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Introduction
WID of Rel-18 XR [1] has the following scope:
	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);



In RAN2#122 meeting, XR UE capability rapporteur provided a contribution R2-2305492 [3] discussing the UE capability aspects.
It is assumed that UE capabilities for RAN1-led items will be communicated from RAN1 by feature lists, as in previous releases. Therefore, in this contribution, we discuss the UE capabilities for XR, with the focus on RAN2-led items. 
Discussion
General
A general question is whether to define a baseline capability for XR, which includes a set of features. As defined in TR 38.838, “Xtended Reality(XR) is a term for different types of realities and refers to all real-and-virtual combined environments and human-machine interactions generated by computer technology and wearables.” Basically, XR is a categorization of diverse types of services / applications. Traditionally, RAN2 specifications are not tightly associated with certain kind of services (e.g. URLLC), and UE capabilities are mainly defined in terms of features, instead of services that the features are designed to support. In addition, Rel-18 XR work are mainly enhancements to support XR services, instead of enablers to support XR service. In summary, it is desirable to keep RAN2 tradition to define capabilities for features specified in RAN2 work, instead of defining a baseline capability for XR.
[bookmark: Proposal_General]Proposal 1: For Rel-18 XR, RAN2 takes the approach to define UE capabilities for different features of XR, without defining a baseline capability for XR.  
XR awareness
In RAN2#122 meeting, following was agreed regarding UE assistance information for XR awareness:
	 UE reports to RAN the range of jitter in its UL traffic, defined in the similar way as the one for N6 jitter. 
 Reference time is defined in similar way as BAT (Burst Arrival Time) at UE side.
 UL assistance information (burst arrival time, UL jitter, FFS on periodicity) is reported per QoS flow. Network can configure for which QoS flow UE should report assistance information. 
 RRC UAI framework is updated for Rel-18 to support signalling UL assistance information agreed so far for XR (Jitter, burst arrival time, FFS on periodicity).
Reuse existing mechanisms (e.g. (Padding) BSR with BS value equal to zero) as implicit End of Data Burst (EoDB) indicator for the RAN.



Although there are different kinds of XR traffic assistance information (e.g. jitter, burst arrival time), it is proposed to define a single UE capability as different traffic assistance information is related to each other. Since this feature is mainly related to traffic information, it is proposed to define the capability as per UE. There are no pre-requisites of this capability.
[bookmark: Proposal_Awareness]Proposal 2: An optional UE capability is introduced to indicate the support of reporting XR traffic assistance information (burst arrival time, UL jitter). The capability does not have pre-requisites. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Power saving
In RAN2#122 meeting, following was agreed regarding solutions for DRX with XR.
	 Define DRX cycle based on rational numbers.
 Not use broadcast signalling for counter and reference SFN in XR.



Basically, RAN2 selects rational number DRX cycle to support XR traffic with non-integer periodicities. With such enhancement, the XR periodicity might not be a divisor of 10240 ms, which causes SFN wrap around issue. Although RAN2 is still discussing solutions to solve SFN wrap around issue and has not finalized details on defining DRX cycle with rational numbers, it is understood that DRX cycle with rational numbers and solutions to solve SFN wrap around issue are part of an integrated feature. Therefore it is proposed to define a single UE capability for DRX cycle with rational numbers and solution to solve SFN wrap around issue. For simplicity, the UE capability is referred to as nonIntegerDRX-Periodicity-r18. 
Now we discuss the pre-requisite of the UE capability nonIntegerDRX-Periodicity-r18. Draft TP of rational number DRX was provided in R2-2304709 [2], as follows:
	1>	if the Short DRX cycle is used for a DRX group, and floor ([(SFN × 10) + subframe number] modulo (drx-ShortCycle)) = floor ((drx-StartOffset) modulo (drx-ShortCycle)):
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
1>	if the Long DRX cycle is used for a DRX group, and floor ([(SFN × 10) + subframe number] modulo (drx-LongCycle)) = drx-StartOffset:
NOTE:  If drx-ShortCycle or drx-LongCycle is not an integer, the modulo operation should be implemented by a method that does not introduce rounding errors. For example, (drx-StartOffset) modulo (drx-ShortCycle) can be implemented as drx-StartOffset – drx-ShortCycle × floor (drx-StartOffset / drx-ShortCycle).
(The rest of the legacy text is omitted…)



It can be seen that rational number DRX cycle is related to both long DRX cycle and short DRX cycle, whose capabilities are copied below.
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	longDRX-Cycle
Indicates whether UE supports long DRX cycle as specified in TS 38.321 [8].
	UE
	Yes
	Yes
	No

	secondaryDRX-Group-r16
Indicates whether UE supports secondary DRX group as specified in TS 38.321 [8].
	UE
	No
	Yes
	No

	shortDRX-Cycle
Indicates whether UE supports short DRX cycle as specified in TS 38.321 [8].
	UE
	Yes
	Yes
	No



Since both longDRX-Cycle and shortDRX-Cycle are mandatory capabilities, there is no need to define the pre-requisite of UE capability nonIntegerDRX-Periodicity-r18. This is inline with the Rel-16 capability secondaryDRX-Group-r16, which does not have pre-requisites either.
Given that longDRX-Cycle and shortDRX-Cycle are FDD-TDD DIFF, it might be OK to define nonIntegerDRX-Periodicity-r18 as FDD-TDD DIFF as well, However, in RAN2#116bis-e meeting, following principle was agreed:
From Rel-17 onwards, at least for new capabilities, if a UE capability requires at least FRx or at least xDD differentiation, it is defined with both FRx and xDD differentiation in per band signaling, i.e. no new UE capabilities will be defined in the FRX and XDD capability signaling branches.
The above principle implies that if nonIntegerDRX-Periodicity-r18 is defined as FDD-TDD DIFF, the capability will be defined as per band signalling. It might be OK to define nonIntegerDRX-Periodicity-r18 as per UE signalling without FDD-TDD DIFF.
[bookmark: Proposal_DRX]Proposal 3: An optional UE capability (e.g. nonIntegerDRX-Periodicity-r18) is introduced to indicate the support of DRX cycle with rational numbers and solutions to solve SFN wrap around. The capability does not have pre-requisites. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Capacity enhancements
Retransmission-less CG
In RAN2#122 meeting, retransmission-less CG was agreed, with the agreement on UE capability as: “A new UE capability for supporting disabling drx-HARQ-RTT-TimerUL for a CG configuration”. Draft TPs for UE capabilities were contained in the discussion document for retransmission-less CG (R2-2304809). Therefore UE capability aspect for retransmission-less CG is not discussed in this document.

Buffer Status Report (BSR) enhancements including new Buffer Status Table and Delay reporting of buffered data in uplink
In RAN2#121bis-e meeting and RAN2#122 meeting, following was agreed regarding new BSR table:
	 Support of new BSR table(s) is based on NW configuration and UE capability. FFS whether the UE capability can apply to non-XR UEs.
 Support one static BSR table with 8 bits BS field for Rel-18 XR (for all cases).



RAN2#122 meeting has the following agreements regarding delay reporting:
	 UE calculates the remaining time based on the PDCP discard timer value. FFS if UE reports one or multiple values. FFS how this is modelled in PDCP specification. FFS which UEs support this.
 When/if UE reports remaining time, the reference time for the remaining time is determined from the point of the first transmission of the information. FFS if intra-UE prioritization can impact this.



Since both new BSR table and delay report in BSR are enhancements to BSR, the relationship between these two features might have impacts on UE capability discussion. Given that the two features are introduced for different purposes, it is natural to define them as two separate UE capabilities. An open question is whether the two enhancements can be used simultaneously in one BSR MAC CE, which may require further RAN2 discussion. In current document, we only discuss separate UE capabilities for new BSR table and delay report in BSR, without touching the possibility of joint capability. Since both features are related to BSR, it is proposed to define the capabilities as per UE. There are no pre-requisites of these capabilities.
[bookmark: Proposal_BSR_Table]Proposal 4: An optional UE capability is introduced to indicate the support of new BSR table. The capability does not have pre-requisites. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
[bookmark: Proposal_Delay]Proposal 5: An optional UE capability is introduced to indicate the support of delay reporting in BSR. The capability does not have pre-requisites. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.

Discard operation of PDU Sets for DL and UL
RAN2#121bis-e and RAN2#122 meetings have the following agreements regarding PDU set and related discard operation:
	 PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.
On the UL, the identification of PDU sets, data bursts and PSI is left to UE implementation. This doesn’t mean UE cannot use information provided by upper layers, but RAN2 does not intend to specify how.
 PDU-set discard indication for UL is configured using RRC to handle the PDU Set based discard functionality (i.e. whether UE discards all packets in PDU set when one PDU is discarded). The configuration is per PDCP entity.
 Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 
 FFS how/whether to minimize additional UL signalling after this indication.
 FFS if the NW indication is a one-shot or also subsequent packets.



Discussion is needed on whether to define separate UE capabilities on the support of PDU set and support of PDU set discard. If in addition to PDU set discard, there are other PDU set related feature(s), then it is necessary to define separate UE capabilities on the support of PDU set and support of PDU set discard. Otherwise, a single UE capability for PDU set discard is sufficient.
[bookmark: Proposal_PDU_Set]Proposal 6: A UE capability for the support of PDU set is only introduced if there are other PDU set related feature(s) in addition to PDU set discard.
No matter whether to introduce a separate UE capability for the support of PDU set or not, it is necessary to define a UE capability for PDU set discard. Since this is a feature in PDCP, it is proposed to define the capability as per UE. 
[bookmark: Proposal_Discard]Proposal 7: An optional UE capability is introduced to indicate the support of discard operation of PDU sets for UL. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Conclusion
In this contribution, we discuss the UE capabilities for XR, with the focus on RAN2-led items. We propose the following:
Proposal 1: For Rel-18 XR, RAN2 takes the approach to define UE capabilities for different features of XR, without defining a baseline capability for XR.
Proposal 2: An optional UE capability is introduced to indicate the support of reporting XR traffic assistance information (burst arrival time, UL jitter). The capability does not have pre-requisites. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Proposal 3: An optional UE capability (e.g. nonIntegerDRX-Periodicity-r18) is introduced to indicate the support of DRX cycle with rational numbers and solutions to solve SFN wrap around. The capability does not have pre-requisites. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Proposal 4: An optional UE capability is introduced to indicate the support of new BSR table. The capability does not have pre-requisites. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Proposal 5: An optional UE capability is introduced to indicate the support of delay reporting in BSR. The capability does not have pre-requisites. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Proposal 6: A UE capability for the support of PDU set is only introduced if there are other PDU set related feature(s) in addition to PDU set discard.
Proposal 7: An optional UE capability is introduced to indicate the support of discard operation of PDU sets for UL. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
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