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1. Introduction
In this contribution, we will provide initial views on UE capabilities for XR from RAN2 perspective, identify the impacts on SA, and provide the draft LS to SA2.
2. Discussion
2.1 XR awareness related
The concept of the PDU set is introduced in Rel-18 XR in SA2. A PDU Set is comprised of one or more PDUs carrying an application layer payload such as, e.g. a video frame or video slice. PDU set based handling is fundamental function in XR scenario. But as the discussion in SA2, XR traffic could be also transmitted without PDU set modeling. In case RAN node does not support PDU set, there will be no PDU set header in UPF header. From UE point of view, PDU set handling, e.g. discard, is also optional for XR service. 
Regarding DL PDU set, the corresponding handling is performed at gNB, so AS capability may be enough for UE. While for UL PDU set, it is better for CN to know the UE capability to support UL PDU set, which requires CN to indicate the PDU set QoS to RAN and control the corresponding PDU set QoS flow. Thus, it is better to have NAS capability for UL PDU set. 
Considering the UL PDU set related discussion in SA2 is expected to be triggered by RAN according to previous SA2 conclusion, it is better for RAN to send an LS to SA2 about UE capability on UL PDU set.
Proposal 1 A new capability is defined to indicate UE supporting of PDU set concept for XR, which should be optional with signaling. It is NAS capability at least for UL PDU set. 
Proposal 2 RAN2 to send and LS to SA2 on UE capability on UL PDU set.  A draft LS is provided in Annex. 
According to the current specification in TS 23.501, data burst is defined as a set of multiple PDUs generated and sent by the application in a short period of time, which can be composed of one or multiple PDU sets. Data burst based handling can be flexible scheduling, which should be known by network. If UE can identify the data burst, then the UE can provide the indication of the end of data burst information to network for power saving purpose. From this perspective, a new capability should be defined to indicate the supporting of burst concept. However, this capability may need not to be informed to the network, as the corresponding handling is performed at UE side. 
Proposal 3 A new capability is defined to indicate UE supporting of burst concept, which should be optional without signaling.
In RAN2#121bis, it has agreed that UE can report jitter information associated to UL XR traffic to assistant network scheduling. The jitter information will be provided to network via UAI. In RAN2#122 meeting, it has further agreed that UL assistance information (burst arrival time, UL jitter, FFS on periodicity) can be reported by UE. Therefore, new capability should be introduced to indicate UE supporting UAI for XR. Whether a common or separate UE capability to indicate UE supporting reporting burst arrival time, jitter, and other information via UAI can be further discussed.
Proposal 4 At least a new capability is defined to indicate UE supporting UAI for UL assistance information (burst arrival time, UL jitter, FFS on periodicity), which should be optional with signaling.

2.2 Power saving related
Non-integer DRX cycle is introduced in XR to match the DRX cycle with the non-integer periodicity of XR traffic (e.g., frame rate of 60fps, 90fps, or 120fps). If non-integer DRX cycle is not configured, a UE operating XR service can still use the legacy integer DRX cycle, although it may result in more scheduling delay or power consumption.

If non-integer DRX cycle is used, the DRX cycle may be set to a value when 10240ms is not integer times of the DRX cycle (e.g., 60fps). In this case, the start point of the first DRX on-duration after SFN wrap-around is shifted with a wrong offset and then propagates this offset to the following cycle, leading to extra latency. To solve this problem, a new counter (e.g., E-SFN) and reference SFN are introduced in the DRX formula. Considering that SFN wrap-around enhancement is coupled with non-integer DRX cycle feature, it is preferable to use one new capability indication to indicate the supporting of DRX enhancement for this two features (i.e. non-integer DRX and SFN wrap-around enh.) for XR.

Proposal 5 A new capability is defined to indicate UE supporting DRX enhancement, including non-integer DRX cycle and SFN wrap-around enhancement, which is optional with signaling.

2.3 Capacity enhancement related
2.3.1 BSR related
The motivation of BSR enhancement with finer granularity is to reduce the quantization error of BSR report for XR service. If the new BSR table for XR is not configured, a UE operating XR service can also use the legacy BSR table instead. So it is better for UE to report the capability of supporting BSR enhancement to help network to configure the new BSR table for UEs operating XR service. 
Proposal 6 A new capability is defined to indicate UE supporting BSR enhancement (i.e. new BSR table with finer granularity), which is optional with signaling.
Delay reporting is a useful feature to improve the delay aware scheduling by the gNB. When the remaining delay of the buffered data approaches the end of PDB/PSDB, a Delay status report (DSR) can remind the gNB the perform scheduling to ensure the transmission of these data. On the other hand, even though there is no such report, the gNB can estimate the rough delay of the data arrival at the UE based on the periodicity of the XR video bursts. 
In summary, the delay report can help the gNB to know the delay information accurately if there are certain jitter for video burst arrival caused by the upper layers, so that the gNB can perform scheduling accordingly. In such sense, this delay status report can also be an optional capability.  

Proposal 7 A new capability is defined to indicate UE supporting Delay Status Report (DSR), which is optional with signaling. Details depends on the discussion on DSR.
2.3.2 Discard related
RAN2 has agreed that PDU set discard is modelled using the existing PDCP discard timer for the uplink. According to the discussion in our contribution [1], the discard timer of each SDU of the PDU set can be configured by network based on PSDB or PDB. From UE perspective, the UE does not need to know whether the value of the discard timer is determined based PSDB or PDB. However, UE behavior may be different if the discard timer is determined based on PSDB, compared with the case that the discard timer is determined based on PDB. Take an example, when the discard timer of one SDU of the PDU set expiry, UE shall consider the discard timer of the other SDU of the PDU set expiry. Therefore, a new capability should defined to indicate UE supporting PDU set level timer based discard considering PSDB, which should be optional with signaling. 
Proposal 8 A new capability is defined to indicate UE supporting PDU set level timer-based discard considering PSDB, which is optional with signaling.
RAN2 has agreed that PSIHI based discard for UL (i.e. whether UE discards all packets in PDU set when one PDU of the PDU set is discarded) can be configured by network using RRC. To configure this function, network shall know whether UE supports this feature. Therefore, a UE capability to indicate UE supporting PSIHI based discard should be introduced. And this UE capability should be an optional capability with signaling.

Proposal 9 A new capability is defined to indicate UE supporting PSIHI based discard, which should be optional with signaling. 
In RAN2#122 meeting, it has agreed that network indicates UE to apply PSI-based XR discard mechanism via dedicated signaling. Similarly, network shall know whether UE supports PSI-based discard prior to indicating UE to apply this mechanism. Then, a new UE capability with signaling shall be introduced to indicate the supporting of PSI based discard, which should be optional.
Proposal 10 A new capability is defined to indicate UE supporting PSI based discard, which should be optional with signaling. 
In the current specification, RLC SDU cannot be discard if the RLC SDU or RLC SDU segment has been delivered to the lower layer. However, for XR service, SDU discard will frequently occur due to congestion/the handling of PDU set integration. RLC will be notified in case PDU set is discarded due to PSIHI or based on PSI in case of congestion in order to perform RLC SDU discard for saving radio resource. To save the radio resource, RLC will be enhanced to discard the RLC SDU regardless of whether the RLC SDU nor a segment has been submitted to the lower layers, as discussed in our contribution [2]. Compared with the legacy mechanism, this kind of enhancement needs a new UE capability, which should be signaled to network.
Proposal 11 A new capability is defined to indicate UE supporting RLC discard, which should be optional with signaling. Details depends on the discussion on RLC discard.
As discussed in another contribution[2], the enhancement of RLC discard will cause RLC SN gap, which will significantly impact the RLC receiving efficiency at receiver, e.g., RLC window stalling. To speed up the moving of receiving window, RLC entity at transmitter shall inform the RLC entity at receiver of RLC discard information. Therefore, a new capability indicating UE supporting discard status reporting to receiver should be defined, which is optional capability.
Proposal 12 A new capability is defined to indicate UE supporting discard status reporting to receiver, which should be optional with signaling. Details depends on the discussion on RLC impacts on discard.
2.3.3 CG enhancement related
Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration is introduced as new features specific to XR. The network may need to provide corresponding configurations, i.e. multiple CG PUSCH transmission occasion in a period of a single CG PUSCH, based on whether the UE supports these features. Therefore, A new capability is defined to indicate UE supporting multiple CG should be introduced. The detail is up to RAN1 discussion. 
Proposal 13 A new capability is defined to indicate UE supporting multiple CG, which should be optional with signaling. Details is up to RAN1 discussion. 

Due to the dynamic packet size in different period, some CG resource will not be used by the UE. To improve the resource utilization, RAN1 has introduced the terminology unused transmission opportunity (UTO) in uplink control information (UCI), or UTO-UCI, for the indications from a UE to the gNB on CG transmission opportunities (TOs) that will be unused. Therefore, a new capability is defined to indicate UE supporting unused CG indication. The detail is up to RAN1 discussion.
Proposal 14 A new capability is defined to indicate UE supporting unused CG indication, which should be optional with signaling. Details is up to RAN1 discussion. 
3. Conclusion

In this contribution, we discuss XR capability from the RAN2 perspective. Based on the discussion, we have the following proposals:
Proposal 15 A new capability is defined to indicate UE supporting of PDU set concept for XR, which should be optional with signaling. It is NAS capability at least for UL PDU set. 

Proposal 16 RAN2 to send and LS to SA2 on UE capability on UL PDU set.  A draft LS is provided in Annex. 

Proposal 17 A new capability is defined to indicate UE supporting of burst concept, which should be optional without signaling.

Proposal 18 At least a new capability is defined to indicate UE supporting UAI for UL assistance information (burst arrival time, UL jitter, FFS on periodicity), which should be optional with signaling.

Proposal 19 A new capability is defined to indicate UE supporting DRX enhancement, including non-integer DRX cycle and SFN wrap-around enhancement, which is optional with signaling.

Proposal 20 A new capability is defined to indicate UE supporting BSR enhancement (i.e. new BSR table with finer granularity), which is optional with signaling.

Proposal 21 A new capability is defined to indicate UE supporting Delay Status Report (DSR), which is optional with signaling. Details depends on the discussion on DSR.

Proposal 22 A new capability is defined to indicate UE supporting PDU set level timer-based discard considering PSDB, which is optional with signaling.

Proposal 23 A new capability is defined to indicate UE supporting PSIHI based discard, which should be optional with signaling. 

Proposal 24 A new capability is defined to indicate UE supporting PSI based discard, which should be optional with signaling. 

Proposal 25 A new capability is defined to indicate UE supporting RLC discard, which should be optional with signaling. Details depends on the discussion on RLC discard.

Proposal 26 A new capability is defined to indicate UE supporting discard status reporting to receiver, which should be optional with signaling. Details depends on the discussion on RLC impacts on discard.

Proposal 27 A new capability is defined to indicate UE supporting multiple CG, which should be optional with signaling. Details is up to RAN1 discussion. 

Proposal 28 A new capability is defined to indicate UE supporting unused CG indication, which should be optional with signaling. Details is up to RAN1 discussion. 
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1. Overall Description:

RAN2 has discussed the UE capability on PDU set. Regarding the UE capability on supporting of UL PDU set concept, RAN2 think it should be NAS capability in order for CN to indicate the PDU set QoS to RAN and control the corresponding PDU set QoS flow. [To be updated based on online conclusion]
The corresponding RAN2 conclusion is: [To be updated based on online conclusion]
· A new capability is defined to indicate UE supporting of PDU set concept for XR, which should be optional with signaling. It is NAS capability at least for UL PDU set. 

2. Actions:

To SA WG2:

RAN2 kindly request SA2 to take the above information into account during the following work, and provide feedback, if any.
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