[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk3548187][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 106							R4-2301920
Athens, Greece, February 27 – March 3, 2022
Agenda Item:	9.16.3
Source: 	Xiaomi
Title: 	Further discussion on the FR1 MIMO OTA
Document for:	Approval
1. Introduction
During the RAN4#105 meeting the FR1 MIMO OTA topics are discussed with not much agreement. Furthermore, during the RAN#98-e meeting, the MIMO OTA WID was discussed and a revised version was agreed as [1]. The feasibility of introducing browsing mode test method is discussed and added into the revised WID. In this paper, we try to give more discussion with some initial test results of the browsing mode test method.
2. Discussion
For FR1 MIMO OTA test method enhancement are captured in the new revised WID [1] as:
· FR1 MIMO OTA test methodology enhancement
· Specify necessary enhancements of the FR1 MIMO OTA test methodology (test methodology defined in TS38.151 is the baseline) for the following device types in free space based on operators’ request. (If necessary)
· Tablet
· Quiet zone of 20cm and 16-probe MPAC system should be unchanged
· Specify enhancements of the FR1 MIMO OTA test methodology for Smartphone in browsing mode using hand phantom. (If necessary and feasible)
· Test methodology defined in TR38.827 and TS38.151 is the baseline
· Test time reduction methodology for FR1 MIMO OTA is not precluded.
· Refine FR1 channel model validation pass/fail limits
· Pass/fail criteria of power validation

We have proposed our views on the browsing mode using hand phantom in our paper in previous meeting. Currently the TRP/TRS test has introduced the hand phantom to simulate the scenario that using single hand browsing the internet which should be a quite typical scenario in current smart phone daily usage. Hand phantom has been designed to reflect the blockage to UE antenna and corresponding radiation capability of the UE. Correspondingly, the free space test methods as well as the hand phantom test methods and also the hand + head test methods have been defined. For MIMO OTA cases, currently the free space test method has been defined while for further enhancement, we believe the hand phantom test method needs to be further defined based on current MIMO OTA free space test method in order to mostly reflect the UE MIMO capability and also reduce the test system complexity.
Proposal 1: The hand phantom test method of MIMO OTA can be defined to better test the UE MIMO performance.
As mentioned above, the baseline of defining the browsing mode test method is try to reuse the free space test method as much as possible which also matches the intension of the WID as captured above. The current MIMO OTA free space test method evaluates the UE with three different modes such as FS_DMP, FS_DML, FS_DMSU and the average of these three modes is treated as the final result. The three modes are listed as below for further discussion.
	Free space data mode screen up (FS DMSU)
	α=0;
β=-90;
γ=0
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	Free space data mode portrait (FS DMP)
	α=0;
β=-45;
γ=0
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	Free space data mode landscape (FS DML)
	α=90 (left tilt);
β=-45;
γ=0
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For hand phantom positioner, we can see the only configurable dimension of current design is rotation within the x-z plane. In this case, the FS DMSU and FS DMP modes can be configured with hand phantom. However, the current FS DML mode cannot be configured with current hand phantom. This is further illustrated as below figures. 
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                                            Figure 1-a Hand_DMP                                   Figure 1-b Hand_DMSU
Proposal 2: To further study how to reflect the FS DML mode with hand phantom.
For some initial test, we have tried the Hand_DMP and Hand_DMSU with similar definition of FS_DMP and FS_DMSU and some results are listed as below. 
Table 1 Initial test results of two phones
	PHONE1
	DMP
	DMSU

	band
	throughput
	FS
	HR(<3G)
	HL(<3G)
	HR(>3G)
	HL(>3G)
	FS
	HR(<3G)
	HL(<3G)
	HR(>3G)
	HL(>3G)

	N41
	70%
	-95.62
	-94.02
	-92.22
	 
	 
	-93.93
	-92.94
	-91.69
	 
	 

	
	90%
	-93.94
	-92.43
	-90.6
	 
	 
	-92.24
	-91.39
	-90.08
	 
	 

	N78
	70%
	-95.73
	-95.29
	-95.46
	-95.22
	-95.01
	-94.77
	-94.65
	-94.5
	-94.73
	-94.31

	
	90%
	-94.06
	-93.62
	-93.75
	-93.33
	-93.08
	-93.1
	-92.94
	-92.91
	-92.97
	-92.51



	PHONE 2
	DMP
	DMSU

	band
	throughput
	FS
	HR(<3G)
	HL(<3G)
	HR(>3G)
	HL(>3G)
	FS
	HR(<3G)
	HL(<3G)
	HR(>3G)
	HL(>3G)

	N41
	70%
	-94.55
	-93.75
	-91.75
	 
	 
	-92.9
	-92.43
	-92.31
	 
	 

	
	90%
	-92.9
	-92.16
	-90.16
	 
	 
	-91.36
	-90.9
	-90.72
	 
	 

	N78
	70%
	-95.38
	-94.84
	-93.95
	-94.92
	-94.47
	-94.36
	-93.44
	-94.19
	-94.23
	-94.18

	
	90%
	-93.74
	-93.17
	-92.17
	-93.29
	-92.84
	-92.8
	-91.73
	-92.51
	-92.67
	-92.57



In above table 1, we have provided results for two phones. Each phone was tested for both band n41 and band n78 and 70% throughput as well as the 90% throughput. Also as currently the hand phantom for below 3GHz and above 3GHz is different so we also provide further test results for above 3GHz hand phantom to band n78. 
Table 2 Delta between FS and Hand phantom test
	 
	DMP
	DMSU

	PHONE 1 
	HR(<3G)-FS
	HL(<3G)-FS
	HR(>3G)-FS
	HL(>3G)-FS
	HR(<3G)-FS
	HL(<3G)-FS
	HR(>3G)-FS
	HL(>3G)-FS

	N41
	70%
	1.6
	3.4
	 
	 
	0.99
	2.24
	 
	 

	
	90%
	1.51
	3.34
	 
	 
	0.85
	2.16
	 
	 

	N78
	70%
	0.44
	0.27
	0.51
	0.72
	0.12
	0.27
	0.04
	0.46

	
	90%
	0.44
	0.31
	0.73
	0.98
	0.16
	0.19
	0.13
	0.59

	PHONE 2
	HR(<3G)-FS
	HL(<3G)-FS
	HR(>3G)-FS
	HL(>3G)-FS
	HR(<3G)-FS
	HL(<3G)-FS
	HR(>3G)-FS
	HL(>3G)-FS

	N41
	70%
	0.8
	2.8
	 
	 
	0.47
	0.59
	 
	 

	
	90%
	0.74
	2.74
	 
	 
	0.46
	0.64
	 
	 

	N78
	70%
	0.54
	1.43
	0.46
	0.91
	0.92
	0.17
	0.13
	0.18

	
	90%
	0.57
	1.57
	0.45
	0.9
	1.07
	0.29
	0.13
	0.23



The largest and smallest delta of free space to hand phantom has been marked as red in table 2 with 3.4 dB and 0.13 dB respectively. For the hand phantom difference between phantoms for below 3GHz and above 3GHz, the largest difference is 0.94 dB while the smallest difference is 0.01 dB (calculated from table 2).
Observation 1: The largest and smallest delta of free space to hand phantom is 3.4 dB and 0.13 dB respectively.
Observation 2: The largest and smallest delta of below 3GHz hand phantom to above 3GHz hand phantom is 0.94 dB and 0.01 dB respectively.
From the results we can see some performance degradation in browsing mode which is quite imaginable since the hand phantom has block the UE antenna. We see also large TRP as well as TIS degradation in our legacy UE tests. These degradation is reflected by the TRP and TIS with dBm. However, whether the MIMO performance degradation can be directly reflected by dBm with same FoM still needs further discussion.
Proposal 3: To further study how to reflect the MIMO performance degradation.
3	Conclusions
In this paper, we give further discussion on the FR1 MIMO OTA, the observations and proposals are captured as below:
Proposal 1: The hand phantom test method of MIMO OTA can be defined to better test the UE MIMO performance.
Proposal 2: To further study how to reflect the FS DML mode with hand phantom.
Observation 1: The largest and smallest delta of free space to hand phantom is 3.4 dB and 0.13 dB respectively.
Observation 2: The largest and smallest delta of below 3GHz hand phantom to above 3GHz hand phantom is 0.94 dB and 0.01 dB respectively.
Proposal 3: To further study how to reflect the MIMO performance degradation.
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