﬂﬁ MS ﬂjﬁ Tt VLR_Counter f[1fi¥ count n.
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V1A Data Structure

HLR* VLR_List* . _HLR
MS | VLR ! MS | PVLR | ts | VLR
VLR 3 VLR_Counter
Vi VLR | Count
AE | v, | 3
Y | vV, | 1
v, ! 2
i V3 4
/\/\/\ | v, 7
Backup (Non-volatile Storage) | /\/\/\/\/\
95

VIA U] ﬁﬂfﬁ
*Backup %‘,T"ri}'iié‘? i 58 storage.
*VLR_List* & FA' E |7 uncovered period F 3= MS update iV VLR.
*HLR™ : r—%l%@’:’l”ﬁj MS R
+5 [ MS TR 2 [
ots: (time stamp) [*=record f& %~ 7~ F%Ei'ﬂflfjﬁ\ﬂj FH].
*PVLR: (previous VLR) 7 f& = [~ check-point Ei], MS Ffrg i
VLR.
S HLR T 2 (e
*TS: f& % backup E{UE?*] fii] ( check-point E\:*] fii]).

*VLR_Counter: &~ {i# VLR ﬁﬁf (EAESEMRE  (VLR,Count), Count
L7 uncovered period 7} 3£ * VLR Y MS (Y [[afge
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V1A Procedure 1: Check-Pointing

» In VIA, information of the HLR is periodically
saved into 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,

96

*VIA Procedure 1: Check-pointing, 7+ VIA {1, HLR ORI R
WRRE D
Step 1. 55~ il iR S8 * iy 3.
-Step 2. TSg& LA f il
*Step 3.
“HLRIPLts 5 T, 7 = #5% fi1 =T, I RIFIALI ol
AT

*HLR[p].PVLR F%a@:‘ B U ] HLR[PL.VLR
«Step 4.f VLR_Counter = VLR _list* @454y, 7 TS [Ffi2 )~

i VLR "Eﬁ??f{fﬁ@ua‘@ff S, i
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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 VVold;

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

97

*VIA Procedure 2: Registration, fﬁér%f B p e R E] tEF2ES = VLR Vnew, ]|
Vhnew rﬁlﬁ— flit MAP_UPDATE_LOCATION F LI Z[ HLR, HLRF{I@L i ﬁ%tP'J

=

«Step 1. FI#r HLR E*?{Q[ﬁ?ff%
*\Vold ¢ HLR[p].VLR
*HLR :2!1i MAP_CANCEL_LOCATION *£1%] Vold, Vold [
ET%JF?‘ p [V Rl RLfII=.
oI Vnew el #4075 £ HLR[p].VLR 1.
stold B FyEe e [ e I 2,
HLR[p].ts PI#F4T t .
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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,;

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

¥
¥

98

*Step 2. P1#ri: VLR_Counter [*] Vnew [iv Count At .
«% HLR[p].VLR <> HLR[p].PVLR (Z- p “1#5:%] Vnew,) [[|
*¥1 VLR_Counter[Vnew] %7, [{[l#f VLR_Counter[Vnew].Count “[i1 .

& I, {[| VLR_Counter[Vnew] 77 i, H[#e— (53
VLR_Counter[Vnew] »— {7; VLR_List*[Vnew], i"?}lfj’

VLR_Counter[Vnew].Count r%’;@l .



VIA Procedure 2: Registration (3/3)

» Step 3. Update the V4 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];

¥
¥
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*Step 3. P1#ri: VLR_Counter [*]f% Vold v Count Aigfb.

¥ told > TS (#=-= %71 uncovered period [} #2E5%] Vold ) =
Vold <> HLR[p].PVLR (- = gtV i =172t Vold ) I

<IfVLR_Counter[Vold].Count yiL. ( Z- = #HERTF2EZ] Vold,

=FI
(ESTEFE L, R 5570 S4FUIER0), 'E
¥ VLR_Counter[Vold].Count E@OE\ﬂJ‘, HIPETRR
VLR_Count[Vold] A VLR_List*[Vold] ][.
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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;
h
» Step 3.
for (every VLR entry V in VLR_List*){
send an SS7 TCAP MAP_RESET message to V;

}

100

*V/IA Procedure 3: Restore
«Step 1. }{ﬁ’ TS F%FJE ' ﬁr’miv]ﬂ?j fti].
*Step 2.

<S55~ ATig HLR [PV & l5elsp SR 2708 HLR[p]*. VLR
BUFUR HLR[P].PLVR % HLR[p].VLR

ot ;H HLR[p].ts F%“ 5 TS

«Step 3. [~ =T VLR_List* [ 19 VLR Sel#8451 1 MAP_RESET
SHEEH SPERY VLR, BT — JEUHLREFE
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VLR Overflow Control

101

PRI
J A

VLR full,

I RS Service. sEFELFAE I VLR overflow. iﬁ— ﬁ’[ E:Vﬂ}{z]’ fi ,1"%,— i

pfjﬁzﬁﬁt& , #E‘WDI'FI SEHETE VLR overflow

BLRLEAIEY, PIF=i?) 1 219 MS 25~ VLR [, (il
fr}‘? | MS G IR ARSI record i B, PP AR AR

L
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VLR Overflow Control

» VLR may overflow if too many mobile users
move into the LA in 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:

* registration, cancellation, call origination, call
termination

102

*VLR A5 By record fIVgly Rl | BYRE A,
“E|I'F fie VLR Ul s g = HLR W2
Y[ AR R S R T Eﬂj%‘*fﬂ [l LA [, VLRE =[N I5E
e overflowﬁﬂﬁ
FJI VLR “‘ﬁxjﬁi&ﬁf FIRE T B S PR TR fl '-[*ﬁ:tPJ
«[115° VLR overflowfq_w?iﬁjﬁ&ﬂi (%JET TIPS, ]| paper iR
S Fipy message flow, S f- 7 new arrival MS &1 5.

i @ HEEIY message flow 607 reglstratlon cancellation, call
orlglngtlon call termination fi*/zE! ?Bgﬁgué‘r%_ H s,

FJ SRl it '[r“FF]' 7+ VLR (1T FEerecord BT E, i b new arrival
LrM %F“E** A TR R TG R TR R
1
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Overflow Registration Operation

-
-
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«Step 1: Registration Request:
*Step 1.1: normal registration.

Step 1.2: VLR V2 is full. VLR fE:IE'J replacement policy 1} u3 fiv
record ¥ deleted, %% ul fiy data.

+Step 1.3: VLR forward registration request to HLR. VLR 3]/ HLR u3
fiv record [X overflow [fij kL deleted.

*Step 2: Registration Response:

*Step 2.1: HLR {&d% ul fi*J record, i”'»ﬁ%tﬂEJ u3 it VLR [HNEL VLR
overflow =I5 record.

Step 2.2: HLR é{ﬁ VLR ul 4 profile.
Step 2.3: VLR 3= ack ?FI ul.

*Note that:
eu3 ¥ 1T overflow user.

ereplacement policy ?JT [ﬁjpfj heuristics. {¥]7[!, randomly, select the
oldest record, select an inactive record.
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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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Y[ VLR1 overflow, =" 3#4% ul £L overflow user.

l__A'\_,

o[~ £% overflow user 7+ HLR f?&ffﬁﬁ * %4 ul 7 VLR 1 ©12 2%, Bl ;F[»
ul roaming £ VLR 2, VLR 2333 (& VLR 1 {1 £ (= i ul fuerg].

] VLR 2 3£ 550 ul py reglstratlon |¢4, HLR rf’*;_ de-registration 5 TF'
VLR 1, Elﬁ’*ﬁlclsrul Wrecord (* T hL).
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Call Origination with Overflow VLR

-

‘a MAP_SEND_INFO_FOR_OUTGOING_CALL

MAP_SEND_INFO_FOR_OUTGOING_CALL_ack
e (deny_reason : no record)

e MAP_UPDATE_LOCATION_AREA_ack

-t

Algorithm O-1

o MAP_UPDATE_LOCATION_AREA

A

‘9 MAP_SEND_INFO_FOR_OUTGOING_CALL

Normal Call Origination
Procedure

e MAP_SEND_INFO_FOR_OUTGOING_CALL_ack 105

¥ UL R AL VLR 234F) ul R
Solution:

*Step 1: MS sends the call origination request to VLR 2.

Step 2: VLR 2 1‘J"‘J ul PRl e ul T*”FILT*LI}F,

Step 3: ul gl%@?reglstratlon 1353 lHﬁf I”’Jf)?y VLR 2 overflow, [[] “Overflow
Registration Operation” ?ﬁﬁ?&iﬂrf

Step 4: MS £ #7151+ call origination request. VLR 2 3% = 1if 14 i .

Y[ VLR 2 overflow, =':Z & ul fiL overflow user.
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Call Termination with Overflow VLR
(1/2)

A\

106

Y[ VLR 2 overflow, =':Z & ul fiL overflow user.
«t| ] PSTN user ﬁ'%li7%;ﬁﬁ§ﬁ ul, i B”ﬁff JE% HLR 383 VLR 272 7%) ul fiuey
IO
Solution:
Step 1: Location query
*Step 1.1: Call party }“Tfﬁ'}, ul, | @HF,@HEL“E‘EU GMSC.
*Step 1.2: GMSCf{fil uL “* fiif ng‘ﬁ:u HLR.
-Step 1.3:HLR ® )ﬁﬁlﬂ * 45 ul 7 VLR 1 =12 e%g], (ELRL HLR {758

Z41 ul user proflle [ff 7+ location query &:=%[ VLR 2, 535 ul pui PF'
EW‘?]‘“
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Call Termination with Overflow VLR
(2/2)

107

«Step 2: location response
*Step 2.1:
I LPfE\ﬂJ‘ VLR 2 is not full, fI[J£% ul # =~ record.
Y1 L#‘fﬁ\ﬂjf VLR 2 is full, f[J%%, fj’ ud3 JV ik, £, u} # = record,
“Overflow Registration Operation” HT#'F'? g .
VLR 2 [’Eil[pl routable address.
+Step 2.2: HLR [#i[p! routable address. & u3 #L2v -, rﬁ’ﬁ’ﬁﬁz’%’%*.

«Step 2.3: Switch {AElroutable address & %[ ul f7: MSC [V fifpv
trunk.

*Step 2.4: MSC page ul. 35 call path g =
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Section 6.8
B3

Summary
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Summary

SR f’fﬂ%GSM,J sé.@ﬂﬁdﬁ trpe
2 GSMB dif (11 5 & Rl & B 6 ]

‘9‘ £
—@s%‘zﬂ_a&f% R e SIM

nytime - anywheremﬁ %%‘?v °
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Homework
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