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1 Introduction

This contribution proposes dynamic priority for delay sensitive services.
2 Discussion  
2.1 Motivation

Delay sensitive services typically have delay deadlines for their data.  When delay-sensitive data is queued in transmission buffer and its accumulated delay approaches its deadline, network should give it a higher priority and schedule it sooner. Or it may risk missing its delay deadline. For example, a voice or video application may be assigned to a logical channel with lower priority than a URLLC service. But if some of its packets have been buffered for too long and is about to miss their deadline, maybe gNB should schedule those packets with similar urgency as URLLC data. 
However, this is not possible with the exiting MAC-layer scheduling framework. Once a service is configured to use a logical channel, its scheduling priority is fixed for all its data, regardless their delay status over time. Mapping a logical channel to multiple numerologies helps solve the problem to some extent, but it is not completely effective. For example, suppose a real-time video application is configured to use a logical channel mapped to both eMBB and URLLC numerologies. Because latency requirement of real-time video typically is in the order of ten milliseconds or longer, it does not need to be configured to a logical channel which share the same priority with URLLC traffic, whose latency is 1ms. When gNB provides UL grants on the URLLC numerology, the video application cannot get those resource until URLLC applications are served. Hence how much resources on URLLC numerology the video application can get totally depends on how much resources gNB scheduler provides. But from the BSRs alone, gNB has little information on the delay status of buffered data and hence is not able to allocate resources on URLLC numerology accordingly.  
Observation 1.  BSR does not indicate delay status of buffered data, so that new arrivals and data with long buffering delays are scheduled by the same priority.
2.2 Solution

One option is to modify the exiting BSR framework to include delay status of delay-sensitive data too. But that will cause significant impact to both the specification and implementation.  Our goal is to solve the above problem by minimum change to the existing scheduling framework.  

The basic idea behind our solution is to remap delay sensitive data to a higher-priority logical channel when their accumulated delay approaches deadline. The details of our solution include the following:

· Network configures a delay threshold for each logical channel that may be used to support delay sensitive data. These logical channels will be referred as delay-sensitive logical channels thereafter.
· These delay thresholds should be correlated with the priorities of the logical channels, i.e. a logical channel with higher priority should have shorter delay threshold than others.

· If accumulative delay of data buffered in a delay-sensitive logical channel exceeds the configured delay threshold of that logical channel, UE maps it to another logical channel with shorter delay threshold. After data is remapped to a higher priority logical channel, it has better chance to be scheduled earlier in the LCP procedure, i.e. get transmitted with less delay. 
· When data is remapped to a higher-priority logical channel, it should be considered new arrival to that logical channel. The advantage of this requirement is that by the existing BSR triggering conditions, such a remap can trigger a BSR if the new logical channel has the highest priorities among UE’s non-empty logical channels.  The triggered BSR can then inform the gNB that there is new, urgent data to be scheduled soon. 
The following is an example on how this enhancement works:

· Suppose a UE supports a real-time application, which has a delay requirement of 10ms. And that is the only traffic it has.

· Network configures two logical channels, LCH1 and LCH2. LCH1 has the highest priority, LCH2 has a priority lower than LCH1. In addition, LCH is1 mapped to the numerology with very short TTI (for URLLC), and LCH2 is mapped to the reference numerology. 

· Network configures LCH2 to be a delay sensitive logical channel, which has a delay threshold of, say, 8ms. And LCH2 is configured to be the default logical channel for the video application. In other words, when new data of the video application first arrives in the MAC layer, it is buffered in LCH2. 

· If gNB does not schedule data in LCH2 fast enough and some of the data has been buffered more than 8ms, then that data should be remapped to LCH1. Since that remapped data is considered new data in LCH1 and LCH1 has the highest priority, this mapping triggers a new BSR, which in turn triggers a SR for UL grant. As a result, gNB provides resources on the URLLC numerology, which allows the data in LCH1 (those whose delay is approaching the deadline) to be sent with very low latency.
In summary, our idea can be captured in the following proposals:

Proposal 1. Network configures a delay threshold for each logical channel that may be used to support delay sensitive data. A logical channel with higher priority should have shorter delay threshold than others. 

Proposal 2. If accumulated delay for data in a delay-sensitive logical channel exceeds the configured delay threshold, UE maps the data to a delay-sensitive logical channel with higher priority.

Proposal 3. The existing BSR triggering conditions apply when data is remapped to a higher priority logical channel. 
3 Summary
Based on the above discussions, we recommend RAN2 to discuss the following observation and proposals: 
Observation 1. BSR does not indicate delay status of buffered data, so that new arrivals and data with long buffering delays are scheduled by the same priority.

Proposal 1. Network configures a delay threshold for each logical channel that may be used to support delay sensitive data. A logical channel with higher priority should have shorter delay threshold than others. 

Proposal 2. If accumulated delay for data in a delay-sensitive logical channel exceeds the configured delay threshold, UE maps the data to a delay-sensitive logical channel with higher priority.
Proposal 3. The existing BSR triggering conditions apply when data is remapped to a higher priority logical channel. 
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