
2.1 nriinii 
~ ~ ~ n ~ l ~ ~ ~ ~ d L ~ ~ ~ ~ & y l l ~ ~ ~ R ~ ~ l ~  ldu d L O ( 1 &  (GSM), 

m W 4 d u r o  (NA-TDMA), d G $ u t a  (CDMA), &% (PDC) V i q m u ' c ~ ( h q 7 n  
r l  II m ~ ~ t f l s m n r 0 s u s i i u u y ~ ~ a ~ n  ~ u m u u u u o u l ~ o n  nl71$1halwrl~ (Multiple 

Accsss) u n b i f i m r a w ~ t n ~ m w ~  (hqency-division-multiple-access, FDMA) d ? u m I m M  
l II rnamnrm~a&yY~~mos  nmb&~R?mij0~a1~ud~l&uoiilLhmuyYb rdw n15 

A r$ lhn iunnmumlm (FDMA) n m h h e l m ~ J l ? a l  (time-division-multiple-access, 

TDMA) n m b h a l u m m ~ n m ~ " ( 1  (axle-division-multiple-access, CDMA) \ u d q % n i n f f J  

d t D ~ &  (Global System for Mobile, GSM) 1 9 ~ d ~ l u 7 9 l & ~ l d  &&~0i5 1982 
t l  . ~ u i i ? ' m ~ n ~ ~ ~ w o ~ ~ ~ ~ ~ n ~ m d ~ ~ ~ ~ u y ~ ~ ~ m a a ~ ~ ~ ~ u ~ ~ ' I x l  (m 

mrmmi7nlr b%%k ) L L f c d W d o ~  integrated senrice digital network ( ISDN ) 

%ni- . f imoah.1 ~~'lii&w & ~ i o ~ l m  GSM i i r i h ~ ~ ~ o ~ ~ u w i v r a 1 u  

2.2 1snrrki~ae~.r.~trar(du 
~ n ~ l u b ~ 7 u 3 ~ u u d o ~ 7 ~ ~ l ~ h  ldu (mobile station, MS), d n r ~ n l i y u  

(base station subsystem, BSS), h~#~uu~t . rpr f f lu  (network & switching subsystem, NSS), 

u~:dmWmni7 (operation subsystem, OSS) && 2.1 

Control flow 

User data flow 



nt% .I n (ISO) U O W ~ ~ W I ~ ? ~ !  u r n s  u0d0 f~tnttpv ~ s 9  IM% 
" 

ron (wemu!) nqpiurum 2.2 ~ 1 9  , ~ L U ~ W ~ U L ~  q 3 d s  wwp~uwonyr ,. n 

zm B-WOU ' B ~ I U L L U L ~ ~ W  " (nw 3pn uopdepe ere1 1 ~ e p s r r e n  pu~buon rprv,lu@ r 7 " 
SLE n b n ~ u ~ ~ ~ w ~  (3sa 'lenonuw uopw a m )  n L 6 p u B ~ b w ?  .Z 2m p~nor)~i,uhy?u~l r 

p r n p v L r ~ ! y ~ ~  (wepau~  ' o!peH) ~ ~ u i o t ~ ~ u 1 , ~ ~ ~ o ~ n i p h t u ~ ~ ~ ~ ~  

(sLa  ow I ~ A I ~ S U B J I  9-1 ~ L ~ ~ u L I  .I n y n o q  (SSE) nJ1"mp E'ZZ 



1. w u ~ m h ?  (Mabile service switching center. MSC) ~ Y 1 d W X l q ~  BSC 
" 

uR::'MJY QSM &N@I 

2. dw6invioiiugrlmnin1uwan (Interworking function. NVF) 19~rl?un"2a'fh~jinj7 
r: n~moiarmiugmr~a~n~m~ai i i r~mntnuu0n (Gateway MSC, GMSC) m a u l  ~h 

PSTN, PSPDN, CSPDN 

3. fMialjmGn (Home location register, HLR) r g w h u l ~ a ~ a ~ i i ~ ~ n ~ ~ ~ r n ~ f w n '  
A Ju r r ' J  m$au$ n&diu~no~~mifrm~namnmu u o ~ ~ d ~ i u ~ s i ~ ~ r n h ~ n a a u n a ~ ~ u n ~ \ ~ ~ u  

d?u!hnwi~- HLR 40 1) $rnni6~nid~ulhml~aa~~~~a'alja (authentication 

center. AUC) ~ m r ~ w ' a ~ ~ r ~ t n i i i r n 1 m n ~ ~ w ~ m ~ r n ~ a u ~ 1 o ~ l u ~ l z j  z)  @ n d  
J Y wnpawnnwrirtnmlfI%tunm haE (EQuipment identity regisrer, Em) r4ud?unLmraaya~DJ 

User data Row R 





r i  
2.3 uuuGaea ost ae~mIm~mrclaaud 

OSI (Open System Interconnection) uri~oon~h 5 h 2.5 

Operator . . . User 

I Transmission . . I. 

r i i.. 
I. n ~ k < a r ; l a  (transmission. TX) ri1~u'id~~mn?.loio~i.1Insh~namnm 

unlipu 

2. n?%mnl36~ Radio (radio resource management) RR) lh&41d7~VlfladlM% 
v i a  

radio interface ~ ~ ~ ~ ~ ~ ~ l n ~ m ~ r d o A ~ ~ ~ s ~ h u n ' ~ n d ~ ~ A h h d n f i ~ ~ ~ ~ ~  MU'I~V~N~I~ 
m~~q:riiu?tiaa-~uiud 

i II .I v i v  
3. n~mnis~iu7ii~nisrn~oun (mobility management, MM) m 9 m n n l i u ? h  

Y Y r i  A 
<a'oy~viw7 t ? ~ ~ r n o u n n m ~ 1 ~ f i w d a ~ m h ~ n ~ ~ 1 m a ~ ~  

A  
4. ni~mn~s~ntnhnndoms (communication management. CM) T~N~~uLLR:: 

" A ,  
~XR-IU lmu~~wi~umuTm%h:~~u?<o~&< &hinvnq&viaI& 

- nwqslnisiitlnviw~ L$U bui.6mjilnisiiu1-1 5winisiiunu~~A~mnisiiun 

- 5mn-1s~&~?-nis~~u8u~ L$U nixlsq~n~lns%PNvi nislau~c-~u nisiiunmu 

#nu lhh 
- ~ ? n i s ~ a n a i ~  ( short message senrice. SMS) 2 4 ~ 6 % ~  +a 

1) ~nshrrndaui~tian?lu (Mobile - orjginating short message) 
r i i ~ u  

2) ~n~h~nRounman?w (Mobile - terminating short message) 



5, nlsquR$or)usluwmr)~d~u'I~~ (administration & maintenance, OAM) Y]n 

d ~ u \ ~ ~ ~ ~ r o a ~ ~ r n i ~ ~ ~ ~ ? a ' a ~ ~ 6  

2.4 n d i d 4 G a ' ~ ) ? ~  

dw ( s h  iqryiwuinon 4 HZ Onrd~uur3u#~ikiwG8ma~ M kbps ~ ~ ~ u h r 1 7 . r  

am~mnisAa'oynr~~% 13 bps riau&~inimopmm (modulate) i i\M'ni~~3n~i~1~wl~dnm% 

h~'mmr)lr& 8qryindwGf mon (digital speech) 13 
1. Regular pulse excitation (RPE) lhn7~%4 impulse r.oise u W U & J ~ ~ & L N  

2. Linear prediction coding (LeC) % ~ L w o % ~ Q : \ ~  260 2 6 0 ~  \U 1 ~ V h l  ( 20 ms ) fi 
2 h n  Wo continuous ( normal mode ) Ua: discontinuous transmission (Dm 

\ - * A m  DTX 9:\+ voice activity device WAD) ~unms?o% (detect) 1Vt.d 
n i d 8 t y r y d m ~ n i s ~ ~ ~ ~ m ~ a ' i l d  &giiiu8an&mo4 VAD 

%mu  am setvice) aw-imkl&@4d&n 9,600 bps ! 2 hm ;€I h n  transparent 

(T) u:bVt nontrawparent (NT) h~i~idl automatic repeat request (ARQ) l h n ~ o p  

&1ddau76lhbi! acknowledge i i d a l o n ~  

1. T h n  ijgmnish 3 Emn t o  2400 , 4600 urn: 9800 bps uRsdo\i&nmwiim 

v i ~ l u & a  ~do'mnndrviiiiu 3.6 , 6.0 ,12.0 b p s  onudiGiu 

2. NT hm f i o l n n i ~ u i m ~ r i l i i u  12 kbps ( 6 kbps \U Half rate channel ) hn 
6~:finirriiol~afi01wa7nu'aunii ~rdoidmayn (throughput) iiCatlndi6w a'aya~:~i~u&rhu4n~nm 

(packet) ~mdudnsu~nrnollj MX) Sol u~:dari~rniu~llti3 ~:fiu$nmma: 240 Om 

&I 2.6 u~tmni3d~a'oya TAF ( terminal adapting funchon ) hY&i'wn 

ni'~d~\M'rn~i:m 

1. End - to - end lhsdd~tumu 

2. TAF to IWF r f i un i~ i iuh . rh ‘ rndd  

3. OSM radio transmission i r r j n l ~ ~ ~ ~ n d a u n ~ ~ k 8 ~ r y ~ ~ ~ w I u a ~ n i ~  



Level 1 - 
Level 2 - 

Generic GSM 

Level 3 - 

& 2.7 uflmnnoim PSPN fh ISDN URYW GSM iiu ISDN MD-& 

6Dd rate-adapted (RA) box r d o ~ 8 m n l d a & u r j ~ l ~  ISDN 64 kbpshdQJ(LJ1~ 

6lJmJU GSM 13 ~!J~s/~@J~(LJ?&OO~ 

Personal 
Computer 

Personal 
Computer 

(a) 

& 2.7 nls~d~uI~~a~ds,w ISDN rii)s~&~ 

(n) & h . n . ~  PSTN %gihlm ISDN 

(a) Gji67m.n~ GSM iiyy'ihmu ISDN 



n M a W a  (Modulatlm) L& Gaussian minimum - shift keying (GMSK) &wtii16 
6- 6 1 1  Y k l l~smao~dldn& (spectrum bandwidth) ImYd4 GSM carrier channel unmou 

BT = 0.3 B 60 U U U ~ & O . ~ ~ ~ ~ ~ ~ [ U I U ~ ~ U U W ~  (baseband bandwidth) 1iT 60 o'mnnnfk 

8~ndcyltU B = 1iT x 0.3 = 270 bps x 0.3 = 81 KHz ~mmninloglam (modulation rate) 

904 OSM canier channel = 270 kbps 

~wfi%~aoade~aqtqpar 

uhoonrhdo~~ryryinmi~niun7~ (Physical Channel) u~do48ryryltUn~@YYtl (Logical 

Channel) 

doai/~armdmunm i iun'6noff l4into4#ry~ltU~n ( traffic channel) ulhlihr 3 
Ih:m 

I. rn I F ( FUI~ rate ) A i ' ( ~ 1 ~ w ~ ~ k ~ B w n  13 mps A i l r y y ~ ~ ~ m w h u ~ s m  

12, 6, 3.6 kbps 

2. TCH I H ( Half rate ) d~8ryryidu~r3i?uEmn 7 kbps Eid8ryryinr$an?iuku6mn 6, 

3.6 kbps 

3. TCH / 8 ( 118 rate ) d ~ ~ ~ ~ i t ~ $ a ~ ~ ~ t l ~ o m ~ l  

doodgcpar4au (common C h n e U  u n ~ ~ h n ~ k ~ ~ a u i i u ~ u ~ d a m  ( 51 x 8 

BPS ) 44  i BP ( burst period ) = 0.577 rns 

do~8QJndryltUhualfM (Downlink Common Channel) 5 h u m  
1.. Frequency correction channel (FCCH) il:gndqn~ 51 x 8 BPS ~ & h % l > ~ m i o w d  

~m~ni~1a'n~irr~Iri '~nm'o~ 

2. Synchronous channel (SCH) ~n thm i~64  FCCH In7 8 BPS 

3. Broadcast control channel (BCCH) ~ U U L ~ R : L ~ R F ~ ~ ~ ' ~ J $ O ~ A ~ ~ ~ L ~ U ? ~ ~ Y L ~ R A  UR: 

~ ~ h * ~ n ~ o u d ~ ~ I ~ u n ~ " t j j ; n i ~ i i u n  



4. Paging & access grant channel (PACICH) l+doTmh'rni&ni~riun~% Access 

Grant Channel 9:&~~791nmdp L L R ~ ~ F I % I ~ ~ ~ # ~ Q ! ~ N ~ M '  &~tlYWnUll~¶Vl 

Wnniiun 

5. Call broadcast channel (CBCH) 9qndqn7 2 ?u#i ~ ~ ~ o i n : : r ~ n ~ d ~ 4 ~ m ~ l n i m r d u  

aM%ihmion 

Tmi&irnimrf;9ai FCCH burst mi SCH burst dnnui;~~vriiut4onn 
< A  A B~ln'1Iu4i ~ ~ ~ u l m h r n ~ m r v m ~  BCCH unaiin~donrm&~~ul~,nu 

x dm#yrpwi?ua7~u (Uplink Common Channel) 40 Random access control 
r 1 A d  

channel (RACH) ~do~#rbl ty i~~~mh~nnmrn~~onl~o~+imoioknl~i iun &do4 2 h l 6 0  

1. FIACH I F full rate 1 h ~ ? n i  (Time Slot) v]n7 8 BPS 

2. FIACH /H half rate fi 23 h~?niv]n7 51*8 BPS 

8 BPS lhk 1 ~ ~ ~ ~ f l & l ~ l ? ~ l  4.616 ms 

d~ikpp&fI~claCd (SIQXWUB channru ~~MEhl#rbltyirubuunihm&~n i h 
%rpnmiunm ~oldrnosdn~#~rprun~rn~b~d L ~ U W  2 n14 &I && (uplink) 

l m ~ l n 4  (down link) 

1. Slow associated control channel (SACCH) ~ h ~ f h # ~ [ b l l N b ~ ~ ~ ~ ~ u f i ~ ~ ~ ~ i ( y  

m u n r m " t r ~ r - j , ~  ~ B ~ ~ L Q W ~ & R ~ ~ ~ ~ U ~ ~ L U ~ U & L ~ ~ ~ ~ ' I I  TCH/8 dni 

TCH~F w9:hlM' SACCH l ~ u " u 4 o n u  TCH un:: SACCH Sundl TACWF SACCH 

9::% 1 h r ? m l  (0.677 ms) lu~jfq 26 LAW (4.615 ms ' 26) & 2.8 M W ~ ( I ' I ~ ~ ! ~ ~ J  

TACWF 

T-TCH 
S - SACCH 



2. Fast associated control channel (FACCH) \#h%nTsd~#u~ituuaum'To~?oi (handover 

signalling) n m n s u w h M ~ n d m r u m  L Q U ~  
3. Stand-alone dedicated control channel (SDCCH) ~ a ' ~ l n x W U n l ~ l ¶ m ~ n T s f i ~ n  

?:h?#rdonirt%~n f i i~d&nnird~+oy a i l  iiU6nl$ TCHI8 

Voice I data channel u ~ R & ~ ~ L ? R ~ ~ M  ~ D J I I ~ Q ~ ~ U ~ W  (voice channel) fi 260 

uion donrriiuiim & q ~ s : ~ d i h  316 Omhlion do~&!qlryiau$oya (data channei) d 
120 n% 240 hmion 

channel m o b  ~ i $ J ~ l ~ d i ~ ~ l + ~ i ~ i ? t ~ ' a n 7 ~  ~ U ~ * L ~ . I U ~ R : C I U ^ ~ ' ~ ~ ~  KH LQU 
aa~k~o~mnool~~ai i~ j i  2 b 60 
1. 'TI~BI Dedicated 13 TCH lu&~nmjUn SACCH hrn*rnmdiu&~TrnM 

A i Lnnmrn (Imtion update) 
< J  

2. hm Idle vmtrik h & d n i r n  & d 7 \ d ~ 1 ~ ~ 1 n a o u & ~ ~ 0 ~ ~ ~ ~ 1 ~ ~ ~ 1  
i J  

(common downlink channel) wl# SDCCH uonoiiu~llsaw'I~~~h~~nd~~n L W O ~  
r A  J  ~ i T ~ ~ n ~ m r n a f l u & p l n u  

2.6 n n r h i l ~ u m a i m i ~  

m u  GSM ~ h n i h : d w h d i d  FDMA I% TDMA ijd7u?un'm~qjodcyiruhnun~vhI% 
i Y 

124 ~uuvi~~4~~vlruiruUu&nn'~mriY 200 kHz Mlumtm (uplink) 60 890 - 915 MHz miu i  
2 Y m n ~  (davnlink) ~ i a  935 - 960 M H ~  n u u ~ ' ~ Z # n ~ i ~ i ~ v i i ~  50 MHZ n~~~r r )nmunam a#i4 

I% 45 MHZ lu i da~#qlrymrpnuhoonrh 8 jDJ~?ai fiumi 1 L Y ~ U  I ~ ~ J u o ~ R : L ~ : ~ Z L ~ R ~  
4.615 ms {GU 1 h\ll?~l 1 BP (Burst Period) l d l h  0.577 ms 

Y ~ i l w d m m  (rim de~ey) mri-t~&a~ w i ~ ~ ~ & ~ ? a - m m s q n  
r J  ~ ~ I ~ o ~ ~ u i ~ ~ ~ ~ a i n ~ a i ~ o ~  3 +OJL?R~ L ~ ~ ~ ? ~ ~ ~ L ~ R M ~ ~ u o ~ : M ~ ~ ~ I u L ~ u J  

~ o ~ Q r y i ~ h U ~ ~ % ~ ~ ~ ? ~ 1 ~ ~ u ? h  uonslni; hifimnnudlk (delay) ~ u m ~ ~ n i 7 d ~ ~ o y n  
r i i~ ~ m h ~ n a o u n n u f l n ~ ~ u  ~kd?inr?n propagation delay ~ o i ~ p s t r i i n ~ ~ ~ ~ w ? [ u ~ i ~ ? a i d ? s n u ' ~  

A r  i i v  
(time advance) ~ 4 l ~ 5 : r J : ~ ? ~ l ~ h 7 h ~ n ~ ~ ~ n ~ 0 ~ ~ ~ 0 ~ ~ 0 0 n ~ l ~ ~  1ra:ji guard time ~doiln4 

hnir;iunmurmo~ia~~~aiWnwaim 



Y 
Rqmacy Hopping ~ U ~ ~ Z I Y ~ ~ O U ~ U  Frequency hopping 9zfimaddl7 &l~Lh 

bithop bh1h-m 1,200 bit/hop (217 hopls d&l3llll7k 270 kbps) h8Q~!lNj?~ 
(common channel) %Wh Frequency hopping ? : ~ D ~ D J ~ ~ M ~ u ~ L ~ u L v ~ ~ ~ u  

&si~~ea i&r~?rn  
\ & R & d  8 ioJ~7n ( TNO - TN7 ) TNl - TN7 $I4 TACH I F h6l.I TNO \&M% 

vi~nnimhIrtmiun iid7&Iwuvi~,mu & FCCH (I), SCH(I), BCCH (4). PAGCH (a), FCCH 

(I), SCH(l), PAGCH (81, FCCH (11, SCH(l), PAGCH (8). FCCH (I), SCH(1). PAGCH (8), FCCH 

(I), SCH(l), PAGCH (8) 

eunt w -rice ' Ium TDMA n 1 7 k d ' q ~ ~ 1 i ~ ~ ~ ' a ~ 2 u ~ a * ~ y ~  
( burst ) m~\umnu6qp$1 il bit ( 000 ) o ~ c ) r ~ r i i u R ~ r n ~ u a ~ a * a ~ ~ ~ d a $ I 4  guard 

A time d training sequence rwaannmiin intersymbol interference n~n'fu%$ training 

m e m e  &d~[i? uRtiin?oImmi (m) f i r n w m ~ ~ d ~ ~ ~ ~ t p u  ~ ' I ~ q d ~ ~ ~  
A " 

gn6aioJ training sequencs nafluh~?m m&t%irrh midamber d training sequence a f i  
MUn8 ~ s I & u V ~ ~ W ~ ~ J ~ U  

rhrmhaqaeammra'a~n (bunt) . 
I. normal burst ldu TCH 

Flag Rag 

( 3 )  57 1 1 1  28 I 1 1 57 I s 
Tail Infcmatbn T ~ :  lnfonnrrion Tall 

Seawna 

@d 2.9 normal burst \du TCH 

2. access burst ldu RACH 

flag 

Tail Training lnfonnation Tail 
Sequence ' 

ptd 2.10 access burst ldu RACH 



3. F UR: s burst I& FCCH rra:*uullG;jdip 148 i j d L u ~ ~ ~ i 7 1 j l l  o ih1 .1  

F ~ N  pure sine wave , S burst 4 1 ~ ' ) ~  5 burst IWV~RC~W ( 51 x 8 BPS ) '14~ SCH fi~d-14 

rrfl(il~C9ati~ao~ S burst 

Tall Informatbn T*hp lnfannetbn Tall 
sequ- 

$2.11 S burst SCH 

2.7 m~Wo~~q.jq~qllwrnmi.lO~~ivt10 

mr~aailqqxu (-el coding) V ~ . ~ ' L ~ ~ ~ M ~ ~ J ~ ' O ~ R ' L U ~ I ~ * &  nnndda 

fimmah~7 uViWIM'dvqy (throughput) R ~ A J ~ U  'Iud~~~&ilnin+iGuddqlry~~ 4 

rh"m 40 
1. Convolutional codes ( L , k ) 'L%d~tt6 random enor , k W&~U~W 

3 
input block bit . L H U ~ U & ~ ~ U ~ U  output block bit I u ~ L o u & ~ ~  3 &U 

1.1 L / k = 2  ( the one - half rate ) 

1.2 L l k = 3  ( the one - third rate ) 

1.3 L / k = 6  ( the one - sixth rate ) 

2. Fire code ( L , k ) Id'ida detect UR:LL~? single burst error , k nuluh 

dnrmfimw+a'oya , L nuiu&iiu?u coded bit 

8. Parity check code ( I. , k ) L w~u&d7u~ufim~uui/on , k wu&dm?u 

kb'oyfi , L - k ~ ~ 1 0 i h l d l ~ ' ) U  Parity check bit 

4. Concatenation code 13 Convolutional codes rh inner code UR:: Fire code 

rh outer code + a ~ a 4 n i ~ r + i ~ f l u d i i 8 ~ ~ ~ 1 n i ~ d ~ u l n d a ~ ~ ~ y i i y  single coding operator 

nnL~isw'1ilq~nudu~ (speech code) ir~VmnlYrhrtrilt% 13 kbps 8 o i  260 iimlu 20 ms 

~~4nnviini.I~~l~fld~~~ryryillu~h I:i~mnni?dJlrilriy 22.8 kbps gob 456 fimlu 20 ms n?a 

114 bit IU 1 ~ D J L ? R ~  davi1ni.1~6~ overhead bit l+l~~uci? vilI$ TCH &IU-JU 158 bit hvin::jo4 

L?Al ( 0.577 ms ) &l~aJIu@~ 2.12 



m m ~ ~ h ( ~ & M s  ( h t e r ~ ~ a g )  60 n x u ~ i i ~ ~ r i o u & ~ i n n d r  V I ~ M D ~ ~  
Y A 

o m ~ : G n m 7 r r i i m m  rminriin~Anh (fading) ~ & & L ~ D - J  9 ~ 1 % i h ~ 0 7 ~ f i ~ a 7 ~ 1  

d-hhh d i f i m m 7 u f i e m a i h i o v  (burst) w u n ' 7 u i i m ~ i i ~ h ~ ~ i j m l i w I ~  
gn&m&& n r r i n k w ~ & m ~ n ~ r h n ' & I h f i ~ n i ~ a ~ ~ i  (delay) 

~ u ~ l u n l f i 7 8 w m m ~ 1 9 u & 2  

1. Four full burst U ~ J  456 c m ~ h  4 fbu nrvia:d?urh 1 burst &U @rLy~ir?la' 

L7A7 4.615 ms x 4 = 18.46 ms 

2. Eight half burst u ~ k  456 %ih 8 4% lL~is:d?uih 112 burst 64~ @ud$ 

~ q a i  4.615 ms x 8 = 36.92 ms lnu 4 dmoyZu burst riuvibriou~ii76 rta:6n 4 ~ ' I u o ~ ~  burst 

rflvl&ilnri 
n i ~ ~ ~ ~ ~ a % ~ 1 n u i : d n r ~ ~ n 1 s d ~ f i r y y ( w a ' o ~  ~ p i b ~ n ~ l : d ~ n 1 3 ~ f i r y r y 1 [ ~  

dw r m r # r y r y i d u a 6 a ~ $ q ~ f l ~ " m ~ ~ y ~  real time 

n'i'tjfinifi7krmo%fi~~~~::b$ overhead bit &mni7k%o~ speech channel ~nih 

22.8 kbps, 114 i i m / j e J ~ ? ~ l  uaz 456 Om14 +DJL?R~ 



2.8 nmWannoinr Radio (MO Resource magement, RR) 

i i o j  3 d h ~ n  n i ~ ~ r ~ m o i ~ u ~ w T ~ ' ~ n i a u d  (location) , n i ~ i r ? o i  
(handover) w:: n i d ~ a ~  (roaming) dl&~ RR 6aioJai~u~rl~~mTmno~~uni5~da~o&iioJ 

l w ~ ~ r n ~ a u d i i y l n ~ ~ d i u  

 in^ pmtocol u~iioJoonri3u 3 ~ ~ ~ ~ 1 r m ~ m i ~ a ~ ~ ~ r i ~ d 1 0 ~ m i f w n '  (MsC) 

1. Radio link protocol (RLP) ay?ud?u Radio Link C/fiudl link access protocol on the D 

channel modified (LAPh)  

2. LAPD 6% Link Access Protocal (LAP) h w i ~ ~ l n d m # ~ ~ 7 N  D fuhrhu ISDN 

3. Message transfer part (MTP) h~l~no~$~&#rywlNa~~R%I~T~&a' 
&uuRhlulm 7 (SS7) 

&n-rtdoymad I ~ L P  rhk 22.8 kbps d?u~rls~wnaa~ufa'5m 64 kbps 

MAP iio nfju~TmTmnan $ ~ o r i i ~ ~ ~ u T ~ ' ~ c h ~ d i ~ ~ i ~ ~ I u T ~ u ~ ~ ~ '  

V ~ U  W?q~iYd W/X , x i\O B , c , D , ... &MW~U$#I 2.13 

1. w/B p r o t w ~  miw BSC & relay MSC 

2. MAPIC protocol &l4 GMSC fh HLR 

3. IIIAPD protocol & J  MSCNLR HLR 

4 m/E protocol &N MSC ii~ MSc 



zs -cnmr~u?riunnrns'oud (MOIJIII~~ Management, MM) 

1 a ' ~ m m d i u ~ o J T m i f v r n ' ~ n d a u d  (location) , ni~umr&r?oi (handover) M:: 

n i s h k  (roaming) 

d a d ~ s l d ~ u  &ocath updste mnagament) ~ u n m l 7 & a n  PLMN 

(Public Land Mobile Network) MM ~ m m i m f i u ~ Q J ~ L Q J r i a U  n ' d u k m u l m 1 6  

1 3  ~ u n m i  PLMN aoJ@iii3nimuiu ~~d7mrnrndonrii~~(il'I~n'1~diu?'(ilni3~0~ 

(automatic mode) & ~ ~ ~ @ I L w  (manual mode) fl6 

r i d  Y nrrriianreni (cell selecum) nn~onra~mnnq(il mojk 3 M u  

I. ~ ~ o J ~ ~ g r r y ~ h I & ~ I m ~ C ~ n d m c d  

2. diri7rijaJqm'Iun&~T~m'~ndrmd acii~cire7li14 26 - 43 dBm 

3. dm~mirrmoi pl  . p2 &&uisinr~aA' Eumi CI criterion 

okn- (algorithm) 'IunnionrmR' && 
1. SIM 6QJr(0(il'Iu ME 

A 
2. CI a o ~ ~ ~ a & 6 i r n q m ~ n 6 o n  , CI 6~u7nn-h o 
3. rmi6i0~r(i~irnl4u%~~16 

nnmuaournu~n6a~~a~iayn (Authentication) :a nido~n'urU1r;ifi01n1na'~%qin 

n i o u o m  

r~r(u3n %r( PIN ( Personal identification number ) i r I i & ~ o J i i U  SIM , PIN 
~3::~nm~r(ouT(ilu SIM 4~ SIM q r h i ~ n h ~ n k r n ~  

LA&~(OJ h ~ m m d r ~ f l & u &  Random number 128 Grn 'ldtkh%d 

mi'Rmcd w-nuiiwnnirrmoi Ki lu A3 algorithm ~llM"\6 32 bit SRES ( signal result ) ? i ~ u  

h5adLni'Ro~$dJ SRES n h I b ~ I n 3 ~ i i u  ~ ~ ~ r i 1 h ~ ~ ~ ~ ~ t ~ ~ j i r n ~ ~ r i u ~ i o ' I r j  &$d 2.14 



-----------------. 
I I 
I 
I 
I 
I 
I 
I 
I I 
I I 
I I 
I I 
I I 
I I 
I I I 
I I I I 
I I I I 
I I I I 
I I 
I I 
1 1 
I SRES 
1 -----------------I 

Equal? 

MS ~e&rk 

~u&I&I%I ( b q p d a ~ ~ )  ~ h n i ] ~ h 7 ~ &  ~kinwiimdi Kc &f6i~9ln RAND 

% Ki ~ I U C ~ M  algorithm A8 9l$u lh Kc % Erame number h ciphering algorithm A5 &9r 

16 S2 (114 Om) md1 S2 u l i l  executive-or iiu plain text 114 58 k m o u o i h l 7 ~ ~ &  2.15 

Frame number 
(22 bits) 

1 Kc (64 bits) 

Plain 
ten 

Frame number 
(22 bits) . , 

I Kc (64 bits) 

Plain 
led. 

a 1 Plain r 1 - , Plain 
ten Deciphering Clphedng text 

MS BTS 



A 
2.10 ~ a m n u ? r i u m ~ ~ r m  ~communicatlon management, CM) 

CM L~u&~~lm&h~ L l h i  dw. &+la Lh6U hfJw'lUVlNk4 RR && MM 64 
2 um~hqdn 2.16 dhe~ cM t o  knmnuqunm%n (call control) n?Smn-17 (service 

management) ~~~ ,win i~dGaf i? iu  (short message service) 

Trans. 
MS BTS BSC MSC/ 

VLR 

I 

- - - - 

n~.rcnuqum&un ~ ~ d r ¶ m a n n r i o n  g ~ n ~ ~ I h ~ s n a < i ~ ~ ~  u~daonldams 
# A" iiun dojnniiun&iu w i u ~ d ~ ~ ~ I y l f h ~ n a ~ i n m a ~ ~ n ~ ~ a ' i u i I u ~ m  ~tiu MSASDN, 

MSRN (MS roaming number) , IMSI (International Mobile Subscriber Identity) 4 2.17 W ~ J  

ni~iiunniutu~h.c~wfi d ~ &  2.10 uimn-nriurmwii&~nfi 

1 
GMSC 

HLR 



Di-p number  outing 

number 
MSC 

Directory C S C ~  MR I 
number number 

umd'Te~m4 oknoiGulun7ni?urmm'lo~~oi lul&rimumli~4wrirmgnr ueiii 
r i  J E ? w r h u u u  mobile assistanca handover ( MAHO ) ;a ~ m ~ m n a u m : m s n l  radio 

carrier iw%dbm~u~?~crq/ryoc (signal strength) 'lw 1 time frame o?n&& 

nnnnimnR'~~rlk~nlir;gnrp ~ d a ~ 3 ~ h B a ~ n n 1 ~ u a u ~ a i ~ o i  p u i u ~ m & d 3  2 i ls~urda~mhi i  

s:inimiiciluau&~~ai Miodd 6-d 
I. x & i ~ n ~ i u u . r ~ ~ r y i ~ ~ ~ ~ d u ~ ~ ~ l n ~ ~ n d a ~ ~ l ~ ~ n i G ~ u u ' i ~ ~ ~ u ~  

2. x&i~n~iu~~~#ry~i~~dm~~uniG~i~~~u~~l~n'~~hvn'~n~md 
dm%nu~rdumni~umr~a~?a~u?&~(~ududiuim~~~u I11 



m r ~ " ( ~ t ~ ~ ~ ~ % ~ r r k u  (~upplematarp sentice Management, SSM) MU~U& niSmn11 
~ t n r i u y ' i n i ~ d ~ ~  rdu ni~iiunmdau ni~laui=~iu rh& qudjnnin~'mi~tf i  (SSM 

service center, SSM-SC) m m d a & ' I n d d ~ ~ i m n i ~ m l W  

n M & d . l d a m u  (shmt Masage Sentice) mitai=Id~~:viaiiYpSuini'~d~ 
$amw (short message service center) fd48wtycy~idn~W64 ?:I+ digital audio tone 

multifrequency (DTMF) ~dacrm~~&chna'~~nW (voice mailbox) L ~ & V I E & U ~ O I ~ W ~ ~  

(answering machine) r h &  

z m  nno'ani~hhu ( ~ e m r k  management, NIUI 
. + A ,  " 

h u r n v l ~ ~  6.54 

1. < a n d ~ n h ~ 0 ~ { ~ $ 1  (SubScribBr management) 

2. n ~ u ~ n m ' n u W ~ B  (Billing & Accounting) 

3. n-sinn 

3.1 LdaI- 9 "  .i omqm 

3.2 m f i m l s v i ~ ~ m u ~ & ~ ~ l t ~ \ ~ a u l i l ~ i i d n i  

4. n ~ f i ~ " f i 9 ~ ~  ME &mi MEI (International Mobiie Equipment ldenbty) 

15 8 O I  ~ n 0 ~ 6 9 L l  type approval code (TAC) + final assembly code (FAC) + serial number 

&~hl$i EIR 

5. ~ m n m d o m i u ~ w ~ ~ 1 ' 1 ~ d 7 u  1mujJTr)rbnoa 03 Y ~ ~ M ~ ' & F I ~ Y ~ ~ ' I ~ & J ~ o I w ~ I  
& ~ r ~ ~ n ~ u o u c l ? i u i j ~ 1 w ~ i w ~ o ~ ~  . 
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