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1 Introduction
In RAN2#125bis meeting [1], the candidate solutions for LCP enhancements were discussed and the following was achieved:
· RAN2 will study whether/how to resolve the issue of data with low remaining time being delayed due to other data from LCHs with higher LCH priority when using the existing LCP procedure. At least the following alternatives will be studied:

· Alternative 1: Enhance LCP restrictions/LCH selection.

· Alternative 2: Enhance LCH prioritization.

· RAN2 should consider potential impact on traffic from SRBs.

· RAN2 will study enhancing existing DSR with additional information, e.g. multiple pairs of remaining time/buffer information, importance. FFS whether this only includes more information on delay-critical data or also information about non-delay critical data.

In this paper, we will discuss the solutions to resolve the issues of data with low remaining time being delayed due to other data from LCHs.
2 Discussion
In R18, the DSR is introduced for XR while no enhancement for LCP is introduced. The legacy NR LCP mechanism follows a LCH-priority based solution after the selection of LCH, i.e., in the resource allocation for PBR or remaining resource allocation, the data from high-priority LCHs are multiplexed into the MAC PDU firstly compared to the data from low-priority LCHs. The mechanism leads to the issue that delay-critical packets of low priority LCHs will wait until all the packets (including delay-critical packets and non-delay-critical packets) of higher priority LCHs have been multiplexed into the MAC PDU. An example procedure using current multiplexing and assembly mechanism can be seen in the Figure 1. When allocated uplink resource is not large enough, the delay-critical data of low priority LCHs will not be transmitted timely.

Figure 1. Example of current multiplexing and assembly mechanism
Observation 1: The delay-critical data in low priority LCH may be blocked by data of high priority LCH during LCP procedure where LCH priority and PBR is considered.
2.1 Enhancement of LCH selection
In the XR WID [2], there is a note that LCP implementation complexity need to be taken into account when evaluating solutions. A simple way is to enhance the LCH selection only in the LCP procedure without huge complexity introduced. We can introduce a kind of dedicated radio resource that used for prioritizing the transmission of delay-critical data. As NW can be aware of UE delay buffer status via DSR. NW can configure a dedicated transmission resource that used for delay-critical data transmission only. For the dynamic grant, an extra indicator (e.g. DCI) needs to be introduced to indicate UE that this grant is only used for the LCH with delay-critical data. For the CG, gNB can configure that the CG is only used for the LCH with delay-critical data via RRC message. One another possible way is to configure one dedicated CG configuration for one LCH considering the traffic pattern. In this way, the LCH will get more transmission opportunities for delay-critical data. However, this method will impact the capacity and will not be flexible. In all, if this dedicated resource used for delay-critical data is introduced, delay-critical data in low priority LCH will not be blocked by non-delay-critical data in high priority LCH. 
Proposal 1: Study introducing dedicated resource used for LCH with delay-critical data only.
In legacy LCP procedure, the selection of the logical channels for each UL grant should comply a couple of conditions, such as allowedSCS-List, allowedCG-List, allowedPHY-PriorityIndex and so on. For LCH with delay-critical data, if the next nearest grant is the last chance for data transmission to meet the PDB, then the LCH with delay-critical data should be selected for the grant even if other conditions are not met. 
Proposal 2: Study time based LCH selection for LCH with delay-critical data.
2.2 Adjust the priority of LCH
Another candidate solution is to adjust the priority of LCH according to its remaining time during the allocation of resource step in LCP. Considering that delay-critical packet is blocked because of its low priority LCH, the most straight forward way is to promote the priority of the LCH with the delay-critical data. In this way, it can get more transmission occasion so that the latency requirement of XR packet can be satisfied.

Proposal 3: Adjust the priority of LCH according to the remaining time of its delay-critical data in LCP.
Whether and how to promote the priority of the LCH in UE should be under the control of network. The network can configure the rule for the promotion of the priority of the LCH. E.g., the network can configure the promoted priority for one LCH and the conditions for the start or end of promotion of the priority of the LCH. UE should follow the rule from network to perform the LCH priority adjustment.
Proposal 4: UE performs LCH priority adjustment according to the rule configured by NW.
In one LCH, there will be delay-critical packets and non-delay-critical packets. Some companies propose to distinguish these two type of packets during LCP to increase capacity with introducing huge complexity. However, in our understanding, we should apply simpler solution as possible. If one LCH has delay-critical packets, then in one LCP procedure, it can be regarded as LCH with delay-critical data which can be considered in LCH selection or priority adjustment. During the allocation of resources in LCP, there will be no distinction between delay-critical packets and non-delay-critical packets.
Proposal 5: There is no distinguishing treatment between delay-critical packets and non-delay-critical packets within one LCH in allocation of resources in LCP procedure..
2.3 Padding DSR
Rel-18 had done lots of work and the room for DSR sending optimization is little. In order to accelerate the transmission of UE buffer status information, DSR triggered SR is also introduced in Rel-18 besides DSR triggering condition, i.e., SR will be sent regardless of the status of SR delay timer.

Maybe RAN2 can consider to introduce padding DSR similar with padding BSR but with additional delay information which may be beneficial for NW scheduling. However, we think the benefit is marginal because all the packets are non-delay-critical packets in this case.

Proposal 6: RAN2 considers to introduce padding DSR.
3 Conclusion

In this contribution, we discussed the issues about the data with low remaining time being delayed due to other data from LCHs and propose the following candidate solutions:
Observation 1: The delay-critical data in low priority LCH may be blocked by data of high priority LCH during LCP procedure where LCH priority and PBR is considered.
Proposal 1: Study introducing dedicated resource used for LCH with delay-critical data only.
Proposal 2: Study time based LCH selection for LCH with delay-critical data.
Proposal 3: Adjust the priority of LCH according to the remaining time of its delay-critical data in LCP.
Proposal 4: UE performs LCH priority adjustment according to the rule configured by NW.
Proposal 5: There is no distinguishing treatment between delay-critical packets and non-delay-critical packets within one LCH in allocation of resources in LCP procedure.
Proposal 6: RAN2 considers to introduce padding DSR.
4 References

[1] 3GPP RAN2_125bis_Meeting_Report.
[2] RP-240791 WID XR.
[3] 3GPP TS 38.321-i00, Medium Access Control (MAC) protocol specification.
