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ABSTRACT

This thesis presents the Hybrid Double Star (HDS) network. By described as an access
link of Mobile Communications System between Base Transceiver Station (BTS) in microcell
and Base Station Controller (BSC). This network architecture used Subcarrier Multiplexed
Optical Fiber (SCMOL) and coaxial cable. By develop from point-to-point SCMOL link to
several groups or unit cell of microcellular. The reduced total link length, number of laser diodes
and photodetector in the unit cell structure based on the HDS network. The link length-dependent
costs are compared for two reasonable values of the dynamic range. Analysis shows that network
can use in small cell coverage or microcells and picocell the network cost would decrease

proportionally.
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D? =x*+y° 2.1)
D? =u* cos® 30° + (v + usin30)> (2.2)
D* =u® +v? +uv (2.3)
D=’ +v* +uv)}{ (2.4)

uaz ldszozradumia 2 yalaquuidaiiu

D? =(x,— %) + (3, - )} 2.5)
D? = (uy — 1)’ cos* 30° +[(v, —v,) + (4, — 11,)sin30° ] (2.6)
D ={(uy =) + (v, =) + (v, =)t —u)}* @2.7)
D=[+j +ij) i=(u—u),j=(v,-v) (2.8)
D/R={3G + j2+i)}: (2.9)
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D* =3R*(i* + j2 +§)) (2.10)
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o = o a = ' “ P o_a 1
a Wuswudumesmesisun AdTauilu 1) C,umafivesnnud 2 utdids

= A = =) A

Wuanimsgadomsiaunmaniy

0w i = & : Yy w S e w s
Tidsigaid TemaRaduldnvouvaidy  C= C,Pr7 anumdanigaues

CIR
2 =E=ﬂ=l(ﬂ]r =l(ﬂ]r ) (2.15)
I aC,PII7 al\r a\r a
waziide z = Z 1214
£=rR=r(aZ)"" (2.16)

v ¥
ANTUNINAUMS (2.15) TUmey reuse ratio R = (aZ)"” uaneldd e R < (az)"” 91n

quns (2.15) wou' 1y

22| Fy(R) - Fpe(R,2)
2 2) 1-F(2)

(2.17)
lilo 0 <R < (az)"”

o Fy, (R,Z) duiladduia Ruaz Z e R > (a2)"” Tuaums @.15) annsaion 12y
RZ

p(g > (aZ)w) _ F(®) - Fy(a2)"” (2.18)

1—- FR(aZ)""
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R

iije @z)'” <R <

aums (2.18) 1 Distribution function fignABIvBRTUDILLANATIN R > (aZ)"7 il
Anaved (1-q) 1w q ldanaums (2.16) e R = (aZ)"”

1u Fca (Fixed Channel Allocation) i]:ﬂ?i‘l’)ﬁdt?ﬂdﬂﬁﬂlﬁﬂ’lﬁmﬂmﬂfﬁﬂ (Geometry)
HAZA MU (Locations) Y89 Co-Channel 1139 Adjacent channel interferers

dMTUAIDG1UD GSM AUNGUITALLIY 3 I¥AIMDS ABINT CRR (TTu 2.0 Aaaaaly

aumsi 2.13) 921 CIR woRt Z=9dB# y =39214 R >2.0

[¥) ) = ¢ d
2.2.2 eanaIulaaadumes e uN (Co-Channel Interference Ratio)
diothanudnduin1Flng szesvnvesnnudi@ersunrasouansuIEonI
a Cd P as [ as v o ]
s:uﬂﬂwmuaaumﬂﬂﬂmswmw:ﬂmmﬂuﬁmﬂgmmmumamﬂgmmwann'lasag nag
r ¥
ANuuseIdyymRTuiuszezmai s dmdyanude Inamadumes e us
1Y N
(CIR) s Id lumenvesszoznalavlszana dasrdmiluszuy GSM fvua 13eg1adn
ﬂ'- L] o 1] > > o o A ~y o L ﬁl’
N 9 dB uaz 12 dB dwivuvy hseduazel/demudrdudaeninnsansasiaiuiiaiy
= d o J
PUAVDITIWOINIAN S DK 1% Aaid
naaovldaa A(f1,R2),B(R2,63,(4) uag C(f1,£2) [3] Afdaaaneu ¥ wify 3.5 oy
0 @ A:iu 9 as n’: (Y :{ 9/ -~ o d'.
Mdsnsuldnuszuzmeveia 3 e dagUit 2.4 2 Mdumdeusuanudioa overlay uas

f1,83,f4 1Jumilou BCCH vouwa Underlay 3317 2.4 9214 CIR ulsfuszozmaszning

Celi A Signel Level in Overiay (f2) and Undaerlay (11, 13, 14) Cell &
80.0 —
‘Cell B [————CatA. SignalLevel 11412
00 N ] CoNC Sinetieveiftnz  © 7
A 12 —— — —Cob B Signal Lavel fa(14) 412 f14r2°
\\ L

0.0
g
Foo | o
}

200 —

19.0 - \\-—

0.0

2

Distance [km |

ar

37U 2.4 szAvMdtdyanuiuTzoEMIves 3 WS vanuLL)
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BTS uaz CIR tosngafiadumiaiivianin BTS unfigaluma mingdseniama A

1A C uunAuURMILMLL 1.3 Alawas uaz CNI, MG 0.5 1ag 1.75 A Tawas 7 12 dB Tay

32y GsSM musalFnu1dn odB Wusdatesdmsuanimnadsunai uas Bisinseel

ot

a < d
2.2.2.1 Iﬂ!‘ﬂﬁl‘l—lﬁﬂﬂmﬁ‘il?’lﬂﬁuﬂ‘ﬂﬂdl"l‘ﬁiﬂﬂﬁﬂﬂ N

[

a o o 1 — {
Tuszue D feszuzdumesilasuniveuranlndiiga dagiilsznoui 2.2

o a o o EUR
uazANuusIFyIuwaeia unulsaszeznae 1an

C (g 1 1 q’
I

T

314 2.5 m3Taamadumesmoisuivessannsasoumanssan
q =(6x63.1)°% =4.41

SN =(4.417/3) =649 ~7

(2.19)

(2.20)
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v = o 1 a . o o d
ﬁﬂlﬂ‘w’1}15ﬂl1Uﬂ‘i‘lﬂ'l'uTﬂl‘h’ﬂmﬁflulﬁﬂ{lﬂﬂﬁuﬁﬁ%ﬂﬁﬂ'ﬁﬁllwuﬁmﬂizﬂzﬂnuﬁzﬁ

FnIimsaanoudyn i

C R
C_ : @21)
I 2D-R)y"+2D7 +2(D+R)"

I y=auaz D/R=qr'14
L. S : 2.22)
I 2g-1)"+297 +2(q+1)"

vnaunstsduidiomiliddumeiiosuine 6 wammwzlumarseuindiza
fvsaniigadioldnsdiu goiidues1dm cir Hu14.46 dB Falounhiimmuasziiui
mummﬁﬂ‘%‘mmnﬁnﬁzawﬁ’ﬂﬁmmsauﬁﬁwNﬁ'mmﬂ%ﬁmmndm«uaN WA 7 Ao 9
3o 12 1Wudu

) A4q 9o ar = =
!Lﬁ:'i)ﬂﬁ'llﬂ’liﬂ'l‘h’ﬁ’mﬁﬂﬂim worst case f1D

L 1
- (2.23)
I 6(g-6)"
30
——
—e—(2.19)
20 H — w— (221 ——
b
—*—2.23) L
e
10 - ~a
@ -~
2 2 " i ~
4 v
o
0 ,1/ T T T T 1
7
K=1- K= K=4 K=7 K=9 K=12
10 L

U7 2.6 1fivy CIR vesaumsdumes e IsUN (2.19) (2.21) naz (2.23)

¥
A =y - - é ' ar
fmmsmamgﬂ'la’ﬁlaz6'14mmmmmﬂwqﬁﬂnuumnmanuwaﬁums VNTAUNITUOL
& 1 ) ar o 3
q (2.19) (2.21) uag (2.23) Falianuuanseny [5] mgﬂ 2.6 WIMUANUUANANVDITUNS

HdY a - & ' oA d A4 qud 4 ° '
'ﬂﬂ'l\‘l'ﬂ\!inﬂzﬂm‘lﬂﬂﬂlﬂ"ﬂﬂﬂuﬂ?i "5\7114ﬂ’lﬁﬂsgiﬂill'i]ﬁllll'l—lU'IUQﬂjumﬂlﬁfWUﬂI.lazﬂ'!uﬂuq
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a 4 o s ¥ o a J ' 3
ﬂulﬂﬂfﬂ“r‘lﬂ’il,‘iU'ﬂﬂiﬂmﬂﬂﬁﬂﬂﬂ’ﬂm'ﬂuﬂiﬂﬂ']ﬂ"lJ'IJ amﬂmmmsuumwaauunzmuqu

¥ ¥
MAA9LAIVANNT VIV 1AL 1A

a d d oo
2.2.2.2 Tﬂmnmnaﬂmasmlmsummwmmuumnw

@

A Y ¥ o oA b o v 4 o q ¥
Lﬂﬂﬂ'ﬂnﬂﬂﬂﬂ’]iﬂ']ir‘l‘lfiﬂ?ﬁwvllwu‘UUfn'jﬂ']ﬁuﬂiﬂNUTﬂmuﬂSﬂ?iﬂ‘ﬁﬂQﬁmiy)‘lm

= H y n‘: o 3 v ar ¥ 3 ¥ 3 &
anudgauis lnaniniui e lidivamenuaudesms1dnuld  aziudommnm
as =2 1q 1 A @ A = R = ad v o o ad
dyanaelilyGemdnseufniidesiingen  uariimsuiasamesvearamiuiims

é dl. ar ﬂ’ 9
nianvzaadyanusuniuil lé

&0°
120 120° 80° 50°
o0®

120° B 80°
D+0.7R
[} s}
o d 4 4
. 150 199 3 1ranes ¥, 150 199 6 [FARDS

3UN 2.7 anvunsgawdyanauuiivamis

= d
N30 3 1BAIADS
oo = o d
nidiiall 3 wamosn laons daeeImAtiuSu3as  (Beamwidth) 120° vziliwa
a o oo P 4 o "
suwapimoisunilndigaludwsnifios 2 wa Alszoz D +0.7R waz Difwes ¥ CIR

Lﬁm‘fmﬂu

C R 1
LS e - (2.24)
I DY+(D+0.7R)" g7 +(g+0.7)"

ag Yo = | by e
auuAlEenI1 g 1NAe 4.6 9214 CIR 1y 24.5 dB


CLP10
Textbox


18

= d
38! 6 1BAINDS
a o . a s 749 Y
Taomsldmooimaiiniuiag (Beamwidth) 60° szilisadumesioisunnlndigaly

25N 1 1a uaz 'l CIr iy

c___ R _
[ (D+0.7R)"  (q+0.7)"

=(g+0.7)" (2.25)

A L) [ s o, 1 o 1 i
#9218 CIR 1M1V 29 dB udeziimsanasludianaims 19 Insdwiiinn uaagudusiite

L
TAmnwonauuy 3 wamesiaz 6 iwames uay1dhunlszmalnoluilagiiugae

2.2.3 M3UNEANUYYRITYAN
MSUVIBANDS

' 7 o kY A:J = CIR a A [ Y J
ﬂ'lill'lJ\il“]J'ﬂm'Eliﬂ"lﬂl‘}’I CIR Ay TNTT'II.HiflH'I‘Ifﬂﬂﬂ'.]']llmﬂﬂﬂﬁ'u1111%1”1]1911]11‘1“1{

[ a : d n’: 1 ] a 1 8
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2.3 szuuInsfniinaoun GSM

o

21y Insfmniadoun GsM (Global System for Mobile Communications) 390U

Taoa U luFoves GSM 900 maeldanuid 900 Mz WhmineGuusnveamsdiia
320U GSM feamnsaliinTsuis (Roaming) AudldhiayTsy wdailagiiufiduszuuild
winfiganazamnsarhins lsuils TdnareszmeniaTan uazldusmsidessmiuszuy
ISDN uaz PSTN 14 Seawnsolddradasuluwaves IDSN 9 1nWamImsusnues
Tnsdnsiiadeuiiidiuszuuouden GSM Whuszuuimmsiiseadiuasaeauns
maTuladidoaduluadunninnuiauie DCs 1800 (Digital Cellular System 1800) A713A
1710-1785 MHz dm3uniuauisuiay 1805-1880 MHz d115UAUE189 Az GSM 1900
Tuamsgowsm anwd 1850-1910 MHz dwsunnuaniy 1930-1990 dmFuANuAvIAY

3 y 4
NI030NTZUVLDNTONTIIN PCS 1900

@ e

& ' '
Faludmveslnssaiumsiadyanadoya (Data information) ogluszuy GsM

o

1 v A A o " a " oW v as ' a wa A A 3
uanaAuNAaUIIT ludumssudsdyanariueinia Mmodlumalfud  delidlv

o o

]
=N

a ] [ y { z d " P
vinsswlmindaliiilasesde GsM aseuaquituivadszmaing Aansaldlnseiedis

¥
- ]

" a ¢  a s a . o ar a a
agudaTavAnnanifivsgUnsalmivenyudnmunnud (Radio Part) dmiuuouanuauIns
Tnai

MS (Mobile Station) miam%"awz%’u-dﬁagmgm‘lunaﬁfuﬁ"yﬂﬂui‘ffﬂﬂnﬁsmﬁu
funSestuqudnuazsrudrnmBenimsdiduy  FDMATDMA ddyIuuUuae
NRBINANY5D (Full duplex)‘l‘i’hmmm?;ﬁmumgmﬁni'fuﬁnﬂ 890 — 915 MHz Loz ARy
29N 935 — 960 MHz Ww¥eadaeaiufuded 45 MHz uAnzFo Ty IUAILA

(Frequency Channel) 19n21mn auaunand 200 kiz il 13%eadyea 5u-da wiouduld

o L=

125 %049 U azvoaligesdoms 14 8 uie 16 Yoedyanoudos (Traffic Channel)

U o

JUN 2.8 imAmosuuy 120 An3 hanudnduan 19wy 43
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2.3.1 M3VATIIANNOIATATIYA (GSM)
uszun osm alddunaluiimstamnmes (Sectors) musena o 2 33fe 3 1az 6
é = ey Qs 1 ' s ﬂ’.’ =
waned Fallquauiadei 1dnan 13y 2222 Fadefivssuamzlunsd 3 wamesiihy

ar [ ar a 3 P 1 Y o a 3/ '
D019 ﬂQE‘lJ 2.8 Une 'E)ﬁ‘lJ1Uﬂ'li1‘]5?]')'1‘11ﬂiuuﬁam‘h’ﬂlﬂﬂﬂﬂﬂdﬂ'ﬁﬂﬂﬂﬂﬂﬂﬂ'\ﬂﬂN

M990 2.1 720619 120D TCH (Traffic Channel) Tuguuy 473

1BAINDS Al | Bl |Cl1 | D1 | A2 | B2 [C2 | D2| A3 | B3 | C3| D3

T1 1 2 3 4 5 6 7 8 9 10 | 11 | 12
T2 13 14 | 15 16 | 17 | 18 19 | 20 { 21 | 22 | 23 | 24
T3 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 |35 36

M3197 2.2 #79619A 100 BCCH (Broadeast Control Channel)

S1 52 S3
37 44 51
38 45 52
39 46 53
40 47 54
41 48 55
42 49 56
43 50 57

v
s = o

uazeadyanuimieiiuresdygadisesdmiyylaswansodsesrosdaygyru BeccH

ar

A A a s o ! gy
iemailymoumeiosunvesseadygiuniugunld
msseifilannun (Frequency Hopping)
mssaaiiumsn/aounnudnSeseadaana lidedaewanads vliannse
- W = R o Ve A tor A @ Yy
wennadyanalifanmoemelddeuduniui uazannsodenlisudygaingld
[ o v B — e . 3 ] i
wozuszuuinnnuaeadivotunils fwalsi (Cell Site) udazdu hildifivesnnud
Rommgluumadiiotnlugli 2.8 wazmsn 2.1 uawdounnud Tawidmuad
Tavguuunud (Frequency Pattern) Sanamilowdy (asunnud lunnanriigmediauiiy

v
szidiow) luszuy GsM wediguuumseey fail



HSN : Hopping Sequence Number
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HSN ApmisgoiuuiGoaresdyanuniud tuuIunnYesnuinsniigesni e

QAN 1az 801/%9311 (time slot) 320

& a ' 3 e v o A =
AN 2.3 AU 1NT9NHUAYDY T'ﬂiﬁ'ﬂ'ﬂlﬂaQUﬂTSUULUﬂIﬂﬂ‘UﬁUﬂZ1NTﬂil"ﬁﬁ

- 4
FN : Frame Number finn15aalinuneavinsy

Nf : Number of hopping frequencies ﬁamsaaﬂ"lﬂﬁammﬁﬁuq Tuanuon

awsalsla

DCS GSM AMPS PHPS
AU V1YY (MHZ) 1710-1785 | 890-915 824-849 1895-1907
ANWE aaaa (MHZ) 1805-1880 | 935-960 | 869-894
ANUNTHIOUANNR (kHz) 200 200 30 300
Smuseadyeu 375 125 832 77
SnnudlFaedninnud 8/16 8/16 3 4
AT/ F0IANLR (kbis) 270.8 270.8 48.6 384
Mdsds Tnsfmiiadend (w) 1,025 2,08 48,18 0.08
CIR s (dB) 9 9 16 26
inlinseunquIva (km) 0.5-8 0.5-8 2-25 0.05-0.1
pinhanudn 19l Dynamic Dynamic | 7
SRR Mo NN 316 306 3 1
FEmsithia TDMA TDMA TDMA TDMA
FmsdaTeann FDD FDD FDD TDD
AuRuMaada % 4 i {1
M3 2.4 MAuhdadaues Insimiindous GSM veanuagy 900 Lz 1800
P 025 W 0.8W 1w 2w
dBm mW dBm mw dBm mW dBm mW

0 - % = - 30 1000 | - :

1 < : - - 28 630 - -

3 5 - - - 26 398 - -

3 24 250 : 24 250 - -

4 22 1584 | - : 2 1584 | - -

5 20 100 : : 20 100 33 1995

6 18 631 |- . 18 631 |31 1258

7 16 398 |29 800 16 398 |29 800

8 14 251 |27 5011 | 14 251 |27 501.1

9 12 158 |25 3162 |12 158 |25 316.2
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10 10 10 23 200 10 10 23 200
11 8 6.3 21 125.8 8 6.3 21 125.8
12 6 4 19 79.4 6 4 19 79.4
13 4 2.51 17 50.1 4 2:51 17 50.1
14 2 1.58 15 31.6 2 1.58 15 31.6
15 0 1 13 20 0 1 13 20

S8000 Outdoor S8000 Indoor

S52000E Indoor/Outdoor

S8000 Outdoor

i
=l Li

S2000 Indoor

S4000 Outdoor

S4000 Indoor

" ¥ ¥
317 2.9 0619 BTS veaszun GsM nldvamelu was venems

BTS S8002 Outdoor
o Vv a 9 a u..: o ar o 4:; -
waumi 13U Aadueneims ddwduss Rufinseunqugs nsmiags 8 TRXs lu
L - | s Y d o e @ 1
W) QUnsaiimnszdn W waimesidises 2 wu. szuuszineruden muguidid
¥
YUIA 1.4 x 1 x0.54 a3 11 min 240 A lansy sensitivity 110 dBm $18309 45 dBm
BTS S8000 Outdoor
o v dq v & e v o d 4 4
aaunilFan dadueneims Mmdwdause fufinseunqugs namiags 8 TRXs lu
= o o ar a4 o o a 1
AR Qﬂﬂimﬁﬂuﬂlizﬂuqﬂ IUARMBDII1T93 331]1]53‘”1[]?]'.]1”%’@“ ﬂ’JUﬂlJﬂ1ﬁQﬁﬁ VYUHIR

1.6 x 1.35 x0.65 1NA3° W IMIN 415 kg sensitivity —110 dBm fA389 45 dBm -40-50 ° C
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BTS S4000 Outdoor (Mini BTS)
AARIUBNGIANT 3 - 4 TRXs IUAINDTEdT09 Y11 142 X 1.53 x0.52 was® vhmin 390 kg
Mdaee 45 dBm -33-45°C

BTS S4000 Indoor (Standard BTS)
Aanalueims ﬁfuﬁﬂiamquﬁau NIMAAGE 4 — 24 TRXs YUIA 2.2 x0.6%0.3 AT H1A
@345 dBm

BTS $2000 H

¥
s

¥ . . v ¥
AnAueNeIMs Anwdanss Aufinseunquas nImAAm AURYULN sensitivity 109 dBm
f1109¢19 42 dBm
BTS S2000 E (Micro BTS) Outdoor

b ' 0
aanalueins 1-2 TRX 51181 n5MAAAT sensitivity —109 dBm f&3e9 42 dBm

2.3.2 Islnneaves GSM (The protocol architecture of GSM)
o = 2 o A ‘ '
Asgl 2.8 uaaslislanoaves GSM 910 MS Ha BTS i30aanfe U, interface H1U
9 o ) s - 9 = 4 a ad 3
DINFAWIAWDINUNIN (physical layer) M3TAAIWED Maadr1awTan suTand 11y
33 TDMA M3%9A (synchronization) M BTS A329iusesdayanaing Jaunmdagio
Tasmwzdyanuunos wewesmenm 1¥msuenganuuy GMsK wieuithsWaaeasiia
Joya misneasvalilymsneasiadeyanmuaudnoammemsdeasves Ms-BTs lu
AIUTYYINAIWDIN Air interface

MSC BSC BTS MS

BSSAP _
DTAE
T oy ! SOOI o)
=t B e [5S]
1| —--[BMS
| e B S
VT | S ey Y N {I—
RR' RR
SCcp scce BTSM
MTP LapD | [LapD [LapDrm]
A Interfacq Abis Interface Air Interface
—_—

37 210 Fyapalundaziawes uszun GSM/DCS1800

MITIRANAIUYDINTMUIIN (delay) V02 MS usazinsoaldmiinannszos

MS @1 BTS Titviiuni 1819a1 RTT (Round Trip Times) TimhfuiSonimsdedauyanald
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v b4
yiuTnsaadgouanives BTS sy Aoumsud 1y (Correction) amisalimiag 18 lfu
Sovaz 40 vewnaiinmngl 2.11 nawes 1 TS ¥ea TDMA iy 0.577 Fadduid vl
TUZNIIN MS- BTS agaminu 35 Alawas aon1 BTS a4 RTT Tda MS vnsdsunm
" =t a == | dd o
MWMMUNAAAANDI 30.5 TuTAsTUH 50 5 wlesidua
daundnveuaweimunmilszneudis msidsiagosdanin (channel coding)
A MINTIVVLANUAAND A (error detection) uasmmﬁ"hlmmﬁﬂwmﬂ (error correction)
msdhsviavesdyauzuuy FEC (forward error correction) iiiansaasuazudluudaes I
) o o s 4 o P v v 4 4wy [
dawaiulfunweingein  axiuawesmunmdesliniudede 14 mnaminsmua
d w3y TCH/FS i 60 Had3unil uaz 100 Hadnf Sy TCH/FY6 wazsmnaIms
' ' ¥ L ¥
demsdnludiuvounwoingeiulunieuns Ms Ymemanse Tnsfwsiiugiu
1nldsTanea LAPDm Nignimuadiu Um dsgil 2.10 ad1s LAPD udriosniumsis
lideams flags synchronization flags H30 checksumming @MU error detection LAPDm
gndadeyannmsiendootdoiiiouiiugi (re-sequencing) Tumsunaununts TnaTayly
1

w 9

findoya (buffer) sznTaawesmunmiaziaibeSiFon Tosdoya(Data Link layer)

wesiFouToedoyn (Data Link layer) 1fiou &7y RR v09 BTS 1zl RR (Radio
Resource) Maneylu BSC ﬁ1m’i’1ﬁmuqumm?ﬁmzf‘f’munpmmuauudnm}mﬁ’ﬂgigm oy
Woudeiuinwes gty miwesiinauguTasasatuiawedmenmyes BTS Tasmsiansues
BTSM (BTS management)

MM (Mobility Management) : Arufumsameziiouveslfuaazaunazmsldaia
Uszdunsoq uindummisues Ms Tmiaalu VLR Samshitiivenidy Msc HOTIZYWININ
Ms tiudindumiadigaves Ms uazads ID $ans iU diedou 1D v3evasdannud
r«hummﬁun:rﬁaudﬂﬁ'ummaﬁ“qqi‘fu

gavhofie CM (Call Management) tawediisznonldae 3 daudesde co (Call
Control) SMS (short message service) 1182 SS (Supplementary Service) ‘n‘lﬂgﬂ 2.8 SMS ey
Tideanuan Ms deugesdyauniugy SDCCH waz SACCH lunsdigeail i
dyanunugudsads vaii cc Woudo Tnunsafiu MSC iagfmnoasiidouns e i Ms
ndlamilniuie ua:r’fﬁ"ﬂnﬁaﬁmawa%{qaifuﬁm%ﬁm%’wmsﬁun oAENMISON Az
Wasulasmsidon uazdufeaionnie DIME (dual tone multiple frequency) HIMIAIWDTH
196 M5y e-banking (electronic banking) uahignnsodadsei Tnonsesm lvazdhsie
@osmumauads Widudygariuszoulasws 6sM uazlastuidudosdnndedt

Yauna
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Joyaidainumivosmonm1Fszun PCM (pulse code modulation) Wa'la] vzl POM
a3 64 bps ADFDI GSM Ada 16 kbps ABFDINNUDIAEY (TCF) 14 4 ¥09 @woimunng A
interface 1n@Ay 1404 2.048 Mbps ¥30 32 ¥99 PCM LAPD 14iaiwosiaesfi Abis Ty BTSM
fhudmuniungu

dmivdyapunuguiznie. MSC uaz BSC I¥szuuduana No7 (SS7)
TusTanoaii 19 amuafy MSCs HLR VLRs AuC EIR inz OMC 0y BSC AWNTONIUAN

BSS WU BSSAP (BSS application part)

radio cell

, (. o a
3 2.11 Tassadanihiimsdhan Insdmiindoudiszuy Gsm

{ o { o o J 1
nngUi 211 weasgUmumhiinishanszuy 6sM 1@Fawudn miwssoons
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=

maesnduanldg
Radio Subsystem :RSS

#71 RSS ﬂsznauﬁ’ouﬁauﬁh’fﬂ'ﬂuﬁ' 910 Mobile Station 04 Base Station Subsystem
(BSS) 1WousnIzniia RSS uay Nss fudwmosmlae 1uss oss Snasesumsdmaias
Unii 114 PCM-30 (2.048 Mbps) darioFeait 64 kbps 1 dyanIunu SS7 (Signaling System
No. 7)
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Base Station Subsystem : BSS

BSS UAinzH1I892QNAILANAIY BSC (Base Station Controller) MniliFouaoday

doanunnudiy Ms Whsvaneasie dyansudos uazinlasdyanannudiiudoyadh

“u

e

Tnsavie BSS vzlsyneulidonas BTSs

Base Transceiver Station: BTS

Uszneudsgunseidsnanud moema Uszinanadayana vodygadiesuiy
annsodalassadedesdyguiiniugudae BSC Wi TDMA 10 FDMA Foudefy Ms
ﬁ"}u U, Interface (ISDN U interface for mobile use) uazr’f';awiaﬁ'u BSC a7t A, Interface
Ay, Interface 1¥0UADTIAMIEY 16 M50 64 kbps 1HAVDY GSM annsoialdT 100 was 5 35
filawns ﬂ‘fuagﬁnammmé’an uazns A nguYDa BTS 1zntunulay BSC

Base Station Controller : BSC

BSC imt1Nu5m1s BTSs fin tannuideyaziuuuiesa (cell configuration data) M3

Y Y

o o ' v o w = ' 1 e as
ueus Ioo3szndne BTSs szAumdsves BTS Tl szuin Bss Tasdadaygunaluds Ms

BSC ansadidyanunnudain wazdsdoyaidgInsaionaii (fixed network connections)

uazyn BSC 32gnAIuAY Tay MSC
Mobile Station : MS
9/ 4 d I o ) o q ) v
MS Usznoudsaiaursuazerininsuiludmsumsdemsiulasaiio Gsm
wiousWadauynnalay SIM (Subscriber Interface Module) Mdadeuns GSM 900 2114

o o 1

Midsdagagna 2 38 uaz 1 Iaddmsy GSM 1800 iiesinuinamaiinn Furasszuis
W1 BTS 1oz Ms
Network and Switching Subsystem : NSS

Nss Wualavesszuy GSM ouseduTnsstiomsisar adumsusud Tonod
3zM310 BsSs Wouderumsdomsouialan vendumisvesdld wieuisamnims Tsy
iadl¥sznnediuimsuazsznhalszma Nss Yszneudaodulsznoudail

Mobile Services Switching Center : MSC

MSCs 9zii1lsz@nsnmgaunniuaSAany ISDN Aeref MSCs 84 uazu3ms BSCs
Uit dum i A Interface MSCs zfi$ o linndusuvuaveaiionusy ATUNNUMIUAS
o1i 4 MSCs i¥ouToadrulnsavomolouds oz GMsC (Gateway MSC) fidouToaf
TAsav10Bu¥Y ISDN uaz PSTN 14 IWF (Interworking Functions) @313m3aa@ensEun
(call forwarding) HA¥MITUNUIIIY (multiparty calls) (a2 MSC a13150AAABAY PDN (Public
Data Networks) D6191%U x.25 7319m1518uA lorie$ 531313 MSCs 19dqanuniunuinasg

No.7 (S8§7)
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Home Location Register : HLR
. " . " [ a4 ¥
HLR Wuduiidyiigasoimafugudoyaiugiudaabase) luszuy  Gsm
‘ & ; ' ;
wihinudoya  (Information) ves§l¥luszvuynau  Uszrevdrodoyauiven  (static
information) %Y MSISDN (mobile subscriber ISDN) iﬁ’ﬁmuéﬂ‘l’f 153NS uas%’aga
P 9 ' o ' @ ) o " a =1

wWasuulasld wu Awmisilogiuves MS (location area, LAY Auimiudy HLR Aoz
nasumlag

Visitor Location Register : VLR

¥ ' = = Y ¥ o o

Yoyauanz MSC sziimandsuudaainn & MS s LA VLR fezaeuauss
VLR 3zfinaandayaynotiaves HLR 11%u ua HLR agiianmmadasuulasnuni

Y o

VLR humilouiifiudoyad2ns1) (Temporary information) ¥99 MS Apamsmsaiedeyann
MSCU uazi¥eusoiyy MSC aaoana §1 Ms wn1sdun VLR sziideyandoudmivat
msfnse Taoluiodoyasin HLR
Operating Subsystem : OSS

oss iudwiimuvesszuy  GsM  szneudaumsiaumnetiaiisuiiuves
Tnssdhe  Weudedsgunsalynotluszuadnduazde BsC #w Gonl&uiudan
aTVAYUZVY (Operation and Support System, 0SS) 118 0SS dariuTnsetuFeudod Y
dyanu 87 Uszaeulidqe

Operation and Maintenance Center : OMC

OMC xﬂudauuﬂﬂanaua:ﬂmqnTﬂﬂﬂiwﬁmuﬂﬁm O Interface (SS7 N x.25) N3
werasna)sznoudln wansila douzvesTnssiie mssmuinuaoasodld Aady

Authentication Center : AuC

dudmaiumyude Ms Tasmwizludwiiianudos wu nistlesiu D ms
dhsiavesdldidade o137 HLR nieden1d Auc Aodrutloafuvns HLR

Equipment Identity Register : EIR

EIR Lﬂui’fagamm IMEIs (International Mobile Equipment Identicy) Wud mxﬁmﬁ'mm

werileriiugaiaIuiAe) (Stand-a lone) iFousafiu AUC
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demodulation demodulation
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2.3.3 Tn39a519509Fa 104989 GSM (The timing structure of GSM)
a d 1w oA Y ° o - 3/ ¥ 1
Mneuyangavesmhmimainmluowesn 1 fe  msadlassadegeum
3TUU GSM HiFnnnunNuounnududazyesdynunnudwiidy 200 kHz Wiy i
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' { s & 3 . = ar
(Control Channels) 13U TiFAABINI495] 3 TRX (Radio Transceiver) 1z azApaiivoedaygy i
— ' 4 [ ]
AWANDN 1 TRX Tunsiazisames wie 19 1 o3 TCF Wuvesniuny szun GsM s
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ATIIVTYYIUAWIA 1/4 voaiinaude 3 §3Tu3 28 UM 53.76 Tunfi (Hyperframe)

2.3.3.1 Yosdaya 1andud (Traffic Channels, TCH)
TCH 15 nunhauauanuiviiud 200 kHz finnn§adyanuisaoai 270,83 kbps
lawlosmsuilumsungjiiqail 2048 qinlefivlsy  (Superframe)  anlosinsuvoansy

@ A

dyauanuDi 51 Tadmsy (Multiframe) 19137 6.12 3u1d 1 Tadimsuldinar 0.12 5w
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26 ¥9UI1 1 ¥0IA1 (Time slot) voaaamsuldinan 0.4615 Saadui moludaamsy
] = 1 L L) -] s T é
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3 57 126 1 57 3 825
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doyanondoeriluTas Tududyana i aowdveadosialegi 300 vz - 3.4
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swAvdyyIads aunsaduunla 256 szdu Tdamusdyapaudsaluglasaeaiiiy 4
kbps ARSI CCITT udadaruTnsason 13 kbps 1aold LPC (Linear Predictive
Coding) LTP (Long Term Prediction) 1182 RPE (Residual Pulse Excitation) M1u8161 $1149u
a qy v T ar o o’r = ' 1Y ar a 4
in 13 kb il lddsdeiumudiumoluasudsdumsndrodaygaunnsen Gurss) NN
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2.3.3.2 ¥OITYYIUAIVAM (Control Channels, CCH)

CCH (Control Channel)

CCCH

RACH .| PCH/AGC '

Synch. Channel

| FACCH .l SACCH '

3N 2.14 Uszinnveareadyanuniugy

FoIdyIUAWANIUIZUY GSM 1i 3 ¥iIAfAD Broadcast control channel (BCCH)
Common control channel (CCCH) (18 Dedicated control channel (DCCH)

BecH dsdyanamiauinfuitodals Ms $Awmia BS Tnsethe uazdoyaves
1¥2359U%19 SCH (Synchronization Channel) 1iludgyaaviauiie ¥ Ms viunsudediy BTS
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Channel) ﬂwﬁwﬁszuﬁmmmnnadwummsL"f;amiamn MS uaz BS uazsiamseolanui
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ANuiINavesszuudomsisenmsnilegnseauvesdygruiiioame niodgyg

L e

sunauiansaiiialdegluvinaimgauioonsuld nazninoteguamvesdygin
as o @ 4 (Y o [ -
A2 dyanauazdygusuniudivegiugdnssiuazdnlsluszvuiieenuuy Taoawe
oA w o w o a o w Y
ptvgamadya i IihdmivgdnsaluszvumeTaendvauazmanasdmsuaolouds

e

3.1 @Yy (Signal)
Tuvrdutimisnsandyanadiudinanrianiag lavmnizan InsAwiinioun

¥
asi TdemienauguuandiiuTassonay Tasinsauunisinanesniiludugasi

3.1.1 nsgiemmiludana
mwizdgyanun Insimiinaouiindiaveinmaiosunie  BTS  doanuny

ar s ar

P P w
aunusnuesnsznouaan

3.1.1.1 MsunsnszawnaulueInmaing
A | Ao w 1 ' & o o ]
wseedaiinasds P unsnszawaauningaguinais llseuqdiuaenay a. dumia

Ve ] o — o
1ﬂ‘] '{fqm“m‘ummﬂumuummmmnusiuﬂqﬂﬂuunmq

P = P.(0,¢)ds (3.1)
27 2n
P =d* [ [ P.(0.4)sin0d0ds (3.2)
0 0
2 2x
B =P.d* [ [ sinododg (3.3)
0 0

P, =4md’P, (3.4)
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P

=i (3.5)
4rd

v v
W G, fedaswmehdswesaoonismninioads aniueeld P iy

PG

) e R (3.6)
4md

4 "o W 1 @ 3/ o o o y 4
ennurumiuMduwsnsznodyanuutaganoud s MU T uA NN

& du G
WUNSTUTYYIM = 3 . B.7
T
; PG,G X
.. Pr = W (38)

1 o J s
wiath G, = G,y 1 uaz yiuAnimsaanonvuduaniminadow ez'ld
¥
A
P = R[—_ (3.9)

@ 4 4
3.1.1.2 anumzum'mzmuﬁauwugm (Basic propagation Mechanisms)
w A ' A 4 A da 4 A a 4 A
ANHUSWUTIUVDINITUNINIZNWARUADTININAIUIGNBEIBIM S TRMTAUAAY
¥ ¥
AUNYANTIVUDINS FU-A9 AU LAZTNINIAADY A3l
1. MIA=NoUVBIAAY (Reflection)
3 a cg P A [] d a A A a s
MsdzNounNAv oAU IIManIAUN limilo deRavantvuig
] ' A 3 Af = =) or o Y a
Tnainanuenduuing msaznouNiuAl lanuazanomsns ez g
= u:! é [ Vv :lv =) q‘ A'I a Y = A é‘l a
nema Inddumnadaanaazoutionnduma ldinsessudoe HazoNNItiNeAAUIAY
] @ et a o a v e o s = = I EY ) - -
maruAInani lasidnninddunesinmoldeunaa1édie dagll 3.1 Hiemendu
] A L] o = 1] 4 L] 4
funilamzgrudInaNannsznudndunisaziou anuruiuvesauy Tl wesnduy
annsENULRZAENOULEAIR A TS s anTMsasiouveunsaua  (Fresnel  reflection

coefficient: 1)
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H a o @ o a 3
zﬂﬁ 3.1 uaasavInMadmIvaudszansmsaznou

' e a o Y da ¥ =Y nnd’ ; o A
mdulszdninsazdeuiiuilsidusvdumeiinaiavesiu  Twanlassuvesnau
= A o Y o
YUANNIENY 1AZANNDVRINAY NNAUMSAIBY v uaz A unuIwan lsgauinIndhma
¥
HUIAIASUUIUBUMINAIAY a3 i uaz r wuedaaun IihannsenuuazazRoumuddy
b - ]
Uaz e, 4, o, ADNBLAAIA MANVUNTNTY HAZANINMSITNIVDIRINAIN 1 AUAIAL LAz
v Y ¥ =< ' a4 w @ A adoe o
dvesdan 2 winsdalumanumnoduisuvesiinaniioes lunsaindanaii 1 iy

s ¥ ¥
mmﬁmﬁnﬂi:fmﬁm5ﬁ:ﬁ'ﬂuﬂafmm"lﬂﬁﬂuuu'Jmuazumuﬂufu:"lﬁ’

E —g,sinf, — /¢, —cos’ 6,
r,=="r= . (3.10)

E, g sin@, +g, —cos’ 6,

E,  sinf —./g, —cos’ 6,
Fh = l = - r : J (311)
E, sin,+4e, —cos?6,

{ o @ a o = o y '
wagvnyu 6, Wi Iddulszinsmsaziou I, Tandugud yuilGoningm

E
=

a J L4 a o o o
VD3 VIIAADI (Brewster angle) LLAAIYNUITITADIAY

Ve, -1

Vel -1

sin@, = (3.12)

2. MINNIMYDIAAY (Diffraction)
as : = ' =1 "
mMsvnmvesnauaemsiaumsvesaumiman v lawduTAves
= a s o = =
Ton wazansadumaniediiavind dsingmssimsinmannsaetuielddongui

= . . o 1 o = M A a Y a £y di
Y23 UNU (Huygen’s principle) Yli.’fu'lmulmﬁﬂ‘lﬂ‘ﬁ’llﬁ‘l-l‘ﬂ"li‘lmuBﬂQﬂFI‘IJ’JNIIﬂ’JKﬂﬂHu'IﬂﬁN
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1da 4 2 '

Tnindadanavrng MsssuLLUNAmesvoInau InuNRATUN InUALINUMaIR IMiTA
A v ow oA o o A & a ér:;yw dyvﬁ;d' Yr oA
aaudusuRassiumilailuadudes FaSoniuilddyanauuuiiinduiuiing uiheed

MSAANOUTYYIUAIDGININ LADINALINOADM T o5 10

Q

Huygens secondary

sources

R (Receiver in
S (source)

Shadowed region)

A

dl < d2 >

31U 3.2 msvinmuazuvass uniiandududuaovesdunu

] o 1 o A 8 o w
ﬂ'.l’lillli\‘l‘\]ﬂdﬁﬂ?ll‘lﬂﬁ’]ﬁ R i]:ﬁjuNﬁ‘l.lBQNﬂ'i')U‘UENDﬂWIB‘i“UBQL!Hﬁdﬂ'lmﬂﬂauﬂuﬂﬂﬂﬂd

uerasaumsanuusvesaun b £, 180
E, = E,F(v) (3.13)

dio £, Wuanuuseaunihluemaig waz Fv) dufleandumsinmveansmua

i
@

o . . . A
uaz'ln3s210WA (Fresnel-Kirchoff diffraction parameter- v) #aenunsont 1aaail

v=nh M{l (3.14)
\J Ad\d,

é ﬂ; =3 1 é.l =] l:. A
we A Lﬁuﬂ’l'mq\‘i‘ljﬂﬂﬁﬁﬂﬂ‘ﬂ'ﬂ@ U dl L d2 L‘ﬂlﬁSJ’US%WﬂLﬂSﬂQﬁQOQﬂQﬂﬁ‘ll')'l\nm::'i]'lﬂ

danAv0unT oI uMNGIAY tazasomdasIMsaaneu L, lumitumdiua daaums

L, =20log| F(v)| (3.15)

3
=

msuaaonsIMsaanouvoasauan ldein 33140 Tavdszunuvesd (Lee) Aail
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L,=0 1<y (3.16)
L, =20log,,(0.5+0.62v) 0<v<l (3.17)
L, =20log,,(0.5exp(0.95v)) -1sv<0 (3.18)
L, =20log,, (0.4 —/0.1184— (0.1v+0.38)? =24 L&~ (3.19)
L, =20log,,(~0.225/v) v>-24 (3.20)

o ' [ a wa

Tuaums (3.17-3.18) szmuhdr v (fugud szlddasmsaanewiiu —6 dB lumalfia
" A a a - | - a y

udr Tasmmizedatasnugauuiudsiavnananimiiagn  asiudumamadumeai

¥
vwlszneuduMsHnmuasasdasImsaanouduiumsaanousIy

3. MIUANNTZIIWUDIAAY (Scattering)

M1 Ao '

= as w o 4 o
midsziiudanmsaaneuluszuy Insiwindoundneziisndinina
WueTaegianemsizdulngifinsandivaissmsazdounazmsinmyesntu Tunamnily
WIMsnmaanuvesnauaziou ldgnnszawesnnarwiismatiunannimihaziouli
= ‘:’

~ -~ ' Af = ¥ = oy o 3 : .
LFUULTINNNITUANNTEDY WHN‘}TIIJFI'J1111]§1I‘5$ﬁtnl‘lmf]‘hll;]ﬂlﬂ\‘ﬂ‘iUﬁﬂ‘li (Raylelgh criterion)

4 3 o a = U d’ ) LT
Tumsussowda lddmuannugeingavestjuvgvszveaiuiiug 0, 13

4
°  8cosb,

(3.21)

ddmihnuGeunh (h dnnwgalesnd 4) uaziinnuugvsznd (hanuganan
" a ' a o A o

h,) mdudszansmsaziioudossmdumgydonsuannszny p, @3R0UNUY (Ament)

Tadmesnuim

7o, cosb, ]2 _—

=exp|l — 8
o]

d'i ij " o -; o - gy ¥ o
1o o, WUALLAUUINIATIIUYDINNNINUAARDY LazaunIs (3.22) A lagnilSulsaTae
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10uBa(Boithias) N 1¥iHan1saonuuiudnnNfe

7o, cosd, ! 7o, coso, 3
By =oxpl—8———| Wl |— (3.23)

o I 5 Lﬂummﬁaﬁaﬁ%u (Bessel function)

a wa
3.1.2 aumInmsmIaanaumaljum
¥
MIMIMIaANBUNIMAUGIANNIITMIAUNA  (Empirical Method) 1AZITMS3
= L4 aa q’: ey s " i
AATIZH (Analytical Method) taz37u5 W d0ya luneadadnisaesitisznoudu lannei
o q ¥ Ya o Y a 4
nilvaunis Indifsenuaniminadensswniu
o oo

¥ v v "
aumMsMIaaneuNInguuazmsiamaljianmmaunaoniuldduiusiy

FTULMIATANINTAANDU

PL(d) « (i] (3.24)
d,

a e o @ { o o o 1 o ' 4 4 1 “ J
madfiamasisudviiumasuvessidundoiusudouuy  weldarningedouniy

AITUMS (3.25)
PL(d) = PL(d) + Xo (3.25)

Xo feAnlluauunnsgiu (Standard Deviation) 1Hum ldninadanianisianiiloma
amandou ldnnmnd lemmiamniiqa (@narvesgdszdiandn szauldai1deglu
c; ] 45' -~ d? d'l ar ] Vv
veulaiW¥edenIL  1nlemamsamaniouvesnnuusdyaaz eIz

A o Yo w A A a
szoznandaansalimanauiiivane
W 4 Whusszdumaoaneannudunsaaney A= P, —ylog(r,/ r,) iioszAy 4
w o w A ) d’ - o o o 5 e & .
WuszAumidan r, Tduiuf 50 nlesiduaveacuns Gaussian Probability Density Function

5 4
(3.26) FaaAINa TUA15199 3.1 [11][12]

fre=d) ] (3.26)

1
fil) = exp(— -
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b4 LY ar a oA A J =2 1 P
m‘lmzﬂ‘u A NUANVUUTDDDVY HUIBDITLUENIIZAART 1¥U nizuzAIvUAQUIYD 90

nlesiFudilu

20

T -C)’ T :
90% = IJ__ exp[u (x—)—]dx = A__[C Foro exp(—y?}iy (3.27)

ADNIZAY C (r,) AN A (1) Awsneeld r, =710

AsoUAauIane 1/

4:; s s oA =
13190 3.1 Taﬂmnmmummu‘lmna

a

-0.130

WONUNIITINTZ

P(x2C), % C=Bo+4
80 -0.850+ 4
70 -0.550 + A
60 ~0.250 + A
50 A

40 0.250 + 4
H 0.550 + A
20 0.850 + 4
A lo+ A

10 1.3c+ 4
e 2&+ A

o B 1Humneiii 1890 Gaussian distribution ¥o3Uszalamvinaumsi (3.26) 4

r LY :i cs' 3 ar o q‘ = 1 [ ci = Y
Lﬂuizﬂuﬁtyﬂpmmnuwmﬂ% uag C ﬁ‘luizmjﬁtgmu1mﬂqqmuﬂ'mxﬁummmm"flumua:

AIM1519

3.1.2.1 aumMIiMIaanaHuved Okumura

a a 1 g ¥ 1 - '
3M35909 Okumura 1Hu3Emsmimaaneuilfinniiqa 19 luanuiszning 150 —

2000 MHz waz#iszoz 1-100 Alawns annsaldiumeniaiinnmugs 30-100 w3 uaa

v
AUMTNITAANDUAIL
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Ly =Ly +4,,(f,d)+G(h,)+G(h,) (3.28)

Fumnmsaanoumdsluniluadiva
Humnisaanauninenaig

' Ad v o do
lﬂuﬂ’lﬁﬂ“ﬂﬂuﬂ]BQﬂTﬂlﬂﬁﬁuwu'Eﬂ‘Uﬂ')ﬂa'N

as ' @ o da
I.‘]d_luﬁ)ﬂ‘i'lﬂ'l‘i‘IJU'IUilEl\uff'lﬂ'Iﬂ'lﬂﬁ&ﬁllwu'ﬁﬂﬂﬂ'l"ilqu

G(h,,) WudasimsunoveumemasuduiusiuaIg

3.1.2.2

auMmaInIIannauUsyd Hata

AUAIINITAANOUYBY Hata H30(30N71 Okumura-Hata w312 181511500 naums

b '
¥99 Okumura laod5uiganinmanimsianazadd 1daunmsaaneudinuanudsznin 100

1500 MHz Wszozasouaquluifiu 1 Alamas AUAUZUAINMA 30-200 AT (MINE

o @ g
ﬂ'lﬁ'i'l]ﬁl%ﬂ'izﬂ'lmﬂ"l‘)'ﬂ'l'iﬁﬂﬂﬂll‘llﬂﬁl‘ﬁﬁ‘lm'mmﬂ

Ly, = 69.55+26.16log,, f. —13.82log,, h, —a(h,,)

a(hrc )

+(44.9-6.55log,, h,)log,, d (3.29)

ummsaanoumaslumizediua (dB)
uanudlFaou

Wlunnugamds (@oiigi) s2nie 30 - 200 WA (m)
Wunnuganiy (nsdnviadeud ) szn91a 1-10 was (m)

Whuszozmannndedamsy lumite ATawas (km)

dusuramesudlvmanugumdy Faduiusiuvnnavesiuildusns
Tuduiies
a(h,) = (1.11og,, f. - 0.7k, —(1.56log,, f. - 0.8) (3.30)

uazdlosvalng1d a(h,) W

a(h,,) =8.26(log,,1.54h,)* —1.1 @&y £, <200MHz (3.31)
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a(h,,) =3.26(log,, 11.75h,,)* —=4.97 dwmsu £, > 400 MHz (3.32)
wazauMsmMsaanaud iy uiieaiiy
Ly, = Ly, (urban) —2[log,, (£, /28)]* - 5.4 (3.33)
uazf‘hﬂ%’wm;ﬁm"Lu‘ﬁuﬁtﬂﬂﬁumsmsaﬂmuﬂ%’uﬂguﬂu
Ly, = Ly, (urban) — 4.78(log,, f.)* —18.33log,, £, —40.98 (3.34)

& o o dw
G(h,) Lﬂu'emﬂm';'mmﬂﬂummmmﬂmauwuﬁnnmmqq

G(h,,) Wudasmsvovesnemasuduiusiuanugs

3.1.2.3 aumInmsannauued Walfisch-Tkegami
ar e [y . [V S 4 =t
Tududiesniiszdunnugavesemissoumnioalnsdndindoud  aunsoldauns

aANBUYDY Walfisch-Tkegami 1unsUszanams Taeiunisaanowdh loinmsaanounin

PINAIN @’humﬁaﬂmu-uaaﬂﬁuﬁ'ﬂmLmzmmﬂﬂﬂs:mwmﬂﬁmﬁmmﬂquwm
RRIIRF]
Base Station Mapbile
I ’ ‘
Ahb "-,“

¥ - ‘\:\ A
h
v

Ah,
A s
if \\\ ""-.‘_“ ¢ v
h

A
a

m

31 3.3 uamsmsinmussnauiDeImMsIazMITERoy

VNMITALASAINNADAYD Walfisch-Tkegami ldaumsmsaanouluszezssdumoaniiy

L, = 42.6+16log(d) + 20log( f) (3.35)



46

de  d  duszegmannInsdwiindouiinaariiguszes hidu 20 Alamas
Wuaudlumio Miz
L, lusanmsquide uaziiszes d Biiu 20 wAsziAuMASAs I gyIFY
VYDIDINAI

"lﬁ’mmnﬁumsﬁupuﬁ ﬁmsmﬁ‘qmsqﬂgtﬁumnmsﬁ'nmam:mmmnmzmwmﬁmmm
L,=L,+L, +L,, (3.36)
liie L, Wludasimsaanouvesoiniaing
L, =32.4+20log(d)+20log(f) (3.37)
L. ﬁ‘Jué’ﬂ51ﬂ1'saﬂ‘n'ﬂumnm‘sﬁ'ﬂmﬂmmmqammmn:msuﬂﬂﬂ‘izmu

L, =-16.9-10log(w)+10log(f)+20logAh, + L, . h,>h, — (338)

L, =0 L,<0 (339

L. ‘{udasimsaanouilosninmssasesvesoun

L., =(-10)+0.354c 0<a <35 (3.40)

L. =25+0.075a-35) I5<a <55 (3.41)

L. =40-011(«-55) 55a <90 (3.42)
uae Ah, =h,,, —h,

Ah, =h, - h,,,

L,, 4dumsaameuniamaimmyoanaronsiadu (Multiscreen diffraction loss)

v
wand lAvINAI1vee Walfish 91931
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Li=Lpiny+ k, +k,log(d)+ kJr log(f)—9log(b) (3.43)
by =0 L, <0 (3.44)
o L, =-18log(l+Ah,) hy>h, (3.45)
L, =0 hy<h, (3.46)
k, = 54—-0.8(Ah,) d > 0.5km hy<h, (3.47)
k, =54—0.8Ah, oi.s d <0.5km h,<h, (3.48)
k, =18 hy>h,, (3.49)
k, =18-152%% hy<h, (3.50)

o

s @ w A o A Aa ' 3 ¥
ﬁ“‘l5‘U?l')ll}ﬂﬂﬂlu'lﬂﬂa’Nuﬁzﬂuﬂﬂﬁ‘l\ﬁﬂu1113\11'11’?1']11“11”!1“N'UENFI‘NV]JJ

wolszum
=
k., =-4+0.7 —-1 (3.51)
d (925
uazdmsuguinaduiiouiiy
)
k, =—4+1.5—-1 352
4 (925 e

3.1.2.4 auns Walfisch-Tkegami @1%30 GSM lulas-tualasia
= owa o ar = - ar U =
aunmsnalfuadmsulyTaswaluemsuazueneins  selandsonandauily
° - " w Y 3 Hq ¥y a v qyﬂ
TN INSIZUANVUANANAUMUTNINIIADULAZIZ VLN 1901983 A TTiidluauns

4 o A 4 a wa
Walfisch -Tkegami 1 19 uaumasiesisurimalfidves lulasaa - walaswalueimslu
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520U GSM900 lay COST-231 (European Cooperation in the Field of Scientific and Technical

v ¥
Research 231) [10] ya1lszasnioldmivenyuiy osM Tuszun 3G as1/18d i
BTS-Macro 1163 MS-Macro

L, =31.5+20.log(d /m)+o(dB) d My d <21m
L,; =7.7+38log(d /m)+0o(dB) d MU d > 21m

BTS-Macro llﬂtqfd MS-Micro

Taw L.

LC‘G = LGG s L indoor — 12dB

indoor

BTS-Micro vl‘lJE“J'x‘l MS-Macro

Loe =31.5+20.log(d / m)+o(dB)+ L #M3U d <2325m

indoor

L;: =31.5+20.log(d/m)+o(dB) + L fM5U d >23.25m

indoor

BTS-Micro 11J&4 MS-Micro
Lo =31.5+20log(d / m)+o(dB)+0.9d / m dMiVd <40m

Lee =-7.54+491og(d/m) +o(dB) +2.L M5 d >40m

indoor

3.1.3 MsdemIdIauag

(3.53)

(3.54)

(3.55)

(3.56)

(3.57)

(3.58)

(3.59)

3 ¥
midemsdroms [uaadummnsihdeyagainnldiuedaunsnaroiadmsy

[ ¥ ' 4
Tasevrwmsdeans Insemnmasunals lasludlon 1dussmeduiutasns 19anaradly

wWuloudniwas Mddszansamlumsdanids1duin Taomwizedesldunassuniia

¥
weraihuawes lalon quauiAvoudulondniuasdsde i
= " oo ° « s
1) msgapdolumsdadyanud 19gunsainiudyananiovas
da d 9 (' J
2) uuuaanniae armylumsdadoyageiiu

3) Tugnsunaueinaduuiman 1wl (Electro Magnetic Interference, EMI)
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4) Niiludni Wi (Conductive) ansouonfuma I sznhaniesdety
in3eeiu 18I e dyanusunauiy

5) liudamiionimia iih (nductive)

6) mmmﬁmmm‘fmﬁ'ﬂnm

7) mmﬂaﬂﬂﬁuqaﬁu

8) nuaNuieuarasail laAanmeneuas

9) Tuazeeldi

uaﬂmm’faﬁmdﬂvuﬁ'an1idar«hu"nNLmﬁ'ﬂﬁﬂ’mms%"aﬁa”lﬁ’\'n'lnuax“lﬁ'mﬁusmw
gandinsaanuy lu Tnsoid Temaulsisumuanmuiadeunazanmeinia 061215

¥ ¥
- ar ] lé - '
awsm lunisaaaslassnongatiua lidodas ldinsanlumeusinae u

3.1.3.1 M3Uszadadmyayiamauad (Optical signal processing)
a ¥ g o v = o ¥
msdszananiuaausududionisasrnduuaandnldsudyaauas iy

as d!l 1 [ v =
dygnama Idihawmsuenganininiesds Tassudganaluginnudundsiiannssny

o

& [ [ a i . . 2 b
AITWITONUIMINTITUTyaalA 2 35 A LUVAT (Direction detection) 1AL LUV WTE

v ¥
" =

(Coherent detection) lufiHivgnadeludiuusn ndluszuuasresuidmmelszneunis
Ansanluauive
1) MIAIIVVUMVVAII (Direction detection, DD)

o 3 1 ] ar J L
N13A3II9 ilUu'UUﬂiQﬁTllﬁﬂ‘n'l'lﬂyﬂUlWi 1ztﬂﬁﬂuuﬂawmﬂwmmﬂzwﬂﬂﬂumi

Wasulasnmnduues Fnfunavesnsasiaiy winneddygauazaumni
AdAMaA3 18 lugUvesnszuaniousafy
M3A3TVNDYATY Guvndganugnuengandifuunasiuiauauayes
Tagasaudrdsirdaaadigiduloduem uazfudisginsalnsedunas (Photodetector) ¢
wasudgapauaaiudyaa i lagasmmnsdsunnasiduaadas n lala Toa
(Photodiode) T Ta'laToadm Ingjilazuiuiiu 2 Uszinnie
1) TlalaTeawtiadu (PIN)
2) TﬂTﬂ'lﬂIBﬂ‘Hﬁﬂﬂz’J'lmwg(Ava]anche photodiodes, APD)
" . ’
uazdad W In laTomiudmsiiimesndAwdadl

1) YszansnImmanIoual (Quantum efficiency)

n= -= (3.60)
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4 ° a g i d ¥ ° i
o r, waz r, AedwudidnaseufifuazaylduaziuiuIaouvesuaai

v [l
ANNTENUMNAIAY  aumsizvenoalszantamlumsutasiduasiinannsznyInla
TaToa luiludyana v Tastndse 1didumisonlosiaud

2) anuhlumsaevay E]Gﬁt‘gﬂluml (Responsivity)

]P .Qe_ -1

R= AW (3.61)

P, K

4 ad ' . ' 4 et
iio e Ao Uszydianaseuiin 1.602x10"”  qaswil kAo ArnefivesunasAia
- a = - o o w
6.626x 10”3 2. 3u1i £ Av ANuduAsTiANNIENY 1, A 0 NszuAEIYN 1Az P, A @ Mda
td "
uaaRnNNIENY aumstivsveniniu lumefinnszny

18nszuanay (mean square current) YoauAazFoaFyRUNINTOIFyaUs Ty

o

I (t)=I'm} /2 vile m,dugwsiimsuenganvosresdoyana

o

¥ A M o a a @ w

o ar a =) a I o 4
’CT']‘H‘S‘UTﬂTﬂhlﬂTEJﬂ‘Imﬂ APD i]ﬁ]"ﬂﬁ}l.llﬂﬂi‘ﬂ’ﬁﬁﬂﬂ]ﬂﬂﬂﬂﬂﬂﬂ‘W'mﬂ‘h"ullﬂﬂmﬁ)?

b
o

A o o o
(Multiplication factor, M) Favzludtadnsvewnszuamoludail

M= L, (3.62)

4 4 2 - .
iWiol, fio nszumeWiNNII 1, e nszua5uusn (Initial or primary photocurrent)

ABUINANITNINUVYBININE (Carrier Multiplication)

2) MINTIVVUMVVIINY (Coherent detection)
y 1 1q Ya o Lo
szuumsdemsnanasadiunglisasiunuunasa uennNMsaaveyaly
sumsdsunlasweweuldsadona  wazansadeluztdvesmsnldounaurauas
1 " v " "
anuddae  Taohinisasdedunuuasniudinseduuems liansesumsuwasumlad 1@
" ¥
AN gINg N TuumuuRuginazuuunteudud lulinnui e lums
a = ) a a o b=y | = ' a o w
asmumsnlasulasdyanauas - deiasiuldndensasuulasvesnundovesdias
Ao v n‘: o i a n’;‘ - = 4 =
UAINUABIAUNIUY  MSASTINVVLDLS WBTuarIeanutvewawe s xS ooy

Y - = A — v Y a AaY A a a
ﬂnlﬂﬂ“sﬂﬂj‘]”ﬂ'ﬂaﬂﬂﬂul.!.ﬂﬂ‘nlﬂuﬂ’Jﬂ'NENﬂﬂBQNLﬁﬂﬂiﬂ‘]Wﬂ
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Optical combiner

e Electrical
s
— e — R
I:I /T ZS k output signal

Incoming signal

Local oscillator laser D e

. 1
3N 3.4 ugaamdanmsiugMYeINIATNTULDDT AT

1 Y “ d o g ] ' a ] as [ 4
ﬂﬂ'lﬂﬁnzxi‘lummmi1:11'rrﬁﬂmsﬁujmamwwvmmsmnﬂmmmmummﬂqmgﬂﬁ 34
o o ql s s é as = 1
Mdsaafinnasuudnsndoudsdzinlaaiiudyapa ihifanszua 7, Tvalulsesiu

" v ¥
Tnaandanudmmu R, uazauIWthanisresmasduiiaszdulumuaumsaai
eg = Eg cos(wgt + @) (3.63)
e, =E, cos(w,t+¢,) (3.44)

E ung E, Aouowilagnvesauniih o uaz o, Aoanutidayuvesaun v

laui g, oz ¢, Ao dvosdayg o

i -ﬂl o ar = A o 1 ar c;
ADUINAIATIVVVUTIVSINANTSUD ]P “H\?lﬁuﬁﬂﬁ'luIﬂﬂﬂ?ﬁﬂ‘]_lﬂ’ﬂl.ll‘ﬁ’uuﬂﬂﬂﬁﬂ

b
nsEnuAMUNgMaIaesvesay Iniaail

I, <(e;+e,)’

o [Eg cos(wgt + @)+ E, cos(w, 1+ ¢, )]2 (3.65)

A ¥ - v
WONITYINDUN NP TUUNNDUDITUNT (3.65) ‘Ut‘lﬂ

[(Es)® cos® (wgt + ¢ )+ (E, ) cos’ (0,2 + ¢, )+ 2E E, cos(wgt + g ) cos(w, ! + é,)]

(3.66)

€e

AIUU
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E]cos’(w,t+¢,) = %Ei cos 2(w, t +¢L)+-;-(Ef) (3.67)
E; cos’(wst + dy) =%E52 cosZ(a)st+¢S)+%(E§) (3.68)

uazld 2EGE, cos((wgt +dg)cos(w,t +@,) = E¢E, cos(gl + g + gt+9,)
+EGE, cos(wgt +ps —w,t —@,) (3.69)
=EgE, cos((w; + o5)t +(ds + ¢,)) + EE, cos((wg — )t + (b — 8,))

UNUAUMI (3.67) (3.68) waz (3.69) luauns (3.66) 9214
1 2 1 2 ] 2 1 2
EES cos(Largt + 245 ) + EES + EEL + EEL cos(2m,t +2¢,)

+EGE, cos(wg + @ )t +(fs +¢,) + EE, cos((ws —w,)+(ds — 9,) (3.70)

VNTUMS (3.70) MBUANUD 205 20, 102 0, + @, B IUFNNNNDUNINAINTIITY

Y A g ar Q’l‘
llﬁquﬂﬂUﬂUQQ'lﬂ"iﬂuaUn']ﬂ ANUU

IPoc%E§+%Ef+ESELcos((mS—aJL)t+¢) (3.71)

d' =) o -& o W @ o o o -
e ¢ =g — ¢, uaz o —o, AEANVILNLEMAIIAUNUMAIETIRAsYD T

v

P~<e® > (3.72)
v & 2 1 2 o 2 1 2
AIUY <eg >= EES e <e; >= EE’“ (3.73)
- 1 2 l 2
1o Px EES oy P~ EES (3.74)

= o a Yo dy
wazensolsunszuazUidaems 1adail
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I, < Pi+ P, +2,/FP, cos((wg — @, )t + @) (3.75)
wozTdamuduiuilugialuie
I, =RP, + P, + 2P, P, cos((ws — @, )t +§)] (3.76)

o R feanu llumsaevauesdyanu uazes Idaumamendayananily

I, = R[2,/P,P, cos((w, — w, )t + §)] (3.77)

o o [ o g A = =t 1 =3
dmsumsasnTuuuuenmes 1s lad Aeniti o, # o, wiiluiinad1afe Op =05 -0,

safuesd

I, =2R,\|PP, cos(w !+ @) (3.78)
dmsumsasnduuuuTelulad Aensdl o, = 0, 118

I, =2R,[PP, cos¢ (3.79)

(R =
3.1.4 Mg MmNty
= = s & da g 1 ] ar 3 =
ﬁwiﬂwﬂnmmfluﬂﬂmnmwuwuuuﬂlﬂumimmu'df,uufgm U019 0NITUNIU
= J 3 [ ﬂ s S W - -3 [ éq‘ a
mavu lamsizauiudayanaliihlaenss  waziisasimsaaneuiuindusuanud it

'
" ar =

J ' kY 9 o o 1w = o ¥
99U uamnszuy ldeenuuy PBdmSuamdygiurdedyanusuniuimeswenawise 1413

o g

" ¥
Wueted saziflussuunmgndmiumsdsiiszozmaeduniszuumaas

¥
e =)

mudenmvlaendoaszinsandadinyiaiie
1) AUIAABIAANDURIAUT

2) anwidneew

3) msnumasnu Iiihvesans

4) AUTIAUDIAAIT

5) AaAndUNINg

6) WadausAmesaan

7) anmmuladeun gy
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a a a o d &
1) AUSANdITANDNNIAUY (Characteristic Impedance)

a a a o L4 0 w a a a
ﬂ']liﬂm'E]iﬁﬂﬂﬂﬂﬂllﬂucﬁﬁgﬂﬂﬁ'mﬁ1uﬂ1uﬂiSﬂWGl?ﬂﬂQﬁ]U LUAMINITARBITANDL

= - o o o " = o = o 1
'Wllﬂu"};"‘lffl#'Iﬁ'lUiﬂlﬂﬂl‘liUﬂF’]"Jtlﬂ'J1Hﬂﬂ‘wuﬁ“lli]~1ﬂ'lﬂ'lﬂ']°lﬂmu"ﬂ C UneMDUARLLAUY L @D
& ] & [N v w9 P 4 1 9 -
HUINUIUANULIVDITY ‘Uﬂﬁ’lulﬂG']EI‘D'Iﬂﬂ'!5?!HFI'NITH'i"l'I'LITHEJ“‘W!ﬂlﬂuﬂ'lﬂ’)'mﬂ']u‘l’l']u'ﬂ
° 7= [ 9 [ v a a a =a 4 o w o 3/ ' o 9
‘nﬂmuuwmamﬁ:nﬂuﬂau MANTAUADTAANDUNUAUY Z ﬁuwuﬁnvmumquuﬂmdmu
o o ] o @ o " — a o = ar
Tuvesdanimen p,. Wurmigudnasdmuenvesdniilu 4, uazminainladi annine fa

auns

138 ( D
P S - O (3.80)
> e [d,c J

o

2) anuonmeew
anwdameeriduandsmigaiannsarimdh i Taendea 18 Tnua TEM
- v ¥ - 1 o v a & -
vio lnuandndwinalawnGoalngiu  dusrldmsidumavesndauluTnuamile Tnua
ar 3 5 A Hq ¥ a J’ 3 " o ~ 9 4
Wan (Principal mode) 1oANMA IFIMMNVMdUHIgUINAVEI ToIBAITIAIZADIARAIND
a  a 19 Y a ' ' 4 =1 = 3] £y o a =
wan@es hildinamsdalulvuagenn Fwdnaanildmsnudidewihanaaasdl
¥ .
Wuraniwievavh Iifanansenuisesanuewiva (skin effect) Junmuzdmsuldanin

= 1 9 ar = A @ Ay 14
Lﬂﬂl‘ﬂﬂﬁﬂ'\ﬁzﬂxiﬂﬁﬂUﬂ'ﬂUﬂq\i ﬂTIUUT)ﬂﬁl.lﬂﬂi)ﬂ"fhl’ﬂ"ln'l‘iﬂﬂ'ﬂﬂﬂ1ﬂ
Ae = 1(Dpe +d ) (3.81)

4' 9 (] o @ o
e D, Whudurhguinanadininen (uas)
d,. Wuduriguinarsdniilu (uas)

V0 d,. Tuaums 3.80 uaz D, 3.81 9318 vunamslaenFvalumendurmguinmaiiu

300
DOC_M’m = 7 ‘-{EJ (382)

f V|1 +10[ i

e £ AeanudlFau (Hz)
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[
=

w3pvAvesy lnnduainswansomlumeuanudgegaianunsodsluTnuandn

Ty

i — 2 (3.83)

Dy NE|1+10

138

3) Msaanaulumenn1uD (Attenuation as a Function of Frequency)
oRsIMIAANBUVBIMs laendsaliauanan 4 Uszmsie mInsznevesdyaiu
A o o ' ' kY @ o AQ Yo -~ a ad
weannaniwen lauysel  anwdwmuvesdnhinldh  msganiudyanululadian
a o ar 4 [] 4 4
nin Az Meazveundsnunduiiioaninanu asgadvosnnudumueninmuesai
wiedunuausaasamon luaiaue
ag ¥ o (Y 9 L4 Aa o ot o
auuddiilumeiinstleasumsnsznldedauysol UduNAUEN Ul
a oA o ; 1 [ a ad =Y
uazgdunuaugaaeamemitawe  deuvziitivannu luauysolvesladannsaaznnu

3 .. éﬂ a ] ~ a arl ey
ATUNMUT TN TIUUNL uﬂ'llﬂﬁ]ﬂ‘l'iqmulﬁﬂ %5llﬂﬁ'llﬂ’lﬁ'ﬂ’ﬁqmulﬂ'u‘llﬂﬁﬁ'lﬂiﬂmﬂl‘lmﬁﬂiu

R
a =14.24| — |+ 9.09F, Jef (3.84)
ZO
e« fludasimsaaneuuss laenioalumioe dB/100 wins
R Wlusanudumusasvesinih luuazdniuendennue1a 100 Hah

dq v
PRI CARIY,
s ¢ ad a A

F, dumnesiamesveslasidnminnld

f duanudlFaulumioe MHz

Unddhaniesas hifinnudumunszuamzidunsegimivesdnh  Tasawne

" A ss. - g a v =R & o o v 3 ¥
pENBINANUDGAINTUNI LT ITAUN BgRA L EnEA NI dTosasauTid e
= a VoA s = a o o 2 o

pansznuilsonanueviiay (Skin effect) MnnuanAIAND (Skin depth) Faiinay

' 24 { o da, Y :
HUNuYINTEUTaAN 1/e(36.8%) FennuiniumililannniesiusgiuanudlFay

A a aad o & v o w
ANUNDUDSUDNUDININAN “ﬁzﬂﬂ1‘ﬂﬂ311’lﬂu¢]1u1 AITUNIT(3.85)
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5= 06604 |2 (3.85)

\/f_ Pc

v
We  § dluanudnnua lunieda (uTnswas)

@ o @ ar o = @ o
% dluanudumuresdnhdunus sustiavesdini

f iWunnudlunioo MHz

pazmANUMUMINISITIwvesdnihwlSvuaiowiunaiissminanunufinszua

¥
= [] 1 a @ ol q) ] ¥
mu‘nwmummummﬁﬂm FNUUANIUATUMUYDINDAD 100 LUAT *i]m‘i‘_lu

R =026 Y [P (3.86)
d \pc
uazthaumsnnudumuasaluaums (3.86) unuadlumsaums (3.84) 918
4.642
o= Pu/pe , YPolpc Jf +0.909F, \ef (3.87)
ZU dfC DOC
o Jp,/pe Wunwdumuvesiagilfidniludniuisuiag
VP /Pe Wuanudumuvesdagiildhdninenduiuiiuiag

= o 1w £ J " ar { -
INTAUNIIN (3.87) 'i]zlﬂu’)’lﬂﬂ51ﬂ'|'5ﬁﬂﬂﬂuﬂJENﬁ'lUW'lEnlﬂLNﬂ:ﬂuﬂgﬂﬂi']ﬂﬁﬁﬂﬂﬂﬂﬂﬂ?‘luﬂ

= A =Y 9/ ar :; = nl.r = =1 d'w o o ci

uazdnmenntutusadusunud meTaenmean llifamsgadoiani lumeundni
A ad . a.ad 4 w - 4
msgadenylasidamInnmutuiusiniaosvesnnud

wazansahaums (3.83) unuasluaums G.87) swiiluwainld aumseasinis

¥
r

a a a o 4
ﬂﬂﬂﬂuiul?‘lﬂu‘"ﬂ\'lﬂ'uﬁﬂlﬂﬂiﬁﬂﬂﬂuwuﬂu“ﬁ ﬂ\'lﬁ

Zoe
138

= 46424f |1.23 +10(
D

(3.88)
oc ZO
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3.2 dyIMIUNMIU (Noise)

dyanusuniuluszuudemslasialdernswuneen 18ty 3 uuudaeiude wuu
a a ] ar d‘l Y A a
MAAINAIOUBNYBITEU 19U deyg s uniunnniee 14 1w uuuiniiannnisluves

Ll 1 A ' o d’ - o
szuvdeiinngUnsaiaieg Faere himnsatlesduld wazuvuiifasinmsiiauves

"
S o o

ar P r [ 4 ar a 4 ]
szu lasdygasuniuindidguaz Ninordesny Inssisvesnsdoms Insdmwmnaeuily

¥
@ A

NUINUA

3.2.1 dsUNIUNEIU (Intrinsic noise)
ar d
1) mduauads (Thermal noise)
o d a a e v o ¥ a
meiueauaduiaINguuNiuaNuAUMUM Inszuafamsulsisiu
ad o = ar a .; T e
vesdtanasen Mldanudowdaussduma ihidudyapasuniuiiu m1dlugdmidds
v ¥
ADANNYALTL

Iy s (3.89)

=)

& = ' = LS dat " w 23 a -] a

e K Ao nsh Tudnannidawidy 1.381x10°  yamadu’ 7 Ao gaimngd

o ¢ N = - v o o or ] I's -~ o
WYsanIoNaIu R A ANuAmIUMU InaavesdinsndudyanumnidoTovy B fle uuua
Ianvesiinsdedudgyaradinwiiiy 1/2zRCiilo ¢ fle mlszy Ifvesiinsreiu

oy aue

2) ¥eNuadH (Shot noise)
o = ] o a % .
FONUDAUINANINAIT IMAVOINTZUANIUAINIANG (Potential  barrier)
A = ' a 4 " ad - P
iwiesnnmsasuulaanszuaseugAaunde suflurauininmsldesdidnaseunielaai
v £ a r.‘? o 4 o o =
Wunvudu Fafadu18lugunseimsnadni navessenuedoldgninsizvlae w.

Schottky lauaas massideaas1ife
12 =2ql, B (3.90)

4 1 a o " o 2 " i [
e g AemilszyvesBianasouniiny 1.6x10™° gaowdl 7, Aesundunszuanse iy

< o a s P 4 da o N v ¥
nszuamavioinnves I lndmawmes B Aousdoiuuaiminieoisnaniniuniunia

Adgq w g ¥ d = - w = o ar ~
llﬂllﬂ'ﬂllﬂﬂ’lﬂﬂ'[uﬂ.lﬂ ﬂ’l‘lff]'ﬂ'llﬂﬁﬂﬂﬂ1ﬂ\1ﬂﬂl]ﬂ']1”ﬂllﬁzlijuﬂ\1ﬂ‘lfuﬂﬂ\ﬂﬂizllﬁﬂﬁ\ﬂ‘n‘h’la

"
=

' e z ' e VoA LI
iugUnsaimniuan lasadlumnuiug
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3) pszuain (Dark current noise)
a4 ] 4 A W o ' a
Tavin@die luliudsannsznugunsaimsnadnit vy TWia'laTon vzifia
v & 4 A a o ¥ ] ¥ 9
nizuanmiagunavinguuginieluildwivedniganseduldnszTaavinuou

b
=

ad = [ o a ; ar Y
alanasoudase lldumumsii mﬂn's:uﬁwﬁmmwmmﬂm n1lasadl
I; = 2¢Bl, (3.91)
4) MAVELTYYIY (Amplifier noise)

a A a a d a  Jaq v ar
Wudyapusunuiifanniasdidamsefind i lFlumsvenedyya il

nn Mialalea musofivisanlddagiiizs

hf —» SZ c T i —-C Amp

d

detector Amplifier

31N 35 wansesauyadumhvesmavsedaygio

v ¥
3 o a @ s 3

dyanusuniufiiaduiugunssivers siliuennnddsdunmdungnuee

o o

s

oon 1UAw8ns1w1e G uddsiidyanusunius i ldreiIdsasidiuveC, /N, i

v
s

[ - S ' = ' o o o {
Y C,/ N uazsgldhmiiduniisanmiiu F wieiSoniedeflninediuma ey

Wumvendaszansnmusaginsalveness i

¥
=

AMITOABUTUMNT LA

/N,
Fo G/ (3.92)
C /N,
Woulnlédu
C N
F=—Lx_2¢ (393)
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A C C 1 oyr = ™
e G =—uay — = — 2UUNNAUMS 3.93 wuu“lumanamwmu(} 'lﬁﬁ]u
C, E; G
N
F=-2 l] (3.94)
N \G

o N, = N,(G)+ N, Tash N, dhudyapasunuiiianislugnseives

sUU

, N
Fo N.(G)+N, 1+

= « (3.95)
uazdmiv F. lunsaimaing (Cascade)
N, N,
Fy F Fs
N,
B = 2 (3.96)
N (Ge)

v ¥
VATYINUTUNMIUNAINN VTR ATz ezily

N, =N, (GG, NG;)+ N (GG, + N,(G;)+N,, (3.97)

A - w u‘:
Falionsrwenosmnanuaiiy

GC = (Gl )(Gz )(Gj) (3.98)

Mirdaumsuedsinine iy

F = NiG(G)(Gy) + N,y (G, )(Gy) + Ny (Gy)(G) + N,

(3.99)
N(G)(G,)(G;)
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waziaglaums (3.99) Tnildiiu

N N N
F=1+—" 4 e al (3.100)
NG, Ni(G)G,) N,(G)G,)G;)
wozmndAauedoflnnesudazinanld £, F,uay £, &l
N N N
F=1+—" F=1+—2upz F, =1+ =
iGI Nf 2 3
R2uANNIS (3.100) Wou T 1did
F,-1 F, -1
F=F+-2—423 (3.101)

Gl Gl GZ
Tuihuesdnriudmmsamaunisi ldveswedoilnnesdmsuissveemanalaiiy

F2—1+ F, -1 P
G, (G)G,) ~ GG,..G,,

(3.102)

Q.J C; s 4 s L 4 o ﬂ;
vnaumsia i 3.102)  Tumounduiledmdmndusasimsvne iy ag
" 7 Y 4
Tavilszuiad1 vedoininesvenassmmaaiuegiutesdfinines19sn1nduy nioued
o [ o o
e szinamiiumansndriidasimsvooga

b
Tuudazgyavesmenowdh lfemnvned dyarmsuniudail

N, 1
Noiran =—2+(1-—)kTB 3.103
7 ) (3.103)

out,att

1’ 8
waziionmaveeluszeziiuily G uvedsfnmesilu F a2 1dmdeuedodiy

Now oo = N,y G +(F ~DKTBG (3.104)

out .amp

o 4 o ar _ T l&
ildmmsomszozaiswenlonin ONR uazl¥dmsvlszdiusia Insatomes W9

naneae



61

5) MsiaNeuaInMsAaL (Clipping Distortion)
ar 1 ar =) = =) d? L) =
gapuundmgaaaniondl luinadunnmsvorelugiisasimsvne
= ar = a A L4 a a
guin lnseiidyapasuymnnifuniiigUnseivoedygrans Wasvoodugadu g
] L4
m'ﬁﬁﬁ'ﬂgmumSm«gwmﬂmu'1ﬂ1i'ua1aﬁﬁ1m¢;inﬂ'l@’fﬂwmﬁ'ﬂgmuqmﬂmuqmmﬁmuigmﬁw

Yt dy Q2 a @ W 1 d' = u’: s a =
Ty Suinmsdadayaia ludiudimuiull Awrasdyanasiluduynues

s lalen Tugilii 3.6 Fyanamamandesdygaicu Pe) 18

_______________ b
] :
Zero-power
Clipping level
] ' t
U 3.6 dyapugnadluteiligunsal hisunsaswsaald
N
P(t) = Py[1+ Y. m, cos(w,t +¢,)] (3.105)
i-1
o o T -
wazdyanauevimauiiunseuansuiy
1) = pP(0) (3.106)
e P, iilusdsdyanoundensyld
N dludwnusesdaanu
m,  dludsiimsuenganiivedynna i
o, Wuynvesnnudivosdaao i
¢, unlavesndnvesduynm i

dumnmsaovaussvesInlalalon

Eo)
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d' L | ¥ ] o 9 SO ra
VINAUNTN (3.105) AFUMSNONQINVDIUAAsFOITamaodia lify m <1/ N
g'i gi Y ar ] 9 (Y oA L= dy " A:;
mamx'lﬂatgaymnmqﬂ‘vmuaﬂmnu 1 uazez luinanisaddiuuazninaunisues
Gaussian random 1 msifGoumlauilu o2 = 12Nm? /2 nagIdmidaaeun doveady

fignadrlarn 7() Tulfie

— 1 0

15, ~—— | exp[-(I - 1,)* /252 1dI (3.107)
lip \/’2;0'! - p ( 0 I

12, ~ QI expl(-1/24%) (3.108)

o

o u=+/(Nm*/2) dusisnniidesvessidunis uazAmdAydofedns 1dudyy
ol

WTUNIU a1y

[
e

NC = (/1 2)u exp(l/ 1?) (3.109)

clip

A ¥ [ P ] [y a Vv =] [
vinaumsiile ldvinavesdygraiigde lufumsgnaddudusfaunsatmun

Aviimsuenguanimugauld wulisasidudyaudedyyiusuniusggeiiganie

mulumndmvua

6) mauwng]mﬁamim&'cyq,nm (Intermodulation distortion noise)
e dyanuduymiinarvsesdyananmamodedayyiandoriuimliés
o ) 1 dy = Y a
gUnsaidszinnieniivn (Active Device) HompdNuMAABiamIguiueIFy I
@ - s ¢ o o
(Beat) Rzuudyanus e innvosginsalionfivduiiunaswvesduyanmeinnnivase

L) o o o & o a o o A .
WIUTYYIUITIUNIAINKU (First order) WIHTYRIUIIWAHINADY (Composite Second

¥
o a A

Order, CSO) f1@3#a W (Composite Triple Beat, CTB) tazi1dsdn lidoo faauns

vinaumsn lvesdygrasuluaumsi (3.105) fie P() = P, (1+ m, cost) uun

A o = e P
WﬂWim’]ﬁﬂJﬂJWmi?uﬂﬂﬂﬂlﬂﬂﬁﬂ 3 ﬂgvlﬁ

P(t) = Fy[1+mcoswt + C,(mcosat)’ + C,(mcoswt)’ ] (3.110)
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X
m, (t) m_(t) receiver
Optical
) — BPF |+—»
combiner amplifier
L]
bias —{>‘ .
A 4 .
L ]
AN VAV I
Laser Optical
Transmitter divider

a‘ [} Q o Y a d; J
JUn 3.7 HaMsswnaeroadyguh Iiinamendug vy
P(t) = P,[1+ mcoswt ++C,m* cos 2wt + C.m* cos 3wt + .. (3.111)
o0 2 2 3

VINAUMS B.111) eusnmidudszdnFeenuifinsnvnadygyialumendii

ai " Y1 oa = oA s A ar csy
AdANg ez ldmdulse@nianmuies Tnadsil

AW Yy e

20,, 20, 1C,m LClm?
o, t o, C,m 1Clm?
3w,, 3o, 1Cm LClm’
20, % 0,, 0, * 20, 1Cm 2Cm*

= — o a Jdd & - " aa P
HINANUD 2&)I oz 2602 L'ﬂUﬂ'J'lliﬂa'liTlluﬂﬁﬂﬁ'EN ‘B\iilﬂ‘l}ﬂﬂ'lllﬂB{J,H'Nﬁ'lﬂﬂ']'llm‘t’)uWﬂ‘n
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A Gun | Fewde |4woudu [$Swoulianann A4 BSC | Anq / §lE | GOs
00:00 - 01:00 32159 30480 17320 883.6 883.6 0.0290] b5.22
01:00-02:00f 20029  19013| 10898 506.9 506.9 0.0267| 5.07
02:00-03:00{  14780|  13936| 8122 347.6 347.6 0.0249| 5.71
03:00 - 04:00 9785 9211 5318 206.6 206.6 0.0224| 587
04:00 - 05:00 7234 6760 4096 163.7 163.7 0.0242| 6.55
05:00 - 06:00 7794 6994| 4175 138.6 138.6 0.0198| 10.26
06:00-07:00{ 18825  17567| 10555 308.1 308.1 0.0175| 6.68
07:00-08:00|  38058|  36169| 22302 658.2 658.2 0.0182| 4.96
08:00 - 09:00 65370 63519 39917 1238 1238 0.0185| 283
09:00-10:00|  95110|  83295| 50778 1675 1675 0.0201| 12.42
10:00-11:00| 113463|  79701| 49397 1642 1642 0.0206| 29.76
11:.00-12:00( 133393 83923 52256 1743 1743 0.0208] 37.09
12:00-13:00| 123352| 86183 54913 1741 1741 0.0202| 30.13
13:00- 14:00| 141990  87883| 57007 1739 1739 0.0198| 38.11
14:00-15:00| 144492|  80340| 54310 1750 1750 0.0218| 44.40
15:00-16:00| 146612  84998| 52983 1758 1758 0.0207| 42.03
16:00-17:00| 141990|  87883| 57007 1739 1739 0.0198 38.11
17:.00-18:00| 123352 86183 54913 1741 1741 0.0202( 30.13
18:00-19:00| 133393 83923 52256 1743 1743 0.0208| 37.09
19:00-20:00| 130010|  88584| 58017 1739 1739 0.0198| 38.11
20:00 - 21:00 95110 83295 50778 1675 1675 0.0201| 12.42
21:00-22:00| 65370  63519| 39917 1238 1238 0.0195 2.83
22:00 - 23:00 38058 36169 22302 658.2 658.2 0.0182| 4.96
23:00-00:00f  28717| 27493 16138 649.4 649.4 0.0236| 4.26
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Pr-Level (dBm) TU50 TU3
Rx Qual Speech Rx Speech....
Quality Qual Quality
-95 2 Good 1 Good

-102 2 | Acceptable 5 Borderline

-104 5 Borderline 5 Not
acceptable

-106 6 Bad 6 Bad

MINBANTUTIMAVVNANGMTD 91031 5.8

RG (38" |12 | 1%™” RG | 38” | %~ 1% ”

n h

1 0.007 | 1.001 | 1.017 | 1.114 |12 |0.121 | 0.131 | 0.151 | 0.485

2 0.514 | 0.520 | 0.286 | 0.665 13 | 0.121 | 0.136 | 0.156 | 0.476

3 0.351 | 0.359 | 0.369 | 0.536 14 | 0.105 | 0.122 | 0.144 | 0.505

4 0.270 | 0.279 | 0.291 | 0484 |15 |[0.101 | 0.119 | 0.141 | 0.515

5 0.222 | 0.232 | 0.245 | 0.461 16 | 0.110 | 0.116 | 0.140 | 0.526

6 0.190 | 0.202 | 0.216 | 0.452 17 | 0.109 | 0.114 | 0.138 | 0.536

7 0.168 | 0.180 | 0.196 | 0.451 22 | 0.086 | 0.107 | 0.135 | 0.587

8 0.152 | 0.165 | 0.181 | 0.454 |27 | 0.081 | 0.105 | 0.135 | 0.636

9 0.139 | 0.153 | 0.170 | 0.460 |33 | 0.079 | 0.105 | 0.138 | 0.693

10 | 0.129 | 0.144 | 0.162 | 0.467 |36 | 0.078 | 0.105 | 0.140 | 0.720

11 | 0.121 | 0.136 | 0.156 | 0.476 | 38 | 0.078 | 0.106 | 0.142 | 0.736
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Hybrid Double Star Network for Microcellular
Mobile Communication System

Tassanai Banlue, Prachya Mruetusatorn, and Suthichai Noppanakeepong

Research Center for Communications and Information Technology
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
Phone: (662) 3268-509 Fax: (662) 326-9086 E-mail: s1061060@kmitl.ac.th

Abstract — This paper presents the Hybrid
Double Star (HDS) network. By described as an
access link of Mobile Communications System
between Base Transceiver Station (BTS) in
microcell and Base Station Controller (BSC).
This network architecture used Subcarrier
Multiplexed Optical Fiber (SCMOL) and coaxial
cable. By develop from point-to-point SCMOL
link to several groups or unit cell of
microcellular. The reduced total link length,
number of laser diodes and photodetector in the
unit cell structure based on the HDS network.
The link length-dependent costs are compared
for two reasonable values of the dynamic range.
Analysis shows that network can use in small
cell coverage or microcells and picocell the
network cost would decrease proportionally.

key words: hybrid netwrok, microcellular system

I. Introduction

When the call traffic begins to increase, the main
alternatives available to a system designer in this
environment are to change the frequency reuse
pattern, antenna sectorization and/or to resort to
cell splitting, become the coverage range of
macrocell are compressed as shown in Fig. 1. In
this range we can replace by the microcellular
system, composed of small size cells with
several hundred-meter diameter coverage range,
have to be used to increase the user capacity.
Microcellular system is not only increased erlang
capacity but also used for weak radio signal
and/or low carrier-to-interference ratio (C/I)
area, low-cost base transceiver station (BTS),
very low loss signal received and low
transmitting power.

The problem in i mplementing for very
small cell network is the enormous investment
required for construction of the fiber-optic
infrastructure. The cost of the optical devices
connected to each end of an optical fiber also
becomes a burden. BTS-BSC point-to-point
SCMOL link, which may be an expensive
network.

In this paper, we propose a hybrid
double star using both SCMOL and coaxial
cable. A unit cell structure is introduced into the
access portion of microcellular mobile
communication systems. The reduced total fiber
length in the unit cell structure based on the HDS
network is discussed in comparison with the
conventional architecture. Calculations show that
there is an optimum splitting ratio that minimizes
the total link length cost.

Fig.l Macrocell coverage are compressed on
business area (Bangkok, Thailand)

This paper estimates the reduction in
the link lengths count and evaluates user density
performance with HDS architecture is applied to
the access network of microcellular mobile
communication systems. The reduction in
coax/fiber count with HDS architecture is
analyzed in term of the splitting ratio, the
coverage radius, received CNR, Erlang capacity
radius and costs of cable.

IL. Link Analysis

Radio signals from mobile station are received at
the antenna of the base transceiver station in
microcell, then amplified by an radio frequency
amplifier and subsequently transmitted over a
short coaxial cable to the signal combiner. The
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Fig. 2 Hybrid double star architecture (a) service area (b) simply unit cell (¢) developed unit cell

combined signals with other microcell in the
same unit cell are converted to optical signals,
are then transported via optical fiber to base
station controller or mobile switching center
(MSC).

This the following subsections are
compared in terms of carrier-to-noise ratio
(CNR) they can provide at the BSC as a function
of the link length when the cell coverage is 150
meters.

A. Cell Coverage

The received radio signal is dependent on the
distance between the antennas of BTS and the
Mobile Station (MS). Up link transports carriers
from MS to an antenna of the BTS. The variation
of received power and the fact that path loss-
distance relationship in a microcell is quite
different from that of a conventional macrocell
environment. The distances of MS transmitters
can range from several meters to about 300
meters (at the edge of a microcell, show in Fig. 2
(c)). The path loss, varies according to @’ for
short distances with no obstructions, and varies
according to d’ for congested areas with
obstructions. The received power with difference
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Fig. 3 Received power at the BTS versus the
distance with difference power transmitter levels.

transmitting power level and difference degrees
of propagation path loss are illustrated in Fig. 3,
that results indicate that the cell coverage (in
terms of cell radius) will be less than about 700
meters at least transmitting power level in the
Global System for Mobile Communications
(GSM), it is clear that increasing the transmitting
power will be increase the cell coverage which,
in turn, will increase cochannel interference,
becomes unacceptable.

B. Coaxial Cable Link

The CNR at the output of coaxial cable at the
BSC will be [1]

P G (1)
CNR), =(—=
(CNR), (kJ;B)(EG ST

When P, is the received signal power at the
antenna of BTS, k7 Bis the thermal noise

power, G is the gain of RF amplifier for coax
and subcarrier multiplexed optical fiber link, F,|
is the noise figure of the RF amplifier, 3 is the
signal attenuation of coaxial cable (dB/km), and
[, is the length of coaxial cable (km), where K is

Boltzmann constant (1.37 x10% J/K), T is

temperature (300K), B is the bandwidth of a
channel (200KHz).

C. SCMOL Link

The subcarrier multiplexed optical fiber is a
good system performance, will be suitable for
long link lengths by the received CNR at the
output of the photodetector at BSC is [2]

_ anmr' 2
(C/N)a - PW*PJ,_,,.PR;\.‘.P.#,‘PI\ID @

where P, is signal power, m,is the optical

modulation index (OMI) defined as the ratio of
the amplitude measured from the peak to the
mean level of the optical signal to the mean
value of the optical signal emitted by the laser
diode. The OMI will be determined by the



applied signal power of the radio channel at the
input of laser diode.

Fie pP,,lOW”u"""’}”O 3)

I, is the current at the output of photodetector,

where l is the length of fiber link, L., is
the loss of couplers (dB) at both BTS and BSC,
pis the photodetector responsivity (A/W),

? o

Yo =<1 >? B is thermal noise power. For

example, the equivalent input noise current
density, <f>=5 pA/,/H_ is the effective
RMS receiver noise current, P, =2ql Bis

2 F
Py =(RIN)I'B s

relative intensity is relative intensity noise power

and
1 |2 1
P :MJ—L’ ‘exp(-—) @
clip N 71. # p( 2#2)

is clipping noise power per channel (W), where

i = \[ij /2 is the RMS modulation index

of N multiple signals (dimensionless). When all
the N channels are assumed to have the same

shot noise power,

modulation index, m,, which means that the

received signal power levels at the antenna of
BTS are equal for all the frequency channels.
This can be achieved if the transmission powers
of users’ handsets are controlled via a suitable
power controlled via a suitable power control

Fig. 4 Received carrier-to-noise ratio at the BTS
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versus the distance with difference frequency
band.

scheme. P,,, is the noise power due to
intermodulation distortion ( IMD) caused by the

non-linearity of the laser diode. The total IMD
power of the center channel, on which the largest
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number of the deleterious third order IMD terms
fall, is

Puo =(B/8)N? =2N +1)12aime 12) (5)
Note that (3/8)(N>-2N+1) is the number of third
order IMD terms on the center channel, while

Iaza:m: /2 is the noise power of each third

order IMD term. The results in Fig. 4 are
illustrated the received CNR using equation (1)
and (2). The CNRs at the BSC for two different
techniques. CNR with coaxial cable decreases
sharply as the length of the link, Length,
increases, whereas CNR with SCMOL decreases
very slowly, it is almost constant over 6km link
length. Therefore, for short distance, coaxial
cable must be used in the access network for
links shorter than 0.618/1.4 km for 1800/900
system band with CNR>18dB (depending on the
loss of coaxial cable used). The results suggest
that the access network of future microcellular
may consist of coaxial cable for short links
(distribution cable) and fiber for longer links
(feeder fiber).

III. Dynamic range and costs

Total coax/fiber count depends on microcell
radius 7, splitting ratio n and service area radius
R. as shown in Fig. 2, the radius of a unit cell is

«./;r since an n microcell forms a unit cell. The
area of a microcell and a unit cell are 3\/5?‘2 /2

and 3\./§nr2 / 2, respectively. Provided a signal
combiner is located in the center of a unit cell
and microcells are distributed continuously in a
unit cell, the total length of distribution cable in a
unit cell L, is calculated approximately as [3]

Jnr

E e fzfdldl 2T 3 ()

! 3\/?—»'2 9J§

Assuming the BSC/MSC located in the center of
the service area and unit cells are distributed
continuously in a service area, the total length of
feeder fiber in a service area L, is obtained
approximately as

R
L J' 27 1.dl, 7
3\/_ 3nr 9\/— 3nr 0
Since the number of unit cells in the service area
is (R/ry’/n ,the total length of distribution c able
and feeder fiber in the service area is Lyps=Ly+Ly
For the single star architecture, the total length of
optical fiber Lgs is obtained approximately as

R 3
4nR
(2 1,1

2
B i A s
i 3'\/5?’2 0 b 9‘\/5"2 ( )



The calculated Lypg/Lss show in Fig. 5 that the
ratio decreases as splitting ratio # increase. On

the other hand, when r/R is large, the
contribution of distribution cable becomes
dominant for a large splitting ratio #72. As a result
Lups/Lss decreases for a small splitting ratio and
increases for a large splitting ratio. It noted that
there exists an optimum splitting ratio » that will
minimize the Lypg/Lss . The optimum splitting

ratio 1, is obtained from Eq. (9) as

2R 2/3
n, =| = ©)
i
1 . -
N o
\Q\\\ //
08 \i\'ﬂ S0 /
. e -
N o
03 4 ““‘*—-r_"f_" 0 Df,__,—//
= e -
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0.1
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002
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Number of microcelUng cell (n)

Fig. 5 Reduction ratio of total link length for the
splitting ratio.

Fig. 6 Optimum splitting versus r/R ratios
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Fig. 7 The link length cost ratio versus the cost
of coax to fiber ratios with difference 7.

Where the ratio of microcell radius to service
area radius »/R, is small, the contribution of
feeder fiber becomes dominant in the total
length. The n, are shown in Fig. 6 can be
computed using Eq. (9)

The link length cost, it is not only
depend on the length of both linking type but
also the cost ratio. Fig. 7 are depicted in this term
to show more clearly.

Fig. 7 shows three different r/R’s
computed with three different 7 term. It should
be noted that from these curves is that a large
number A1 for big cities, corresponded with Fig.
5, but increasing the C,uu/Chper ratio, then an
optimum # will require less number of
microcell per unit cell for giving lower link cost.
This is because the distribution cable cost
becomes the dominant component. Only link
length cost comparison is considered. However,
it is an alternative for network planning where all
of components are including by the cost of
repeater amplifier, fiber optic transceivers, radio
frequency transceivers, connectors, and other
installation device, these are major detail in
further research.

IV. User Requirements

Link length costs, it does not seem to be an only
major limitation, however, since the erlang
capacity of the proposed network seems more
than enough for the currently envisioned cost.
The 200 KHz band of each cell gives 1
frequency channel and provides 8/16 traffic
channels with half rate/full rate transmission.
The Erlang capacity of each cell will be
3.62/9.82 Erlang for 2% blocking probability.
When the average erlang of each mobile station
is 0.033 Erlang, then the number of total mobile
Fig. 8 User density per meters square versus

r/ Rratios with two different transmission
rate(half rate/full rate transmission)
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subscribers who can be served by each microcell
is 110/297 users. The mobile subscriber density
in ¥ meterradius cell ofthis 110/297 users is
one subscriber per every square meters. When
the service area radius, R, is 45 km, as show in
Fig. 8. In this Figure for define an optimize
microcell radius 7 with user requirements and
growing user demand in the future.

V. Conclusion

An access network architecture is proposed for
business areas and future network on the
capabilities and limitations of coax and fiber
optics technologies in an effort to minimize the
cost of access network, with the optimum
conditions, Erlang capacity, number of microcell
per unit cell when the cell size is small. The
results indicate that the required number of laser
diodes, photodetectors and amount o f total link
length will be reduced by » times proportionally
with Hybrid Double Star network. For example,
when microcell radius and service area radius are
150 m and 45 km, #mis 7, then coaxial cable does
provide sufficiently CNR, the total link length is
reduced to only 15.17% and 50% of distribution
cable reduced with Fig.2 (c) unit cell structure,
the available traffic increases from 659.9/1292.1
Erlang (with old macrocells in Fig. 1) to
1016.2/2056.3 Erlang for 2% blocking
probability. The result of integrated microcell
and macrocell in the instance area, the system
allows the user with higher s peed moving than
individual microcellular systems.
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