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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the last meeting, clarifications regarding the TX and RX beam peak directions were made in [1-3]. During offline discussions, corner cases of TX/RX beam peak directions were discussed. This contribution is highlighting those corner cases with the intention to clearly define the beam peak direction. Additionally, the beam peak search procedure is outlined in more detail. 
Discussion
The new definitions for the TX beam peak and RX beam peak directions were agreed in [3]
	[bookmark: _Toc503255601]3.1	Definitions
[bookmark: OLE_LINK8]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
TX beam peak direction: direction where the maximum total component of EIRP is found
RX beam peak direction: direction where the maximum total component of RSRP and thus best total component of EIS is found


A high-level search procedure for the respective peak positions were outlined in [4] and the need for a beam peak search procedure was outlined in [5].
In offline discussions during the last meeting, a corner case was discussed where the global beam peak direction was not aligned with the intended base station direction, i.e., the TX (RX) beam peak direction is not in the direction from where the DL was provided. An illustration of such a case in 2D is shown in Figure 1 where the unintended (side) lobe of the antenna array is larger than the intended lobe which is directed/steered towards the BS. 
 [image: ]
[bookmark: _Ref510442804]Figure 1: Illustration of an antenna array pattern with a beam peak direction not directed towards the BS.
As the unintended (side) lobe of such a beam would never be used for an active link between the UE and the BS, it is proposed to only consider beam peak directions steered towards base stations. Furthermore, the signal quality in such a side lobe is questionable. The search procedure to determine the global beam peak directions, i.e., including the side lobes, would be very time intensive as for every beam steering direction in 3D another 3D scan of the antenna pattern would be required.  
Proposal 1: Consider TX or RX beam peak directions only for beam steering directions towards DL signals presented to the UE 
For a DUT with a number of integrated antenna arrays and each antenna array supporting a finite number of beam steering directions, the beam peak search requires a very fine measurement grid to accurately capture the beam peak direction. As a large number of TX and RX conformance test cases are performed in the respective beam peak directions, not capturing the correct direction could potentially lead to weeks or months of testing in a wrong direction. The consequences of measuring in a direction other than the true beam peak direction could be significant in terms of test time and cost. 
Observation 1: A very fine measurement grid is required to determine the beam peak direction a large amount of TX and RX conformance test cases are performed at. The consequences of measuring in a direction other than the true beam peak direction could be significant in terms of test time and cost.
A conceptual illustration in 2D of the measurement setup to determine the beam peak direction for a DUT with two antenna arrays and three steering directions is shown in Figure 2. The relatively large number of measurement antenna locations is not sufficient to determine the true beam peak direction (red beam). Based on these measurement antenna positions, the search would have yielded the direction of the green beam peak direction as the beam with the true beam peak was steered in between two measurement antennas. In an extreme case, the measurement antennas could be positioned in between the peaks of each beam, and the search procedure would have yielded a beam peak direction where the EIRP or EIS is significantly less than that of the true beam peak which could easily yield a false FAIL for various conformance test cases. 
[image: ]
Figure 2: Conceptual illustration in 2D of possible DUT beam steering directions with discrete measurement antenna locations. 
As different system integrators have different preferences in terms of measurement grid types, it is suggested to leave the grid type up to system vendors. As outlined above, a fine enough grid is required to determine the correct beam peak direction. 
Proposal 2: The measurement grid type is left up to system vendors.
Proposal 3: The minimum number of measurement points to determine the TX and RX beam peak direction is TBD and needs to be large enough to capture the beam peak direction accurately. 
The search procedure for the TX beam peak direction is highlighted in some more detail, compared to [4], below:
· Step 1: Establish connection between gNB and UE with polarization reference PolLink = θ with the link/measurement antenna
· Step 2: Position the DL link/measurement antenna at measurement position P1 and let the UE form its UL beam towards P1 and PolLink 
· Step 3: Measure EIRPθ (PolLink = θ, P1) and EIRPφ (PolLink = θ, P1)
· Step 4: Switch connection to polarization reference PolLink = φ and let UE form UL beam towards P1 and PolLink
· Step 5: Measure EIRPθ (PolLink = φ, P1) and EIRPφ (PolLink = φ, P1)
· Step 6: Move DL link antenna to measurement position P2 and let UE form UL beam towards P2 and PolLink = φ 
· Step 7: Measure EIRPθ (PolLink = φ, P2)  and EIRPφ (PolLink = φ, P2)  
· Step 8: Switch connection to polarization reference PolLink = θ and let UE form UL beam towards P2 and PolLink
· Step 9: Measure EIRPθ (PolLink = θ, P2) and EIRPφ (PolLink = θ, P2)  
· Perform the above steps for all remaining points on the measurement grid and subsequently determine the TX beam peak direction by searching for the maximum EIRP (total comp.) captured on each point of the measurement grid. 
A search procedure for the RX beam peak direction is performed in a very similar fashion. The procedure is the same as above; the EIRP measurement just has to be replaced by an RSRP measurement with the DL level at the center of the quiet zone fixed. 
Since the TX beam peak search procedure captures a very large number of EIRP measurements in 3D to determine the TX beam peak direction used for a large variety of TX conformance test cases, it is proposed to use those measurements for the spherical coverage tests, i.e., perform the EIRP CDF analysis on the EIRP measurements used to determine the TX beam peak direction. 
Proposal 4: Re-use the EIRPs measured during the TX beam peak direction procedure for the spherical coverage test. 
Proposals
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]The following observations and proposals were made:
Proposal 1: Consider TX (RX) beam peak directions only for beam steering directions towards DL (UL) signals presented to the UE and disregard side lobes
Observation 1: A very fine measurement grid is required to determine the beam peak direction for the TX and RX conformance test cases that are performance in the TX/RX beam peak directions. 
Proposal 2: The measurement grid type is left up to system vendors.
Proposal 3: The minimum number of measurement points to determine the TX and RX beam peak direction is TBD and needs to be large enough to capture the beam peak direction accurately. 
[bookmark: _GoBack]Proposal 4: Re-use the EIRPs measured during the TX beam peak direction procedure for the spherical coverage test. 
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