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1
Introduction
In the QoS flow based QoS framework in NR, it’s up to RAN to decide the QoS flow-DRB mapping. Whether to support the QoS flow-DRB remapping has been set forth in the SI phase but with no final decision.
In this contribution, the intra-cell QoS flow remapping (non handover) will be further discussed, including the scenarios, the issues and possible solutions to tackle the issues, the notification on Uu etc.
2
Discussion
3.1 Scenarios 
As agreed in SI phase, QoS flows transferred within the same DRB get the same packet forwarding treatment. In other words, if different QoS flows are mapped to a single DRB, they will achieve the same quality of service actually, no matter whether their QoS requirements are distinctive or not. So to ensure the required quality of service, comprehensive factors, such as QoS profile, radio link quality, load condition etc. should be taken into consideration to guarantee that the QoS flow is mapped to a proper DRB.
Given the above, the QoS flow-DRB mapping may need to be reallocated in following scenarios even though the UE keeps its connection in the same cell. 
· A DRB serves packets with the same packet forwarding treatment. So the gNB maps the QoS flow to DRB according to QoS profile per each QoS flow. If the QoS profile of a QoS flow changes (e.g. parameters like priority level, packet delay budget etc. [1]), to ensure the updated QoS requirement, the gNB may decide to remap the QoS flow from one DRB to another.

· The gNB determines QoS flow - DRB mapping according to the radio situation. If the radio situation varies, the gNB may decide to update the QoS flow-DRB mapping.

· According to the confirmation at RAN2#97, if an incoming UL packet does not match a QoS flow ID to DRB mapping, the UE shall map the packet to the default DRB of the PDU session. When the gNB receives the packet with the embedded QoS flow ID, it may decide to remap the UL QoS flow to another appropriate DRB according the identified QoS profile.

· For the case of handover, to ensure a ‘Lossless HO’, the QoS flow-DRB mapping may be continued during handover [3]. While with different RRM policy and radio situation, the target may decide a different mapping than the source, so the intra-cell QoS flow remap should be allowed in the target after handover.
To react to the change of QoS profile, radio link situation and to ensure the required quality of service, intra-cell QoS flow remapping should be allowed to make sure that a QoS flow is re-associated to a proper DRB in the above three cases.
Proposal1. Intra-cell QoS flow remapping should be allowed to ensure the required quality of service.

3.2 Issues and possible solutions
As has been indicated in contributions during the SI phase [1]

 REF _Ref477630064 \n \h 
[2], if with no additional functions introduced, the intra-cell QoS flow remapping will result in the following tow consequences:

· Packet loss (illustrated in the left of Figure 1): QoS flow1 on DRB1 (source DRB) is remapped to DRB2 (target DRB) and at the same time DRB1 is released, packet loss may occur since individual PDCP entities and PDCP SNs are used in the source and target DRB and the target PDCP entity is unaware of the PDCP PDUs that were lost on the source DRB.
· Out of sequence delivery to upper layer (illustrated in the right of Figure 1): QoS flow1 on DRB1 (source DRB) is remapped to DRB2 (target DRB) with the source DRB maintained, in sequence delivery to upper layer can’t be ensured since individual PDCP entities and PDCP SNs are maintained in the source and target DRB thus no common PDCP entity and PDCP SN can be used for re-ordering. As a result, if (re)transmission on DRB1 arrives at the receiver later than the transmission on DRB2, out of sequence delivery occurs. 
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Figure 1 Packet loss and out of sequence delivery caused by QoS flow remap

Observation1: Temporary packet loss and/or out of sequence delivery may occur during the intra-cell QoS flow remapping.
The following agreement has been achieved in SI phase for intra-NR handover:
“Lossless HO”, that is, lossless, in sequence without duplication to upper layers, should be supported in specification for intra-NR.
‘Lossless’ should be ensured during HO. So it seems reasonable that ‘Lossless’ should also be ensured during the intra-cell QoS flow remapping. However, considering that all the three cases listed above may not happen from time to time, and even in LTE today, a service data flow may also be moved from one bearer to another. When a service data flow is moved from one bearer to another in LTE, the lossless can be ensured by EPC but no optimized mechanism is introduced to tackle the out of sequence issue. From this point of view, it seems also ok not to introduce any mechanism to handle the temporary out of sequence for intra-cell QoS flow-DRB mapping in NR while lossless should be ensured. 
Proposal2. Lossless should be ensured during intra-cell QoS flow remapping while whether in sequence delivery should also be ensured or not needs further clarification.
If it is confirmed that at least lossless or both lossless and in sequence delivery should be supported during intra-cell QoS flow remapping, solutions having less or even no impact on the specification should be considered in the first order. The following two options can be considered:
Option1: Fresh data transmission only after the finish of residual data transmission on the source DRB
Fresh data: data arrives at the UP protocol (i.e. the new AS sublayer, e.g. PDAP) of a QoS flow after the QoS flow is remapped to the target DRB. The PDAP will distribute these data to the PDCP of the target DRB.

Residual data: data that already arrived at the UP protocol of a QoS flow before the QoS flow is remapped to the target DRB. The PDAP has already distributed these data to the PDCP of the source DRB.
In option1, the fresh data initiated transmission on the target DRB only after the finish of the residual data transmission on the source DRB. The source PDCP can know well whether the residual data has been successfully delivered or not by the confirmation from RLC. And due to the fact that the QoS remapping is within a single cell, the target PDCP can be informed the completion of residual data transmission on the source PDCP without any standardization requirement. In other word, with option1, lossless and in sequence delivery can be easily achieved via implementation with no specification impact. 
Observation2: With option1, lossless and in sequence delivery can be easily achieved via implementation with no specification impact.

Option2: Intra cell data forwarding from the source DRB to the target DRB
Today, to avoid packet loss and ensue in sequence delivery for RLC AM mode during HO, PDCP SN is maintained on a bearer basis, PDCP SDUs (PDCU SDUs with SN if SN has been allocated) are forwarded to the target eNB, and the target eNB prioritizes transmitting the forwarded PDCP SDUs. Although the PDCP SN can’t be maintained during intra-cell QoS flow remapping. But to ensure lossless and in sequence delivery, similar data forwarding behaviour like in handover can be adopted. 

As illustrated in Figure 2, the QoS flow1 is remapped from DRB1 to DRB2. In the transmitter side, the PDCP SDUs (i.e. PDAP PDUs) from the first unacknowledged SDU (e.g. SDU2) in DRB1, i.e. SDU2, SDU3 are forwarded to DRB2 by the PDAP. And the PDAP prioritizes distributing the forwarded PDCP SDUs (i.e. PDAP PDUs) to DRB2. While in the receiver (e.g. the UE), when the UE is informed that QoS flow1 is remapped from DRB1 to DRB2, the PDAP could discard the PDCP SDUs received from DRB1 for QoS flow1, e.g. SDU2, SDU3.
Similar as in option1, due to the fact that the QoS remapping is within a single cell, unlike the data forwarding between eNBs, the packet data forwarding here can be implemented without any standardization requirement. That is to say, lossless and in sequence delivery can also be easily achieved in option2 with barely any specification impact.
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Figure 2 Data forwarding during QoS flow remap
Observation3: With option2, lossless and in sequence delivery can also be easily achieved with barelyany specification impacts.

Proposal3. If it is confirmed that lossless and in sequence delivery should be supported during intra-cell QoS flow remapping, solutions (e.g. solution 1 and solution2 here) with barelyany or no specification impact should be considered in the first order.
3.3 Notification to the UE
For DL, the QoS flow-DRB mapping needs not to be informed to the UE at all. So the remapping is not needed to be informed to the UE at least in case option1 above is adopted. Or if option2 is adopted, for the facility of discarding PDCP SDUs received from the old DRB belonging to the relocated QoS flow, the QoS flow-DRB remapping should be notified to the UE. While for UL, the QoS flow-DRB mapping needs to be informed to the UE. Then if deciding a remapping, the QoS flow-DRB remapping should be updated to the UE anyway.
Per achievement in SI phase [4], in the uplink, the RAN may control the mapping of QoS Flows to DRB either with explicit RRC configuration or User plane PDU (reflective mapping). Based on the same perspective, the notification of the QoS flow-DRB remapping can be sent to UE either via RRC configuration or User Plane PDU.
Proposal4. The intra-cell QoS flow-DRB remapping should be notified to the UE at least for UL transmission, either via RRC configuration or User Plane PDU.
4
Conclusion
In this contribution, the intra-cell QoS flow remapping is discussed with the following observations and proposals:
Observations:

Observation1: Temporary packet loss and/or out of sequence delivery may occur during the intra-cell QoS flow remapping.
Observation2: With option1, lossless and in sequence delivery can be easily achieved via implementation with no specification impact.

Observation3: With option2, lossless and in sequence delivery can also be easily achieved with barely any specification impacts.

Proposals:

Proposal1. Intra-cell QoS flow remapping should be allowed to ensure the required quality of service.

Proposal2. Lossless should be ensured during intra-cell QoS flow remapping while whether in sequence delivery should also be ensured or not needs further clarification.
Proposal3. If it is confirmed that lossless and in sequence delivery should be supported during intra-cell QoS flow remapping, solutions (e.g. solution 1 and solution2 here) with barely any or no specification impact should be considered in the first order.
Proposal4. The intra-cell QoS flow-DRB remapping should be notified to the UE at least for UL transmission, either via RRC configuration or User Plane PDU.
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