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[bookmark: OLE_LINK4]1	Introduction
The Rel-18 new Work Item on Enhancement of Multiple Input Multiple Output (MIMO) Over-the-Air (OTA) test methodology and requirements for NR UEs was approved in RAN #97e meeting [1]. 
[bookmark: OLE_LINK15] (
F
R1 MIMO OTA test methodology enhancement
Study, and if necessary and feasible, specify enhancements of 
t
he FR1 MIMO OTA test methodology for Smartphone in browsing mode 
using hand phantom
.
 
Test methodology defined in TR38.827 
and
 TS38.151 is the baseline
)One objective is to study, and if necessary and feasible, to specify enhancements of the FR1 MIMO OTA test methodology for Smartphone in browsing mode using hand phantom.
In this paper, we share our views on the test methodology enhancement for smartphone in browsing mode using hand phantom.
2	Discussion 
2.1 [bookmark: OLE_LINK3]FoM of FR1 MIMO OTA requirement for smartphone in browsing mode
For FR1 MIMO OTA requirements in free space, the FoM of TRMS is clearly defined in TS 38.151 [2]:
	6.1.2	Total Radiated Multi-antenna Sensitivity (TRMS)
The average TRMS of free space data mode portrait (FS DMP), free space data mode landscape (FSDML), and free space data mode screen up (FS DMSU), is defined as the FR1 MIMO OTA requirement. The averaging shall be done in linear scale for the TRMS results at these DUT positions, according to the formula:

	
where


Such that MODE is one of {FS_DMP, FS_DML, FS_DMSU}, and {PMODE,70,0, …, PMODE,70,11} are the measured sensitivity values at each azimuth position at the 70% throughput outage.



For smartphone in browsing mode, FS DMP, FS DML, and FS DMSU are not applicable. Instead, left hand and right hand phantoms will be used for the testing. RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in browsing mode. The FoM of FR1 MIMO OTA requirement in free space can be the baseline.
Proposal 1: RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. The FoM of FR1 MIMO OTA requirement in free space can be the baseline. 
The average TRMS for the hand phantom browsing mode can be calculated in a similar way as the average TRS for the hand phantom browsing mode defined in TS 38.161 [3]:
	The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than the average TRS requirement specified in subclauses 7.2.1.1 and 7.2.1.2. The averaging shall be done in linear scale for the TRS results of both right and left side of the phantom head in case of beside the head and hand phantom positions. For the hand phantom browsing mode position the averaging shall be done in linear scale for the TRP results of both right and left hand phantom measurements.



That is, the average TRMS of left hand phantom browsing mode and right hand phantom browsing mode, can be defined as the FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. The averaging shall be done in linear scale for the TRMS results of both right and left hand phantom measurements, according to the formula:

where


Such that MODE is one of {left, right}, and {PMODE,70,0, …, PMODE,70,11} are the measured sensitivity values at each azimuth position at the 70% throughput outage.
Proposal 2: The average TRMS of left hand phantom browsing mode and right hand phantom browsing mode, is defined as the FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. The averaging shall be done in linear scale for the TRMS results of both right and left hand phantom measurements, according to the formula:

where


Such that MODE is one of {left, right}, and {PMODE,70,0, …, PMODE,70,11} are the measured sensitivity values at each azimuth position at the 70% throughput outage.
Regarding the additional criterion, according to the measurement results of commercial devices submitted to 3GPP RAN4 [4-9], we can find that all the devices can achieve 70% and 90% TP in all 12 UE orientations in free space. Thus, the additional criterion in azimuthal orientations for free space can be reused for hand phantom mode. 
[bookmark: OLE_LINK17]Proposal 3: For hand phantom browsing mode, consider reusing the additional criterion in azimuthal orientations for free space mode.

2.2 LS on hand phantoms for FR1 MIMO OTA testing to CTIA
Appropriate hand phantoms should be developed for FR1 MIMO OTA testing for smartphone in browsing mode.    CTIA has been responsible for OTA phantoms development for a long time, the defined human body phantoms have been widely used in testing labs. Thinking from the OTA industry perspective, it would be better to use the one set of phantoms for OTA testing to keep the testing consistency, which is also helpful for OEM’s product development. Therefore, reusing the defined phantoms in CTIA for FR1 MIMO OTA test is highly suggested.
In the Rel-17 FR1 TRP TRS WI, 3GPP RAN4 sent an LS to CTIA and obtained the permission to reference the phantoms along with “©CTIA Certification. Referenced with permission.” [10, 11] The Rel-18 NR MIMO OTA enh WI can learn from the successful collaboration experience and send an LS to CTIA asking for the permission of phantoms reference in 3GPP NR MIMO OTA spec. 
Proposal 4: Sent an LS to CTIA to ask for the permission of body phantoms to be referenced in 3GPP NR MIMO OTA spec. 

3	Conclusion
In this paper, we share our views on the test methodology enhancement for smartphone in browsing mode using hand phantom.
Proposal 1: RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. The FoM of FR1 MIMO OTA requirement in free space can be the baseline. 
Proposal 2: The average TRMS of left hand phantom browsing mode and right hand phantom browsing mode, is defined as the FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. The averaging shall be done in linear scale for the TRMS results of both right and left hand phantom measurements, according to the formula:

where


Such that MODE is one of {left, right}, and {PMODE,70,0, …, PMODE,70,11} are the measured sensitivity values at each azimuth position at the 70% throughput outage.
Proposal 3: For hand phantom browsing mode, consider reusing the additional criterion in azimuthal orientations for free space mode.
Proposal 4: Sent an LS to CTIA to ask for the permission of body phantoms to be referenced in 3GPP NR MIMO OTA spec. 
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