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1.
Introduction

CEPT ERC WG-SE project team SE28 developed in 1998 a methodology for frequency sharing in the 1610.6-1613.8 MHz and 1660-1660.5 MHz bands between the Mobile-Satellite Service (Earth-to-space), MSS, and the Radio Astronomy Service, RAS, based on the Monte Carlo methodology. This methodology is described in Recommendation ITU-R M.1316. Its purpose is to determine  separation distances  between an aggregate of MSS mobile earth stations, MESs, and radio astronomy stations operating in the 1610.6-1613.8 MHz and 1660-1660.5 MHz bands.

For the practical implementation of this methodology, a Monte Carlo (MC) methodology was developed under the auspices of  SE28. It should be noted that this program applies to the “service domain”, i.e. it has been written specifically to study the compatibility of MSS MES and radio astronomy stations in the band 1610.6-1613.8 MHz, while a Monte Carlo program developed under the auspices of CEPT ERC WG-SE project team SE21, SEAMCAT, applies to the “phenomenon domain”, e.g. to the analysis of spurious and unwanted emissions. The SE28 MC software is applicable explicitly to the co-ordination of a distribution of MSS MES stations and radio astronomy stations in the band 1610.6-1613.8 MHz. As of today, SEAMCAT is not yet suited to address issues specific to the co-ordination with passive services. Furthermore, it should be noted that both above-mentioned programs apply to terrestrial interfering sources only, and not to aeronautical or space borne transmitters.

Another Monte Carlo software tool, Visualyse, has been developed by Transfinite Systems. This tool estimates the interference from an MSS handset into a radio astronomy station. The currently available demo-kit does not allow the implementation of an appropriate traffic distribution of MES stations as function of frequency and distance w.r.t. a radio astronomy station: it uses the amount of activity on a link, which can only be caused by either fluctuations in the output from a transmitting station  or by changes in the number of transmitting users. The Visualyse traffic module allows to model link activity at two levels: 1. as a simple on and off switch; 2. on and off switching varying according to the time of day or to a defined distribution. The available software does not address the question for which SE28 developed its methodology. 
Following the SE28 methodology, a computer program has been developed by France Telecom (CNET, Paris). It has been written by S. Drago (working at CNET, Paris), and checked and commented by T.A.Th. Spoelstra (CRAF). 

In conclusion, for the issue of co-ordination between MSS mobile earth stations and radio astronomy stations under consideration, at present only the SE28 MC methodology can provide useful results. The present document gives some guidance on using this program.

2.
Description of the methodology

First, the user has to choose an exclusion radius or separation distance for each MSS channel of a network. This information is specified in the file canal.dat. Input parameters describing the characteristics of both the MESs and the affected radio astronomy station, as well as some program control parameters (such as the number of iterations) are given in the input file paramet.dat. The MES spectrum mask is given in the input file cdmask.dat or tdmask.dat for, respectively, CDMA and TDMA systems. The result of the simulation is the difference in dB between the tolerable interfering power as specified in the Recommendation ITU-R RA.769 not to be exceeded during x% of the trials of the simulation and the maximum received level . Thus, for not more  than (100-x)% of the trials the received spfd-level has been estimated to exceed the level given in Recommendation ITU-R RA.769. 
It is important to understand that the program does not give as a result the radius of the exclusion zones for each channel. The result is an interfering spfd-level experienced (not exceeded during x% of the trials) given a certain a priori choice of the separation distance. This means that anyone, who intends to use this tool, has to run the program several times with different input parameters, such as the separation distance to the affected radio astronomy station for each channel. Only a certain number of configurations will ensure the protection of radio astronomy observations at the considered radio astronomy station. Both the radio astronomy station and the operator must agree on which configuration(s) are acceptable. Since the Radio Astronomy Service is the victim service, no conclusions must be drawn which are not supported by the affected radio astronomy station. In any case, the interfering signal must be below the level of detrimental interference given in ITU-R Recommendation RA.769. If that condition is met, the results are below 0 dB in the entire frequency band 1610.6-1613.8 MHz. Among the other input parameters specific to a radio astronomy site is the additional protection provided by natural or artificial obstacles around the site. This latter can be taken into account modifying the figure of the parameter referred to in section 3 as 'teta' (see the explanation for the file params.dat).  

Since the current version of the program does not handle an elevation interval and in co-ordination issues for terrestrial interferers the worst case must be known, one must set the elevation (both minimum and maximum) to 0 degrees to determine this case. The reason for this is that a radio telescope must have the possibility to track a radio source down to the horizon. Furthermore, following conclusions of ITU-R WP7D, the fraction of tolerated data loss is 2%, i.e. the parameter indicating the percentage of time for which the interference must not exceed the spfd given in Recommendation ITU-R RA.769 must be set as 98%. Note that obviously the methodology cannot be applied meaningfully if this value is set as 100%. It should also be noted that the program takes into account diffraction (though without a model for obstacles), the curvature of the earth and the tropospheric water vapour content. The conductivity of the ground and its humidity are not considered.

Another important point for the administrations is that it is unlikely for harmful interference to occur below a high penetration level of MSS mobile earth stations. Furthermore, in response to the evolution of network characteristics, any administration will have the possibility to redefine the size of an exclusion zone at a later time, thus tightening or relaxing the constraints on the operator.

3. 
Description of the program input and output files

3.1 
Introduction

The source code of the program has been written and compiled in ANSI C. As indicated in section 2, the program needs some input files which contain the input parameters. These files must be present in the same directory where the executable program is run. The format of those files is described below. The aim of the program is a Monte Carlo simulation of a scenario where a random number of MESs are transmitting, in order to evaluate the risk of interference for a radio astronomy station. A detailed description of the methodology used is given in Recommendation ITU-R M.1316. 

The program evaluates, for each sampled frequency, the minimum interference power level larger than that occurring in x% of the samples. The output of the program is a file called results that gives the value (in dB) of the difference between this interference power level and the maximum interference power level acceptable for the observations made at the radio astronomy station (i.e. as specified in Recommendation ITU-R RA.769).

3.2 
File paramet.dat

The file paramet.dat is an ASCII file that contains the parameters needed to characterise the scenario, e.g., the MES transmission characteristics, the MES traffic density, the necessary characteristics of the radio astronomy station, including its protection level.

An example is:

PARAMET.DAT

access
2
#Must be 1 for TDMA (use TDMASK.DAT), 2 for CDMA (use CDMASK.DAT)

hmob 
1.5
#Height of the MES antenna (in m, def. 1.5)

Gmes 
2
#Gain of the MES antenna (in dBi, def. 2)

BW 
1230
#Bandwidth of the channel (in kHz, 1230 for CDMA)

Pmax 
-2
#Maximum radiated power (in dBW, def. -2)

Predtdma
0
#Factor (in dB) of power reduction for TDMA 

Predpc 
7
#Factor (in dB) of power reduction due to power control, def. 7)

hras 
30
#height of the RAS antenna (in m, def. 30)

ras_protlv
-262
#Protection level needed by the RAS (in dBW/Hz, def. -262)

elevrasmin
19
#Minimum elevation of the RAS antenna (in degrees, def. 19)

elevrasmax
19
#Maximum elevation of the RAS antenna (in degrees, def. 19)

azras 
0
#Azimuth of the RAS antenna (in degrees, def. 0)

azmes 
0
#Azimuth of the MES antenna (in degrees, def. 0)

elevmes
0
#elevation of the MES antenna (in degrees, def. 0)

rmax
350
#Maximum radius to be considered -spot radius-(in km, def. 350)

teta 
1
#Angle to be added for protection of RAS site (in degrees, def. 1)

callrate
1.3889e-4
#Mean call rate for one user (in s-1, def. 1.3889e-4)

calllen
120
#Mean call lenght (in s, def. 120)

nmax 
44
#number of calls per channel (44 for CDMA)

dens 
6.16e-2
#Density of users (in km-2, def. 6.16e-2)

betar 
10
#time perc for which index l.r.>100N/km in first 100 m   

dn 
50
#N/km - av radio refractive index lapse-rate for first 1 km

n0 
330
#N - sea-level surface refractivity

lat 
45
#RAS latitude

lon 
0
#RAS longitude

dt 
10
#Time step for the simulation (in s, def. 10)

integr 
2000
#Integration time for RAS observations (in s, def. 2000)

niter 
1000
#number of iterations (def. 1000)

samplfr
20
#Sample frequency (in kHz, def. 20) 

minh 
-25 
#Minimum histogram value (in dB, def. -25)

maxh 
25 
#Maximum histogram value (in dB, def. 25)

perc_t
0.9
#Min. time percentage without interference (range 0 – 1, def. 0.9)

The text following the symbol # is a brief explanation of the meaning of corresponding parameter. It is important not to change the structure of the file (i.e., the order of the lines, the position of the carriage return, ...). Obviously, the units of the different parameters must be respected and it is also necessary to leave at least one character before and one character after each value. 

Its is suggested   that the user  changes only those values from the original file that needs modification, and leaves the comments unchanged, in order to avoid any problems. The values for the parameters specific to the stations involved are to be taken from the respective system specifications.

Table 1 indicates who must provide and decide on the information. In all cases, both parties should agree on the different parameters.

Comments on some parameters:

It is obvious that the results are sensitive for the values of the input parameters and these must be carefully determined, of course. However, some parameters require special attention: these have been underlined in Table 1. A small change in one of these may  result in complete divergence  in the calculations. These must therefore be chosen with great care. 

Table 1

Parameter


Input/opinion/decision

Access

Hmob

Gmes

BW

Pmax

Predtdma

Predpc

Hras

Elevrasmin
Elevrasmax
Azras

Azmes

Elevmes

Rmax
Teta

Callrate

Calllen

Nmax

Dens
betar

dn

n0

lat

lon

dt

integr

niter

samplfr

minh

maxh

perc_t

User of the program

MSS operator

MSS operator

MSS operator

MSS operator

MSS operator

MSS operator

Radio astronomy station

Radio astronomy station

Radio astronomy station

Radio astronomy station

Both services

Both services

User of the program

User of the program

MSS operator

MSS operator

MSS operator

MSS operator

User of the program

User of the program

User of the program

Radio astronomy station

Radio astronomy station

Radio astronomy station

User of the program

User of the program

User of the program

User of the program

User of the program

Radio astronomy station

Note to Table: underlined are especially critical parameters, to be chosen with care.

On these parameters the following detailed comments should be made:

elevrasmin and elevrasmax:
should be 0 (see section 2)

rmax:
must be significantly larger than the expected separation distance(s) (and specified in the file canal.dat): otherwise not enough MESs  will be used in the calculations, because the domain in which they are located is too narrow. The default value of 350 km is acceptable for separation distances up to about 50 km. For larger separation distances, values up to e.g. 1000 km must be  used.

dens:
the results obviously depend  critically on the density of MES users (which are considered to be distributed homogeneously between the separation distance(s),   specified in  canal.dat and rmax).

perc_t:
should be 0.98 (see section 2).
3.3 
Files cdmask.dat and tdmask.dat
The ASCII-files cdmask.dat and tdmask.dat are needed to specify the spectrum mask to be used to characterise the out-of-band emissions of the MES. Two examples  follow:

CDMASK.DAT

0 -42 

160 -42  

2300 -66

16500 -66

TDMASK.DAT

0 -45 

160 -45

225 -48.5

650 -55

1365 -55

1365 -63

1800 -66

16500 -66

The values are given in kHz and dBW, respectively (as specified in ETS 300 733). The format is identical for both files. Each line   gives the result for a specific  frequency offset, i.e. the difference between  the nearest edge of the nominated bandwidth and the nominal carrier, as well as  the value of the maximum unwanted emission expressed in dBW (averaged in a bandwidth of 3 kHz). The list of frequency offsets must in principle be in increasing order, but identical values on different lines are accepted if  needed to express the mask.

The points of the mask that have to be inserted in the file are those necessary to completely describe the mask.

3.4
File canal.dat
The ASCII-file canal.dat gives the nominal carrier of each channel of the MSS and the separation distance from the radio astronomy station for each individual channel. In the file each line contains the frequency of one nominal carrier expressed in MHz and the separation distance in km.

An example is:

CANAL.DAT

1.6110600e+003 100

1.6123000e+003 100

1.6135200e+003 100

1.6147600e+003 80

1.6159800e+003 60

1.6172200e+003 40

1.6184400e+003 20

1.6196800e+003 10

1.6209000e+003 10

1.6221400e+003 10

1.6233600e+003 10

1.6246000e+003 10

1.6258200e+003 10

Before running MC simulations, it is strongly recommended first to estimate the minimum separation distance(s) of a distribution of MESs to a radio astronomy station by a deterministic approach, since the Monte Carlo method does not determine this parameter, nor does it give any guidance for a reasonable estimate of this parameter. With a good first “guestimate”, much time can be saved   and the  uncertainty reduced for the Monte Carlo calculations.

3.5 
File results

The file results is an ASCII file containing two columns of numbers. The first column gives the frequencies for which the difference between  the calculated interference power level and the maximum interference power level acceptable for the observations made at the radio astronomy station (i.e. as specified in Recommendation ITU-R RA.769). This value is given in the second column in dB. Each value represents in particular the interference level not exceeded by more than (100-x)% samples, where x is a factor depending on the type of the observation.

The results contained in this file can be visualised/plotted by using e.g. the tool Matlab. The procedure for this is:

Step 1:

start Matlab (e.g.: Matlab on command line)

Step 2:
move to required directory and write after the prompt ‘load results’. The sub-directory name may be ‘work’.

Step 3:

write after the prompt: plot(results(:,1),results(:,2))

The program considers 100 steps of power level for the results and the user is supposed to enter in the file paramet.dat the minimum and maximum values to be used for the histogram (maxh and minh). This implies  that the resolution will be (maxh - minh)/100. If for example you adopted  the default values (maxh = 25, minh = -25), the resolution will be of 0.5 dB. Very often it is necessary to have a resolution of 0.2 dB to put into evidence the trend of the result. On the other hand,  a range of 50 dB for the histogram can be useful as well, especially when you don’t exactly know yet which could be the mean power of interference, to avoid it falling out of the range.

3.6 
Other suggestions

The number of iterations is an important parameter. For this, one may use a  default of 1000 to obtain representative results. For the sample frequency one may use a value of 20 kHz. When only a  quick-look is required to develop some feeling  for the results, one may use a smaller number of iterations, e.g. 400 iterations, and a somewhat larger sampling frequency, e.g. about 40 kHz.
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