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The meaning of planning/coordination margins

1. Introduction

As a result of decisions taken during the RRC-04, the concept of margins was introduced in order to
simplify the interpretation of calculated compatibility results. Additionally, values of margins were
defined to indicate when requirements were compatible and could use the same frequency. An
explanatory document was produced during the intersessional period and is available at the address:

http://www.itu.int/md/R05-WP.IPG-C-0009/en

For convenience the attachment of the document is attached to this document.

2. Margins and the digital dividend

In practice it is very seldom that a station would experience significant levels of interference only
from one other station. It is normal that a station would experience interference from several other
co- and adjacent channel stations that are used at a normal or high degree of saturation. In the
compatibility analysis software, six equivalent equal interferers (equal in combined nuisance field
strength values) would be considered as a normal situation.

In order to make provision for six interferers, the wanted minimum median field strength value for
assignments is increased by 3 dB (effectively reducing the coverage area by an amount of 3 dB).

Using this concept and power summation, the margin of the contribution of one single interferer
comes to 1.25 dB (noting that the margin for an individual interferer is calculated as indicated in the
Attachment), where these six equivalent equal interferers would “use up” the 3 dB implementation
margin.

In addition to the above, further relaxations were taken into account in the following way:

e the lower protection margin is - 3 dB in place of 0 dB;

e the 90% location probability will be applied to the case of protection against the combination of
interference and noise and not to protection against noise alone, except for ATSC as for this system
50% location probability is applied.

Based on these considerations, limiting margins are calculated for the different cases as given in the
table below (the calculation method is in the Attachment):


http://www.itu.int/md/R05-WP.IPG-C-0009/en

Possible relaxation Case Limiting
margin

Digital requirement (no relaxation) - 1.25
- 3 dB protection margin - 2.21
90% location probability Outdoor VHF, UHF 2.14
Indoor UHF 2.64

VHF 2.30

90% location probability and Outdoor VHF, UHF 3.57
- 3 dB protection margin ndoor | UHF 496
VHF 3.80

The numbers in the above table have been limited to two decimal places

The limiting margins imply in the case of an individual interferer, if its individual margin is equal to
or lower than the specific limiting margin value, that the wanted and interfering requirements are
compatible and can use the same frequency. If the individual margin is higher than the limiting margin
then the wanted and interfering requirements are incompatible and should normally not use the same
frequency.

In some instances it would be possible to accept higher levels of individual margin levels, e.g. where
terrain shielding is present or where fewer than six combined equal interferers are clearly present and
additional interferers would not be added at a later stage. Additionally, it is clear that in the light of
the digital dividend and the reduced frequency band for the planning of television broadcasting
requirements that there may be a need to accept higher individual margin levels than the limiting
margin levels specified above in order to be able to assign a frequency channel to a requirement.

Such higher individual margin levels would imply further reductions in the coverage areas in the case
of wanted assignments. It is also clear that accepting too high levels of individual margins would
result in assignments that cannot in practice be implemented.

In particular, in re-planning for digital television broadcasting in the bands 174 — 216 MHz and 470
— 698 MHz, administrations may need to consider, except for ATSC, the 90% location probability
and -3 dB protection margin relaxations for outdoor and indoor cases, i.e. 3.57 dB and 4.26 dB
respectively.



ATTACHMENT

Reconsideration of calculation margins

Introduction

This paper is a revision and extension of the information which appeared in IPG1/34. The revision
is needed to correct some errors and omissions in the earlier paper, to take account of further work
which has taken place since the IPG-1 meeting and to take account of discussions which took place
in the PXT-5 meeting.

General considerations

When assessing the impact of any potential new source of interference, it is normal practice to
calculate the incremental increase of some value related to the wanted service.

For example, in the case of analogue broadcasting services, it is common to allow for an increase in
the usable field strength (ufs) of 0.5 dB (although the value may not be the same in all broadcasting
plans).

For some Other Services (OS), it is common to allow for an increase in the minimum field strength
(equal in this case to the minimum ufs) of 1 dB.

The above values may be applied when there are no considerations of coverage in statistical terms
and, implicitly, a coverage limit of 50 % of locations is being assumed.

In the case of digital broadcasting, where there is a very rapid transition to failure for only small
increases in interference or noise, it is normal to specify some high percentage of locations as a service
target, say 95 or 99 %, in order to allow for the statistical variation of the wanted field strength as a
function of location.

When it is also necessary to consider the impact of interference, the combined effect of the variation
with location of the wanted signal and the interfering signal needs to be taken into account.

In the case of a single interfering signal, a wanted service is protected against noise and interference
if the relationship

median wanted field strength - (median interfering field strength + protection ratio — receiving antenna discrimination +
combined location correction)

is greater than or equal to zero. This relationship is usually called 'protection margin'; it was described
in § 5.3.1.2.10of the RRC-04 Report and the relationship given above was given in the final paragraph
of §5.3.1.1.1.2 of the RRC-04 Report. For simplicity, the terms

median interfering field strength + protection ratio — receiving antenna discrimination
are usually replaced by the term
nuisance field strength

where there is an implicit assumption that it is the median value of the nuisance field strength that is
being referred to.

It must be stressed that the nuisance field strength is not a physical field strength. Its value cannot be
measured directly. Instead, it is a way of referring to the combined effect of a physical interfering
field strength and values which are related to the protection of a wanted signal.

The origins of the nuisance field strength concept were based in an era when only 50% of locations
were being considered for protection against interference. As can be seen from the first of the



expressions given above, in the case of wanted digital requirements it is also necessary to add a term
which allows for the protection of a larger percentage of locations against the combined effect of
noise and interference — the combined location correction. This additional term is not needed when
results for wanted analogue broadcasting or wanted OS are being dealt with. In order to provide some
consistency in the way in which the results of compatibility calculations were presented and could be
used (see also the discussion below on the 'margin' value that is presented in the compatibility
calculation results), it was decided to add the value of the combined location correction to the
nuisance field strength before putting the resultant value into the column labelled 'nfs'".

As this use of 'nfs' has caused some confusion, an alternative column heading will be used for future
sets of compatibility analysis results.

The new column heading will be 'cnfs', standing for 'the combined value of nuisance field strength
and combined location correction' and will only be used in those cases where a digital requirement is
the wanted service as the value of the combined location correction is zero if the wanted service is
analogue broadcasting or OS.

Allowance for multiple interference

The expression given above for the protection margin is valid in the case of a single interferer; where
there are multiple interferers, their contributions must be summed using an appropriate summation
process.

An allowance must be made for multiple interference when constructing a plan otherwise any post-
plan coverage analysis will show that there are coverage deficiencies. Such an allowance was
included in the considerations of RRC-04, but in different ways for digital allotments and digital
assignments.

For allotments, there was a power increase of 3 dB to all of the transmitters in the relevant reference
network.

For assignments there was a reduction in the size of the calculated service area equivalent to a 3 dB
increase in the wanted field strength at the edge of the service area. (These two approaches are
equivalent if the assignment boundary does not cross a national boundary and where such a crossing
would occur, the national boundary is taken as the service boundary and the wanted field strength is
calculated on that boundary.)

It must be noted that this allowance for multiple interference is related only to consideration of
interference from separate allotments or assignments (the latter may be digital requirements or
analogue broadcasting assignments or OS assignments). The interference contributions from the
individual transmitters in a reference network are combined by power summation and are then
considered to form a single interference source. In any case where there are linked assignments and,
possibly, an allotment forming a single requirement, each potentially interfering assignment is treated
separately and no summation is considered, only the worst case source of interference being retained
for subsequent processing. Similarly, any potential interference from the reference networks forming
the allotment is not summed with that from any of the assignments in the same linked requirement.

It can be argued that in the case of a linked set of assignments which form a composite requirement,
the potential interference from the assignments should be summed. However, this can lead to errors
with regard to summation of potential interference from an allotment and any linked assignment(s),
so no summation was undertaken.



Complications

The allowance of 3 dB referred to above was originally calculated on the basis that there would be 5
or 6 separate sources of interference with comparable values of nuisance field strength plus combined
location correction. (It is to be expected that there will be 5 or 6 interferers at any given location near
the boundary of a service area in a fully developed plan.) However, it was not assumed that all of
these sources would have protection margins of 0 dB with respect to the minimum median wanted
field strength value.

The RRC-04 decided, in § 5.3.1.2.6, to specify the use of power summation for interfering signals
and it is then easy to see that there are some complications to be taken into account. For example,
even two sources of interference with equal values of nuisance field strength plus combined location
correction will 'use up' all of the 3 dB allowance and any additional interference will then cause
coverage reductions. These reductions can be regarded as a decrease in the size of the coverage area
in the case of wanted assignments or a possible decrease in the percentage of locations which are
protected in the case of an allotment. It is assumed that it will be a task for RRC-06 to define exactly
how coverage reductions are to be calculated and presented.

It must also be noted that the use of a 0 dB protection margin does not lead to protection of either
analogue broadcasting or OS because in those cases it would lead to an increase in ufs of 3 dB and
not the 0.5 dB or 1 dB which is the normal target. In fact, the RRC-04 Report discussions in the final
paragraph of § 5.3.1.1.2.2 and in § 5.3.1.2.1 are really related only to the case of digital requirements
and it is not advisable to apply those considerations to either analogue broadcasting or to OS without
making the relevant necessary changes to the values.

Compatibility calculations

When compatibility calculations are made it is normal to discard any values that are of no interest in
further processing, for example when preparing the input to a synthesis process. Many of the
calculations give as a result interference levels which are much too low to have any significant effect
in practice and such values do not need to be retained for further processing.

It 1s necessary to be careful not to discard too many results, because they seem to be too low to be of
any interest, because it could then be impossible to consider alternative approaches which are more
critical than those previously considered without re-doing all of the analysis calculations and the latter
is a very time consuming process. (For the first analyses of the data for the first planning exercise, it
was decided to adopt stringent protection margins in order to ensure that any likely decisions about
the acceptable margins could be accommodated in a relatively fast post-analysis calculation process.
The discussion in the following section provides information about the limiting margins adopted for
the second analysis of the same data.)

It was also decided to adopt a consistent approach to the calculation of potential increases in minimum
ufs values, independent of the service under consideration. These increases are shown in the
calculated results in the column 'margin’.

As a result of these considerations, the value of the 'margin' in the files which result from the analysis
calculations is given. The symbols '{' and '}' have been added in the following expressions to make
it clearer which are the terms being 'power summed":

in the case of a wanted digital allotment, by the power sum {of the minimum median ufs and
the value in the column 'cnfs' (previously called 'nfs')}, expressed in dB, from which is
subtracted the value of the minimum median ufs;



in the case of a wanted digital assignment, by the power sum {of the wanted median field
strength - 3 dB and the value in the column 'cnfs'}, expressed in dB, from which is subtracted
the value of the wanted median field strength - 3 dB;

in the case of a wanted analogue broadcasting assignment, by the power sum {of a value X
and the value in the column 'cnfs'}, expressed in dB, from which is subtracted the value of X;

in the case of a wanted OS assignment, by the power sum {of the minimum ufs and the value
in the column 'cnfs', expressed in dB}, from which is subtracted the value of the minimum
ufs.

The wanted median field strength - 3 dB was used in the case of digital assignments in order to ensure
that the calculated 'margin' had a consistent basis regardless of whether the test point for which it was
calculated was on a national boundary or not. It is necessary to subtract 3 dB from the calculated
wanted median field strength in order to take account of the 3 dB allowance above the minimum
median field strength value.

The value of X used in the case of an analogue broadcasting assignment is the larger of the ufs and
the wanted field strength calculated on the boundary of the analogue service area.

It is to be recalled that for a wanted digital service, the combined location correction value is included
in the column 'cnfs' while there is no such value in the cases of wanted analogue broadcasting or OS.

Limiting margins

In the case of wanted analogue broadcasting assignments, the limiting value of the margin has been
taken to be 0.5 dB. This is the ufs increase accepted in the relevant broadcasting plans.

In the case of wanted OS assignments, the limiting value of the margin has been taken to be 1.0 dB.
This is the increase in the minimum field strength value, equivalent to the minimum ufs value,
accepted for OS.

In the case of wanted digital requirements, with none of the additional relaxations addressed in Annex
17 of the IPG-1 Report applied, the limiting value of the margin has been taken to be 1.25 dB. The
derivation of this value is given below.

The value of 1.25 dB is based on the assumption that there can be 6 separate interfering sources, each
producing the same value of 'cnfs', that the power sum method is used to calculate the combined effect
of these interference sources and that their combined effect 'uses up' the 3 dB allowance that was built
into the definitions of service boundaries. (This applies to separate interference sources, not to the
contributions from the transmitters in a reference network.)

It is to be noted that the value of 1.25 dB represents a relaxation of approximately 4.5 dB in the 'cnfs'
value relative to the equivalent value in the first analyses of the data for the first planning exercise;
this value of relaxation is a direct result of the power summation process.

It 1s also to be noted that if the summation of interference from separate sources were to use an
approach other than the power sum method, then a different limiting 'margin' may be applicable.
However, the differences may not be significant, at least, not in the case of a single wanted signal and
5 or 6 interfering signals.

Calculation of limiting margins

Although t is necessary to know the values of individual wanted and nuisance fields in order to
calculate the margin in any particular situation, the values of the limiting margins may be calculated
in an absolute manner. The term 'limiting margin' is to be interpreted in the sense that any calculated
margin which is less than the relevant limiting margin indicates a compatible situation.



Limiting margin =10 log (1.0 + 10**(4.771 +x+y)/10)

The value of -4.771 takes account of the 3 dB allowance described above and in the RRC-04 Report
and the assumption that there are 6 interference sources each with the same value of combined
nuisance field strength. The values of x and y depend on what additional relaxations are included
and are both zero if there are no additional relaxations.

The PXT proposes to take account of the possible additional relaxations described in Annex 17 of the

IPG-1Report in the following way:

the lower protection margin will be - 3 dB in place of 0 dB and will be applied to both DVB-

T and T-DAB;

the 90% location probability will be applied to the case of protection against the combination
of interference and noise and not to protection against noise alone as the latter would imply
changes to the planning parameters agreed at RRC-04. This relaxation will be applied in the

case of DVB-T only.

Possible relaxation y Limiting
margin

None 0.0 0.0 1.25
- 3 dB protection margin 3.0 0.0 2.21
90% location probability for DVB-T 0.0 Outdoor 2.82 2.14
Indoor UHF 3.99 2.64

VHF 3.22 2.30

90% location probability for DVB-T and 3.0 Outdoor 2.82 1 3.57
-3 dB protection margin Indoor UHF 3.99 4.26
VHF 3.22 3.80

Note that all of the numbers in the above table have been limited to only two decimal places.




