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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN4 #110bis Changsha meeting, RAN4 approved the WF [2] for the 3rd TRP/TRS & MIMO-OTA enhancement WI [1] to define the test methodology for various device type such as XR, NTN and MIMO supporting UE. Specially, RAN agreed to send LS to CTIA on Head phantom TRP/TRS OTA test to share 3GPP timeline of XR OTA and collaborate with CTIA and 3GPP RAN4 to define the head phantom test methodology for non-Redcap XR device UE. Furthermore, RAN4 decided that test time reduction solutions would be needed to study in the WI how to reduce test time for XR devices since the power consumption of XR devices is one of test problems due to small charging capacity by the small volume form-factor aspect. 

	[bookmark: _Hlk162956611]Approved WF in R4-2406086 [2]

2.1.2 Sub-topic 2-2 XR test scenarios and configurations
Issue 2-2-1: XR device type 
Way forward:
· RAN4 further discuss the XR device type for test method discussion

Issue 2-2-2: Phantom-based and Free space XR test scenarios  
Way forward:
· Consider Head phantom scenario (1st priority) and FFS Free space for head-worn XR devices 
· For Free Space, the positioning guideline of XR devices should be studied in RAN4. The corresponding XR UE mechanical mode description should also be defined
Issue 2-2-4: XR test methodology  
Way forward:
· Test method, test configurations and measurement grid for 1Tx/2Tx handheld UE with SA mode should be reused as much as possible for 1Tx/2Tx XR devices OTA testing. 

Sub-topic 2-3 Testing time reduction for XR OTA 
Issue 2-3-1: Testing time reduction solutions  
Way forward:
· Further discuss whether and how to address the potential limited battery volume, e.g. testing with maximum output power or lower power configuration, testing with charging cable, fast sensitivity searching approach, etc. 
· FFS testing with existing coarse measurement grid


 
In this paper, we share our preference and consideration points on the TRP/TRS of XR OTA test methodology of FR1 non-RedCap XR devices. 
[bookmark: _heading=h.811uh4fp0bc6]
2. [bookmark: _heading=h.ziso1p0hs4]Consideration on XR OTA Evaluation test Methodology for TRP/TRS requirements
The OTA evaluation methodology for 2Rx non-RedCap XR devices will be similar to that of legacy UEs. However, it is unlikely that there will be commercially available XR devices in the Release 19 time frame. Based on these challenges, RAN decided that RAN4 can study the OTA test methodology and framework to evaluate the performance of non-RedCap XR devices for OTA considerations.


The proposed theoretical model and framework would take into account the unique properties and advantages of XR glasses, including lower antenna correlation, less uplink SAR backoff, and no impact from antenna loss due to hand-held usage. 

In the following, we outline the relevant factors, parameters and modelling assumptions. 

2-1) XR Device Form Factor

[image: ]
Figure 1. XR Devices Form Factor

XR devices are of different form factors as shown in Fig. 1 [4]. These form factors may differ in processing capabilities, communication types and power consumption. During use, it is intended to be supported only by or behind the ears and a nose-bridge, resulting in a constrained form factor with limited volume available for Rx chains. However, it's important to note that there will be many different types of XR devices that satisfy the definition of an XR device. For each type of XR device, there may be specific OTA requirements that are defined on a case-by-case basis.
Based on the above observation, the test methodology of TRP/TRS requirements for XR OTA requirements shall be applied to all various 5G XR device type in Figure 1 including 2Rx and/or 4Rx non-Redcap XR device except the XR device Form factors based on smartphone UE i.e. XR5G-P1.

Proposal 1: The defined test methodologies of TRP/TRS for FR1 non-Redcap XR devices shall be applied to all possible 5G XR device types except the XR device form-factors based on smartphone UE i.e. XR5G-P1 in figure 1.    

The RF properties and antenna characteristics of XR devices are highly dependent on their form factor. This includes factors such as the size of the device, the volume of the device, the location of the antennas, the materials used in its construction, and other design elements. These factors can all impact the performance of the device, and therefore need to be carefully considered when developing a theoretical model or framework for evaluation.

2-2) Usage Scenarios
Unlike traditional handheld devices, XR devices have unique usage scenarios that need to be taken into account to evaluating their performance. For example, talk mode and browsing mode defined for smartphones or forearm phantom for wrist-worn devices are not directly applicable for XR device usage [4]. New usage modes and head phantom requirements need to be defined to accurately assess the performance of XR devices under different conditions. This may include factors such as head movement, body blocking and body loss, and environmental factors like obstacles and reflections.

Proposal 2: RAN4 needs to define the explicit XR test mode based on XR device usage scenarios and environments.

For the free space test methodology, RAN4 agreed as follow [5]
	Approved WF in R4-2406086 [5]

Issue 2-2-2: Phantom-based and Free space XR test scenarios  
Way forward:
· Consider Head phantom scenario (1st priority) and FFS Free space for head-worn XR devices 
· For Free Space, the positioning guideline of XR device should be studied in RAN4. The corresponding XR UE mechanical mode description should also be defined


 
However, the free space scenario is not useful usage for XR devices. We just prefer to concentrate RAN4 workload to define the head phantom scenario in the Rel-19 timeline. Hence RAN4 only focuses on the head phantom scenario (1st priority). 
Proposal 3: For Free space test methodology, we are prefer not to decide the 2nd priority in XR OTA scope. RAN4 only focus on definition of test methodology for head phantom scenarios in Rel-19. 


2-3) Measurement grid and Test time reduction for TRP/TRS requirements of XR
OTA and system performance metrics [4], such as simulated TRS, TRP, SAR, coverage, capacity, throughput and spectral efficiency can be defined and evaluated to assess XR devices performance under different test scenarios and configurations. In this WI, we can just focus on TRP/TRS for non-Redcap XR device firstly.

To derive the TRP/TRS measurements grid, RAN4 can reuse the reference coordinate system as follow in [3]. 

	[bookmark: _Hlk162958080]Captured in TR38.870 [3]
This annex defines the measurement coordinate system for NR FR1 TRP and TRS measurements.  The reference coordinate system, as defined in [9] is provided in Figure A.1-1 below while A.1-2 shows the DUT in the default alignment for Free Space.
[image: CoordinateSystem]
Figure A.1-1: Reference coordinate system




In TR38.870 [3], the TRP measurement grid are determined as in Table 5.1.1-1 according to frequency range and horizontal/vertical polarization degree with 15 or 30  and TRS test grid 30 or 45  are shown in Table 5.1.1-2 as follow: 
	Captured in TR38.870 [3]
Table 5.1.1-1: Applicability for TRP measurement grids
	Frequency Range
	Quadrature
	[°]
	N
	M
	Min. Number of Grid Points

	< 3GHz
	sin()
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	
	Clenshaw-Curtis
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	> 3GHz
	sin()
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	
	Clenshaw-Curtis
	15
	12
	24
	266

	
	
	30
	6
	12
	62



Table 5.2.1-1: Applicability for TRS measurement grids
	Frequency Range
	Quadrature
	[°]
	N
	M
	Min. Number of Grid Points

	< 3GHz
	sin()
	30
	6
	12
	62

	
	Clenshaw-Curtis
	30
	6
	12
	62

	
	
	45
	4
	8
	26

	> 3GHz
	sin()
	30
	6
	12
	62

	
	Clenshaw-Curtis
	30
	6
	12
	62

	
	
	45
	4
	8
	26 (Note 1)

	[bookmark: MCCQCTEMPBM_00000031][bookmark: MCCQCTEMPBM_00000034]Note 1: When the back pole at = 180° cannot be measured due to obstruction and/or blocking, extrapolation is used to estimate EIS at  = 180° for measurement grids with =45° by either a) using at least two points within 15° of the pole  or b) averaging the last cut (i.e.  = 135°)






However, the current measurement grid needs to take a long OTA test time for XR device. If a single test point measurement time is about 1 minute including measurement time, the rotation time of  and/or degrees and stabilizable time, then the total test time is about 266 minutes which is about 4 hours and 26 minutes. Probably, it would not possible to apply to the XR device OTA test without power cable connection. 

Hence, RAN4 can consider to use the coarse the measurement grid points for both horizontal and vertical polarization (, ) which polarization level can be considered the maximum (, ) degrees of the Handheld UE for TRP and TRS for Anechoic Chamber method to consider XR OTA test time based on the allowed small tolerance of the standard deviation and the mean error of measured TRP/TRS. 

Proposal 4: RAN4 can consider using the existing coarse measurement grid points for both horizontal and vertical polarization of XR TRP/TRS measurements for Anechoic Chamber method to consider OTA test time based on the allowed small tolerance of the standard deviation and the mean error.

The aforementioned considerations would enable us to develop OTA requirements that are tailored specifically to XR devices, rather than relying on data from legacy Handheld UEs. This would ensure that the OTA requirements are targeted for the unique characteristics of XR devices, leading to more accurate and reliable evaluations of their performance.

3. Conclusions
In this paper, we provide some consideration points for the OTA test methodologies considerations of non-RedCap XR devices. Based on the approved WID, we propose as follow 
Proposal 1: The defined test methodologies of TRP/TRS for FR1 non-Redcap XR devices shall be applied to all possible 5G XR device types except the XR device form-factors based on smartphone UE i.e. XR5G-P1 in figure 1.
Proposal 2: RAN4 needs to define the explicit XR test mode based on XR device usage scenarios and environments.
Proposal 3: For Free space test methodology, we are prefer not to decide the 2nd priority in XR OTA scope. RAN4 only focus on definition of test methodology for head phantom scenarios in Rel-19. 
Proposal 4: RAN4 can consider using the existing coarse measurement grid points for both horizontal and vertical polarization of XR TRP/TRS measurements for Anechoic Chamber method to consider OTA test time based on the allowed small tolerance of the standard deviation and the mean error.
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