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1
Introduction

SA2 has agreed that the QoS flow to DRB mapping is up to RAN, i.e. it is the Access Stratum (AS) functionality. However, after initial mapping of the QoS flow to a particular DRB, the QoS flows may be "moved/ re-mapped" to another DRB, further re-configurations might take place, which we classify into two major cases: remapping without mobility and remapping with mobility (change of PDCP location as upon inter gNB handover or upon change to another gNB in case of DC). 
During previous meeting RAN WG2 looked into a number of re-configuration cases and discussed about potential challenges, such as whether lossless re-configuration can be achieved and whether it even has to be supported. In particular, the following agreements were made from which we highlighted the most relevant ones for this discussion paper: 
Agreements from RAN2#95bis

1
Default DRB is established by eNB at PDU session establishment (or an existing DRB may be used if mapping of more than one session to a DRB is allowed)

2. 
If the first packet of the flow is UL packet, if no mapping rule is configured in the UE, the packet is sent through default DRB to the network. 

FFS How and when the network can remap the flow to more appropriate DRB.
FFS the first packet is handled in the case that pre-authorised QoS is configured

FFS whether the pre-authorised QoS applies to RAN or only to the UE.

FFS whether there is a single level of mapping from UL TFT (5 tuple) to DRB, or whether there is a 2 level mapping from UL TFT to QoS flow and then from QoS flow to DRB.

Agreements from RAN2#97 meeting:

“Lossless HO”, that is,  lossless, in sequence without duplication to upper layers, should be supported in specification for intra-NR. 

FFS whether we support QoS flow remapping at handover and, if supported, whether the handover is lossless for this case. 

In this contribution we make a summary of several most typical re-configuration scenarios during which QoS flow to DRB mapping might change.
2
QoS reconfiguration
2.1
Re-mapping of the QoS flow (non-mobility case)

Referring to previous discussions in RAN WG2 and accounting for the RAN WG2 agreement that UL packets may use default DRB, we assume it is clear that RAN should be able to move (remap) a QoS flow from one DRB to another (potentially new) DRB. Figure 1 shows an example of where an eNB decides that instead of handling two QoS flows on one DRB, it is preferable to handle each QoS flow on a separate DRB.
Proposal 1a:
RAN should be able to move/remap a QoS flow from one DRB to another DRB. 
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Figure 1: Example of Individual QOS flow re-mapping.
We assume that for individual QoS flow re-mapping, the RAN will not support any other functionality than just changing the QoS flow to DRB mapping.  Note that as a result, individual QoS flow re-configuration will have the following characteristics:

-
Out of sequence delivery to higher layers. If a QoS flow is moved (i.e. mapping is changed) from one DRB to another DRB, we cannot guarantee in sequence delivery to higher layers during the move. This is because there will be no common Sequence Number before and after the QoS flow reconfiguration that could be used for further re-ordering. 
-
Non-lossless. In addition, when a QoS flow is moved to another DRB and at the same time the old DRB is released, packet loss may occur since the new DRB is using new PDCP SN’s and is unaware of the PDCP PDU’s that were lost on the old DRB.
In general, all the considerations presented above are similar, if not identical, to the scenario when a UE sends the first packet on a default DRB, which might trigger RAN to remap this QoS flow to another DRB. For that scenario, RAN WG2 conclusion was the network can put DL packets (if any) on hold until the re-mapping is completed, while potential out of sequence delivery of the UL packets was not considered as a big problem. Following the same line considerations, we cannot see a strong reason to optimize this case either. In fact, DL data loss and/or out of sequence delivery can be ensured by putting DL data on hold, and for the UL data in-sequence delivery the network can always deploy the corresponding mechanism in the implementation specific way. We think enhancements should be considered only if there are frequent cases in which there is a real need to remap the QoS flow while consequences of are quite severe.
Proposal 1b:
No standard optimizations are needed to handle potential out of sequence delivery when RAN re-maps an existing QoS flow to another (potentially new) DRB.
2.1
Re-mapping of the QoS flow (mobility case)
In the previous section we already proposed that QoS flow remapping should be supported. The same applies in case of mobility, as different gNBs may have different preferences regarding the optimal handling of particular QoS flows e.e. separate PBR, UL buffer, DRB type. Alike for the non-mobility case, enhancements should be considered only if there are frequent cases in which there is a real need to remap the QoS flow while consequences of are quite severe. 
With regards to the handover scenario, two major scenarios can be identified: a) when old new DRBs in the source gNB are mapped to the corresponding DRBs in the target gNB preserving QoS flow to DRB mapping; and b) when target gNB may have a set of different DRBs and/or a different mapping of QoS flows to DRBs.  
Case a) is very similar to what happens in LTE at handover. However instead of having the EPS bearer ID linking the old and new configuration, in NR we need another way of linking the DRB in the new and old configuration, e.g. based on using the same radio bearer ID. When the same radio bearer ID is used before and after a reconfiguration, the DRB is kind of "continued". Then it is logical that (unless other parts of the configuration tell differently), all QoS flows mapped to the DRB are moved with the DRB. Figure 2 shows an example of the target gNB follows the same QoS flow to DRB mapping as in the source gNB and just continues to use it.
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Figure 2: Example of handover with the same DRB configuration and QoS flow mapping.
By keeping the same DRB configuration and same QoS flow to DRB mapping, we can implement functionality like PDCP re-establishment working at the DRB level that ensures lossless operation with in sequence delivery to higher layers (as also proposed in [2,3]). 
Proposal 2a:
RAN should have an option to perform handover preserving DRB configuration and QoS flow to DRB mapping. 

At certain events it might happen so that RAN wants to change something in the DRB configuration and/or QoS flow to DRB mapping, but this change is only partial. In other words, the target gNB may be happy with almost the complete mapping as present in the source gNB, except that it wants to handle particular QsS flow differently. An example is shown in Figure 3 where the target gNB uses the same configuration for DRB#1 with associated QoS flow to DRB mapping, but in addition it also moves QoS flow#4 to a separate (newly established) DRB#3. 
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Figure 3: Example of handover with partial re-configuration of DRB and QoS flow mapping.
Proposal 2b:
RAN should have an option to perform handover by preserving part of the DRB configuration and QoS flow to DRB mapping complemented by established/removed DRBs with corresponding changes in the QoS flow mapping.
In addition to the examples already given above, one last example scenario we would like to discuss is handover with full configuration. During full configuration, the full AS configuration is released. As a result, both DRBs and also the QoS flow to DRB mapping are released, i.e. DRBs in the target gNB are new DRBs with no no PDCP re-establishment. In turn, the target eNB will have to indicate how to map the QsS flows to the new DRB’s based. This situation is shown in Figure 4. 
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Figure 4: Example of handover with full re-configuration.
Proposal 2c:
RAN should have an option to perform handover by providing the full configuration, whereupon DRBs could be established or released, and a completely new QoS flow to DRB mapping can be provided.
Referring to re-configuration scenarios presented in Figure 2-4, it is worth nothing one more time that when the same configuration and QoS flow mapping is used in the source and target, mechanisms similar to LTE can be used and in-order lossless data delivery can be ensured without a need to introduce new buffering and re-ordering layers. As for scenarios presented in Figure 3-4, out of sequence data delivery may occur if an existing QoS flow is moved to a different DRB, and even data loss may happen if a particular DRB is deleted. To combat this potential problem, several proponents brought a proposal to introduce an additional layer at which data buffering and re-ordering could be introduced [2,6]. Nevertheless, since a particular type of the handover re-configuration is up to the network, the latter can decide which option to follow and handle potential consequences. As noted earlier for the non-handover case, potential data loss and out-of-sequence delivery can be handled in the network implementation specific way [1]. 
Proposal 2d:
No standard optimizations are needed to handle potential out of sequence delivery when RAN uses partial or full re-configuration upon handover.
3
Conclusions
In this discussion paper we have considered major re-configuration cases concerning QoS flow re-mapping that might occur during non-mobility and mobility scenarios. Based on our considerations we propose that:
Proposal 1a:
RAN should be able to move/remap a QoS flow from one DRB to another DRB.
Proposal 1b:
No standard optimizations are needed to handle potential out of sequence delivery when RAN re-maps an existing QoS flow to another (potentially new) DRB.
Proposal 2a:
RAN should have an option to perform handover preserving DRB configuration and QoS flow to DRB mapping. 

Proposal 2b:
RAN should have an option to perform handover by preserving part of the DRB configuration and QoS flow to DRB mapping complemented by established/removed DRBs with corresponding changes in the QoS flow mapping.
Proposal 2c:
RAN should have an option to perform handover by providing the full configuration, whereupon DRBs could be established or released, and a completely new QoS flow to DRB mapping can be provided.
Proposal 2d:
No standard optimizations are needed to handle potential out of sequence delivery when RAN uses partial or full re-configuration upon handover.
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