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Introduction
In RAN2#125bis meeting, RAN2 made the following agreements for scheduling enhancements:
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.
There are three directions for candidate enhancements, i.e. LCP restriction/selection, LCH prioritization, and DSR enhancements.
Discussion
LCP Restriction vs LCH Prioritization
The WID specifies the study of scheduling enhancements using delay/deadline information for UL scheduling. In Rel-18, delay-critical data was defined by considering delay/deadline information for DSR mechanism. Delay-critical data is considered as urgent traffic. We see this concept can be reused as much as possible in Rel-19, rather than introducing any new concept/definition.
Proposal 1. Concept of “delay-critical data” is reused as delay/deadline information for scheduling enhancement in Rel-19 XR.
In DSR mechanism, when there is non-zero delay-critical data volume, a special handling is supported, i.e. DSR is reported to the gNB. DSR mechanism is an indication that the UE has delay-critical data. After that, each UE relies on gNB’s scheduling to allow faster transmission than gNB’s usual scheduling strategy. 
This DSR mechanism inherits some delay until the actual transmission of the delay-critical data. Thus, in Rel-19, more proactive enhancement can be considered in uplink. In other words, we can consider some enhancement of Logical Channel Prioritization (LCP), which has not been enhanced at all since Rel-15. 
In RAN2#125bis meeting, two alternatives were agreed for study: 1) LCP restriction enhancement and 2) LCH prioritization (LCP) enhancement. Both are targeted to accelerate the transmission of delay-critical data. 
LCP restriction has been introduced in Rel-15 NR for resource separation of traffic flows with different QoS characteristics. The basic principle of LCP restriction is that a group of LCHs with similar QoS characteristics have dedicated resources, e.g. dedicated cell, dedicated CG, dedicated PUSCH duration, etc. If we enhance LCP restriction for delay-critical data, then additional dedicated resource needs to be reserved for the delay-critical data. It may mean that this reserved resource is not used in case of normal situation. In other words, resource waste and inefficiency are expected.
Observation 1. Some resource waste is expected in LCP restriction enhancement.
Another direction is LCP enhancement. The direction of enhancement should be prioritization of delay-critical data for a certain degree. One simple way could be additional LCP parameters for delay-critical data, such as LCH priority, BSD, and/or PBR. More specifically, LCH having delay-critical data volume can use different LCP configuration when it participates in the LCP. This enhancement does not require additional resource allocation but adjust the LCH priority temporarily. Thus, LCP enhancement based on another set of LCP parameters does not have resource waste.
Observation 2. LCP enhancement based on LCP parameters does not have resource waste.
Proposal 2. RAN2 to consider another set of LCP parameters (LCH priority, BSD and PBR) to be used when the LCH has available delay-critical data.
The WID has a NOTE on LCP complexity, since LCP is one of the most complicated mechanisms in uplink scheduling, in particular, variable update and resource size selection. The major burden is the calculation processing. Fortunately, another set of LCP parameters still make each logical channel participate in LCP only once, so it does not bring much complexity issue.
Observation 3. Additional set of LCP parameters still make each logical channel participate in LCP only once, so it does not bring much complexity issue.
Data Prioritization over MAC CE in LCP
For delay-critical data, in-time delivery is important. For this, dedicated configured grant or resource separated by LCP is introduce over multiple release of NR. In Rel-18, multiple CG occasions, DSR reporting and discard mechanism were introduced to support in-time delivery with resource efficiency. However, most of MAC CEs e.g. BSR/DSR/PHR etc. still have higher absolute priority over any of XR data, and those MAC CEs can use any type of uplink grant. This could make unexpected interruption during LCP and MAC PDU generation, and lead to unexpected delay-critical data.
Therefore, we see that data prioritization over some less important MAC CEs. The LCP enhancement in Rel-19 XR can consider this together with other enhancements. One could argue that there is an LCP complexity issue, however we see that there will be no problem if we keep the rule that each logical channel participates in LCP only once. 
Proposal 3. RAN2 to consider a prioritization rule to prioritize delay-critical data over less important MAC CEs.
DSR Enhancements
In RAN#125bis meeting, DSR enhancement was discussed. The current DSR report only one pair of remaining time and buffer status. Considering XR traffic flow having a number of packets which requires near real-time delivery, it is likely that multiple delay-critical data with different timeline information would exist. Thus, multiple pairs of remaining time and buffer status should be reported to let gNB have precise information for scheduling.
Observation 4. Multiple pairs of remaining time and buffer status let gNB have precise information for scheduling.
Proposal 4. RAN2 to consider multiple pair of remaining time and buffers status in DSR reporting.
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RAN2 is requested to discuss and agree the following proposals:
Proposal 1. Concept of “delay-critical data” is reused as delay/deadline information for scheduling enhancement in Rel-19 XR.
Proposal 2. RAN2 to consider another set of LCP parameters (LCH priority, BSD and PBR) to be used when the LCH has available delay-critical data.
Proposal 3. RAN2 to consider a prioritization rule to prioritize delay-critical data over less important MAC CEs.
Proposal 4. RAN2 to consider multiple pair of remaining time and buffers status in DSR reporting.
