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1.
Introduction

In the last meeting, RAN4#81 in Reno, a WF [1] was approved regarding TRP sampling grid for ACLR.  Feedback provided during the meeting regarding the previous work [2]

 REF _Ref473213985 \r \h 
 \* MERGEFORMAT [3] highlighted that the results were based on usage of a simulated antenna radiation pattern and therefore might not be representative for measurements on real antennas. Particularly, the simulated antenna radiation pattern had no nulls or sidelobes and therefore lacked the complexity of real antenna radiation patterns, thus raising doubts on whether the proposed TRP grids would provide sufficient accuracy.

In this contribution we are analyzing the accuracy of the TRP grids introduced in [2]

 REF _Ref473213985 \r \h 
 \* MERGEFORMAT [3] using measured antenna radiation patterns from a commercially available single column 10 element base station antenna.
2.
Discussion
Previous simulation results shown in [2]

 REF _Ref473213985 \r \h 
 \* MERGEFORMAT [3] utilized an antenna element pattern described in [4]. That pattern does not contain any nulls and therefore might be too ideal compared to the pattern of a more practical base station antenna.

In this contribution the analysis in [2]

 REF _Ref473213985 \r \h 
 \* MERGEFORMAT [3] is repeated using the measured radiation pattern of a typical passive single column 10 element base station antenna, with full sphere radiation plot for a single polarization shown in Figure 1. The antenna radiation pattern has been measured with a resolution of 1 degree in both azimuth and elevation. 
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Figure 1: Measured full sphere radiation pattern for typical single column base station antenna  
To evaluate the performance of the sampling grid reduction methods in [2]

 REF _Ref473213985 \r \h 
 \* MERGEFORMAT [3] a first TRP estimate is derived by summation over the whole sphere at a resolution of 1 degree in azimuth and elevation. This TRP value thus represents the TRP observed when the antenna radiation measurement was conducted. Next, a second TRP estimate is derived by using a sparser sampling grid with 15 degrees in azimuth and 5 degrees in elevation between the measurement points (Figure 2). This TRP value represents the TRP that would have been observed had a sparse sampling grid been used when carrying out the antenna radiation measurement. The reason for choosing a higher density in the elevation domain is that due to the single column structure, the antenna radiation pattern has more variation (side lobes and narrower main beam) in the elevation than in the azimuth. 
The accuracy of the latter (second) TRP estimate is determined by forming the difference, in the log-domain, between the second and the first TRP estimates i.e. between the TRP estimate based on a sparse grid and the TRP based on a dense grid.
When conducting a sparse sampling, the alignment between the system under test and the sampling grid has an impact on the TRP estimate. Therefor in the evaluation the alignment has been randomized to all possible positions in a resolution of 1 degree in azimuth and elevation.
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Figure 2: Sparse sampling grid with 15 degrees’ resolution in azimuth and 5 in elevation.
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Figure 3: Empirical CDF for TRP residual with randomized alignment of sparse sampling grid and system under test.
The CDF of the residual between the first TRP value and the second TRP value is shown in Figure 3. For this real antenna, the reduced sampling grid along with the uncertainty on the alignment of the sampling grid and the device under test results in a measurement error in the range [-0.2, 0.2] dB.
Observation 1: With a sparse sampling grid, 15 degrees’ resolution in azimuth and 5 degrees in elevation, the TRP sampling error becomes bounded by -0.2 to 0.2 dB depending on alignment between the sampling grid and the system under test.
The difference in number of sample points is large. Measurements carried out over the sparse sampling grid are 75 times less time consuming than those carried out using a 1-degree resolution.

Observation 2: With the sparse sampling grid, the measurement time can be reduced to 1/75th of that for a 1 degree’s resolution.
Given the large difference in complexity, and the existence of other uncertainties and tolerances associated with measurements, there is no justification for not considering a tolerance also related to the sampling grid. It is therefore proposed here that a tolerance of ±X dB related to the sampling is considered when specifying the requirements and associated test cases. The value of X is FFS, but may for instance be [0.2] dB, or even some lower value considering that there are other means for making the measurements less sensitive to the beamforming effects, e.g. using randomized beamforming weights.
Proposal 1: A sampling error tolerance of ±X dB is introduced and taken into account in the final TRP accuracy requirement, in order to allow appropriate selection of measurement points. The value of X is FFS.
3.
Conclusion

In this contribution we have shown using a radiation pattern from a real, single column base station antenna, with nulls and sidelobes, that it is feasible to use a sparser sampling grid than one based on 1 degree’s resolution in azimuth and elevation. This allows for significant savings in measurement complexity. We made the following observations:
Observation 1: With a sparse sampling grid, 15 degrees’ resolution in azimuth and 5 degrees in elevation, the TRP sampling error becomes bounded by -0.2 to 0.2 dB depending on alignment between the sampling grid and the system under test.
Observation 2: With the sparse sampling grid, the measurement time can be reduced to 1/75th of that for a 1 degree’s resolution.

Based on the observations, we propose that a sampling error tolerance is considered when specifying requirements and test cases.

Proposal 1: A sampling error tolerance of ±X dB is introduced and taken into account in the final TRP accuracy requirement, in order to allow appropriate selection of measurement points. The value of X is FFS.

The exact figure can be decided once other means for reducing the sampling error caused by a sparse sampling grid have been investigated – for instance, the usage of randomized beamforming weights. The exact figure shall provide a good balance between number of test points and measurement accuracy.
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