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FIEfeEIFIEE (Frd ] o} ] 0 o} 0 o} ] o} ] 0 0 0 0|dB
FETHL L) =111 =111 =111 =111 =111 -111 =111 =111 =111 =111 -111 111 B/ WiHz
FEBENEENY —40.0| —40.0|dBm
Minimur Coupling Loss (MCL) 118.0 541 58.1 360 51.0 51.0 1140 541 541 541 B1.0 51.0 630 63.0 |dB = B+Gin—Frx=Y
Fes ik 1 m
EfOz (L) 4588 dB =20logidn L f/c)
EEF T HIEMIRSE a o} ] 0 o} 0 o} a o} a 0 0 0 o|dB
FEF T HIEMRSR ] o} ] 0 o} 0 o} ] o} ] 0 0 0 0|dB
T T T IEEIRE LA ] o} ] 0 o} 0 o} ] o} ] 0 0 0 0|dB
T ) 16 16 16 16 16 16 16 16 16 18 16 16 16 16|dB A ER IR
fThnE L (2] 162 162 162 162 162 162 162 162 162 162 162 162 162 162[08 B A8 ISFTEEE0% . T raditional)
TFibE 399 100 100 7.9 29 29 359 6.0 6.0 6.0 29 29 151 —151[dB = MCL-L+A=X1 X2
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NEDH, LY ERSEDOE BN EEE 5% T, GBI

Bhod, HFIAIEGHEALS IS,

[HENT 5]

WwWFhos

//

ATLIZBNTE, AT
BEREBII(TATHY, £F
[XA[REEE ZD NS,

38



ka3 iR e EAY 35GH AR ORBEE

FEARETER SERIM R T A (4.7GHz)
- BER(ER)=>BHFH(ERN):ITm A—=FNR

[5GIEENE=5GISEE]
COFHETIL
FLTtESLUTIL A | :
BE i H{g EE | - :
EFERFUTEE 15|m EeEET T+ | BH (R —=W) :
WEsET T B 1 5]m BT | o — . |
SFERF T LFILL A Oldeg EA(E-%F) Hea : S ael
WFERTTTFIVE A 0ldeg Egﬁ—fm) e m 1|
Sl g 1 |m EHET I Ty S vl
S ff A T O R 4 700MIE B8R BBRE ||
(2) FHBOEHE
& i
B 20MHz s T 75 100MHz 510 T 25 AT ais Lk
FHEEF I AT BA=EA [BASEBA |[Bh= Bl ([ER> Bl [BEn3 BEh [BER2BA |[BERsBA [BRASBA [BRSBH [BEASER (BEA2ER BASEA |[ER2Eh |BASEA
TERIREN bots} bots} bots} bots} 23 23 23 23 23 23 23 23 23 23|dBm
Fr+HIiE 5} 5} 5} 5} 5} 5] o] o] 0 0 0 0 0 0ldBi
iaEIREL s} s} s} s} s} 5] o] o] 0 0 0 0 0 =
w1 40 40 40 40 40 40 100 100 100 100 100 100 40 1 00[MHz
EIRPEE 70 0 0 0 70 70 30 3.0 3.0 3.0 3.0 30 230 230 |dBmAMHe [Fril AT REC S T3, dBmiE
H—F ik 0| 0(BRE) 20 40 45 100 o| o(REE) 50 100 105 150 - - tHz
A7tz B (from center) 20 20 40 60 65 120 50 50 100 150 155 200 - - tHz
E{E7 AL EE M 0| -—298| -299 -32 -37 -37 0| -—298| -299| -299 —33 -33 - - EEl
it EE 1 (B) 0 228 228 250 —30.0 —30.0 3.0 269 269 268 —30.0 —30.0 cBmAWHz | = EIRP+M
FET T AR (G o} o} o} o} o} i ] ] ] ] 0 0 0 0ldBi
S5 EiEE % (Fro 0 o} o} o} o} i ] ] ] ] 0 0 0 0ldB
EFETF L~ -111 -111 -111 -111 -111 -111 -111 -111 111 111 -111 -111 B MHz
EEEMERENCY) —400| —400|dBm
Minimum Coupling Loss (MCL) 1180 881 881 B6.0 81.0 81.0 1140 841 841 841 81.0 810 63.0 63.0 [dB = B+Gin—Fre—Y
Fes it 1 n
0= 4555 d5 —20logtdp L /o)
E{EF T HEEIRE s} s} s} s} s} 5] o] o] 0 0 0 0 0 =
FEF T HIEEIRE o} o} o} o} o} 5] ] ] ] ] 0 0 0 0ldB
T HIEEIRE (A o} o} o} o} o} s ] ] ] ] 0 0 0 0ldB
fHhBE () 16 16 16 16 16 16 16 16 16 16 16 16 16 16|dB A TER RS
fTHE S (2] s} s} s} s} s} 5] ] ] 0 0 0 0 0 oldB EWiS 4 (BATEEE0% ., Traditional)
FiE 56.1 26.2 262 241 191 191 521 222 222 222 191 191 11 1.1 [dB = MCL-L+A-X]1 =2
-+ ~
(A T3] N
> —_— N - ~ = =
WTHhDOIZXTLIZENTH, GBIZEHLL T, 22~26BREDFTEREZENED. s o
— AT, COETIVEBN=>BAILEUOEETHEIC LMD, (BB 0E'YTHLO- V2L 1BEEDTFSENEIA, HRRE
N _ _ . e a A — T g’ 23 B N 22923
—2aVERESEICT HILIETES, -1 BN TFRFERE I 25 E(E. R—=RTHEfEch NEEHOEHEEEETNE. 75
BEEZOBBRELFETHECONT, O—HLECEEER TIL—ILETBTEAEELL = o T
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«4./GHz

B/ (x/0EILE)
»
TUoTF I 7OT4TRDH
o0V EGEEARD <0V (ZEAD
EH FREME fii % EH HEE fiisE
EhigEh 28dBm,/MH
= 23:1|Bi2 HETHEH ~115dBm/NHz 1)
LTI #FL4F-y5dBi. EFMaxs | CEV) (AT ) (I/N=-6dB. NF=5dB)
e - G, FETHES ~52dBn (F§E 20MHz 1R) .
REREEHL 3dB s
Sk 4) (AT ) ~43dBm (LRI (E3)
BHEN / 5 #7 23dBi .
48dBm/NH e n :
mp;;;ﬁgﬁ& e (x2) i %F 7Y 5Bi KFUE x 8 GE1)
z i\ = TTH . FERERRE CET1)
i % ITU-R M 2101 GE1) R - )
BHEFL - 6° GE1) (KT, B fihes 1TU-R M. 2101 GE1)
ThES 40m G¥2) BHEFIL - 6° CE1)
e 100~600MHz (3. 76Hz %) s 40m GE2)
BB 100~500MHz (4. 5GHz %)
FEXIFE- 4 dBn/MHz OELME EEMH
44, 2dBc 30
s vrumy | VORISR WER o CREAE —— V2]l
LR (2 X F - RIS WH2 BE8) i oS~ i
HBMEEIFL LT v 2 LS v 2
IRORA TS = (b) Ftgrin—
g < UOROZ R
T .10
_ | ~4dBn/100kHz (30MHz— 1 GHz) @
AT T RBEEIC ~ . — — s —
B STERSD | s dwie (1D ey | FOTATTOTTORTLAD
SHEE I E . - [y 74)b9?$/\'::kéﬁ§§b%(ﬁ%)
i BEE () | BABIRN b ONER R
a0 60 -30 (] 30 &0 20 20~50MHz Efg
GE1) ITURIZET &Rz’ < (Document 5-1/36-E) & (degree) 30 40~90MHz 27
(E2) LTE-Advanced 227 AIZ#H L TR S h =A% O R AREIZIS - oo = 40 50~ 120NHz 12/
(GE3) 36PP DIEEMHRIZ LT ¢ OOtV FOZ TR FRE (FILEE) 50 60~ 170MHz 32/
(4) A—BEMOTHENTEE, BEERMOTHEMIZE0TIE, TERFOBRED 60 80~220MHz 12/

EAFEERAED (EHICHSIEhEELHDE

AHE) THRESATWLAEZOHZFELGL,

() EEFEEAL 1000Hz £185E
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o X1 AE—I)LEIL
HihF( =
— — »
TUTFITOTATEDS
s YT T . A TH
AE—IILEILEGEEAD AE—ILEILE(ZERD
EHE ERTEfE fii = EE BIEE fii&
EhiRES Sﬁdif;; "'I';*IZ HETHED ~110dBm/MHz GE1)
=Lt eI P F7usysdi. FrMexsg | CEV (T ) (1/N=—6dB. NF=10dB)
o . GET. HETHESD ~47dBn (R&1E 20MHz 1) .
EEREERE Sdb 4) (AT ) ~38dBm (L ERLISH) .
FEFHEHEN ; . o 9 23dBi R
1) 25dBm/MHz GE2) 22 chig I8 wFuryed . wrmaxsg | CEV
EP IR o 1TUR W 2101 1) | [EEREERE 348 GE1)
) BRIt & 1TU-R M. 2101 GE1)
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EhiEm 10m G¥2) T 10° GE1)
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REwE 100~500MHz (4. 5GHz %)

FEX (- 16dBm/MHz D& LVE
-44. 2dBo L EEE
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HEMEHEEIE LT v S~ ILEE ”‘ T
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B*L%%EJJJ%

Tt

R A (L)

BEEGEERD BEE(ZEAD
= FREE fiii = EH EREME fii s
£l 2 23dBn (2) HEFHEN ~111dBn/MHz
BrrHne oI (£2) (AT ) (I/N=-6.dB. NF=9B) G
HHERNE 0dB G¥2)
TR AL .
oK. BE) MR Gx2) HETHEN | A0dn (FrALEEEERA—E | o
EEEPHE o GE2) AT ) DRIEF i) '
e 100, 200MHz (3. 76Hz %)
EEF R 100, 200MHz (4. 5GHz &) ZhiRFliT 0dBi G£1)
BRGNS odB E1)
. ZEop R E e
FEX£-50dBm/3. 84MHz - ;
ot i \iEET GE1)
-33dBc (F - LG/ 242, SiHz Ehigs Lol =
aEs) F bk 8dB (A fRIRUTHY)
BT ¥ IR | -36cBo (Fr RLFEME/2T. 5z |\
NEA a5 '
TR R 4508/ F v % )L #ishiE
Wz DL ME
=30dBc (F 4 =~ )L 1002 MHz B%53)
Bl aRERe | oodow 10kHz (150KtHz-30Miz) GE3)
e ~36dBn/100kHz (30MHz- 1 GHz)
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« #145TU-R P.2109I2 & D<4.7GHZ R DE
s RETETILIZISCTIH IR 1 ELTE R

100 -
B0 4
—_—
m
D 60
=
,.(
w =——_DEL|tradiional}
E 40 — | =5 —_BEL thenmalhee Mchent)
o]
I
| T

0 Q2 04 0.5 0.8 1

WAhE (FEXP)
BT E s - EEAR
| GB
ENOIEA| 51, 10% 20% 50%
Traditional 428 | 6.0 | 88 | 16 2d8
Thermally—efficient | 13.3d8 | 16.6d8 | 21.0d8 | 31.4dB

(GE) Thermal ly-efficient: €BILH TR, EBHRAIEEITE L=/ \RILEZBW-EW.

Traditional : BIEZLISNDEY
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HEFXEYRY HiFEETRY
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-40.0 ~300
0 20 40 60 80 100 120 20 40 60 80 100 120
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HKDRAE—ILEILE
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X1)<oO0€eILE
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LERBERAKYANMAL: R )7 REBEIZHIT DR ERE DR E THRE (-4dBm/MHz)

K2 AE—ILEILEF
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BEREETRY BEREEYRY
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Inj il
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x S
N -300 N -300 1
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% 1)40MHzZY X T s
AT LA EEOF LA SEEFH60MHzE T ACLRZEIZER E (-22.9dBm/MHz)
BEFH60~65MHzE T ARINT LA R TEHE (-25dBm/MHz)
- FERBESAKYAMA: RN T REBEIZHIT B AR EHE DR E TR E (-30dBm/MHz)
%2)100MHzY X T L
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X)HE20134F7A. #

i

1. 1 HEEIOESR
HEEXTAWDAS A—2 L F0EATRAEZ. * $2. 1. 1-1I1ZFY.

T &2 1. 1—1 HEESX

IS A—4 & FATEE
B Wit (Urban) | 2B5Mk (Suburban) | BFKiE (Open area)
EZEMESE d () ~100 km
B £ H2) 30 NHz ~ 3000 MHz
LB h, ) ~ 200 m
ELBBES A 0 ~ 200 m

ChoONRFA—2ZRNT, Gk L BUTTEALGhD, B8, h, U, LEHHEIC
LT Hi=8., ERIREXTE

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

DNRFA—2HALLN D,

(1) d £0.04 km DIFE

L[dB]=324+20log(f)+ 1010@@;!'2 +(H, - H,)/10°)
k. X FEBAEHICETAERAEXLFHTHS.
(2) d 20.1 kmDim&

EEBRUESLAMEEITHT HHEER
a(H, F(11log f — 0.7)min(10, H,,)-(L56log f — 0.8)+ max(0, 20log(H,, /10))
b(H, Fmin(0. 20log(H,,/30))
£ d 20 kmZHT HMENT A%
1 for d <20km

- 08
d
1+(O.14+1.87><10_4f+1.07xlO"SHb{lcgE] for 20 km <d < 100 km

FEEELEEZEERWEZ (LTE-Advanced)
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KO H 201347 H.

ErEREaElL

&Y. d20.1knDEHEDEHRREFLUTTEALND,

(2-1) it
L [dB]=[44.9 — 6.55log(max{30. H, })[logd )" —a(H,,)- b(H,)-13.8210g(max{30. H,})
69.6 + 26.210g(150) - 201og(150/ f)  for 30 < f <150MHz
, 696+ 262log f for 150 < f <1500MHz
46.3+33.9log f for 1500 < f < 2000MHz
46.3 +33.910g(2000)+101log( £/2000) for 2000 < f < 3000MHz

(2-2) Btk

L [dBJ=L(urban)—2{log[(min{max {150, f}. 2000})/28]}" - 5.4

(2-3) Pl itk

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

wH, 1=d=20km, 150=7=1500MHz, 300=/,=200m, 1=4=10m DFE. ThoOXEEH
EXE—HT D,

(3)0.04 < d< 0.1 knDIZE
logd —10g(0.04)
log(0.1)—1log(0.04)

L [dB]=L(0.04)+ {L(0.1)- L(0.04)}

ak. M~Q) THohLEIkAX (HEREMRAXLY /N ERECEE. [ (ZEHREME
KOEICEET D,

LEAHIREXICE T HERREAEEXTH S, FHEXEMR LT HHS . Shadowing (2
FOEEMZERIANBERSHTEA I, TOREREEIER $2. 1. 1-2TEAX LGN D,

ZEaHEZE(LTE-Advanced)
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52 1. 1—2 HEEMTELOE#FE:E

X2 (EMIERE F#mE/7 [dB]
d =0.04 km og=3.5
12-35 .
o=3.5 +m{d—0.04) for propagation above the roofs
0.04<d<0.1 km 1'?_ 3‘ -
0=35+———"(d—-0.04)  for propagation bellow the roofs
0.1-0.04
0.1<4<0.2 kn o= 12 for propagat?on above the roofs
o=117 for propagation bellow the roofs
=12+ 09_ 1021 (d-0.2) for propagation above the roofs
0.2¢d=<0.6 km 9 _1?;'
=12+ — 05 (d-02) for propagation bellow the roofs
0. 6km<d og=19

XOHE:2013F 7R, #EHEFESELEESHEE (LTE-Advanced)
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(Dover roof-topETIL
4. 2 Models for propagation over roof-tops

Wz HEHT H06F E%ﬁ@%ﬂﬁﬂ@m EmE=88R] BHE=>F
iﬂz%ﬂﬁ %f@%]x XHTEM [ x
QEZD GEZID GEED
[(HiRefR]  [(RHBE-BBR] ([(BBE=>%15]

hr:9.99, 39.99m hr:10m hr:10m
I h1:10, 40m h1:40m h1:1.5m

Definition of parameters for the NLoS1 case h2998‘ 3998m h2 15m h240m
w:25m w:25m w:25m

| Distance between STNI and STN2antemnas: d |

¢ 90 ¢ :90F ¢ :90F
40/10m  39.98/9.98m

STNI E— ey o pmm e m—— e
T — -________——————_.._jg

N R =
b - =y .
Ay N 8 ""‘"-ﬁ:;---‘ == @ Cross-section
By = o SN
—

F A N = = |
v = = Ahy
4 o )f o < :\‘ =1 | ==
LI I m———— - 0 .
by The relevant parameters for this situation are:
| .
1 1

7 1 H STNZ 1 , o
I [ —— = hy: average height of buildings (m)
1 H - . e T
. [ !O0ne-time | Twotime | Several-time ! - p b . .
i Diffracted . .
Do\?r;f:m I;:;‘s:t reflected reflected reflected | “m;e we street w ldTh [:111}
wave wave wave I . . .
—t y b: average building separation (m)
Three i Direct | '
- 1 - L] H . 1 . : . . O . .
regions 3 wave § Reflectedwave domimatreglon § Difftactedwave dominaat region o: street orientation with respect to the direct path (degrees)
1

reeent ' hi: Station 1 antenna height (m)
Primary dominant wave . :
——- Secondary dominant wave ha: Station 2 antenna height (m)
—— = — Non-dominant wave

I length of the path covered by buildings (m)
e d: distance from Station 1 to Station 2.

3¢) 1 B :Recommendation ITU-R P.1411-9(06/2017) &Y P 59
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(Mover roof-topETIL
« 4.2 Models for propagation over roof-tops
o 4.2.2.2 Suburban area

4.2.2.2 Suburban area
A propagation model for the NLoS1-Case based on geometrical opties (GO) is shown in Fig. 2. This

Figure indicates that the composition of the arriving waves at Station 2 changes according to the L, =20-log, { 4“?@ } (51)
Station 1-Station 2 distance. A direct wave can arrive at Station 2 only when the Station 1-Station 2 04" -
distance is very short. The several-time (one-. two-, or three-time) reflected waves, which have a ) o e . )
relatively strong level, can arrive at Station 2 when the Station 1-Station 2 separation is relatively dzp(f) = (025-d3 +0.25-dy = 0.16 - d, = 035~ d) - logso(f)
short. When the Station 1-Station 2 separation is long, the several-time reflected waves cannot arrive +0.25-d; +0.56-d; + 0.10-d3 +0.10- d,4 (52)
and only many-time reflected waves, which have weak level beside that of diffracted waves from (0.8GHz < f < 38 GHz)
building roofs, arrive at Station 2. Based on these propagation mechanisms, the loss due to the ' T
distance between isotropic antennas can be divided into three regions in terms of the dominant arrival I, —I. + Ly, Ly, (dap—dy) (dy<dap<de.;) (53)
waves at Station 2. These are the direct wave, reflected wave, and diffracted wave dominant regions. dgp ~ “dy oy —dy RD ™%k kF=%RD =%k+1 -
The loss in each region is expressed as follows based on GO.
- 4, 2
2
20- logm[ ﬁ] for d<d, (Direct wave dominant region) dip = [ sinox + (U —hy) (54)
n
Litosi = Ly, tor dy=d <dpp (Reflected wave dominant region) (48)
\ 7. p— . 4
32.1- logm[ A J +L; for d zdpp (Diffracted wave dominant regon) A4 = M (55)
D N E 2.(h —
dzp | 2:(h,=hy)
where: (=R )-(2k+1
k) (ke 6
L 2 : {kr _k2 )
‘d Ly
+ - 57
Lon = (k=0.1.2..) (49) @ =tan | tamp] (7
Ly, —La,
RD Yk
dy, = (B")z+(h — hy)? (50)
k= sin @ 1 2 "

3¢) H 81 : Recommendation ITU-R P.1411-9(06/2017) &Y P 53
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o @below roof-top(near street level) EFJL

« 4.3 Models for propagation between terminals located from below roof-top height
to near street level
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FIGURE 11

Road geometry and parameters (example for two corners)
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« 4.3.3 Site-specific model in residential environments

4.3.3 Site-specific model in residential environments

Figure 10 describes a propagation model that predicts whole path loss L between two terminals of
low height in residential environments as represented by equation (71) by using path loss along a road
L, path loss between houses Ly, and over-roof propagation path loss L,. L, Ly, and Ly are respectively
calculated by equations (72)-(74). (75). and (76)-(81). Applicable areas are both LoS and NLoS
regions that include areas having two or more corners. The path loss along a road L; is dominant at a
relatively nearby transmitter where there are only a few corners and the path loss between houses Ly
becomes dominant as the distance between terminals increases because Ly increases as the number of
corners inereases. The over-roof propagation path loss Ly becomes dominant relatively far from the
transmitter where Lp increases by multiple shielding of the buildings and houses.

This model is recommended for frequencies in the 2-26 GHz range. The maximum distance between
terminals d is up to 1 000 m. The applicable road angle range 1s 0-90 degrees. The applicable range
of the terminal antenna height is set at from 1.2 m to hpmin. Where hgmin 15 the height of the lowest
building in the area (normally 6 m for a detached house in a residential area).

3¢) 1 B :Recommendation ITU-R P.1411-9(06/2017) &Y

FIGURE 10

Propagation model for paths between terminals located below roof-top height

PHII-I0
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« 4.3.3 Site-specific model in residential environments

Ly =20log(4nd /) + 30.6log(d / R) + 6.88log( /) +5.76

L, =20log(4nd / )+ Ly + 1, + L,

L = 6.9+2010g[ﬂ|'(1'1 —0.1)% +1+v, —0.1]

i, :6.9+201og(..?(1--2 —0.1)" +1+v, —0.1_)

2(1 1
vy =y — P ) 7[;+3J

vy = (’?bxx*]-’}tx),fng(l*l]

rib ¢

I =1O]0g{((;+b)(b+c):|
bla+b+c)
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(75)

(76)

7

(78)

(79)

(80)

(81)

The relevant parameters for this model are:

- d: distance between two terminals (m)

- 2.: wavelength (m)

- - frequency (GHz)

- iz road angle of i-th comner (degrees)

- x1i: road distance from transmitter to i-th corner (m)

- x2i: road distance from i-th comer to receiver (m)

- R: mean visible distance (m)

- hprx: height of nearest building from transmitter in receiver direction (m)
- hpge: height of nearest building from receiver in transmitter direction (m)
- hrs: transmitter antenna height (m)

- hry: receiver antenna height (m)

- a: distance between transmitter and nearest building from transmitter (m)
- b: distance between nearest buildings from transmitter and receiver (m)

- ¢: distance between receiver and nearest building from receiver (m).

Figures 11 and 12 below respectively deseribe the geometries and the parameters. The mean visible
distance R is calculated by equations (82)-(85). In the equations, » is the building density
(buildings/km?). m is the average building height of the buildings with less than 3 stories (m). /s the
lowest building’s height. which is normally 6 (m). and /3 is the height of a 3 story building. which 1s

normally 12 (m).

R 1000y {J:Rx—l}
mv,(1—e™") m—1

4 1-e™
W, = - 11'0{1 - %exp - E”T’Rx]}

ﬂ{:ﬂ_ d=1+p(m-10)
m—1

Wwp =15 [m]. 0.=0.55, B=0.18[m ']

(82)

(83)
(84)
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