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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]. RAN#100 endorsed the way-forward [10] of possible candidate options of characterization of non-RedCap XR devices that 2-Rx relaxation could apply to. At RAN#101, proposals [11][12][13] for characterization and form factor limitations of 2Rx XR devices were discussed. RAN #101 endorsed the following way forward and next steps [14]:
“
Proposed resolution for Step-1 for the purpose of continuing discussions to Step-2:
· Handheld smartphone UEs are excluded from any 2Rx relaxation for XR wearables.
The default for non-RedCap XR-wearable UEs is 4Rx (for frequency bands where 4Rx is mandated).
A non-RedCap XR-wearable UE can be considered for 2Rx relaxation (for frequency bands where 4Rx is mandated) if and only if: 
· Intended to be worn on the human head;
· When in use, is intended to be supported only by/behind the ears and by a nose-bridge resulting in a constrained form factor with limited volume available for Rx chains; 
        -	No other relaxation is being considered apart from number of Rx antennas.

Step-2 is outlined as follows (cf. RP-230740):
“Step-2: Recognize the importance of identifying these devices in the network, and potential network impact (e.g. performance, coverage, capacity) and UE impact
· Details of Step-2 will be further defined following the maturity of Step-1”
Proposed scope for Step-2 for RAN#102:
Address the impacts to RF and OTA requirements for non-RedCap 2Rx XR devices, and their potential network impact (performance, coverage, capacity, etc…) and the mitigation techniques.
It is assumed that there is a need for the network to clearly identify non-RedCap XR devices with 2Rx restriction.
”
2. [bookmark: _30j0zll]Discussion
This contribution will focus on Step-2 and address the impacts to RF and OTA requirements for non-RedCap 2Rx XR devices, and their potential network impact (performance, coverage, capacity, etc.) and the mitigation techniques. Also, we will add the additional observation and proposal to XR wearables for Step 1. 
[image: ]
Figure 1 Example of AR glasses with Possible 5G Antenna Placement 
As it is shown in our previous contribution [7], there are various key components of XR device to enable XR immersive experiences as illustrated in Figure 1 with an example of AR glasses (Project Aria [15][16]). 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. Therefore, 4Rx antennas are not possible for XR glasses. The possible 2Rx antenna placement can be on the temple arm or frame as illustrated in [4]. It is worth pointing out that comparing the XR glasses and smartphones, there are several advantages to the XR glasses in terms of antenna design and properties elaborated below:
1. Considering the 3-D dimension and placement of 5G antennas on the XR glasses, the two antennas can be designed with better isolation and less leakage between them. Hence, it can lead to lower correlation between 2 Rx antennas which provides substantial gains in spatial multiplexing capabilities. The sizable throughput gain of low correlation vs high correlation can be seen from section 6.4.2 2Rx requirements in [17].
2. There is bigger space/distance between the potential antenna locations of XR glasses and human head comparing to the smartphones that are often held right next to the human ear for phone calls. Thus, XR glasses can have less stringent SAR backoff requirements comparing to the smartphones. As it is addressed in [9], “Uplink link budget is the bottleneck to achieve network capacity as quantified by satisfied XR UEs.” Less SAR backoff is critical to improving XR UL performance.
3. The XR glasses are naturally wearable devices on the human face supported by the nose bridge. On the other hand, the smartphone is usually held by human hands when in use which can largely impair the antenna efficiency or correlation of a subset of antennas out of all 4 receive antennas. In the extreme cases, some of the antennas can become unusable due to heavily impacted antenna efficiency.
Therefore, we have the following observation: 
Observation 1: The antenna design and properties of the XR glasses can have several advantages compared to smartphone antennas:
· Due to the 3-D dimension and placement of 5G antennas on the temple arm or front frame, the two antennas of the glasses can be designed with less correlation that provides gains in rank order.
· Due to bigger space between the potential antenna placement on the XR glasses to the human head comparing to smartphones when held next to the ear, the SAR requirements of the glasses can be less stringent compared to smartphones.
· The XR glasses are naturally wearables and won’t suffer from the antenna efficiency or correlation loss due to hand-held usage as smartphones.
Based on the above observation, we make the following proposal.
Proposal 1: The several key advantages of antenna design and properties of the XR glasses compared to smartphone antennas provide natural mitigation to performance impact of 2Rx vs 4Rx. The performance of XR glasses can be expected to outperform a pair of antennas of 4Rx smartphones. The antenna advantages of XR glasses include lower antenna correlation, less uplink SAR backoff, and no impact from antenna loss due to hand-held usage.

In addition to the above observation and proposal, we’d like to discuss the 5G connection for other possible device types of XR glasses such as “Device type 2: 5GUE-tethered physically-constrained AR glasses” and “Device type 3: 5GUE-powered lightweight AR glasses” [18][19]. These XR glasses do not provide a direct 5G connection, but are tethered to a 5G device for XR applications and cellular connectivity. An example from [18] is shown in the following figure. 
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Figure 2 – Example architecture of AR glasses based on device design type 3
The tethered 5G connectivity devices can have XR functionalities as illustrated above. Such devices can be wearables equipped with sensing and XR control capabilities to provide integrated XR applications and experiences together with the AR glasses, and more importantly, there can be form-factor limitations of supporting more than 2Rx antennas for such wearable devices. An example can be smart watches with 5G capability which are known to have form-factor limitations of supporting more than 2Rx antennas. Therefore, we have the following proposal:

Proposal 2: For Step 1, include the 2Rx relaxation for the XR wearables that satisfy the following:
· XR glasses can tether to for 5G connectivity;
· Have form factor limitations of supporting more than 2 Rx antennas, such as smart watches;
· Provide XR functionalities and integrated XR experiences with XR glasses.

3. Conclusion
In this contribution, we provided our views on 2Rx for XR wearable with the following observation and proposals: 

Observation 1: The antenna design and properties of the XR glasses can have several advantages compared to smartphone antennas:
· Due to the 3-D dimension and placement of 5G antennas on the temple arm or front frame, the two antennas of the glasses can be designed with less correlation that provides gains in rank order.
· Due to bigger space between the potential antenna placement on the XR glasses to the human head comparing to smartphones when held next to the ear, the SAR requirements of the glasses can be less stringent compared to smartphones.
· The XR glasses are naturally wearables and won’t suffer from the antenna efficiency or correlation loss due to hand-held usage as smartphones.
Proposal 1: The several key advantages of antenna design and properties of the XR glasses compared to smartphone antennas provide natural mitigation to performance impact of 2Rx vs 4Rx. The performance of XR glasses can be expected to outperform a pair of antennas of 4Rx smartphones. The antenna advantages of XR glasses include lower antenna correlation, less uplink SAR backoff, and no impact from antenna loss due to hand-held usage.

Proposal 2: For Step 1, include the 2Rx relaxation for the XR wearables that satisfy the following:
· XR glasses can tether to for 5G connectivity;
· Have form factor limitations of supporting more than 2 Rx antennas, such as smart watches;
· Provide XR functionalities and integrated XR experiences with XR glasses.
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