
B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



Mobile Radio N etworks 
Networking and Protocols 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



To 

Antonie, 
Thomas and Christoph 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



Mobile Radio Networks 
Networking and Protocols 

Bernhard H. Walke 
Rheinisch- Westfà/ische Technische Hochschule, Aachen, GennanJ' 

JOHN WILEY & SONS, LTD 
Chichester • New York • Weinheim • Brisbane • Singapore • Toronto 

.~~ 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



Firsl pUb!J5hcd undcr the tille Mübllfun"nctzc und ihre PlOtokolk. Band 1 Lino ::: 
1', 13. G. TCllhoçJ' Vcr]ag, Stuttgart 199~ 

Cûpynght ( 1999 hy John Wdcy & Som Ud, 
Baffinè. Lane. Chichester, 
\Vest SU""X PO 19 1 UD, England 

IV({{iut/al 012'43 779777 
!mcrtlulioflul (+44) 1243779777 
c~mail j !()t" ordcrs and CU""!t~lner st;rvi<.;c t.:nquÎrics); ;;:),-books(a wlley. .. ',{),uk 
Vbl1 nu!' Home Page on http:-"/wv ... w.wilcy.co.uk 

Of 

bHpJ/v. \l, w. \vik.'y.com 

Reprmtcd E:bruary 2000 

AU rights rcservcJ. ~ü part of this publication ma)' he repmduœd -;ton:J in d rctricval ~ystcfr:, or transl11iucd 
in any tûrm or by cny inCà!i:>:. dectronÎt\ mcchameaL photocopymg. rccmding. scanning or othcnvisc, cxccpt 
llndcr the terms of the Copynght. Uesigni> imu Patent:. Ad 1988 or undcr the tenTIS of a liccnCl' !ssul'd by the 
Copyright Licenslng t\gcncy, 90 Tottenham Court Road LonJon \Vi P 9HE, UK. \vîthout rhç pènnl~sion 111 
writing of the Publbhcr. \vnh the exception of any material :-.upplicd spc..:ifically for the purposc ofbcir.g entt'J'èd 
and executcd on a computer "ystem, for c'\l.:ltlsiv",~ use hy !hc pllrcha~er of the publiciilOIl 

Ollwr WlIel' Editorial U/!ÙV\ 

JOhll Wiley & SOllS, Ine", 60S ThlnJ /\\cnuc, 
Ne", York. '-;Y 10158·0012. USA 

\VILlY· VCH (imhH. Pappelallce ). 
D-fl9469 \VcÎnhcim. Gamauy 

13risb.1Tlc • Singaporc • forolîln 

Library olCongress CataloKù,!:-ill-PublicatùJII Data 

Walkc. Rcrnhard 

lMohJ\funknetLè uno ihn: Pmlokolk, Ixmd J anti 2, Englbh] 
r'v1obi!c radio nctwurb Lkrnhmd fi. Walke. 

p. cm 
Tram.latinn (ll: ~vlobilrut1kn~tLè U:Hj ilm:; Prùiokolk hand 1 and 2. 
Indudcs bJbliographiçal rctCr':HC"-'''; and ;ndcx. 
fSR\.' (] 47 J 975<.)5 ?; {alk. papen 
.. Win.:Ic;;~ communicat:on sy\t;.'m:.. ') Mohile t:ommum ... ·aUon 

system ... 3. Global "ystcrn Jor ll10bik: COl1linUI1IC,-Hio!b 1. Ti!h:" 
rK5103.::: W3513 :99Y 

dc21 

British Library Catalüguing in Publication Dtltt1 

9x 50609 
(Ir 

,A, catalogue rç.:onl for thL., hnok 1:" aytlllablt' /fom tb..:: Bnll~h Uhrary 

lYre~t't in l'rom PostScript files suppltco b} the authllL 
Pnntcd ant! hour:d În Great Bntain h) Biddlc:. Ltd, \\'\\"A biJdles.cu.uk 
l'hi:-; bO{lh. is printcd on açid-t'rcc papcr rcspunslbly Illanufal.:tured t'rom sll .... tainabk j()rlv'slt). lE Wnll.:f1 a~ ka:;.! t\ ... o 
trcc:- :tn: pLm:cd t'àr cadI one LlSCO ft)r parer production. 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



Contents 

Preface XVII 

1 rntroduction 
l.l Existing and New Networks and Services. 

1.1.1 GSM/DCS 1800 System 
1.1.2 DECT 
1.1.3 Radio Networks as a 1,0 t.he Local Loop 
1.1.4 Wireless Local Arca Networks (IEEE 802.11 WLAN, 

\'Ilireless LAN. ETSI/HJPERLAN/1) . 
1.1.5 Wlreless Networks for ProC('ss Control 
1.1.6 Universal Mobile Telecommunications System UMTS 
1.1. ï Wirel(Oss Broadband 
1.1.8 :l'lobile Satellite Radio 

1 
6 
6 
9 

12 

12 
13 
1:3 
14 
14 

1.1.9 Universal Personall\lobility 17 
1.2 Systems with Intelligent. Ant.mmas 17 
1.3 Mobile Radio \Vit.h Dynamic Channel Allocation 19 
1.4 Other Aspects. 19 

1.4.1 Self-Organizing 4th-Generation Systems 19 
1.4.2 Electromagnetic Envirollmental Compatibility 21 

1.5 Historieal Dt'vdopmt'nt 21 

2 System Aspects 27 
LI Fundamentals of Radio Transmission 

2.1.1 Attt'Illlatioll 
2.1.2 Propagation over Flat Terrain. 
2.1.3 Multipath Fading. 
2.1.4 A Statistical Description of the Transmission Channel 
2.1.5 Reflection ... 
2.1.6 Diffraction 
2.1. 7 RMS Delay Spread 
2.1.8 Shaclowing 
2.1.9 Interference Causcd hy Other 

:~.2 Modcls to Calculate the Radio Field 
2.2.1 Empirical Model, . 
2.2.2 Diffraction Models 
2.2.;; Ray Tracing Techniques 
2.2.4 The Okumura/Hata Model 
2.2.5 Radio Propagation in Microcclls 

')7 
~, 

30 
30 
3.3 
35 
38 
42 
42 
42 
43 
43 
43 
44 
44 
45 
46 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



VI 

:2.:3 CdIaIar 
:2,3,1 CIustN Patte[!ls and Carrier·to·lntnfàcllce Ratio 
2,3,2 C/I Batio alHl [ult'rfen:m'R·ReciudiOll Factor 
2,'),3 Trame Load and Cell Radias 

:2.4 Spdorization and Spectral Effîcicllcy 
2.4.1 Effîcü'l!cy and Traftie CapacH,y 

Content,; 

2.4,2 The Effeet, of Spc!0rizatioll with il GivPIl Clu;;('r SiZl" , 
2.4,3 Em,il'ncy and Trame Cal'adty wirh Sec(urizatioll and 

il \"icll·CllOsCll ClnsU'r SiN 
2.4,4 S(·('tOl'lZatioll with Shaclowillg 

2,5 TI1(' ISO;OSI Hef't'rcncc Model 
2,G Allocatiol! of Radio CI1;ulllds 

",G,1 Fn''III<'lH'y-Divisioll l\lultiplexing, FDM 
",6,2 Time-Di,'isioll :'vlultiplcxing, 'l'DM 
2,6,:3 Code-Division :V!llltiplcxiug, CDM 
2,6.4 CD:v!A Tl'chllique for 2nd-GeJl('ratioll PL:'vI);s 
2,6,5 Spacl',Division Multipkxing, SIn! 
2,6,6 Hybrid '\Icthod, 

2,7 FUlldillllCllt aIs of ErrOl' Protection 
:2,7,1 ErrOl' Protectioll in Radio Channels 
2,7.1 
2,7,3 

27A 
2.7,,J 

Error Detectioll 
Errol' Correction 
Error-Handling .\lelhocls h)' AH Q- l'rot,omls 
Hybricl A RQjFEC :'vletlH)f ls 

2,8 Fundatllent ab of Ralldolll A cccss 
".IU Slottcd·ALOHA ,\cn>ss MCtllOds 
2,8,2 Slotll'd-i\LOHA wit.h Han,:())]) Al'('('s,; Fra!lles Oi 
2,:),:3 "\"ccss Delay wit li Slortl>,k\LO HA lU::! 
2,8,,[ for Colli"ioll H,',;olutl"ll \Vith S-ALOI-L", lOS 

3 GSM System 121 
L'lI 
1 :2~) 

120 
1 :;:; 
1:)0 

1:)7 

\",1 
112 
IH) 
!Hi 

:3.1 The GSM H"CUlnlllt'udatioll 
;),:2 Th" Arehitl,,'tlll'C of Tll<' (;S,\1 

:3,2,\ Fmll'!iullal Stl'llet1lll' of tI:e GSI\I Syst,('lll 
:3:2:2 Intl'rfaces or !lw GSl\! 

:I.:l TI)(> Illtcrface ;J,t Ref,'H'll<'C' l'oint l' ni 
:J,:l.l rvlultiplex Stl'llctll\,(> 
:>:32 Fn'quellev Hoppilli; (Fil) 
:3 ,3.:,\ Logical Channds 
:3:1.+ 
:U.5 
:U,(i 

,337 
:3:3,8 

IIî('rarclly of Frank' Strll('t.urp~ 
C0l11hinations of l,ogkal Ch;-UllH'ls 
Channd COlllbinatiolls of " Ccli Depending 011 Alltid­
pi\(ed Cdl Ut ili:-;aJioll 
Layer 1: Ph\'sic,,1 Tran'llliscioll 
(jS:'! La",'r :2, Data Li!lk 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



Contents 

:\.4 Signalling Protocols in the GSM Data Link Layer. 
3.4.1 Th(l LAPDm Protocol ..... 
3.4.2 Services of the Physical Layer. 
3.4.3 Influence of the Physical Layer on LAPDm 

3.4.4 LAPDm Services 
3.5 The Network Layer in G8:\1 

3.5.1 Connection Establishment 
3.5.2 Servkes of the CC 8ublayer 
:3.5.3 Services of the MM Sublayel' 
3.5.4 Services of t.he RR 8ublayel' . 
3.5.5 Format and Coding of a Layer-3 Message 
3.5.6 Routing of Layer-3 messages 
3.5.7 Primit.ives of the 8ublayers 

3.6 GSM Handover . 
3.6.1 Handover Causes 
3.6.2 GS:V! Re{'omrnendations 
3.6.3 Handover Preparation 
3.6.4 Measurement Reports . 
3.6.5 
3.6.6 
3.6.7 
3.6.3 
36.9 
3610 

Balldover Decision 
Sam pie Algorithm GSM OS.OS . 
Problems in the GS:Vl Bandover Process 
Intra-M8C Handover . 
lntra-MSC Handover Protocol 
lnter-MSC Bandovcr . 

VII 

165 
167 
173 
173 
177 
178 
179 
181 
18.3 
185 
187 
188 
190 
191 
191 
191 
192 
198 
200 
205 
209 
210 
214 
228 

3.7 Location Updatc 229 
3.7.1 Roallling Support. 230 
.3.7.2 Numbering Plan for Roaming 2.31 

.3.8 COflncction Setup . 232 
3.8.1 Mobile-Tenninated Call . . 232 
3.8.2 Ivlobile-Origillated Call . 234 

39 Data Transmission and Rate-Adaptation F\mctions 235 
3.9.1 Rate Adaptation to l'rallie Channel Performance 236 
3.9.2 Rate Adaptation in the Connection BTS/Transcoder to 

an MSC or MSC/IWF 237 
3.9 .. 3 Laycr-2 Relay Function and Radio Link Protocol 237 
3.9.4 Radio-Link Proto col (RLP) 237 

3.10 Sen'ices in the GSM ?vlobile Radio NE'twork 241 
3.10.1 Service Introduction Pha,,,, 242 
3.10.2 Bearer Services. 242 
3.10 . .3 Teleservices 245 
3.1 0.4 Supplementary Services 250 
3.10.5 SuPPOrt for Value-Addé'd Services 250 

3.11 Future Voice and Dat.a Services in GSM 255 
3.11.1 ASCI-Advanced GSM Speech Cali Items 257 
3.11.2 HSCSD--The High-Speed Circuit-Switched Data Service 260 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



vrrr 

:) II.:) GPRS The Gella"l Pad,ct fladjo S,'rvlc" 
.), l ~ lntcrworkill~ Fll1:C\ioE (I\VF) :!'ïtl 

:3. j 2.1 C;"t."KilY t () t hl' 1'1lbEc SwitdH'd Tl.'ll.'phOlH' .\ctwork 2/!l 
:1.1:2.2 Gat('wa~' 10 ISO;\, :2t'U 
:.\.12:3 Gat,'way' t.u ,b' Public Swi!,j,,,d ParkN Data N(,twork :!Sl 

:3.12.4 Gateway t·u dl(' l'llblic Swi!ch('d Data Nt'Iwurk 2,~ 1 
3.12.,) 11l1cr\\'orkillg Funniolls for T,'I"sprv]n's '2~2 

:U:3 SC'curitv A'Ih'cI s :',~c, 

:l.l:l.l Aul h011[i('a(iOIl :!,':l 
:J.l:\.2 Confidl'lltialitv of User alld Sigllal/illg Data :!,~:l 

3,1:3.:\ Confid(']ltia!ü.y of Subscriber Idelltitx 2K4 
:3,1:t4 Th(, Trausport of Seclll'ity·TIelat.od lufonllatioll 

3, l,l Closillg H('lllarb 
:3,15 ETSI/DCS 1800 Digit.al :dobil" Radio Nel work 
:3.l G (~S\1 AblJlcviatiou, awl An'Olè\'!llS 

4 Other Public Mobile Radio Systems 301 
,LI .\itlin{' T"!"phutH' Nct,,'ork for Plll,lie Ail Grounc! COllllll\llli· 

catIon .\DI 
1 l l TFT'S C"lIuJar "'dWOlk 

.j 1.:! Frnpl!'tlcy a:HI TiI:j(' .. l\luJtipkxlllg ChimlH'b 
L 1.:3 \"uicv (lIBI Dafa 'Tn!Il:-:111is:-.ioll ;)U:') 

·l.l..1 FUlldHllli,] Charactpristi('.' ;Hi:) 
,;,[,S Groulld S1",ioll' and F),i"(l'll'li<'," ('Iall :lO,~, 

·1:2 TI".' es Digit)); ('f,llahr Systelll (llSDC') :30·:) 
~,2, l\'cil:licâl Ual" (JII Illt, l'SDC S\',t('lll. :lOG 

1:3 CD.\IA (',,1l1l];1l (i"dio .\('<ouling to l'S·TL\!IS·!J-) :Hii 
L:l,l h!l\\'lld·.tilJk :lU~ 

·.1.:3.2 ]l(·tUl'll··Lillk ;Hl 
1:3,:l G"iw'd \Vith lS·CI." CDI\L\ Svslt':w; :j 1 1 

·11 Thc' Pi"l'sOlHll Digital Cellular Systelll (Poe) of Japan :l!,; 
4..1.1 Tl'c1111ical Data on the l'OC Systf'lll :Hf) 

"tG Cornparison of Sol11(' S(~cond-C;elH'ratioll Cc'l1ular Sy~t()H;S :31-; 

5 Third·Generation Cellular: UMTS 
,) 1 

.J.2 
-" :l 

J. 

C\JTS ({THivcrs,,1 \Johilr' Te!<'ronHllllllinltiollS 
FpU,ITS: nIT 2DIlO 
SC'ly[e," fOl 111\!TS all,1 nIT :200n 
,),;1. j C,tlTit>l' S('n'i~'f'S . 
;),::L2 Td('~('r\·it·(,,-{ 

,),:3,:3 Sllpplf'llh'lltiltT Sen'li,,, 
,),:3.1 \',dw,·..\,ld.'" S"n'i<'c', 
;j.3.·j Sl'lTici' Pliralilet!·rs 
,:l. :1.6 Traffie Lo;\( 1 
Fn'qlH']iCY 

321 
;1:2:1 
J:!G 
l:!ï 

,-ni 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



Cont.e/lts 

5.5 

5.6 

5.7 

Demands on t he Radio Int.erface 
5.5.1 Operating Environment 
5.5.2 Services. 
55.3 Mobility 
5.~.4 Protomb 
Basics of the L\lTS Radio Illterfaœs . 
5.6.1 \Videband CDMA 
LTMTS T'"ITestrial Radio A,cess l\ctwork Logkal Arctütecture . 
5.7.1 Radio Interface Protocol Architecture 
5.7.2 FDD Mode 
.5.73 TDD :\.!odc 

IX 

337 
338 
338 
339 
340 
340 
341 
348 
348 
349 
3.52 

5,7.4 Transport Channels 35.) 
5.7.5 AgreèllHmt Rcachecl on Ul'vlTS Radio In!.('rfarc (DTRA) 

for Thinl-gf'ueration ylobile System 356 
5.8 Handover in UMTS . 357 

5.8.1 !\etwork-Supported Handover . ,338 
.59 Limitations of UMTS ,360 

6 Trunked Mobile Radio and Packet Data Radio 
6.1 The !\IPT 1327 Trnnked :vlobile Radio System 
6.2 \lODACOè\1 

6.3 

6.2.1 Services in the MODACOM Network . 
6.2.2 The l'v[ODACOM Network Structure 
6.2.:3 Technical Data . 
6.2.4 Different COllneclÏon PossihilitiŒ in the MODACOM 

Radio Data :-Jetwork 
6.2.5 Hoaming and Handover 
The TETRA Tnmked Mobile Radio System 
6.3.1 Techllîcal Data on the TETRA Trunked Radio System . 
6.:3.2 Services of the TET RA Trunked Radio System 
6.3.,1 Architect.ure of the TETUA Stalldard 
6.3.4 The Voîce+Data Protocol Stack 
63.5 The Pacht Dat.a Optîllliz('d Prot.ocol Stack 
63.6 List of Abbreviations for Trunkcd Radio 

7 Paging Systems 
7 1 Service "Cityruf' 
7.2 
73 
7A 

EurOIllessagc 
RDS Pagillg System . 
EHrvlES 
7.4.1 The Services of the ERMES Paging System 
7.4.2 ERMES l\ptwork Architecture . 
7.4.3 Technical Parameters of the ER MES Paging System 

8 Cordless Telephone Systems 

365 
366 
370 
371 
371 
372 

:373 
376 
377 
. 378 
379 
382 
385 
417 
43<1 

439 
441 
444 
445 
<145 
446 
447 
448 

453 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



8.1 CT2/CAI alHl TdC'point 
8.2 Tcclllliml Parameters uf CT2!C AI 

9 DECT 
9.1 Possible Applicatiuns of OECT SYSt('lllS 

9.1.1 DECT Fixee! l\etworks . 
D.1.2 Data Stomg,' 

9.2 The DECT ReÜ'rence SyS!0111 

9.2.1 Logieal Grouping ur DECT systems 
D.2.2 Phy"ical Grouping of OECT System" . 
D.2.:3 DECT Aulllenticatioll l\!odulc (OA~I) 
9,:.:',1 Speci!:c DECT Configmatiolls 

9.3 The DECT ]1c'f'>n']1('(' :'Iodd 
9.;).1 Ali Ch'('n'iew of Seryice:s ;U!(~ Prutoco!s 
9:32 (PHL) 
(LLI :,!pdilllll-A(TPS" Colltrol (MAC) La:;c, 
'LU 
'U.,} 
()3.6 

DHta Llllk 
'\et \'iork 
~blllnl\t'Illellr. of the Lo\\'<'I' Layers 

DA Di'! ailed Ot'scriplioll of Services and Protocob 
9A.1 Ph,p;jcal LaY"1 (PHL) 
9 . .J,2 l\!edimu-Accp" Control ['.,lAC) L;,~'('r 

9...1,3 Data Link Control Layel (DLC) 
(.u..! r\,,(work Layer 

9.5 DYllamil' Challnel Sc!ection 
D.J.l Blilld Tillll' Sim:, 
9,J,2 Challne'! S,'kctioll and the 0;"ar/I-'1\1 Etrect 

9.G Sp('(:ch Coding l."sürg ADPC'II 
!).I HandOl'('\' 

() 1.1 B'è<l"'l lIandovPl 
'l ,2 
:J. i.:3 
() .-1 

COllw'ctioll Bantlov"r 
Lxtl'l'llal Ha:l(l()\,('l' 
1 [;llldm'('[' Crj(c>ria 

D.S Prot.ocol Sta('k~ fur ~Iulti('('ll SV,'.;tCB1::' 

9.0 Thl' DEl.'T :'J"l\\'ork ClIp",;t\' \'"il 
DU 1 SIg;u;dlill?, D":,, 
9Cj.2 l'''N D'Ha 

9.10 S('curity ill DECT 
~).1O.1 l'sel Id"lltiticatiol! 
0,10.2 Port,aJ,h> :\c('('s.s Higln, E"." (PARK) 
9.10.:~ lf>{'j 
fUIlA 'l'Pli 
:J.IO.:) AutlH'ntlcillioll of a Mol,ik Slarion 
'l.lO.ü ,\ntltl'nlkatiull ot' il 13".'" St"tioll 

COlJ[(,llts 

459 
IGU 
lGO 

.JG') 

WG 
",O(j 

lui' 
169 
.J6:J 
-17:": 
17~) 

.J7:.' 
1,1 
17') 
17·") 

.J TG 
17G 
liG 
li9 
19:2 
:'01 
:)1:1 

·327 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



Contents XI 

9.10.7 Equivalent Authentication Between Mobile and Base 
Stations 530 

9.10.8 Ciphering of User and/or Signalling Data 530 
!l.ll ISDN Services. 531 

9.1Ll End System and Intermediate System 531 
9.12 DECT Relays 534 

9.12.1 Outdoor Applications 534 
9.12.2 lndoor Applications 536 
9.12.3 Relay Concept . 537 
9.12.4 Setting up a Relay Station 539 
9.12.5 Performance Evaluation Parameters 54.5 

9.13 Traffie Performance of DECT syst.ems 546 
9.13.1 Equipment and Interference-Limited Capacity . 547 
9.13.2 Estimating the Capacity of DECT Systems . 547 

9.14 Capacity of DECT RLL Systems with Several Operators . 550 
9.14.1 l'sing a Higher Density of Base Stations. 550 
9.14.2 Use of More than One Tran~ceiver per Base Station 551 
9.14.3 Channel Reservation. . 551 
9.14.4 Problems Anticipated through Mutual Interaction 551 
9.14.5 Separating Competing Operators in the Spectrum 553 

9.15 DECT Abbreviations . 554 
9.16 Integration of DECT Systems into GSM900/1800 . 556 

916.1 Details on Integration of DECT into GSM 900/1800 .556 
9.16.2 Interworking Unit DECT-GSM 571 
9,16.3 Dnal-Mode l'nits for DECT-GSM 578 

10 Wireless Local Loop Systems 583 
10,1 Technologies for WLL Systems 584 

10.1.1 Cellnlar Mobile Radio Networks 585 
10.1.2 Digital Cordless Radio Networks 586 
10.1.3 Digital PMP Systems . 587 

10.2 Different WLL Scenarios . . 587 
10.3 Direct User COl1nection in Access Network . 590 

11 Pe"sonal Handyphone System (PHS) 591 
11.1 Development of the Personal Handyphone System in Japan 591 
11. 2 System Overview . . . 592 

11.2.1 Personal Station (PS) 593 
11.2,2 Cell Station (CS) . . ,593 

11.:\ PHS Radio Characteristics . 593 
11.3.1 Speech Coding 593 
11.3.2 Modulation 594 
11.3.3 Access Method 594 
11.3.4 Siot Structure. 596 
11.3.5 Radio-Frequency Band. 598 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



XII 

11.3.6 Ftl'I!U\'IWy Allocation. 
Il.:3. ï l\Iicn)('('lluiar Ardlired Ill"!' 

Il.3.8 If andü\l'l 
Il A PHS Radio C!t'\Ilue! St l'l!elutes 

l JAl Lo!,;icu! CUlltrol Channe],; (LeCH) 
11 .L2 S<'1'\'ic,' ChauuI'" 

('I)I11.t'11t.., 

)n~ 

~\J~ 

\jUil 
GO) 
601 
GO~ 

11.:) Ne!work Operatiolls GU 1 
11.0.1 Radio·Ftt''llll·UCY Tt;lI!Sllli"ioll l\Llllilp,'·llll'll(. (RI') GO·I 
l1.0.2 :\rolJility :'f.'llHif/'IXll'U{ (:,-1~I) G()·~ 

1 J .!.:J C,dl C,,"I roI (CC) GliG 
11:).·1 Pm(()101 :,[()(kl GOi' 

11.SG ('(,li btal>llslnut'ul GOR 
~ 1,0.6 COllllllUlllC("ltiolt Pha~(' li~ ,'j 

11.G :\'dwork Int('rt':H'('s!T('ehllU!O['),'s 
Il.G.l Priva,l{' COlnlluuIlcatioH Sy~l{'nl Application 
Il.G.::? Pnbli!' PHS 
1 LG.3 \\ïrd"" Local Luop (WLL) 

11.7 Sta,lldards and Ht'fen>lHT;i 

G!eJ. 
Gl! 
Gd 
li 1., 
tj 1.) 

12 Wireless 8roadballd Systems and Wireless ATM 
12.1 European f(c"'ardl in J3roadhalld Svstl'IllS . 

12.1.1 :,]f3S 

617 
(-jl -; 

G18 
1:2.1.:2 \\,ir"ll'" Broadhalld COlllllllll!i, a:ion s ,u th" ACTS l'ru· 

tJl'J 
1:21. :\T:I [lIlu!>il G::':! 
1:2.1 rh" Ho;" of ,h,' AT:l1 Forutll ln Il,,, St awlan!il.atlotl ur 

\\'11'1,'" Xf:-l Sy'kms (;2::' 
12.1 -) Th" ETS! Contribu'lon to W-ATîI! Stalldiln.!iziliion G:.l3 

1:2.2 SeryiCTS ill GroadhaH<llSD"l (;:2.1 
12.2.1 AT~J '\s il Tr;\tlSIlÜ,siolI },,'dlllO!O)!,Y ill B-lSD:\ fi2:' 
12.2.:2 Slrwtlln' or .,ll ,\T1\1 Cdl G2.j 
1:2.2.3 AT:\l Switchiog ]\·dll1010gy G:2G 
12.:2.1 "'DI Hdp!<'l((' :llod"j 1)27 

L~.:~.CI AT~I Clfi;--;;-l'> ur S{'lTkt' 
12.2G FHllniul!s 'Illd P1UIO!'ols of til(, ;L\L 

G29 
ü:lO 

U:j Ardtit('cTm,· ut' t'", Xl'\! Hadi" !t,I,·rth·'· G:ll 
12:l.1 Th,· IL,dio ),,·n·." "Ill as a DiclriJltJI,'d ,\Tîlf îlllll· 

t ll'l"X"1 GJI 
1:2.:].2 Fn"l\l!'!wi('s :m.! Fr"Cflh'IlC\' Etiquetle for \\'·.\T\1 S,vst"lllsÜ:{:2 
12.:L3 Proioml .')tack for Il,,· ATîI! nadio lutITL·«('(' G:\" 
1:2.:;.-1 Ch;ultll'! A"n," G:jG 
12.:;"', Th .. LLC La_v"l G:l:" 
1'2 . .'3.0 Dyn;uliir C;\pacitv .-\llonttiou-\"ltlt P;Wkl't-OtH'lltpd niî-

dil) IHtt"'rfHCI':-: ():H) 

1:2.3.'7" Cll:1tlH(,j COlHï'pl l'Dr if Pad-:{\t-Orj('lltt'(1 Hadi(j llltprfan' n,!l 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



Co"tellfs 

12.3.8 Dynamic Channel Selection for W·LANs . 
12.4 Mobility Support for W-ATM Systems 

12.4.1 Radio Handover 
12.4.2 Network Handover 

XIII 

64.3 
644 
645 
646 

13 Wireless Local Area Networks 655 
13.1 St31Hlards 656 
l3.2 Technical Characteristics of HIPERLAN /1 657 
,,:3.3 l''etwork Environments for HIPERLA:-i/1 658 

13.3.1 HIPERLAN Applications 658 
13.3.2 Network Topologies . 659. 

13.4 HIPERLAN Reference ;vlodel 66l 
13.5 HIPERLAX·MAC Sublayer . 662 

13.51 Tasks of the MAC Subla.ver 662 
13,5.2 MAC Services. 665 
13.5 .. 3 HIPERLAN-~IAC Protocol 668 

13.6 HIPERLA'\'·CAC SublayPr 675 
13.6,1 Tasks of CAC Sublayer 675 
136.2 CAC Services 676 
13.6.3 H1PERLAN-CAC Protoco! 680 

1:1.7 The Physical Layer 686 
J:l.I.1 Tasks 686 
13.7.2 Services of the Physical Layer. 686 
13,7,3 Transmission Rates and ~lodulation Procedures 687 
13.7.4 Packet Structure 688 
13.7.5 Receiver Sensitivity , 688 

13.8 HIPERLAN Parameters . . 690 
139 Scope and Purpose of vVLAN IEEE 802.11 692 

13,9,1 Architecture of IEEE 802.11 Networks 693 
13.9,2 Services of IEEE 802.11 l\etworks 694 

13.lOIEEE 802.11 MAC Sublayer 696 
13.1 0.1 A(ldrc;,s :Vlapping . 696 
13,lO.2MAC Services. 697 
13103 MAC Protocol 699 
1 :,.10.4 SYllchrollizat.ion 704 
13,10,5 Power-Saving Mode 705 

l3.llIEEE 802.11 Physiral Layer Specification 707 
13.IL1Scope 707 
n.lL2Physical Layer Service Definition i07 
13.11:3 Freqnency Hopping Spread Spectrum 708 
L3, 1 1.4 Dirrct Sequence Spread Spectrum 71 () 
13,I1.5Infrarcd 711 

13,12\V-LAX Abbrcviatiolls and Acronyms 712 

14 Mobile Satellite Communication 715 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



XIV 

14 l FlludHlllent ab 
1'1. 1 1 Application :'upas 
11. 1.2 Satdlil<' Organizations . 
14. LI Satellite Orbi(., 
14.1.-1 E!pvatÎull Augles and Cov{\ragt' ZCHH'S 

14.1.5 Frequmcy Regulatioll for I\lohilf' Satdlit."s . 
14.2 Geostatiouary Salpllit,· SvSt01llS 

14.2.1 lultlarsat-A 
14.1.2 IUlllHrsat-13 
1,1.2.:3 lnmarsat-C 
lA.2.4 Illlnarsat-A<'ro 
142.5 Inlllarsat-Î\! 

1·1..) ;\' OlI-GeostHt ionary Sa t.('!li t(, Systems 
14.3.1 rco 
14.3.2 IRIDIUf..l 
14.3.3 Glubalstftr 
~4.:l.4 TELEDESIC 
14.3.5 OdySSf',' 

14.4 Amolllils amI Sar.ellite Coverage ZOU es . 
14.4.1 Ant.cu:ms 
1 tL:: Sateliite Coverage Area and C('ll Structure 
Il.·1.~1 Radio l'ropagatüm 
14.,"...1 POW('l' Control 

14.3 Interfpfl'llCf' in tht' Satelht,' Radio "Ip!work 
[,I,G.1 Co-ChallIld Interference 
14.5.2 l:plillk Carri"r-to-hltprfl'l'PIKt' Ratio 
14.5.3 Downlink Carrier-(o-Interf,'rCllCt' Ratio. 
14 .. ).4 '\Iode! of a Land Mobile Satdiite Chanud 

71,) 

;Ti 
12,~1 

ï:2j 
72G 
727 
728 
,:3J 
7:1:2 
,:3:2 
,:n 
1-:)3 
73:5 
,31 
Î:lG 
738 
7:\9 
743 

14.6 Handover in 'Ilobil,' Radio Salellit." SYSt.('lllS 7SS 
1,j6.1 Freqw'llcy of Hando\',']', iGO 
j,lG2 Tyl"'" of Haudover ,Gl 

14.7 Satdlit"s tn Link \Virelcss Acces,; NetwOl'ks 10 il Fix,',] ~dwork 766 
U,7.1 Simple Finiollal '"VLL SFt.c'1ll ,Gi 

1-1.8 Abbn'viatiolls au!! AcronYlll" 

15 UPT -UnÎversal Personal Telecommunication 
15.1 Classificatioll of TelecommunicatiollS Service,; 
15.2 Ext.cadcd Service Features in ISDi\ ami GSI\[ 

,fi!) 

iiG 
15.2.1 Supplctncntary and Va!ue-Addcd Serviu', in ISD"I ,ïG 
]::;.22 Sll]lpl"llwntary and Vahw-Adde,] Servi,'"O' in GS'Il 1 ( ( 

13.3 Tire l'PT Service for ulliver:ial Per"ollal Tdc(OllllIlllllicatioll ,i8 
15.3.1 Exbtilli', Stlldies of Illl' l'PT Servi(e 779 
15.:3.2 Furthl'r D"Vi'!oplllcrn of t'PT 119 
1::i.3.:.\ l'ha:," J - g(,(,lli\\'io ,vith Lillliu'd t'PT h!llIt.:OJtaJily 779 
l,5.:.'..! l'h",,' ~- S""llario with \iPT Bn,ü' Fllllctioualitv 7S0 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



Contents xv 

15.3.5 Phase 3-Scellario with Extended UPT Functiollality . 780 
15.3.6 Servke Features of UPT in Phase 1 of its Introduction. 780 

15.4 Business Relationship between UPT lisers and Providers 781 
15.4.1 Charging·~New Concepts in the Introduction of UPT 783 
15.4.2 Example of Registration of a UPT Subscriber . 783 
15.4.3 Options for Authenticatiol1 785 

l5.5 UPT Service Profile 785 
.5.6 Requests 1.0 UPT-Supported Networks 787 
; 5.7 PSCS as a Funher Development of UPT . 788 
J 5.8 :lumbering and Dialling . . 789 

15.8.1 ISD:I. PSTN . . 789 
15.8.2 Public Mobile Telephone Network--GSM 791 
15.83 UPT . 791 

15.9 Intelligent l'ietworks and Their Value-Added Services. 796 
15.9.1 The f;'uIlctional Principle of an Intelligent Network 796 
15.9.2 Description of Services in Intelligent Networks 797 
15.9.3 The Intelligent l'ietwork Applications Proto col 800 
15.9.4 l:PT in the IN Layer Model . 800 

16 The Future is Wireless 805 
1(;.1 A Typical Day in the Year 2000 . 805 
1(;.2 Wireless Communication in the Year 2005 806 
1f.3 Closing Remarks 807 

ApPlmdix 809 

A Queuing and loss Systems 809 
A.l The Queuing System 'NI/Min-x 809 

A.1.1 State Pro cess as Special Bil'th-and-Death Proccss . 809 
A.1.2 Characterist.Îc Performance Parameters . 810 

A.;' The Qucuing-Loss System i'vl/;"1/n-s 812 
A.2.1 Slale Process as a Special Birth-and-Death Process 813 
A.2.2 Characteristic Values. 813 

B Standards and Recommendations 
13.1 International Standards Organizat.ions 

B.1.1 ISO 
B.1.2 ITU . 
8.1.3 rEC 
B.]A INTELSAT/li\jMARSAT 
13.1.5 ATM Forum 

13.2 European Standards Organizations 
B.2.1 CE;-';;CENELEC 
B.2.2 CEPT 
B.2.3 ETSI. 

817 
817 
818 
818 
823 
823 
823 
824 
824 
824 
826 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T



XVI 

B.2.4 ECMA ... . 
8.2.5 EBU .... . 
B.2.6 EUTELSAT. 
8.2.7 ESA ..... 

B.3 National Standards Organizations 
B.4 Quasi-Standards ..... . 

B.4.1 Company Standards ... 
B.4.2 User Standards . . . . . . 

C International Frequency Allocations 

OThe Frequencies of European Mobile Radio Systems 

EThe GSM Standard 

Index 

Contents 

833 
· 833 
· 833 
· 834 
· 835 
· 835 
· 835 
· 836 

837 

841 

843 

849 

B
IB

LI
O

TH
E

Q
U

E
  D

U
  C

E
R

IS
T




