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1	Introduction
In this contribution we discuss the baseline capabilities for XR, what are optional additions and whether there are dependencies to baseline capabilities, as well as to already existing.  
2	Discussion
2.1	Rel-18 XR features
Below we highlight the objectives in the WID on XR Enhancements for NR [RP-230786] that can be mapped to corresponding UE features. 
	Specify the enhancements related to power saving:
· DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
· Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2); 
· Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
· Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
· Delay reporting of buffered data in uplink (RAN2);
· Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
Specify the enhancements for XR Awareness:
· Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
· Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);
· Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
· Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);


Based on the WID and the RAN1 and RAN2 agreements so far, the XR Rel-18 UE features can be classified as follows:  
-	UE can identify PDU sets and understand the corresponding PDU set related information in UL; 
-	UE may support signalling of UE assistance information on UL XR traffic (reference time, jitter, FFS periodicity);
-	UE supports PDU set-based discard mechanism(s); 
[bookmark: _Hlk138936937]-	UE supports new BSR table, and new BSR triggers (if any);
-	UE supports reporting of delay information/remaining time;
-	UE supports multiple CG PUSCH transmission occasions within a period of the CG PUSCH configuration (a.k.a. multi-PUSCHs CG);
-	UE supports UCI-based indication of unused CG PUSCH occasions;
-	UE supports configuration of non-integer/rational DRX periodicity; 
-	UE supports SFN wrap-around solution;
-	UE supports retransmission-less CG operation. 
Next, we make the attempt to group the main XR functionalities into feature groups, and discuss UE capabilities that are used to signal support of those specific features/functionalities, including baseline XR capability and possible dependencies. 
2.2	XR feature groups and (baseline) capabilities 
Some companies have proposed the introduction of a new optional radio capability indicating that a “UE can identify PDU sets and understand the corresponding PDU set related information in UL”. This has also been referred to as capability of XR awareness in UL. However, it is not clear which RRC configuration would be enabled by such capability indication, unless at least another of the features/functionalities previously described is also supported (e.g. PDU set-based discard mechanisms, signalling of UE assistance information on UL XR traffic, etc). 
Observation 1: None of the XR-specific RRC configurations can be enabled by a radio capability indication that a “UE can identify PDU sets and understand the corresponding PDU set related information in UL” only. 
Proposal 1: no UE capability is defined to only indicate that a “UE can identify PDU sets and understand the corresponding PDU set related information in UL”.
We think that a UE indicating baseline XR capability should at least be able to: (1) identify PDU sets and understand the corresponding PDU set related information in UL, (2) support PDU-set based discard mechanism(s), and (3) provide UE assistance information to the network related to UL XR traffic.
Proposal 2: Baseline XR capability, signalled using a single capability bit, indicates that:
-	The UE can identify PDU sets and understand the corresponding PDU set related information in UL; and
-	The UE supports PDU set-based discard mechanism(s); and
-	The UE supports signalling of UE assistance information (UAI) on UL XR traffic.
However, some companies thinks that grouping features such as PDU set-based discard mechanism(s) and signalling of UAI on UL XR traffic is not a common praxis in RAN2. If proposal 2 is not agreeable, a separate capability can be introduced for signalling support of UAI on UL XR traffic. This capability could be mandatory if the capability of supporting PDU set-based discard mechanism(s) is also signalled. For similar reasons, it is proposed to define separate capabilities for different PDU set-based discard mechanisms: one capability for PSI-based discarding and another capability for discard operation associated with the PDU Set and PSIHI concept. Since the details of PSI-based discarding are still unknown, it might be best to wait for those to be fixed before agreeing such an assumption.
Proposal 2a: If proposal 2 is not agreeable, RAN2 should introduce at least one capability to indicate that a UE can identify PDU sets and understand the corresponding PDU set related information in UL and can support PDU set-based discard mechanisms. FFS if separate capabilities for different discard mechanisms are needed.
Proposal 2b: If proposal 2 is not agreeable, RAN2 should introduce one capability to indicate that a UE can identify PDU sets and understand the corresponding PDU set related information in UL and can support signalling of UE assistance information (UAI) on UL XR traffic. This capability could be mandatory if the capability of supporting at least one of the PDU set-based discard mechanisms is also signalled. 
Some companies have raised the issue that the (cap)ability of a UE to identify PDU sets, and related information may depend on whether the upper layers utilize a protocol which performs packet encryption (such as QUIC or IPSec), or on whether the application employs RTP header extensions, on which the UE normally relies for PDU set identification. So, e.g., even if the UE indicates a capability to perform PDU set-based discarding in AS layer, it may not be able to do that eventually, depending on which application is actually running. But also, it is possible that the UE has very good XR awareness in very integrated implementations, or when the applications does not utilize encryption, etc. Therefore, we propose that UE signals its capability independently of which application is actually running. The problem of a UE (temporarily) not being able to use a specific feature despite signaling its support in UE capabilities should be discussed and possibly addressed by other means than UE capability signaling in AS. 
Proposal 3: UE signals its capability to identify PDU sets and understand the corresponding PDU set related information in UL independently of which application is running, i.e., exclusively based om modem capability.
Power saving features specified in the Rel-18 XR WI are among the ones that provide the larger gains in the presence of XR traffic. Therefore, “support of non-integer/rational DRX periodicity” should be considered as one of the baseline XR functionalities. “Support of non-integer/rational DRX periodicity” is signalled using a separate capability bit. The capability signalling could be mandatory for XR UEs.
NOTE: 	By (non-)XR UE we mean a UE which is (not) signalling support of the baseline XR capability, as defined in Proposal 2.
Proposal 4: Support of non-integer/rational DRX periodicity is a separate UE capability. FFS if signalling of the capability should be mandatory for a UE that is also signalling support of the baseline XR capability (i.e., the UE can identify PDU sets and related information, the UE supports UAI on XR in UL, and/or the UE supports PDU set-based discard mechanisms). 
Similar considerations done for the “support of non-integer/rational DRX periodicity” also apply to “support of SFN wrap-around solution”. However, the SFN wrap-around solution discussed in the context of the Rel-18 WI on XR enhancements for NR can in principle also be used by non-XR UEs when calculating the DRX formula for specific (legacy) values of drx-LongCycle. Also, the SFN wrap-around solution may also be used to maintain the alignment of certain periodic configurations (e.g., CG PUSCH, etc.) with the periodicity of XR traffic. Therefore, we think that “support of SFN wrap-around solution” should be signalled using a separate capability bit as compared to “support of non-integer/rational DRX periodicity”. The capability signalling could be mandatory for XR UEs.
Proposal 5: Support of SFN wrap-around solution is signalled using a separate capability bit compared to “support of non-integer/rational DRX periodicity”. FFS if signalling of the capability should be mandatory for a UE that is also signalling support of the baseline XR capability (i.e. the UE can identify PDU sets and related information, the UE supports UAI on XR in UL, and/or the UE supports PDU set-based discard mechanisms).
Similar to non-integer/rational DRX periodicity and SFN wrap-around solution, BSR enhancements and reporting of remaining time are important features to achieve the required UL capacity enhancements in XR. 
RAN2 has already discussed that at least the reduced quantization error provided by the new BSR table could be useful for other applications than XR. Hence, at least “support of new BSR table” may be signalled by non-XR UEs and would therefore need a separate capability bit. On the other hand, we think it should be relatively straightforward for UEs to implement one single static BSR table as by current RAN2 agreements, and therefore, “support of new BSR table” could be a mandatory capability for XR UEs. 
[bookmark: _Hlk142312234]Proposal 6: Introduce separate capability bit for “support of new BSR table”. FFS if signalling of the capability should be mandatory for a UE that is also signalling support of the baseline XR capability. 
It is FFS if “support of new BSR table” also implicitly indicates “support of new BSR triggers”, or the latter is signalled using separate capability bit(s). This may depend on the nature of the new specified BSR triggers, if any. For example, if new BSR triggers are specified under the assumption that a UE is able to identify PDU sets and understand the corresponding PDU set related information in UL, then these new BSR triggers can only be supported by XR UEs, while non-XR UEs indicating “support of new BSR table” may not support these new triggers. In the latter case, RAN2 may introduce separate capability bit(s) for the specific BSR triggers(s). An example of such new BSR trigger could be indication of End of Data Burst (EoDB) by the UE. There is already an agreement in RAN2 that EoDB is signalled using BSR, though the way the BSR for EoDB is triggered is still FFS. 
Proposal 7: In case new BSR triggers are specified, it is FFS whether “support of new BSR triggers” is signalled using the same capability bit as “support of new BSR table” or additional capability bit(s). In the latter case, it is FFS if signalling of the new capability should be mandatory for a UE that is also signalling support of the baseline XR capability. 
Related to reporting of remaining time, it is our understanding that this feature may also be useful for scheduling of delay-critical traffic other than XR. Reporting of remaining time requires that the UE is configured with PDU discard timer for the corresponding radio bearer. While it is optional for the network to configure PDU discard timer, it is our understanding that support of PDU discard timer is not an optional feature for the UE. Also, it was discussed in the context of Rel-18 TRS_URLLC WI especially on UL enhancements (see e.g. R2-2305657), that the delay information introduced for XR can be used for determination of burst arrival time (BAT). Therefore, we think that non-XR UEs may also signal “support reporting of remaining time”, and this should therefore be signalled using a separate capability bit as compared to e.g. “support of new BSR table”. This capability could be mandatory for UEs supporting baseline XR capability.
Proposal 8: “Support reporting of remaining time” is signalled using a separate capability bit. FFS if signalling of the capability should be mandatory for a UE that is also signalling support of the baseline XR capability.  
CG enhancements for XR were mainly discussed in RAN1 and consist of two main functionalities: multiple CG PUSCH transmission occasions within a period of the CG PUSCH configuration (a.k.a. multi-PUSCHs CG), and UCI-based indication of unused CG PUSCH occasions. 
As per the agreed objectives, UCI-based indication of unused CG PUSCH occasions is not limited to multi-PUSCHs, and the same feature can be used by a UE to indicate unused CG PUSCH occasions with legacy CG PUSCH configuration.
Observation 2: UCI-based indication of unused CG PUSCH occasions is also applicable to legacy CG PUSCH configuration, i.e., with a single CG PUSCH transmission occasion within a period of the CG PUSCH configuration. 
In RAN1#114, it was agreed that, for a multi-PUSCH CG configuration, the range value of the higher layer parameter indicating the number of consecutive slots is [2…16] or [2…32] based on UE capability indication. Though the final decision on UE capabilities for CG enhancements introduced by the WI on XR enhancements for NR is up to RAN1, we think that separate capability bits to indicate “support of multi-PUSCHs CG” and “support of UCI-based indication of unused CG PUSCH occasions” should be defined. Moreover, as both capabilities are dependent on UE supporting CG PUSCH, they should be additional (optional) capabilities on top of baseline XR capability, and they may also be supported by non-XR UEs (i.e., baseline XR capability bit should not be a prerequisite).  
Proposal 9: RAN2 introduces separate (optional) capabilities for indicating “support of multi-PUSCHs CG” and “support of UCI-based indication of unused CG PUSCH occasions”. These capabilities are dependent on the UE supporting CG PUSCH configuration, while baseline XR capability should not be a prerequisite. 
Related to retransmission-less CG enhancement in XR, there is already a RAN2 agreement to introduce a new UE capability for supporting disabling drx-HARQ-RTT-TimerUL for a CG configuration. Also in this case, the capability is dependent on UE supporting CG PUSCH configuration, while baseline XR capability should not be a prerequisite. 
Table 2.2-1 below summarizes Nokia’s view on Rel-18 XR functionalities and possible options for the corresponding capability signalling. 
NOTE: 	It is our understanding that all discussed capabilities are per UE and none of them need to be specified per band or band combination.  
Table 2.2-1: XR functionalities and corresponding capabilities incl. possible dependencies
	XR Feature/Functionality
	Capability bit
	Dependencies 

	
	
	

	UE can identify PDU sets and understand the corresponding PDU set related information in UL. UE supports PDU set-based discard mechanisms
	1
	-

	UE can identify PDU sets and understand the corresponding PDU set related information in UL. UE supports signalling of UE Assistance Information on UL XR traffic (burst arrival time, jitter, FFS periodicity)

	1, or 2
	In case separate capability bit (2) is used, capability bit 2 could be mandatory if capability bit 1 is also signalled

	UE supports new BSR table
	3
	Mandatory if capability bit 1 (or 2) is also signalled

	UE supports new BSR triggers
	3, or 4
	In case separate capability bit (4) is used, FFS whether capability bit 4 is mandatory if capability bit 1 (or 2) is also signalled

	UE supports reporting of delay information/ remaining time
	5
	Mandatory if capability bit 1 (or 2) is also signalled

	UE supports [2…16] CG PUSCH transmission occasions within a period of the CG PUSCH configuration
	6
	Requires UE to indicate support of CG PUSCH configuration (i.e., configuredUL-GrantType1 or configuredUL-GrantType1-v1650 and/or configuredUL-GrantType2 or configuredUL-GrantType2-v1650)

	UE supports [2…32] CG PUSCH transmission occasions within a period of the CG PUSCH configuration
	7
	Requires UE to indicate support of CG PUSCH configuration (i.e., configuredUL-GrantType1 or configuredUL-GrantType1-v1650 and/or configuredUL-GrantType2 or configuredUL-GrantType2-v1650)

	UE supports UCI-based indication of unused CG PUSCH occasions
	8
	Requires UE to indicate support of CG PUSCH configuration (i.e., configuredUL-GrantType1 or configuredUL-GrantType1-v1650 and/or configuredUL-GrantType2 or configuredUL-GrantType2-v1650)

	UE supports configuration of non-integer/ rational DRX periodicity
	9
	Capability bit 9 is mandatory if capability bit 1 or 2 is also signalled 

	UE supports SFN wrap-around solution
	9 or 10
	In case separate capability bit (10) is used, capability bit 10 is mandatory if capability bit 1 or 2 is also signalled

	UE supports retransmission-less CG operation 
	11
	· 



While many of these capabilities still require additional discussion (including RAN1 input for the CG-related capabilities), we show an example of the UE capability signalling of the above capabilities in Annex A.
3	Conclusion
This document has proposed the following:
Proposal 1: no UE capability is defined to only indicate that a “UE can identify PDU sets and understand the corresponding PDU set related information in UL”.
Proposal 2: Baseline XR capability, signalled using a single capability bit, indicates that:
-	The UE can identify PDU sets and understand the corresponding PDU set related information in UL; and
-	The UE supports PDU set-based discard mechanism(s); and
-	The UE supports signalling of UE assistance information (UAI) on UL XR traffic.
Proposal 2a: If proposal 2 is not agreeable, RAN2 should introduce at least one capability to indicate that a UE can identify PDU sets and understand the corresponding PDU set related information in UL and can support PDU set-based discard mechanisms. FFS if separate capabilities for different discard mechanisms are needed.
Proposal 2b: If proposal 2 is not agreeable, RAN2 should introduce one capability to indicate that a UE can identify PDU sets and understand the corresponding PDU set related information in UL and can support signalling of UE assistance information (UAI) on UL XR traffic. This capability could be mandatory it the capability of supporting at least one of the PDU set-based discard mechanisms is also signalled. 
Proposal 3: UE signals its capability to identify PDU sets and understand the corresponding PDU set related information in UL independently of which application is running, i.e., exclusively based om modem capability.
Proposal 4: Support of non-integer/rational DRX periodicity is a separate UE capability. FFS if signalling of the capability should be mandatory for a UE that is also signalling support of the baseline XR capability (i.e. the UE can identify PDU sets and related information, the UE supports UAI on XR in UL, and/or the UE supports PDU set-based discard mechanisms). 
Proposal 5: Support of SFN wrap-around solution is signalled using a separate capability bit compared to “support of non-integer/rational DRX periodicity”. FFS if signalling of the capability should be mandatory for a UE that is also signalling support of the baseline XR capability (i.e. the UE can identify PDU sets and related information, the UE supports UAI on XR in UL, and/or the UE supports PDU set-based discard mechanisms).
Proposal 6: Introduce separate capability bit for “support of new BSR table”. FFS if signalling of the capability should be mandatory for a UE that is also signalling support of the baseline XR capability. 
Proposal 7: In case new BSR triggers are specified, it is FFS whether “support of new BSR triggers” is signalled using the same capability bit as “support of new BSR table” or additional capability bit(s). In the latter case, it is FFS if signalling of the new capability should be mandatory for a UE that is also signalling support of the baseline XR capability. 
Proposal 8: “Support reporting of remaining time” is signalled using a separate capability bit. FFS if signalling of the capability should be mandatory for a UE that is also signalling support of the baseline XR capability.  
Proposal 9: RAN2 introduces separate (optional) capabilities for indicating “support of multi-PUSCHs CG” and “support of UCI-based indication of unused CG PUSCH occasions”. These capabilities are dependent on the UE supporting CG PUSCH configuration, while baseline XR capability should not be a prerequisite. 


Annex A: Example of UE capability signalling for XR
This annex shows an example signalling of the capability bits discussed in this document (presented for simplicity in terms of new IEs, which is not necessarily how the capabilities would look in the final capability signalling).
PDCP-Parameters-r18 ::=         SEQUENCE {
    -- (1) Support of PDU set information/discard and UE assistance information
    xr-PDU-Set-r18                      ENUMERATED {supported}      OPTIONAL
}

MAC-Parameters-r18 ::=    SEQUENCE {
    -- (2, 3): Support of additional BSR table and XR triggers 
    additionalBSR-Table-r18                 ENUMERATED {supported}      OPTIONAL,
    -- (4) Support of remaining time and delay information reporting 
    remainingTimeReporting-r18              ENUMERATED {supported}      OPTIONAL,
    -- (7) Support of rational number for DRX cycle periodicity
    rationalDRX-Periodicity-r18             ENUMERATED {supported}      OPTIONAL,
    -- (8) Support of SFN wrap-around mitigation
    sfn-WrapAroundMitigation-r18            ENUMERATED {supported}      OPTIONAL,
    -- (9) Support of retransmission-less CG operation
    retransmissionLessCG-r18            ENUMERATED {supported}                      OPTIONAL
}

Phy-Parameters-r18 ::=            SEQUENCE {
    -- (5) Support of multiple CG PUSCH Tx occasions (RAN1 capability)
    multipleCG-PUSCH-Tx-r18             ENUMERATED {supported}                      OPTIONAL,
    -- (6) Support of UTO-UCI indication
    uto-UCI-Indication-r18              ENUMERATED {supported}                      OPTIONAL,
}

	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	xr-PDU-Set-r18
Indicates whether the UE supports XR PDU set handling, PDU set-based discard and UE assistance information of UL traffic as specified in TS38.323 [16] and TS38.331 [17].
	UE
	No
	No
	No

	additionalBSR-Table-r18 
Indicates whether the UE supports additional BSR table and additional BSR reporting triggers as specified in TS38.321 [8].
	UE
	No
	No
	No

	remainingTimeReporting-r18 
[bookmark: OLE_LINK21]Indicates whether the UE supports reporting of delay information and remaining time as specified in TS38.331 [17].
	UE
	No
	No
	No

	[bookmark: OLE_LINK7]rationalDRX-Periodicity-r18 
Indicates whether the UE supports using rational number DRX periodicity as specified in TS38.321 [8] and TS38.331 [17].
	UE
	No
	No
	No

	sfn-WrapAroundMitigation-r18 
Indicates whether the UE supports SFN wrap-around solution as specified in TS38.321 [8] and TS38.331 [17].
	UE
	No
	No
	No

	[bookmark: OLE_LINK19]multipleCG-PUSCH-Tx-r18 
[bookmark: OLE_LINK25]Indicates whether the UE supports multiple CG PUSCH transmission occasions within a period of the CG PUSCH configuration as specified in TS38.213 [11] and TS38.331 [17].
	UE
	No
	No
	No

	uto-UCI-Indication-r18 
Indicates whether the UE supports UCI-based indication of unused CG PUSCH occasions as specified in TS38.213 [11] and TS38.331 [17].
	UE
	No
	No
	No

	retransmissionLessCG-r18
Indicates whether the UE supports retransmission-less CG operation as specified in TS38.321 [8] and TS38.331 [17].
	UE
	No
	No
	No





