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1) Digital enhanced cordless telecommunication (DECT)
2) Personal handy phone system (PHS)

3) Personal access communication system (PACS)



2.1.1.1  Digital enhanced cordless telecommunication (DECT)[4]

DECT ﬁﬂﬂ?ﬂiﬁﬂ‘!qiﬁﬂﬁgﬂﬁ@mﬂﬂﬂ Eurpean Telecommunications Standards
. g Y ' ! Y =2
Institute (ETSI) UauANDAIMIM0g114999 1,880 — 1,900 MHz 11519159010 TDMA /
TDD §A5I015e91101 1,152 kbps fioia 31U UFosdyga TDMA Tuudazsamiiiu 10
fugesdyaroudoaniiu 120 madisiaresdyanandesnz1§35015 ADPCM Adaptive
Differential Pulse Code Modulation) %93z 1¥ions1invessoadyaiaudsaumaniiios 32 kbps
(=Y vq ¥ o =S 1 r . 3 a
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240 382 PHS (Personal Handy phone System)[6]
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ADPCM Adaptive Differential Pulse Code Modulation) 8n3111#U93%0 970104809 32 kbps

11519109 TDMA — TDD 31 77 Feadyyanainoiras
2.1.1.3 PACS (Personal Access Communication Systems)[5]

PACS imu luansyomsni Iav Joint Technical Committee (JTC) 113l f1.71. 1994
HOUAIND 1,850 — 1,910 MHz (uplink) 1A 1,930 — 1,990 (downlink) M 314183 FDD — TDMA
i 200 YosdyRIWABIEAT MIVBYIATY 9/4 — APSU HazdaTIlnteIdyaanies 32 kbps

ADPCM

ad P — "
nmalulaons 3 malulad Ao Digital enhanced cordless telecommunications
(DECT), personal handy phone system (PHS) U@ personal access communication system

o = gty 3 Y] i
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A15199 2.2 M5BT ) Y99 DECT, PHS 4z PACS [5]

System DECT PHS PACS

Frequency band (MHz) 1,880 — 1,900 1,895 - 1,918 1,880 — 1,900
1,930 - 1,990

Duplex Method TDD TDD FDD

Access Method TDMA TDMA TDMA

Number of carriers 10 77 200

Carrier separation (KHz) 1,726 300 300

Modulation GEFSK TU/4QPSK TU/4QPSK

Rate per channel (Kbps) 1857 384 384

Maximum rate (Kbps) 11X32 2X32 T %32

System DECT PHS PACS

Frame time(ms) 5+5 25 H/25 5

No. slot per frame 12+12 4+4 8

Speech coding ADPCN ADPCN ADPCN

Mobility (Km/h) <20 <10 <70

Handoff Undetected Short interval Undetected

Standardizing body ETSI RCR ANSI

Channel assignment DCA DCA QSAFA
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Cell site Small Largest Large

Control channel to total Non 1to4(1to16) 1to8(1to23)
Channels

Modulation effect (b/s/Hz) 0.66 128 1.28
Connection to other Good Average Good
networks

Information bits to total bits | 0.67 0.67 0.67
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21.1.5  maluladliane (Cordless Technologies)

= s 'l ar a -4 v
ANATNTANN 13710 (Cordless  Telephony) 1A5UNITWaIT LN 10 199711 11
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Y =) o Al =1
HiuGouuazdinau malulas1§a109259009 DECT, PHT ua¥ Cordless Telephony
@ d%’ [ Y T -
System 2 (CT-2) CT-2 gawannyululszmadangy ldarueiuuaunud 864 — 1 — 868 — 1

MHz 14 FDMA Sunufininiify 100 MHz sasiiavastoddyaandus 32 kbps ADPCM

M3199 2.3 ManfToumoumna 1uTad DECT, PHS waz CT - 2 Tussuu'hilaaTladagyl [4]

Service DECT PHS CT-2
Telephony i, 1fuadau i RGN TIRT,
ISDN il T aidi

= =2 T
Fax U 99 32 Kbps 1

= ir-1 =3
Data 11, 19 550 Kbps s 914 32 Kbps
Videophone Potentially ORhE! Taid]

Supplementary Service sy lna lidi 1109
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Multiple lines 8412 aid] 0]
Range (radius) 84 5 Km 5 Km 5 Km
Cell per 100 Km2 1.3 1.3 13
Capacity per cell, 2x1 MH{ 2.5 8
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71 14049 35 A lawns

Services Cellular Cordless Proprietary Microwave
Telephony f a f GRVIEET Efx‘l‘{,lfm,!uﬁ
Data 14 — 38 Kbps 500 Kbps 144 Kbps 10 Mbps

(2G) 2 Mbps(3G)
Frequency Band | 800/900 MHz 1.7; -2 GHz 1.5-4 GHz 2.5/28/40 GHz
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Range (radius) 9 (>>35 Km) f1110 9 1 (6 — 15Km) 99 (30 Km)
(5 Km)
Deployment UWTHABUIN 1198 (A | 919a $InauIn 9
frauay In)
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Uszinadiaa
WAUT)
Deployment Cost | 111aa14 AOUTINRN | W LWL
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hinaTanagy luudazma Tuladuansluaisiei 2.5
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5191 2.5 A5 EResAN 9 vaaszun hiadTaAagl Tuurazinalulad

System PHS CDMA2000 W - CDMA
Region Europe USA Europe and Japan
Access method FDMA/TDMA CDMA CDMA
Duplexing TDD FDD FDD

Tx Frequency(MHz) 1,880 — 1,900 1,930 - 1,990 1,930 - 1,990

Rx Frequency(MHz) 1,880 — 1,900 1,850 -1,910 1,850 - 1,910
Spacing Channel(MHz) | 1.728 1.25,5,10,15 1.25,5,10,15
Number of carrier 10 48,12,6,4 48,12,6,3
Modulation GMSK (BT =5) QPSK (downlink) QPSK (downlink)
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BPSK (uplink) BPSK (uplink)

Speech coding ADPCM 1S-733 ADPCM
Speech rate (Kbps) 32 13.3 a2
Voice channels 62 (channel per cell) 128 (channel per cell)

253 (Walsh codes per

sector
Channel rate(Kbps) 1, 152/2, 304/3, 456 9.6 to 2, 073.6 8to2, 048
Peak/average power 250/10 100/25 100/25
(mW)
Frame duration(ms) 10 20 and 5 10 (optional = 2)
Channel coding CRE CRC CRC
Channel allocation Dynamic Dynamic Dynamic
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TOMA - TDD frame (Sms)
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E;(8,p)+E2 (0,
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< = ) A o g
ﬁ’]ﬂ@]ﬂ’]ﬁlﬂu 1 'fTiJﬂ15ﬂ13qm£ﬂﬂﬁ]’]ﬂﬂ1'§LlWﬁﬂﬁ$ﬂjﬂﬂﬁuﬂ1ﬂﬁNﬂ’]ﬁ"ﬂ (3.30) %a@g‘ﬂ”lmﬂu

qun15h (3.31)

'12

2.2
L=1010g(—(;%i}:K+2010gd+2010gf (3.31)

; r

ArmusuesdyaIunTu A (feld strength)|E| unuimdadusum ldnnaumsi (3.32)

B= 55 (3.32)

| I Pnarx
2 = wa a A o A ' A A =
1D T] 1D AUANUAVDIDUNUAUFVYDIADU (wave impedance) UD9AE HNGUYINIAUA

Wi 120 7T€

o Li d‘!
3.3 HUUINADIVURINITUNINISDUNAY
1 4
HUDT1ADIVDIMITUNT NILIIWAUIISO AT 3 11y [8-10] AT
Empirical models 1J1un15etv10lasldqumsn ldainismsnainsinnans
o R, a v w3 2 '
Jaraw q 59 hilifeaziBeavesanimuadon a2 15 1ddeaz s a5 Taensdszua
§ o ) T < H
Deterministic model 1%ugIumslizgnanunailnvesauuudman Il #
Fd ' ¥
TuegnudommuanuanImuInden S10aBeavoadnedina nazdeyannugIves LAY
o ' dy o 3 = ' < ° c!y Yo
vindeyamail axthuimwansenu Taeldnguiaumuiman nuuiiaeeiiag1dis ray -
tracing
. . = . . Sy @ 4
Semiempirical 199 Semideterministic models aﬂuaumﬁﬂﬂmﬂmaﬂizqﬂﬁ
Fd
a a/ o o ot o as
HanN13 Deterministic @i 1auvuiraesdmsuiownzmelueinis vunialsilgaauns
g 9 v o g ¥ o tg A a = 3
Tnildgnaeslaonisia wavesaunmsilfiduilsdFuvesiiunusnudansaroninia
v
HANN13HABINITTOYATNINUIAABUNINNIINANNIT Empirical  UALBINIIHANNIS

Deterministic
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3.4 !!Uﬂﬁ1ﬂ6§ﬂ1§ﬁﬂﬂﬂuéﬁﬂﬁiﬂﬂ5$U$ﬂ1ﬂ1uﬂ1‘ii!W‘§ﬂ‘§$ﬂ1ﬂﬂﬁi&‘“@&!“ﬁﬂé

'
= o at

T o I 4

mMIninmsaanesuvesduadludedinglunseonuuussuudeas 15ae

. H 1 ¥ 1 o 1 = o 1
ANNNEIATITUMITHIAINTAANDY 92TUBIAUNITMHUARINITIIIND T VOITZU VDL

3 Y - s 4 1w A do oa
gnaedlaun anmgdiszma anugeuazsuauvesdsnease aaa luwaiiuiduios
i 1 9/ 1 =) ] T ] A o n Y= 1 r 9
A9N0A319A1 9ziiNadd1INAIMTUNINTEWARUVRITYYIY IdNnquyanad1e o 14
YWY ULYBINTUNINTZIWATU TAvT5MTHINY (Prediction Techniques) N9111015
My daeImslunmsunsnsznsvesnau ouiuszauvesdyanainldausse laves
o [ d{’ dr = (=Y :4' ' o/ 1 9 d‘
MIN1sANYININMAIe 9 Huh TmaialunisminuanaienuldIunrazanimadou

¥ LY ] d' 9/ as o 1 A as =§ x:s' o o
UHANHINNU ﬂ'mulﬂ%'lﬂ’mﬂ'l'i“ﬂ'm"lﬂﬂ"Iﬁ'LLWiﬂ‘izﬁﬂﬂ‘Uﬂ\‘lﬂﬁu %sxﬂu’mmmmmﬁma&mniu

= =R

1 s g ¥ 1 A = a 3 9 = di’ =
A3 Nauru Tasavieszou Ingdmn 15a1e nounasinisanasseuuldauesaluiunged

= s dy
YDTIDYARAIU

3.4.1 #UVD10899U99 Okumura [8]
willumsmanisaaneunnaaanuisvasdyaniiiasen q njaladen
ﬂ’i%tﬂﬁfljﬂu ﬁmmqwmmﬂmmﬁﬁa h1 1A 200 WAT HAZANUYIVOIAIWDINIASY h
WY 3 wAs Fea s Regsnuan NUANILTveInsuN NIz evnan I8 E s i
(3.33)
L="L,+A¢d) ~ Gy, G(h) - G(h) (3.33)

a

= ' & i 4 & @ A A A
ﬁ]']ﬂg'ﬂ'ﬂ 3.7 AN A, d) mﬂumﬂmwmmimmBummwu’niummmﬂnwuw

=4 = ' @ Ay a 1 a 4 ‘]d_l 'V
3']1]!,5UULmSﬁNﬂ'J'I‘JJiWIﬂﬂ'N”UEN‘Jgﬂ'ﬂwuﬂuul‘lll.ﬂ‘u 20 19T Loz G(ht) IUANDAITINTITUYT

a3 11999INANUGIVDITIWOIMIF A93UN 3.8 92 Idaumsh (3.34)
h, ]
G(h,)=2010g% T b, > 10 wa3 (3.34)

daum ) umsasnmsvneidaiieninanugevesmoenasy daneaslugl
| [ P ' ' <o
#1 3.9 uazausaloudluauns 1ddsaunsi (3.35) A1 G, Wudunamesildluns

g/ g a 1 a 4 3 [ =
udlumsaaneuluiiuias g vesmmsiiimes 4¢d) Taomuss G, Aaaaslugii 3.10
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3.4.2 1UVIIA09UDI Okamura — Hata
& A o Ay Y o o =)
il Empirical model fiiannnns i ldnnmsiadyanalungalafivives
L = o q ¥ =
Okumura NEIUANND 150, 450 4ag 900 MHz [9] uvudiaesilémimisgaudelu
14 1 o a Y A =} A o
ANNLIANDUAN o IMTUVANINLIAABMINDA [12] 92UNMTAANDUILDININTZHZNNITAY

aun1IN 3.36

L

69.55+26.16log f— 13.82 log h,— a(h,) + (44.9- 6.55 logh) logd ~ (3.36)

u )
o £ AWDYI9 150 MHz 99 1500 MHz

Ao ANUIAIEINIFIATEIENYIN 30 DY 200 1WA

Ao ANULAIYOINIFIATELTUFI 10910 A3
1 d‘{ o Y d‘! 1 1 =8 o
d  IzuEmasENaRsessuiungesdelueae 15920 Alames

v ¥ ]
a(h,) AB correction factor HUUBYAVAWBIMATIAZ TV AIWD LAZVWIANTATOUAAN

U
Y

A o [y <
ﬁuﬂﬁummaﬁ ﬁTWﬁUlﬁ@\?"Uﬂ?ﬂﬂﬁTﬂllﬁgmﬂ

a(h,) = (I.1log f- 0.7) hm — (1.56log /'~ 0.8) 337
] LY =1 1
dmsumealngy
a(h,)=8.29(log 1.54 h )’ ~ 1.1 o £<200 MHz (3.38)
a(h,) = 3.2(log 11.75 h )’ — 4.97 fio £ 2400 MHz (3.39)

Tuanmuadeus o
valJh
Lsu = Lu *2|:10g[§]i| —-54 (340)

Ty ANFULN

L =L, —4.78log2 f + 1833 logf—4.94 (3.41)
o dy 9 o @ A 2 o o’ 1 " ] 9 o el et o
Llﬂﬁﬂhlﬂﬂﬂu(l‘]fﬁ'lﬂﬁ'ﬂizul_l'lJﬁﬂﬂjﬁiﬂﬂﬂﬂﬂﬂl”ﬂﬂﬂﬂﬂlﬂ’]ﬂiﬁﬁg ltﬁulﬁﬁ’iﬂﬂliﬂicﬁﬂﬂﬁﬁﬁﬂﬂﬂﬁﬂ'ﬂ

A1n91 1 A Tawas 714 luszuudeas Sawdiuyaaa

3.4.3 nupII@ed COST 231 — Hata [13]
o o { W o = '
Wunyuiiaeandfulga9aunuiineves okumura — Hata NiAseuAquiiu
AYWD 1500 9 2000 MHz 1Hunuy$aesidsuljsdmsuszuuioms mvdmynaadidm

A714D 1900 MHz A1N158ANLITLD991nT28ENaM JdInaums (3.42)
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L,=46.3+33.9 log f— 13.82log h,— a(h )+(44.9 — 6.55logh ) log d+ CM (3.42)

' v
~ A =

9 ¥
Weo CM = +3 dB luiuidieanvnundy 0 dB damsuiiungiog

i '

g v
- 12 dB §mSUNUN 09 1Az — 27 dB dmSuURURyLLm

/£ AudY9 1,500 MHz 09 2,000 MHz

3.4.4 1UUA1A04 Lee [9]

< 2 2 o o o Y A =
(DU Empirical Model @50 T Taswad luamminadeomidosazsuioluns

o Ao

Wueiasisuld 2 lumite dBm denaasluaunisi (3.43)
P =A4-Blogd-nlog L + logQt (3.43)
900

i d Ap Tzogn1esEnInNaeeImMasy - damhuduiTawes 7 fe anwavuody MHz

@ 4 1o Y N o Aa o '
au1ls 4 wag B azuegiuanmuinden 7 1aninnisialuvais 9 Wosniidnyazunndia

v
\ V- |

o & g9

Auaa laninail
i A

53.9, 38.4; NUNWIUEIDI
62.5, 36.8; oananaily
AB= TR
55.2,43.4; 103120030
77.8,30.5; 14 Ianen

. 2
Tae n 9zHAIRadl

9 '
{ 2, Tufunnuivauay £< 450 MHz
A

b v
3, luiuidioauas £> 450 MHz (3.44)
WITNT O Y1 1491N
hth
=, L r pagrgr (345)
3660

o o

40 k,uaz i, AoANUTVesEWIMATWASD viuiluwas, P, Aoiidedaniodiuiag,

s 1

Vv
g, WAz g ADOATIVYIWVBIAIWDINIATI — FULAZ m VUBYAUANWFIVEIEWIMARUT V]
=) Qs c?
002 IDUNAU
{ 2,19 hr > 10 m (3.46)
=

A
1,109 hr<10m.

3.4.5 uUV1a09 McGeehan and Griffiths[9]
o . 2 4 e y A
11U Empirical Model N§1115a0naumsninaanmsasiounu nsaanoauain

520N UM TUNTNTZWAAUAIAUNTN (3.47)
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L =120 - 20 log(hbhm) + 40log d + 30log f+ A (3.47)

hb ﬁ@ ﬂ'J']NQQﬁ’Iﬂa’in"lﬁlﬂ?aﬁffq hm ﬂ??ﬂ@ﬂﬁ’mmmﬁm?m%’ﬂ f ﬁf’] ﬂjﬁlnaﬂu'jﬂ
o A ! A ! A o A =
Lﬂu MHz d N9 TTUTNINITUNUATOITULASIATONY Uy 4 ﬂﬁlﬂ‘lmﬂﬂaﬂuuﬂﬂm’m
Y
ﬂﬂ']WLHﬂ%ﬂMﬁ‘ﬁEJﬂmﬂﬂﬂﬁﬂu
o L5 =1 1 ﬁ; = ~ dy
45 +5 TN TULNDUNE) MAYUDUUNAALAEYY

9 v A = a i )
55 L5 ﬁ]WSULMﬂQ1WNVIU1')Mﬂuuﬂﬂi\jllagﬂ31q

1 v
= =

9 Y g =) =4
65 £5 ﬁ'I'HS‘UWHVFD"IHL‘JJEN‘HTE)‘UN'Vﬂu%‘H“Uﬂ

R.

¥
75 5@ msudiun Iag

3.4.6 UUUVINDI Atefi ag Parson [9]
il Empirical Model M1H18A15aAN0UIINTZOZNITUMITUNINTEDIUAAUA

AUNITN (3.48)
L =82+ 26.16log f+ 38log d - 21.8log hb — 0.15hm + L, (3.48)

y " o ] 1 <3
(140 4, A0 ANNGITWRINATY A, ADANUFITIBINATY £ AdANUAHUINTY MHz
d TLITNNITNINUATOIEAWALIATOITY 1AL L, TIUIUNTAANDUANAINNITHIH A1

Tavladnanms Epstein — Peterson

3.4.7 WA Ikegami [17]
i1 Semi deterministic Model @5uanmmuIademiosmarlannuuusiaos
. . . = > 4 o ar
GTD (Geometrical theory of diffraction) LaEtNAURA PO (Physical optics) L‘ﬂuﬂ‘l‘iﬂiw;ﬂﬂﬂ‘u
ammiesluganad Adsneadaiinawguiluuinsgiu (uiform)  veauyAdnginig
0 v L 4 '
UNTNTLVUATUUDY NLOS laziimwizaoudunis 1. idumenfannmatesuuithaen
9 ' = A LY g kY s A Y o a @
VOUVDIDINITYANIBADUDNATDI INIANI (dr) 2. idunIeiinaInNsazRouinaInmia
=2 s LY U c;
andald (m  neluanizdsnanuanluzli 3.11 msaaneusinszeznialunis

unInszeaaum 1danaumsn (3.49)

/w/ ir | e

A it Pl

L& dr
T
hy \\{%/
b -
4 ( S
W

<
<
v

3 3.1 anmuradonuazirmavesndauve s U$1ae4 Tkegami
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3
L = 26.65 + 30 log f+ 20log d - log l+1’—2 — 10log w (3.49)

+ 20log(hy —h,) + 1log(sin(p)

A & =t 1 =] 1 A o A 1 A
LN@fﬂﬂﬂ?TﬂJﬂﬂu?ﬂ!ﬂu MHz 478 528N NTEHINUATOITUUALIATIITT w D AW

niavesnuufidumiuniessuey 4, AeANFIVBILIAT hr ANUFIAILDINIAVD

o

A o A a = A ~ ] = e’d'g "
R5939U HUNNAINUNUDUUNANIIVOIAAU (i) UDL L A9 WIsmeInIdagny
4

dulszinsuaasduveseins L lud UHF midy 3.2

3.4.8 4UVI1A03 Walfisch and Bertoni [18]

£y '
HUVI1aBaNEuN I diffraction screen I UMVUS1899 Semideterministic MM T

kY
&

.

mfviuidleuaz oy aumTUNTNIZIWATULIIALDDIIADIgANARY DAL B 9T

o

=]

il
9/ = =1 g/ = o k)
3”]\13\!2']}lkllul!ﬂ'ﬂeﬂu']ﬂuﬂ?']llqquﬁgﬂa']ﬂﬂj?\'llﬂunﬂlﬂii’]u HuvIIaey 15iie

1
nod

2.

0

=

inTeeduaznTosy ogluduinis NLOS auwazunsnszanndds il fameeimadasy

Idsunduimmaneims malssmuaufiniesiy unfawuuinesidmuansganau
1 a o Y a [ ! N = ' A Y a o

vosduim Iiiianisinmsdananensgadasinmsuninszaronaulndidsaiuves
& 4 =) ar A 3 as ' o W w

91715 AANGAMIBABNITH MLz AdUAsSIzazNoua1mIsa lduazudly dadasy ns

ﬂsxmmm‘iaﬂmumniwzmﬂumiuwém:mzjﬂﬁu"lﬁ'innﬁum’:‘ﬁ (3.50)

dl
L =89.55+ 2llog f+ 38log d— 18logH + A — Ic‘i’log(l . ﬁ] (3.50)

] & S0 A ' P ' A o '
e £ Aontwdvtholiu MHz  d A szosnszrnunissduaziniossuminoiy
Alawas AeARAEAINGIWBNBEINIATY — Fefimadnilugeveanin1ssey 9 uas A fie

v
1 = 1

e aNaINNeITH1 18 InaNNITN (3.51)

2
A=S5log [%) +(hy —h,)’ —910gb+2010g{rg‘][2(hBT_hm}} (3.51)

1 hB A7MGAV8991A15 (1WA5) hm ANNGIVDI0IAITHINARLAITY (WAT) b A

anundeszn Ryl 3.12



43

Tx
Fa———— 3
P H
0
Ry
A
h hli
m
—» My fof -
B b

d' 9 = A
gﬂ‘ﬂ 3.12 ONNLINADUUATNANINUDINA Y

3.4.9 HUVD129 Xia LAz Bertoni [9]
HUYTIADY Walfisch 1192 Bertoni 925 ugaaisoimimaiesdediniivden
o dyPJ A ' ' ~ Vel =y @ '
HUDI1ADIHABINTILOLNIUATOITIUATUNUVDIVOUN INaNgANAT 18N UTZHZNI9TEH I
1O3UBIBINIT NTAANDUAINTZEEN I IUNITUNINILDOAAUNATOISUAMUINMINANMTN

(3.52)
Lomel L ENPL (3.52)

A =Y Y 3 s A a
o £, mygadolu free - space M1 lAvnaums (3.30) 2, Wumsgaudoiifanms

7]

¥ 1 1 ]
WnmAssganeiinanInTzaumndmaen uaz L, Snudumamsinmseniandand

YoUgAMABUIUNTEISY Mmoundes 1AnInaums GTD/UTD faaums (3.53)

¢
IL = JOlog!:—M} (3.53)
mk cos r

110307 3.12 r ABTEUZNNINVOVAUATEITY » ABTZEZNILALLBUNTNIMIINVDY
2 & s A o A =) A a voa
YDIDIMIONUATOITY (IMAT) & ADTINIWATOL (Iwas-1) @ AoyuRiAavInuAUaUUALTANI

aduluduninseszninaoe ey — da 0 e yuiiananduiinmiutuiuey uay
A o 2 @ 3 a
pe0) foduilsza@nsnsrinm UTD m1dninaunish (3.54)

1 1
D= ——_— " 3.54
(@ 6 0+2m -

4 d‘ 1 1 s = :\J ar 1
Waaumsn (3.53) Tuawsomald uazdualse@ninisrinm UTD a2 ldmves O Yewsas

VA UAAINHITIAZHAIN 1D

0= 1g" (h—f’:—h—J (3.55)

Il
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r= x4y — ) (3.56)

L]

mow 3 (Z,) Tdanmsilszgnduna Po dmsunats 9 adufivinm waildvinaums (3.57)

L, = 20log O(g,) (3.57)

We 0fe  O(g,) = 3.502g,~3.327p, + 0.962¢", (3.58)

'
=1

A a ¢ 3 Y
g, Ao ‘W'Ii'illm'ﬂﬁﬂlu']ﬂu'ﬂﬂﬂq’ﬂﬂﬂl\lﬂﬂ']ﬂ

_ z‘l( H bcosg 5,555
&7 % {T000a N4 '

o A fie Awe1Inau Mnaunan (3.58) 1214 g, W99 0.01 < g, < 1.0 Faununzaudv'ly

9
=}

9
o o = =1
Iﬂ'ﬁl"]mﬂ Ll’]J‘lJﬁﬂﬁi’Nﬁﬁ‘NiJﬂTlWUﬁﬂU

a

3.4.1080V91809 COST — 231 — Walfisch — Ikegami Model [13]

@111 31899 Semiderterminstric (MU URUTANLIAZ oL D1 Tae lF UL a0

-
A

#1511 Walfisch — Bertoni 1aglluU91a84 Ikegami 11114715593 Empirical model RIERTRIER
o ot A = = 1o o ' oA Vv o as o

dmsudiealundyTsdi lidmuadumisvesaoomadaiferdosiusedundan o
HUUTIR09 Walsfisch — Bertoni MIgaiduvadnisingnizaienaus misnnmasuaudIu

aanaaluaun1sn (3.60)

L =BT b, +%&3 (3.60)

=

¥ [~ s a s 3 =
o £, mygandelu free - space 910 (3.30) L, Wumisgaydoiinaninmsiamasagaime

INAYINTZAUAININTZAVNAIAT WAL L, 1UIUdUN 1N Hnmsgnamaimgaiionoud

INT995U maunTes w1 lAnnaunsa (3.61)

L, —-16.9-10log+10log [ +20log(h, — k) + L, (¢) (3.61)

d'! =1 5 =i é‘l at ] =1 U d’ =1
WY w ADANUNINUVDINUUNIATEITUDY (1un9) b 'ﬂ@ﬂ?m’ﬁUﬂ??ﬂgﬂﬁ!ﬂﬁﬂ?ﬂﬁ(mﬂ5) h A9

ﬂTlllq\iﬁ’lﬂﬂ']ﬂ’lmﬂ‘%’ﬂ\‘lg)ﬂ@uﬂﬁ) ag

~10+03571¢
L,($)=12.5+0.075(p - 35°) (3.62)
4-0.1114(p-35°)

d’s = l Y ¥ o ' - ~ = s c:;y
o ¢5 ADUNITEHINUAUAUUNTUIINTIUDIATTU — T3 1NDUN 3 UIUDZIDUAAIU
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L,=L, +k,+k,logd+k, log, —Ologh (3.63)
A ~18log(1+ A, — Ry ), by 2 h
N L, ={ Bty = Pp)o iy 2 Py (3.64)
O.hy <,
_ [54-0.8(y — by )hy <hpd 2 0.5m -
“ T 154-0.4d(h, <hy)hy, <hy™d <0.5m '
18,h, > h,
Ry = 18—15(h3_hﬂ) — (3.66)
hR . )
k, :_4+kﬂ(-92%—1J (3.67)

1D 5, AOAWIVDIAIBIIMIHES d ADIzuEN NIz egLina1tve e ThuRo Ve
01ATUAL &, AU 1.5 fmTuuSmsnaiiies uag 0.7 dwsuiuien 4 uuiiaesiild
vy NLos lunsdi LOS nisgau@eninmsunsnizaivadumiionly fee-space sl
Fulszanimasunurams

L =42.6+26logd + 20 log f (3.68)

W0 d ¥INNIN 0.02 A laas

3.5 gUnupveIdNIMEY — 79 SEHNUATEITMAZIANTEIFY

v o By v A @ i o

&1 70 Wudyyiuisyldveunseesuduaaslugdi 3.13 51mnsosiaes
auauiAvesdyaialdidu 2 dau Ao me nag r,m Fennanldidulsingnisainig

=

Ay A o w s o a = Vo 4
ﬁiiﬂ%qﬁﬂﬁﬂﬁ@uiﬂuﬂ?iﬂmﬂum@aﬁ@m’lm 2 BURA ﬂglﬁlﬂulﬂuﬁuﬂ”ﬁl’lﬂﬂqu

r(t) =m(t) r,(t) (3.69)

] = a . A o ¢ w a
1D m(t) WUANRTUDINITVNHITLIZ D) (Long-term fading) nInaonuosNaafg
. A & ' a ' 4 v ow
(Lognormal fading) uazmtlasuuilasazvusgnuanmgilszmasznitunissdeny
y ' B
195995 @94 () Mo STaAnlafAs (Multipath fading) 1Tun15919MB5 202 AU (Short-
. 24 o o = . " =& = o A
term fading) M30158201AAY (Rayleigh fading) udumsuldoundasduiiowrninms

9 A = ' A A ¥ A
ﬁ$ﬂﬂuﬂlﬂﬁﬂﬂu%1ﬂﬂ'lﬂ"lﬁ’ﬂﬂgﬁ@ﬂ A memﬂgﬂﬁ‘swau “
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AMLIIAY Y10 (dB)

K

1 (dB)

o

o

nult)

ATV

(b) nm

=

ﬂ' o r s A
E‘IJ'YI 3.13 MDY WNAYYIUNITININIUVBINAUINY

(2) TYNNNITNINIONAT 095
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ABSTRACT

This paper proposes an empirical path loss model of PHS
cell station installed for WLL service. This model derived
from measurement results in LOS and NLOS areas using
both omni-directional and directional antennas with
fading factor from statistical fading model When
compare with conventional model, the proposed model
demonstrated that the optimal for cell station installation
design in WLL service.

1. INTRODUCTION

Rapid increasing of village in suburban and rural area
required more the telephone service. The most one
problem of fixed line telephone service is the required
telephone installation area is far from service area of
RDLU (Remote Digital Line Unit). To solve this problem
the Wireless Local Loop (WLL) is used. PHS [1] WLL is
the type of radio wave transmitting and receiving by
using CS (Cell Station) and FSU (Fixed Subscriber
Line).FSU has high gain antenna to communicate with
CS for telephone service in target arca. In addition, the
connection and communication of CS and FSU is limited
by propagation path loss that must be considered for cell
station installation design [2], [3].

Empirical models are described by equations
derived for statistical analysis of a large number of
measurements these methods are simple and do not
require detailed information about the environment. They
are also easy and fast to apply because the estimation is
usually obtained from closed expression [4]. In [5], [6] is
more popular empirical models for cell planning. The
coverage area of cell layout as shown in Figure 1,
diamond shape cell pattemn [7] is used.

The received signal at the receiver combined of
signal from multi-path signal. The shortest path between
transmitter and receiver called Line of Sight (LOS) and
other delay path that produced by reflection, diffraction
and scattering called Non Line of Sight (NLOS). The
combined signal from multi-path is to add or cancel,
causing a fluctuation of the signal received. Decreasing
of signal level at the recciver called multi-path fading.
Therefore, analysis of the random and fluctuation fading
signal has used statistical method and consider on random
signal processing [7]. Usually the PDF (Probability

Density Function) generated from experiment data in dB
values need a proper normalization factor into linear
value before it can compared with theoretical and
numerical technique that is particularly useful CDF
(Commulative Distribution Function).

Figure 1. Cell station installed layout with Diamond
shape model.

In this paper, installed the cell station for field tried
with transmit power P, is 200 mW (-6.98 dB), high gain
directional and omni antenna (10dBi) that obtained F, is
3(dBm:EIRP), transmitter high 45m to 18 m and
received antenna high 1.5 m (0 dBi). The measured signal
used LEADER PHS Field Analyzer LF 960 with channel
No.75 (1917.35 MHz) is control channel that assigned for

Telecom Asia Corporation Company Limited. The results
of the average receive signal is plot as shown in Figure 2.

2. EMPIRICAL PATH LOSS MODEL

To find the signal level is obtained from wave
propagation. The ERP (Effective Radiated Power) by
multiplication of transmit power and antenna gain. EIRP
(Effective Isotropic Radiated Power) for ideal isotropic
antenna has transmitted power F, (dBm:EIRP)and the

The 2007 International Conference on Information Communication Technology



distortion form propagation loss between transmitter and
receiver is represented by L (dBm).
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Figure 2. Received power signal form directional
antenna and omni-directional antenna

Agr is area that can be received signal (Absorption
cross-section) of isotropic antenna, P, is the received
power density, received power P, is obtained by

b= Byx A )
Py (dBm)= B, (dBmlmz)* Ay (mz) (2)
P, (dBm) = B, (dBm ! m® ) 10108 Ay 3)

Where Aeﬁ—=).2f4:r,z1 is wave length of carrier

frequency. From [3], [6] power density of the received
signal as follows.

P, =P, +10log gy

2 4
:E(dB,qum)~lOlog(lZO:z)—S‘OHO]og(j—] ®
T
The distortion from propagation loss is depended on
distance between transmitter and receiver. The path loss
equation is obtained by
L(dB)=F;(dB)~ F; (dBm)
= Pp(dBW : EIRP)— E(dBuV | m)

112
—10log| — {+145.8
4r

Py (dBW : EIRP)= F,G, = P, (dB)+G, (dBi)

®)

(6)

82

Transmit power of CS, B is200mW(—6.984B), antenna
gain is104Bi . From (6) is 3dBW : EIRP . Represent (6) in
(5) then

2
L{dB)=148.8— 10]03[;1—]— E(dBuV Im) (7)
T
Where E(dBuV/m)=y+pBlogd(km) and 1,8 are
constant. Figure 2, L=F -F.,d=1km, L=924B. It can
rewrite the path loss equation L as follows.

L= A+ Blogd(km) 8)

2

A=148.8- lOlog[:—]— E(dBu [ m) 9)
T

B=-8+44.44 dB/km (10)
Where A is path loss from d=1kn, L=A4(92 dB). The
measurement result for vary carrier frequency as shown
in figure 3.

A=92=154+2333log)q fe an

40 T
! 1 1 e I
45 ! 1 1 UL ) I O 500 MHz
Lok SNcAci AT T~ "1 O 1000MHz ]
o tlq 1917.35MHz

-50 Svearedl - 4 Bt 1

1 | [ )

1 1 1110

Received Power (d8m)

Figure 3. Received power signal versus frequency of
omni-directional antenna

Then, it is necessary to examine the distortion of the
antenna height. The measurement result for vary antenna
gain is 10 dBi between 4.5 meters to 18 meters as shown
in figure 4. Then

a(hys)=10logh.; —6.54 ,antenna gain 7 dBi  (12)

a(hes)=2(10log k., —6.54} , antenna gain 10 dBi (13)
From (10), (11), (12), we were obtained path loss

equation to cell station installation for WLL service as
follows.

The 2007 International Conference on Information Communication Technology
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Received Power (dB)

Figure 4. Received power signal of antenna height
measurement, 10 dBi antenna gain.

L =154+2333log f, (MHz)+44.441ogd (bm) - a(hs) (14)

Where f. is frequency 1917.35 MHz
d is distance between transmitter and receiver
around 0-2,000 m
a(hy) is corrected factor for antenna height
changing

In order to compare the propose empirical path loss

model with popular empirical path loss COST231-Hata
model [5] as follows.

L =463+339log f, ~13.82l0gh, - a(hg)

(15)
+(44.9-6.55log Iy Jlogd + CM
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Figure 5. Comparison between propose path loss model
and COST 231-Hata model with received power signal.

Figure 5 shows that our model more optimized than
COST231-Hata model. COST231-Hata model the
received signal has more slope, it is obtained the shorter
distance.

83

3. FADING STATISTICAL DISTRIBUTION [9]

3.1. The Gaussion Distribution

Distributions of random variables are often gaussian in
shape, or can be approximated as such. The gaussian
density function is described by the probability density
function as follows.

p(x):j?exp(-(x—pflzgz) (16)

2

which is symmetric aboutp. o is variance. Given this

PDF the cumulative probability is.

\}_ T exp(—{u—,u)z/Zdz)

F9= J Pl

—00
bl xX—-u
N
where ¢/ is the error function as follows.
erf ()= fexp(-1}2ar as)
J; 0

3.2. Rayleigh Distribution

The Rayleigh distribution is by far the most used one to
model the fading phenomenon due to it simplicity,
straightforward derivation from geometrical assumption,
and fairly good agreement with experimental data. The
PDF is given by.

Lexp ——rz 0<r=<ew
p(r)=1q? 20° ) o [ |
0 ,1<0

(19)

where r is the level (amplitude) of the received signal

and o2 is the parameter of the Rayleigh distribution
(average received power). Probability of received signal
is lower than » , the CDF value can be obtained as.

R RZ
r(R)=p, (rsR):Ip(r)dr:l—exp(——z—zJ (20)
0 o

3.3. Rician Distribution

The Rician distribution known as the Nakagami-n
distribution, can be derive from geometrical assumption,
provide good agreement with experimental data for many
case, and is widely used. It differs from the former
because it considers that in addition to all the Rayleigh
assumptions, there is a strong arriving wave usually LOS

The 2007 International Conference on Information Communication Technology



situations. Because of that, the model is not as simple as
the previous one. The Rician PDF is given by

P+a?
r- 2 Ar
p(r)= —Z-CXP 20 10(—2] ,A20120 21
e o
0 , <0

where 4 is maximum level signal from LOS and 7I(e)
designates the modified Bessel function of degree Oth and
1st respectively. Rician distribution usually describe by
K parameter (Rician factor) from measured power signal
divide by variance of multi-path isK= A4 /(20-2) L If
A—0,K — o Rician distribution has the same properties
of Rayleigh distribution. The X value can be obtained in
dB as.

AZ
K(dB)=10log o (22)
20
3.4. Chi-square Distribution
The PDF of Chi-square is given by
2mma2m"1 ma2
a)= ex| az0 23
pale) ==l ) 23)

where m is the Nakagami-m fading that 0.5<m < and
I'(«) is gamma function, can be obtain by CDF as follow

mm},m-l exp(—ﬂ
Q"I (m) g

Measurements were taken in rural environments that have
the different fading effects. We obtained the median
factor from normalize received data. The received data
and normalize received data is shown in figure 6 and
figure 7. We normalized the received data for cancel the
effect of distance, as in this paper we measure only over
long term fading and flat fading environment.

Py ()= 720 (24)
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4. FADING RESULT

Figure 8 and 10 shows the PDF graph of different fading
distributions. The multi-path fading has the shape close to
Gaussian distribution because the rural and suburban
nearly no building and obstacle given the nearly no
distribution of signal. Figure 9, 11 the CDF obtained
from PDF is showed. Rural and suburban received data
close to Gaussian distribution conform to figure 8.
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Figure 8. PDF of received signal in rural environment.

Fading factor were considered for overall performance of
wave propagation and path loss model that impact to the
system, the fading factor equation as follows.

Fading Factor(Fp)= %(percen!lile90‘%) (25)
5. CONCLUSION

This paper demonstrated the method to calculate cell
station installation design and with fading factor from
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table 1. Conclude equation of empirical path loss model 1 -

oA ot i st ey
for WLL as follows. 7§ | T Caussionprel o=0.41)

; —— Ruyleighig=083) [
4 1} — Chisquare{ne1)
i = - = - rosut{Rusban)

15.4+23.33log f, (MHz) + 44.441ogd (km) — a(hgs ) + Fr
= Py (dBW : EIRP)~ P, (dBm)

(26)

The empirical path loss model for cell station installation
is used and fixed a device in real environment. The ficld
tried demonstrated that the model and device can good
support for the service in coverage area around 2
kilometers of radius.

0 i | 1 1

b 05 1 15 2 35 3 35 4 5 5
Envelop of Reciver Signal(Vols)
Table 1. Result of fading factor Figure 9. CDF of received signal in rural area
Suburban Rural environment.
Fading Length (dB) 9.45-20.96 4.32-12.5
Average Fading (dB) 15.48 8.15
Standard Deviation 2.09 1.86
Percent Tile 90% 18.33 9.94 P A R ——
Fading Factor 9.17 4.97 % 4N i i —— Goussiange1.1.020.00)
Y i
07
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