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1. [bookmark: _Toc18403966][bookmark: _Toc18413600][bookmark: _Toc18404533]Introduction
Rel-19 XR WI in RP-240791 has an objective for RAN2 to study and if justified specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity. In RAN2#125bis meeting, the following related agreements has been made[2]:
	· 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.


In this contribution we will further investigate the possible scheduling enhancements per this objective.  
2. LCP operation and scheduling enhancements
Logical channel prioritisation in NR relies on controlling the uplink rate for logical channels using the following: 
· A priority: Logical channels are served in the order of priority in general
· A prioritised bit rate (PBR):  Is used to ensure relevant logical channel is served up to its PBR. Ensures that logical channels with lower priority are not starved. 
· The time elapsed since Bj was last incremented (e.g. resource allocated for the logical channel)
· Logical channel restrictions: Ensures that certain physical resources are reserved for a given set of logical channels 
In normal circumstances (stable radio conditions, no congestion), the existing tools in NR MAC are sufficient to ensure guaranteed quality of service for GBR services whilst ensuring best effort service for other logical channels. However, during temporary congestion situations and/or bad radio conditions, there may be situations where the current mechanisms may be not sufficient. Specifically, since the time elapsed is considered, the LCHs with small delay budget cannot be scheduled with higher priority than the LCHs with large delay budget (e.g. the smaller the delay budget is, the smaller the remaining time is. But the delay budget cannot be expressed by the elapsed time). The consequence of this is that in such situations, the data with low remaining time may be essentially discarded even before the actual situation causing congestion or bad radio conditions gets better. This leads to poor quality of service and may have overall negative impact to the applications. Applications may react to this temporary packet discards by reducing the overall throughput and/or overall codec mode which may not necessarily be needed in the end. 

In Rel-18, the delay status report mechanism is specified to inform the network about such situations. However, whilst the gNB scheduler may react to a DSR by providing grants to the logical channels that are starving (e.g. scheduling grant with higher priority for the LCHs with less remaining time), it is important to ensure that discarding of packets unnecessarily is avoided (e.g. UE should be scheduled with higher priority for the LCHs with less remaining time). It should be noted that mechanisms such as DSR and/or packet discard etc are best to deal with temporary dip in radio conditions or congestion. If in general, there is a (more permanent) problem of capacity over the air interface or if the radio conditions deteriorate to an extent where current bit rates cannot be sustained, it is best for the RAN to eventually let packets to be discarded such that upper layers reduce the offered throughput. However, such upper layer mechanisms should not be invoked for temporary situations. 

Observation 1: Under normal conditions current LCP mechanism in NR works generally well to ensure that the quality of service requirements for XR applications are met

Observation 2: If the radio conditions deteriorate over longer term and/or there is a larger capacity problem in the network, other means such as indication to higher layers to reduce the offered through put etc should be adopted instead. 

Observation 3: When temporary congestion and/or poor radio conditions are encountered, avoiding unnecessary packet discard by minor modifications to the LCP procedure may be useful 

Proposal 1: For XR, RAN2 may consider enhancements to LCP procedure to deal with temporary deterioration at radio level

When studying modifications to LCP, it is important to ensure that this doesn’t result in unforeseen consequences to other services. Specifically, it should be noted that LCP is used also to ensure that SRBs are prioritised over DRBs and certain MAC CEs are sent with higher priority than data. It should be kept in mind that during poor radio conditions there may be RAN level signalling data and/or MAC CEs which may be triggered (e.g. measurements/handover signalling etc). Allowing this signalling to go through unimpeded is important because this can resolve the poor radio conditions which actually cause the problems in the first place. Any delay to such signalling will prolong the adverse conditions at radio level and will only have overall negative consequences. In order to avoid impacts to signalling connection between UE and network it is important to ensure that any enhancements to LCP do not impact the priorities of SRBs over DRBs 

Observation 4: During temporary deterioration of radio conditions additional RAN level signalling may be generated (e.g. measurements/HO signalling) and this signalling is essential to quickly alleviate the problems in the first place. 

Proposal 2: Any enhancements to LCP procedure should minimise/avoid the impact to the prioritisation of SRBs/MAC CEs which are important for radio link management.

In RAN2#125bis meeting, it has been agreed that:
	· 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.


Both of the alternatives can improve the transmission for data with smaller remaining time, but for both alternatives, the non delay-critical data and delay-critical data in the same LCH will be dealed with the same manner, e.g. for alternative 1, when the gNB allocates a UL grant to the UE while the UE has delay-critical data in the buffer to transmit, the UE will first select the LCHs with delay-critical data during LCP, then the non delay-critical data in the LCH with delay critical data will also be transmitted firstly, which may impact the scheduling performance for the non delay-critical data in other LCHs with higher legacy priority; for alternative 2, if the priority of a LCH is increased, the non delay-critical data in the LCH will also be transmitted with higher priority, which may impact the scheduling performance for the non delay-critical data in other LCHs with higher legacy priority, this is not the intention.
Observation 5: Per LCH enhancement to improve the transmission for delay critical data may impact the scheduling performance for non delay-critical data in other LCHs with higher legacy priority.
In fact, we need only to improve the transmission for delay critical data(e.g. data with remaining time below a threshold), this can be implemented during the resource allocation stage of LCP: e.g. allocate the resource for delay critical data firstly(e.g. UL grant resource is allocated for the data with remaining time below a threshold firstly, and then allocate the remaining resource based on legacy LCH priority), this impacts specification less and does not impact the scheduling priority for non delay critical data. 

Proposal 3: Introduce a remaining time threshold based LCP mechanism, e.g. At the stage for allocation of resources in LCP, UL grant resource is allocated for the data with remaining time below a threshold firstly; and the remaining resource, if any, is allocated for the non delay-critical data based on legacy LCH priority.


3. Conclusion and proposals
The following observations/proposals are made: 
[bookmark: _Toc18404543][bookmark: _Toc18403976][bookmark: _Toc18413612]Observation 1: Under normal conditions current LCP mechanism in NR works generally well to ensure that the quality of service requirements for XR applications are met

Observation 2: If the radio conditions deteriorate over longer term and/or there is a larger capacity problem in the network, other means such as indication to higher layers to reduce the offered through put etc should be adopted instead. 

Observation 3: When temporary congestion and/or poor radio conditions are encountered, avoiding unnecessary packet discard by minor modifications to the LCP procedure may be useful 

Observation 4: During temporary deterioration of radio conditions additional RAN level signalling may be generated (e.g. measurements/HO signalling) and this signalling is essential to quickly alleviate the problems in the first place. 

Observation 5: Per LCH enhancement to improve the transmission for delay critical data may impact the scheduling performance for non delay-critical data in other LCHs with higher legacy priority.

Proposal 1: For XR, RAN2 may consider enhancements to LCP procedure to deal with temporary deterioration at radio level

Proposal 2: Any enhancements to LCP procedure should minimise/avoid the impact to the prioritisation of SRBs/MAC CEs which are important for radio link management.

Proposal 3: Introduce a remaining time threshold-based LCP mechanism, e.g. At the stage for allocation of resources in LCP, UL grant resource is allocated for the data with remaining time below a threshold firstly; and the remaining resource, if any, is allocated for the non delay-critical data based on legacy LCH priority.
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