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Introduction
In [1], Proposal 1 talked about allowing the re-use of the beam peak search result between different conformance test systems. Proposal 1 was not endorsed as the group said there was not enough information about what the re-use exactly meant and technical evidence to support. This paper tries to define the re-use of beam peak search result more explicitly and also to give a series of guidelines when it can be re-used.
Discussion
The exact wording of Proposal 1 in [1] was as follows: 
Allow the beam peak search result from another UE RF conformance test system to be re-used when the same test conditions while making sure that the EIS result in the provided RX Beam Peak direction measured in the UE RF system matches that measured in the RRM system with a TBD tolerance
The first open question is what the “same test conditions” means. In this paper, for clarification, we are talking about re-using the RX beam peak search results for the same DUT when:
· testing at the same test frequency range, e.g. cannot re-use the results at FR2a for FR2b.
· the same environmental conditions e.g. cannot re-use the beam peak search results obtained with normal temperature for extreme temperature conditions
· and the same permitted test methods, e.g. cannot mix DFF and IFF results.
Observation 1: This paper considers the re-use of beam search results for the same frequency, the same environmental conditions and in the same permitted test method.
The RX beam peak direction is where the minimum EIS is found (according to the Rx beam peak direction search in TS 38.521-2), and it is directly related to the maximum gain of the beamforming pattern of the DUT. As such, it is a property of the DUT and it is not affected by external elements. Thus, it can be unambiguously defined with respect a coordinate system based on the DUT, as shown in Figure 1.
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Figure 1: Example of a DUT antenna pattern with respect to the DUT (coordinate) axes
Observation 2: The RX beam peak is a property of the DUT and it can be unambiguously defined with respect a DUT-based coordinate system.
When the DUT is placed in the TE, there is a certain relation between the DUT coordinate frames and the TE coordinate frames (see [3]). For instance, Figure 2 on the left side shows an example of the alignment between the DUT and the TE corresponding to Alignment Option 1 – Orientation 1 in [2]. In this example, the relation would be that the RX beam peak of the DUT (see Figure 1) corresponds to the Z axis for the TE coordinate system.
The RX beam peak is static and does not change over time. Thus, the RX beam peak remains unchanged for tests executed at different points it time in the same test system without any external interaction (i.e. without re-positioning the DUT). If the DUT is removed and placed back in the test system (for instance, to change the battery), the RX beam peak of the DUT is still not modified. However, the coordinate system of the DUT in relation to the coordinate system of the Test Setup may be slightly different due to the re-positioning, as it can be seen in Figure 2 on the center. There has been a small rotation and the Y axis of the DUT is no longer perfectly aligned with the Z axis of the TE. Hence, there is a small MU associated with the fact of re-positioning the device. 
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Figure 2: Relation between the DUT and the TE coordinate systems
In such case, if the TE applies the previous relation between TE coordinates and DUT coordinates, it will assume that the DUT’s RX beam peak is pointing in the Z direction, and there will be an error due to the misalignment, as shown on the right side of Figure 2.
Proposal 1: Allow the beam peak search results to be re-used in the same Test System in consecutive test runs when the DUT has been moved and placed back in the chamber. Consider that the effects of the re-positioning can be neglected if the TE can guarantee the difference in the DUT orientation is smaller than [TBD]°.
In case the misalignment error is bigger than [TBD]°, it can be corrected by running a reduced/simplified beam peak search procedure around the expected RX beam peak, as shown in Figure 3, in order to fine tune the relation between TE coordinate system and the DUT coordinate system. 
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Figure 3: Proposal for a reduced RX beam peak search to correct misalignments between TE and DUT
Proposal 2: If the uncertainty in the DUT orientation with respect to the TE is bigger than [TBD]°, the TE shall run a procedure (e.g. a reduced RX beam peak search around the previously measured beam peak) to re-align.
From Proposals 1 and 2, it is proposed to re-use the beam peak search results on the same TE at different test runs, even after the device has been removed from the system and placed back. What about different instances of the same TE model, e.g. anechoic chambers 1 and 2, both implementing RF IFF? As both TEs are of the same model, the same MU budget calculation is applicable for both of them and the same approach from Proposal 2 can be applied seamlessly. There can be a small tolerance on the absolute gain at the beam peak due to slightly different MUs in the TEs, but this is not relevant  for the beam peak direction.
Proposal 3: the RX beam peak search results can be re-used between different instances of the same TE model. The TE shall run a procedure (same as in Proposal 2) to ensure the alignment of the DUT and TE.
The last remaining point is whether the RX beam peak search results can be re-used between different types of TE. Here we should differentiate between two cases: 
· Case 1: the two TEs are of the same permitted Test Method (as defined in [2]), but have different number of antenna. For example, the simplified DFF setup as used for RF with 1AoA and the DFF setup used for RRM with multiple AoA.
· Case 2: the two TEs are of different Test Methods, but both of them in the Far Field. For example, the IFF setup as used for RF with 1AoA and the DFF setup used for RRM with multiple AoA.
For Case 1, the two tests setups will have different uncertainty budgets, due to the addition of multiple AoA. However, the two setups are limited by the same constraints: both test setups are applicable to the same DUT size, QZ size and antenna aperture. Furthermore, the coordinate systems of both test setups are compatible. The coordinate system of the DFF with 1AoA can be translated into the coordinate system of the DFF with multiple AoA by selecting one of the multiple antenna as reference. The positioning systems of both setup might be different, for example they may rotate in different ways. Nonetheless, this is just a problem of coordinate transformation that can be solved geometrically.
Coming back to Observation 2, where it was stated that the RX antenna pattern is a property of the DUT. That implies that the TE does not have an influence on the antenna pattern of the DUT. By having different MU, the TE can, for instance, apply a dB offset to the antenna gain of the DUT, but this offset affects then to all directions. The TE cannot change the shape of the antenna pattern, hence cannot change the beam peak direction, further than a [TBD] tolerance. This tolerance is due to the measurement grid and other MU contributors than may have a small effect in the ability of the TE to find the beam peak. Thus, the same method of proposals 2 and 3 can be applied for Case 1. 
Proposal 4: the RX beam peak search results between TE of the same permitted Test Method that have different number of antenna. The TE shall run a procedure (same as in Proposal 2) to ensure the alignment of the DUT and TE.
Case 2 is a bit more complicated, since the two test setups will be affected by different constraints. As example, the DFF setup is only defined for DUTs with 5 cm antenna aperture. Thus, this case would need further discussion and is not considered in this paper.
Conclusion
Observation 1: This paper considers the re-use of beam search results for the same frequency, the same environmental conditions and in the same permitted test method.
Observation 2: The RX beam peak is a property of the DUT and it can be unambiguously defined with respect a DUT-based coordinate system.
Proposal 1: Allow the beam peak search results to be re-used in the same Test System in consecutive test runs when the DUT has been moved and placed back in the chamber. Consider that the effects of the re-positioning can be neglected if the TE can guarantee the difference in the DUT orientation is smaller than [TBD]°.
Proposal 2: If the uncertainty in the DUT orientation with respect to the TE is bigger than [TBD]°, the TE shall run a procedure (e.g. a reduced RX beam peak search around the previously measured beam peak) to re-align.
Proposal 3: the RX beam peak search results can be re-used between different instances of the same TE model. The TE shall run a procedure (same as in Proposal 2) to ensure the alignment of the DUT and TE.
Proposal 4: the RX beam peak search results between TE of the same permitted Test Method that have different number of antenna. The TE shall run a procedure (same as in Proposal 2) to ensure the alignment of the DUT and TE.
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