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1 Introduction
The issue of the range of declaration of the EIRP accuracy requirement has been discussed at the last few meetings. IN RAN4#73 a way forward  [2] was approved identify the points of agreement and the open issues on the subject of the range of declarations.
In this paper the open issues are discussed further and the option are narrowed down.
2 Discussion
From the way forward the following open issues exist:
1. The number of beam pointing directions needed to define the range. 

a. Disagreement is limited to whether there are 2,3 or 5 beam pointing directions i.e. no more than 5 are mandatory. 
2. How the range in point 3 is interpreted, some possible interpretations are:
a. Points only

b. Axis between points only

c. Rectangle around points

d. Diamond between points

e. Other…..
3. How the EIRP values in point 3a to which the accuracy applies may be known, a non-exhaustive list of options is:
a. By declaration

b. By interpolation between declared points

c. Part of product description
3 Discussion
The 3 open issues listed in the WF are discussed below.
3.1 Number of points

The number of points refers to the number of declared points per fixed beam shape.
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Figure 1. 5 suggested declaration points for EIPR accuracy

The 5 points being discussed are shown in Figure 1, in the simulations done so far linear symmetrical arrays have been used hence it could be argued that the max and min points give the same performance and hence only one of each is required to characterize the system performance. This would leave only 3 points required with the declaration.
However this assumes that the system is symmetrical and hence the positive beam steering performance is the same as the negative. There are 2 (maybe more) ways identified that would contradict the assumption of symmetry:
· By design

· It may be that this is not the case, in elevation the antenna is likely to be used in angles between the horizon and near the bottom of the tower. Hence it is plausible that the performance will be optimised for this region, it may be that an AAS has a minimum tilt of -10deg and  maximum tilt of  45deg and it is constructed in a manner which optimises this performance, this will likely not be symmetrical.

· By construction

· A practical AAS is unlikely to be constructed in a perfectly symmetrical fashion. Cable entry points are usually at the bottom of antennas for practical reasons, and for similar practical reasons for a large antenna may be on one side. The mechanical construction of the antenna may affect its radiation pattern, and hence a non-symmetrical design may result in maximum pan and tilt performance being different in the positive and negative directions.

Of course an AAS system may be symmetrical by both design and construction, however the effort in proving this may be  greater than the use of 5 points in the declaration rather than 3. 
One solution may be to allow symmetry to be declared in 1 or 2 axis and hence reduce the number of declaration points required.
3.2 Performance at pointing directions other than declared points
It has been shown in [3] that the EIRP error due to the phase error between elements in the array increases as the steering angle increases. 
In the simulations in [3] the errors in azimuth and elevation were treated independently, the points of maximum/minimum pan and maximum/minimum tilt are intended to represent a worst case, the simulations showed that if only panning (or tilting) is used then this is the case however no investigation was done to understand how EIRP error varies with respect pointing directions which have both an azimuth pan and a elevation tilt.  
In [5] the possible interpretations of the range between the points were described, in this paper these interpretations will be tested to find the equivalent worst points when combined pan and tilt are used. 

The standard 4x10 array used in [1] is used in this paper.

The phase errors attributed to the transceiver unit array and the antenna array in [3] were scaled to be somewhat realistic (10°), however the EIRP errors generated were quite small, in order to exaggerate the errors so that difference between the investigated points can be seen more clearly the phase errors are increased from 10deg to 50deg.

The options in the open issues are examined by observing the error at the points shown below, the ellipse is an additional option where each point (x,y) on the ellipse meets the equation 
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Figure 2. Possible range interpretations for EIRP accuracy

40° pan and 40° tilt are used for max pan and max tilt values, the statistics of each of the points noted. 
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Azimuth Pan (deg) 40 0 40 28.3 14.4

Elevation Tilt (deg) 0 40 40 28.3 14.4

Max error (dB) 3.27 3.61 4.47 3.09 2.98

Std Dev (dB) 0.458 0.501 0.636 0.465 0.306


Figure 3. EIRP accuracy statistical results.
 It can be seen that the performance of the axis only points in pan and tilt are very similar as expected. The response is not strictly normal . However it can be seen by both the histogram and the tabulated standard deviation that the ellipse value has the same response as the axis only results, the straight line approximation has a lower error and the rectangle has a greater error.
The ellipse approximation is hence the optimum, however the straight line approximation is a also acceptable.

The rectangular assumption cannot be used if only the max pan and max tilt points on the axis are declared as max pan + max tilt may exceed the EIRP accuracy requirement.

3.3 EIRP values inside range

In the simulations the EIRP error was calculable because the nominal (zero error) value was known, using this it can be shown that having defined a range and a boundary for the EIRP accuracy that inside that boundary it can be expected that the EIRP is within the EIRP accuracy requirement and outside that boundary it is not (or is not shown to meet requirement).
However the actual expected EIRP value changes as the beam is steered within that range, using a 5 point (or less) declaration the nominal EIRP value is only known at those points not in between. If the nominal EIRP is not known then how can an error range be applied to it ?
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Figure 4. Beam steered in azimuth
The beam shapes shown in Figure 4as the beam is steered show that the expected power of the nominal (no error) beam approximately follows the element pattern  (the peak trace pattern is slightly narrower than the element pattern). Figure 4 also shows the maximum and minimum results as errors are applied to the beam.
It is clear that the EIRP errors exist around the peak beam trace profile and [3] showed that the worst case exists at the maximum beam steering angle. 

The problem exists that if only the maximum beam steering directions are declared then the peak beam trace profile is not known, and hence it is difficult to put an accuracy requirement on a figure which is not known.

A number of possible interpretations are as follows:

1) Points only
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Figure 5. EIRP accuracy declaration points – range – points only

The accuracy applies at the points only, no information can be inferred about any other point. This is analogous to open issue 2.1, where there is no interpretation between the points.

It has the advantage that it is simple and clear – however does not provide much useful information about the system performance.

2)  Accuracy window range defined by declared points
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Figure 6. EIRP accuracy declaration points – range – max/min window

The accuracy is applied at the declared points, at these points the exact EIRP accuracy is valid, in between the points the EIRP shall be within the maximum and minimum EIRP defined at the specified points.

This also has the advantage of simplicity, it also somewhat bounds the EIRP in the steering range within the declared points. However the possible error in between the points is quite large. Also as the declared points at the maximum steering angles ado not have a restriction on the EIRP value (it may be 3dB lower than max or 10dB or…) , hence the negative limit could very low and have no realistic purpose.

3) Interpolate between points
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Figure 7. EIRP accuracy declaration points – range – interpolation between points

A straight line is drawn between the declared points, the EIRP accuracy window is applied around the straight line approximation. This has the advantage that the EIRP accuracy is contained and predictable at all points. However as can be seen the actual peak beam trace is unlikely to be a straight line hence a considerable part of the EIRP accuracy error budget (in the case above ≈0.5dB)is used to account for this, the error is not a real accuracy issue but merely an interpolation error. This error has so far not been discussed and included in the setting of any possible EIRP accuracy requirement, if such a method is used then it will need to be added to the 3 error model currently being discussed in [1]. 

4) Interpolate between points – optional additional points
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Figure 8. EIRP accuracy declaration points – range – interpolation between points (additional declared points)

The interpolation errors introduced in option 3 could be reduced by adding additional (optional) declared points. As the points are optional they only need be added as needed if the interpolation error introduced in option 3 becomes too large to handle.
5) Part of product description
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Figure 9. EIRP accuracy declaration points – range – peak beam trace from product description.

It is reasonable to assume that the performance of the AAS, including the nominal peak beam trace profile, will be provided as part of the information required to deploy an AAS. Much like an antenna radiation pattern is provided in an antenna data sheet. And that the EIRP accuracy is applied to that profile. However as such information is not part of the 3GPP requirement and declaration it is difficult to make such assumptions with respect to the specifications.

4 Summary

The 3 open points in the WF have been discussed the following has been identified.

1)  5 points are required as a minimum declaration as symmetry cannot be guaranteed

2) Steering directions with pan and tilt may be defined by 2 possible ranges

a. An Ellipse offers the optimum range between the maximum pan and tilt points on the axis 
b. A straight line approximation is also acceptable (but covers fewer directions)

3) A number of possible interpretations of how to apply the EIRP accuracy limits to steering directions inside the range but with unknown nominal EIRP values have been presented for further discussion.
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