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1. [bookmark: _gjdgxs]Introduction
At RAN#97, it was proposed to support 2Rx for XR in contributions [1][2]. The need for the support of 2Rx for XR devices were further elaborated in [3][4][5]. RAN#99 endorsed the way-forward on 2Rx XR devices [6] with the Step 1 to recognize that form factor limitations of a subset of XR devices can make it impossible for these devices to support 4 antenna ports. At RAN#100, further proposals for Step 1 were discussed [7][8][9]. The following discussion summary on XR was endorsed [10]: Possible candidate options were discussed for characterization of non-RedCap XR devices to which 2-Rx relaxation could apply, including, but not necessarily limited to:  
· Type of device:
· (see TR26.928), e.g. [glasses, other XR wearables (further definition required)]
· E.g. devices that are supported by ears and/or nose without straps over or behind head?
· Rx-chain-usable volumetric measure:
· E.g. smaller than a benchmark of approx. [derived from volume of a smartphone?]
· Consider how to take into account volume that is not available for Rx-chain use
· Rx-chain-usable surface area measure:
· E.g. smaller than a benchmark of approx. [derived from surface of a smartphone?]
· Consider how to take into account surface area that is not available for Rx-chain use
In this contribution, we further provide our views on this topic and elaborate the metrics for characterizing form factor limitations of XR devices.
2. [bookmark: _30j0zll]Discussion
A variety of XR devices and form-factors were elaborated in [11]. In order to characterize the form factor limitations of various possible XR devices for 5G antennas, it is important to identify the key components needed for XR devices to provide immersive experiences.
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Figure 1 Figure 4.8-1 from TR 26.928 on XR Form Factors
In our previous contribution [7], the key components of XR device and XR immersive experiences were illustrated in Figure 2 with an example of AR glasses (Project Aria [12][13]), which include various cameras (Eye tracking, SLAM, hand-tracking, AI & semantic), IMUs (Inertial measurement unit that measures and reports acceleration, orientation, angular rates, etc.), microphones, battery, wireless connectivity (WiFi, BT, GNSS), and processing units for both compute and connectivity. Furthermore, to support immersive XR experiences, the display can be needed which requires further hardware and SW processing to enable. Noting that Project Aria is a research device, there can be further design constraints that limit the remaining usable volume for 5G NR antennas to make AR glasses commercially compelling and socially acceptable.

[image: ]
Figure 2 Project Aria Research Device
As for 5G antenna placement, it was elaborated in [4] that there are only limited suitable places due to various degradation and challenges such as body loss, cable loss or mechanical issues of routing the cable through the hinge of the glasses. It is worth mentioning that the form factor constraints can be applicable to different types of XR devices shown in Figure 1 considering the dimension of the XR devices are mainly driven by the components for immersive XR experiences with similar constraints on supporting cellular antennas. Therefore, we have the following observation and proposal:

Observation 1: The remaining usable volume in XR devices for 5G antennas are very limited and it is impossible to support more than 2Rx antennas.

Proposal 1: The 2Rx relaxation shall be applied to XR wearable devices with form factor limitations for the NR bands where 4Rx is currently mandatory.

A properly designed antenna needs surface areas for efficient radiation. However, an antenna is a 3-dimensional structure with the minimum length being λ/4 (λ is the wavelength of the band that the antenna is designed for). Moreover, defining the volume as the metric for 5G antenna limitation is agnostic to the variations of form factor designs which can have a broad design space considering various components involved for XR devices and tradeoff therein. Hence, we agree with the proposal in [8] that volume is a suitable metric for defining the form-factor limitation of placing and containing 5G cellular antennas and it should be band dependent. Thus, we have the following proposal:

Proposal 2: Recognize the form factor limitations of XR devices that cannot support 4Rx antennas as “the usable volume of XR devices for 5G antenna placement” and quantify the volume that is frequency band dependent.
3. Conclusion
In this contribution, we provided our views on the form-factor limitations of XR devices and had the following observation and proposals:

Observation 1: The remaining usable volume in XR devices for cellular antennas are very limited and it is impossible to support more than 2Rx antennas.

Proposal 1: Due to form-factor limitations, 2Rx relaxation can be applied to XR wearable devices for the NR bands where 4Rx is currently mandatory.

Proposal 2: Recognize the form factor limitations of XR devices that cannot support 4Rx antennas as “the usable volume of XR devices for 5G antenna placement” and quantify the volume that is frequency band dependent.
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