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1.	Introduction
In spherical coverage measurement, DUT needs to be turned over to eliminate the situation that UE’S beam is blocked by the positioner’s pole. As is also mentioned in [1], the DUT turnover manipulation can have some errors, then it is expected that there is some impact to the MU of spherical coverage. In this paper, we provide analysis of the impact of non-ideal turnover for spherical coverage MU.
2.	Discussion
In IFF system, only the rotational error of turnover is a matter and positional error will not be a matter as long as DUT is in quiet zone. This effect from non-ideal turnover equivalently means that the measurement grid of one hemisphere is rotated by some amount of rotational errors. Rotational error can be denoted as xrot, yrot and zrot[deg] around 3 Cartesian  axes. Figure 1 and Figure 2 shows the example of distorted grid when xrot= yrot = zrot = 5deg for lower half(> /2) hemisphere.

Figure 1 Distorted measurement grid for 15 deg constant step size grid (Left : from +x, Right : from –z)

Figure 2 Distorted measurement grid for 200pt constant density grid (Left : from +x, Right : from –z)
Simulation is done using the same assumptions and methodology as is described in TR 38.810 G.3.1 as quoted below. Figure 3 shows the emission pattern with this beam steering assumptions, which well matches with the figure in [2].
[bookmark: _Toc535323372]G.3.1	Assumptions
The simulation assumptions for the spherical coverage grids are the same as outlined in Annex G.1.1. 
Regarding the antenna implementation and beamformer, the following assumptions have been made (refer to Figure G.3.1-1):
-	Two 8x2 antenna arrays are integrated in the UE for the spherical coverage analyses
-	The implementation loss for the antenna near the front is 5dB less than that for the antenna near the back
-	For Beam Steering Assumptions
-	In the xz plane, 45o beam steering granularity (from 45o to 135o) has been used
-	In the xy plane, 22.5o beam steering granularity (from -90o to 90o) has been used
[image: ][image: ]
Figure G.3.1-1:  Illustration of the two antenna arrays integrated in the UE.
Regarding UE Orientations/Rotations, the following assumptions were made for the analyses:
-	10000 random relative orientations between the simulated UE and the respective measurement grids 
-	The rotations of UE/grid will be along  and  as well as around the beam peak
-	The rotations along  will utilize a sin() weighting to assume a uniform sampling on the surface.
When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(theta).

Figure 3 Emission pattern with beamforming
Figure 4 shows the stddev and mean error depending on the rotational error for 50%-tile value of EIRP CDF . In this simulation, A = xrot = yrot = zrot = 0, 1, 2, 3, 4, 5, 10, 15 and 20 [deg] are evaluated. 200pt for constant density grid and 15deg step(266pt) for constant step size grid, which is the minimum number of grids  for spherical coverage measurement (M.3.1.1.3 of TS 38.521-2), are simulated. Completely random orientation of the grid and DUT(array antenna) is assumed. Hence, beam peak is not always on one of the measurement grid.
[image: ]
[bookmark: _GoBack]Figure 4 Effect of rotational error upon DUT turnover to EIRP50%-tile
As seen in Figure 4, impact to the MU when A = 1 deg would be ignorable level.  The rotational error will depend on the positioner (UE holder) design, rigidness, backlash, and also shape of UE etc. As is mentioned in [1], some rotational error over 1deg can happen. For spherical coverage, we propose to apply another 0.05dB as separated term from spherical coverage measurement grid impact (which is 0.12dB) as an impact from DUT turnover, which means +0.01dB of combined MU( ). 0.01dB increase is roughly corresponds to +/- 3deg error according to Figure 4.
Note that for EIS spherical coverage, same beam steering model is applied according to TR 38.810. The difference is that we will use finite DL power change step to find out EIS(DL level where throughput becomes 95%). As the impact of rotational error and finite power step can be considered as independent each other, then we can apply the same conclusion for EIS spherical coverage.
Proposal 1 : For EIRP and EIS spherical coverage, apply impact from DUT turnover as +/- 0.05dB 

3.	Conclusion
In this paper, MU impact from non-ideal DUT turnover manipulation is analysed with simulation. RAN5 is asked endorse following
Proposal 1 : For EIRP and EIS spherical coverage, apply impact from DUT turnover as +/- 0.05dB 
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