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1	Introduction
One of the main benefits of the 5G QoS framework is that DRBs only have to be configured and used when really needed. They can be dynamically managed and QFI dynamically mapped onto DRBs as they appear, without involving 5GC. As a result, the 5G QoS framework allows a mode of operation where 1) a default bearer with radio protocols configured to provide a default QoS is used to carry the bulk of traffic; and 2) only QoS flows with specific requirements are dynamically (re)mapped onto dedicated DRBs as they appear. Unfortunately, the 5G radio protocols suffer from some inefficiencies, severely limiting such an approach. The purpose of this contribution is to discuss those.
2	Inefficiencies
Consider a default bearer configured to handle low priority background data. Some traffic pops up that requires handling with higher priority (e.g. gaming session, video call). Reflective QoS is used to relocate the flow to a DRB with higher priority but in-order delivery requirement will stall the traffic on the network side for as long as the end-marker is missing. This simple example highlights two problems:
1.	The gNB does not know how much data needs to be scheduled to obtain the end marker;
2.	Pre-processed data of the new QoS flow will be treated with the priority of the default bearer.
Let us discuss these two aspects separately.
2.1	Buffer Status Report
Although an end marker helps to identify when there is no more data for that QoS flow on the old bearer, it does not help the gNB to know how much data needs to be scheduled to reach that point: the amount that needs to be scheduled at the time of QoS flow relocation is useful to know as it gives a guarantee to the gNB that after scheduling that amount, an end marker will pop-up. The latency gain over gNB always scheduling the UE until either the end-marker packet or a padding BSR is received comes from the fact that by knowing how much data is left, the gNB can be aggressive in scheduling. If it has no idea, it would be more conservative to avoid over allocation. By triggering a BSR upon QoS flow relocation, the scheduler in the gNB quickly gets an up-to-date picture of the UE’s buffer and knows whether it needs to schedule the old bearer for remaining data or not.
Proposal 1: trigger a BSR at QoS flow remapping.
2.2	Logical Channel Prioritization 
When the mapping of a given QoS flow is updated, the old bearer can still contain packets from that QoS flow. In scenarios where it is not possible to schedule the two bearers independently (for instance when only one serving cell is used), those packets will be delayed. The larger the queue on the old bearer and the smaller the PBR of the old bearer, the more serious the problem becomes. Please also note that the problem is exacerbated in NR due to pre-processing, which allows the UE to build a large number of PDUs before uplink transmission. 
To overcome this problem, it was suggested to prioritise the packets of the relocated QoS flow within the old bearer [R2-1804913] [R2-1811441]. Unfortunately, such a proposal was not agreed since it was deemed too complex for the UE. A possible alternative would be to temporarily give the default DRB the same priority as the new DRB, until all packets from the relocated QoS flow are sent to the gNB. By doing so, the delay impacts of the packets from the relocated QoS flow remaining in the old bearer are minimised. One natural drawback is that if there are packets from other QoS flows in the transmission queue of the old bearer, they will also be prioritised. This drawback is considered as acceptable considering that it should be short-lived (thanks to the end marker) and no where as bad as delaying the high-priority QoS flow.
Note:	If one assumes that the default DRB is good enough, and the gNB can just wait for the end marker to come, then the need to relocate the flow in the first place would be questionable. If a flow is relocated, it is fair to assume that all packets from that flow need to be prioritized.
Proposal 2: give the old bearer the same priority as the new bearer until the end marker is transmitted.
3	Conclusion
This contribution has discussed some limitations of the NR radio protocols which hamper dynamic QoS flow handling and suggested the following:
Proposal 1: trigger a BSR at QoS flow remapping.
Proposal 2: give the old bearer the same priority as the new bearer until the end marker is transmitted.
[bookmark: _GoBack]The corresponding CRs are provided in R2-1814215, R2-1814216, R2-1814217 and R2-1814218.




