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1 Introduction
In RAN4#80bis the it was agreed in the WF [1], that the ACLR requirement would be based on the ratio of 2 powers which were defined as the sum or the powers over the sphere.
There were also a number of open items in the WF which were associated with the various methods of reducing the necessary number of measurement directions.
1. Define possible measurement sampling grids required for OTA ACLR and other in-band unwanted emissions.

2. Determine if the measurement sampling grid for OTA ACLR and other in-band unwanted emission can be aligned with the desired signal sampling grid. 

3. Define concepts on how to define the region corresponding to the intended base station coverage area and the desired/wanted outside this area in order to further reduce the number of measurement points. 

4. The power over sphere (Pd, Pe) has been referred to as TRP in many papers, this term is not acceptable and an alternative will be defined. Suggestions for an alternative term are encouraged.

2 Discussion

It has been agreed:
The core requirement is decided to be defined as OTA ACLR according to the following definition:
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, where EIRPd is the filtered mean power within the desired signal channel bandwidth.
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, where EIRPe is the filtered mean emission power in the neighboring channel bandwidth.
There have been a number of methods listed to reduce the necessary number of sample points to reduce test time. All are perhaps valid but the accuracy of reducing the number of test points must be known from the information available  about the AAS BS under test. For example an AAS BS with a very wide beam may require fewer points (a wider sampling grid) in order to give an accurate results than an AAS BS with a very narrow beam.
In order to investigate the accuracy of various methods a few example AAS architectures should be identified:

1) Omni
(360° HBW, 90°VBW, 1x1)
2) Wide
(90° HBW, 90°VBW, 1x1)
3) Tri-sector  (65° HBW, 6°VBW. 1x10, 0.9λ spacing)

4) Tri-sector azimuth  beam steer (6° HBW, 6°VBW, 14x10, 0.6λ H spacing, 0.9λ V spacing)

5) Tri-sector very narrow beam   (1° HBW, 6°VBW, 64x10, 0.6λ H spacing, 0.9λ V spacing)

2.1 Sampling Grids

Most of the simulations work done in the WI has been done by generating beam patterns using the superposition addition of the element patterns. This has been done on a sampling grid, of course for simulation the step size is chosen so it does not affect the accuracy.

The same method can be easily used to investigate how accuracy changes with sample step size. 
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Figure 1. Output power accuracy vs. sample step size – grid not guaranteed aligned to main beam
As could be expected as the beam width decreases so the accuracy degrades more with a wider step.

Pattern 5 has min BW of 1° and a min step size of 1°
Pattern 4 has min BW of 6° and a min step size of 3°

Pattern 3 has min BW of 6° and a min step size of 3°

Pattern 1 and 2 are sufficiently wide that they show no error in the range investigated

2.1.1 Aligning grid with beam peak

There are also some anomalies, the 4° step size seems to have an unusual high error in most cases , however this is due to the step size and the centering of the scale. The range of ϕ is from 0 to 180° and the centre of the beam being generated is at 90°. Hence for 1°,2°,3°,and 5° and 10° steps there is a point on the peak of the beam, but for 4° the centre of the beam is missed.
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Figure 2. sample points for different step sizes (fixed starting point).
If the sample grid is aligned with the step size so that the beam peak direction is always sampled then the anomalies can be removed.
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Figure 3. Output power accuracy vs. sample step size grid aligned to main beam.
2.1.2 Different grid size in azimuth and elevation
Examples 3,4  and 5 have the same vertical beam definition but different element patterns. So far the step size in azimuth and elevation has been kept the same. However it should be possible to have different step sizes in different dimensions to further reduce the total number of points.
Examples 3 and 4 have the same beam width in both dimensions (6°) and show no loss in accuracy with a 5° step size. Hence it would seem reasonable to fix the phi (elevation) step size to 5°
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Figure 4. Output power accuracy vs. sample step size grid aligned to main beam, different phi and theta step size
This has made no significant difference to the results for example 4 and 5, however example 3 now may have a much larger step size, in Phi with no significant loss of accuracy.

2.1.2.1 Summary

The following rules apply when selecting the correct sample grid size:

· Step size in Theta and Phi may be different

· Steps size should be < the beam width in that axis

· The grid should be aligned so that there is a sample point at the centre of the beam.
Applying these rules to the 5 example AAS BS.
1) Phi step size 360° is acceptable but maybe an upper limit should be applied say 30°, Theta step size 90° is acceptable but again use upper limit 30°
Error = 0dB
2) Phi step size 90° is acceptable but maybe an upper limit should be applied say 30°, Theta step size 90° is acceptable but again use upper limit 30°

Error = 0dB

3) Phi step size 65° is acceptable but maybe an upper limit should be applied say 30°, Theta step size 6° 
Error = 0dB

4) Phi step size 6° ,Theta step size 6° 
Error = 0dB

5) Phi step size 1° , Theta step size 6° 
Error = 0dB
The simple rules for minimum sample grid size seem to be acceptable.
2.2 Wanted signal and unwanted signal sample grids

So far all the example have had the beam pointed at (0,0). This should coincide with the reference beam direction.

All the declared beam steering directions may have different EIRP values (due to scanning loss etc). The reference bema direction should be the direction with highest (expected EIRP value).

As the Total power definition of ACLR is the total power around the sphere, steering should not affect the total radiated power, nor should it effect the total adjacent channel power, as the adjacent channel power of each PA is independent, the total will be the same whatever the steering applied (assuming steering is phase only).

There is no need therefore to test either:

· ACLR at steering angles 

· ACLR for more than one beam width

This assumes that the beam width and steering angle chosen correspond to the making total power condition.
The advantage of using the reference beam direction (with the highest EIRP for that beam) is that this will correspond to the maximum element pattern gain direction, and hence is also a suitable reference for the adjacent channel total power measurement.
Also the element pattern will be wider than the beam formed pattern and hence using the same sample grid as defined for the wanted signal is acceptable.

As ALCR is generally measured using an analyzer which records the wanted signal power and the adjacent channel power at the same time, there seems to be no advantage in having a different grid for the adjacent channel signal.

However if it is desirable to have separate grids for adjacent channel and wanted channel then the adjacent channel grid could be defined by the same rules as the wanted signal, however the beam widths being considered are not known. If the adjacent channel power is correlated then it will be necessary to use the same sample grid as the wanted signal. However if it s uncorrelated then the sample grid should be based on the element pattern

Presently information about the element pattern is not know or agreed to be derivable from the existing declarations. However there are other requirements which may need the element pattern to be known. 
Hence for ACLR it can remain FFS is the adjacent channel power measurement has a different grid to the wanted signal until it is known if the element pattern is available.
2.3 Limiting the sample region
Having agreed rules for the sample grid size we can investigate how much of the sphere actually needs to be sampled.
For example for directional antenna’s the directions behind the antenna do not radiate so do not need to be included in the testing.

In such a calculation, the points are not removed as the sum becomes difficult to define, they are merely not measured and assumed to be zero in the sum.
The same simulation can be used and values at directions which have been excluded set to zero. The exclusion zone is set based on the beam width. The included points are those within X * the beam width in each dimension and X is swept from 1 to 20.
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Figure 5. Output power accuracy vs. width of sample range of angles.
The wide beam widths have not been considered as multiples of the beam width become the entire sphere anyway. But for the small beam widths it can be seen that the error is small.
As the method for selecting the sample step size is based on beam width and the x-axis is also based on the beam width  X is proportional to the number of sample points.

It can be seen with 8x the beam width considered and hence 8 sample points in each axis (64 total) the error is as little as 0.1dB.

It must be considered here however that this accuracy is based on the wanted signal bema width. The adjacent channel beam width is unknown and may be either the same as the wanted signal (correlated adjacent channel noise) or that of the element pattern (uncorrelated adjacent channel noise).
The sample region for the adjacent channel must therefore be based on the element pattern as this is worst case.

If this requirement is added to the adjacent channel requirement in the previous section:


If adjacent channel is correlated then step size must be based on wanted beam (i.e. smallest)


If adjacent channel is non-correlated then width of the sample area must be based on the element pattern (i.e. largest)

As it is not possible to know if the adjacent channel noise is correlated or uncorrelated then the worst case (i.e. largest range, smallest step size) must be considered.

2.4 Open issues

A number of other open issues still need to be investigated:

· Is it acceptable to sample only on major (theta and phi) axis

· How is the element pattern beam width known

3 Summary
The sample grid size and range of directions which need to be sampled have been investigated the following has been found:

1) Only a single beam (at max power case) in the reference beam direction need be tested

2) The signal grid can be defined as follows:

· Step size in Theta and Phi may be different

· Steps size should be < the beam width in that axis

3) The grid should be aligned so that there is a sample point at the centre of the beam.

4) The range of angles considered during conformance can be limited to 8* the beam width
5) The wanted signal grid and range of measured angles can be based on the wanted beam declarations.

6) The adjacent channel correlation level is unknown so the grid and range of angles must be based on worst case

· Step size based on wanted beam width

· Range of measurement angles based on element beam width

7) How the element pattern beam width is known is FFS

8) Other means of reducing the number of test points are not excluded and are FFS>
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