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[bookmark: _Hlk119613143][bookmark: OLE_LINK19][bookmark: _Hlk119613171][bookmark: OLE_LINK4]1	Introduction
[bookmark: OLE_LINK3]In the last RNA4 meeting, the topic on FR1 MIMO OTA testing for smartphone with hand phantom was discussed, the agreements were captured in the WF as below [1]. 
	[bookmark: _Hlk127530561][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Sub-topic 2-1 FR1 MIMO OTA testing for smartphone with Hand phantom 
Issue 2-1-1: General views
Agreement:
· Further study the necessity and feasibility of FR1 MIMO OTA test methodology enhancement for smartphone in browsing mode using hand phantom.
Issue 2-1-2: Quite zone size for FR1 MIMO OTA testing with phantoms
Agreement: 
· FFS on the feasibility of reusing the existing quite zone size for FR1 MIMO OTA testing with hand phantoms
· According to the existing WID, increasing quite zone size is out of scope. 


[bookmark: _Hlk127524519]In this paper, we present and analyse our measurement results of 12 smartphones with hand phantom, to confirm the necessity of the FR1 MIMO OTA test methodology enhancement. A study in [2] revealed that the test zone size of MPAC system will not be affected by the hand phantoms. 
2	Discussion
2.1  Measurement results and analysis: Confirm the necessity of the test methodology enhancement
To investigate the effect of hand phantom on FR1 MIMO OTA performance of smartphone, we collected measurement results of the following test cases:
· DUT: 12 commercial smartphones
· Operating mode: NR standalone (SA)
· Frequency: 3550MHz (band n78)
· Channel model: FR1 CDL-C Uma
· MIMO layer: 4x4 
· Scenario: Free space (FS); Hand left (HL); Hand right (HR) 
· 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 (12 orientations average sensitivity at 70%TP) of the 12 smartphones in different scenarios are presented in Fig. 2.  
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Fig. 2  Measured MIMO OTA performance of 12 smartphones with/without hand phantoms (unit: dBm/30kHz)
[bookmark: _Hlk127518965]It can be clearly seen that the presence of hand phantoms will affect the MIMO OTA performance of smartphones, and the effects on different smartphones are diverse. Besides, the effects of left hand phantom and right hand phantom are also not identical. We can find plenty of interesting observations as below. Detailed numbers of smartphones in different cases are summarised in Table 1. The biggest performance gaps between different scenarios are also listed in Table 1. 
Table 1.  Number of smartphones and biggest performance gaps in different cases
	Case
	Number of smartphones
	Biggest performance gap

	
	In DMP mode
	In DMSU mode
	

	Free space vs. Hand phantom
	Performance: FS > Two hand phantom scenarios (i.e., best in FS)
	7 (UEs 2, 3, 6, 9, 10 ,11, 12)
	8 (UEs 2, 3, 4, 6, 7, 9, 10, 12)
	2.8dB (UE 12)

	
	Performance: One hand phantom scenario > FS > the other hand phantom scenario
	2 (UEs 1, 8)
	3 (1, 8, 11)
	

	
	Performance: Two hand phantom scenarios > FS (i.e., worst in FS)
	3 (UEs 4, 5, 7)
	1 (UE 5)
	

	Hand left vs. Hand right
	Performance: better in HL
	8 (UEs 1, 2, 5, 6, 7, 8, 11, 12)
	8 (UEs 1, 2, 3, 4, 5, 8, 10, 12)
	1.6dB (UE 2)

	
	Performance: better in HR
	4 (UEs 3, 4, 9, 10)
	4 (UEs 6, 7, 9, 11)
	



[bookmark: _Hlk127519007]More than half smartphones suffer MIMO OTA performance degradation due to the presence of hand phantoms, but a few smartphones show even better performance in hand phantoms. Among the tested 12 smartphones, 7 smartphones (58.3%) show best performance in FS in DMP, and 8 smartphones (66.7%) show best performance in FS in DMSU. 5 smartphones (41.7%) show better performance in at least one Hand phantom scenario in DMP, and 4 smartphones (33.3%) show better performance in at least one Hand phantom scenario in DMSU. 
The biggest performance gap between FS and hand phantom scenarios is around 2.8dB (UE 12).
Observation 1: It is observed from the measurement results that the hand phantoms will affect the MIMO OTA performance of smartphones, and the effects on different smartphones are diverse. More than half smartphones suffer MIMO OTA performance degradation due to the presence of hand phantoms, but 30%~40% smartphones show similar or even better performance in hand phantoms.  The performance gap between FS and hand phantom scenarios can reach 2.8dB. 
[bookmark: _Hlk127519430]The effects of left and right hand phantoms are different. Among the tested 12 smartphones, most (66.7%) show better MIMO OTA performance in HL. 
The biggest performance gap between HL and HR scenarios is around 1.6dB (UE 2).
Observation 2: The effects of HL and HR phantoms are different. Among the tested 12 smartphones, most (66.7%) show better MIMO OTA performance in HL. The performance gap between HL and HR scenarios can reach 1.6dB. 
[bookmark: _Hlk127530326]Based on the above observation, it can be concluded that the MIMO OTA performance in FS cannot accurately reflect that in hand phantom scenarios. It is necessary to enhance the FR1 MIMO OTA test methodology for smartphone with hand phantom to evaluate the real performance of smartphone in browsing mode. 
Proposal 1: Confirm the necessity of the FR1 MIMO OTA test methodology enhancement for smartphone with hand phantom.

[bookmark: OLE_LINK2]It is also necessary to study and define the figure of merit (FoM) for smartphone in browsing mode. In DMP and DMSU positions (see Fig. 1), the measured sensitivity values are different. Ideally, the sensitivity values on the points on the whole sphere covering the DUT should be tested to accurately evaluate the performance. We believe at least the four DUT positions, namely, HL DMP, HL DMSU, HR DMP, HR DMSU, should be included. 
Observation 3: 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. 

[bookmark: _Hlk127523104]Due to time limitation, we only collected measurement data at one frequency band (n78). It would be benefit to collect more measurement data in different cases, e.g., different frequencies, MIMO layers, DUT positions, etc., for further investigating the test methodology enhancement. 
Proposal 3: Encourage companies to collect and analyse more measurement data in different cases, e.g., different frequencies, MIMO layers, DUT positions, etc., to further study the FR1 MIMO OTA test methodology for smartphone with hand phantom.

2.2  Study on test zone size: Confirm the feasibility of the test methodology enhancement
[bookmark: _Hlk127525083]The issue on Quite zone size for FR1 MIMO OTA testing with phantoms has also been discussed in the last meeting [1].
	[bookmark: _Hlk127524704]Issue 2-1-2: Quite zone size for FR1 MIMO OTA testing with phantoms
· Proposals
· Proposal 1: Current anechoic chamber configuration is applicable to MIMO OTA test in browsing mode because the quiet zone can encompass hand phantom and test zone size is not impacted by phantom. (Huawei)
· Proposal 2: Increase the test zone for NR FR1 MIMO from 20 cm to 30 cm when considering phantoms. (Keysight)
Agreement: 
· [bookmark: _Hlk127529561]FFS on the feasibility of reusing the existing quite zone size for FR1 MIMO OTA testing with hand phantoms
· According to the existing WID, increasing quite zone size is out of scope. 



A study has been carried out to experimentally investigate the impact of user phantom on the MIMO terminal performance and test zone size in the 8-probe MPAC system [2]. This research paper also distinguishes the concepts of “test zone size” and “quiet zone size”, quoted as below:
· Test zone size of an MPAC setup: The test zone size is determined by the number of OTA antennas and is an area that propagation channels can be accurately controlled.
· Quiet zone size of the anechoic chamber: The quiet zone size is determined by the measurement range (distance between OTA antennas and DUT) of the setup. The measurement range R should satisfy R ≥ 2D2/λ to ensure that far field assumption is valid.
· An MPAC setup with a finite number of OTA antennas has a far smaller test zone than the quite zone of the chamber. 
The conclusion of this study is: 
· The impact of user phantom on the test zone size of the MPAC system is negligible, since emulation accuracy in terms of received power, branch power ratio, antenna correlation, and measured throughput under the target and the emulated channels is not affected by the presence of user phantom.
Observation 4: Studies have shown that the impact of hand phantom on the test zone size of the MPAC system is negligible.
We believe the conclusion can apply to the 16-probe FR1 MPAC system, i.e., no need to increase the test zone size when considering hand phantoms. The feasibility of reusing the existing test zone size for FR1 MIMO OTA testing with hand phantoms can be confirmed. 
Proposal 4: Confirm the feasibility of reusing the existing test zone size for FR1 MIMO OTA testing with hand phantoms. 

3	Conclusion
In this paper, we present and analyse our measurement results of 12 smartphones with hand phantom, to confirm the necessity of the FR1 MIMO OTA test methodology enhancement. A study in [2] revealed that the test zone size of MPAC system will not be affected by the hand phantoms. 
Observation 1: It is observed from the measurement results that the hand phantoms will affect the MIMO OTA performance of smartphones, and the effects on different smartphones are diverse. More than half smartphones suffer MIMO OTA performance degradation due to the presence of hand phantoms, but 30%~40% smartphones show similar or even better performance in hand phantoms.  The performance gap between FS and hand phantom scenarios can reach 2.8dB. 
Observation 2: The effects of HL and HR phantoms are different. Among the tested 12 smartphones, most (66.7%) show better MIMO OTA performance in HL. The performance gap between HL and HR scenarios can reach 1.6dB. 
Proposal 1: Confirm the necessity of the FR1 MIMO OTA test methodology enhancement for smartphone with hand phantom.
Observation 3: 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: Encourage companies to collect and analyse more measurement data in different cases, e.g., different frequencies, MIMO layers, DUT positions, etc., to further study the FR1 MIMO OTA test methodology for smartphone with hand phantom.
Observation 4: Studies have shown that the impact of hand phantom on the test zone size of the MPAC system is negligible.
Proposal 4: Confirm the feasibility of reusing the existing test zone size for FR1 MIMO OTA testing with hand phantoms. 
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