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THEEH (UNB SRR)

Single Entry®dAEmimA 520cmP48I

EE EEE ITU-R (Casel)

Bl 23GHz (RHER TV bS5 U R) 23GHz
26GHz (xFWA)
EIRP -41. 3dBm/MHz -41. 3dBm/MHz
7T iERE Gmax-2/3x 6 (0° < 6 < 40° ) Gmax-2/3x 8 (0° < 6 < 40° )
Gmax-26.66 (40° < 9) Gmax-26.66 (40° < 6)

SRRith = 0. 5m 0. 5m
BRESH/HFREME 4 (F1A2, #%RA2)/EHMDIE 4 (FiTA2, #%A2) /EmMDIRE

Hig¥ GIEAR)

4

4

E=nnlislich 20m, 50m, 100m, 150m 20m, 50m, 100m, 150m
BER/HE/HEEX 5m/1.5m/1. 5m 5m/1.5m/1. 5m
FHNADBREE 0. 6dB/km, 3.0dB/km 0. 6dB/km, 3. 0dB/km

—IL FiEK*

AARVEISDERIZL S
= FEXEER

AARVRIADERIZL S
UL FEREER

SRR & X 100% 100%

ININ—1B% 3dB 3dB

TSR A 3000m 3000m

X Aggregate D H
STEEHE (FWA)
EHE Ll ITU-R (Casel)
HithF MAER
Ak 26GHz 23GHz
T oTHHE 6. 5dBi 41.1dBi, 31dBi** 41dBi
e e R
ToTTHES 16m 5m 10m, 18m, 25m
ToTHFFILE Odeg 0.9deg 1 Odeg
7‘/7"7’)‘4‘/5—1.\. Odeg Odeg
DAMEEBRDIET HX
EEERES 0dB 0dB
ERRIm A S DK T BEEHX Om, 10m 5m, 10m 10m, 30m
HBETFHLAL -126. 8dBm/MHz -128dBm/MHz
X Aggregate D &+

XX TUoTHHBELT. REESHDZ N 31dBIIZEM
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AREEH BRIV ESVR)
BT
EHE ITU-R (Casel)
Model A | Model B | Model ¢ | Model D
B3 23GHz 23GHz
7RG 46Bi | dodBi | 40.1Bi |  34.9aBi 410Bi
b b Single entry: F.699 Single entry: F.699
T 2T T iERE Aggregate: F.1245 Aggregate: F. 1245
TUoTTHHES 50m 20m 40m 10m, 18m, 25m
ToTFTFFILE 0.57deg | 0.57deg 1 Odeg Odeg
FUFFALVE—L ode ode
DFE L EBOLT B § §
HwERX 0dB 0dB
BRSO KRR Om 10m, 30m
HBETHLAL ~125. 8dBm/MHz ~125. 3dBm/MHz ~128dBm/MHz
X AggregateD &
= =+
sTEFER (FWA)
[Single Entry]
BT FoTHHE | BREZ | FBTHLANL | FHELANL (REBR) | fEREE
T [dBi] [dB/km] [dBm/MHz] [dBm/NHz] [dB]
0.6 -143.1 -16.3
i 6.5 -126.8
3.0 -143.4 -16.6
0.6 -121.9 4.9
M1
3.0 -122.2 4.6
MAER ~126.8
a 0.6 -119.1 7.7
3.0 -119.4 3.3
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TEEER (FWA)

[Aggregate]
wstpy, | TYTTREG | BEAE | SEEE | BEFHLAL | FELAL | FEXES
BT [dBi] [dB/km] [m] [dBm/MHz] [dBm/MHz] [dB]
~ 0.6 1249 1.9
2R 6.5 20 ~126.8
(offset Om) 3.0 ~125.4 1.4
0.6 1126 14.2
41 3.0 115.2 1.6
MAER ' 20 126.8 : :
(offset 5m) R 0.6 1122 14.6
3.0 113.7 13.1
(B%&) offset2zZE L1154
wateay, | TR | BREAE | EEME | $EFELAL | FELAL | REAES
BET [dBi] [dB/km] [m] [dBm/MHz] [dBm/MHz] [dB]
,, 0.6 1248 2.0
LR 6.5 20 ~126.8
(offset 10m) 3.0 125.3 1.5
0.6 1146 12.2
4 3.0 117.8 9.0
MAER ' 20 ~126.8 ' :
(offset 10m) y 0.6 114.5 12.3
3.0 ~116. 4 10.4
= =+ =
AERBRE (BRI VI URX)
[Single Entry]
wEte | 7YTTRE | BEER | HEFSLAL | FELALGBED | FELES
mET [dBi] [dB/km] [dBm/MHz] [dBm/MHz] [dB]
0.6 -129.8 4.0
Mode! A 46.0 ~125.8
3.0 -137.0 1.2
0.6 -132.3 6.5
Mode! B 40.0 ~125.8
3.0 -133.7 7.9
0.6 -135.2 9.9
Mode! C 40.1 125.3
3.0 ~138.9 13.6
0.6 ~134.3 9.0
Mode! D 34.9 -125.3
3.0 ~137. 1 11.8
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AERE (BEIU LT UR)
[Aggregate]
witray, | TYTTRE | BEME | SEURE | #ETALAL | FELAL | FEER
BT [dBi] [dB/km] [m] [dBm/MHz] [dBm/MHz] [dB]
0.6 115.1 10.7
Mode! A 46.0 20 1258
3.0 120, 4 5.4
0.6 115.5 10.3
Mode! B 40.0 20 1258
3.0 118.7 7.1
0.6 116.7 8.6
Mode! C 40.1 20 ~125.3
3.0 1209 4.4
0.6 115.3 10.0
Mode! D 349 20 -125.3
3.0 118.7 6.6
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FS Impact analysis study in Japan (((SARA

NTT / NTT Docomo simulation aggregated scenario

FWA (26GHz) Focus on this part

Review Antenna gain | Rain attenuation Car Allowed interference  Interference level Required
Model [dBI] [dB/km] separation [m] level [dBm/MHz] [dBm/MHz] improvement [dB]

Base Station

(offset Om)

Subscriper-
station

(offset 5m)

Wireless Entrance (23GHz

Review Antennagain = Rain attenuation Car Allowed interference | Interference level Required
Model [dBi] [dB/km] separation [m] level [dBm/MHz] [dBm/MHz] improvement [dB]

0.6 51 10.7
Model A 46.0 20 1288 - alt

42 - nmb\e 1228 3.0

0.6 \ -115.5 103
Model B 40.0 W DA GHZf 'tedl"‘é\sag

b{;g\o £0 Tl -120.0 5.8

06 Que 1167 8.6
Model C 40.1 20 -125.3

4.2 -122.7 2.6

0.6 -115.3 10.0
Model D 34.9 20 -125.3

4.2 -120.2 51

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %%4-1_9 2008-12-19




FS Impact analysis study in Japan (:\C(SA RA

Parameter setting and simulation result for Japan

For FWA Subscriber Station — aggregation (100% penetration, Car separation: 20m)

ITU-R Report (FS P-P) FWA Subscriber Station for Japan
Parameter
Case 1 Case 2 FS operator SARA Compromise
Frequency 23 GHz 23GHz 26GHz 26GHz 26GHz
FS antenna gain 41.1 dBi 41.1 dBi 31 dBi 41.1 dBi 31 dBi
FS antenna height 10m 18 m 5m 5m 5m
FS antenna tilt 0 deg 0 deg 0.9 deg UP 0.9 deg UP 0.9 deg UP
FS antenna offset 10 m 20 m 5m 10 m 10 m
SRR position vehicle corner 0.2m inside vehicle corner 0.2m inside vehicle corner
Rain attenuation 0.6 dB/km 3.0 dB/km 0.6 dB/km 12.7 dB/km™ 5.0 dB/km™
Activity factor 0dB 3dB 0dB 3dB Oto 3dB™
Clutter loss 0dB 7 dB 0dB 7dB Oto 7dB™
Polarization loss 0dB 3dB 0dB 3dB 3dB™
Spray loss 0dB 2dB 0dB 2dB Oto 2dB™
Simulation Model ITU-R Model ITU-R Model NTT model ITU-R Model -4.7t0 0dB™
SRRinterference [ gy, dBrmMHz dBmiHz vz [T
Threshold limit -128 dBm/MHz -126.8 dBm/MHz
Margin -18.5dB | +9 dB -16.1 dB +15.6 dB -10.9to +5.8dB
*1) 99mm/h: Rainfall rate for Tokyo in AIRB *2) 37mm/h: Rainfall rate for Sapporo in ITU-R
*3) To be discussed at the review (e.g. 2018): Please see page 18
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 3

FS Impact analysis study in Japan C((SA RA

Cross-check (recreate ITU report graph with ITU-R model)

ITU-R Casel, fig. 68 — (simulated with ITU-R model)
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)

aggregated scenario ITU-R F.1245 beamshape, antenna tilt: 0 deg FS anten na par am eter:

e A o | Antenna gain:  41.1 dBi
Rain attenuation: 0.6dB/km
o R R 5 A Antenna height: 10m
‘ ‘ Road offset: 10m
L s = o o o Antenna uptilt: 0 deg
| | | Frequency: 23 GHz
130} -- s ;

0.6p 10h 100ff 020m

0.6p 10h 100ff 050m | | .
0.6p 10h 100ff 100m |~ SRR parameter:

0.6p 10h 100ff 150m SRR in vehicle corner
Car separation: 20m
SRR height: 0.5m
G ; ‘ ; ‘ ‘ : Vehicle height:  1.5m
0 500 1000 Rar:::.g(;m] 2000 2500 3000 VehiC|e Ieng th 5 m

ITU-REP-SM.2057 (Attachment 2, Fig. 68) -109.5 dBm/MHz ‘ .
ITU-R model (French side shielding): -109.5 dBm/MHz 0 dB difference

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-10 2008-12-19 4
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FS Impact analysis study in Japan {;((SA RA

Compromise (37mm/h without mitigation factor)

FWA Subscriber Station — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)

aggregated scenario ITU-R F.1245 beamshape, antenna tilt: 0.9 deg FS antenna param eter:
D s ——— —— ; . 8
! ! ! 5.0p 05h 100ff 020m |: AnFenna gam: 31 dBi
| | | 5.0p 05h 100ff 050m || Rain attenuation: 5.0 dB/km
-110f------- -~ et it IRAELLE A 5.0p 05h 100ff 100m | . .
: ‘ ‘ -+ 5.0p O8N 100ff 150m | Antenna height: 5m
! ! Road offset: 10 m
Antenna tilt: 0.9 deg UP
Center freq.: 26 GHz

SRR parameter:
SRR in vehicle corner

aggregated mean PRX [dBm in 1MHz]

PP SRR U SR SN Car separation: 20 m
| | | | | | SRR height: 0.5m
160 ; ; ; ; : : Vehicle height: 1.5m
0 500 1000 Ra;;gc;m] 2000 2500 3000 Vehicle Ieng th: 5m
Interference threshold_(I/N = _-ZOQB) -126.8 dBm/MHz - -9.2dB
ITU-R model (French side shielding): -117.6 dBm/MHz
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 5
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Simulation result (37mm/h with large vehicle assumption)

FWA Subscriber Station — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)

aggregated scenario ITU-R F.1245 beamshape, antenna tilt: 0.9 deg FS antenna param eter:

100 --------~ R R et ileieietetetel ettt ' . :

| | | 5.0p 05h 100ff 025m || Antenna gain: 31 dBi

| | | 5.0p 05h 100ff 050m || Rain attenuation: 5.0 dB/km
110 ------ -~ et it IRAELLE A 5.0p 05h 100ff 100m | . .

| | ~ |~ 5.0p 08 100f 150m | Antenna height: 5m

‘ ! Road offset: 10 m
120 Antenna tilt: 0.9 deg UP
Center freq.: 26 GHz

1301 £

-140

aggregated mean PRX [dBm in 1MHz]

SRR parameter:
. | | | | | | SRR in vehicle corner
450 S S SR A S : Car separation: 25 m
| | | | | | SRR height: 1.5m
160 ; ; ; ; ; 1 Vehicle height: 4.0 m
0 500 1000 Rar::.;g(;m] 2000 2500 3000 VehiC|e Iength: 10 m
Interference threshold_(I/N = _-ZOQB) -126.8 dBm/MHz ‘ -82dB
ITU-R model (French side shielding): -118.6 dBm/MHz

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-11 2008-12-19 6




FS Impact analysis study in Japan ((SARA

Simulation result (99mm/h without mitigation factor)

FWA Subscriber Station — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)

aggregated scenario ITU-R F.1245 beamshape, antenna tilt: 0.9 deg FS antenna param eter:

SO e e e e e — ‘ .l .

! ! ‘ 12.7p 05h 100ff 020m | AnFenna gam: 31 dBi

| | |- 12.7p 05h 100ff 050m || Rain attenuation: 12.7 dB/km
-110f------- -~ it IR 12.7p 05h 100ff 100m }: 2 .

: ‘ | == 12.7p 05h 100f 150m | Antenna height: 5m

‘ ‘ Road offset: 10 m
120 Antenna tilt: 0.9 deg UP
Center freq.: 26 GHz

-130 -+

SRR parameter:

SRR in vehicle corner
Car separation: 20 m
SRR height: 0.5m
Vehcile height:  1.5m

-140 [J1

aggregated mean PRX [dBm in 1MHz]

-150

160 1 I I I 1 i
0 500 1000 1500 2000 2500 3000 .
Range [m] Vehicle length:  5m
Interference threshold (I/N = -20dB) -126.8 dBm/MHz - -59dB
ITU-R model (French side shielding): -120.9 dBm/MHz :
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 7
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ITU R Case 1 aggregated scenario

23GHz band FS P-P link in Europe (min. 7km link length needed)

s el . 3.87 dB/km (28 mm/h, 23GHz)

> D dB/km /| o (“(—\(})

< 1.3 S5 7 S 7 £ < -5 7 >
G| 06 ' .4,/2% G e
'% dB/km  le—— Rain fade margin is almost exhausted

s e > by raincell that is fare away from RX

(typ. 20 dB) are left for the last 3 km

RX ™
<ily oy oy oy
wolily oy oy iy only 0.04 dB of the rain fade margin
oy ol iy
oy oy iy

3km 4km
L 7km
If the rainfall area covers more than 4km of the FS link (or rainfall rate

increases by 0.06 mm/h more), the FS link will be unavailable due to
lack of rain fade margin, independent of SRR interference or not.

This is neither realistic regarding scenario nor probability !!!

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-12 2008-12-19 8




FS Impact analysis study in Japan ((SARA

Car shielding model (extracted from ITU-REP-SM.2057)

Vertical shielding model
Ls = O fOI’ OL-OLR < _2 . Receiver
Lg =2.2%( a—oag) +4.4 for-2<(a-oz) <8
Lg=22 for (a-ag) > 8.

v

. . . P
Slde Shleld Ing mOdel FIGURE 59 Sketch of a NLOS-connection between SRR and receiver

* France model (ITU-R Casel):

For 15t |ane: " Los / NLOS side shielding
LOS (line of sight) and v A S
Non-LOS assumption = R v

From 2" lane: Ly, = 22 E /\//\ SARA side shielding

: s
« SARA model (ITU-R Case2): 3 . W

For 15t lane: : / _
Same shielding characteristic M S
as for vertical shielding 4 . - . 0 M ]

From 2" lane: Ly = 22

a-ar [7]
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FS Impact analysis study in Japan :
Road offset, SRR position and lane width (C(SARA

ITU-R Case 1 Road border distance 1.25 m Road border distance 1.25 m
SRR 1 SRR 2
,g: ost_pliise 18 m SRR_height 0.5m
~
Vehicle width 1.5 m
— g
——
Lane width 4 m
IRU-R Case2 Road bB{der distance 1.45 m Road bB{der distance 1.45 m
e N - N

[ ]
SRR_1

)
SRR_2
SRR_height 0.5m

/g Road_offset 20 m

~
Vehicle width 1.5 m

——
Lane width 4 m

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-13 2008-12-19 10




FS Impact analysis study in Japan (((SARA

Activity factor extracted from ITU-R-SG1-SM1755

Calculation of estimated activity factor for all modes of operation

Modes of operation
“SRR “Reduced PRF™ mode “Non-
switched (PRF reduced from UWB~ Activity
off  mode 100% to 10%) mode factors from
T Activity Occurrence of | all modes of
ime S une i driving operation
Time SRR - g
Driving situations switched Actrvity UWB faucmr(:dﬁcmf situations m weighted
m Time full factor mode m [ alm e".;U; per cent of by the
oo EIT | from this | per cent of | OPeration dr £
per centof | PRF®in ) . iving time | occurrence o
driving time | per cent of (activity i - the driving
(activity | driving time afc VIS me sifuations
factor actor (activity
No. 1) No. 2) factor
° No. 3)
Highway. moving 100 80 82 60 492 55.00 27.06
traffic
Highway, slow 100 100 100 80 80.0 10.00 8.00
traffic
City driving 70 80 82 70 402 35.00 14.06
City, forward 100 0 10 100 10.0 0.05 0.01
parking
City. backward 100 0 10 100 10.0 0.05 0.01
parking
Resulting activity factor (%) 49.1
Activity factor was already agreed in ITU-R - 3.0dB
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 11

FS Impact analysis study in Japan (((SARA

Clutter loss

FS link non-freespace propagation - clutter loss according ITU-R
P.452-10 - chapter 4.6

20

. /""
o
S 10
w
1%
Lo
s
=
o

0 . — . : :

0.2 0.4 0.6 0.8 1 1.2 1.4 16
-5
nominal clutter height /m

Nobody can find a place in a residential area
with buildings and infrastructure where FWA
is used that has no clutter loss at all ! ‘ 7.0dB

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %%4-1-14 2008-12-19 12




FS Impact analysis study in Japan (((SARA

Polarization loss

Co and Cross polar pattern of a dish antenna in main beam range

0 _~ ~_

5 _ Ny
10 T T
15
20
25
30
35
40

\
\
\
)
/

Attenuation in dB

DM LWNLW-LWO 0 N0 MmO
™ (N i o — o ™

0,5

Deviation from main beam in °

Cross-polar Pattern Co-polar Pattern

3.0dB polarization loss has to be considered
at least for the aggregated scenario ! - 3.0dB
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FS Impact analysis study in Japan (C(SARA

Road spay

Typical rain fall case

SRR interference risk
to FS link is only
possible under worst
rain fall conditions
(outage almost
reached).

Other weather
situations (sunny,
cloudy, small rain) are
no problem at all

Therefore spray loss has to be considered ! ‘ 2.0dB

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %%4-1-15 2008-12-19 14




FS Impact analysis study in Japan
Rain attenuation for Japan (1)

Hokkaido is the area

. : ; Wakkanai
with least rainfall in Japan 69mm/h Abashiri
Rain attenuation y dB/km (29-Sep'06) (237,_2;3'?@7)
99mm/h Japan Sapporo
Freq. H \Y 75mm/h
23GHz 14.1 10.7 (17-June’06)
26GHz 16.2 12.7
28mm/h Europe Asahik
sahikawa
Freq. H \% 87mm/h
23GHz 3.87 3.18 (4-Aug'06)
26GHz 4.64 3.85 Nemuro
7= is defined in ITU-R P.838 by: 99mm/h
(27-July’04)
YR = kRa
with: k,  frequency-dependent parameters aron L3S (23 May 02)

R ntalliraeinmmin Heaviest ralnfalllln 1(? min Iagt 5 yea.rs.(20(.)3 —2007)
Source: http://www.jma.go.jp/jma/index.html
Frequency (GHz) k,, o, Ky, a,
23 0.1286 1.0214 0.1284 0.9630
26 0.1724 0.9884 0.1669 0.9421
Remark: H = horizontal polarization V = vertical polarization
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 15

FS Impact analysis study in Japan
Rain attenuation for Japan (2)

FWA unavailable time caused by rainfall (min/year) (targeted less than 2 min/year)
Rain attenuation in dB/km 0.6 3.0 4.0 8.0 12.0
Rainfall rate in mm/h
(V-polar, 26GH2) 3.9 215 29.1 60.8 93.5
Wakkanai 1992 130 90 4 0
Major Abashiri 1410 84 26 2 0
5 cities Asahikawa 1862 106 52 6 0
in Hokkaido Sapporo 2276 62 30 2 0
Nemuro 1702 118 36 8 2
Average of 5 cities 1848 100 47 4.4 0.4
Tokyo 3066 332 216 44 14

Rainfall rate R is calculated by:

4
1 N
RZ(E?’R)

N\

Rainfall data last 5 years (2003 — 2007)
Source: http://www.jma.go.jp/jma/index.html

These rain attenuations
are not applicable

with: k,a  frequency-dependent parameters . .
’ 111
T e even for Hokkaido in Japan!!!
Frequency (GHz) K, o, Ky, o,
23 0.1286 1.0214 0.1284 0.9630
26 0.1724 0.9884 0.1669 0.9421
Remark: H = horizontal polarization V = vertical polarization
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-16 2008-12-19 16




FS Impact analysis study in Japan ((SARA

FWA practical example (QPSK) in Minamisouma-shi e et iy iion

7 4

(/// Z 77 T M G I ///4’/,} FWA Base Statlon
FWA Subscriber Station 6.35dBm/MHz EIRP| 20.5dBm EIRP__|| 48 stations
700 stations ) «
Antenna gain 31dsi Path loss= -117.6 dB (0.7km, 26GHz) |Antenna gain: 6.5dsi[ | QUtpUL
: -79.8dBm/MHz i i Bandwidth: 26MHz || 14dBm
Cloar sky Rain fade margin = 0.7km x (lﬁ&f?gﬂ(mm
margin=8.9dB S 4
J -88.7dmmHz +eemmn DU tO always existing additional
Sa_‘fggsgaBrd Heavy rainfall safeguard margin in FWA link
' -92.2dBm/MHz pannn [y dget SRR can practically never

FWA QPSK

C/N=14.6dB | limitfor BER'=10° interfere with the FWA link !

-106.8dBm/MHz
Receiver noise

I/N=20dB

-126.8dBm/MHz
SRR interference limit

* BER: Bit Error Rate Source:

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta 2008-12-19 17

FS Impact analysis study in Japan ((SARA

Possible discussions at the date of review (e.g. 2018)

1. Situation: to be checked
 UWB radar penetration in the world (including Japan)
* ITU-R understanding (additional assumption, real data, etc.)

* Minimum rainfall rate for the actually existing FWA in Japan
to be provided by FS operator (37mm/h or more)

2. Mitigation factor: to be discussed again and verified
» Deeper insight regarding models for propagation and attenuation
* Experiment with FS operators is also a possible option

3. Mitigation measure: to be considered further (if necessary)
» Shifting to 79GHz band, depending on practical situation

» Mitigation techniques to be installed, but function only under the
critical conditions (e.g. heavy rain)

SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %4-1-17 2008-12-19 18




FS Impact analysis study in Japan
Simulation result (37mm/h without mitigation factor)

@ SARA

Wireless Access 25GHz — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)

FS antenna parameter:

SO T o 1 Antenna gain: 31.5 dBi
Rain attenuation: 4.7 dB/km

2 s B Antenna height: 10 m
Road offset: 10 m

20 Antenna uptilt: 0 deg
Center freq.: 25 GHz

-130 -

4.7p 10h 100ff 020m
4.7p 10h 100ff 050m
4.7p 10h 100ff 100m
FERE 4.7p 10h 100ff 150m

SRR parameter:
SRR in vehicle corner

-140

77777

aggregated mean PRX [dBm in 1MHz]

asof Car separation: 20 m

SRR height: 0.5m

160 ; ; ; ; : : Vehicle height: 1.5m
0 500 1000 Ra:.gg(;m] 2000 2500 3000 VehiCIe Ieng th 5 m

Interference threshold (I/N = -20dB):
Simulation results (ITU-R model):

-126.8 dBm/MHz
-115.5 dBm/MHz

) - 11.3dB
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FS Impact analysis study in Japan
Simulation result (37mm/h without mitigation factor)

@ SARA

Wireless Access 27GHz — aggregation
(Number of SRR: 2, Bumper loss: 3dB, Number of Lanes: 4)

FS antenna parameter:

aggregated mean PRX [dBm in 1MHz]

= —— 5.3p 10h 100ff 020m Antenna gain: 31.5 dBi
ol IS don o toom Rain attenuation: 5.3 dB/km
===+~ 5.3p 10h 100ff 150m Antenna height: 10 m
; ; Road offset: 10 m
20 Antenna uptilt: 0 deg
Center freq.: 27 GHz

130 | L7

-140 [

SRR parameter:

SRR in vehicle corner

asof b Car separation: 20 m
SRR height: 0.5m
160 ; ; ; : : Vehicle height: 1.5m
0 500 1000 Ra;ggc;m] 2500 3000 Vi e Ieng th: =
In_terfer(_ence threshold (I/N = -20dB): -126.8 dBm/MHz ‘ -10.4 dB
Simulation results (ITU-R model): -116.4 dBm/MHz
SARA| Dr. Gerhard Rollmann / Daimler Japan | Takashi Ohta %%4_1_18 2008-12-19 20




AHEH 4

EHK20F128190: &#

8B UWB L—451EXH & 2008-L1E-8-2 & U thi%

IMAE RIS T 7B A AT L/ EmEat = b7 o A AR
1. FHHE
(1) FHRFTDRREH
<EEB>
FWA*! EEEEIY S URER
2B | MAER Model A | Model B | Model C | Model D
R 26GHz 23GHz
7 T F%E | 6.5dBi 31dBi 46dBi 40dBi 40.1dBi | 34.9dBi
ToOTTS 16m 5m 50m 20m 40m
Aoty k¥ Om 5m, 10m Om
FiHrRE" ~126. 8dBm/MHz -125. 8dBm/MHz | -125. 3dm/MHz
*1 MAZERERT VLRV AT L *2 EEH S DK TR *3 |/N=-20dB
<UWBL—%>
EIRP -41. 3dBm/MHz RES 0. 5m
L— &% 4 SRR/car == ] 20m
FibEiEER 3km INUIN—B% 3.0dB
BrREE" 5. 0dB/km (26GHz) 4. 2dB/km (23GHz)
ERE 40% (EHIZ) 1% (EEE)

4 BEICIXEMATE 2 SRR 2518
<THBRMERE FWAIIAR) >

*6 BADHKEMEE L THIRORRE 37mm/h & Y EH

L— A= O~ 3.0dB | ITU-RSM. 1755 & U (EEfE)
iR mE" 3.0dB | 50%KFfmiE. SO%EERE (HE(E)
N CEN 0~ 7.0B | Hi— KL—)L, B, BIARGEIZLZDEE
BEXTL—EE 0~ 2.0dB | BT AEMDEZBNEET LFIKLAZTIZLIEE
ETIVRES 4.7~ 0.0dB | E#HZRETIL. FIL FAELERE, £ 7€y FOEERESE
it -1.7~15. 0dB
*6 KEREE-ZBEEREDEL OMNIEFRIBENH B -DIFRERHIEA T B TR RER
(2) BHEL—FIZLHTHREAFER (TURVZaL—LavETILEER)
100 - THABNERZOEELZL (BL. FEEZ3BOAHEE)
& THREMEREFDEZEEHY (5t15dB, ETFTILREZ0IB)
BLL — FHHEE
-120 | — |
-130 _ 3
-140 IS, S e e e
-150 :
HEE MAER A B C D
FWA (E & #40%) EREEIFEISOAME (ERE1Y)
<T—UUREE> FWAMAER : -6.9dB GFrEL RS 1%24/8Y)

EETUFSUREEB ;- +17.2dB
2. &
ERENZBZDET [CTSEMNECOERNMLELEDRHBTEE

] BIEMERMRTOERFALY ., EREANTHWEBZ S ETFRIND 2025 £ 3 ERBEH-

2022 F&£9 %, BL, ERNRZRICEALBEFIVEICHCTHEILT 5,

*8 BARMARNKRAEIEFRTRATHS 2O, BHICHRAEIEHET SLENHDH, (2018 FAM)

% 4-1-19



SEER4-2
ERRNEHRLEOLARTIZCDOLNT

UWBL—H LR TLLEBRRXEBEOHARIZUTOLEEYIToT=,

1. I RSOBRRES
BRERBRICE, RI-USRTESICRARY MURER (Fo—/1_F) LEGERER (Jo—
FIRUE) D2D0DFE—FBEHRYT 5, BRRNEBERES H56. ME— FOREEEZFFFIC
- ENH D,
KI-1 EI Y RARBTOERRXEBRRBERUVTSLELVE

2R LSS B RE
EEE 22.2 Gz 23.7 Gz | 22.355 Glz | 23.8 GHZ
S 250 kHz 250 kHz 290 NHz 200 WHz
210 dBW 210 dBW 195 dB 195 dB
g
THELEME 174 dBm/MHz | —174 dBm/NHz | ~189. 6 dBm/MHz | —191 dBm/MHz

(Rec. ITU-R RA 769-2& 1Y)
BAERNTIE, RI22ISTY12ERMORXETES YRFDERRXBRNZEZIT>TL S,

K12 THRAEOVBELZHAEHADERRXE

~ NV - - _— TTT

XA HERFR JL4 i B e
1* Uil g ag 35° 56’ 40" | 138° 28" 21" 1349 m| 45 m 1396 m
2* KR =F 39° 08 01”7 | 141° 07 57~ 63 m| 20 m 85 m
3* Ak BRE 31° 44’ 527 | 130° 26’ 24" 529 m| 20 m 551 m
4 INETR B 27° 05 317 | 142° 13’ 00~ 211 m| 20 m 233 m
b* RES hkE 24° 24’ 44" | 124° 10" 16" 26 m| 20 m 48 m
6 BE I 35° 57" 21”7 | 140° 39’ 36~ 21 m| 34 m 61 m
T &/ dtiEE 42° 40’ 25" | 141° 35" 48" 54m| 11 m 68 m
8 5z B K2 Ik B2 35° 28" 03" | 136° 44’ 14" M4m| 11m 29 m
9 | BIREX® BERE 31° 27 517 | 130° 30" 25~ 58 m 6 m 65 m
10 | ELihIBfE 3 36° 06" 117 | 140° 05" 20" 27 m| 32 m 62 m
11 F1H £ 36° 07° 577 | 138° 21’ 46~ 1456 m| 64 m 1521 m
12 WX A 34° 12’ 58" | 131° 33" 26" MOm| 32 m 149 m

* BIREFEORFIROREICE D (RBLEERICIHBR
¢ AR - WGS84
ook R/MNARD/NAZHRT DO LIGEDES

S 4—-2—1



2. THOERIRE
AETE, EREHMOEARAXZRAVTUIMBL—F R TLDOFHENEHREITT 5,

(1) BEHRL—FIZkBFHRE
BHRZEREGEREBEROERKXELUTIZIRT,

2
L =10x Iog(%} (2-1)

L : 8% (dB) d : BERE (m) A RE m)
R2-VNBERL—FIZLBTHRFDERETT,

®2-1 BEL—FICL ST HRE

ARY MIVERER TR ER A
JEIRE 22.2 GHz 23. 7 GHz 22.355 GHz 23.8 GHz
RE 0.0135 m 0.0127 m 0.0134 m 0.0126 m
FHLELME -174 dBm/MHz | =174 dBm/MHz | -189. 6 dBm/MHz | -191 dBm/MHz
UWB L—4 EIRP -41.3 dBm/MHz
DR ITEERR 132.7 dB 132.7 dB 148.3 dB 149.7 dB
(B HZEREHRDH) 4.6 km 4.3 km 27.8 km 30.6 km
T 4ERD L/j’)"*%ﬁi]?‘- 3.0 dB
== ININ—IB% 3.0 dB
BB % 7.0 dB
DEITEERR 119. 7 dB 119.7 dB 135.3 dB 136. 7 dB
(FHEFMEREINR) 1.03 km 970 m 6.23 km 6.86 km

(2) BEL—FIC&DFibwsEt
B2-12RY &S S R—ERDH/N) D TRAD L—5 %
ZUTORTRT &,
px2ar x107° x dr RR
pi L—HEE (SRR/km?)

COVUTADL—EhoDHRDICEET SEET
BEAF. UTOKXTREN S,

1 )2 R2-1 FE—EEOM/N) 2T
EIRPy x p x 271 ><106><dr><(4—j mW /MHz
7

EXZBERMNMNO R ETHENITHLEERM L R FTHREDESTHEANTONG,

2 -6
EIRP, = px EIRPx 2220 " In‘%‘ mW/MHz (2-2)
7T

=40 (SRR/km?) (4 (SRR/car) x 10 (cars/ km?) : SFAEUNBL—S{EEM SEEH I KY) .
REAIDFZE R=30m, SMUDFER,=500(km) & L1I=HEDFHREAERER2-21TRY,

S 4—-2-2



&2-2 BEHAEL—FITLDTHRE

ARG MILEREA SR NN
FE R 22.2 GHz 23.7 GHz 23.355 GHz 23.8 GHz
FibL=LME ~174 dBm/MHz | 174 dBm/MHz | -189. 6 dBm/MHz | ~191 dBm/MHz

UWB L—FE&SFHER -126. 8 -127.4 -126.9 -127. 4

(BHZERM) dBm/MHz dBm/MHz dBm/MHz dBm/MHz

BB B 47.2 dB 46.6 dB 62.8 dB 63.6 dB
L— & igEE 3.0 dB
Fi5 ININ—1E% 3.0 dB
&0 fhEa %k 7.0 dB
BXR | SRR7UTFHigMAM 6.0 dB
B 1Y% 20.0 dB
&5t 39.0 dB

ERIN DR 82d8 | 76d8 | 23.8dB | 246 dB

3. FH0FMREt
AETIEH, EHRFBEEXRVERT Y TICKD2TSENDORD ZE#MICREET 5,
(1) EHE%
H3-1zEHRBERDETINEHEXETYT, < CTIHELLEE
ARICESD. ZEULOSERIFEFEBT S ET D,
BRRXT7 VT RIETHMBL—F LR TLOBHF. BERRX T OTTDORESEEREL.
ReRRUVHHRADESORD 2 ROBHERLXEEBELICIE C TEATITFHLIZEET S,

EHELDFER

ERBARICKSI_ERFETE

a, e d ;
/75 /70 !
VAR ) RAS
Ld:6.9+20|og( (v—0.1)2+1+v—0.1) dB S EOf (U ERRB
5 SRR’ ! 2 RAS
ve-n |21, 1 SRR
“VAld,  d,
o hd+hd dd, R
d+d, 2Ka Gl
Ka = 8500 (km) KEDEFEEE L 1-SHHIRLE
= h _ hMldMZ_hMZdMl +dMldM2
e =
BREXT LT HRET 2B Auz ~dus 2Ka
ba_ren %*tt
d _1/2h

Ly 19 —Lg 1/2n
—10xlog[0 196><10 lO+08O4><10 4’)

X3-1 [EFEXETIL

(2) BIAETILOEE
ZCTlH. R 2ITRTI LS ICESBHEZHBNIEL L THRET IAEERET 5.
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COUVIHRALDERTFHEAEIBOL—FASOFHEATRELEEADEREY >
TOREAR £F 5,

EFBXOHEL. 2ETELMESO—BRETILERET 3,
RELEREYLRETE 1 EAOEN. R&LRAOMITE 2 BOEFEHET 5.

EETHENOBMBHMLTEEETIL

oo OSMElOEE
L, U ORBIOEE R =
R:UVIDREADERE

A HIED TE

R 7 #+1iE
r. < 35km 1km
35km<r, <50km 5km
50km < r; <100km 10km
100km < r; < 500km 100km

EIFEEXD—RRETIL (BEICEVTIES 30m & {RE)
R, : BEXX7 VT FREA~DRELRRE
R:VYIDRRADFE

EiFEADEE

EIE7ig=
& No. 1 No. 2

R = Rini R &L
RIimit < RI < 500km RIimir RJ

X3-2 EEFTHEADBELEFELO—MRETIL

&

A

Q) BEARL—HFIZEETFHEHENDHE
R2-2DTFHEMERODAZER L-BAEEICRFTERLXRZEZEE LEENZERL-EREZX
3-3IZRY . BMkmLIEBEN D EFHLEMEZTRSC ENDD D,

Continuum observation 23.8GHz (Height:65m, Size:64m)

-160
170 —e&— without diffraction
! —#— with diffraction

g ~180 ! Threshold: —191dBm/MHz
8 ;:v\? -190 - - - Out of site for Top of RAS F

_ |
g:: E 200
» E -210 ' * N . o
2 % | A g
= —220 .
£ I
n -230 :

240 i
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Radius Ri (km)
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@) #EHL—HIZLPEATHEHOHE
ERDBEL—FDEAICENTEET RETHENERL LT 5L BEL—FDEHIZEY
VOOERE L—FEE p R THET S LI28 YRAIDEZERHSHMIDEER, TTH
HEEOESBNEHEHT 52 LATES,

R,
EIRP,,, = > EIRPSRRx(4jRJ x10 1°><p><7z'(r -, 12) (3-2)

r =Ry

X (3-2) [THLVT. p=40(SRR/km?) (4 (SRR/car) ><10(cars/ km?) . SMBEID F#E R, =500 (km) & L.

RADFEERZEILSEHBEOMBL— TR TLESGENDEILERS-4IRT, CO—HKRE

TIIZEBREFITENOTIE, BERFEmN S EETFHEANFELEMES Y /NS RY, BERR
FZIBMTIEHIBOT—C o &1 B,

Continuum observation 23.8GHz (Height:65m, Size:64m)

000000000
9000000000000¢ 2000400

o
e POV \ 4

& & o
0 g 0 g L <> <>

4

—e—without diffraction
—B—with diffraction

Threshold: =191dBm/MHz
—-—-=0ut of site for Top of RAS

Aggregated power
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M3-4 BHEL—FICLEEETHEN. BFEXFEDOLE
(BERX7 v TFT0OE s LEERIEEORKIE)

FEFRRE. RAICTRT LS ICEFBEREEFTLTVERESTHEN (Bn) LEHFBRLXESTE
BFEENBn DESRICIYEHEIND,

4:R JZ X p X 7z(ri2 - rlz)]

R,
L average = Iog[ Z ElRP&: X(

=R (3-3)
—log EIRP, x[ j x10" l0><,0><7r -,
h;ﬁ LR b -n)

RI-NTHED/NT A —2([C X HEHFBERVEHRIC K SBEORFAFRETT, MIFTEEX (Gt
KONAIZEL DR THI. 6dB, SkmDEERRFEIZ K Y K32dBOEEARIAFEN S,



-1 [EFEXRUERIZK 518%
BE:30m. 7oF+m:65m. 7oTFERE6 (M)

—BETIL

ARG N ILERER AT ER A
iR 5 22.2 GHz | 23.7 GHz | 22.355 GHz | 23.8 GHz
| UWBL—FEAEHNGOm - 500km) -165.8 -166. 4 -165.9 -166. 4
(EHFE%ER<) dBm/MHz | dBm/MHz | dBm/MHz | dBm/MHz
@ | UWBL—4XEAEHNGOm - 500km) -167.4 -168.0 -167.5 -168.0
(EfFER%#ED) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
® B8k, D-@ (30km - 500km) 1.6 dB 1.6 dB 1.6 dB 1.6 dB
@ | UWB L—#AEAEH (35km- 500km) -199.5 -200. 3 -199. 6 -200. 3
(EfFER%#ED) dBm/MHz dBm/MHz dBm/MHz dBm/MHz
® HiRICk 8% (Q-@) 32.1dB | 32.3dB | 32.1dB | 32.3 dB
® | EiEX+HRICkDB%L (Q+B) 33.8dB | 33.9dB | 33.7dB | 33.9dB
@ ERSN D8R 8.2 dB 7.6 dB 23.8 dB | 24.6 dB
X—=Cr (D-®) 25.6 dB | 26.3 dB 9.9 dB 9.3 dB

FHEUNDMDERRXT T FI220TH, 5T LERORIEICE E# X T35kn~500kmd &

BFSBENZHELEREZRE-5IRY, BRFEIKNTIEI~IZBOT—C U &% D,
Aggregated SRR power 35-500km with diffraction B Aggregated power
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IR E 22.2 GHz 23.7 GHz | 22. 355 GHz 23.8 GHz

BT TICERSNHEX 8.2 dB 1.6 dB 23.8 dB 246 B | v—2v
1 Egulin 8.0 km| 38.2 dB 38.3 dB 38.2dB | 38.3 dB 13.7 dB
2 KiR 14.0 km 25.5 dB 25.6 dB 25.6 dB | 25.6 dB 0.9 dB
3 Ak 11.0 km 21.0 dB 27.0 dB 27.0dB | 27.0 dB 2.4 dB
4 INER 1.0 km | 43.5 dB 43.9 dB 43.5 dB | 43.9 dB 19.3 dB
5 AES 2.0 km 25.5 dB 25.5 dB 25.5dB | 25.5 dB 0.9 dB
6 A= 15.0 km 29.2 dB 29.2 dB 29.2 dB | 29.3 dB 4.6 dB
1 M 17.0 km 24.9 dB 24.9 dB 24.9 dB | 24.9 dB 0.3 dB
8 Ik BB K& 13.0 km 25.4 dB 25.3 dB 25.4 dB 25.3 dB 0.9 dB
9 EEREKXF 9.0 km 25.5 dB 25.5 dB 25.5dB | 25.5 dB 0.8 dB
10 E £ 3B 20.0 km 26.2 dB 26.2 dB 26.1 dB 26.2 dB 1.6 dB
11 FAH 6.0 km 21.9 dB 21.9 dB 21.9 dB | 27.9 dB 3.3 dB
12 AKX 3.0 km| 39.3 dB 39.6 dB 39.3 dB | 39.6 dB 15.0 dB
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m m km dBm/MHz dB
1 g1l ¥ 47 45 8 -187.8 -3.2
2 JKiR =F 22 20 14 -197.4 6.1
3 A% ERS 22 20 11 -194.0 2.9
4 INE TR RIR 22 20 1 -183. 4 -1.6
9 AIES k- 22 20 2 -184.9 -6. 1
6 ES I 35 34 15 -195.0 4.0
1 &= /MR ibimE 14 11 17 -206. 3 15.1
8 It BB K= Iz BB 15 11 13 -199.4 0.9
9 BEREXZE ERS 1 6 9 -192.0 1.0
10 | ELhIRfE I 35 32 20 -200. 2 8.8
11 =] ¥ 65 64 6 -186. 2 4.8
12 nx= iT]m] 39 32 3 -185.1 -6.0
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RO2CIHNBDORBENTHICHATELGSHLEME10EZTY, FHICKNTKBORES
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- . H17328 & (£/12h) FRABL
& iz fz:E HRIE IR = pre= & E
1 FEATIR FiE 110 3,082 4.003 6.0
2 B3I g F tiEE 808 3,209 3.972 6.0
3 EE27 3% tiEE 804 3,111 3. 869 5.9
4 IMRZ VDB R ER ERE 1,239 4,585 3. 701 5.7
o PRI IE R R AR 934 3,309 3. 543 5.5
6 E&E120% HE 1,983 6, 962 3. 511 5.5
1 EE3715 FnFRL 953 3, 296 3. 459 5.4
8 A F EEEFHIRR BHE 2,111 8,724 3.148 5.0
9 EE291% BHE 2,028 6, 249 3. 081 4.9
10 E&E102%5 Ll 2, 291 6, 964 3.040 4.8
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BBEREEH [ELE EREE | £ETHE | TAKBE | KT vl
=l km? B km? dB dB dB
£E 19, 473, 595 371819. 23 210 0.0 - -
R 4,620, 883 2,181 2,113 10.0 - -
P30 2,438, 964 6, 096 400 2.8 4.8 1.6
A 1,072, 333 6110. 76 175 -0.8 4.8 4.0
ez BR 1,674,070 10, 598. 18 158 -1.2 4.8 3.6
BERS 1, 330, 309 1,869, 728 145 -1.6 5.1 4.1
et g 1,869, 728 9,186.9 138 -1.8 5.5 3.7
=F 993, 248 15, 278. 51 65 -5.1 4.8 -0.3
dbigE 3,725,608 | 83,453.57 45 -6.7 6.0 -0.7
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