3GPP TSG-RAN WG2 Meeting #123bis	R2-2310335
Xiamen, China, 09 Oct – 13 Oct 2023	


Agenda item:	7.5.5
Source:	Apple
Title:	UE Capabilities for XR
WID/SID:	NR_XR_enh-Core
Document for:	Discussion / Decision

Introduction
In continuation of the 3GPP work on XR in RAN1 and SA4 in Rel-17 followed by an XR study in Rel-18, RAN has approved a RAN2-led work item on XR enhancements for NR in Rel-18 [1]. 
The Rel-18 XR WI has objectives on power saving, capacity and XR-Awareness as shown below.
	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 current state of discussions, RAN2 has agreed a basic set of functionalities that Rel-18 XR may support. Therefore, it makes sense to start evaluating potential UE capabilities for XR from RAN perspective. RAN2#123bis is expected to discuss what are the baseline capabilities for XR, what are optional additions and what are the dependencies to existing capabilities, if any. 

Discussion
This section provides a view on UE capabilities for XR that are envisioned from a UE perspective.
Similar to other features 3GPP has defined in earlier releases, every work item comes with a specific set of functionalities. For example, a device can support a sub-set of RAN features to facilitate the requirements associated with a service, such as to fulfill the associated KPIs for latency or reliability in e.g. URLLC. Sub-features should be defined as independent components or building blocks to allow for a range of different designs and implementations. Furthermore, enhancements represent additions to the 3GPP feature set that are typically optional, for example, to ensure compatibility with earlier releases. Therefore, we would like to start with a basic assumption.
Proposal 1: All new UE capabilities for XR are optional.
Since the identification of PDU Sets and Data Bursts is left to UE implementation, a separate UE capability for identification of PDU Sets and Data Bursts is not needed. For new functionalities such as PSI/PSIHI based discarding, support of PDU Set concept may be implied as a prerequisite. However, it can be discussed if a separate UE capability is required for the PDU Set concept as such, or whether such function may be considered as an implicit assumption for sub-features that obviously need it.
Proposal 2: RAN2 to discuss whether a UE capability for support of the PDU Set concept is needed as a baseline or prerequisite for sub-features that imply processing of groups of packets based on PDU Sets.
It has been agreed that PDCP operation will support a PDU discard option in Rel-18 XR. This means that PDUs can be discarded on a more regular basis when compared to legacy NR operation. In general, different operational aspects may be deemed a trigger for PDU Set packet discarding in XR, such as:
· PDU Set Integrated Handling, based on SA2 parameter PDU Set Integrated Handling Indication (PSIHI)
· PDU Sets associated with a defined PDU Set Importance (PSI) in the event of congestion
· The delay budget of a PDU Set (PSDB)
If a discard trigger has been detected for a PDU Set, XR operation may be such that remaining PDUs of a PDU Set are deemed eligible for packet discarding based on network configuration for PSIHI or PSI. Therefore, a UE capability for packet discarding is needed for PSIHI-discarding and PSI-discarding, which should be kept separate. They are different discarding events that are not only controlled by different configurations from the network side, but also require separate functions and treatment at the UE side. 
As PDU Set based discard is modelled using the existing PDCP discard timer for the uplink, we think that PSDB based discard is also controlled by PSIHI, however, additional impacts can be studied further.
Proposal 3: Introduce separate new UE capabilities for PDU discarding based on PSIHI and PDU discarding based on PSI. FFS on PSDB-based discarding. 
Another item is the handling and configuration of XR Traffic Assistance information, which may as well include multiple reporting quantities such as burst arrival time, periodicity, jitter, etc. Since the indication of XR Traffic Assistance may be under network control and the UE needs to implement relevant functionality for collection and reporting of this information, we think a new UE capability for UAI is needed.  
Proposal 4: Introduce a new UE capability for reporting of UE Assistance Information for XR (FFS if multiple kinds of reporting quantities can have their own capability).
BSR is used by the UE to indicate how much uplink data is buffered across different Logical Channel Groups. Due to large quantisation errors in the existing BS tables (especially when the buffer size is high), RAN2 has agreed to introduce a new static BS table with 8-bit BS field. The new BS table should support narrower range (i.e., finer granularity) than the legacy tables. The network can configure which BS Table(s) an LCG is eligible to use, and the UE can determine which BS table (i.e., legacy table or new table) the LCG should use. Hence a new UE capability can be used to indicate UE support of the new BS table. 
Proposal 5: Introduce a new UE capability to indicate the support of the additional BS table. 
To assist delay-aware scheduling of radio resources, RAN2 will specify mechanisms for delay status information reporting. Such reporting should allow the gNB to know how much remaining time is still available for buffered data before it is discarded. RAN2 has agreed that the UE should calculate the remaining time based on the PDCP discard timer value. Other details are still under discussion, but we can assume that a dedicated signalling will be required.
Proposal 6: Introduce a new UE capability for delay status information reporting. FFS if this impacts other related enhancements, if any. 
The support of multiple configured grant transmission occasions in a period of a single CG-PUSCH configuration and the dynamic indication of unused CG-PUSCH occasions based on UTO-UCI is still under definition in RAN1. The functionality includes new rules for HARQ process ID determination and will be substantial to the operation of MAC. RAN2 may wait for further input from RAN1 on those items. We anticipate that a new UE capability (one or multiple) will be eventually required. The feature may be separately enabled for CG type 1 and CG type 2. As another RAN1 feature a UE capability for UCI indication of unused CG-PUSCH transmission occasions and multiplexing of unused transmission occasions (UTO-UCI) on a CG-PUSCH can be envisioned. 
Proposal 7: Wait for RAN1 on details about the support of multi-PUSCH CG configuration and UTO-UCI. FFS whether separate UE capabilities are required for CG type 1 and CG type 2. FFS on dynamic indication of unused CG-PUSCH occasions.
For power saving, to deal with the issue of non-integer frame rates, RAN2 has agreed that DRX cycles can be expressed as a rational number, such as 50/3 ms for 60fps, 100/9 ms for 90fps, and 25/3 ms for 120fps. This means that the DRX formulas in TS 38.321 should be updated to make sure the DRX on-duration starts from the beginning of the subframe. Since for XR it is necessary to support DRX cycle values that may not be factors of 10240ms, the DRX on-duration will be out-of-sync with XR traffic arrival rate after the SFN wrap-around. Both DRX aspects are related and thus can be grouped under a common UE capability.
Proposal 8: Introduce a new UE capability for support of DRX cycles expressed as a rational number and for support of SFN wrap-around enhancements.
Another feature that RAN2 has agreed is a configuration of retransmission-less configured grants by disabling the HARQ RTT timer. Specifically, the enhancement will include a new RRC parameter for disabling drx-HARQ-RTT-TimerUL for a CG configuration and changes in the procedural text of DRX operations for CG in the MAC specification. A new UE capability for supporting disabling drx-HARQ-RTT-TimerUL for a CG configuration was already agreed in the RAN2#122 meeting.
Proposal 9: Introduce a new UE capability for support of disabling drx-HARQ-RTT-TimerUL for a CG configuration.

Conclusions
This contribution provides an initial view on UE capabilities for XR. We have following observations and proposals:
Proposal 1: All new UE capabilities for XR are optional.
Proposal 2: RAN2 to discuss whether a UE capability for support of the PDU Set concept is needed as a baseline or prerequisite for sub-features that imply processing of groups of packets based on PDU Sets.
Proposal 3: Introduce separate new UE capabilities for PDU discarding based on PSIHI and PDU discarding based on PSI. FFS on PSDB-based discarding. 
Proposal 4: Introduce a new UE capability for reporting of UE Assistance Information for XR (FFS if multiple kinds of reporting quantities can have their own capability).
Proposal 5: Introduce a new UE capability to indicate the support of the additional BS table. 
Proposal 6: Introduce a new UE capability for delay status information reporting. FFS if this impacts other related enhancements, if any. 
Proposal 7: Wait for RAN1 on details about the support of multi-PUSCH CG configuration and UTO-UCI. FFS whether separate UE capabilities are required for CG type 1 and CG type 2. FFS on dynamic indication of unused CG-PUSCH occasions.
Proposal 8: Introduce a new UE capability for support of DRX cycles expressed as a rational number and for support of SFN wrap-around enhancements.
Proposal 9: Introduce a new UE capability for support of disabling drx-HARQ-RTT-TimerUL for a CG configuration.
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