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INTRODUCTION
In this report background information on a Monte-Carlo Radio Simulation methodology is given. Apart
from giving general information this text also constitutes a specification for the first generation of
SEAMCAT software which implements the Monte-Carlo methodology applied to radicommunication
scenarios.

1 GENERAL REMARKS

The problem of unwanted emissions, as a serious factor affecting the efficacy of radio spectrum use, is
being treated in depth in various fora, internal and external to the CEPT. Asthe need to reassess the limits
for unwanted emissions within RR-Appendix 8 is observed, it iswidely recognised that a generic method
is preferable for this purpose.

One of numerous reasons why generic methods are favoured is their apriori potential to treat new
communication systems and technol ogies as they emerge. Other reason is that only generic method can
aspire to become abasis for awidely recognised anaysis tool.

The Monte-Carlo Radio Simulation tool described in this Report was devel oped, based on above
considerations, within the ERC process.

2 SEAMCAT®

SEAMCAT® Radio Tool is the implementation of a Monte-Carlo Radio Simulation tool managed by the

group of CEPT Administrations, ETSI members and international scientific bodies. SEAMCAT® is public
domain software distributed by the CEPT European Radiocommunications Office, Copenhagen.
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Monte Carlo Radi o Conpatibility Tool

1. Background

In order to reassess the limits for unwanted emissions within RR - Appendix 8, itis
desirableto develop an analytical tool to enable us to evaluate the level of interference which
would be experienced by representative receivers. It has been agreed in the TG-1/3 that level
of interference should be expressed in terms of the probability that reception capability of the
receiver under consideration is impaired by the presence of an interferer. To arrive at this
probability of interference, statistical modelling of interference scenarios will be required and
this paper describes the methodology and offers a proposal for the tool architecture.

The statistical methodology described here and used for the tool development is best known as
Monte-Carlo technique. The term "Monte-Carlo" was adopted by von Neumann and Ulan
during World War |1, as a codename for the secret work on solving statistical problems related
to atomic bomb design. Since that time, the Monte-Carlo method has been used for the
simulation of random processes and is based upon the principle of taking samples of random
variables from their defined probability density functions. The method may be described as the
most powerful and commonly used technique for analysing complex statistical problems.
Monte Carlo approach is seen not to have an aternative in development of a methodology for
analysing unwanted emission interference. The approach is:

e generic - A diversity of possible interference scenarios can be handled by single model.
+ flexible - The approach is very flexible, and may be easily devised in a such way to handle
the composite interference scenarios.

2. Monte-Carlo Simulation Technique: An Overview

The Monte Carlo method can address virtually all radio-interference scenarios. This flexibility
Is achieved by the way the parameters of the system are defined. The input form of each
variable parameter (antenna pattern, radiated power, propagation path,...) is its statistical
distribution function. It is therefore possible to model even very complex situations by
relatively simple elementary functions. Number of diverse systems can be treated, such as

e broadcasting (terrestrial and satellite)
» mobile (terrestrial and satellite)

e point to point

e point to multipoint

* €tC.

The principle is best explained on a following example, which considers only unwanted
emissions as the interfering mechanism. In genera the Monte Carlo method addresses also
other effects present in the radio environment such as out of band emissions, receiver blocking
and intermodulation.
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2.1 lllustrative example (only unwanted emissions, most influent interferer).

For interference to occur, it has been assumed that the minimum C/I is not satisfied at the
receiver input. In order to calculate the C/lI experienced by the receiver, it is necessary to
establish both the wanted signal and unwanted signal levels. Unwanted emissions considered in
this simulation are assumed to result from active transmitters. Moreover, only spurii falling into
the receiving bandwidth have been considered to contribute towards interference. For the
mobile to fixed interference scenario, an example is shown in figure 2.1.

Many potential mobile transmitters are illustrated. Only some of the transmitters are actively
transmitting and ill fewer emit unwanted energy in the victim receiver bandwidth. It is
assumed that interference occurs as a result of unwanted emissions from the most influent
transmitter with the lowest path loss (median propagation loss + additional attenuation
variation + variation in transmit power) to the receiver.

An example of Monte-Carlo simulation process as applied to calculating probability of
interference due to unwanted emission is given in figure 2.2. For each trial, a random draw of
the wanted signal level is made from an appropriate distribution. For a given wanted signal
level, the maximum tolerable unwanted level at the receiver input is derived from the receiver's
Cl/l figure.

For the many interferers surrounding the victim, the isolation due to position, propagation loss
(including any variations and additional losses) and antenna discrimination is computed. The
lowest isolation determines the maximum unwanted level which may be radiated by any of the
transmitters during this trial.

From many trias, it is then possible to derive a histogram of the unwanted levels and for a
given probability of interference, then to determine the corresponding unwanted level.

By varying the values of the different input parameters to the model and given an appropriate
density of interferers, it is possible to analyse a large spectra of interference scenarios.
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3. Architecture requirements

One of the main requirements is to select such an architectural structure for the simulation tool
which would be flexible enough to accommodate analysis of composite interference scenarios
in which a mixture of radio equipment sharing the same habitat and/or multiple sources of
interference (e.g. out-of-band emission, spurious emission, intermodulation ..) are involved and
can be treated concurrently.

Other requirements would be that the proposed architecture lend itself for modular
development and is versatile enough to alow treatment of the composite interference
scenarios.

The proposed Monte Carlo architecture which meets these constraints is presented in Fig. 3.1.
The proposed architecture is basically of a sequential type and consists of four processing
engines:

. event generation engine

. distribution evaluation engine
. interference calculation engine
. limits evaluation engine

The schematic view on the entire tool is on Figure 3.1.

> E-EVENT GENERATION

A
Y

<> D-DISTRIBUTION EVALUATION

Y
C-INTERFERENCE CALCULATION

v

P L-LIMITSEVALUATION

I-INTERFACE
S-SYSTEM MANAGER
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Thelist of interference parameters and their relevance to one or more of the processing engines
Is shown in Appendix A.

3.1 Event Generation Engine

The event generation engine (EGE) takes the relevant parameters from the submitted
interference scenario and generates information on the received signal strength of the desired
as well as on the strength for each of the interfering signals included in the composite
interference scenario. This process is repeated N times, where N is a number of trials which
should be large enough to produce statistically significant results. Generated samples of the
desired and all interfering signals are stored in separate data arrays of the length N.

The trials on parameters being common for desired and interfering radio paths are done
concurrently in order to capture possible correlation between desired and interfering signals.
Such an implementation will not cover only those seldom cases of interference in which one
interference mechanism is excited by another interference (e.g. a strong transmitter mixes with
spurious emission of the second transmitter and produce an intermodulation type of
interference).

The flow chart description and detailed algorithm description for the EGE are presented in the
ANNEX B.

List of potential sources of interference to be found in aradio habitat includes:

Transmitter interference phenomena:

. spurious emissions
. wideband Noise

. intermodulation

. adjacent Channel

. co-channel

Receiver interference phenomena:
. spurious radiation

Background noise:
. antenna noise
. man-made noise

Other receiver interference susceptibility parameters:

. blocking

. intermodulation rejection

. adjacent and Co-channel rgjections
. Spurious response rejection

All of the above sources can be classified into three generic interference mechanism categories:
undesired emission, intermodulation and receiver susceptibility. Each of the above three
categories requires a different model for physical processes being characteristic for that
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interfering mechanism. The man-made noise and the antenna temperature noise can be

considered as an increase of the thermal noise level, decreasing thus the senstivity of a
receiver, and can be entered in the simulation when the criteria of interferenceis /N or C/I+N.

3.2  Distribution Evaluation Engine

The distribution evaluation engine DEE takes arrays of the data generated by the EGE and
processes the data with aims of:

» assessing whether or not the number of samples is sufficient to produce statistically stable
results

» caculating correlation between the desired signal and interfering signal data and between
different types of the interfering signal (e.g. blocking vs. Unwanted emissions)

» caculating a known "continuous' distribution function as the best fit to the RSS random
variable.

First and third of the above points can be achieved using well known goodness-of-fit
algorithms for general distributions such as the Kolmogorov-Smirnov test. Applicability of the
«fit» to this specific task is to be further investigated when the first generation of software is
available.

If DEE detect unacceptable variation in discrete distribution parameters estimated in two
successive estimations usng N and N+AN sample size, the EGE is instructed to generate
another AN of additional samples. This test is repeated until a tolerable variation of the
parameters is measured over the pre defined number of successive tests.

Three different kind of outputs are possible from the DEE engine:

» data arrays of the wanted and interfering signals. This is the output in the case that a high
degree of correlation is detected between the wanted and any of the interfering signals.

 discrete distributions of the wanted and interfering signals are passed in the case of a weak
correlation between the signals or in the case that there was no correlation between the
signals but no «continuos» distribution approximation with satisfactory accuracy was
possible.

« continuous distribution functions of the wanted and interfering signals are passed to ICE in
the case that signals were decorelated and discrete distributions were successfully
approximated with continuos distribution functions

The proposed flow chart and detailed algorithm specification is presented in ANNEX C.

3.3 Interference Calculation Engine

The interference calculation engine ICE is the heart of the proposed architecture. Here,
information gathered by the EGE and processed by DEE are used to calculate probability of
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interference. Depending on which kind of information was passed from DEE to ICE three
possible modes of calculating the probability of interference are identified, as shown in
ANNEX D.

Mode 1: data arrays for dRSS and inRSS passed by DEE to the ICE, and vector representing
the composite interfering signal | is calculated as a sum of the INRSS data vectors.

Mode 2: distribution function for the composite interfering signal is calculated by taking
random samples for inRSS distributions and linearly adding them up.

Mode 3: The IRSS is calculated using numerical or analytical integration of the supplied
distribution functions for each of the interference sources.

Mode 4: All signals are assumed to be mutually independent and the overall probability for
interference is identified as the probability to be disturbed by at least one kind of interference.

Different criteria for calculation of interference probability can be accommodated within the
processing engine. A cumulative probability functions can be calculated for C/N+l or N/N+I
random variables.

The flow of information together with associated processes is shown in form of aflow chart in
ANNEX D.

All interfering signal distributions are calculated with respect to reference levels or functions of
unwanted (emission mask), blocking (recelver mask) or intermodulation attenuation.
Interfering signal distributions for some other reference levels or functions can be derived by
first order (unwanted or blocking) or third order (intermodulation) linear trandation of the
reference distributions (see ANNEX D).

3.4 Limits Evaluation Engine

The Limits Evaluation Engine (LEE) is envisaged to play a very important role in two aspects
of the tool development:

. selection of optimal values for the limits
. verification of the tool

Output from the Interference Calculation Engine (ICE) is presented as a multi-dimensional
surface characterising the dependance of the probability of interference versus the radio
parameters. Two main features of the probability surface are:

. the same probability of interference is achieved by different sets of the limit
values for the radio parameters under consideration.
. probability of interference parameter is not used in the radio system design and

as such doesn't lend itself nicely for the validation through the system performance
measurements. Instead, degradation in system coverage or traffic capacity seems to be more
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appropriate to understand impact of a particular probability of interference to the radio system
performance.

Flow chart for the LEE is shown in Annex E. The radio variables are transformed from the
probabilistic space into a system performance space enabling us to evaluate the system
performance degradation due to presence of interference. When the inter-system compatibility
Is analysed (e.g. unwanted emission) radio coverage and/or traffic capacity can be used to
evaluate the impact of the radio parameters limits. For the case of intra-system compatibility
study (e.g. out-of-band emission) spectrum efficiency should be used to derive appropriate
values for the radio parameters.
The limit values are derived by means of an optimisation algorithm. For optimisation to work a
criteria needs to be set. The criteria is usualy termed the «cost» function and optimisation
process has for a task to minimise this «cost» function. The «cost» function is a function of al
radio parameters and their significance to the «cost» can be atered by means of the weight
coefficients. The weight coefficients can integrate any of the following aspects into
optimisation process:

. system availahility

. traffic capacity

. spectrum utilisation
. technological limitations
. economic constraints

The set of radio parameters values for which the «cost» function is minimised represents the
optimal solution for the limit values.

The role of LEE is very important within the tool. However, since its various elements are till
under consideration and it will not be possible to include LEE into the first phase of the
implementation.
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Parameters 1.1 to 1.19 are not required if parameters 2.23 and 2.24 are specified
Parameters Link with Units Included in this
engine(s) version of the tool
1.1 Max. power supplied to the antenna EGE dBm yes
1.2 Max power level distribution EGE 1/dBm |yes
1.3 Power control threshold EGE dBm no
1.4 Power control dynamic range EGE dB no
15 Power control step range EGE dB no
1.6 Maximum antenna gain EGE dBi yes
1.7 Antenna pattern within operating bandwidth EGE dB (8,9) |yes
1.8 Polarisation ICE no
1.9 Antenna height EGE m yes
1.10 |Antenna height distribution EGE 1/m yes
1.11  |Frequency EGE MHz yes
1.12  |Transmitting mask ICE dBm/Hz |yes
1.13  |Density EGE,LEE [/km? yes
1.14 |Density spatial distribution DEE,EGE no
1.15 |Movement ICE m/s no
1.16 |Probability of transmission ICE % no
1.17 |Temporal activity variation with time of the day [ICE 1/h no
1.18 |Duty cycle (TDMA applications & voice activity)(ICE % no
1.19 |Call length distribution ICE 1/s no
2. Parameters for the Receiver (victim)
2.1 Sensitivity EGE,ICE [dBm yes
2.2 Sensitivity distribution ICE 1/dBm yes
2.3 Protection ratio ICE dB yes
2.4 Maximum antenna gain EGE dBi yes
2.5 Antenna pattern within operating bandwidth EGE dB yes
2.6 Polarisation ICE no
2.7 Antenna height EGE m yes
2.8 Antenna height distribution EGE 1/m yes
2.9 Noise floor ICE dBm yes
2.10 Tolerable level of interference LEE % no
211 Receiver frequency response EGE dB (Af) yes
2.12 Receiver intermodulation response EGE dB(Af) yes
2.13 Frequency EGE,ICE [ MHz yes
2.14 Bandwidth ICE kHz yes
2.15 Density LEE /km? no
2.16 Spatial density distribution LEE no
2.17 Movement ICE m/s no
2.18 Probability of being in receiving mode LEE % no
2.19 Temporal variation ICE 1/h no
2.20 Duty cycle ICE % no
2.21 Call length distribution LEE S no
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2.22 Distribution of Rx channel LEE 1/MHz no

2.23 Fast fading distribution ICE 1/dB no

2.24 Wanted signal strength DEE dBm yes

2.25 Wanted signal strength distribution DEE 1/dBm yes

3. Parameters for the interfering transmitter

3.1 Power supplied to the antenna EGE dBm yes

3.2 Power level distribution EGE 1/dBm yes

3.3 Power control threshold EGE dBm yes

3.4 Power control dynamic range EGE dB yes

3.5 Power control step range EGE dB yes

3.6 Maximum antenna gain EGE dBi yes

3.7 Antenna pattern function of frequency EGE dB yes

3.8 Polarisation ICE no

3.9 Antenna height EGE m yes

3.10 | Antenna height distribution EGE 1/m yes

3.11 [ Frequency ICE MHz yes

3.12 | Transmitting mask ICE dBm/Hz | yes

3.13 | Density EGE /km? yes

3.14 | Spatial density distribution LEE no

3.15 | Movement LEE m/s no

3.16 | Probability of transmission EGE % yes

3.17 | Temporal activity variation with time f the day | EGE 1/h yes

3.18 |[Duty cycle (TDMA applications & voice|EGE % no
activity)

3.19 | Call length distribution LEE S no

3.20 | Distribution of fixed discrete emissions ICE 1/ yes

HzdBm

3.21 | Distribution of discrete emissions which are | ICE 1 yes
dependent on carrier frequency HzdBm

3.22 | Distribution of wide-band noise relative to|ICE 1 yes
carrier HzdBm

3.23 | Manufacturing tolerance modelling LEE 1/dB no

4, Environmental and Propagation Parameters

4.1 Environment EGE yes

4.2 Slow fading distribution EGE 1/dB yes

4.3 Clutter losses EGE dB yes

4.4 Path loss EGE dB yes

1.1  Power supplied to the antenna

Transmitting power supplied to the antenna at the transmitter frequency in the transmitter
bandwidth.

12

13

Power (supplied to the antenna) under which no power control can be applied

14

Power level distribution

Power control threshold

Power control dynamic range

Range upon which of the power control applies
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15  Power control step range
Step size of the power control

1.6 Maximum antenna gain
Antenna gain in direction of the highest directivity

1.7 Antenna pattern within operating bandwidth
Antenna gain dependence as a function of the spherical coordinate angles for frequencies
falling in the operating bandwidth.

1.8 Polarisation

Orientation of the electric field component in the transversal cross-section of a electromagnetic
wave.

1.9 Antenna height
Antenna height above ground level.

1.10 Antenna height distribution
Statistical description of the variations in antenna height

1.11 Frequencies used within transmission band for trnasmission of the wanted signal

1.12 Transmitting mask
Power spectral mask of the transmitter

1.13 Density
Number of transmitting units per unit of geographical area

1.14 Dengity spatial distribution
Statistical description of the transmitter density variation over geographical area of interest.

1.15 Movement
Information on the changes in the transmitter position over a specified time interval.

1.16 Tempora utilisation distribution (probability of transmission)
Statistical description of the transmitter activities averaged over large number of users and long
period of time.

1.17 Temporal activity variation with time of the day
Statistical description of the transmitter activities with time of the day

1.18 Duty cycle (for TDMA applications & voice activity)
Time compression factor in the transmission activity.

1.19 Cadll length distribution
Statistical description of variationsin the call duration.

2.1 Sengitivity
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Minimum signal strength at the receiver input needed to detect desired signal with required
quality under specified conditions.

2.2 Sengitivity distribution
Statistical description of variations in the receiver minimum usable sensitivity.

2.3 Protection ratio
Signa to noise plus interference at the receiver input needed to detect desired signal with
required quality under specified conditions.

2.4 Maximum antenna gain
seel6

2.5 Antenna pattern within the operating bandwidth
see l.7

2.6 Polarisation
e 1.8

2.7 Antenna height
seel9

2.8 Antenna height distribution
see 1.10

2.9 Noise floor
Thermal noise power captured by the receiver bandwidth

2.10 Acceptable level of interference
Percentage of time and locations service coverage alowed to be lost due to interference

2.11 Receiver frequency response

Receiver susceptibility characteristic expressed as aratio between desired and interfering signal
levels producing unacceptable receiver performance and given as a function of frequency
separation between the two signals.

2.12 Receiver intermodulation response

The intermodulation response is a measure of the capability of the receiver to receive a wanted
modulated signal without exceeding a given degradation due to the presence of two unwanted
signals with a specific frequency relationship to the wanted signal frequency.

2.15 Density
see1.13

2.16 Spatia density distribution
scel.14

2.17 Movement
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see 1.15
2.18 Temporal utilisation description (Probability of being in receiving mode)
Statistical description of the receiver activities averaged over large number of users and long

period of time.

2.19 Tempora activity variation with time of the day
seel.17

2.20 Duty cycle
see 1.18

2.21 Call length distribution
see1.19

2.22 Distribution of receiving channel within allocated bandwidth
Statistical description on variation in the receiving channel assignment within allocated
spectrum

2.23 Fast fading distribution
Statistical description on fast changes in received signal envelope.

2.24 Wanted signal power at the the victim

2.25 Statistical description of the wanted signal power at the victim receiver
31-310:see1.1-1.10

3.11 Frequencies carrying interfering power which falls into the victim receiver band

3.12 Transmitting mask
Transmitter spectral power mask

3.13 Density
Number of transmitting units per unit of geographical area

3.14 Spatial density distribution
seell4

3.15 Movement
see 1.15

3.16 Temporal utilisation distribution (probability of transmission)
see 1.16

3.17 Temporal activity variation with time of the day
seel.17
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3.18 Duty cycle (for TDMA applications & voice activity)
see 1.18

3.19 Call length distribution
see1.19

3.20 Distribution of fixed discrete emissions
Statistical description of spectral density of discrete emissions which are independent of carrier
frequency.

3.21 Distribution of discrete emissions dependant on carrier frequency
Statistical description of spectral density of discrete emissions which are independent of carrier
frequency.

3.22 Distribution of wide-band noise relative to carrier
Statistical description of spectral power density given relative to the carrier frequency

3.23 Manufacturing tolerance modelling
Statistical description of variation in difference between the specified limit level and the
emission levels.

4.1 Environment
The type of environment, e.g. urban, suburban or rural case

4.2 Slow fading distribution
Statistical description of the slow variations in a signal envelope.

4.3 Clutter loss
Additional attenuation due to indoor propagation

4.4 Path loss
Mathematical description of the propagation loss between transmitter and receiving ends.
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ANNEX B
Event Generation Engine

Introduction
In this annex we describe how to construct signals that are used in the interfering scenarios: the

desred signal and the interfering signals due to unwanted emission, blocking and
intermodulation. The calculated signals are the stored in an array which serves as input to the
DEE as shown in Figure B.1.

A

PRI

dRSS

N

11RSS
1,RSS

InRSS

N - array vectors
dRSS & iiRSS

Fig. B.1. General flowchart of the EGE

Inputs:

The input parameters are defined in Annex A.

They have been defined using the following rules.L

- acapital letter is used for a distribution function,

- asmall letter isavariable (result of a calculation or atrial),

- the index refers to a “player”: wanted transmitter, victim receiver, wanted receiver and
interfering transmitter. The different players are shown in Figure B.2:
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Figure B.2. Different players participating in the EGE.

Parameters for the wanted transmitter:

pe = maximum power level distribution

Oon = maximum antenna gain

pattern,, = normalised antenna pattern within operating bandwidth
(supplied as a function or alook-up table)

H o = antenna height distribution

R = radius of the wanted transmitter coverage

Parameters for the victim receiver:

c/l = protection ratio

g = maximum antenna gain

pattern, = normalised antenna pattern within operating bandwidth
(supplied as a function or alook-up table)

H, = antenna height distribution

block = receiver frequency response
intermod = receiver intermodulation response
f, = frequency

aur = attenuation of victim receiver
sens,, = sengitivity of victim receiver

dRSSx = maximum received signal at the receiver input

Page 18
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b = bandwidth of victim receiver
Parameters for the interfering transmitter:
PP = maximum power level distribution
pc,-"™ = power control threshold
pc~® = power control dynamic range
pc;~® = power control step range
g = maximum antenna gain
R = radius of the interfering transmitter coverage
Ramy = radius of the area where interferers are spread
pattern , = normalised antenna pattern function of frequency
(supplied as a function or alook-up table)
H, = antenna height distribution
spur = unwanted emissions
spur, = unwanted emissions floor (unwanted emissions which would be emitted with the
lowest possible power of the transmitter)
f, = frequency
dens,, = density
P, = probability of transmission
temp,, = normalised temporal activity variation function of time of the day
Parameters for the wanted receiver of the interfering system:
(o Wint = maximum antenna gain
patterr), = normalised antenna pattern within operating bandwidth
(supplied as a function or alook-up table)
H,, = antenna height distribution
sens,, = dynamic sensitivity of wanted receiver, taking into account margin for fast-fading

and intra-system interference.

Environmenta and Propagation Parameters:

ropag = propagation law (median loss + variation) (given in annex B.a)
f redian = propagation law (median loss only) (given in annex B.a)

env = environment type (indoor/outdoor, urban/suburban/open area)
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additional information on environment type are necessary for indoor/indoor and
indoor/outdoor propagation models and are described in details in annex B.a.

Outputs:

dRSS = desired Received Signal Strength (in dBm)

iRss , = interfering Received Signal Strength due to unwanted emissions (in dBm)
iRSS = interfering Received Signal Strength due to blocking (in dBm)

IRSS,,omea = INterfering Received Signal Strength due to intermodulation (in dBm)
Calculation:

In this section,

- T represents atria from a given distribution (algorithm described in annex B.d).
- Distributions U (0,1), G(o) and R(c ) are defined in annex B.c.
- Flow charts of dRSS and iRSS calculation are given respectively in annexes B.e, B.f and B.h.

a) dRSS calculation:

Case of variable distance;

supplied

dRSS = f(Py™™ G v Pl v Qo) = Po e G0 o (F,) =Pl o (F,) +0, (f,)

if the received signal can not exceed a given value (i.e. if depending on the power control
implemented in the victim system) :

dRSS = min(dRSS,dRSS,,,, ) using dRSS as calculated before

where
o p™ = maximum power supplied to the wanted transmitter antenna

p;:pplied - T( P;:pplied)

pl...» = path loss between the wanted transmitter and the victim receiver (propagation loss,

slow fading and clutter losses taken into account ). Depending on whether the criteria
of interference will apply to the instantaneous dRSS (rayleigh fading excluded) or to
the mean dRSS :

plwt ovr — fpropag (fvr ' hvr ' hwt 1dthvr ,env)

or
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pl\NtHvr = fmedian(fvr ’h\/r’hwt’dthw ,enV)

where
h,, = victim receiver antenna height
hvr = T ( H vr )

€ g h, = T(UH" h™)) =h" + (hy™ - hi") x T(U(0,1)
h,. = wanted transmitter antenna height
h, = T(H,)

e.g. h, = T(U(hL" N ))=hy" + (hy™ - hy") x T(U(0,1))

d, ., = distance between the victim receiver and the wanted transmitter.

du.w =T(R%) (eg. d, ., =R%JTUO)

Three different choices for R are considered:

max

1) Given distance R "

2) Noise limited network
R™ isdetermined by the following equation :
fmedian(fvr 1hwt 1hvr ’ Rr?ax ,enV)+ fslowfading (X %) = P\Asltup pled + gmn;ax + gvanX - Ser]S\/r
foeian = Propagation loss not including slow fading

f gowtacing ( X %) = fading margin to be used for 1-X% coverage loss

In the case of lognormal fading and a 95% coverage loss at the edge of the
coverage, for large distances, the value fyowading 1S the well known 1.64 times the
standard deviation of the propagation loss.

3) Traffic limited network

R wt r]channels X nusersperchannel
e T densmax X C|USterfrequency

* g,., = Wanted transmitter antennagain in the victim receiver direction.

Oy . = f(gl ", pattern ) =g, X pattern (0, .. @, . f,)
where
(B v 9w ) = aimuth and elevation angles between the top of the wanted
transmitter antenna and the top of the victim receiver antenna
eg.:

6, ., =T(U(0,2m)) =21 x T(U(0,1)

bue =TES S rT00) -5



9 ~
gi?C = fpc(pi?up plied

O, .. = Victimreceiver antennagain in the wanted transmitter direction

gvrﬂwt = f (g\;?ax1 patternvr) = g\;?ax X patternvr (thavr +7T1 _¢wtﬂvr ' fvr)

Case of fixed distances:
promr = nominal power distribution
f

aing . s — 1ading distribution

dR$ = f (P\Azominal 4 ffading, fixed link ) :T(P\Ar:tominal

)~ T( ffading, fixed link )

b) irSS,,, calculation:

Ninterferers

iR$nlock = Z f(Pitsupp“ed 1girc1gitﬂvr1plit&.vmavr!gvrﬂit)i

n,

interferers

=10log Z 10 /10

where thei-th interferer signal is given by

iblockI E(RtsuppliEd +girc +gitﬂvr(fit) - plitHvr _avr "'gvrﬂit(fit))i

where for each interferer:

f, = interferer transmitting frequency
fe =T(f)
supplied

it

pi?upplied - T( Pisupplied )

t

"¢ = power control gain for the interfering transmitter

t_hold dyc_rg st rg
it ur s Pl Gur it PO, pE™%, pei =)
where

f . = power control function (given in annex B.b)

ERC REPORT 68
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= maximum power supplied to the interfering transmitter antenna (before power
control)

pl. .. = path loss between the interfering transmitter and the wanted receiver
(propagation loss, slow fading and clutter losses taken into account).
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Depending on the power control implementation, this can be either mean
path loss or instantaneous path loss (rayleigh fading excluded)

pliter = fpropag(fit 1hwr 1hit 1ditﬁwr ,enV) + fclutter (enV)
or

Pl = Frgan (Fics P s G e €V) + e (EN0V)

where
h,, = antennaheight of wanted receiver
h, =T(h,)

eg h, = T(u (hgm,hm“ﬁ)) =hp" +(h™ -hp") xT(U (01)
h, = interfering transmitter antenna height

h, = T(H;)
&g h, = TUCH™ H™)) = h™ + (™ -~ H™)x T(U(O.1)

d,_,, = distance between the interfering transmitter and the wanted receiver
dic . r =T(R,‘£ax) (eg: d,.., =R JTUL0D)

Three different choicesfor R are considered:

1) Given distanceR "
2) Noise limited network
R"  isdetermined by the following equation :
fmedian(fw N,hy R 1enV)+ f yontacing (X%)=RP™ + g™ + g™ ~ sens™
foeian = Propagation loss not including slow fading

f yontacing (X %) = fading margin to be used for 1-X% coverage loss

In the case of lognormal fading and a 95% coverage loss a the edge of the
coverage, for large distances, the value is the well known 1.64 times the standard
deviation of the propagation loss.

3) Traffic limited network

R it — r]channels X r]ust—:-rsperch::mnel
e T densmax X C|USterfrequency

g,_., = interfering transmitter antenna gain in the direction of the closest base
station.

G = (97, pattern, ) = g™ x pattern (8w 61 ur» fic)

where
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(6x we @) = azimuth and elevation angles between the top of the
interfering transmitter antenna and the top of the wanted
receiver antenna.

eg.

0w =T(U(0.2m) =2xT(U(0))

o =TDES JHEmT008) -5

0. . = base station antenna gain in the interfering transmitter direction

max

Our it = f(gmﬁl‘rw1 patternwr) =g, X pattern,, (Qitﬁwr T, fit)

* pl,., = pathlossbetween the interfering transmitter i and the victim receiver (propagation
loss, slow fading and clutter losses taken into account)

pI ite vr - fpropag (fit ’hvr ’hit ’dita vr ,enV) + fc (enV)Or

lutter

plit, v = fmean (fit,hv , hit, dit_ v ,env) + fduter (env)
The choice between fiean and fopag Would depend on the criteria of interference, and is closely
related to the choice made for assessment of dRSS, e.g. whether |CE will evaluate :
ARSS e . ARSSpropag . ARSS e
iIRSSyen IR propag 1RSSiopmg

propag

where

h, = victim receiver antenna height (defined in the dRSS calculation)
h,, = interfering transmitter antenna height (defined previously)

d, ., = distance between the victim receiver and the interfering transmitter
Two different waysto choose d, -

1) The most common case is when there is no spatial correlation between the
elements of the victim system and the elements of the interfering system.

Thend,  isaresult of atria:

Gy = Ramiy T(U(02))

R,,, = radius of the area where interferers are spread

active
n

Ramu = W

where
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n™"e= number of active interferers considered inthe simulation.

n*" should be sufficiently large so that the n+1l interferer
would bring a negligible additional interfering power.
dens ™" = dens, x p; x tep,, (time)

2) This case dedls with the situation where the victim system and the interfering
system are geographically correlated (e.g. co-located base stations).

This correlation is assumed to be only between one element (victim or wanted
transmitter) of the victim system and one element (interferer or wanted receiver) of
the interfering system.

A trial (if the distance is not fixed) of the distances and angles between the two
correlated elements is made (eg. d, _,.Ouw..)- The knowledge of

it owr A w0, .6y €ndbles to derive the missing coordinates (e.g.
ditﬁw’eitﬁvr)
s
dvvr ot vah_,wr dvr oWt
ewrﬁit eerWt

itovr

B .

Fig. B.3. Interfering scenario with a geographical correlation between
the victim and the interfering systems

* g, ,(f,) =interfering transmitter antenna gain in the victim receiver direction.
gita vr( fit) = (guTaX ' pattern it) = glrtnax x pattern it (eita vr’¢ita vr? fit)
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where
(6, . 9. ) = aimuth and elevation angles between the top of the closest

interfering transmitter antenna and the top of the victim receiver
antenna
eg.

8w = T(U(0,2m)) = 2m x T(U(0,1))

0w =THEZ i T003) -

* a,(f; f,) = attenuation of the victim receiver
Three possible ways are considered for calculating this attenuation:
1) a, isgiven by the user

2) blocking is given in terms of blocking attenuation or protection ratio. For a wanted
signal 3 dB above the sensitivity, the attenuation a, can be derived from the following
equation (see annex B.g) :

C C
a, = fEW,blockanﬁ=3+ o+ block (i )

3) blocking is given in terms of absolute level of blocking.
C C
a, :f@—,blocka @: block,(f, , f,, ) - sens,
N +1 SHTN SUBE >

Two cases are envisaged:

1) block is a mask which is a function of A, =(f; - f,). It is introduced to enable
calculations of interference between systems in adjacent band.

2) block isafixed value (e.g. 80 dBm). It is used to derive generic limits.

* g, .(f,) =victimreceiver antennagain in the interfering transmitter direction
gvrﬂit (fit) =f (g\;Tr]ax ' patternvr) = g\;?ax X patternvr (eitﬂvr + T, _¢itavr ' fit)

C) iRss,, calculation:

IRﬁaur = f(spung’tm!gtﬂvr! plit&.vwg\/rﬂit)

ninterferers R

=10log Z 10 /%

where thei-th interferer signal is defined as
ispuri = (Spur(fiﬂ fvr )+ gitﬂvr (fvr )_ plitﬁvr (fvr )+ gvrﬂit (fvr ))|

o f, =interferer transmitting frequency (defined in section b)
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* spur (fm f, ,gpc) = unwanted emission by the interfering transmitter

Two cases are envisaged :

1) spur is a mask which is a function of A, = (fit - fw). It is introduced to enable
calculations of interference between systems in adjacent band.

2) spur isafixed value (e.g. -36 dBm). It is used to derive generic limits.

spur (fit i gpc) generally depends on the effect of the power control. Either :

Spur (fit ’ fvr 1gpc): max(spuro(fit ’ fvr )1 Spur (fit ’ fvr ) - gpc)
or
spur(fit, fr ,gpc) is defined as a function of A, = (fit - fw) for each possible steps of the

power control.

* g, = power control gain for the interfering transmitter (defined in section b)

* pl,., = pah loss between the interfering transmitter and the victim receiver (propagation
loss, slow fading and clutter losses taken into account)
pI it - vr - fpropag (fvr ’hvr ! hit’ dit o vr ,enV) + fcluller (enV)

where
h, = victim receiver antenna height (defined in dRSS calculation)

h, = interfering transmitter antenna height (defined in section b)

= distance between the victim receiver and the interfering transmitter
(defined in section b)

d

it e vr

* g,.,(f,) =interfering transmitter antenna gain in the victim receiver direction.

G-y (fo) = (g™ pattern, ) = g™ * pattern, (6, .9, ... f,)
where
By v ®i ) = azimuth and elevation angles between the top of the closest

interfering transmitter antenna and the top of the victim receiver
antenna (defined in section b)

* g,.,(f,) =victimreceiver antenna gain in the interfering transmitter direction
gvrait (fvr) = f (gvr?ax1 patternvr) = gvr?ax X patternvr (eitﬂvr +, _¢itavr ! fit)
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d) iRSS, .4 Calculation:

IRSS e = f(pl?,ilr()p“ed1gi?,ck1git,kﬂvr1 plit,kavmgvrﬂit,k!%nS/r1interrrnd) withk =i, ]

:lolog(Z 10" Snems 110
1=1 j=

NE-

where
I | RSSiema = iNtermodulation product of third order at the frequency f,

I | RS iama = 2RSS, +1;RSS,, —3intermod -3sens, —9dB
The interferer i transmits at the frequency f,; = f, and the interferer j at
the frequency f,; (seesectionb), which defines Af = f, ; - f, and yields
f, = f, —AF =21, —f,; . Assuming an ideal filter (roll off factor O) the
intermodulation product has to be considered only for the bandwidth b
f,-b/l2<f,<f,+b/2 .

For all other cases the intermodulation product can be neglected.
i RSS, =received power in the victim receiver dueto interferer k=i at f, or

orinterferer k=j at f,; .

I\RSS, = pustl,JEp“ed + 00k TGk ~Plikew FO itk
The various parameters are defined in the previous sections a)-c). For the
computation of i; RSS,, the same algorithms as given in Sub-annex B.f can
be used because i;RSS,, correspondsto i;RSS, ., +a,(f,, f,) -
* intermod = receiver intermodulation response for a wanted signal 3 dB above the
sensitivity
2 cases are envisaged:
1) intermod is given by the user, e.g. typical values are 70 dB for base
station equipment and 65 dB for mobile and handportable equipment.
It is used to derive generic limits.
2) intermod(Af) is measured as afunction of Af referedto f,
(see annex B.i)
* SEns, = sengitivity of victim receiver
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Sub-annex B.a (Reference [3])

Propagation model

A number of propagation models are provided in the tool. They are depending on the
environment chosen for the scenarios :

- general environment : open area, suburban or urban area,
- environment for the interferers : indoor or outdoor,
- environment for the victim receiver : indoor or outdoor.

The domain of validity for the modelsis described in the table below :

Below 30 MHz No model available.

Curves of Rec. ITU-R P368 is suited for high
power transmitters and large distances and is
therefore not adapted to interference calculations.

Between 30 MHz and 3 GHz |Modified Hata model available for outdoor-
outdoor path loss caculations. Care should be
taken when propagation distances are expected to
be above 20 km.

Indoor-indoor and indoor-outdoor models aso
suitable.

Above 3 GHz Modified Hata model not advised.

Spherical diffraction model is suitable for open
area environment. No model available for
suburban and urban environment.

Indoor-indoor and indoor-outdoor models also
suitable.

To improve the flexibility of the tool, a "generic’ model (L=A + Blog(d) + Cd) both for the
wanted signal path and the interfering path can also be entered by the user. The user of the tool
IS then to enter the parameters A, B, C of the median attenuation formula and the distribution
of the variation in path loss Dv. As a default distribution, a lognormal distribution is to be
proposed with a standard deviation to be entered by the user. Then we have :

foropag(d) = L + T(Dv)

Also, more elaborate models can be implemented by the user using a simple script.

B.a.1l. Modified Hata model

f ,h,h,,d,env) =L+T(G(0))

propag ( f
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= median propagation loss (dB)

= deviation of the dow fading distribution

= frequency (MHz)

min(h,,h,)

max(h,,h, )

distance (km), preferably less than 100 km.

env = (outdoor/outdoor), (rural, urban or suburban), (propagation above or
below roof)

3

Q.II—hql_
1

If Hy, and/or H, are below 1 m, a value of 1 m should be used instead. Antenna heights above

200 m might also lead to significative errors.
Propagation below roof means that both H, and H,, are above the height of roofs. Propagation

Is above roof in other cases (H, above the height of roofs).
Calculation of the median path lossL :

Casel:.d<40m
L = 32.4 + 20log( f) +10|og[o|2 +(H, —Hm)z/loe]

Case 2-d =100m
a(H,,) = (Llog(f) -0.7) tmin{10;H .} - (156log(f) - 08) +max{0;20l0g (H,, /10}

b(H,) = min{0;20l0g(H, /30}

=1 d < 20km

@=L =1+ (014 +187x10™* 3 dyos
gw— (O. x10™ xf +107x10 Hb)(|0g2_0) 20km < d < 100 km

Subcase 1: Urban

e 30MHz<f <150 MHz

L = 69.6 +26.2l0g(150) —2010g(150/f)
~1382log(max{30;H,} ) +a.[44.9 ~6.55log(max{30; H,} )| log(d)
—a(H,,) —b(H,)

* 150 MHz < f <1500 MHz

L =69.6 +26.2log(f)
~1382log(max{30;H.} ) + a.[44.9 ~6.55log(max{30; H,} )| log()
—a(H,,) —b(H,)



ERC REPORT 68
Page 31

* 1500 MHz < f <2000 MHz
L = 463 +33.9log(f)

~1382log(max{30:H, }) + a.[44.9 ~6.55log(max{30; H, } )| log(d)
—a(H,) -b(H,)

e 2000 MHz < f < 3000 MHz

L = 463 +33.9109(2000) +10log(f / 2000)
~1382log(max{30:H, }) + a[44.9 ~6.55log(max{30; H, } )| logd)
—a(H,,) -=b(H,)

Subcase 2 : Suburban

L = L(urban)
2 [{mg[(mi n{ max{150; f} :2004 ) / 28]} " 54

L = L(urban)

-4.78 E{Iog[min{max{lSO ; f} ;2000)}]}2 + 18.330og[min{ max{150; f} ; 2000} |
-40.94

Case3: 40m<d <100m

[log(d) —log(40)]

L = L(40) +
[log(100) — log(40)]

x[L(100) — L(40)]

When L is below the free space attenuation for the same distance, the free space attenuation
should be used instead.

Assessment of the standard deviation for the lognormal distribution

Case l:d < 40m:
og=35

Case2: 40m<d <100m:
(12 - 35)
)]

100 - 40
(17 -3.5)
35+ ——m

100 - 40

x (d - 40) for propagation above roofs,

o=3

x (d - 40) for propagation below roofs,

Case3:100m< d< 200m :
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o = 12 for propagation above roofs,
o = 17 for propagation below roofs

Case 4: 200m<d <600m:

9-12) .
=12 +——"—(d -200) for propagation above roofs,
o (600 200)( ) propag
(9-17) .
o=17+——"(d —200) for propagation below roofs
(600 —200) ( ) propag

Case5: 600m< d:

o=9dB

B.a.2 Spherical diffraction modél

This model is not advised in urban or suburban environment.

Genera explanation on the application of the diffraction models can be found in § 4.3 of Rec.
ITU-R P.452 (452-7 under revision), with the exception that, in absence of terrain database,
the reference to the 8 4.5 in Rec.ITU-R P.526 (last version 526-4 in 1995) isto be replaced by
the referenceto § 3.1.2.

For frequencies under interest (above 3 GHz), the effect of the ground can be neglected in §
3.1.2 of Rec. ITU-R 452-7, so that the inputs for the model are the same as for the modified
hata model.

Theterm A4 in 8 4.3 of Rec. ITU-R P.452 is to be calculated using § 4.2 of Rec. ITU-R P.452
and Rec. ITU-R P.676.

The variation in path loss is explicitely provided in § 4.3 of Rec. ITU-R P.452 in particular
through the variahility of the equivalent earth radius.

B.a.3. Indoor-outdoor propagation model

Case 1 : Use of the modified Hata model for outdoor-outdoor propagation

(f,h,h,.dewv) = L+T(G(0))

f propag
f, hy, hy, and d defined as previously

env = (indoor,outdoor), (Lye = attenuation due to externa walls), (Oaa =
additional standard deviation of the signal )
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M edian attenuation L :

L (indoor-outdoor) = Lnga(0outdoor-outdoor) + L e

Lwe = Attenuation due to external wall (default value = 10 dB)

Variation in path loss:

The standard deviation of the lognormal distribution is increased, compared to the outdoor-

outdoor scenario due to additional uncertainty on materials and relative location in the
building.

olindoor — outdoor) = \/ d(outdoor —outdoor)’ +a,,,’

Oaqq IS0 be entered by the user (default value : 5 dB).

Case 2 : Use of the Spherical diffraction modd for the outdoor-outdoor propagation

foropag(iNdoor-outdoor) = fyapag-spherical dir.(OUtdoor-outdoor) + Lye
Lwe = Attenuation due to external wall (default value = 10 dB)
The variation in path loss in this case is already partialy taken into account in the calculation of

the spherical diffraction attenuation. An additional variations is due to the variation in building
meaterials and is to be reflected by an additional lognormal distribution trial using the above

Ozdd-

B.a.4. Indoor-indoor propagation model

The first step is to determine whether the indoor-indoor scenario corresponds to an interferer
and a victim in the same building or not. This is done by the calculation of the variable SB
(Same Building).

Trial of the condition SB (Same Building) :

cael:d<20m:
SB=Yes
cae2:20m<d<50m:
P(SB=Y es) = (50-d)/30

P(SB=No0) = (d-20)/30
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cae3:d>50m

SB =No

If SB =No

If SB

f propag

Case 1 : Use of the modified Hata model for outdoor-outdoor propagation

F g (11,0 env) = L+T(G(0))
f, hy, hy, and d defined as previously

env = (indoor,indoor), (Lye= attenuation due to externa walls),
(0a0g = additional standard deviation of the signal )
M edian attenuation L :
L (indoor-indoor) = Lnaa(outdoor-outdoor) + 2XL e
Lwe = Attenuation due to external wall (default value = 10 dB)
Variation in path loss:
The standard deviation of the lognormal distribution is increased, compared to the

outdoor-outdoor scenario due to additional uncertainty on materials and relative
location in the building.

o(indoor — outdoor) = \/ d(outdoor - outdoor)’ +2.0,,,’

Oaaq IS0 be entered by the user (default value : 5 dB).

Case 2 : Use of the Spherical diffraction mode for the outdoor-outdoor propagation

foropag(iNdOOr-iNdo0r) = fyopag-spherical aifr. (OUtdoOr-outdoor) + 2.Ly,e
Lwe = Attenuation due to external wall (default value = 10 dB)

The variation in path loss in this case is already partialy taken into account in the
calculation of the spherical diffraction attenuation. An additional variationsis due to the
variation in building materials and is to be reflected by an additional lognormal
distribution trial using a standard deviation of +/2 Gagg.

=Yes

(f,h,h,,d,env) = L +T(G(0))
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f, hy, hy, and d defined as previously

env = (indoor,indoor), (o = standard deviation of the signal ), (Lwi, ks, Lt, b,
rooms Nrioor defined below)

d k+2 O

).L, +K, et CHL

L(indoor —indoor) = -27.6 +20log(d) +20.log(f) +fix(

room

K, = fix (M=
floor

L, = loss of wall (default value = 5 dB)

L, =loss between adjacent floor (default value = 18.3 dB)
b = empirical parameter (default value = 0.46)

d = size of the room (default value = 4 m)

h..,, = height of each floor (default value = 3 m)

The lognormal distribution trial is made using a standard deviation entered by the user and
covering the variation in building design, in furniture of the rooms ...
The default valueis o = 10 dB.
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Sub-annex B.b

Power control function

05 = Foo( B G wr s P wr s Gur - PG, PGP, pGi9)

P = power received by the wanted receiver, e.g. closest base station, of the interfering

— _Sup plied _
- Mt +gitawr pliter +gwrait

P= f (pl?Jpp“ed 1gitﬂwr1 pliter 1gwrait)
PP G wr s Our e @d P, ae defined in the iRSS calculation

S|

where p;
section.
Case 1: P < pci-"™:
pifupplied _PC — pifupplied
g; =0
Case (i+1): pc-" + (i-1)Opc-" < P < pci-"™ +i pc "
p:,lpplied _PC - p:,lpplied _ (l _ 1) DpC:_rg
9;" =i ~DLhe "
dyc _rg

wherei is an integer ranging from 1 to n_steps = %
PC ~

t_ hold dyc_rg .

Case (n_steps+2): P = pc, + pc;;

supplied _PC _ supplied dyc_rg
= Py PC;;

Pit
PC — dyc _rg

O



ERC REPORT 68
Page 37

Sub-annex B.c

Distribution definitions

. o M if0<sx<1
e Uniformdistribution: U (0,1 = O .
0 otherwise
Gaussian disribution:  G(0) = 1 exp%— X2 E
aussian distribution: \/510 H 2020
(eigh disribution:  R(0) = expF-—F
Rayleigh distribution: = pD 502l

User defined distribution: The option to include an User-defined distribution in the
tool should be considered.
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Sub-annex B.d

Pseudo-random number_gener ation (References|[3], [4])

* From auniform distribution U (0,1)
u,, = T(U(,1))= %
where
X, = (alXx) (mod m)
a = multiplier e. g. @ =16,807 or 397,204,094 or 950,706,376

m =moduluse. g. m = 2% - 1= 2,147,483,647
X, = Seed, integer variable taking a value between 1 and (m-1)

* From a Gaussian distribution G(o)

-20n(s)

T(6(0)) = v s

where

., (U(0,1))- 1

., (U(0,1))-1

S= Vi + V.

v, and v, aretwo independent random variables (using two different seeds)
uniformly distributed between -1 and +1.

2
2

H.
while s> 1, do [V,
&

* From aRayleigh distribution R(o)

T(R(0)) = \/ (vf +v§) 720n(s) msn )
where
O, = 2 J,.,(U(0)) -1
while s 21, 0o [, = 2[T,,(U(03)) -1
E S=V +V)
v, and v, aretwo independent random variables (using two different seeds)
uniformly distributed between -1 and +1.

* From any type of distribution with a given cumulative distribution function, cdf
T(distribution) = cdf ™*(p)
where

p=TU(OD)
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Sub annex B.e

Start

dRSS calculation flow chart

dRSS yes

given distribution 2

no

dye s
fixed vaV

YES

' i iven wanted signal

Ca|CU|aIiI0n of R wt nominal
max dRSS = py, I _T(ffading,fixedlink)

Trial of relevant victim parameters :
h h 9 ¢ supplied d

vr? i vt Ywt o vr? Wt«—»VI”pWI 1wt vr

Cdculationof g, _,,,0,,

—-wt

Calculation of pl,, .,

Calc_:ulation of dRSS :
dRSS = p2*P*d + g +0, w — Pl

wt

dRSS Goto ICE
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IRSS due to unwanted and blocking calculation

Calculation of Rymy,
|
Interfereri=1:n
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N B o piUp plied 4

Trial of relevant interferer parameters :

Cdc

ulation of Ry

i I Mt o vr
Power ves
Control ? 1_
Cadlculation of :
no Ri'[
I
Tria of :
gpc :0 hwwgitawr’gwrait’thwr
it |
Cadlculation of :
plitewr!giFtJc

Calculation of :
gitavr (fit )1git -Vr (fvr )1gvr it (fit )1gvr it (fvr )1 plit - Vr (fit )1 plit o Vr (fvr)

I|RSS block

Cadlculation of :

= pstupp”ed Rl TR (fit) + gvrait(fit) +gi|:C - plitHvr (fit) -a, (fit 1fvr )

I|RSS spur = gitavr (fvr ) + g\/rait(fvr ) + gifc - plitHvr (fvr ) +Spur(fit 1fvr )

A 4

Cadlculation of intermodulation
products i; ; RSS, g

(see Sub-annex B.h)

A4

IRSS, 4 =10 Iog(Z 10" RSea/10)

iRSS,,, =10log( Z 10" 110

NE-

i R$ntermod = 10 | Og( Z 10iivj RSSerma /10)
=1 j=
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Sub-annex B.g

Receiver Blocking

1. Basic concept

The receiver is capturing some unwanted signal because itsfilter is not ideal.

Receiver filter — )
/ Ideal transmitter

¥

Assumption
Protection ratio
Real
X
\Q\
/ .
Noise floor A / |

_ Frequency
Unwanted signal captured

Figure 1. Basic concept

Definition: Blocking is a measure of the capability of the receiver to receive a
modulated wanted input signal in the presence of an unwanted input signal on
frequencies other than those of the spurious responses or the adjacent channels,
without these unwanted input signals causing a degradation of the performance of the
receiver beyond a specified limit (Document I-ETS 300 113:1992).

2. Blocking level measurements

- Adjust the desired signal at the BER limit level,

- Increase this desired signal by 3 dB and add the interfering signal which is increased
until the same BER is obtained,

- Theratio (int. signal / des. signd) is the value of the Receiver blocking.

Attenuater

"‘ Des. signal
Lo—TF1Q

BER Interf. signal

Figure 2. Measurement procedure.
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3. Attenuation of thereceiver

During the measurement procedure, the three following equations are valid:
Noise Floor + Protection ratio + 3 dB = Desired Signal Level,

Desired Signal Level + Blocking = Interfering Signal Level,

Interfering Signal Level - Attenuation = Noise Floor,

Hence,
Attenuation = 3 dB + Protection ratio +
Blocking
A A
Receiver Blocking
Attenuation (dB)
(dB)
3dB A Interfering
Desired Signal
Received Signal Level
signal Level (dBm)
A% (dBm)
Sensittivity
(dBjm)
__/ \\_
Noise floor \ v |
(dBm) Frequency
Figure 3.
Receiver mask 0dB
Receiver
A . Attenuation
ssumption (dB)
Real
\;.ﬁ/
|
Frequency

Figure 4. Receiver mask.
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Sub-annex B.h

IRSS due to inter modulation

Thisflow chart is part of the flow chart given in Sub-annex B.f.

|

Interfereri=1:n

l

o Interfererj=1:n i#j

Frequencies f;, j

no

f -b/2
<f,<f, +b/2

Yes

Stored values for relevant interferer parameters
ht,k’eit,kH vr? H?Ep“ed1dit,kH vr
and calculated ones
gt,ka vr ( fit,k)’ gvr - it,k( fit,k)! plit,k oW ( fit,k)! gfi
with k=i,j (see also Sub-annex B.f)

A4

Calculation of
LRSS, =i, RSS, 0 +avr(fit,k1 f,) withk=i,

Y Y

Cdlculation of
i i RS emod = 2RSS, +i;RSS,, —3intermod —3sens, -9dB I | RSSemoa = = @

A
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Sub-annex B.i

I nter modulation in the Recelver

The main contribution to Intermodulation Interference originates from interfering
signals in neighbouring channels due to the frequency selectivity of the antennas and

the receiver equipment. We consider a service with a desired signal at frequency fo, a
channel separation Af and interfering signals Ej; and Ejo at frequencies fg+nAf and
fot+2nAf, respectively. The receiver nonlinearities produce an intermodulation product
Eijf of third order at the frequency

fo=2(f, +naf) - (f, +2naf) n=z1+2,.. @)

(seeFig. 1).
Fig. 1

fo
fytnAf
f0+2nAf
n==I,%2, ...

The signal strength E;s of the intermodulation product is given by
E.=k E.E.. 2

with some constant k to be determined. For signal levels (measured in dB) the eq. (2)
reads

Lif:2Li1+Li2+20|ng . (©)

The constant 20log k in eq. (3) can be found from the measurement procedure which is
described in the ETSI standard ETS 300-113, clause 8.8. The method is similar to the
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contribution in annex B.g for blocking interference.
ETS 300-113 defines via the intermodulation response Ly the interfering signal levels

Lij1 = Lj2 at which bit errors due to intermodulation just start to be recorded (see
Fig. 2) .

Fig. 2

_____ e [

receiver sensitivity

Lsens

desired received

signal level \

\

noise floor fo fytnAf  fy+2nAf

Thismeans, for Lj; and Lj2 asin Fig. 2, we have an intermodulation product Ljs just at
the noise floor (0 dB). Introducing Lj1 and Lj2 from Fig. 2 into eg. (3) we obtain

0=2(L,, +3dB + Ly) +(Luw +30dB +[ ) +20l0gk (4)
With the value of k from eqg. (4), the eg. (3) becomes

Lif = 2Lil + Li2 _3Lim _3Lsens ~9dB . )
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Sub-annex B.j
I nfluence of different bandwidths

a) Wanted Path

The wanted transmitter transmitsits power p,, (dBm) at the frequency f,, within agiven bandwidth b, .
This bandwidth is also used for the determination of the intermodulation products (see Sub-annex B.h).

b) Interfering Transmitter

For the interfering transmitter, an unwanted transmission mask p,,; asfunction of Af = f — f. should be
defined as maximum power levels p,, (Af) in reference bandwidth b, (Af) as specified by the user.

The interfering transmitter power p, (dBm) at f,, isused for evaluating the link budget with the wanted
receiver (i.e. power control).

If no mask is defined, the unwanted emission bandwidth b;; should be defined and the transmitted power
should be assumed to spread uniformly over b, with no emission outside b, .

Note : This approach provides a clear splitting between the case where no mask is needed (i.e. co-
channel) and the case where a mask is given, which assumes that the mask is also specified within the
transmitter bandwidth (no systematic assumption can be done here since we need to envisage non-flat
spectrum). b, isnot used by the tool in the case of the user-defined mask.
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c) Determination of interfering power

Unwanted

. Victim R iver
Transmission Mask ct eceive

>

T~

\

fur- fi+ /2

Af
fi- by/2 = i

fvr -

Fig.1: Principle of determination of interfering power

The Figure shows the principle of the determination of the interfering power spur(f,, f,).If f, =1,

then the interfering frequencies falls exactly in the receiving band of the victim receiver (co-channel
interference).

For simplification within the algorithms the mask function p,,; isnormalised to 1 Hz reference
bandwidth:

b
- =p,.. (Af)-10log—
Pu = P (AF) 9y

The bandwidth b isthe bandwidth used for deriving p,, . If no mask was provided, b =b, and p.; = p,
(assuming flat spectrum). If amask has been specified, b =b, and p,; = spur(Af) .

Thetotal received interfering power spurtot can easily calculated by integration over the receiver
bandwidth froma=f, -f,-b,/ tob=f, —f +b, /2

P 0
spurtot = 10Iogg 107 (p,, (Af)/10) dAf O
[
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with p, denoting the normalised mask in dBm/Hz. Using 1 Hz reference bandwidth the integral can be
replaced by a summation

b
spurtot = 10Iog§2 10™(p,, (Af,)/ 10)%
=a |:|

where spurtot isgivenindBm.
d) Conclusion

The interfering power of aradio system having adifferent bandwidth can be estimated by the
aforementioned algorithms. This calculation is only required for the interference due to unwanted
emissions but not for blocking and intermodulation.

The application of this approach requires that the different bandwidths used in the wanted radio path b

vro
the interfering transmitter b, and for reference of the unwanted transmission mask b, are provided viathe
input list.
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ANNEX C

Distribution Evaluation Engine

Flow chart for DEE is shown in Fig. C.1. Fit-of-goodness test is performed using the chi-
sguared algorithm, described in Annex A

The agorithm basically tests if a random sample of observations conform to a pre-specified
cumulative distribution. The pre-defined distribution can be continuous, discrete or hybrid.
Thus, chi-squared method is very versatile and single agorithm is proposed for use within
DEE for testing all possible types of probability distribution functions.

An array of samples on RSS random variable is passed to DEE. Firstly DEE test if the array
length, N (number of samples), is long enough to produce a stable distribution. This is
accomplished by using N-dN samples to establish an initial discrete distribution function and
calculate the corresponding cumulative distribution function (cdf). This cdf is then used as a
reference in the chi-squared test performed now on the complete population of N samples.
Should the test show that two discrete distribution differs more than an acceptable and
prespecified value, a message is send back to EGE to generate some extra samples. On
contrary, if the chi-squared criteria is satisfied DEE proceed with testing whether or not a
continuous probability density function can be used.

The flow-chart in Fig.C.1, as an example, shows Gaussian distribution test. The chi-squared
algorithm is equally applicable to any other continuous distribution that might be representative
of RSS random variable. A continuous distribution function enables a closed form expression
for probability calculation in ICE what in return warrants a numerically efficient calculation. If
no continuous pdf fits the sample population with the adequate accuracy, discrete pdf
representation and numerical probability calculation is the only way forward.

The flow chart in Fig.C.2 presents one of many different possibilities to form the discrete pdf
for arandom variable.

Notation used:

<RSS> - random variable population

N - sample population size

I - counter internal to result stability testing

dN - portion of population size (e.g. dN=0.1N)

Y - chi-squared test criteria (see Annex C.a)

Xia -quantil e - referencelevel for chi-squared test
n - total sample counter

<C> - discrete cdf coefficient array



Fig.C.1. DEE agorithm- flow chart representation

Distribution Evaluation Engine

array vectors:

N - array vectors
dRSS/IRSS
- array under test

=1

Take N-dN samples

Goto EGE

Do additional trias

TakeN
samples
| Sorting
I=1+1
YES
=27
H0:<C >I:1 I 2 ' Xlz—a
chi-square test
YES
> Xi-a

Calculation of the corrdation factor for each couple of iRSS and each
couple of IRSSYdRSS :

rll (X, —E(X))Y, —E(Y))
P VE((X —E(X))E((Y -E(Y))?)
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YEs
If for one of the couple dRSYIRSS:
4>
no yes
dRSS and iRSS not If for one of theco>uple|iRSS/|,-RSS:
Vectors |p| €
Part 2 for dRSS and

iRSS

GotolICE:
dRSS and all iRSS are
VEctors

dRSS not a vector
al iRSS are vectors

Part 2 for dRSS only




Fig. C.2.

Part 2 of DEE :
dRSS and/or iRSS

Calculation of distribution
parameters:
E(X) and E((X-E(X))?)

Xl—a

chi-sguare test

ERC REPORT 68
Page 52

GotoICE
with Gaussian
distribution

GotoICE
with discrete
distribution
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Sub-annex C.a

Chi-Squar ed Goodness-of-Fit Test
The chi-squared goodness-of-fit test is one the oldest and best known statistical tests.

Lets assume X,,X,,...,X, be a sample set drawn from a population with unknown
cumulative distribution function (cdf) F (x). Chi-squared test is based on testing the null
hypothesis

Hy:F (X) = F,(x) for all x
against the alternative

H,:F (x) # F,(x) for some x
Assume that N observations are grouped into K mutually exclusive categories. Lets denote by
N, the observed number of trialsin jth category (j =1,2,...,K). In addition, denote N the

number of trials expected to fall into j th category according to the known cdf F(x).

The actua test employs the following criteria:

YZ ZN—N

which tends to be small when H, is true and large when H, is false. The Y is also random
variable which obeys chi-square distribution for large N.

In practice, for the hypothesis H, to prevail we expect

P(Y>X.) =0

where g is the significant level, say 0.05 or 0.1; the quantile x”  corresponds to probability
of 1—a isgiven in the tables for chi-squared distribution.( see Table 1)

The chi-squared goodness-of-fit test is equally applicable to discrete and continuous
probability density functions.

Table 1. Quantile x?  for chi-squared distribution

1-a 10975 |095 |0.90 |0.75
K
10 325 394 |486 |[6.74
20 959 [10.85 |12.44 [1545
30 16.79 [18.49 |[20.60 |24.48
40 24.43 |68.51 |29.05 |33.66
50 32.36 |34.76 |37.69 [42.94
60 40.48 |43.19 [46.46 |52.29
70 48.76 |51.74 |55.33 |61.70
80 57.15 |60.39 |64.28 [71.14
90 65.65 [69.13 | 73.29 |80.62
100 74.22 | 77.93 |82.36 [90.13
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ANNEX D

INTERFERENCE CALCULATION ENGINE

The ICE has two different functions;

* Process different interfering signals in order to calculate the probability for interference. Three
type of interfering signals are considered: spurious emission, out-of-band emission, blocking and
intermodulation.

* Derive generic limits. The output of the ICE is then a multi-dimensional surface giving the
probability of interference versus the radio parameters. The genera ICE flow chart is shown in Fig.
D.1.

The interfering signal distributions are calculated with respect to reference levels or functions of
unwanted (emission mask), blocking (receiver mask) or intermodulation attenuation. The translation
law for the cdf from reference refi.ini; to reference ref; is given by the following formula:

Ol ; i=spur
P(iRSS (ref ) < X) = P(iRSS (ref, ) < X —t(ref, —ref, ) —H-1 ;i =block (D1)
H—S , 1 =intermod

The complete and quick (approximate) flow charts for the ICE are shown in Figs. D.2 and D.3
respectively. For sake of simplicity, the case of t=1 (eg. (D1), spurius case) appears in flowchats D.2
and D.3.

Quick calculation algorithm :
In the ICE quick calculation algorithm we make the following two assumptions:
1) The i{RSS are independent variables, where the index 'i' corresponds to the i-th type of
interfering scenario.
2) One of the iRSS is dominant with respect to all the other interfering signals.
The overall probability Pp for not being interfered by the composite interfering signal reads
Py = P(dRSS/iRSS posic >C/1 | dRSS >sens, ) (D2)

Using the second assumption, we can approximate (D2) by the following equation :

P, =P RS, E|dRSS > sens (D3)
JBRss™|

and since the i;RSS are independent variables, we can write (D3) as

& RSS _C -
PD~DPE?FTSS> I|dRSS>sensE—|:1|Pi(C/I) (D4)
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For each interfering scenario corresponds a set of references, refi, e.g. spur, a,, etc. The user can
choose the set of references that will be used in the calculation of Pp. We incorporate ref;in (D4) and
get the following approximation :

n

Po =[] R(C/1.ref,) (D5)

which is used in the quick calculation algorithm. It can be easily shown that 1-P, gives the
probability of being disturbed by at least one of the n interferers.

Complete | CE flow chart :

Three cases are considered:

1) The desired and/or the interfering signals are correlated. In this case the probability Pp is
calculated by processing directly the data vectors. For each interfering scenario, the interfering signals
of al interferers are summed up to get iIRSScomposie- Then, from the two vectors dRSS and

P, = P(dRSS/iRSS

composite

>C/1 | dRSS > sens) (D6)

by summing up all the terms satisfying dRSS>sens. Similarly to the quick calculation case, when we
sum up elements form the data vectors to calculate (D5), we should update the data so that it

corresponds to a desired set of references.

2) All signals are uncorrelated and their distributions (calculated by the DEE) are given in closed
form. First, the cumulative distribution function of the composite interfering signal is calculated by
integrating the i;RSS distribution functions. Note that the ref; cause linear shifts of the i.RSS

distributions with respect to one another. In the calculation of i,RSS the iRSS distributions

composite

should be shifted so that they all refer to the same set of references. Finally, (D5) is calculated by
using the conditional probability formula which integrates the distributions dRSS and i RSScomposite-

3) The third case is similar to the second one, with the exception that the iIRSSomposite distribution

function is determined by the MC technique.
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Fig. D.1. General |CE flow chart

dRSS Note-1: thisloop is repeated
i,RSS for each value of
_ spur, block and intermod
1,RSS in order to an get N-dimensional
curve.
i RSS
| >

Shift the reference Probability

distributions calculation

(spur, block, intermod) (Fig. D.2)

A

(note-1)

YEs

Derive generic

limits ? End of ICE

The flow chart in figure D.1 is describing the logical process of ICE, which is well suited in the case
of the full integration for the calculation of IRSScompoeste (Se€ flow chart D.2). However, in the case of
input vector data or Monte Carlo sampling process, the calculation of the summation of vectors for
determining iRSScompeste @nd the trials of iiRSS (respectively), which are time and ressource

consuming, can be made only once as shown in figure D.2.
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dRSS
iiRSS(refmit)
Fig. D.2. ICE flow chart i,RSS(réfinit)
inRSS(refmit)
yes Go to
Quick Calculation Flow
Chart
€s
y IRSS vectors ?
no
: negrtiono 1 to rumber 5
iRsscomposite = Z (IIRSS) (nOte 1) of S|arnples
1=1 .
Trial of
(note 4) integration 1;RSS
i,RSS
RS, el > e | 16, ref,) = | in|$5§
[ [.RES(ref, 1, = ref, +ref, )., RS, ., T, +ref, ,, )., '?stmpm“e("refl’"’ref”) -
- lﬂlng(MAX(D,ID%flﬂ%f ,,,,, —minl%)) Z (IKRSS) + refk _refk—init
(note3) note 3,4)
no .
f .
dRSSvector?’iSé)gggo_ (refy,..ref )——> I
(note ‘é’;p“te Lt < sorting of iIRSScomposite(r€fy,..,ref)
yes v
Probability distributions
v Of iRSS;()mpos'te(ref]_, ey refn)

ref]_:refl_min ref]__max
refZ:refZ'min refz_max

l

refn:refn_min refn_max

Calculation and sorting of:
(| RSScompos' te+Nth)/ | RSScompos' te
or dRSS/IRSScomposite

or dRSY (Nth+| RSSC(JmpOgte)

Cadlculation of :

P((' RSScompos' te+ N th)/ N th>

P((dRSS/iRSS

+o00 c-C/I

[ [dRsS(c).iRss

Sens —o

Calculation of :
composite

composite (I

>C/1)| dRSS > sens) =

).di.dc

(note 2)

+o00

I dRSS(c)dc

( i RSScompos' tet N th)/N th)
P(dRSS/ [ RSScompos' te” C/ I )

P(dRSS/ (Nth‘l'i RSScompos'te)
>C/N+I)
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Note 1: computing time is the criteria to choose between sampling or integrating

Note 2: thisformulais detailed in the document SE21(96)/20 add 1. (dRSS/I) isthe
criteriaused in this example. Other criteria may be used

Note 3: refy,..., ref, are the values of the relevant parameters (spur, a,, ...) for which the

calculation of the probability of interference is needed.

Note 4 : The meaning of this sum is symbolic since the addition is to be made on the linear

values and that i;RSS are expressed in dB.

Quick Calculation
Flow Chart

ref]_:refl_mn']. . ref]__max refZ:refz_m”]. . refz_max refn:refn_min. . refn_max

P(X; ref ) = (P((dRSS /i;RSS > X;)| dRSS >sens) =

+0o i:C—Xi
[ [dRSS(c).iRSS(ref, . i).di.de

J’ dRSS(c)dc

B.(X;, ref)) = P(X; —ref, +ref ., ref ;)

|

P(dRSS/iIRSS grposite > C/1 | dRSS > sens) [

n
l_l R(C/I —ref; +ref_ refi )
1=

Fig. D.3. ICE quick calculation flow chart.



