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1 Introduction
This contribution provides a method for the measurement of EIRP so that WRC 23 conditions [1]  are complied with.
2 Average EIRP calculation

The average EIRP,, calculation requires the computation of    in equation (1) as the first step of a two step process. This represents the averaging over  beams, each with unique elevation and azimuth angles, , within the steering range of the base station for a given arbitrary reference angles,  respectively. 
The second step involves putting the result of the first step, as shown in equation (2), into another averaging process over the azimuth and elevation angles, denoted as  and . Note that in this case,  is defined as the elevation angle above the horizon[footnoteRef:1], in an abuse of mathematical notation relative to equation (1)[footnoteRef:2].  [1:  Note that the “horizon” is referred to as  in a three-dimensional local coordinate system with  pointing towards the sky and pointing towards the ground/Earth’s surface. ]  [2:  Care must be exercised when using the term “elevation” angle as this is reflected in both equations (1) and (2) or (3) using different notations.] 

[bookmark: _Hlk164867853]
It is worth noting that the averaging over the repeated azimuth angles in (2) is motivated by the fact the second averaging process covers the range , relative to the first averaging process, which covers a subset of , dependent on the base station’s azimuthal steering range. Assuming that the second averaging process applies to a 3-sector base station site ( as commonly understood at WRC 23 based on the results of WP 5D ), and at each site, the three base station antenna units are identical, then there is no need to do second averaging process in the azimuth and the expression in (2) can be simplified as 

Alternatively, if the range  in (2) is meant to capture radiation outside the normal azimuth steering range of an antenna then the inner integral in (2) needs to be split into three separate integrals with the azimuth ranges and [respectively. The azimuth averaging over middle range has already been computed in (1), recomputing it again is incorrect. So integration over only the outer ranges covering the uncaptured radiation range are required. We are unsure of the contribution of the outer ranges to Pave.
For measurement purposes, the integrals in (2) or (3) must be converted into discrete summations. Suppose the range  to  is the lower and upper limit on the elevation angle  above the horizon, then, we can approximate this double integral in discrete form. For an equal angle grid method where the grid spacing is uniform in both the elevation, (over the range of [0 to ]) and azimuth ϕ (over the range of [-π to π]), and with N and M points respectively, this average e.i.r.p. can be approximated to
                               (4)
Where,


Taking the same simplification approach from (2) to (3) and applying it to (4) results in (7) as below, 

the overall equation without the above simplification is:

Where,
	is the midpoint between the elevation intervals;
	is the midpoint between the azimuth intervals;
δ	is the number of angular bins ie 7 , as given corresponding to the WRC-23 Resolution Table;
	is the lowest elevation point within the  bounding range;
	is the highest elevation point within the  bounding range;
	is the azimuth point within the  bounding range.
Note: Within a given elevation angular range, e.g., elevation angle spanning from 0º to 5º above the horizon (using its definition on Page 1), the number of quantization points (over this elevation angular range) should be above a minimum pre-defined value, which is a function of the width of the angular range, e.g., 5º for the 0º to 5º angular range. An example of this could be that in the 0º to 5º elevation range, 10 points can be  used by way of example to quantize the corresponding  or .
[bookmark: _Hlk165301117][bookmark: _Hlk166059498]Proposal 1 : RAN 4 should decide if equation (7)  or (8) shall be used in the mean value calculation, and confirm the number of quantization points. If equation (8) is to be used then the issues of a 3 sector site and radiation outside the steering range need to be clarified.
3	Confidence Intervals
Compliance with WRC 23 specified mean values for EIRP requires that the mean values measured from a single base station are sufficiently accurate, for having a high confidence interval (CI)  such as 95%, as specified in the Annex to the Resolution of WRC-23. The following text shows theoretically how the CI is derived, and the number of samples needed to achieve a high CI.
	 Assume that the expected e.i.r.p values to be complied with are referred to as “Population Means “. The WRC requirement is to have a confidence interval (CI) on the population mean (per elevation angle bin) from a sample of measurements (say from the N beams) on a single base station– an example of 95% is mentioned. CIs are in fact a margin of error on a point estimate of the parameter (in this case the mean of a population) derived from the given samples.

There is no value for standard deviation σ specified of the population for each bin (angular range). Nor is the distribution type of EIRP specified; though it can be assumed that the interferers resulting in interference to the FSS uplink come from very large numbers of base stations, and in this case, the Central Limit Theorem applies, and the resulting interference is Normally distributed, and therefore, the corresponding EIRP requirements are also Normal.  

So, the problem boils down to determining the confidence intervals on the mean of a Normal distribution. If the Normality assumption cannot be confirmed, we will need to derive the confidence intervals via the students t-distribution as this is the norm in statistics when the distribution type in unknown.

If the population standard deviation σ is unknown, as is the case here, we will have to estimate it by the sample standard deviation, s.

We also assume that the N beams are unbiased.

We could use the sample standard deviation s as an estimate of σ but it is better to use the students t distribution when s is used as an estimate for σ.:

Observation 1: The calculation of confidence intervals on the mean requires the knowledge of standard deviations. as this is not specified, we could estimate the standard deviation from that of the given samples.

Observation 2 : The calculation of confidence intervals  also requires the knowledge of the underlying distribution type. As this is not specified, we have two choices: (1) Either to assume that the distribution of EIRP is Normal, or (2) a students t distribution.

Observation 3: The calculation of CIs assume the N samples are unbiased.
A 95% confidence interval on the population mean (per-bin) with unknown standard deviation for a normal distribution is then given by:
Lower limit= 
· Mean- 1.96. s/
Upper limit = 

· Mean + 1.96.s/

A 95% confidence interval on the population mean (per bin) with unknown standard deviation for a students t distribution is then given by [ Chapter 9, 2]:

Lower limit= 
· Mean- 2.04. s/

Upper limit =
· Mean +2.04. s/

· In both cases, we can think of  s/as an error in the estimated mean.

Observation 4: For both types of distribution choices above, the number of samples ( in this case the beams)  N, and the accuracy of samples will significantly influence the upper and lower bounds.

Observation 5:
As the distribution of EIRP is not specified, students t distribution may be preferable to estimate the CI.

Proposal 2:

Assuming the students t distribution and estimating the standard deviation s of the population from the samples, the upper and lower CI for the mean per elevation angular bin are:
Lower limit= 
· Mean- 2.04. s/

Upper limit =
· Mean +2.04. s/

Proposal 3

Capture all of the above text in sections 2 and 3  in TR (section 5) for upper 6 GHz- skeleton agreed during RAN4 111.

	


4 	Summary
This contribution provides a method for the measurement of EIRP so that WRC 23 conditions [1] are complied with. Following observations and proposal have been made:
Observation 1: The calculation of confidence intervals on the mean requires the knowledge of standard deviations. as this is not specified, we could estimate the standard deviation from that of the given samples.

Observation 2 : The calculation of confidence intervals  also requires the knowledge of the underlying distribution type. As this is not specified, we have two choices: (1) Either to assume that the distribution of EIRP is Normal, or (2) a students t distribution.

Observation 3: The calculation of CIs assume the N samples are unbiased.
A 95% confidence interval on the population mean (per-bin) with unknown standard deviation for a normal distribution is then given by:
Lower limit= 
· Mean- 1.96. s/
Upper limit = 

· Mean + 1.96.s/

A 95% confidence interval on the population mean (per bin) with unknown standard deviation for a students t distribution is then given by [ Chapter 9, 2]:

Lower limit= 
· Mean- 2.04. s/

Upper limit =
· Mean +2.04. s/

· In both cases, we can think of  s/as an error in the estimated mean.

Observation 4: For both types of distribution choices above, the number of samples ( in this case the beams)  N, and the accuracy of samples will significantly influence the upper and lower bounds.

Observation 5: As the distribution of EIRP is not specified, students t distribution may be preferable to estimate the CI.

Proposal 1: 
RAN 4 should decide if equation (7) or (8) should be used in the mean value estimation. If equation (8) is to be used then the issues of a 3 sector site and radiation outside the steering range need to be clarified . RAN 4 should also confirm the number of quantisation points.

Proposal 2:
Assuming the students t distribution and estimating the standard deviation s of the population from the samples, the upper and lower CI for the mean per elevation angular bin are:
Lower limit= 
· Mean- 1.7. s/sqrt(N)
Upper limit =
· Mean + 1.7. s/sqrt(N)

Proposal 3: 
Capture all of the above text in sections 2 and 3 in TR (section 5) for upper 6 GHz- skeleton agreed during RAN4 110bis.
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