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RECOMMENDATION  ITU-R  P.1853
Tropospheric attenuation time series synthesis
(2009)

Scope

This Recommendation provides methods to synthesize rain attenuation and scintillation for terrestrial and Earth-space paths.

The ITU Radiocommunication Assembly,

considering

a)
that for the proper planning of terrestrial and Earth-space systems it is necessary to have appropriate methods to simulate the time dynamics of the propagation channel;

b)
that methods have been developed to simulate the time dynamics of the propagation channel with sufficient accuracy,

recommends

1
that the method given in Annex 1 should be used to synthesize the time series of rain attenuation for terrestrial or Earth-space paths;

2
that the method given in Annex 1 should be used to synthesize the time series of scintillation for terrestrial or Earth-space paths.

Annex 1

1
Introduction

The planning and design of terrestrial and Earth-space radiocommunication systems requires the ability to synthesize the time dynamics of the propagation channel. For example, this information may be required to design various fade mitigation techniques such as, inter alia, adaptive coding and modulation, and transmit power control.

The methodology presented in this Annex provides a technique to synthesize rain attenuation and scintillation time series for terrestrial and Earth-space paths that approximate the rain attenuation statistics at a particular location.

2
Rain attenuation time series synthesis method 
2.1 
Overview

The time series synthesis method assumes that the long-term statistics of rain attenuation is a log-normal distribution. While the ITU-R rain attenuation prediction methods in Recommendation ITU‑R P.530 for terrestrial paths and Recommendation ITU-R P.618 for Earth-space paths are not exactly log-normal, these rain attenuation distributions are well-approximated by a log-normal distribution over the most significant range of exceedance probabilities. The terrestrial and Earth-space rain attenuation prediction methods predict non-zero rain attenuation for exceedance probabilities greater than the probability of rain; however, the time series synthesis method adjusts the attenuation time series so the rain attenuation corresponding to exceedance probabilities greater than the probability of rain is 0 dB.

For terrestrial paths, the time series synthesis method is valid for frequencies between 4 GHz and 40 GHz and path lengths between 2 km and 60 km.

For Earth-space paths, the time series synthesis method is valid for frequencies between 4 GHz and 55 GHz and elevation angles between 5º and 90º.

The time series synthesis method generates a time series that reproduces the spectral characteristics, fade slope and fade duration statistics of rain attenuation events. Interfade duration statistics are also reproduced but only within individual attenuation events. 
As shown in Fig. 1, the rain attenuation time series, A(t), is synthesized from the discrete white Gaussian noise process, n(t). The white Gaussian noise is low-pass filtered, transformed from a normal distribution to a log-normal distribution in a memoryless non-linearity, and calibrated to match the desired rain attenuation statistics.
Figure 1
Block diagram of the rain attenuation time series synthesizer


[image: image1.wmf] 

nt

()

White

gaussian noise

At

()

Rain attenuation (dB)

Memoryless non-linear device

Calibration

A

offset

Low-pass filter

k

p

 + 

b

Xt

()

exp( +    ())

mXt

s´


The time series synthesizer is defined by five parameters:


m: 
the mean of the log-normal rain attenuation distribution


(: 
the standard deviation of the log-normal rain attenuation distribution


p:
probability of rain

: 
a parameter that describes the time dynamics

Aoffset: 
an offset that adjusts the time series to match the probability of rain.
2.2
Step-by-step method

The following step-by-step method is used to synthesize the attenuation time series Arain(kTs), k = 1, 2, 3, ...., where 
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is the time interval between samples, and k is the index of each sample.
A
Estimation of m and  

The parameters m and  are determined from the cumulative distribution of rain attenuation vs. probability of occurrence. Rain attenuation statistics can be determined from local measured data, or, in the absence of measured data, the rain attenuation prediction methods in Recommendation ITU-R P.530 for terrestrial paths and Recommendation ITU-R P.618 for Earth-space paths can be used.

For the path and frequency of interest, perform a log-normal fit of rain attenuation vs. probability of occurrence as follows: 

Step A1: Determine Prain (% of time), the probability of rain on the path. Prain can be well approximated as P0(Lat,Lon) derived in Recommendation ITU-R P.837.
Step A2: Construct the set of pairs [Pi, Ai] where Pi (% of time) is the probability the attenuation Ai(dB) is exceeded where Pi ( Prain. The specific values of Pi should consider the probability range of interest; however, a suggested set of time percentages is 0.01, 0.02, 0.03, 0.05, 0.1, 0.2, 0.3, 0.5, 1, 2, 3, 5, and 10%, with the constraint that Pi ( Prain.

Step A3: Transform the set of pairs [Pi, Ai] to
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Step A4: Determine the variables 
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by performing a least-squares fit to 
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for all i. The least-squares fit can be determined using the “Step-by-step procedure to approximate a complementary cumulative distribution by a log-normal complementary cumulative distribution” described in Recommendation ITU-R P.1057.

B
Low-pass filter parameter

Step B1: The parameter ( = 2 ( 10–4      (s–1).
C
Attenuation offset

Step C1: The attenuation offset, Aoffset (dB), is computed as:
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D
Time series synthesis

The time series, Arain(kTs), k = 1, 2, 3, ... is synthesized as follows:

Step D1: Synthesize a white Gaussian noise time series, n(kTs), where k = 1, 2, 3, ... with zero mean and unit variance at a sampling period, Ts, of 1 s.

Step D2: Set X(0) = 0
Step D3: Filter the noise time series, n(kTs), with a recursive low-pass filter defined by:
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                for k = 1, 2, 3, ....
(3)
where:
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Step D4: Compute Yrain(kTs), for k = 1, 2, 3, ...  as follows:
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Step D5: Compute Arain(kTs) (dB), for k = 1, 2, 3, ... as follows:
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Step D6: Discard the first 200 000 samples from the synthesized time series (corresponding to the filter transient). Rain attenuation events are represented by sequences whose values are above 0 dB for a consecutive number of samples.

3
Scintillation time series synthesis method 
As shown in Fig. 2, a scintillation time series,
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, can be generated by filtering white Gaussian noise, n(t), such that the asymptotic power spectrum of the filtered time series has an f–8/3 roll-off and acut‑off frequency, fc, of 0.1 Hz. Note that the standard deviation of the scintillation increases as the rain attenuation increases.

Figure 2
Block diagram of the scintillation time series synthesizer
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