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1	Introduction 
The discussion whether to use measured, simulated, or a mixture of both to define the FR2 MIMO OTA requirement is still ongoing in the MIMO OTA work item [1].  During the RAN4 #106 meeting, the following agreements related to this issue were reached [2]:

	Issue 1-1-2: Down-selection between Pure measurement approach and Hybrid approach
<Agreement>:
· Make decision on the down-selection between the pure measurement approach and the hybrid approach as early as possible, the deadline is RAN4#109 (Nov 2023).
…

Issue 1-1-7: Whether to require the proportion of single panel UE
<Way forward>:
· FFS on the number of antenna panel and whether to consider the proportion of a certain number of antenna panel UE
· Encourage companies to propose constructive and workable approaches on how to guarantee the proportion of certain panel UE at the next meeting.



This contribution provides an alternative proposal to resolve this open issue.
2	Discussion 
As captured in the WF [2], the main open issue associated with the inclusion of the simulation approach in the FR2 MIMO OTA requirement development process is whether to requirement a proportion of results to be single panel UE.  Additionally, according to our understanding, the potential inclusion of simulation-based approaches to define this requirement significantly complicate the lab alignment process and raise questions about the alignment of these simulation results to actual performance of devices in the field, where all implementation impairments impact performance, and simulation platforms by definition reduce the complexity of the problem by not considering all possible impairments.

It is possible to consider this problem from a different perspective.  Recalling the Rel-15 radiated spherical coverage requirement discussions [3], we note that a very similar debate occurred in Rel-15:

	Topic 2: How do we define each option to finalize the 50%-tile requirement?
· There is a variety of assumptions for the reported data and some is based of simulations, while a few are based on measurements. To help analyze the data, two tables are provided below summarizing the 50%-tile values for 1 panel and 2 panels.


No consensus was reached on whether mandatory should be one panel, therefore two options are considered. Each table will be treated separately.



Table 1 - Summary of 50%-tile values – 1 panel
	Source
	Data type
	28GHz
    Drop      |      EIRP
	39GHz
Drop      |      EIRP

	Apple
	Simulated
	-14.50
	8.00
	-18.0
	2.5

	LGE
	Measured
	-14.00
	8.40
	-15.4
	5.2

	Samsung
	Simulated
	-11.60
	10.8
	-13.6
	7.0

	Sony
	Measured
	-13.10
	9.30
	-
	-

	Huawei
	Simulated
	-11.70
	10.7
	-
	-

	Average
	
	-12.98
	9.44
	[-18 to 
-13.6]
	[2.5-7.0]



Averages for 28GHz data are stable.
[Chair] Since there are only 3 data points, how do we proceed with 39GHz?
[Apple] There is a spread in the 39GHz data, we need to align on what was simulated and considered. Colocation? Intra-band variation?
[Samsung] We are aligned in our assumptions
[LGE] We did not consider all
[Chair] LGE, would you adjust your data for this?
[LGE] We would like to further discuss with Apple offline. From the development part feedback, we consider dual band and colocation. We aligned these assumptions with other companies, so prefer one level not to range.
[Chair] Average values for 39GHz data will be kept in brackets with current range until the outcome of that discussion. The

Table 2 - Summary of 50%-tile values – 2 panels
	Source
	Data type
	28GHz
    Drop      |      EIRP
	39GHz
Drop      |      EIRP

	Apple
	Simulated
	-13.0
	9.5
	-16.5
	4.0

	Qualcomm
	Simulated
	-8.00
	14.4
	-10.0
	10.6

	MediaTek
	Measured
	-11.6
	10.8
	-11.6
	9.0

	Sony
	Measured
	-9.10
	13.3
	-9.20
	11.4

	Samsung
	Simulated
	-10
	12.4
	-12.2
	8.4

	Motorola
	Simulated
	-7.40
	15.0
	[-8.90]
	[11.7]

	Huawei
	Simulated
	-10.3
	12.1
	-
	-

	LGE
	Simulated
	-12.2
	10.2
	-
	-

	DOCOMO
	Simulated
	-9.0
	13.4
	
	

	Average
	
	-10.1
	12.3
	[-11.4]
	[9.2]






We observe that later on in the RAN4 #87 meeting RAN4 was able to reach a decision on the FR2 spherical coverage requirements by considering all data, which included single-panel and multi-panel UE assumptions.  We can apply this precedent to the FR2 MIMO OTA discussion today.  Since it is generally a technically challenging problem to develop an FR2 MIMO OTA simulation engine which can produce performance metrics within a certain accuracy threshold in the absolute sense relative to actual devices, it might be a simpler problem to simulate a relative delta in FR2 MIMO OTA performance between single-panel and multi-panel UEs.  The approach can be as follows:
1.	Define a preliminary FR2 MIMO OTA limit based on measurements of actual devices (without any requirements on the proportion of single-panel UEs to multi-panel UEs in the data pool)
2.	Quantify a representative gap in performance between single-panel and multi-panel UEs via simulations.  The methodology for this can leverage the FR2 MIMO OTA simulation engines and further fine-tuned based on RAN4 discussions and agreements
3.	Define the FR2 MIMO OTA requirement as the limit determined in Step #1 with a relaxation applied as determined in Step #2.

In an effort to illustrate the concept we have prepared a set of spherical coverage simulation results with different antenna panel assumptions.  These results cannot yet be used directly in the proposed Step #2, since they only quantify the differences between simulated UE antenna topologies in terms of the 50%-tile gain value.  Further improvement of the methodology is needed to take the FR2 MIMO OTA channel model and DUT orientations under test into account.

Table 1: Simulation assumptions
	Parameter
	Value

	Antenna element assumption
	According to 3GPP TR38.803

	Antenna integration impairments
	IDEAL

	Antenna topology scenarios
	Case 1: Two 4x1 panels, opposite faces of UE
Case 2: One 4x1 panel and one 2x1 panel, opposite faces of UE
Case 3: One 4x1 panel and one 2x1 panel, adjacent faces of UE
Case 4: One 4x1 panel

	Antenna element spacing
	λ/2

	Frequency
	28 GHz

	Beamforming codebooks
	9 beams per 4x1 panel
5 beams per 2x1 panel




The results are shown as coverage patterns and CDF curves normalized to the peak gain in Figures 1 through 4 below.
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Spherical coverage CDF, two 4x1 panels, opposite faces of UE (Case 1)
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Spherical coverage CDF, one 4x1 panel and one 2x1 panel, opposite faces of UE (Case 2)
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Spherical coverage CDF, one 4x1 panel and one 2x1 panel, adjacent faces of UE (Case 3)
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Spherical coverage CDF, one 4x1 panel (Case 4)
The results are summarized in Table 2 below.

Table 2: Summary of results
	Antenna topology scenario
	Gain drop from peak to 50%-tile (dB) 

	Case 1: Two 4x1 panels, opposite faces of UE
	7.5

	Case 2: One 4x1 panel and one 2x1 panel, opposite faces of UE
	9.2

	Case 3: One 4x1 panel and one 2x1 panel, adjacent faces of UE
	10.7

	Case 4: One 4x1 panel
	17.3




[bookmark: _Toc127435866][bookmark: _Toc127436637][bookmark: _Toc127439580][bookmark: _Toc132020420]Observation 1:	Spherical coverage simulations indicate a large gap in 50%-tile gain drops between the single-panel case and the multi-panel cases, ranging in 7-10 dB
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3	Conclusions
This contribution provides an alternative proposal to resolve the open issues related to FR2 MIMO OTA requirement derivation.  The following observations and proposals are made:

Observation 1:	Spherical coverage simulations indicate a large gap in 50%-tile gain drops between the single-panel case and the multi-panel cases, ranging in 7-10 dB


Proposal 1:	It is proposed to consider determining a single-panel vs. multi-panel FR2 MIMO OTA performance offset via simulation and then applying this offset to the FR2 MIMO OTA metric obtained from measurements of commercial devices to define the FR2 MIMO OTA requirement.
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