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1. Introduction
In RAN#103, Rel-19 XR WI was agreed in [1]. The following aspects were agreed to be specified in the work item:
	· 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


In this contribution, we will discuss the UL scheduling enhancements with delay/deadline information. 
2 Discussion 
For the UL data transmission mechanism, if a transmission opportunity is notified by the lower layer, the transmitting UM RLC entity shall submit the UMD PDU to lower layer and the transmitting AM RLC entity shall submit the AMD PDU to lower layer based on the PDU type. When the MAC entity receives that RLC PDU, the RLC PDU will be multiplexed in a MAC PDU based on LCH Prioritization procedure. The LCP procedure is constructed by bucket size and the mapping restriction of LCH. For the bucket size and mapping restriction of LCH, there is no packet delay information considered in setting Bj [2] or mapping the LCH to a UL grant. 
Observation 1: There is no packet delay information considered in UL scheduling, e.g. UL data transmission or the LCP procedure.
In the rel-18 XR, delay status report was introduced to provide remaining time information of LCG to network. For intra-LCH, the analysis can focus on whether the PSI-based discard is active or not. When PSI-based discard is not active, it is up to UE implementation that the UM RLC entity can submit UMD PDU considering delay information, e.g. based on the packet arrival order. For the AM RLC entity, it should consider the PDU type when submit its PDU to MAC layer, i.e. control PDUs are prioritized over AMD PDUs containing previously transmitted RLC SDUs, and AMD PDUs containing previously transmitted RLC SDUs are prioritized over AMD PDUs not containing previously transmitted RLC SDUs or RLC SDU segments. It can be observed that the retransmitted PDUs may have shorter remaining time information than new transmitted PDUs. Therefore, when PSI-based discard is not active, the delay information is unnecessary for UL scheduling. When PSI-based discard is active, like the discussion in rel-18 XR, the lower important PDU set packets may be filled in UL resources so that higher important PDU set packets with delay critical information cannot be filled in UL resources. And allocated UL resources are expected to be used by the higher important PDU set packets. Since only the higher important PDU set can associate with delay-critical packets. Therefore, it is reasonable to consider delay information in intra-LCH when PSI-based discard is active.
Observation 2: When PSI-based discard is not active, the delay information is not so necessary for UL scheduling for intra-LCH.
Proposal 1: The delay-based UL scheduling can be considered for intra-LCH scenario at least in case PSI-based discard is active.
For the inter-LCH case, MAC entity may allocate UL resources for LCHs based on LCP procedure. If multiple LCHs map to a UL resource, the Bj and priority should be considered to allocate UL resources, i.e. LCHs with Bj > 0 are allocated resources in a decreasing priority order and logical channels configured with equal priority should be served equally. If UL resources is not enough, a certain LCH with delay-critical packets may not have a chance to transmit, these packets may exceed their delay budget and then be dropped. Since the DSR reports the delay-critical data volume, UL resources should be used by delay-critical packets firstly and discarding delay-critical packets should be avoided. Therefore, LCP procedure enhancements can be considered.
Proposal 2: Enhancements on LCP procedure using delay information can be considered for inter-LCH case.
3 Conclusions
Observation 1: There is no packet delay information considered in UL scheduling, e.g. UL data transmission or the LCP procedure.
Observation 2: When PSI-based discard is not active, the delay information is unnecessary for UL scheduling for intra-LCH.
Proposal 1: The delay-based UL scheduling can be considered for intra-LCH scenario at least in case PSI-based discard is active.
Proposal 2: Enhancements on LCP procedure using delay information can be considered for inter-LCH case.
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