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Existing Shadow Models

Log-normal fading:

Pec(r) = P (l,) —10a|0g(r—aj+axn
r

o

« Mean received power versus distance Pe(r,)
« Power intercept P, =P(r,)
« Path loss exponent &

« Standard deviation of loss ¢ ; slope = -10

e~—— normal distribution

Power Received (dBm)

v

log (ro/r,)
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Data on Existing Log-Normal Models

Smuldersand Correia[1997]: o =4.4(NLOS<15m,90° sector)

Xu, Kukshya, Rappaport[2002]: «=1.88-2, 0 =8.6dB (LOS< 70 m,Omni)
Hansen, Reitzner [2004]: o =1.5-2(LOSCorridors<50m, Omni)

Matic, Harada, Prasad [1998]: «=0.78—2.54 (LOS, Omni - Dir)

Moraitis, Constantinou[2002]: o« =1.75(LOSCorridors< 44 m, Omni)
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New Shadow Model

« Log-normal model F’rec(ra)=20Iog47zra

(L (r)) +a(r) X,

« LOS and NLOS, larger ranges

« Random (uniform) locations of non-reflective obstacles
» Circular Polarization

« Random (Gaussian) distribution of obstacle loss

« Diffraction loss ignored, propagation in a 2D plane

* Input Parameters:
» mean obstacle loss, dB
» Standard deviation of obstacle loss, dB
» Obstacle spatial density

e Qutput Parameters:
» Mean path loss versus distance
» Standard deviation of path loss versus distance
» Angular correlation of path loss versus distance
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New Shadow Model
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I, =initial radiusof obstacle-freeregion _ [ "™ et
. . 505 T L - .
r, = distancefrom transmitter X (m)

d = subcell size containing an obstacle

4, =meanlossof obstacle, dB

o, =sStandard deviation of obstacleloss, dB
N, = Total number of subcellsinregion

N, = Total number of obstaclesin region
p, = Obstacledensity = N,/ N,
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Mean Loss & Equivalent Path Loss
Exponent

o —f f
<LEX(ra)>:/uLp0Na’ Na: d O! no:EO

Mean excesslossincreaseslineary with distance and not logarithmically
asin the previousmodels.

L east squarelinear fit to model producesan equivalent path - lossexponent model :

Na

2.(n, —ny)log(n,)

a(ra) — 24 zuL pO ny=1
10

Na

> [log(n,)[*

n,=1

= Equivalent path lossexponent for total mean lossinacell of radiusr,.
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Measured and Model Mean Loss

Model A
Best Linear Fit (o = 3) A 4
LOS [o = 2.1, Xu, Kukshya, Rappaport]
Measured [Smulders and Correia]

P, =0.25, 1, =10dB, d = 1m

STD Dev of Error:{

P4, /d=25dBm™

3 5 7
r./d

9 11 131517
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12 dB with mode
11.6dB with linear fit
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Mean Loss & Equivalent Path Loss
Exponent
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Variance & Angular Correlation of Loss

: N?2—N,N_—N_N+NN
Variance o3(r..¢.) = p.N.| 2 + g% e~ ol — Mal¥cTNo'Na
( a ¢a) pO a|: L IUL NC(NC _1) :|

= poNa[Of +;UE(1_ po)l Ng — oo
Variance of lossincreaseslinearly with distance from transmitter

M

Angular Correlation p,, (1,8, 1, &) ~ , N, —> oo
NaNb
N =ra_r0 N =rb_r0
a d ' b d

M = Number of layerswith common cells. Dependson n, and |¢, — ¢,

(s 4)

(r..¢.)

(r.g)

v
X
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Angular Correlation of Shadow Loss

P = correlation coefficient of thesignal received two points(r,,¢,) and(r,,4,) duetoa
transmitter placed at the origin.

= correlation coefficient of thesignal received at the origin due to two transmitters
at (ra’¢a) and (rb’¢b)'
If thewidth of atypical obstacleisW and if the nearest distanceof it to thereceiver

isd,, then thecorrelation angle~W /d,. For example, if 2W =d, =1m, then
correlation angle= 0.5radian
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Comparison of Analytical vs Monte
Monte Carlo Simulation
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Sample Link Calculation

Uplink :

P =10dBm, G; =10dB, H; =2m, Pol.=Cir

G =22dB,H; =2m,MDS=-50t0-60dBm,r, =1m

P4, /d =6.5dBm™(Very highloss, home environment, Akeyama)

P.=P +G; +G, —(68+ 20Iogr—aj— p"dﬂL (r,—r,)>MDS
r

0

= 20logr, +6.5r, <30.5t040.5=r, <3.2mto4.3m
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Conclusions

*New log-normal shadow fading model valid both for LOS and NLOS
situations
»Non-reflective obstacles
»Diffraction effects ignored
»Gaussian distribution of obstacle loss (mean and std. dev. of
obstacle loss)
»Uniform distribution of obstacle locations
»Density of obstacles

Mean excess loss in dB increases linearly with distance.
sVariance of loss increase linearly with distance.

sAngular correlation of loss increases linearly with number of
common cells M.

*Model recovers previous shadow fading models for low loss.
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