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[bookmark: _Hlk119613143][bookmark: OLE_LINK19][bookmark: _Hlk119613171][bookmark: OLE_LINK4]1	Introduction
[bookmark: OLE_LINK3]In recent RAN4 meetings, 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: OLE_LINK32]Sub-topic 2-1 FR1 MIMO OTA testing with Hand phantoms 
Issue 2-1-1: General views
<Agreement>: Keep the previous agreement as below.
· 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/Test zone size for FR1 MIMO OTA testing with phantoms
<Agreement>: Keep the previous agreement as below.
· 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 further collect and analyse measurement results, to investigate the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for smartphones with hand phantoms. 
2	Discussion
At the last meeting, we presented and analysed measurement results of 12 commercial smartphones to demonstrate the impact of hand phantom on MIMO OTA performance, with the following observations [2]: 
	Observations in our contribution at the last meeting [2]:
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. 
Observation 3: The measured sensitivity values are different in different DUT positions with hand phantom.


To further investigate and provide more insights, we further collected TRS measurement results of the 12 smartphones. The total test cases are summarized in Table 1. 
Table 1. Test cases for data collection in this contribution
	DUT
	12 commercial smartphones with different models from 7 venders

	Operating mode
	NR standalone (SA)

	Frequency
	3550MHz (band n78)

	Scenario
	Free space (FS); Hand left (HL); Hand right (HR)

	Hand phantom
	Wide Grip Hand

	MIMO OTA test
	Channel model
	FR1 CDL-C Uma

	
	MIMO layer
	4x4

	
	DUT position
	Data mode portrait (DMP); Data mode screen up (DMSU)

	SISO OTA test 
	TRS



The MIMO OTA sensitivity and TRS measurement results of the 12 smartphones with/without hand phantoms in different scenarios are presented in Fig. 1.  
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Fig. 1  Measured MIMO OTA sensitivity and TRS of 12 smartphones with/without hand phantoms 

It can be observed that the effects of hand phantoms are diverse on different DUTs and different performance metrics (TRS vs. MIMO). To make it more intuitive, we further process and visualize the measurement results of the 12 DUTs. 
(1) Comparison between TRS and MIMO OTA performance with hand phantoms
Fig. 2 presents the comparison between TRS and MIMO OTA performance of the 12 DUTs with hand phantoms. In Fig. 2, the measurement results of HL and HR are averaged for the comparison, i.e., 


The measurement results of different DUTs are compared with the DUT with the best performance, e.g., in Fig. 2, Delta for TRS_ave =.
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Fig. 2 Comparison between TRS and MIMO OTA performance of the 12 UE with hand phantoms
In Fig. 2, the DUTs are ranked by MIMO OTA performance, and the performance variation range of the 12 UEs is nearly 7dB. It can be clearly seen from Fig. 2 that although the MIMO OTA performance of some phones has a similar trend with TRS, the overall ranking of TRMS is different from TRS. That is, the DUT with better TRS may not show better MIMO OTA performance, and vice versa. For example, UE8 has better MIMO OTA performance (ranked 2nd) but its TRS performance ranks 8th, which is 6 ranks lower than the MIMO ranking. Thus, TRS cannot reflect MIMO OTA performance of smartphones in browsing mode. 
In our previous contribution [2], it has been demonstrated that the MIMO OTA performance in FS also cannot accurately reflect the MIMO OTA performance with hand phantoms. Thus, it is necessary to enhance the FR1 MIMO OTA test methodology with hand phantom to evaluate the real performance of smartphone in browsing mode.
Observation 1: It can be observed from the measurement results that MIMO OTA performance in FS and TRS in hand phantom cannot reflect MIMO OTA performance for smartphones in browsing mode.  
Proposal 1: Confirm the necessity of the FR1 MIMO OTA test methodology enhancement for smartphone with hand phantom.

[bookmark: _Hlk132030395](2) Comparison between DMP and DMSU positions with hand phantoms 
MIMO OTA performance of the 12 UE in DMP and DMSU positions with hand phantoms are compared in similar approach, as shown in Fig. 3, where
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[bookmark: _Hlk132031774]Fig. 3 Comparison between MIMO OTA performance of the 12 UE in DMP and DMSU positions with hand phantoms
It can be observed that the trends of MIMO OTA performance with DMP and DMSU positions are similar, i.e., the DUT with better MIMO OTA performance in DMP position usually shows better performance in DMSU position.  
Observation 2: It can be observed from the measurement results that the trends of MIMO OTA performance with DMP and DMSU positions are similar for smartphones in browsing mode.  

The quite zone of FR1 MAPC is defined as a cylinder with 20cm-diameter and 20cm-height [3]. According to the dimensions of the hand phantom in the Manual [4], the QZ can obviously encompass the DUT with Wide Grip Hand phantom in DMP position. Thus, the feasibility of FR1 MIMO OTA test with hand phantom in DMP position can be confirmed.
Observation 3: The current QZ size of MPAC can encompass the DUT with Wide Grip Hand phantom in DMP position.
Proposal 2: Confirm the feasibility of FR1 MIMO OTA test with hand phantom in DMP position. 
[bookmark: _Hlk127523104]We plan to collect more measurement data at different frequency bands to further investigate the test methodology enhancement for smartphones in browsing mode. 
3	Conclusion
In this paper, we further collect and analyse measurement results, to investigate the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for smartphones with hand phantoms. 
Observation 1: It can be observed from the measurement results that MIMO OTA performance in FS and TRS in hand phantom cannot reflect MIMO OTA performance for smartphones in browsing mode.  
Proposal 1: Confirm the necessity of the FR1 MIMO OTA test methodology enhancement for smartphone with hand phantom.
Observation 2: It can be observed from the measurement results that the trends of MIMO OTA performance with DMP and DMSU positions are similar for smartphones in browsing mode.  
Observation 3: The current QZ size of MPAC can encompass the DUT with Wide Grip Hand phantom in DMP position.
Proposal 2: Confirm the feasibility of FR1 MIMO OTA test with hand phantom in DMP position. 
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