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[bookmark: OLE_LINK4]1	Introduction
In the last meeting, it was agreed to further study the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for Smartphone in browsing mode using hand phantom, as captured in the WF [1]:
	[bookmark: _Hlk118736580]Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
Agreements: 
· Further study the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for Smartphone in browsing mode using hand phantom. 
Issue 3-1-2: Specific phantom to adopt
Agreements: 
· For necessity and feasibility study in Issue 3-1-1: Reuse the same hand phantom of NR TRP TRS testing, i.e., select devices wider than 72mm with the wide hand phantom description and device positioning guideline defined in Annex B.2.3 and Annex B.3.1.1 of TS 38.161, respectively. 



In this paper, we present our measurement results of a smartphone with hand phantom, and share our observations and views on the FR1 MIMO OTA test methodology for smartphone with hand phantom based the measurement results.
2	Discussion 
[bookmark: OLE_LINK3]To investigate the effect of hand phantom on FR1 MIMO OTA performance of smartphone, we collected measurement results of the following test cases:
· DUT: one smartphone
· Operating mode: NR standalone (SA)
· Frequency: 3550MHz (band n78)
· Channel model: FR1 CDL-C Uma
· MIMO layer: 4x4 
· Scenario: Free space; Hand left; Hand right 
· Hand phantom: Wide Grip Hand 
· [bookmark: _Hlk118734562][bookmark: OLE_LINK13]DUT position: Data mode portrait (DMP); Data mode screen up (DMSU). Fig. 1 demonstrates DMP and DMSU positions with right hand phantom in our test. 
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(a)                                                                      (b)
Fig. 1.  DUT positions with right hand phantom. (a) DMP, (b) DMSU. (Note: the photos are for illustration only, the UE in the photos is not the DUT)

The measurement results are summarized in Table 1, where Smode,x is the measured average sensitivity value in 12 azimuth positions at x% throughput outage. We can obtain the following observations from the measurement results.  
Table 1. Measurement results of a smartphone with/without hand phantoms (unit: dBm/30kHz)
	[bookmark: _Hlk118722445]Scenario
	DUT position
	Smode,95
	Smode,90
	Smode,70
	Number of UE orientations fail to reach 70%TP

	Free space
	FS DMP
	-95.7
	-96.5
	-98.5
	0

	
	FS DMSU
	-94.5
	-95.3
	-97.3
	0

	Hand left
	HL DMP
	-94.3
	-95.0
	-97.1
	0

	
	HL DMSU
	-93.0
	-93.7
	-95.8
	0

	Hand right
	HR DMP
	-92.8
	-93.6
	-95.7
	0

	
	HR DMSU
	-92.0
	-92.8
	-94.8
	0



It can be clearly observed that the multi-antenna reception performance is deteriorated after introducing the hand phantoms. Besides, the effects of left hand phantom and right hand phantom are different. It is necessary to further study the FR1 MIMO OTA test methodology enhancement for Smartphone with hand phantom to evaluate the multi-antenna reception performance of smartphones in browsing mode. 
Observation 1: It is observed from the measurement results that the hand phantoms deteriorate the multi-antenna reception performance of the smartphone, and the effects of left and right hand phantoms are different.
Proposal 1: It is necessary to enhance the FR1 MIMO OTA test methodology for smartphone with hand phantom to evaluate and validate the real performance of smartphone in browsing mode. 
[bookmark: OLE_LINK2]We tested two different DUT positions with hand phantom as shown in Fig. 1. The measured sensitivity values are different in DMP and DMSU positions. Ideally, the sensitivity values on the points on the whole sphere covering the DUT should be tested to accurately evaluate the performance. It is necessary to study and define the figure of merit (FoM) of smartphone with hand phantom, and at least the four DUT positions, namely, HL DMP, HL DMSU, HR DMP, HR DMSU, should be included. 
Observation 2: The measured sensitivity values are different in different DUT positions with hand phantom. 
Proposal 2: RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. At least the sensitivity values in the four DUT positions, namely, HL DMP, HL DMSU, HR DMP, HR DMSU, should be included. 
Due to time limitation, we only collected one set of measurement data from one smartphone. We believe that more measurement data from different UEs and different DUT positions are needed to investigate the test methodology enhancement. 
Proposal 3: Collect more measurement data from different UEs and different DUT positions to study the FR1 MIMO OTA test methodology enhancement for smartphone in browsing mode using hand phantom.

3	Conclusion
In this paper, we present our measurement results of a smartphone with hand phantom, and share our observations and views on the FR1 MIMO OTA test methodology for smartphone with hand phantom based the measurement results.
Observation 1: It is observed from the measurement results that the hand phantoms deteriorate the multi-antenna reception performance of the smartphone, and the effects of left and right hand phantoms are different.
Proposal 1: It is necessary to enhance the FR1 MIMO OTA test methodology for smartphone with hand phantom to evaluate and validate the real performance of smartphone in browsing mode. 
Observation 2: The measured sensitivity values are different in different DUT positions with hand phantom. 
Proposal 2: RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. At least the sensitivity values in the four DUT positions, namely, HL DMP, HL DMSU, HR DMP, HR DMSU, should be included. 
Proposal 3: Collect more measurement data from different UEs and different DUT positions to study the FR1 MIMO OTA test methodology enhancement for smartphone in browsing mode using hand phantom.
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