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1 Introduction
In RAN #102 meeting, new work item on Rel-19 XR Phase 3 is approved with the following newest scope [1]:
	The Rel-19 XR Phase 3 objectives are as follows:

-
Study and if justified, specify aspects related to multi-modality (intra-UE) (with coordination with SA2/SA4 as needed by LS request). Aim to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. [RAN2]. 

NOTE:
Check in RAN#105 (check also other WG involvement if needed).

-
Specify enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements (from inter-frequency RRM measurement gaps, or intra-frequency measurements, or other scheduling restrictions etc). [RAN1, RAN2, RAN4] 

-
Specify the corresponding measurement gap and scheduling restriction to enable the identified enhancements with RRM performance impact taken into consideration, work being triggered by LS. [RAN4]

-
Specify Enhancements for Scheduling, as follows: 

-
For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
NOTE:
LCP implementation complexity need to be taken into account when evaluating solutions.
NOTE:
Check in RAN#105
-
Specify the following user plane enhancements [RAN2]

-
RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 

-
Specify Core requirements related to the above objectives as necessary [RAN4]

· Extend Release 18 standalone mechanism to support NR-NR dual connectivity as follows [RAN3]

· PDU set based handling 

· ECN marking 

· Burst Arrival Time reporting, if needed

· PSI Discard coordination, if needed

· Note: No RAN2 impact from above items

NOTE: 
Whether / to what extent network exposure / RAN awareness / e.g. RAN involved rate control, possibly additional info for DL scheduling, parallel with SA2 work, shall be covered in this WI is TBD.


In this contribution, we provide some general views on the need for using delay/deadline information, for support of UL scheduling to enable high XR capacity.
2 Discussion
Since XR is characterized by relatively strict packet delay budget (PDB or PSDB). Hence, there is a need to study and potentially specify possible solutions to better support such challenging services. Otherwise, XR service or display would be frozen and user experience would be terribly deteriorated. As analysed in Rel-18 XR, if PDU sets with different importance are associated with different LCHs with different priority, it is likely that data on LCH with higher priority will be served first which may result in the UE being unable to transmit data on LCH with lower priority within the PDB requirement. And for the case that PDU Set based discard is configured, when one packet is lost, all packets in a PDU set will be lost which will impact user experience largely. That is the reason that we agreed the additional BSR triggering conditions to allow timely availability of buffer status information before PDB exhausts at gNB.
Even though DSR is introduced and gNB will know that for an LCG the amount of data buffered with a remaining time before discard below the configured threshold, together with the shortest remaining time, currently we did not introduce any LCH enhancement for it. Thus, gNB can be aware data pending for transmission in UE is approaching the deadline of PDB, and assign a grant for UE immediately. However, if UE does not prioritize packets transmission approaching the PDB, it still leads to huge amount of data approaching the deadline of PDB. Hence, LCP enhancement will be considered to prioritize delay critical data transmission.
Currently, for BSR triggered by retxBSR-Timer expiry, the MAC entity considers that the logical channel that triggered the BSR is the highest priority logical channel that has data available for transmission at the time the BSR is triggered as show below:

	For BSR triggered by retxBSR-Timer expiry, the MAC entity considers that the logical channel that triggered the BSR is the highest priority logical channel that has data available for transmission at the time the BSR is triggered.


A similar way is that for DSR triggering, the MAC entity considers that the logical channel that triggered the DSR or the logical channel that has delay critical data is the highest priority logical channel that has data available for transmission at the time the DSR is triggered or until the transmission of data is finished. Then logical channel prioritization is defined in 5.4.3.1 of TS 38.321 will not be impacted.

Proposal 1   When DSR is triggered, the logical channel that triggers the DSR or the logical channel that have delay critical data will be the highest priority logical channel that has data available for transmission at the time the DSR is triggered.
Another question is within a logical channel, does the UE needs to prioritize packets transmission before PDB exhausts when allocation of resources for a selected logical channel. Currently, UE allocate resources to a logical channel will be restricted by PBR as shown below:
	The MAC entity shall, when a new transmission is performed:

1>
allocate resources to the logical channels as follows:

2>
logical channels selected in clause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to infinity, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
2>
decrement Bj by the total size of MAC SDUs served to logical channel j above;

2>
if any resources remain, all the logical channels selected in clause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

NOTE 1:
The value of Bj can be negative.


One way is that for logical channel with delay critical data, the PBR will be exempted. However, that would largely impact other logical channels unfairly and lead to more DSR reporting for other logical channels. And another way is UE will allocate resources in a decreasing priority order for packets according to the remaining discarding timer. However, since discarding timer is maintained in PDCP, that would introduce additional interaction cross layers. For simplicity, it is not preferred.

Proposal 2   Prioritization for delay critical data transmission will not be considered within a logical channel when allocating resources to a logical channel. 
In the meanwhile, multi-modality application with Multiple QoS flows with multi-modal inter-dependencies is introduced which brings new multi-modal QoS requirements, e.g. synchronization and/or coordination. Due to the current separate handling of the audio and video component, the 5G system will have to cater for the audio-video synchronisation in order to avoid having a negative impact on the user experience. To better support multi-modality application, the 5G system shall further study whether the current LCP procedure is sufficient meet synchronization requirement for multi-modal flows. A simple way of implementation is to configure multi-modal flows to LCHs in the same LCG or with the same priority to help scheduling together. Further enhancement e.g. LCP enhancements to guarantee synchronization can be considered once the requirement of multi-modal QoS is clear enough. 

Proposal 3   For multi-modal QoS requirements, LCP enhancement will not be considered until the requirement of multi-modal QoS is clear enough. 
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1   When DSR is triggered, the logical channel that triggers the DSR or the logical channel that have delay critical data will be the highest priority logical channel that has data available for transmission at the time the DSR is triggered.
Proposal 2   Prioritization for delay critical data transmission will not be considered within a logical channel when allocate resources to a logical channel. 

Proposal 3   For multi-modal QoS requirements, LCP enhancement will not be considered until the requirement of multi-modal QoS is clear enough. 
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