2TOXOI KYWEAQTQON 2Y2THMATQN

 PAAIOKAAYWH KAI KINHTIKOTHTA
-Eupcia PadiokdAuwn EEWTEPIKWV XWPWV
-Ba6oc¢ PadiokaAuywnc
-AI0AgITOUPYIKOTNTA IETAEU CUCTNUATWY
« XQPHTIKOTHTA
-MeydAoc apiBuéc auvopounTwv
-Mikpr) arroppiwn KANGEWvV
 MOIOTHTA
-[loioTnTa opiAiac
-PuBuoéc opaAudarwy (6edolévuv)
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UMTS Coverage Design

UMTS
<--- ®

@ Hard Handover
GSM- GPRS

Suburban

g In-buildingNy

g Home-Cell

Satellite Macro-Cell Micro-Cell Pico-Cell
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APXITEKTONIKH KYYEAQTOY AIKTYOY
To AcOpuato kavail

Opoioyio. GSM
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[MTPOBAEWH EMBEAEIAZ 2Y2THMATQN

Biyjpe 1: Karackevj Ieolvyiov Ieyvmv (Link Budget)

Bijpa 2: Xpijon povréimv o16.006nG Pia. THY EKTIUNGY THS
euféieiac (axtivag Koweing)
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EXAMPLE LINK BUDGET SPREADSHEET

kkkkkkkkkkkkkkkkkhkkhkkkkkkikkkkkk

INITIAL PARAMETERS

Label

X = d+t+e+f+grutwvw

d=a+b+c

j

q
k
m

n=j+k+m+q

r

t=n+r

cC Q =~

Map-03

System:

Frequency:

Channel Bandwidth

Coverage Probability - Cell edge:
Cell loading:

GSM1800 (blue indicates user definable parameters)

1710
200
95
80

MHz (1710-1785 MHz)

kHz
%
%

LINK BUDGET (Uplink)

Tx Power (dBm)
Tx Antenna Gain (dBi)
Cable and combiner losses (dB)

EIRP Tx Power (dBm)

Thermal Noise density (dBm/Hz)
Bandwidth factor

Noise Figure (dB)

Interference to thermal noise (dB)

Interference Noise density N (dBm/Hz)
Average Eb/No (dB)

Rx Sensitivity (dBm)

Rx Antenna Gain (dBi)
Cable/Feeder Loss (dB)

Diversity Gain (dB)

Fading Margin - cell edge (dB)
Building/Car Penetration Loss (dB)
Max Path Loss (dB)

I.1.2tepdvou

Urban Microcell

R T

h ]
21,00
0,00
0,00

21,00

-174,00
53,01
h ]
4,00
6,99

-110,00
2,20

-107,80

10,00

-2,00
bl

0,00

-1,64

-15,00

120,16

Urban Macrocell

T ]

21,00
0,00
0,00

21,00

-174,00

53,01

4,00
6,99

-110,00
3,80

-106,20

17,00
-2,00
0,00
-1,64
-15,00

125,56



EXAMPLE LINK BUDGET SPREADSHEET

kkkkkkkkkkkdkkkkkkkkhkkhikkkikkkkkk

INITIAL PARAMETERS

y = Prop(x)

System:

Frequency:

Channel Bandwidth

Coverage Probability - Cell edge:
Cell loading:

GSM1800 (blue indicates user definable parameters)
MHz (1710-1785 MHz)

1710
200
95
80

kHz
%
%

COST 231 Cell Radius (km)

Urban Microcell

T

0,35

Urban Macrocell

e T

1,05

SHADOW FADING MARGIN (calculation)

Urban Microcell

*khkkkkkkkkkkkkkkkkk

Urban Macrocell

*khkkkkkkkkkkkkkkkkk

Decay Law (n) 3,57 3,57
Std dev of Fading Margin (dB) ° 1,00 1,00
Std Dev/n 0,28 0,28
Coverage Probability - cell edge 95,00 %

u Fading Margin - cell edge (dB) ) 1,64 1,64
Coverage Probability - whole cell A 1,00' 1,00
Fade Margin - whole cell (dB) ) 14,46 dB 14,46
CELL RADIUS FROM COST 231 FORMULA (calculation)

UE Height: 1,5 m
Antenna Correction factor 0,04 dB
Urban Correction 0,00 dB
Suburban correction 11,78 dB
Open Country Correction 31,64 dB

Map-03

BS Height (m)
Path Loss (dB)
Distance (km)

I.1.2tepdvou

Urban Microcell
25,00
120,16
0,35

Urban Macrocell
25,00
125,56
1,05




EAANITLL LINN DUUVUL D VEPNRNLAUVOTIELD

INITIAL PARAMETERS  System: GSM1800 (blue indicates user definable parameters)
Frequency: 1710 MHz (1710-1785 MHz)
Channel Bandwidth 200 kHz
Coverage Probability - Cell edge: 95 %
Cell loading: 80 %
LINK BUDGET (Uplink) Urban Microcell Urban Macrocell Suburban Rural
Lapbel  TrnTTnERRARRRRRRS TTTnnAnnmAAARAaAss o TrThnnmmmmmmmssmes Trnmmnnmammmnnns
a Tx Power (dBm) 21,00 21,00 21,00 21,00
b Tx Antenna Gain (dBi) 0,00 0,00 0,00 0,00
c Cable and combiner losses (dB) 0,00 0,00 0,00 0,00
d=a+b+c EIRP Tx Power (dBm) 21,00 21,00 21,00
i Thermal Noise density (dBm/Hz) -174,00 -174,00 -174,00 -174,00
q Bandwidth factor 53,01 53,01 53,01 53,01
k Noise Figure (dB) 4,00 4,00 4,00 4,00
m Interference to thermal noise (dB) 6,99 6,99 6,99 6,99
n=j+k+m+q Interference Noise density N (dBm/Hz) -110,00 -110,00 -110,00
r Average Eb/No (dB) 2,20 3,80 3,80 3,80
t=n+r Rx Sensitivity (dBm) -107,80 -106,20 -106,20
e Rx Antenna Gain (dBi) 10,00 17,00 17,00 17,00
f Cable/Feeder Loss (dB) -2,00 -2,00 -2,00 -2,00
g Diversity Gain (dB) 0,00 0,00 0,00 0,00
u Fading Margin - cell edge (dB) -1,64 -1,64 -1,64 -1,64
w Building/Car Penetration Loss (dB) -15,00 -15,00 -12,00 -6,00
x = d+tre+f+g+u+v+w  Max Path Loss (dB) 120,16 125,56 128,56
y = Prop(x) COST 231 Cell Radius (km) 0,35 1,05 4,59 6,76
SHADOW FADING MARGIN (calculation)
Urban Microcell Urban Macrocell Suburban Rural
Decay Law (n) 3,57 3,57 3,57 3,57
Std dev of Fading Margin (dB) 1,00 1,00 1,00 1,00
Std Dev/n 0,28 0,28 0,28 0,28
Coverage Probability - cell edge 95,00 %
u Fading Margin - cell edge (dB) 1,64 1,64 1,64 1,64
Coverage Probability - whole cell 1,00 1,00 1,00 1,00
Fade Margin - whole cell (dB) 14,46 dB 14,46 14,46 14,46
CELL RADIUS FROM COST 231 FORMULA (calculation)
UE Height: 1,5 m
Antenna Correction factor 0,04 dB
Urban Correction 0,00 dB
Suburban correction 11,78 dB
Open Country Correction 31,64 dB
Urban Microcell Urban Macrocell Suburban Rural
BS Height (m) 25,00 25,00 25,00 25,00
Map-03Path Loss (dB) r. I.Z%gﬁivou 125,56 128,56 134,50)
Distance (km) 0,35 1,05 4,59 6,76
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M = === - = ‘ ————————————— 1
=121p= -A

@ : &+ o dy+d, [de+dp d [lem]
T i Bl Tyt Ty Rt ki sl
116.7 us 3334pus

Figure 3.2.1 Propagation environment of a land-mobile line-of-sight (LOS) and non-line-of-sight
(NLOS) radio system. The base station antenna in this illustrative example is at a height of 70 m,
i.e., top of tallest building. The direct LOS free space path “dgg " is between the base antenna and
the first building. Afterwards the direct o) path is attenuated. The distant mountains reflect the sig-
nals. The reflected delayed signals could be received at a comparable power level o the attenuaied
direct path signals.
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Tower-distorted azimuth antenna pattern Local multipath wave interference

F i m e tower Wi :
and antenna

Figure 1.3 The radiowave propagation and antenna problem.
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MONTEAA AITQAEIQN AIAAOXZHX
(Path Loss Models)
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MONTEAA AIIQAEIQN METAAOXHX

A100061 670 Kevo

P
Py

P d-r-r r

L,=10- log( j 32,5+20-logr,, +20-log f,,..

Enimeon I'n

r

Lsy=401logr —201logh ,— 20 log A,
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L=40logr —201logh , —20logh,

oel] type

typical cell
radius

typical position of base station antenna

macro-ce|
(large cell)

lkm to 30 km

outdeor; mounted above mediom roof-top level, heights
of all sumrounding buildings are below base station
antenna height

=mall macmo-
cell

0.5 km to 3 km

outdeor; mounted above medium roof-top level, heights
of some surrounding buildings are above base station
antenna height

micro-cell

up to 1 km

outdoor; mounted below medium roof top level

pico-cell 7 in-
house

up to 300 m

ndoor or outdoor i mounted below roof-top level)

COST 231 Final Report

Map-03

Macrocell Microcell
Cell radius -20km 0. T-T Km
I'x Power [- T WY UoI-1 W
Fading Hayleigh Hicean
Delay spread  [0.1-10 ps | 0- 100 ns
Max bt rate  [U.SN bps [ M bps
I.1.2tepdvou
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MONTEAA AIIQAEIQON ATAAOXHX

1. MakpokvyEdeg
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Feceived Signal Level [dBm]
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MONTEAA EKO®ETIKHX AYNAMHX

PT

P, ( A khm-hbj2zh;-hj

~ 4
4.1 4 7

P, 1 &k

['evikd €va LOVTEAD UTOPEL VO YPOPEL KOl GOV: ==

n oc dB: L=10n ZOgV + K

Ta n ko K eCoptovion and: Tyy ecoyvoTnyto
To meprfaiiov otaooonyg
Ta vyn Tty Keparwv
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o<
30m <3 < 1500 py,
J b<200m
>Ikm
Lz=A+Blogd, -E Urban area
L, z=A+Blogd, -E- C Suburban area
L z=A+Blogd, -E- D Open area
A=69,55+ 26,16 logf,,,.— 13,82 logh,,
B=44,9 - 6,55 logh,
E=3,2 (log(11,75h,))* — 4,97 pepdie néieis, f> 300MHz
E:8,29 (IOg(],54hm))2 — ],] ueyaies moieig, f<300MHz,

E :( 1 , 11 lo gf MHZ_O’ 7 )hm_( 1 , 56 lo gf MHZ_O’ 8 ) HECAIES KAl HIKPES TTOAELS

C=5,4+2 (log (f,,;./28 ))?
D:40,94 + 4: 78 (longH)z_ ]8’33 longHz
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PL= 69,55+26,16*LOG10(f.)-13,82*LOG10(hp)+(44,9-6,55*LOG10(h))*LOG10(d)-E

PL= 69,55+26,16*LOG10($C$8)-13,82*LOG10($C$10)+(44,9-6,55*LOG10($C$10))*LOG10(B13)-$C$5

E_

E=

fe

hp

hp

d

1 4 126,48
2

3 | 145,49
4 | 150,46
5 | 154,32
6 | 157,47
7 | 160,14
8 | 162,45

Map-03

145
140
135
130
125

120

7 d(km)
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Omov:

F=46,3+33,9logf,;;.— 13,82logh,
B=44,9 - 6,55 logh,
E=(1,11 logf,;;,,—0,7)h,—(1,56 logf,;;,—0,8)

0 dB VIO HEGAIES KAl HIKPES TTOAELS KAl TTPOACTIOKES TIEPLOYES

3dB VIO, UNTPOTOMTIKES TTEPLOYES

Map-03 I.1.2tepdvou
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2ta0uog .<—b—> .
Baong ‘ W

"o cvvOnkeg NLOS: L 50 f+L rts+L msd
OmovL: Lf ATIMDIELES EAEVOEPOV Ol00THUATOS
L s OTDIEIES TEPIOL.OAGHG KAl GKEOAGNS GTEYNG-OPOUOD

L msd CTTOIEIES TOALaming mepifiaong
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L

L, =-16,9-10logW+10logf,+20logAh,+L(p) J L

L(p)=-10+0,354¢p

L(9)=2,5+0,075(p-35°)
L(0)=4,0-0,114(p-55°

=L+ k,* klogd + klogf.- 9 logh,

yia 0°<p<35°

y1a 35°<p<55°

yia 55°<p<90° Eéqeu(’)g |—

msd
Ly,=-18 log(1+4h,)  ya hy>h,,,
=0 yohy<h,,,

ka= 54 2l hb> hroof o
= 54—0,8 Ahb Jia dE 095 km ka1 hbf hroof
=54-0,8 Ah,*(@/0,5) yad<0,5km ko1 hy<h,,,

kd= 18 i hb> hroof
= 18-154hy/h,,,, yio =< h,,,;

k= -4+0,7%(f./925-1)
= -4+1,5%(f,/925-1)

Map-03

VIO HIKPES TTOAELS KOl UETPLO. fldoTHON
VIO UNTPOTIOLLTIKD KEVTPA
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ST231-WaIﬁshIIkegami

Evoeiktikég TinéEG LoviEAovS

(0

b =20-50m
w=>b/2
o =90°

Yyoc Ktipiowv = 3*ninlog opopwy + atéyn
OOV 6TEYN = 3 M YIa OTITIO UE KEPOUIOLIL
0 m yia. EMIMEOES TAPATOES

["a cvvOnkec LOS:

L;)=42,6 +26 logd + 20 logf.
yio. pikpoxvyéies pue d > 0,02km kar hy< h,,,.
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Map-03

The following default values can be used for the model:

b -m—ﬁﬂ'm.

W =42,

L] = 90 degree,

Roof =3 m for pitched roof and 0 m for flat roof,
h, =3 (number of floors) + Roof.

Using the following data, a comparison of the path loss from the
Hata and Walfisch-Tkegami models is made in table 9.1.

f. =880 MHz,

h, =15m,
h-ﬁ = 30 m,
Roof = 0 m,
A, =30m,
$ =950 degree,
b =30m,
W =15m.
Table 5.1 A Comparison of Path Loss from Hata and Walfisch-lkegami Model
Path Loss, dB
Distance, km Hata's Model Walfisch-Tkegami Model
1 126.16 139.45
2 136.77 150.89
3 142.97 157.58
4 147.37 162.33
-+ 150.79 166.01

The path losses predicted by Hata's model are 13-16 dB lower than
those predicted by the Walfisch-Ikegami model. Hata's model ignores
effects from street width, street diffraction, and scatter losses, which the
Walfisch-Tkegami model includes.
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Correction Factor for Attentuation Due to Trees. Weissberger
[13] has developed a modified exponential delay model that can be used
where a radio path is blocked by dense, dry, in-leaf trees found in temper-
ate climates. The additional path loss can be calculated from the follow-

INg expression:
Ly = 133(f)" (@)™ dB for 14 <d; m

= 0.45(f,)**d; dB for0 <d; Sl4m

where L; =lossindB,
f. =frequency in GHz,
d, = tree height in meters.

The difference in path loss for trees with and without leaves has
been found to be about 3-5 dB. For a frequency of 900 MHz, equation

(9.13) is reduced to
L, = 1291(d)™"™ dB for 14 <d; S400 m
= 0437d, dB for) €dy €14 m

ﬁaﬂmq %nﬂﬁﬂtrm Loss: {0-15d8 Eﬁuuemé ‘;1%5_5
#éxg.- 3048 éﬁwz%mn}g n@n—iwas

: ) _ olee U oGS Xnup)6 5
1 Bepara -&35613 ( il Mﬂ"""‘ﬂ;%é
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AOYIGLUIKO Xyeolaonc
* YTTAPXOUV APKETA epyaAcia AoylodIKOU yia TNV
oxediaon Twv CUCTNUATWY
 ETITPETTOUV !
— TV TTPOPBAEWN TNG TTEPIOXNGC KAAUWNG
— TNV TTPORAEYN TWV TTAPEUBOAWYV
— TNV AUTOMATOTTOINON TWV OXEDIWV CUXVOTATWY
— TNV €1TiAUON BepdTWY dlaxeipIonNg TwWV OIKTUWV

* BagiovTtal KUPIWC O€ EUTTEIPIKA UOVTEAQ ATTWAEIWV
Kal atTwAEIEC TTEPIBAaONG atTd TO AvAyAu@o

Map-03 I.1.2tepdvou
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Kepaiec Makpoxvyerlov

* [TavkaTeuBbuvTIKEC 0TO AlIMOUBIO I KATEUBUVTIKEG O€
TTEPITITWON TOMEOTTOINONG (VIO EAAXIOTOTTOINON TWV
EVOOKUWEAIKWY TTOPENBOAWY)

» KateuBbuvTiIKOTNTA OTO KATAKOPUPO ETTITTEDO YIA
atroAafn 10xU0oc¢ Kal pubuion TNG KAAUWNG

Map-03 I.1.2tepdvou 31



Kepata tomov PANEL

90

-150

+180

» KareuBuvTtikotnta 120° yia TopgeoTToinon

* EUpo¢ nuiociag 1oxuo¢ 85°-90° (ounBIBACHUOC HETAEU KAAUWNG KAl
TTAPEUBOANG)

* 2TOIXEIOKEPQIA KATAKOPUPWYV Kal OPICOVTIWV OTOIXEIWV (OITTOAWV)
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Kotakopu@o oldypappo aktivoPoriog
otoryelokepaiog (oe dB1)

0
20

| 90

-150

[MNavkaTteuBuvTikr o€ aliyouBio £180
Map-03 I.1.2tepdvou
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* MovTtého Okumura-Hata path loss kai didypappa KEpAiog
 looduvaEi JE EVEPYO aUENON TOU N (EKBETNG ATTWAEIWV)
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2YMIIEPAXMATA

e Ta JOVTEAQ ATTWAEIWY OIAdPOUNGS XPNOIUOTTOIOUVTAl
yia TV TTPORAEWN TNG KAAUWNG TWV NAKPOKUWEAWY

e Ta eUTTEIPIKA JOVTEAQ DivOouv eUKOAQ (ypriyopa) yia
TTPWTN TTPOLBAEYN

e Ta QUOIKA PovTEAA (TTOU TTEPIAAUBAvOUV TTOAAQTTAN
TeEPiIBAaonN o€ OTEYEC) Divouv PEYOAUTEPN aKpipEla

* H KGAUWN Kal o1 TTapePPOAEC uTTOPOUYV VA
puBuilovTal kal ue TNV Bondeia Tou diaypPAPUATOC
QKTIVOBOAIQG TNG KEPAIAC EKTTOUTIAG TOU B2.
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Movtého ATtoAel®wv ZKiooNG
(Shadow Loss or Slow fading)



Mnyoviopoc 2Xxkioonc o€ MakpoKuyELEC

Path 1 | Path2

INK M

* VIO 0TABEPN atrdéoTOON

METAOOONG EXOUUE
Mobile METABOAEG TNG
Location YEWMETPIOC KAOE

d1adpOPNG
* Ta JOVTEAD ATTWAEIWV
Path 3 . ]
ﬂ ﬂ n ﬂﬂ[lﬂ TTPORAETTOUV TNV PECAIA
oTA0unN, autriv dnA. TTOU

uttepPaivetal oto 50%
Twv Béoewv
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Signal level relative to median [dB]
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2vvaptnon IHokvottog IIiBavotTog
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