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e 4.1 Models for propagation within street canyons
« BE—RFRHEFERTHCHEAEBOTSHREFON. [(EtFHoR B IEHTER

FIGURE 3
Definition of par s for the NLoS2 =
tion of parameters for the case [ E-I_%%{q:]

(B meEiF]
W1:30m
S\\

W2:30m
The relevant parameters for this situation are:

X1:100m
X2:100m
a:90%E

d corner:30m
L corner:20dB

P141103

Wi street width at the position of the Station 1 (m)
w2 street width at the position of the Station 2 (m)
X1: distance Station 1 to street crossing (m)

distance Station 2 to street crossing (m)

o is the corner angle (rad).

3¢) H 81 : Recommendation ITU-R P.1411-9(06/2017) &Y P. 22
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e 4.1 Models for propagation within street canyons
e 4.1.2 Site-specific model for LoS situation

Millimetre-wave propagation

At frequencies above about 10 GHz. the breakpoint distance Rip in equation (3) 1s far beyond the
expected maximum cell radius (500 m). This means that no fourth-power law is expected in this
frequency band. Hence the power distance decay-rate will nearly follow the free-space law with a
path-loss exponent of about 1.9-2.2.

With directional antennas. the path loss when the boresights of the antennas are aligned is given by

‘LI,DS = LO + ]0?? loglo di + ‘Lga: + L:ra'm dB (1 3)
0

where n 1s the path loss exponent. d 1s the distance between Station 1 and Station 2 and Lo is the path
loss at the reference distance do. For a reference distance do at 1 m. and assuming free-space
propagation Lo=20 logyg f—28 where f1s in MHz. Lgas and Lraim. are attenuation by atmospheric gases

and by rain which can be calculated from Recommendation ITU-R P.676 and Recommendation
ITU-R P.530, respectively.

Values of path loss exponent # are listed in Table 7.

TABLE 7

Directional path loss coefficients for millimetre-wave propagation

Half power beam width Path I t
Frequency Type of (degree) ath loss exponen
(GHz) environment
Tx Ant Rx Ant n
og Urban very high-rise 30 10 221
Urban low-rise 30 10 2.06
60 Urban low rise 154 154 19
) H# :Recommendation ITU-R P.1411-9(06/2017) kY P. 23
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e 4.1 Models for propagation within street canyons
e 4.1.3 Site-specific model for NLoS situation

4.1.3.2 Frequency range from 2 to 38 GHz

The propagation model for the NLoS2 situations as described in § 3.1.2 with the corner angle o = /2
rad is derived based on measurements at a frequency range from 2 to 38 GHz, where hi1, h2 < hyr and
w2 is up to 10 m (or sidewalk). The path loss characteristics can be divided into two parts: the corner
loss region and the NLoS region. The cormer loss region extends for deomer from the point which is
1 m down the edge of the Lo$ street into the NLoS street. The comer loss (Leomer) 1s expressed as the
additional attenuation over the distance deome. The NLoS region lies beyond the corner loss region,
where a coefficient parameter (B) applies. This is illustrated by the typical curve shown in Fig. 4.
Using x1. x2. and wi, as shown in Fig. 3, the overall path loss (Lazes) beyond the corner region
(2= w1/2 + 1) 1s found using:

Lyposy = Lpps + L.+ Ly, (19)

%r] logw(x2—w1/2) wy/2+1<x;, wy/2+1+d

‘LC = 10g10{1+dc‘orner cemmer (20)
.Lmrner Xy = 1V1/2+ 1+dcomer
[loﬁlog (L\ Xy =w /24+1+d
att = 1 \xp w2+ dcornerJ 2o cormer (21
0 Xy 2w/ 24+ 14+d0pmar

where Lros is the path loss in the LoS street for x1 (> 20 m). as calculated in § 4.1.2. In equation (20).
Lcomer 1s given as 20 dB in an urban environment and 30 dB in a residential environment. And deomer
is 30 m in both environments.

In equation (21). p = 6 in urban and residential environments for wedge-shaped buildings at four
corners of the intersection as illustrated in case (1) of Fig. 5. If a particular building 1s chamfered at
the intersection in urban environments as illustrated in case (2) of Fig. 5. B is calculated by equation
(22). Because the specular reflection paths from chamfered-shape buildings significantly affect path
loss in NLoS region, the path loss for case (2) is different from that for case (1).

L=42+(14log,, f—7.8)0.8log,,x, —1.0) @)

where fis frequency in MHz.

3¢) H 81 : Recommendation ITU-R P.1411-9(06/2017) &Y P. 24
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@over roof-topETIL
e 4 2 I\/Iodels for propagation over roof-tops
%fi%fi FHT%BG*EEF’&GD:F/H%TU)W [(E#FE=>B5F] (BHFE>FEF] [Eib

(GtE&#4] (GtE&4] [(GtE&4]
B-S:foE-S:5) [(EFH=>%85F] (BB E=>EHF]

hr:5.999m hr:5.5m hr:2m
FIGURE 2 h1:6m h1:6m h1:1.5m
Definition of parameters for the NLoS1 case h2 . 5998m h2 . 1 5m h2 . 6m\ 3m
[ Distance vetween STNI and STNZantenuas: 4 | w:2bm w:2bm w:2bm
TR 908 8908 81908
T 6m 5.998m 3m . 6m
5.999m
Plan (] — IR
TN T T T T T T e 1.5m |Hi
N~
Ay N8 "“*-‘Z.;;._‘ =S k Cross-section
By = o< 3 - T ES
9”“ ‘)h/ = :\::, h _:;‘ Al
by The relevant parameters for this situation are:
' | ' H SINZ 1 , e
! [ : = : — hy: average height of buildings (m)
Do ! Dire iOue—time Two-time Several-time |" Diffracted , b > . d h
wave wav:t reflected reflected reflected i wave we street widt [:111}
— — = = y b: average building separation (m)
Three ' ct g H
; | wave §  Reflected wave dominant regi | Diffracted wave dominant regi : : : it . .
s ““’_.“ i eflectedwave region i actedwave region : street orientation with respect to the direct path (degrees)
et ' hi: Station 1 antenna height (m)
Primary dominant wave . :
——- Secondary dominant wave ha: Station 2 antenna height (m)
== = = Non-dominant wave e
I length of the path covered by buildings (m)

141141 i . o
d: distance from Station 1 to Station 2.

3¢) H B :Recommendation ITU-R P.1411-9(06/2017) &Y P. 25
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e 4.2 Models for propagation over roof-tops
e 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. 26
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» 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)

R TR LN - e
Tx  Before cormer 11::-\_"; ) - . . .
lsteamer %7 SR )
__.-"” -"._ __.-""J r%ﬁ_ az
nd comer (Vo) Ind commer l.
Ex' "Rx'
BMIL-1
FIGURE 12

Side view of building geometry and parameters
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- [ 1] [ 1 7
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10m 10m

1.5m 7 1 1 1.5m
= 1 1ol

(FTESH] B =1 '—'

[(BEREeoBER]

Corner#: 3(EN=EN)/3XIF2(BN=ER)/0(EN=>EN)

CornerAE :90%

Corner£ COREREXT 1B =EN1Om(EN=>ER15m)

Corner£ COREREX2T: B = EN4Om(EHN=>ER30m)

Corner£ COREREX12: B =EN30M(EHN=>ER30m)

Corner£ COREREX22: B =EN30M(EHN=>ER15m)

Corner£ THOIEEEX13: EF = EH45m

Corner£ THOIEEEX23: EA =>EH15m

hbTx:10m

hbRx:10m

hTx:1.5m

hRx:1.5m

a:2bm

b:75m

c:2bm

EJLZEN:1000/km2

EHEY =M 10m
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» 4.3 Models for propagation between terminals located from below roof-top height

to near street level

» 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¢) H 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

L=-101log(1/10%"? +1/10%"1? L 1/10% 1)

I L,  (beforecorner)
. L,.. (after corner)

Ly =20log(47d /1)

Ly =L+ (1.18log(6,)+ 0.9?1og(f)+6.1)-{1—exp(—3.72-
i

5 \
1070,x,,%,, )J

(71)

(72)

(73)

(74
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» 4.3 Models for propagation between terminals located from below roof-top height

to near street level

» 4.3.3 Site-specific model in residential environments

Ly =20log(4nd /4)+ 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]

b ¢

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

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

(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

85 p 99
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