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1
Introduction
This contribution is revisiting previous agreements for the RX beam peak search which resulted in a very large number of beam peak search grid points and resulting test time. Given the large relative RSRP accuracy of [±6dB], the previously considered approach seems hardly suitable any more. A couple of different proposals are presented in this contribution that could address these issues. 
 2
Assumptions for Beam Peak Search Grid 
The way forward on measurement grids [1] suggested to use an 8x2 single panel antenna array
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to determine the minimum number of measurement points for the beam peak search grid based on a [0.25dB] EIRP deviation between the beam peak and the 4 closest, neighbouring measurement points.
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In [2], analyses for minimum number of measurement points based on constant step size and constant density grid types resulted in a very large number of min measurement points for a 0.25dB EIRP deviation. Subsequently, a deviation of 0.5dB between the peak and the closest measurement points was selected to reduce the number of points; the total number of grid points was still significant, i.e., 10224 and 7080 points, respectively. 
For the RX beam peak, the previously agreed procedure [2] is based on the RSRP
5.2.1.4.4 EIS Measurement Procedure
The RX beam peak direction is found with a 3D RSRP scan (separately for each orthogonal polarization) with a grid
that is TBD. The RX beam peak direction is where the maximum total component of RSRP is found.
which was recently clarified to have very poor relative RSRP accuracies [3]
	RAN4 also discussed the FR2 SS RSRP accuracy requirement and the following was agreed:

· Absolute SS RSRP accuracy is [± 6dB] for low SNR side conditions (Es/Iot ≥ [TBD] dB)

· Relative SS RSRP accuracy is [± 6dB] for low SNR side conditions (Es/Iot ≥ [TBD] dB)

· RAN4 will continue discussion on whether SS RSRP accuracy for FR2 can be improved in higher SNR conditions (higher Es/Iot).

· Note: The above SS RSRP accuracy might be revised in the future RAN4 meetings


Given this poor relative accuracy, the proposed RSRP approach is not able to reliably determine the RX beam peak direction, i.e., the direction in which EIS is minimized. 

Observation 1: Given the poor relative accuracy of [± 6dB], the proposed RSRP approach is not able to reliably determine the RX beam peak direction, i.e., the direction in which EIS is minimized. 
At this point, the general understanding has been that the RX antenna patterns do not change with respect to UE output power levels or DL power levels. The RX beam peak measurements should be performed at maximum UE output power levels as this is the most common test point for RX tests. Additionally, the DL power level at the centre of the quiet zone should have a high SNR. 
Proposal 1: Perform the RX beam peak search grid measurements at maximum UE output power level at a DL power level at the centre of the quiet zone with a high SNR.

3
Beam Peak Search based on EIS

The RSRP based approach to determine the RX beam peak was agreed initially since the RSRP is reported significantly faster by the UE compared to the EIS test time (~30-90s), i.e., the time to determine the DL power level (at the centre of quiet zone) at which the respective throughput threshold is met. Given the poor relative RSRP accuracy, the fall back is to measure EIS for every RX beam peak search grid point. Given the 1dB step size in RSRP, a 1dB accuracy of power-based quantities such as EIS for the RX beam peak search grid (compared to the 0.5dB accuracy for the TX beam peak search grid) is proposed as a starting point. 
Proposal 2: Increase the accuracy of power-based quantities such as EIS for the RX beam peak search grid to 1dB.

The 8x2 antenna array, illustrated in Figure 1, was used as the reference antenna pattern as agreed in [1] for simulations.
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Figure 1: 8x2 Reference Antenna Pattern

For this reference antenna array in the free-space configuration, a 1dB Half-Power Beam Width (HPBW1dB) of 7.49o was determined in the xy plane, i.e., along  for this specific antenna pattern. Based on the analysis in [4] and summarized in Figure 2, the minimum number of grid points for the constant step size grid type is 4704 ( =  = 180o/49 = 3.6735o) and 4500 points for the Charged Particle implementation of the constant density grid type. Obviously, the number of RX beam peak search grid points is too high as it yields unacceptably long test times. 
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Figure 2: Minimum HPBW as function of number of TX beam peak search grid points
Observation 2: The minimum number of RX beam peak search grid points for a 1dB uncertainty for power based quantities at the RX beam peak utilizing an EIS search at every grid point instead of using RSRP measurements is too high regardless of the grid types (constant step size grid and constant density).
As outlined in [5], the HPBW might be wider for this reference antenna architecture when fully integrated within a smartphone UE, i.e., the 8x2 patch antenna array integrated with glass, metallic objects, and PCB components in close proximity. Feedback from UE vendors and chipset vendors is encouraged whether the antenna pattern in Figure 1 is representative of the most directive antenna pattern in terms of pattern shape/HPBW or whether integration of the 8x2 antenna array in realistic smartphone UE architectures yields a broadening of the antenna pattern. Unless the HPBW increases (from 7.49o) to ~30o (with 266 unique grid points for the constant step size grid type), the approach to perform an EIS search at every grid point is not practical. 
Observation 3: Even for more realistic antenna patterns with the reference antenna integrated into smartphone UE architectures, the approach to perform an EIS search at every RX beam peak grid point seems impractical
3
Coarse&Fine Beam Peak Search Grids
The current RX beam peak search approach is based on a very fine beam peak search grid to determine the beam peak of the DUT in any given direction [1]. Essentially, this means that even sectors where poor EIS performance is observed, a very fine grid is used to search for the RX beam peak.  
An approach, based on an initial coarse search followed by a subsequent fine search, as suggested in [5], could potentially reduce the number of beam peak search grid points. One implementation could base the coarse search on the RSRP measurements and the fine search on EIS measurements. However, the current, very large RSRP accuracy is likely going to yield a large number of sectors for EIS measurements. Another implementation could base the coarse and the fine searches on EIS measurements; however, a practical number of measurements to determine the RX beam peak direction is unlikely as well.
Observation 4: Coarse&fine RX beam peak search approaches based on RSRP or EIS measurements in the coarse search are likely not going to be practical in terms of test time. 

A different approach to determine the RX beam peak direction could be based on an initial pass/fail throughput scans on a coarse grid with a subsequent EIS search on sectors around the points where the throughput scan passed. The coarse scan is outlined in Figure 3. 
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Figure 3: Illustration of the Coarse Search Approach for RX Beam Peak Search. Left: TX Antenna Pattern assumptions in 2D and EIS measurement at TX beam peak, Centre: RX Antenna Pattern and coarse beam peak search grid points/discrete antenna measurement positions, Right: Pass/Fail Throughput measurements (P/F) per coarse grid point

For simplification purposes, only 2D coarse and fine searches are discussed here and illustrated but the concept can be extended to 3D easily. The UE is assumed to be able to beamform a total of six TX beams (solid) in the 2D plane as illustrated on the left of Figure 3. In the centre of Figure 3, six RX beams are illustrated (striped) the UE is assumed to be able to form; here, it is assumed that the TX and RX beams are somewhat different. The coarse beam peak search grid points, i.e., the discrete antenna measurement positions, are shown in the 2D plane. The first step of this procedure is to determine the EIS at the TX beam peak direction, EISTXBP, as the TX beam peak direction is likely going to yield a good RX beam performance. The DL power (at the centre of the quiet zone) for the remaining coarse search measurements is chosen to be the minimum of the EIS in the TX beam peak direction or REFSENS, i.e., min(EISTXBP, REFSENS), with a small safety margin, S, added. This margin S is a function of the angular spacing of the coarse beam peak search grid as well as the beam width of the reference antenna pattern considered for smartphone UEs. At every RX beam peak coarse grid position, a throughput measurement at this power level (at centre of quiet zone) is performed which is significantly faster than the EIS search. Each measurement is compared with the corresponding throughput threshold [9], i.e., a Pass (P) and Fail (F) will be determined for each grid point, as illustrated in the right of Figure 3. In case too many coarse grid points have been identified with a Pass, the coarse search should be repeated with the safety margin, S, reduced.
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Figure 4: Illustration of the Fine Search Approach for RX Beam Peak Search.
The proposed fine search approach is illustrated further in Figure 4. Inside sectors around the coarse grid points that yielded Pass throughput measurements, the RX beam peak fine search measurement grid points are placed; at every fine search measurement grid point, the EIS is measured. The angular width of the sector should match the angular spacing between the coarse search grid points. A constant step size with 3.6735o angular spacing will yield an EIS beam peak accuracy of 1dB for the assumed reference antenna pattern and this coarse&fine search approach could result in an optimized number of measurement points used to determine the RX beam peak direction based on EIS searches. 
Observation 5: A search routine based on throughput measurements on a coarse grid and EIS measurements on a fine grid could result in an optimized number of measurement points. 
Proposal 3: Consider the proposed the coarse&fine search approach a replacement of the previously agree RX beam peak search approach based on RSRP. Parameters are FFS
4
Conclusions

The following observations and proposals were made in this contribution.

Observation 1: Given the poor relative accuracy of [± 6dB], the proposed RSRP approach is not able to reliably determine the RX beam peak direction, i.e., the direction in which EIS is minimized. 
Proposal 1: Perform the RX beam peak search grid measurements at maximum UE output power level at a DL power level at the centre of the quiet zone with a high SNR.

Proposal 2: Increase the accuracy of power-based quantities such as EIS for the RX beam peak search grid to 1dB.

Observation 2: The minimum number of RX beam peak search grid points for a 1dB uncertainty for power based quantities at the RX beam peak utilizing an EIS search at every grid point instead of using RSRP measurements is too high regardless of the grid types (constant step size grid and constant density).
Observation 3: Even for more realistic antenna patterns with the reference antenna integrated into smartphone UE architectures, the approach to perform an EIS search at every RX beam peak grid point seems impractical
Observation 4: Coarse&fine RX beam peak search approaches based on RSRP or EIS measurements in the coarse search are likely not going to be practical in terms of test time. 

Observation 5: A search routine based on throughput measurements on a coarse grid and EIS measurements on a fine grid could result in an optimized number of measurement points. 
Proposal 3: Consider the proposed the coarse&fine search approach a replacement of the previously agree RX beam peak search approach based on RSRP. Parameters are FFS
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