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Attenuation by rain/cloud

Elevated layer
reflection/refraction

AR
Hydrometeor scatter\§\§\\\_>

Line—of—sight with
multipath enhancements
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WP3J WP3K WP3L WP3M | WPs(E#§) g
iRRE 4 2 11 7 0 24
S 24 9 22 14 8 77
EAXWIZIEARZEBEA—XICLTEHIEIMERREINSD, AT REHNTEST
LENEIX{ERLTES.
Handbooks

(1) Curves for Radiowave Propagation over the Surface of the Earth (WP3L)
(2) Ionosphere and its Effects on Radiowave Propagation (WP3L)
(3) Radiometeorology (WP3J)
(4) Radiowave Propagation Information for Predictions for Earth—to—Space Path

Communications (WP3M)

(5) Terrestrial land mobile radiowave propagation in the VHF/UHF bands (WP3K)
(6) Radiowave propagation information for designing terrestrial point—to—point

links (WP3M)

(7) ITU-R propagation prediction methods for interference and sharing studies

(WP3M)

ﬁ New!
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QUESTION ITU-R 233/3
Methods for the prediction of propagation path losses between an airborne platform and a satellite,
ground terminal or another airborne platform (2012)

The ITU Radiocommunication Assembly,

considering

a) that, in the design of airborne systems, there is a need for an accurate knowledge of the system
performance due to radiowave propagation between an airborne platform and a satellite, ground terminal or
another airborne platform;

b) that the systems may operate beyond line of sight with very low or negative elevation angles;

c) that the frequency bands used may be in the range from 30 MHz to 50 GHz or higher,

decides that the following Questions should be studied

1 What prediction methods can be used to predict the long-term average impairments

(e.g. attenuation, scintillation, multipath) due to atmospheric effects and other multipath and refractive
effects between an airborne platform and a satellite?

2 What prediction methods can be used to predict the long-term average impairments due to
atmospheric effects and other multipath and refractive effects between an airborne platform and a terminal
located on the surface of the Earth?

3 What prediction methods can be used to predict the long-term average impairments due to
atmospheric effects between two airborne platforms?
4 What prediction methods can be used to predict the dynamic impairments as a function of time

due to atmospheric effects and other multipath and refractive effects between an airborne platform and a
satellite?

5 What prediction methods can be used to predict the dynamic impairments as a function of time
due to atmospheric effects and other multipath and refractive effects between an airborne platform and
terminal on the surface of the earth?

6 What prediction methods can be used to predict the dynamic impairments as a function of time
due to atmospheric effects between two airborne platforms?
further decides 12

1 that the above studies should be completed by 2015.
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New recommendation ITU-R P.[material effect]

Timeline for activities related to the new Recommendation

Contributions Output
Chairman's Total
Year | WP3J | WP3K | WP3M Report number of Note
pages
2001 3J/13 3K/15 3M/26 31/30 App. 30, 31 9 Two parts
31727 3K/16
2002 3J/42 3K/51 31/56 App. 22 14
31/43
2003 3J/10 3K/11 31/33 Ann. 28 37
3J/14
31721
2004 3J/48 3K/46 31/78 Ann. 15 42
2005 3J/112 Ann. 22 40 Carry forward
2006 3J/127 3K/128 3J/159 Ann. 9 2 Additional part only
2007 3J/172 3K/164 3J/193 Ann.7 43
2008 3J/28 3K/28 31/55 Ann. 10 53
31/30
31/37
2009 3J/81 3K/80 3M/91 3J/104 Ann. 1 54 Incl. cover page

RE&=E&THEE?
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Rainfield spatially correlated at mid-scale
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STRM(Shuttle Radar Topography Mission)

2000F [CANR—R v LTEESN R EIL —F —&RBIIZEOKT—42. &t7
AYAIEHIZ0m, T LIS D bz [ £990mEE 0D 7K I 26 B i .

ASTER(Advanced Spaceborne Thermal Emission and Reflection Radiometer)
NASAEMETI(B R)THERLI-BERSHRATLAHASERIZHDI{T—4. $130m
BOT—2MMR.
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AR BRBEDORRBRICEASEZEDRET (SVRES L —5 BEHEEKR)
Liaison statement to WP 5B on the propagation models for calculation of the
target detection distance of automotive radars in 77-78 GHz band

The raindrops will bounce from the ground and create a higher drop density in the radar
beam, but it is not yet possible to say how much. Vehicles will also cause splashing from
surface water that may cause strong reflections. We assume such radar systems will be
tested under rainy conditions and it will be very helpful if such data can be made available

to the ITU-R.

One drop of the rain

— Rain with intensity I mm/h

5m

'I

3 | 05m 05m

LSS S S S S S S
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HEPIMNTORNBTRELEBEEEXDHE

Path loss model

. Path Building . Number of Polarization Characteristic Fading Path
Environ- BS Multipath . .. . . s
ment antenna categor site- site- entry model signal characteristic s of direction characteristic morpholo
y specific general loss components s of arrival s gy model
Above LOS N/A N/A §6.2 N/A N/A N/A
roof-to
Urban very P NLOS N/A N/A §6.2 N/A N/A N/A A
high-rise Below LOS N/A N/A N/A N/A N/A N/A
roof-top NLOS N/A N/A N/A N/A N/A N/A
Above LOS N/A N/A §6.2 N/A ® N/A
roof-top NLOS N/A N/A §6.2 N/A ® N/A
Urban LOS ® N/A 56.11, N/A N/A ®
High-rise §6.1.2
Below S
roof-top 4.2.3,
NLOS §4.2.4 N/A N/A N/A N/A ®
§43
LOS N/A N/A §6.2 §7 ® N/A
Above S
roof-top NLOS 4.2.1, ® §6.2 §7 ® N/A
Urban/ §4.22 §5 §10 §11
suburban LOS §43 N/A ® §7 §8 §9
low-rise
Below §4.23
roof-top NLOS §4.2.4 N/A N/A §7 §8 §9
§43
Above LOS N/A N/A N/A N/A N/A N/A
roof-top NLOS ® ® N/A N/A N/A N/A
Residential
Below LOS ® N/A §6.1.1 §7 N/A N/A
roof-top NLOS §4.2.4 N/A N/A §7 N/A N/A
Above LOS N/A N/A N/A N/A N/A N/A
roof-top NLOS N/A N/A N/A N/A N/A N/A
Rural N/A
Below LOS N/A N/A N/A N/A N/A N/A
roof-top NLOS N/A N/A N/A N/A N/A N/A




P1411EFH AN B Cross—correlation model of multi-link channel

o
@ .
— MIMO{=#E T )L

o Q@ RSB ADRE

Tx1

' d
Tx2 0 2

v 4
Cross—correlation of the large—scale parameters

The large—scale parameters (LSPs) for the cross—correlation model include:

- Shadow fading (SF)

- K-factor (KF)

— Delay spread (DS)

- Angle spread of arrival (ASA)

- Angle spread of departure (ASD).

Cross—correlation models of the large—scale parameters between the link Tx1-Rx and the
link Tx2—Rx are given by following equations.

The cross—correlation models (pLSP) of large—scale parameters between two links with
respect to angle of separation are defined as follows,

pLSP,{SF,KF,DS,ASA}(H) =A- exp(—@z/ B)
P 1sp, {AsD} (0)=A4-In(0)+ B 23
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GPS-TECHIZ[F#R.~ B A&

Distribution of GNSS
stations of GEONET

Doc.3L/10 Japan

Two—dimensional maps of absolute TEC (left), ROTI
(middle), and loss—of-lock rate between 12:20-13:00 UT
(21:20-22:00 JST) on 12 February 2000

TEC ROTI Loss-of-Lock
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BHERNET —2DT—RAN\IO~NDAH/BR
Outdoor noise data in VHF/UHF bands measured in Japan

Example of a measurement site

Measurement system

Antenna

BPF: Band Pass Filter
LNA: Low Noise Amp

BPF I 1NnA Spectrum
Analyzer

Category Numb.er of
locations

Residential 6
Urban 1

City 10
Industrial Area 6
Road 7
Total 36

Anritsu MS2690A1 was used as a Spectrum Analyzer.

PC

Doc.3L/12 Japan

26




BIRME T —H20 (s, BA)

Fa values measured in City areas in Japan

40 N

NN - ——(P372)Quiet Rural
RN (P372)Rural
35 . - (P372)Residential
N R - ——(P372)City
) S System Noise
30 ‘
§ [:- : \\‘ l Maximum
~ 1N b Upper j
< 25 = N i“E\ decile
g h N N \&{: Median —»
o 20 - s | Lower
.?U ~ T ~ I N n I decile ;J
- . Minimum
: : Jai
N ) ~T
w10 s .\ H\ i
~ ~
. h ~ é
5 N U = - —ﬂlg_#
: ~ . \\
0 S . AN
10 100 1000

Frequency [MHZ]
Doc.3L/12 Japan
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WP3MGERA > b= 7R A > M) BE &

& 3M1Tih _E E#RIEHR

ih b RIIRIEIRIE R E REN S P.530DWETE
Ol(Outage Intensity)# E;Z—> B S HEENIRE KA
WRPM (Wide Range Propagation Model)— &£ P.2001

& 3M21 3 £ B =Hik ]

i F-FE MG R EE EZEEP.618MDRET
BERECIRIEXHETE EZESP.681DNET, Eik A

R =ERRIETILEIEP.1853(3J2L £ F])
IR 2T D%, UAV (Unmanned Aerial Vehicle), #FiQ

& M3 T8 RG]

FEHETEEFESP.AS2HET, V594
FiBENRT VIR
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TILFINARITT— 2 BOutage  Intensity 3l —P.530ZKET

Source: 3M/21(Russia), 3M26(Japan), 3M/144(Russia,2010)  Qutage Intensity : 3B JH = LL_ L D IKEEAY 105D
LI L #R ST T B — R D FE R F A [EIE

4
].0 E 1 1 IIIIII| I I IIIIII] I T T TTTI I I IIIIII!
' ©  Estimated : i -
1{}{]{} E_ | ——®-- 3h[144(20]0} ._""_""-i_"'""'""'"i"'":“ EEEEE 3M144(2D1D}
| —=— Upper limit E v 58 —
100 L...| —— ’31{[12] (2012) N, =3374-p(A)087
S~ 1oL 3M/21(2012)
1 E_ N, o=1425p(A)>%
0.1 Lot

10° 107 0.0001 0.001 0.01 0.1
p(A) [%]

0.01

Upper limit of the outage intensity.: derived by dividing p percent of time by 10 seconds. For example, since
0.1% of one year 1s 31536 seconds. the upper limit of the number of fading occurrences with a 10 second-
duration at 0.1% 1s 3153.6 times/year.




#15P.2001:

SOMHzM550GHz D BRI H T AN DILER
Al REZL M FEIRET L

e

[ 2 FR

A general purpose wide—range terrestrial propagation model in
the frequency range 30 MHz to 50 GHz

ST
30 MHz — 50 GHz

*Times from 0—-100% of the average year (below 0.001% or above
99.999%)

*Both availability and interference
*Step by step procedure for a computer program

*Covering the large range of frequencies and path lengths with a
single model without any discontinuities

30



T {AFE R (Step by step procedure for a computer program)

_ Multipath/ | | Non—rainy | E - Mutually exclusive
“ Rain +delta gas

focusing gas C — Correlated
U — Un—correlated
S — Scalar (gain/loss)
H Diffraction H =C/ S/ \
Non-rainy
gas
— L/
“ Ductlng|| (s)
“ Rain +delta gas “ Non—rainy gas
“ Troposcatter H=GJL/ é

- |
“ Sporadic E i / 31




#15P.2001 D7 AtE A D E(Z7%: ADigital maps

Refractivity
Median value of DN DN_Median.txt Presented at last SG3 meeting
DN Superior—Slope DN_SupSlope.txt Presented at last SG3 meeting
DN Sub-Slope DN_SubSlope.txt Presented at last SG3 meeting
Refractivity gradient (65m, 0.01%) dndz_01.txt P.453, SG3 Database
Rain
Probability of rain in 6 hours (P ) Esarain_Pr6_vo.txt  P.837, SG3 Database
M, Esarain_Mt_v5.txt P.837, SG3 Database
Beta Esarain_Beta_vd.txt P.837, SG3 Database
Zero degree isotherm height (h,) EsaOheight.txt P.839, SG3 Database
Water vapour
Median surface water vapour density Surfwv_50.txt P.836, SG3 Database
Troposcatter
Troposcatter climate zone ClimateData.txt New
Sporadic E
Median value of F_E, FoEsb50.txt Presented at last SG3 meeting
Not exceeded 10% value of F_E, FoEs10.txt Presented at last SG3 meeting
Not exceeded 1% value of F_E, FoEsO1.txt Presented at last SG3 meeting
Not exceeded 0.1% value of F_E, FoEsO.1.txt Presented at last SG3 meeting
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Frequencies =55 GHz
Elevation angles =5 deg
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CG-3J-1: Gaseous attenuation

CG-3J-2: Rain maps

CG-3J-3: Time series synthesisers

CG—-3J—4: Reliability on attenuation statistics and testing

CG-3J-5: Atmospheric depolarization on slant path

CG-3J-6: Rain effects on automotive radars

CG—-3J-7: Handbook on Radiometeorology

CG-3K-1: Testing of Rec. ITU-R P.1812 (/NRARL T4 v 7{TL#HR)
CG-3K-2: WP 3K database for the ITU-R SG 3 databank

CG-3K-3: Issues relating to Rec. ITU-R P.528 (ith_E—fin ZE # 1= #%)
CG-3K-4: Issues relating to Rec. ITU-R P.1546 (/AR TR~ T ILGHR)
CG-3K-5: Issues relating to Rec. ITU-R P.1411 (B4} 52 IR B = H%)
CG—-3L—1:Ground wave propagation

CG-3L-2:Handbook on the ionosphere

CG—-3L-3:lonospheric mapping
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https://extranet.itu.int/rsg-meetings/sg3/wp3j/cg3j2/default.aspx
https://extranet.itu.int/rsg-meetings/sg3/wp3j/cg3j3/default.aspx
https://extranet.itu.int/rsg-meetings/sg3/wp3j/cg3j4/default.aspx
https://extranet.itu.int/rsg-meetings/sg3/wp3j/cg3j5/default.aspx
https://extranet.itu.int/rsg-meetings/sg3/wp3j/cg3j6/default.aspx
https://extranet.itu.int/rsg-meetings/sg3/wp3j/cg3j7/default.aspx

CG-3M-1 — Prediction of interference and coordination distances — Handbook —
CG-3M-2 — Status of the DBSG3 databanks

CG—-3M-3 - Narrowband generative channel modelling for SISO and MIMO Land
Mobile Satellite

CG-3M-4 - Activities for software products, digital maps and reference
numerical data

CG—-3M-5 — Review and update of the structure of the database implementing
DBSG3

CG-3M-6 — ITU-R Rec. P.530 and combined effects (ih_E [&E FE =)

CG-3M-7 — Updating ITU-R Rec. P.452 (F;5=HK)

CG—-3M-8 — Revision of the handbook on Earth—to—space propagation Ground to
Air to Satellite Links

-FE1RDOWPERIEEZEARIFR—RAETEHE-HEEREDBELVAEL.
AEER—RATYTDEOHIZEEGETEALARYTURYT IL—TF(CQ) TIEIHR
MBLURZHET S.

"BRIDAVEU S REMEHIE{REICCGTDFEENEE L HTLS.
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