SEAMCAT Training Specification – Part 2 – Basic principles

1.
BASICS OF THE MONTE CARLO METHODOLOGY



The statistical methodology briefly described here is known as the Monte Carlo technique. Statistical simulation methods may be contrasted to conventional analytical methods, which are typically applied to ordinary or partial differential equations that describe some underlying physical or mathematical system. In many applications of the Monte Carlo technique, the physical process is simulated directly, and there is no need to even write down the differential equations that describe the behaviour of the system. 



The only requirement is that the physical or mathematical system be described by probability density functions (pdf’s). Once the pdf’s of the relevant parameters are known, the Monte Carlo simulation can proceed by random sampling of them. Many simulations trials are performed and the desired result is taken as an average over the number of observations. In many practical applications, one can predict the statistical error in this average result, and hence an estimate of the number of Monte Carlo trials that are needed to achieve a given error.



The SEAMCAT tool models a victim receiver operating amongst a population of interferers. These interferers may belong to the same system as the victim, a different system or a mixture of both. The interferers are randomly distributed around the victim in a manner decided by the user. It is common practice to use a uniform random distribution. The density of interferers is set in line with the environment being modelled, i.e. an urban environment has a higher density than a rural environment. Only a proportion of the interferers is active at any one time. This proportion is known as the utilisation and will depend upon the day of the week as well as the time of day. Figure 1 illustrates how the interferers and victim may appear for one simulation trial. Also illustrated is the transmitter providing the victim’s wanted signal.
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Figure 1 - A typical victim and interferer scenario for a Monte Carlo simulation trial



The effect of each interferer upon the victim is summed. Several interference mechanisms are included such as unwanted emissions, receiver blocking, intermodulation products, co-channel and adjacent channel interference phenomena are also considered in the methodology. The level of unwanted emissions falling within the victim’s receiver bandwidth is determined using the interferer’s transmit mask, interferer / victim frequency separation, antenna gains and propagation loss. The receiver blocking power, i.e. the power captured from the on-channel transmissions of the interferer due to selectivity imperfections of the victim’s receiver, is determined using the interferer’s transmit power, victim receiver blocking performance, interferer / victim frequency separation, antenna gains and propagation loss.


One criterion for interference to occur is for the victim receiver to have a carrier to interference ratio (C/I) less than the minimum allowable value (often known as the protection ratio)
. In order to calculate the victim’s C/I it is necessary to establish the victim’s desired Received Signal Strength (dRSS) as well as the interfering Received Signal Strength (iRSS). The position of the victim’s wanted signal transmitter is identified and a link budget calculation completed. Having knowledge of both the interfering signal strength and the wanted signal strength allows the victim’s C/I ratio to be computed. Figure 2 illustrates the various signal levels.
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Figure 2 - The signal levels used to determine whether or not interference is occurring



The left-hand side of the diagram represents the situation when there is no interference and the victim is receiving the desired signal with some margin. In this case the victim’s C/I ratio is given by the sum of the wanted signal margin and the minimum permissible C/I. The right hand side of the diagram illustrates what happens when interference is introduced. The interference adds to the noise floor and the victim’s C/I ratio is reduced. The new C/I ratio is defined by the number of dBs difference between the wanted signal strength and the increased noise floor. This ratio must be greater than the minimum permissible C/I if interference is to be avoided. The Monte Carlo simulation tool checks for this condition and records whether or not interference is occurring.


The Monte Carlo technique functions by considering many independent instants in time (or in space). For each instant, or simulation trial, a scenario is built up using a number of different random variables, i.e. where the interferers are with respect to the victim, how strong the wanted signal strength is, which channels the victim and interferer are using etc. If a sufficient number of simulation trials are considered then the probability of a certain event occurring can be calculated with a high level of accuracy.


In this way, the tool is able to quantify levels of interference between radio systems and is able to help determine appropriate frequency planning rules or specify limits for transmitter / receiver performance.

2.
SPECIFIC TERMINOLOGY USED IN SEAMCAT

Fundamental terminologies used in the methodology are :

Victim link: Studied link.

Victim receiver(Vr): Receiver within the considered Victim Link.

Wanted transmitter(Wt): Transmitter within the considered Victim Link.

Interfering link: Link which interferes the Victim receiver.

Interfering transmitter (It): Transmitter within the considered Interfering Link.

Wanted receiver (Wr): Receiver within the considered Interfering Link.
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Figure 3: Notation used in SEAMCAT

These are further detailed in the following figure.
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Victim Link
Figure 4: Victim and interfering transceivers

· Wanted link consists of: 

wanted transmitter 
power, frequency, bandwidth, antenna height, gain, pattern, etc.,

radio path 


distance, cell size, propagation model, 

victim receiver 

sensitivity, blocking mask, bandwidth, antenna height, gain, pattern

· Interfering link consists of: 

interfering transmitter 
power, emission mask, frequency, bandwidth, antenna height, gain, 



pattern, number of interferers, etc., 

radio path


distance, cell size, propagation model, density of active interferer, 

wanted receiver 
sensitivity, blocking mask, frequency, bandwidth, antenna height, gain, pattern, required only for power control and antenna orientation

· Most of the parameters can be selected fixed or described by a statistical distribution

· Principle:


dRSS (desired Received Signal Strength) and iRSS (interfering Received Signal Strength) at the victim are computed by Monte-Carlo simulation.
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Figure 5: Example of the Monte-Carlo evaluation process

· Then, the probability of interference is determined, e.g., as function of C/I or I/(I+N)

3.
ARCHITECTURE OF THE TOOL AND MAIN FUNCTIONS
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Figure 6: Architecture of SEAMCAT

The basic elements of SEAMCAT are the of 3 core modules and the User interface:

· Event Generation Engine (EGE)

The EGE generates random values, and processes them to calculate the arrays for iRSS and dRSS. This process is repeated N times, where N is the number of trials. Generated samples of the desired and all interfering signals are stored in separate data arrays of length N.

For each interfering system and interfering major mechanism, separate arrays are generated. The arrays related to the interfering mechanism are summed to one array at the end. There are three major mechanisms for generating interference:

· emissions of the interferer including unwanted emissions

· blocking of the victim receiver 

· intermodulation between two interferer

· Distribution Evaluation Engine (DEE)

The DEE takes arrays generated by the EGE and processes the data in order to:

· assess whether or not the number N of samples is sufficient to produce statistically stable results

· calculate correlation between the dRSS and iRSS data or between the different types of iRSS (e.g. blocking vs. unwanted emissions)

· turn the vector composed of  the N samples into a known continuous distribution, if it is possible.

· Interference Calculation Engine (ICE)

The Interference Calculation Engine (ICE) is the heart of the proposed architecture. Here, information gathered by the EGE and processed by DEE is used to calculate the probability of interference. The ICE generates new samples from the arrays or the distributions output by the DEE, and evaluates for each sample whether the victim receiver suffers interference or not.
This probability can be calculated for three different interference types as a function of the interference criteria, e.g. C/(N+I), C/I or I/(I+N):

· unwanted emission level for each transmitter of each interfering link,

· victim receiver response for blocking interference,

· victim receiver rejection for intermodulation interference. 

There are 2 applications:

COMPATIBILITY: 

It calculates the probability, considering all the fixed input parameters.

TRANSLATION: 

It calculates the probability of interference as a function of one of the 3 following parameters:

· Power supplied by the Interfering transmitter for the unwanted,

· Blocking response level of the Victim receiver for the Blocking,

· Intermodulation rejection level for the Victim receiver.

Three different exclusive algorithms depending on the situation can be applied.

· User Interface

The user interface (UI) enables the access to and efficient use of all the functionalities of the SEAMCAT tool. This module communicates with:

-
the technical data management module to get data from the technical database or to update the database using the information entered by the user,

-
the calculation module to launch an interference calculation,

-
the results management module to visualise results, to save them or to delete them.

4.
APPLYING SEAMCAT TOOL TO SPECTRUM ENGINEERING PROBLEMS


The SEAMCAT tool as applied to radio system compatibility is able to provide solutions to a number of problems commonly encountered in the field of spectrum engineering. These include the ability to -

· identify candidate frequency bands for radio systems;

· determine the appropriate size of frequency separations (or guard bands);

· derive transmitter emission masks needed to protect adjacent services;

· specify receiver susceptibility to preserve system performance in a given radio environment;

· identify band sharing issues between different services and technologies;

· help provide smooth band refarming strategies.







� Other criteria exist namely : C/(I+N) and (N+I)/N





_1034145903.doc
[image: image1.bmp][image: image2.bmp][image: image3.bmp][image: image4.bmp]

interferer for trial 







power from most influent







Maximum tollerable interferer 







Median Propagation Loss for  







most influent interferer range







 in given environment







Losses







Antenna 







Interferer







Receiver







 at Receiver







Level tollerable







Interference







Maximum 







mechanisms







due to other







Coverage Loss 







distribution







Unwanted signal 







Loss distribution or







Losses







e.g. Wall 







Losses







Misc. 







signal







Distribution of wanted  







C/I 







Level 







Sensitivity 







 trial value







Monte-Carlo 







Required







 Spurious Emission Level 







probability for service 







Acceptable interference 







levels







tolerable interferer 







Histogram of  












_1049807779.doc
[image: image1.emf]


_1017667626.doc
[image: image1.png]iRSS

v |0 1w

Aver

l:i

Interfering Transmitter

Victim Receiver

A8

o

Wanted Transmitier Wanted Receiver







_1009006402.bin

