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1. Introduction
[bookmark: OLE_LINK13]In order address concerns from operators on 2Rx performance for non-RedCap XR devices, RAN#102 tasked RAN2 and RAN3 to develop signaling support for ‘2Rx non-REDCAP XR devices’, and send corresponding Release-18 draft CR(s) to RAN#103[1]: 
	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]  


In this contribution, we discuss UE capability indication and access control for 2Rx non-REDCAP XR devices and provide the draft CRs to support this type of devices in Rel-18. 
2. Discussion
In RAN#101, a non-REDCAP XR device is allowed for 2Rx relaxation for frequency bands where 4Rx is mandatory if it meets a certain number of conditions [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.



Per RAN plenary’s task, a definition for this type of devices should be captured into TS 38.101-1 based on the above texts. RAN2 assumes that the definition/name of this type of device will be discussed by RAN4. 
[bookmark: OLE_LINK8]Assumption: RAN2 assumes that a new type of device (2Rx non-REDCAP XR devices) will be defined in TS 38.101-1 by RAN4. 
[bookmark: OLE_LINK37]2.1 Access Control
Following the RAN plenary's instructions, the Core Network must provide the SPID (Subscriber Profile ID for RAT/Frequency Priority) to the gNB to support these new types of devices. As specified in TS36.300, there are two designated ranges for SPID values: one for Operator Specific and another for Reference values. Similar to the automotive device subscribers, a Reference SPID value is necessary for the UE indicating 2Rx non-REDCAP XR UE capability. This Reference SPID enables the gNB to appropriately configure cell reselection and manage inter-RAT/inter-frequency handover priorities tailored to these new devices.
Proposal 1: Allocate a Reference SPID value for the 2Rx non-REDCAP XR UE. 
Since it’s a new type of device, how to perform access control, especially for the legacy network without network upgrade should be considered. Given the concerns stated from MNOs about performance impacts from 2Rx operation, and similar discussions in the past in relation to RedCap and eRedCap UEs, it seems most appropriate that operation of 2Rx non-REDCAP XR UE is considered “not permitted” unless the MNO explicitly indicates that it is permitted in a cell. This also avoids MNOs from being required to upgrade their networks to prevent such devices from operating. 
For Redcap UE, the parameter intraFreqReselectionRedCap controls cell selection/reselection to inter-frequency cells and barring control of the serving cell. eRedcap UE follows the same rule. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK32]For 2Rx non-REDCAP XR UE, similar mechanism as Redcap/eRedcap with an indication e.g., intraFreqReselectionXR2Rx can be used. Network indicates whether a 2Rx non-REDCAP XR UE is permitted to access the network, e.g., by a new IE intraFreqReselection2RxNonRedcapXR.  If not present, a 2Rx non-REDCAP XR UE treats the cell as barred, i.e., the UE considers that the cell does not permit 2Rx non-REDCAP XR UE. 
For other intra-frequency cells e.g., for cell reselection, similar mechanisms as Redcap/eRedcap with the indication of intraFreqReselectionRedCap/intraFreqReselection-eRedCap is applied to the 2Rx non-REDCAP XR UE. 
	intraFreqReselection-eRedCap
Controls cell selection/reselection to intra-frequency cells for eRedCap UEs when this cell is barred, or treated as barred by the eRedCap UE, as specified in TS 38.304 [20]. If not present, an eRedCap UE treats the cell as barred, i.e., the UE considers that the cell does not support eRedCap.

	[bookmark: OLE_LINK26]intraFreqReselectionRedCap
Controls cell selection/reselection to intra-frequency cells for RedCap UEs when this cell is barred, or treated as barred by the RedCap UE, as specified in TS 38.304 [20]. If not present, a RedCap UE treats the cell as barred, i.e.,the UE considers that the cell does not support RedCap.


[bookmark: OLE_LINK35]Proposal 2: Define a new IE in SIB1 that indicates that operation of 2Rx non-REDCAP XR UE is “permitted”. By default, the 2Rx non-REDCAP XR UE shall consider the cell as “barred” if the IE is not present. 
[bookmark: OLE_LINK27][bookmark: OLE_LINK33]Proposal 3: For other intra-frequency cells, same indication and control approach as intraFreqReselectionRedCap/intraFreqReselection-eRedCap is used, and corresponding IE defined for its application to 2Rx non-REDCAP XR UE. 
2.2 UE Capability Reporting for 2Rx non-REDCAP XR devices
As outlined in [2], the newly introduced device type is exclusively only permitted for XR wearable UE with specific defined characteristics and is not suitable for use as either a handheld smartphone UE or a Redcap/eRedcap UE. Furthermore, this is only applicable for certain bands where 4Rx antenna ports are otherwise mandatory. Consistent with such relaxation of Rx antenna port support for this device type, 2 MIMO layers is expected be mandatory for single CC standalone NR operation in those bands. As it is specific to the XR use case it makes sense to define it as part of the XR feature group. 
Proposal 4: Define that “2Rx non-REDCAP XR UE” capability shall be as defined in 38.101-1, with the additional requirement that “support of 2 DL PDSCH MIMO layers is mandatory for single CC standalone NR operation in bands where 4Rx is otherwise mandatory”. 
Proposal 5: The new capability 2Rx non-REDCAP XR UE shall be defined as a feature group of XR. 
[bookmark: OLE_LINK10]It was agreed in [1] that the “2Rx non-REDCAP XR UE” capability should be a band-specific capability within the BandNR parameters, and reporting is only applicable for those bands where 4 Rx ports is otherwise mandated. The FDD-TDD DIFF parameter is deemed not applicable in this context. This capability is only relevant to some specific FR1 bands (those which otherwise mandate 4Rx reception), hence the FR1-FR2 DIFF is designated for FR1 exclusively. Furthermore, such UEs shall not indicate support for Redcap or eRedcap.
Proposal 6: Indicate per band in BandNR parameters whether “2Rx non-REDCAP XR UE” is supported. The capability is only applicable for bands where 4 Rx ports is otherwise mandated. FDD-TDD Diff is set to N/A, FR1-FR2 Diff is set to FR1 only.
Proposal 7: A 2Rx non-REDCAP XR UE shall not indicate support of Redcap and eRedcap. 
[bookmark: OLE_LINK9]The related legacy physical layer UE capability parameter is maxNumberMIMO-LayersPDSCH. This parameter defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE does not support MIMO on this carrier.
[bookmark: OLE_LINK19]Following two alternatives can be considered to set the parameter maxNumberMIMO-LayersPDSCH for a 2Rx non-REDCAP XR UE.
ALTERNATIVE 1:
[bookmark: OLE_LINK20]For bands where 2Rx non-REDCAP XR UE capability is reported, for single CC standalone NR combinations the PDSCH MIMO layer support information would be implicitly provided by the new 2Rx non-REDCAP XR UE capability (as stated in the previous section) assuming that 2 MIMO layers is mandatory, and therefore maxNumberMIMO-LayersPDSCH would not provide any additional information for those bands. Therefore, such UEs shall NOT report the legacy maxNumberMIMO-LayersPDSCH optional capability. The proposed spec change to TS38.306 is provided below. 
	maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signalling to support:
· [bookmark: OLE_LINK25] at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE, unless support of 2Rx non-REDCAP XR UE capability is reported for any of those bands, in which case maxNumberMIMO-LayersPDSCH shall be absent. and 
· at least 2 MIMO layers in FR2. 
· In all other cases, Iif absent, the UE does not support MIMO on this carrier.
[bookmark: OLE_LINK16]For the bands where pdsch-1024QAM-2MIMO-FR1-r17 is indicated, MIMO layers for 1024 QAM is the smaller value between 2 and maxNumberMIMO-LayersPDSCH.
	FSPC
	CY
	N/A
	N/A


  ALTERNATIVE 2:
For bands where 2Rx non-REDCAP XR UE capability is reported, for single CC standalone NR combinations the UE is mandated to indicate support 2 MIMO layers for those bands within maxNumberMIMO-LayersPDSCH. The proposed spec change to TS38.306 is provided below.
	[bookmark: OLE_LINK11]maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signalling to support：
·  at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE , unless support of 2Rx non-REDCAP XR UE capability is reported for any of those bands, in which case 2 MIMO layer is mandatory.
· and at least 2 MIMO layers in FR2. 
If absent, the UE does not support MIMO on this carrier.
For the bands where pdsch-1024QAM-2MIMO-FR1-r17 is indicated, MIMO layers for 1024 QAM is the smaller value between 2 and maxNumberMIMO-LayersPDSCH.
	FSPC
	CY
	N/A
	N/A


[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Proposal 8: For bands where 2Rx non-REDCAP XR UE capability is supported, RAN2 discuss ALT 1 and ALT 2, and then decide the preferred approach for maxNumberMIMO-LayersPDSCH capability handling. 
Conclusion
In this contribution we have the following proposals for 2Rx non-REDCAP XR devices:
Assumption: RAN2 assumes that a new type of device (2Rx non-REDCAP XR devices) will be defined in TS 38.101-1 by RAN4. 
Access Control:
Proposal 1: Allocate a Reference SPID value for the 2Rx non-REDCAP XR UE. 
Proposal 2: Define a new IE in SIB1 that indicates that operation of 2Rx non-REDCAP XR UE is “permitted”. By default, the 2Rx non-REDCAP XR UE shall consider the cell as “barred” if the IE is not present. 
Proposal 3: For other intra-frequency cells, same indication and control approach as intraFreqReselectionRedCap/intraFreqReselection-eRedCap is used, and corresponding IE defined for its application to 2Rx non-REDCAP XR UE.  
UE capability reporting:
Proposal 4: Define that “2Rx non-REDCAP XR UE” capability shall be as defined in 38.101-1, with the additional requirement that “support of 2 DL PDSCH MIMO layers is mandatory for single CC standalone NR operation in bands where 4Rx is otherwise mandatory”. 
Proposal 5: The new capability 2Rx non-REDCAP XR UE shall be defined as a feature group of XR. 
Proposal 6: Indicate per band in BandNR parameters whether “2Rx non-REDCAP XR UE” is supported. The capability is only applicable for bands where 4 Rx ports is otherwise mandated. FDD-TDD Diff is set to N/A, FR1-FR2 Diff is set to FR1 only.
Proposal 7: A 2Rx non-REDCAP XR UE shall not indicate support of Redcap and eRedcap. 
Proposal 8: For bands where 2Rx non-REDCAP XR UE capability is supported, RAN2 discuss ALT 1 and ALT 2, and then decide the preferred approach for maxNumberMIMO-LayersPDSCH capability handling. 
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