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1 Introduction
The Expected EIRP regulatory requirement for band 6425-7125 MHz has been introduced at WRC23 [1]. The new requirement is also of a new type not previously covered by the 3GPP RAN4 conformance test procedures. As the requirement is described as requiring averaging in a number of different dimensions (beam direction, directional angle bins) care must be taken to ensure that the procedure defines a measurement which is both sufficiently accurate as well as not being excessively time consuming.
2 Discussion
2.1	Requirement
The regulatory text states:

That, in order to ensure protection for the FSS (Earth-to-space), and taking into account considering d), the level of expected e.i.r.p. spectral density emitted by an IMT base station as a function of the vertical angle above the horizon shall not exceed the following values (No. 21.5 does not apply):
Vertical angle range
 θL ≤ θ < θH
(vertical angle θ above horizon)
Expected e.i.r.p. 
(dBm/MHz)
(See NOTES 1, 2 and 3)
0° ≤ θ < 5°
27
5° ≤ θ < 10°
23
10° ≤ θ < 15°
19
15° ≤ θ < 20°
18
20° ≤ θ < 30°
16
30° ≤ θ < 60°
15
60° ≤ θ < 90°
15
NOTE 1: The expected e.i.r.p. is defined as the average value of the e.i.r.p., with the averaging being performed: ‒ over horizontal angles from −180° to +180 °, with the IMT base station beamforming in a specific direction within its horizontal and vertical steering range, ‒ over different beamforming directions within the IMT base station horizontal and vertical steering range, and ‒ over the specified vertical angle range θL ≤ θ < θH. 
NOTE 2: An IMT base station shall comply with the specified limits on expected e.i.r.p. spectral density for all mechanical tilts with which it can be deployed, taking into account considering m). 
NOTE 3: See the Annex to this Resolution for additional details on how the expected e.i.r.p. can be calculated for this frequency band


Note 1. details the averaging that needs to be applied to the measurement. When looking at this from a conformance view it has many similarities with a TRP test in a directional chamber. There are notable differences, that being the vertical dimension is split into a number of angular bins and the beam direction is randomised. Beam sweeping is a concept that was investigated and documented for TRP measurements in directional chambers as a method to reduce the number of directional points needed for a TRP measurement, this is documented in Annex D in TR 37.941, its is worth noting the test descriptions were modified in order that such methods were acceptable within the scope of the conformance documents. For TRP unwanted emissions measurements we specify the following:
Directions to be tested: As the requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement procedure (see annex I) as long as the required TRP level is achieved.
This allows for any beam pattern to be used as long as the output power is at the specified maximum.
Whilst in itself this is not exactly what is required for the Expected EIRP measurement there are some similarities.
In addition, there is an annex to the resolution which gives more details on the measurement:

This annex outlines the theoretical calculation of the expected equivalent isotropically radiated power (e.i.r.p.) of an International Mobile Telecommunications (IMT) base station for assessing the compliance of IMT base station equipment with the limit on expected e.i.r.p. The e.i.r.p. of an IMT base station in the horizontal (azimuth) direction −π ≤ φ ≤ π and vertical (elevation) direction 0 ≤ θ ≤ π/2 above the horizon can be written as P(θ, φ; α, β). The parameters α and β are the horizontal and vertical beamforming directions, i.e. the angles towards which the base station electronically steers a beam. These are illustrated in Figure 1 below. 
[image: A picture containing text, weapon, knifeDescription automatically generated]
FIGURE 1 Illustration of horizontal (azimuth) angle, vertical (elevation) angle and beamforming directions 
The expected e.i.r.p.  of an IMT base station within a vertical angle range θL ≤ θ < θH can be calculated by averaging the e.i.r.p. P(θ, φ; α, β) of the base station as follows:
Averaging over beamforming directions for a given vertical angle θ0 and horizontal angle φ0: for an AAS base station within a given horizontal and vertical steering range, a sufficient sampling of N beamforming directions (αn, βn) n = 1 ... N is necessary to allow an accurate averaging of the expected e.i.r.p. The beamforming directions (αn, βn) have a uniform statistical angular distribution within the steering range of the IMT base station. In other words: 

where wn refers to the weight for the nth beamforming direction, i.e. the fraction of the steering range represented by the nth beamforming direction. For example, wn = 1/N in the case that N uniform equispaced beams are assumed in the azimuth and elevation, respectively, and where each beam covers an equal range of angles. 
The set of base station configurations over which the base station complies with the limits on expected e.i.r.p. (for example, power of steering range as one of the parameters) shall be declared and the BS shall be used within one of these configurations. 
The set of e.i.r.p. values used to calculate the expected e.i.r.p. for each vertical angle range shall be a mathematical summation of both polarization states of the IMT base station antenna with no polarization discrimination. 
For a non-AAS base station, P1(θ0, φ0) = P(θ0, φ0; α1, β1) where α1 = 0 and β1 is the electrical tilt. 
It is noted that the compliance with the limits on expected e.i.r.p. should be limited to a defined range of electrical tilts. 
of 95%).




Averaging over horizontal and vertical angles: the expected e.i.r.p. is then calculated by averaging the results of step 1 over horizontal angles φ from −π to +π with respect to the base station horizontal boresight, and vertical angles θ within vertical angle measurement window θL ≤ θ < θH with respect to the horizon. In other words:


The averaging processes in steps 1 and 2 shall allow for accurate averaging of the expected e.i.r.p (e.g. to the confidence interval of 95%).


2.2	Discussion
From the regulatory requirement there are a number of points that need clarifying within RAN4 before a conformance requirement can be written.
· Necessary declarations of steering parameters and horizon reference.
· Beam steering profiles/test vectors to ensure sufficient averaging 
· Angular step size within Azimuth and Elevation to ensure accuracy Expected EIRP measurement (similar to TRP step size issue?)
· Measurement uncertainty.
Each of these does not to be solved immediately and can wait for the conformance work to start but as way of an introduction to the tasks each is briefly discussed.
2.2.1	Declarations
Spatial declarations are discussed in companion paper [2]. However directional declarations, spatial coordinate systems and reference points are currently dealt with in the conformance specifications. We see this is the natural location for the modified declarations needed for the expected EIRP requirement 
Proposal 1: Spatial declarations for Expected EIRP are made in the conformance requirement, no need for formal definitions in the core specification.
[bookmark: OLE_LINK138]2.2.2	Beam steering profiles
For TRP emission measurements if beam sweeping is used it does not matter which direction the beam is pointed in as long as the wanted signal TRP is maximum. As all the power of the sphere is measured it does not matter in what direction the bema is pointed.
For Expected EIRP the same is not true as the vertical dimension is separated into angular bins. The requirement states that the beam is pointed in different directions over its beam steering range and that the directions have a uniform statistical angular distribution over this range (as opposed to a uniform UE location on the ground). During the regulatory analysis a number of different sub-sets of beam steering directions were proposed and some initial analysis was done to see if they were suitable.
In order to access if a sub-set of beam steering directions (or test vectors) are suitable we must  first know what the ideal or correct result is? The requirement describes a statistical average based on random beam locations as such the “correct” result can never be described 100% as beam directions are random and as no upper limit is defined essentially there are potentially an infinite number of them. As close as can be achieved we must estimate the “correct” answer by averaging a very large number of samples until the error function is minimised. This brings up the issue of how an error function is formed based on the difference between 2 multi-dimensional average beam power distributions.
Once the method of analysis is agreed then potential test vectors can be tested against the statistically valid result.
Proposal 2: A means to identify a means to test th quality of potential conformance directional test vectors must be derived.
[bookmark: _GoBack]It is important also that these test vectors are tested against potentially different array geometries.
Observation 1: Potential test vectors should be tested against different potential array geometries.
2.2.3	Measurement angular step size
As the expected EIRP measurement is similar to the TRP measurement in terms of averaging over the sphere a good place to start is the TRP minimum step size. In TS 38.141-2 annex I there are a number of grid measurement techniques described, however the simplest (but no necessarily the fastest) is the uniform angular grid of points. Using this technique the minimum step size can be identified by using the antenna dimensions or the specified minimum beam widths and they are:
	
	
Other methods of reducing the number of test directions measured are described in Annex I but this is the simplest and is generally identified as giving the correct answer (within the required accuracy). Other methods often require assumptions and knowledge of the DUT. As such an equivalent to the uniform angular grid method should be developed for the Expected EIRP measurement (although of course other valid methods can be investigated).
The step size is agreed based on the allowable error in the TRP calculation or the TRP summation error (SETRP) which is 0.75dB in the MU calculations. It also must be noted that the SEEEIRP is effectively defined in the regulatory annex as being part of the 95% averaging uncertainty as such the SEEEIRP value used for the Expected EIRP measurement must be consistent with the value assigned to that uncertainty.
Observation 2: a Suitable summation Error for the Expected EIRP MU calculation should be derived based on step size and averaging uncertainty.
The minimum step size is set based on the beam width so that the beam peak (or close to it) is always included in the summation. As for TRP of the wanted signal most of the power is contained in the main beam this is a valid approach (and the basis for the beam sweeping method where fewer measurement points are used as the beam is spread out).
The expected EIRP measurement however is a little different as the main beam is not included in any of the averaged measurement angular bins. Hence in order to get accurate power averaging the minimum step size should be related to the expected sidelobe patterns. Whilst sidelobe widths are usually related to the main beam they are not exactly the same and beam forming errors tend to affect sidelobe levels and shapes much more that they do the main beam. As such the accuracy of minimum measurement step with respect to Expected EIRP summation error (SEEEIRP)should be analysed with a range of beam shapes and potentially including beam shaping errors.
Observation 3: the Expected EIRP measurement minimum step size may be different from that for the wanted TRP as the main beam is not included in the Expected EIRP measurement range.
2.2.4	Measurement uncertainty
Looking at the uniform angular step TRP method with a directional chamber such as the IAC. The measurement and calibration errors are based on each directional point measured.
As the SEEEIRP is effectively defined as part of the 95% averaging uncertainty in the regulation annex so until the work is done to identify that value we cannot say exactly what the total MU will be.
The test equipment accuracy for each point assumed in the TRP MU calculations are in the order of 1-1.3dB resulting in a total MU (including the SE) of 1.4-1.5dB. However the accuracy of the test equipment when measuring the large wanted signals is better than when measuring small signals. It much also be considered that the wanted signal is present in the chamber at the same time and hence the dynamic range of the equipment may limit the available smallest signal level that can be measured. As such the accuracy of the test equipment may be closer to the unwanted emissions measurements or possible the absolute ACLR measurement (2.2-2.7dB).
Observation 4: A test equipment MU analysis is required but MU value per directional point may be closer to the unwanted emissions level accuracy rather than the wanted signal TRP accuracy.

3	Summary
This paper looks at the required work to implement the Expected EIRP requirement into the conformance specification and to design a suitable conformance test methodology. It covers the following key topics with the highlighted observations and proposals.
· Necessary declarations of steering parameters and horizon reference.
Proposal 1: Spatial declarations for Expected EIRP are made in the conformance requirement, no need for formal definitions in the core specification.
· Beam steering profiles/test vectors to ensure sufficient averaging 
Proposal 2: A means to identify a means to test the quality of potential conformance directional test vectors must be derived.
Observation 1: Potential test vectors should be tested against different potential array geometries.
· Angular step size within Azimuth and Elevation to ensure accuracy Expected EIRP measurement (similar to TRP step size issue?)
Observation 2: a Suitable summation Error for the Expected EIRP MU calculation should be derived based on step size and averaging uncertainty.
Observation 3: the Expected EIRP measurement minimum step size may be different from that for the wanted TRP as the main beam is not included in the Expected EIRP measurement range.
· Measurement uncertainty.
Observation 4: A test equipment MU analysis is required but MU value per directional point may be closer to the unwanted emissions level accuracy rather than the wanted signal TRP accuracy.
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