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1. Introduction
RAN tasked RAN4 to discuss the potential RF/OTA requirements for 2Rx XR devices in bands which are mandatory 4Rx for handheld UE types as below. 

	Way forward and next steps
1. Task RAN2 and RAN3 to develop signaling support for ‘2Rx non-REDCAP XR devices’, send corresponding Release-18 draft CR(s) to RAN#103:
· A new dedicated UE capability indication per band and setting of corresponding existing UE capability(ies). [RAN2]
Note: no need is foreseen to add an indication to Msg1 or Msg3.
· Indication in SIB, to be used to re-direct to another frequency layer, or to bar the device altogether. [RAN2] 
· SPID indication from the Core Network to gNB. [RAN3]
· N2-NGAP indication for ‘2Rx non-REDCAP XR devices’ from gNB to Core Network to take action based on operator policy. [RAN3]
2. Task RAN4 to develop Release-18 draft CR(s) to RAN#103 for ‘2Rx non-REDCAP XR devices’:
· Capture the definition of 2Rx non-REDCAP XR devices in [38.101-1] using the definition from RAN#101 (c.f. RP-232657)
· Determine the feasibility of tightened 2Rx REFSENS requirements (in relation to existing 2Rx and 4Rx REFSENS) for the bands where 4Rx is mandatory and provide the feasible REFSENS values. RAN4 shall consider both conducted requirements as well as OTA considerations.
3. TSG-RAN#103 in March: 
1) Consider approving the draft CRs from RAN2, RAN3 and RAN4 for Release-18
2) Consider approving Release-19 work to be conducted on detailed OTA work for ‘2Rx non-REDCAP XR devices’.
3) Points 1) and 2) represent a package, each one is dependent on the other moving forward.



2. [bookmark: _Hlk126176045]Discussion
2.1 REFSENS and OTA requirements
There have been many discussions on enabling 2Rx XR devices in bands which are mandatory 4Rx, and the impacts to network performance. After long discussion, it was recognized the form factor limitation in supporting 4Rx antennas in XR devices [2]. However, the concerns on the performance degradation needs to be solved when introducing such devices. In RAN#102, the tasks were given to RAN work groups to develop necessary signaling to identify such UEs and develop RF/OTA requirements to reduce the performance degradation [1]. Particularly for RAN4, the feasibility of tightening 2Rx REFSENS requirements and OTA requirements are tasked.

From the discussions in RAN plenary meetings, the limitation for XR device is the volume which cannot implement 4 antennas as can be seen from figure 1 reproduced from [3].
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Figure 1 XR glass structure and antenna placement

The REFSENS requirements in the spec were defined based on 2Rx UEs, and then extended to 4Rx by the ΔRIB,4R. For the bands where 4Rx is mandatory, the network is deployed based on REFSENS of 4Rx. 2Rx XR devices needs to improve the receiver performance to reduce the REFSENS degradations caused by Rx antenna reduction. However, there is no much room to tighten conducted REFSENS requirements since there is no difference of XR devices in RF components comparing to handheld UEs if both UEs are implemented with multi-bands. Comparingly, XR devices may have some potential room to improve OTA requirements by better antenna design especially considering the hand blocking effects are no long exist in XR. Therefore, in our view, the conducted REFSENS with 2Rx should be kept unchanged in the spec, and focus on the OTA performance improvement in future releases.

Observation 1:   To reduce the DL performance impacts, the improvement of conducted REFSENS and OTA requirements can be considered.

Observation 2:   There is no much difference between XR device and other UE types in RFFE which makes no much improvement can be done for conducted REFSENS. In contrast, the OTA requirements probably can be improved by proper antenna design and the missing of hand blocking effects in XR devices.

Proposal 1:   	Keep the conducted REFSENS with 2Rx unchanged in bands where 4Rx is mandatory. Study the improvement of OTA requirements for XR devices in future releases.

2.2 Spec changes
Regarding the definition of 2Rx non-REDCAP XR UE, the definition was given in [2], so the proposed changes to the spec are as below.
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[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
[Unchanged sections omitted]
Vehicular UE: A UE embedded in a vehicle, permanently connected to an embedded antenna system that radiates externally for NR operating bands.
NOTE:	Vehicular UE does not refer to other UE form factors placed inside the vehicle.
Wideband operation: For a UE that supports shared spectrum channel access, wideband operation refers to operation within a channel larger than 20 MHz in which intra-cell guard bands may be configured to distinguish individual RB-sets
2Rx non-REDCAP XR UE: A UE supporting XR feature and is intended to be worn on the human head and 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.



For the REFSENS requirement definition, the changes are as below.
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[bookmark: _Hlk75461937]The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n48, n77, n78, n79, n104. For the bands n7, n38, n41, n48, n77, n78, n79 and n104,  where the UEs other than “2Rx non-REDCAP XR UE” is are required to be equipped with a minimum of four Rx antenna ports, and for “2Rx non-REDCAP XR UE”, it can be equipped with two antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.



Proposal 2:   	The changes as above are proposed.
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