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1. Introduction
This contribution discusses FR1 MIMO OTA testing when using phantoms.
2. [bookmark: _Ref31104997]Discussion
In [1], various discussions were held on the introduction of phantoms for FR1 MIMO OTA testing, but no concrete conclusion was made as summarized in the WF [2]
	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. 


Subsequently, additional discussions were held in RAN4#105 through RAN4#106-bis-e regarding the need for hand phantoms and whether the 20 cm QZ is sufficient to test phantoms. No conclusions were reached in RAN4#105 whether hand phantoms should be introduced for NR FR1 MIMO OTA testing [3]
	Issue 2-1-1: General views
· Proposals
· 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. (CAICT, OPPO)
· Proposal 2: It is feasible to use hand phantom for FR1 MIMO OTA test enhancement while further detail can be studied during the Rel-18 timeline. (Xiaomi, OPPO)
· 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. (CAICT, OPPO)
· Proposal 4: RAN4 should conclude that the Smartphone browsing mode using hand phantom for MIMO OTA testing should not be defined. The group should gather efforts on developing performance requirement for important low-frequency NR bands. (vivo, Samsung)
· Proposal 5: The OTA performance can be fully verified with the combination of free space MIMO OTA + phantom TRP TRS. (Samsung, Apple)
Tentative Agreement: 
· Further study the necessity and feasibility of FR1 MIMO OTA test methodology enhancement for smartphone in browsing mode using hand phantom.


Additionally, two options on the QZ requirements for NR FR1 MIMO OTA testing with phantoms were discussed, also without any conclusion [3]. 
	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: 
· 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.


Further discussions were held in RAN4#106 but unfortunately, no progress was made
	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. 


Additional discussions were held in RAN4#106-bis-e [5] but the main hold up was the lack of consensus on the necessity of phantom testing for MIMO OTA. 
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
Proposals:
· Proposal 1: Adjust positioning guidelines to ensure that the DUT and hand phantom can be encompassed in the 20 cm QZ in DMP.
· Proposal 2: Further discuss the MU assessment and CM impact with hand phantom based on the conclusion of the QZ size issue.
<Agreement>: 
· FFS the feasibility and the proposals.

Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
<Agreement>: 
· FFS the necessity of FR1 MIMO OTA test with hand phantom at next meetings.
· Focus more on the necessity than the feasibility of FR1 MIMO OTA test with hand phantom at the next meeting


More of the same discussions were held in RAN4#107 with the intention to finalize on this topic this meeting. 
	Issue 1-1-1: Necessity of FR1 MIMO OTA test with hand phantom
<Agreement>: 
· Further study the necessity based on operators’ demand and measurement results.
· RAN4 will make decision on the necessity at August meeting.


Phantoms have recently been included in the NR FR1 TRP/TRS test methodology [7] and requirements [8] in 3GPP but are integral part in CTIA where the phantoms have been developed years ago and been part of the test procedures and requirements for many years [9]; all phantom testing assumed a 30 cm QZ. It should also be pointed out that a 30 cm QZ/test zone was selected LTE MIMO OTA testing [13]; that scope included phantoms as well. Hence, all 3GPP and CTIA OTA testing of smartphones with phantoms has relied on a 30 cm QZ [7][9][13]. 
[bookmark: _Ref127446616]Observation 1: Only the 30 cm QZ/test zone has been defined for OTA testing with phantoms for smartphone devices in 3GPP and CTIA.
A sample device placement of one of the larger smartphone devices (161 mm x 78 mm x 7 mm) with (DMP, DMSU) and without (FS) hand phantom inside a 20 cm (yellow) and a 30 cm (green) QZ is shown in Table 1. It can be observed that the larger smartphone device types can be fully contained within the 20 cm QZ but the phantom hand (shown in black) is not fully contained within the 20 cm QZ but fully contained within the 30 cm QZ with the centre of the coordinate system aligned with the geometric centre of the DUT. 
[bookmark: _Ref130451551]Observation 2: The larger smartphones can typically fit inside the 20 cm QZ regardless of test condition, i.e., FS, DMP, DMSU
[bookmark: _Ref130451552]Observation 3: Using the default DUT positioning approach, the hand phantom cannot be fully contained within the 20 cm QZ but can be fully contained within the 30 cm QZ. 
Table 2 shows how that particular device and phantom can be fully contained by the 20 cm QZ in the DMP condition when phone and phantom are offset by 4 cm in the z direction. A similar study and observation was made in [15]. 
[bookmark: _Ref134460006]Observation 4: The hand phantom and smartphone can generally be fully contained within the 20 cm QZ in the DMP condition by offsetting the device and phantom and thus not aligning the centre of the coordinate system with the geometric centre of the DUT (default DUT positioning approach). 
[bookmark: _Ref135041200]Observation 5: The hand phantom and smartphone cannot be fully contained with the 20 cm QZ in the DMSU condition regardless of offsets. 
The adapters and fixtures attached to the hand phantom (shown in grey) can be placed outside the QZ but it is proposed for the hand phantom (excluding the adapters and fixtures) and smartphone to be fully contained within the QZ.
[bookmark: _Ref130451553]Proposal 1: The hand phantom (excluding adapters and fixtures) and smartphone shall be fully contained within the QZ.
[bookmark: _Ref134460007]Proposal 2: For the DMP condition only, consider offsetting the phone and phantom in z to fully enclose both within the 20 cm QZ. 



[bookmark: _Ref130405120]Table 1: Sample Device Placement with and without hand phantoms. The 20cm QZ shown in yellow, the 30cm QZ shown in green. 
	Condition
	3D View
	Front View
	Top View

	Free Space
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	[image: ]
	[image: ]

	DMP
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	DMSU
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[bookmark: _Ref134448520]Table 2: Sample Device Placement in DMP position with phone and phantom offset in z by 40cm. The 20cm QZ shown in yellow, the 30cm QZ shown in green. 
	Condition
	3D View
	Front View
	Top View

	DMP (offset by 40cm in z)
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Smartphones were considered the key device type for NR FR1 MIMO OTA [10] and since the priority was FS testing, only a 20 cm QZ/test zone was considered [11]. This test zone size became an integral part of the NR FR1 2D MPAC architecture with 16 uniformly spaced probes. 
In [5], it was suggested to study the CM impact as a function of QZ size.
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
Proposals:
· Proposal 1: Adjust positioning guidelines to ensure that the DUT and hand phantom can be encompassed in the 20 cm QZ in DMP.
· Proposal 2: Further discuss the MU assessment and CM impact with hand phantom based on the conclusion of the QZ size issue.


This has been addressed already in [12] with an overview of the NR FR1 (20 cm test zone with 16 uniform probe config) and LTE (30 cm test zone with 8 uniform probe config) weighted RMS correlation errors, specifically Table 1 of [12]. Clearly, the correlation error in the 20 cm test zone NR FR1 system is significantly worse than that in the 30 cm test zone LTE system (yellow highlighted values). Further extending the test zone without adjusting the number or placement of probes would further degrade the correlation errors.
	[bookmark: _Ref21085132]Table 3: NR FR1 and LTE Weighted RMS Correlation Errors (Option 6)
	Channel Model
	Weighted RMS Correlation Error (Option 6)

	
	NR FR1 @3.5GHz and 2.31test zone size
	NR FR1 @7.125GHz and 4.8test zone size
	LTE @ 1test zone size

	
	8 Sectorized
	16 Uniform
	8 Sectorized
	16 Uniform
	8 Uniform

	SCME UMa
	N/A
	N/A
	N/A
	N/A
	0.032

	SCME UMi
	N/A
	N/A
	N/A
	N/A
	0.047

	CDL-A (UMi)
	0.02
	0.12
	0.07
	0.29
	N/A

	CDL-C (UMa)
	0.08
	0.08
	0.08
	0.2
	N/A





In [14], it was argued
	that test zone size is not altered or associated change is not noticeable by the presence of phantom. This means that there is no need to increase the number of probes in the anechoic chamber when a hand phantom is present. In other words, current requirements on anechoic chambers are equally applicable in browsing mode.


However, this argumentation is not applicable here as the quoted reference document found that a 30 cm test zone LTE MIMO OTA system does not require an increase of uniformly placed probes from 8 to 16, i.e., the baseline system already supported a 30 cm with a relatively small correlation error in the test zone. It can therefore not be argued that work confirms that a 20 cm test zone NR FR1 MIMO OTA system will readily support phantoms without any increase of probes/test zone.
If phantoms are considered for NR FR1 MIMO OTA testing, the WID must be adjusted to increase the quiet zone/test zone size from 20 cm to 30 cm to match the quiet zone for FR1 TRP/TRS testing and to include the phantoms inside the test zone. In the absence of increasing the QZ from 20 cm to 30 cm, phantoms should not be considered for NR FR1 MIMO OTA testing. 
[bookmark: _Ref127446617][bookmark: _Ref130451554][bookmark: _Ref118703743]Proposal 3: Adjust the WID to augment the existing 20 cm QZ/test zone with a 30 cm QZ if phantoms are considered for NR FR1 MIMO OTA testing in DMP and DMSU conditions.
[bookmark: _Ref127446618]Proposal 4: In the absence of introducing another QZ/test zone, do not consider phantoms for NR FR1 MIMO OTA testing in DMP and DMSU conditions.
3. Conclusion
The following observations and conclusions were made in this contribution.
Observation 1: Only the 30 cm QZ/test zone has been defined for OTA testing with phantoms for smartphone devices in 3GPP and CTIA.
Observation 2: The larger smartphones can typically fit inside the 20 cm QZ regardless of test condition, i.e., FS, DMP, DMSU
Observation 3: Using the default DUT positioning approach, the hand phantom cannot be fully contained within the 20 cm QZ but can be fully contained within the 30 cm QZ.
Observation 4: The hand phantom and smartphone can generally be fully contained within the 20 cm QZ in the DMP condition by offsetting the device and phantom and thus not aligning the centre of the coordinate system with the geometric centre of the DUT (default DUT positioning approach).
Observation 5: The hand phantom and smartphone cannot be fully contained with the 20 cm QZ in the DMSU condition regardless of offsets.
Proposal 1: The hand phantom (excluding adapters and fixtures) and smartphone shall be fully contained within the QZ.
Proposal 2: For the DMP condition only, consider offsetting the phone and phantom in z to fully enclose both within the 20 cm QZ.
Proposal 3: Adjust the WID to augment the existing 20 cm QZ/test zone with a 30 cm QZ if phantoms are considered for NR FR1 MIMO OTA testing in DMP and DMSU conditions.
Proposal 4: In the absence of introducing another QZ/test zone, do not consider phantoms for NR FR1 MIMO OTA testing in DMP and DMSU conditions.
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