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Introduction
This contribution is outlining a TX Beam Search proposal to reduce the number of test points based on a search approach using coarse and fine grids. 
 Assumptions for TX Beam Peak Search Grid 
The way forward on measurement grids [1] outlined antenna assumptions and beam peak search assumptions. 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 for constant step size grids and 7080 points for constant density grid, respectively. In [3], it was suggested to increase the minimum number of grid points to 8000 for the constant density grid. This contribution is investigating ways forward to significantly reduce the number of TX beam peak search measurement grid points.
Antenna Pattern Assumptions
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

This pattern was found to have the following half-power beam widths (HPBWs) in the xy plane, i.e., along , with the antenna array in a standalone, free-space configuration:
· 0.5dB HPBW0.5dB of 5.3o 
· 3dB HPBW3dB  of 12.7o 
Coarse&Fine TX Beam Peak Search Grids for constant step size measurement grids
The current TX beam peak search approach is based on a very fine beam peak search grid to determine the maximum beam peak of the DUT in any given direction [1]. Essentially, this means that even in sectors where poor EIRP performance is observed, a very fine grid is used to search for the TX beam peak.  
An optimized approach, based on an initial coarse search followed by a subsequent fine search could reduce the number of beam peak search grid points significantly. A high-level approach was proposed in [4]. 
Here, it is proposed to keep the 0.5dB accuracy of the TX beam peak search procedure which corresponds to a fine = fine = 2.5o fine grid search spacing for a constant step size grid [2] [5]. In order to keep the number of grid points for the coarse approach to a manageable level, it is proposed to select a size coarse grid spacing with coarse = coarse = 4*fine = 4*fine = 10o.
Proposal 1: Select a fine grid constant step size spacing of 2.5o to keep the 0.5dB accuracy of the TX Beam peak search grid and a coarse grid constant step size spacing of 10o. 
For simplification purposes, 2D coarse and fine searches are discussed next and illustrated in Figure 2 but the concept can be extended to 3D easily. The UE is assumed to form a total of six beams in the 2D plane as illustrated on the left of Figure 2. In the centre of Figure 2, the 36 coarse beam peak search grid points in the 2D plane are illustrated. On the right, the grey circles on the respective antenna patterns illustrate the measured EIRP values towards each coarse grid point direction based on the respective beam steering directions. This illustration shows that the EIRP beam peak of the coarse search, EIRPCSBP, is found to be the peak of the orange beam while the global TX beam peak (red beam) was not identified due to the coarse sampling of the grid points. 
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Figure 2: Illustration of the Coarse Search Approach for TX Beam Peak Search. Left: Antenna Pattern assumptions in 2D, Centre: Coarse beam peak search grid points/discrete antenna measurement positions, Right: TX beam EIRP measurements per grid point
The following procedure for the coarse TX beam peak search is proposed:

1. Connect SS with DUT

2. Adjust the positioning system to setup TX beam peak search coarse grid point #1, (c1, c1) 

a) Connect SS to PolLink= polarization of the measurement antenna (=Link antenna)

b) Wait for the beam to be formed (dwell time)

c) Perform EIRP measurements for both polarizations, EIRP (c1, c1, PolMeas=, PolLink=) and EIRP (c1, c1, PolMeas=, PolLink=), calculate total EIRP (c1, c1, PolLink=) = EIRP (c1, c1, PolMeas=, PolLink=)+ EIRP (c1, c1, PolMeas=, PolLink=)

d) Connect SS to PolLink= polarization of the measurement antenna (=Link antenna)

e) Wait for the beam to be formed (dwell time)

f) Perform EIRP measurements for both polarizations, EIRP (c1, c1, PolMeas=, PolLink=) and EIRP (c1, c1, PolMeas=, PolLink=), calculate total EIRP (c1, c1, PolLink=) = EIRP (c1, c1, PolMeas=, PolLink=)+ EIRP (c1, c1, PolMeas=, PolLink=)

3. Adjust the positioning system to setup TX beam peak search coarse grid point #2, (c2, c2) 

a) Perform steps a through f above

4. Adjust the positioning system to setup TX beam peak search grid point #3, (c3, c3)

a) Perform steps a through f above
(…)

615. Adjust the positioning system to setup TX beam peak search grid point #614 (the last measurement point of a constant step size measurement grid with ==10o), (c614, c614)
a. Perform steps a through f above

The proposed fine search approach is illustrated further in Figure 3. An EIRP fine search region starting from the EIRP beam peak identified in the coarse search, EIRPCSBP, over a range of FS is used to identify the regions that need to be investigated more closely with the fine search algorithm. The fine search range FS 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. For the assumptions made, i.e., a coarse grid spacing of 10o and the 8x2 antenna array, FS should be at least be the drop in power from the reference antenna peak at the 10o coarse degree beamwidth, i.e., at a minimum 1.9dB, as outlined in Figure 4.
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Figure 3: Illustration of the fine beam peak search grid. Left: identify the measurement grid points that yielded EIRP values within the fine search region, right: placement of fine beam peak search grid points
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Figure 4: 8x2 Reference Antenna Pattern 10o Beamwidth Performance
Proposal 2: Select a minimum fine search range FS of 1.9dB.
For the example patterns and the selected coarse grid, a total of 5 points were found to be within the EIRP fine search region, highlighted in yellow, as illustrated on the left of Figure 3. Around each coarse grid point identified to be within the fine search region, 25 fine search grid points with 2.5o spacing in  and  are placed as illustrated in the centre of Figure 3. For the example studied in this contribution, the 5 points in the 2D plane resulted in 22 unique fine grid search points illustrated on the right of Figure 3. 
The following procedure for the fine TX beam peak search is proposed:
616. Once all 614 (360/coarse * (180/coarse -1) + 2) coarse grid measurements have been completed, determine the coarse grid peak EIRP, EIRPCGBP, from all EIRP (ci,, ci,, PolLink) measurements taken during the coarse grid procedure
617. Identify all EIRP values, EIRP, and grid points (ci,, ci,, PolLink,i,) that are within FS(>1.9dB) of the coarse grid beam peak, EIRPCGBP, with PolLink i, being the link polarization used to measured EIRP.
618. Place fine grid measurement points spanning coarse/2 to the left and right and coarse/2 to the top and bottom around each coarse grid point (ci,, ci,, PolLink,i,)
619. On each of the unique fine grid measurement points
a) Connect SS to PolLink,i, polarization of the measurement antenna (=Link antenna)
b) Wait for the beam to be formed (dwell time)
c) Perform EIRP measurements for both polarizations, EIRP (fj, fj, PolMeas=, PolLink,i,) and EIRP (fj, fj, PolMeas=, PolLink,i,), calculate total EIRP
EIRP (fj, fj, PolLink,i,) = EIRP (fj, fj, PolMeas=, PolLink,i,)+ EIRP (fj, fj, PolMeas=, PolLink,i,)
N. 
Determine TX Beam Peak Direction (TXBP, TXBP, PolLink,TXBP) where max EIRP is found

This approach will yield the same beam peak direction with the same EIRP beam peak accuracy as the constant step size measurement grid with 2.5o spacing currently agreed [5]. 

Proposal 3: Approve the coarse&fine search approach as alternative to reduce test time. 
In [1], it was agreed to re-use the EIRPs from the TX beam peak search measurement for the spherical coverage test: 

Proposal 7: Re-use the EIRPs measured using the agreed measurement grid types (Proposal 1) during the TX beam peak direction search procedure for the spherical coverage test. 
As the fine grid points are localized near maximum TX beam peaks, only the EIRP results from the coarse search grid can be used for the CDF analyses. Whether the proposed coarse search grid is sufficient for the EIRP spherical coverage/CDF analyses is FFS.
Observation 1: Whether the proposed coarse search grid is sufficient for the EIRP spherical coverage/CDF analyses is FFS.
4
Conclusions

The following observations and proposals were made in this contribution.

Proposal 1: Select a fine grid constant step size spacing of 2.5o to keep the 0.5dB accuracy of the TX Beam peak search grid and a coarse grid constant step size spacing of 10o. 

Proposal 2: Select a minimum fine search range FS of 1.9dB.

Proposal 3: Approve the coarse&fine search approach as alternative to reduce test time. 

Observation 1: Whether the proposed coarse search grid is sufficient for the EIRP spherical coverage/CDF analyses is FFS.
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