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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN #103 meeting Maastricht, RAN approved 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 that TRP/TRS test methodology will be focused on the non-Redcap XR device type in the 4Rx mandatory NR bands for XR device type UE. Furthermore, RAN 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 the test problems due to small charging capacity by the small volume form-factor aspect. 

	[bookmark: _heading=h.30j0zll]Captured from the approved WI [1]

4.1 Objective of SI or Core part WI or Testing part WI
    Objectives for this core part work item are as follows Objectives
· Define test methodology for FR1 non-RedCap headworn XR devices 
· Define TRP and TRS test methodology and configuration
· The performance metric of XR (1Tx and2Tx) is aligned with the definition up to Rel-18 handheld UE
· Testing time reduction solutions can be considered (further measurement grid optimization is precluded)
· Study and specify the proper head phantom if needed, consider the coordination with CTIA on this aspect
· Develop preliminary Measurement Uncertainty (MU) (RAN5) 


 
In this paper, we provide our consideration points on the TRP/TRS of XR OTA test methodology of FR1 non-RedCap XR devices. 
2. Review of UE TRP and TRS Requirements and Test Methodologies for FR1
In last RAN plenary #102 meeting, the core part of Rel-18 FR1 TRP TRS WI was completed [2][3]. For the smart phone type and RedCap UE, RAN4 defined the TRP/TRS test methodology for each NR band. 

· UE type: Smartphone, wearable Redcap UE, Tablet, Laptop embedded equipment (LEE) and Laptop mounted equipment (LME).
· Usage scenarios:
· Talk mode using head & hand phantom for narrow phones between 56 mm and 72 mm and for wide phones with a width >72 mm and <92 mm 
· Browsing mode using hand phantom for narrow and wide phones
· Using forearm phantom for wrist-worn devices. For wrist-worn Redcap devices, the forearm phantom is the first priority.
·  Free Space is used for devices not used in above-mentioned scenarios, other phantoms are not precluded for wearable devices
· Operating bands and Test parameters:
· Most NR operating bands are supported for both general NR UE and Redcap UE.
· Test parameters i.e. CBW, center frequency, SCS, modulation order and UL/DL RB configuration for TRP/TRS in each NR bands and RedCap bands have been defined
· Measurement Grid of TRP/TRS
· RAN4 defined the detail number of grid points for TRP and TRS measurements
· The minimum number of grid points for TRP measurements are 62 points and 266 points based on Δθ=Δφ is 15 degrees and 30 degrees.
· The minimum number of grid points for TRS measurements are 26 points and 62 points based on Δθ=Δφ is 30 degree and 45 degree. 
· UE positioning guidelines:
· UE positioning guidelines for Free space, Hand phantom only (Browsing mode), Head and Hand phantom (Talk Mode), Head phantom only, and Forearm phantom.
· Coordination with CTIA on phantom related aspects, 3GPP and their Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC) get the permission.
· AC test method:
· Test setup: Single-antenna and multiple-antennas anechoic chambers
· TRP TRS calibration procedure
· Ripple test procedure for 30cm and 50cm, both theta-axis and phi-axis
· TRP test procedure and UE configurations for 1Tx, 2Tx, and DL CA configurations
·  TRS test procedure and UE configurations for 1Tx, 2Tx, and DL CA configurations
· Minimum measurement distance of anechoic chambers
· RC test method:
· Test setup: Reverberation Chamber
·  S-parameters and power transfer functions
· Chamber loading for coherence bandwidth
· Chamber spatial uniformity
·  Calibration procedure for RC system
· TRP test procedure and UE configurations for SA and EN-DC
· TRS test procedure and UE configurations for SA and EN-DC
· Test Volume
· Testing time reduction methodologies:
·  Measurement grids for Anechoic Chamber method
· Measurement uncertainty assessment:
· Measurement error uncertainty contribution descriptions
· AC preliminary example of uncertainty budget
· Expanded uncertainty for TRP hand only (browsing mode): 1.73 dB
· Expanded uncertainty for TRP Beside Head and Hand (Talk mode): 1.96 dB
· Expanded uncertainty for TRP Wrist-Worn: 1.78 dB
· Expanded uncertainty for TRS hand only (browsing mode): 2.13 dB
· Expanded uncertainty for TRS Beside Head and Hand (Talk mode): 2.31 dB
· Expanded uncertainty for TRS Wrist-Worn: 2.17 dB
· RC preliminary example of uncertainty budget
· Expanded uncertainty for TRP hand only (browsing mode): 1.90 dB
· Expanded uncertainty for TRP Beside Head and Hand (Talk mode): 2.08 dB
· Expanded uncertainty for TRS hand only (browsing mode): 2.28 dB
· Expanded uncertainty for TRS Beside Head and Hand (Talk mode): 2.43 dB
· Test phantom definition:
· PDA Grip Hand
· Wide Grip Hand
·  Head Phantom
· Forearm Phantom
· Environmental requirements:
· Room temperature with the DUT operated in stand-alone battery powered mode.
3. [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 timeline. Based on these challenges, RAN decided that RAN4 can study and define the test methodology and configuration and study on the proper test modes to evaluate the performance of XR devices for OTA considerations.

To define the test methodology and proper test modes for non-RedCap XR devices, RAN4 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. 


[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 devices.

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 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 the detailed TRP and TRS test methodology and configuration.

Unlike traditional handheld devices, XR devices have unique usage scenarios that need to be taken into account when 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 phantom head 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 coordinate with CTIA on the head phantom for XR devices.

The aforementioned considerations would enable us to develop OTA requirements that are tailored specifically to XR devices, rather than relying on data from legacy 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.
4. 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 in figure 1.    
Proposal 2: RAN4 coordinate with CTIA on the head phantom for XR devices.
Reference
[1] RP-240841, “New WID: WI on TRP (Total Radiated Power), TRS (Total Radiated Sensitivity) and MIMO OTA (Over the Air) testing enhancement Phase 3,” Qualcomm Incorporated 
[2] RP-233074, “WI summary: Enhancement of UE TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements and test methodologies for FR1 (NR SA and EN-DC),”              vivo
[3] TR38.870,  “Enhanced Over-the-Air (OTA) test methods for NR FR1 Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS)”
[4] TR26.928, “Extended Reality (XR) in 5G”






image1.png
VR

XR5G-V4
XR5G-P1

E? ﬁ @ ﬁ Yo Q XR5G-AS
= r’dEl

XA Engine

KRSG-AT XR5G-A3 @ Tracking




