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BE%BWA (O-HV5GPYh—A)IUFEHRACEMAZME(E)  FUjiTSU

1. BitfzEAICHET SIS DMIE

B BEMIF7> 7T 2ERNIGREL. E5T0E—1ENZH/-T)7ET3i5a (1l EYIEAE

(15.3dB*) N fAniiE sk zEA 3%, [*ITU-R P.2109, Traditional buildingZ&fF
@2.585GHz,p=0.5]

2. BWR7>7TEHIIE

B B/ 7 FE(Hb)M30mKiEDiHEEEZZHI IV 7EL AL T OILRENZEA T 5.

G RLIIILRERZEREVTEHR I 22LEL. UTORTEH TS, HFICEEEHDRVEIEIEREBGFEREEINGHIE(R) J([CET S, ]
L=Ln(dxy [km]) [dB]
= 20log10(4nx(1000*dyx,)/A [M])+ R - K
= 46.3+33.910910(2000) + 10log10(f.”2000) — 13.82log10 (max(30,Hp))
+ [44.9-6.55log10(max(30,Hb))] (logio(dxy))® —a(Hm)
—min(0,20logio(H/30) + R-S - K

= Ln(0.04)+log10(dxy/0.04)/10910(0.1/0.04) x{Lx(0.1)-Ln(0.04)}

XBH. (2),(3)TESNZEIIBELN (1) LDE/NSIMEDIBSLIE (1) DIEICEET S,

Ho [m] ; EMEOZEFHR S, oo 30macmtmaictd3omed s

S [dB] ™ = S=0, xBIME = S=12.3, R = S=32.5

R [dB] EiEZzERIGREL TESZOR—1EBNZH/-TU7EL. )291‘0)I'J7_Cx1.:3_51

- (1) [dyy < 0.04kmODi%E]

. (3) [.04Km < dyy <0.1kmDIFA]

= R =15.3, ZEHaiHE = R =0

Copyright 2020 FUJITSU LIMITED




BEEBWA (O-DV5GFYH—-A)IVFEHR(E) wjigy

b(Hp ) ; BFESECHUTERIBMIEIRTHD. Faclcdd,

_ [2010g10(H,/30); 0 < H, <30
b(Hy) = { 0; 30 < H,

GE) CIMERLIIESRREENSITU-R P.12090EYE AIE2EMRELTELHITITL
EL UITFORTELRT S,

L= LH(dxy [km]) [dB]
[ = 32.44 + 20logi0(f)+10log10{(dxy?)+(Hb-Hm)?/10%3+ R - K

_ R [dB]; EtS#EANICEEL. 520E—BRENN-TUTETHBED
- (1) [dyy < 0.04kmOEA]

#HIEIAETHD, FECICLD
{ HithF%z 2 W(L;Q%b\ B R ZEE I M RNEIDHZS; R
LEUNDISE; R

= 46.3+33.910g10(2000) + 10log1o(f,/2000) — 13.82l0g10 (Max(30,Hs)) 1
+ [44.9-6.55 logio(max(30,Hs))] (Iog1o(dxy))® —a(Hm) — b(Hb)
+R-S-K cev (2) [0.1km < dyy DIBA]

= Ln(0.04)+{2.51xI0g10(chy)+3.51)}x{Lu(0.1)- L(0.04)}

(3) [0.04km < dyy <0.1kmDiHFE

XBB. (2), (3)‘C1a=bﬂ5{E}ﬂzTE9ELD\(1)J:‘OB/J\EEMIE(D%AL(I(1)0)4Ek "EBI D

5.3
0.0

S [dB]; i, &M, BLU. BEIMCHUTE R I ZMIEMETHD. T
selcLB.

mME: S= 0.0

PAMtE: S=12.3

Rt S=32.5

mEth; #HoduLEBTHo T, 2MEE T EOEYIOZEEMYD, EYIE TR
UleBUVEIARDE S ithiaae

oMt IR, REZFOETEI 2HEMT . RBIOEERHREBEIFILFE(C
PEEYD (LD ZEEL TLVR i

RS, EIROFIRAEICRVEAR. BYREDIHENRV\FEF T,
BZ¢EUTRIA300~400mEL AN TOB LS HI - FHi - BF/R
RE

dxy(km) ; BESLCIHER 2B E I Dt me OB
Hm(m) ; BENEOZE TR 5. E2IEDESHDETAICLD.
Hp(m) ; EFBOZEFRM R, Tt 30mimdizatctd30mes5s:
a ; =R U TE R IDHRETHD., FEElcLD,

i 1 :d, <20km
“=11+(014+1.87x10™ f+1.07x107 H, )(log, (d,,/20)f* :20km < d,, <100km

a(Hm) ; BBBESICHUTERBIBMEIEIAETHD. FEElCLd.
ol |=‘.' 0057 - HUhEFHOES
=] -0.00002 AKEFHODER
K& ; HEOSBHFICAIRIERE OB THoT. HHONSFEE T L 0EYIH

EEEUI i,
F/NERT ; TS5 REBTHICARE I3 HUE S OED

K ; HAZIEIRT —FICEDBE ALV O EEDMIEETHD, BHEF0L
L. HIAZKE DRSS, IRREO RBUIMEIROFZ EEF 215 CE R I DR ED
HIHACEATD.
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B HEEZBWASRE (SR DEFRBICHIIZIVZETROBMN(L.
ik BWASRIRE (5% ) DIV PEIEHER ChdL.

B 5 (CO-NIVSGEMRE(28GHZTE ) D7 H—ELTBE EEBWASR
BEHREITZHE. TOERZIN-IVZIE—BAICHIEAD
O—HI5GEIRE (28GHZzH )DHIN—-TIUFPICERB L.

U EomzEEz. T8 AEzRWCENMENEEZ ZBN D,

1. BYIRBE L — AR R CENS, BARF GBI ERZ
BT D18, BRYIEERE L (Aout) ICBIFBZELNINDITHD50%
EEEYIA(AN) LA TEDS50%IEEDEZZAIEETD
HRETBRPIMBE(AS TP EEABLESEZFEVS.

2. BRI DR EYDIEERERKIBER. AperturelBIR(BEDMIES)RE
(CAZELR VR (‘site-generic ) TESBEHFIEICLS,

Definition of building entry loss: Building entry loss is the additional loss
due to a terminal being inside a building.

Definition of (e.g. wall) penetration: Signals outside a building enter an
enclosed building by penetration mostly through walls. Wall penetration can
also refer to the penetration through partitions inside buildings. Inside

buildings, wall penetration loss is the difference between the median of
the location variability of the signal level on one side of a wall, and the
signal level on the opposite side of the wall at the same height above
ground, with multipath fading spatially averaged for both signals. It can be
considered as the transmission loss through a wall.

FIGURE A2.1

Simplified ray diagrams for outdoor and indoor points

Outdoor point

b)
Qutdoor point in
front of building e,

9 =n

Indoor point

Ref: “Effects of building materials and structures on radiowave propagation above about 100 MHz", ITU-R P.2040-1 (2015)
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ITU-R P.2109IC &3 2YEAIBOEE (1/2) FUjITSU

Not site-specific, and is primarily intended for use in sharing and compatibility studies.
Sharing studies carried out by ITU-R on different agenda items of WRC-19 were based on the text of ITU-R P.2109
which was inforce at the time of these activities or at the time which the activity was carried out.

The Annex (in ITU-R P.2109) provides a model for building entry loss (BEL) as defined in Recommendation ITU-R
P.2040.
NOTE - Building types referred to in this Recommendation should be considered carefully.

The model is based on the measurement data collated in Report ITU-R P.2346 in the range 80 MHz to 73 GHz.
The model can be used within a Monte Carlo method, but it should be noted that the model has only been
validated against empirical data over the probability range 0.01 to 0.99.

Parameters

frequency (~0.08-100 GHz); [— 2.585GHzTEH]
the probability with which the loss is not exceeded; [— p=0.5T&H]
building class (‘traditional’ or ‘thermally-efficient’); [— ‘traditional TEH]

elevation angle of the path at the building facade (degrees above the horizontal). [— 0E(KFEAE=&/]VE)TEH]

Ref: “ Prediction of building entry loss”, ITU-R P.2109-1 (2019-08)
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3 Model

Building entry loss will vary depending on building type. location within the building and
movement in the building. The building entry loss distribution is given by a combination of two
lognormal distributions. The building entry loss not exceeded for the probability. P. is given by:

F5i (P) = 10log(10°4(F) 4 10018(") 4 1001€ ) dB (1)

where:
A(P) = Fﬁl(P)(H +y (2)
B(P) = F ' (P)oy + 11, 3)
€=-30 )
W =Ly + L (5)
Hy = w + x log(f) (6)
oy = u+vlog(f) (7)
o, =y +zlog(f) (8)

where:

Ly is the median loss for horizontal paths. given by:
Ly =1 +slog(f) +t (log(f))* (©)
L. is the correction for elevation angle of the path at the building fagade:
L. =0.212|0| (10)
and:

f= frequency (GHz)
0= elevation angle of the path at the building facade (degrees)
P = probability that loss is not exceeded (0.0 = P < 1.0)
F'(P)= inverse cumulative normal distribution as a function of probability.

and the coefficients are as given in Table 1:

TABLE 1

Model coefficients

Building r s t u v w x y
type Y :
Related to: 0 o1 [15] 2
Traditional | 12.64 | 3.72 0.96 9.6 2.0 9.1 —3.0 4.5 —2.
Thermally- | 28.19 | —=3.00 | 8.48 13.5 38 27.8 -2.9 0.4 =2
efficient

Ref: “ Prediction of building entry loss”, ITU-R P.2109-1 (2019-08)
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ZMEAE (ITU-R P.2109) FUJiTSU

BYMEAIR(p=0.5)
60
55 Traditional —— Thermally-efficient

50

45

EYR AR (dB)
a

5 20.1dB
30 (28GHz)
25
15.3dB

20 (2.585GHz)
i5 -|—
10

100 1,000 10,000 100,000

JBEiEEL (MHzZ)
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2T BT BBROZEEMOIFIBEOHIEL TEE s (R E
=08
4ﬁ“‘)° £ 52 3—1 WEHERE
. B e B (W88 FRE. Mt - MEUEEN - BELS K. No. 35)
— {ERIDEEY DI (CDVWTIEEIB RS B12HIC(E, ) Y
SEEDZRIMIBRK CHDBTEBIEDIEEG R E BE (F2) 45TNHz | 920MHz | 1,450MHz | 2, 200MHz
A9 dcEnETIEBHN S, Y, F48 (15mm) 0.7 2.6 2.7 3.5
a4t ——
EEA—F (m) 0 0.3 0.2 0.1
nABS (60mm) 3.2 1.3 0.8 1.4
hAat (BK) 6 1.9 3.1 5.8
SEEH | A L— F#2 (11mm) 20.2 32.7 3.4 4.5
B (15mm) 1.5 1.1 3.3 8.1
ALC+3 (100mm) 4.6 4.9 16 10.9
gy | )Lt 25.9 22.6 22.3 25.2
BEsEY S R9— L 19.2 36. 1 38.6 37.1
1 @ #+ER \EEREOERHE, P41 () EFEHRERS 1992 £2 A
#2 0 NKAR—L
=3 . BETUEO V) — k., BIERE () ~—A~)L
*# . HL (B) LEO—
(ISR A AT AOBEACICEE T 1S4+ 1 (20134F)
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(3) EYEEAIS

* BYNABES _EICBITRRELNILEEYIPIPRERC
BIFBZZRELNIEDEZIZR AIE(penetration
loss)ELVD,

 BRYIBENMEMRIY, BECLOTI(GEMERS
D) EICHBITFBLANDITHRD50%IMEEEMALA
W3OS0 WIEEDEZERABEVDIZEDEHD

* GEY)BABEEIDOKRES, BWEICEIDEILTS
n, #RICHIFDAEBRCLNE, ZOFIEL
20dBREETH.

- J
12.4.3 BABEEME
(2) sEXRIPRHE
. thEg. ..
2SN IR &k - TV 298 B4 ik, %S 7~ 7
TN WA B DA 12 Bl & i L 2 IR O RS O F e 2 e L, 2L~

WEEZEDHERLSWE L TRHBLNDTHS, -BlTH,

12,4012 %

Al SERR & AERE R L =B TWwAZ 2 hhh U9,

D BMEIT, RN, BEEEME S L ORI A LA L
DERY SN LI ST 2 KA E T 5, BRI IS0 K
SRS, EBRRED Y S TuRE, RIET > 7+ b &M G ik %
BH L, ZET>THCERY B - Bl e TXTORT B0k
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DHEMEIC e B ODRETH D, F12.2 :;,[ AR S B R ) 3 38 41 e 0 532 B[

;.) /J (500

(3) BYERAR

FET > THHBMCEEE TV 254,

~ZiL., %

MM 5 3% Ll B0 22150
NIV LN RARIC 51T BEFL L E D% 13 AR (penetration loss)
Lo L, Skl iM% 729, 5> Tk EIcBIF3L~<
WO AT 50% fill & NV SNGAHD50% Il & DR R A E VI AL
HbH, RAMUBELDOKRE R, HEIZ L ) 263 205 BHIZ BT 2 sk
Ric ki, (2 Frfii 20dB FU8THh 260, @ AME L ) 24l- e L
THH L, ENAONL ENLFYZD 5l TIE, 900MHz # Tl B4

L ARSI T A 2dB/m THZEHRIN T 2 63,

9, ATk

2 b=

PR 56, MIRIERE  CUHF M 4 58 b 8 e 1™, V859 E5%00 - Wik, 35
(1984-10).

(52) #ABELEAE ¢ " ENG(E

(50)

B & ", - AGIRLE - 24, pp. 63-67 (1972-3).

weit

ImX1lmaoxT!)7

| // Yo
A NV o |
5610424 48: j ?
b %- o eyl ®
i Vol 42aB B+
e I Lt
(=2 L
21507 | 7
(a) #t#fl
®
RETVTF
;
,,,,,
[ 12.40
7+ #% 1m)

., pp.89-91 (1988-1))

~

b1l (44 © dB)
o Dt B 59 43k - ik

457 ‘ 920 ‘ 1,450 l 2,200

— S — T
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T 00 | 03 | o0z ] o1
| Zegill" " 18 2] o8 | Wik

LAY ' 60 | 19 | 31| 58
Ao b AU — b0 (lmm) | 202 | 327 | 4 | 45
X (15mm) o T P e
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7anan | 259 | 226 | 223 | 252

Wi 8 b — —
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=, BB (Bk) ~—~)1
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[ mmes | mseswoowom

i o Over roof top Over roof top Below roof top
e Suburban
@it Site-general
CiRiEts @%B41ith Direct wave Reflected wave  Diffracted wave model,
©i:)ivei dominant dominant dominant LOS, NLOS
region region region
L’*;“;E’%E [0.1km] ~100km 10 m ~ 5,000m ~3,000 m
iR 30MHz~3GHz 0.8~38GHz 300MHz~3GHz
BHIFANT ~200m 1.9~3.0m
= hl: 4~50m (=hr+Ah1[1~100m])
= h2: 1~3m (=hr-Ah2[4~10m], Ah2<hr
BRIRANT ~200m ) 1.9~3.0 m

B2 552 4
(16) O—HhIL5G [28GH=] F#K(16)-1 5

TRARG | BIE2 82 4 (17) B :

ERE%E EBWA [2.5GHZE], @RBEL i _
(B)* BIHE(17)-1 5 GER(RAEL +

EYpEiais

(=20.1dB - OESRIBLAH

@28GHz,

Trad. BLDG

\_ Y, \50%1_5) J
BEREEGERREED—EZRIET3IITE (2019.10.8)
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[82] IEEERIC L SERHEEHE(@2,585MHz)

[o®)
FUJITSU

50 8 ZEEE# (hb=5[m])
B Bz Gk (hb=15[m])
Ba B HHZEE Tk (hb=30[m])
Bo.— B HZRIEHE (hb=60[m])

100
5 BRI
\ (hb=5~60[r])
A W
h,
)
=
@ 150
&
14
ITU-RP.1411-10Below roof top
(Site-general model) 'Y
200
‘e
250 A
0.01 0.04 0.1 1 3 10 20 100
FREH [km]

—a— J[3RZE (BRI ) [hb=60[m]
—e— J[BRZE (BRI ) [hb=30[m]
--¢-- J15RZ (BARUAEIE ) [hb=15[m]
--a-- JARZE (BARAAEIT ) [hb=5[m]
IMERZ (RBYHAEIE ) [hb=60[m]
YRaRZR (RBAHHEFEIE ) [hb=30[m]
Yok (RbohaEE) (hb=15[m]
Yok (ZBoHhEE) [hb=5[m]
—a— 1[5RE(hiEth) [hb=60[m]
—e— {[3RE (i) [hb=30[m]
--e-- {[ERE (i) [hb=15[m]
--&--§}ERZ(hiHiE) [hb=5[m]
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£2. 1. 1 HBREAOEER

HEEXATAVS/AFA—2 LEOEREEE. X 22, 1. 1—1I2FR7,

£ H2. 1. 1—1 HEERX
NG A% 3l R
Rig i (Urban) ZR413 (Suburban) | BAMi (Open area)

EREMEER J (km) ~100 km

FEEM £ (MH2) 30 MHz ~ 3000 MHz

EEE L, W) ~ 200 m
B rEHES A, W ~ 200 m

ChoDIRZA—ERAVT. EilRE [ BUTTEAOAD., BB, A K EUEDHBEIC
HLT S8, EHREATIE

H, =max(h, h,) H, =min(h, 7

)

m

DA =2 AN LhS,

(1) o <0.04 kn DIBE
L[dB] =324+ 20log(f)+ 10logld” + (&, - &, /10°)
“E. FRATEREMMICHE T HIEHRBERLFHETHS.
@ ¢201 knDBSE
ErBHES X BEEICHT HMWER
a(H,, F(l1log £ —0.7)min(10, H,, )~ (156log f —0.8)+ max(0, 20log(H,, /10))
b(H, Fmin(0, 20log(H, /30))
& d 520 km IS BHERT A —4
1 Jor d <20km

p 08

; d
1+(014+1 87»<10'*f+1,07x10"H,,IlogTo] for 20 km<d < 100 km

a=
|

L

LU, d201 knDBEEOEBIBRBLTTEA NS,

(2-1) mh#ie
L [dB]=[44.9 - 6.5510g(max 30, &, P|logd ' —a(H,, ) b(H, ) —13821og(max 50, H, })
[69.6+26.210g(150)— 2010g{150/ f)  for 30< f £150MHz
+_;69.6+36.210gf for 150 < f <1500MHz
46.3+339logf for 1500 < f <2000MHz
igm,s +33 910g(2000)+10log( f/2000) for 2000 < f < 3000MHz

(2-2) Botit

L [aB}=L(urban)— 2{log[(minfmax{l50. £} 2000})/28]F 54

(2-3) BAfit

3

L [dBJ=L(urban)—4.78{log[min{max{150, £} 2000}]}
+18.33log[min{max{150, 1}, 2000}]- 40.94

H. 1=d=20km, 150=F=1500MHz. 300=4,=200m, 1=A,=10m DIFE. ChoORIFEH
B E—HT 5.

(3)0.04 < ¢ < 0.1 kmDIF&E
logd —log(0.04)

L[dBFLI004)+ —————————
[4BI=L(0.04)+ log(0.1)— log(0.04)

{L(0.1)-L(0.04)}

Th. (~@) THoh iR [ FAEREMBRLY LN ESLECES. [ ZEHAZERIEA
EOEIZEET 5.

I35 4 tHAABENEE > X7 A(IMT-Advanced ) DEAiEIZRAT | EA25FE HEE BHERAEREILEERRE
(J&E#2: M.Hata, “Empirical Formula for Propagation Loss in Land Mobile Radio Services”, IEEE Trans. on VT, vol.VT29, No.3, pp.317-325, Aug. 1989)
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