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1. Introduction
In RAN2#125bis, the following agreements were agreed [1]:
	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 contribution, we focus on the UL scheduling enhancements with delay information. 
2 Discussion 
2.1 The delay-critical data transmission
· For one LCH
For UL data transmission in one LCH, if notified of a transmission opportunity by the lower layer, the transmitting UM RLC entity shall submit the UMD PDU to lower layer. 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 PDUs to lower layer, i.e.：
· control PDU is prioritized over AMD PDU
· AMD PDU containing retransmitted RLC SDU(s) is prioritized over AMD PDU containing new RLC SDU(s). 
Therefore, there is no packet delay information considered in current UL data transmission.
For RLC AM mode and RLC UM mode, when the PSI-based discard is active, the lower important PDU set data arrived formerly may be transmitted first and filled in UL resources. If UL resources are not enough, the higher important PDU set data with low remaining time may be delayed transmitting and further discarded. And allocated UL resources are expected to be used by the higher important PDU set data in such case. Therefore, at least for the case PSI-based discard is active, it is reasonable to consider delay information for efficient scheduling when submitting the PDUs to lower layer. 
Proposal 1: At least for PSI-based discard is active, the AMD PDU with low remaining time can be transmitted prior to other AMD PDU in RLC. 
· For multiple LCHs
For inter-LCH, MAC entity may allocate UL resources for LCH based on LCP procedure. If multiple LCHs can 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. 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 to avoid discarding delay-critical packets. 
In the last meeting, there are two methods approved to study for allocating UL resources to delay-critical data:
· Option 1: Enhance LCP restrictions/LCH selection.
· Option 2: Enhance LCH prioritization.
For option 1, network can schedule UL grant for delay-critical data after receiving the DSR. If the UE receives such UL grant for delay critical data, the UE maps the LCH which contains delay-critical data to that UL grant. Therefore, a mapping restriction from LCH with delay-critical data to UL grant should be supported.
Proposal 2: The mapping restriction between LCH with delay-critical data and UL resources should be supported.
For option 2, for one LCH, a higher priority for LCP can be adapted when the LCH includes delay-critical data. There are following methods to provide a higher priority for one LCH in such case:
Method 1: configure two priorities for one LCH, one for LCH with delay-critical data and one for LCH without delay-critical data.
Method 2: configure factor(s) to adjust the priority of LCH.
For method 1, network can configure two priorities for one LCH. If the LCH without delay-critical data, the legacy priority is used, otherwise the higher priority is used. Compared to method 1, method 2 is more flexible which allows to configure factor(s) associated with different remaining times.
Proposal 3: A higher priority for LCP is adapted for a LCH when the LCH becomes delay-critical, the following options can be studied:
· Option 1: configure two priorities for one LCH, one for LCH with delay-critical data and one for LCH without delay-critical data.
· Option 2: configure factor(s) to adjust the priority of LCH.
2.2 DSR enhancements
In the last meeting, it was agreed to study multiple pairs of remaining time/buffer information in DSR, which can help the network to schedule efficiently when the data with the shortest remaining time is too late to schedule. Current value r of remaining time indicates a remaining time within the range of (r, r + 1] msec. If max value of the remaining time is used, there may be up to 64 pairs of information in the granularity of 1ms. Thus, the enhancement on the value of remaining time needs to be discussed. If multiple pairs of buffer information are supported, the buffer information in DSR can contain information on delay-critical data and information about non-delay critical data.
Proposal 4: The following aspects need to be studied for multiple pairs of remaining time/buffer information in DSR:
· The enhancement on remaining time value, FFS whether to reuse the existing value or adopt a new format.
· Buffer information includes data volume of delay-critical data and non-delay critical data.
3 Conclusions
Proposal 1: At least for PSI-based discard is active, the AMD PDU with low remaining time can be transmitted prior to other AMD PDU in RLC. 
Proposal 2: The mapping restriction between LCH with delay-critical data and UL resources should be supported.
Proposal 3: A higher priority for LCP is adapted for a LCH when the LCH becomes delay-critical, the following options can be studied:
· Option 1: configure two priorities for one LCH, one for LCH with delay-critical data and one for LCH without delay-critical data.
· Option 2: configure factor(s) to adjust the priority of LCH.
Proposal 4: The following aspects need to be studied for multiple pairs of remaining time/buffer information in DSR:
· The enhancement on remaining time value, FFS whether to reuse the existing value or adopt a new format.
· Buffer information includes data volume of delay-critical data and non-delay critical data.
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