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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. 

After the RAN2#97bis meeting, RAN WG2 made the following agreements. 

Agreements

1.
For intra NR mobility, when “Lossless HO”, that is lossless, in sequence without duplication to upper layers, can be accomplished by the target using the same DRB configuration and QoS flow to DRB mapping as the source. 

FFS Whether anything more is needed in Rel-15 to support flow remapping at handover. Will be concluded after flow remapping not at handover is concluded.

2.
HO with full configuration shall be supported

The following agreements are made after RAN2 NR Ad-hoc#2 meeting:

Agreements

1
At SN addition and at new PDU session establishment then MN makes the decision which QoS flows are moved SN
FFS Whether the SN can reject the movement of a QoS flow.

2
Irrespective of which node makes the decision of where a QoS flow is mapped (to MN or SN) then RAN2 will aim that the RRC signalling is the same.

Agreements

1: The MN makes the decision to move ongoing/existing QoS flows to the SN (this agreement does not imply whether the QoS flow is moved by moving a single flow or by moving a whole bearer)

FFS Whether MN or SN takes the decision for flows being moved from SN to MN

2: The SN can reject the addition of a QoS flow, and inform the MN.

3: The DRB level offloading (i.e. offloading all QoS flows of a DRB) is supported between the MN and SN. 

FFS: The QoS flow level offloading between the MN and SN, and if supported then whether lossless handover can be supported.

4: The lossless handover user plane procedure could be reused for DRB level offloading, if mapping is maintained in the target node.

FFS: If the case where mapping is not maintained can support lossless handover

5: The SN is responsible for the DRB management  (e.g., setup, modify, release) of SCG/SCG-split bearers, and the QoS flow -> DRB mapping at the SN

In this contribution we make a summary of the most typical re-configuration scenarios during which QoS flow to DRB mapping might change. More precisely, we will consider a scenario when flow could be moved to another DRB under the same gNB, during the handover re-configuration to the target gNB, and upon activation of the dual-connectivity operation. 
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.
2.2
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. 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.  
Regarding case a), RAN WG2 has already made a decision that the network should be able to perform handover by using same DRB and QoS flow mapping in the target and in the source. Concerning case b), 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 2 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 2: Example of handover with partial re-configuration of DRB and QoS flow mapping.
Proposal 2a:
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.
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 2, 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 2b:
No standard optimizations are needed to handle potential out of sequence delivery when RAN uses partial or full re-configuration upon handover.
2.3
Re-mapping of the QoS flow (DC case)
The dual-connectivity case is conceptually similar to the flow re-mapping scenario upon handover. If RAN decides to offload a particular flow or the whole DRB with contained QoS flows to SN, then it should be possible to accomplish it. Logically, this is similar to a handover case when flows are moved to the target gNB, whereupon either all the flows are mapped to the same DRB or a different mapping is applied there. 
For the split bearer case, our understanding is that it is also up to the MN decision whether it wants to offload all the QoS flows it has for a particular DRB or only some of them. As an example, in the LTE DC operation it is the MN decision which packets are sent over MN and which ones are sent over SN. Similarly, the NR gNB can follow any strategy it wants while selecting the transmission node.  It can select both MN and SN just accounting for their link throughputs but not caring about QoS flows, or it can account also for QoS flows potentially restricting some of them only to MN.
Proposal 3a:
MN should have a freedom in deciding which individual QoS flows from MSG split bearers it wants to offload to SN (i.e. only certain QoS flows from a DRB could be moved to SN). Same applies to SN and SCG split bearers. 
While "moving" QoS flows from MN to SN, the former decides which flows should be moved (all of them or only particular ones as elaborated above), whereupon the MN also indicates its current flows to DRB mapping information. It effectively allows implementing a lossless case when the whole DRB is moved to SN assuming that SN preserves the same mapping. 

Proposal 3b:
No standard optimizations are needed to handle potential out of sequence delivery when RAN moves certain QoS flows to SN upon DC activation.
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. According to our analysis, all the major re-configuration scenarios – such as normal re-configuration, handover, and DC activation – share same properties and thus can be treated with the same unified approach. To be more precise, the network should be able to decide whether it wants to keep current mapping between QoS flows and DRB or to apply a new one. By keeping the same mapping upon handover and DC re-configuration scenarios, the network can also achieve lossless data transmission without re-sorting to have yet another buffer and re-ordering functionality inside the SDAP layer. 

As a summary, 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 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 2b:
No standard optimizations are needed to handle potential out of sequence delivery when RAN uses partial or full re-configuration upon handover.
Proposal 3a:
MN should have a freedom in deciding which individual QoS flows from MSG split bearers it wants to offload to SN (i.e. only certain QoS flows from a DRB could be moved to SN). Same applies to SN and SCG split bearers. 

Proposal 3b:
No standard optimizations are needed to handle potential out of sequence delivery when RAN moves certain QoS flows to SN upon DC activation.
4
References

[1]
R2-1700842, "QoS framework for NR", Ericsson
[2]
R2-1701205, "QoS Flow to DRB Mapping", Huawei, HiSilicon
[3]
R2-1701715, "Data forwarding during HO between RAN nodes connected to NG Core", Intel Corporation, Nokia, Alcatel-Lucent
[4]
R2-1701717, "Remaining issues on QoS", Intel Corporation
[5]
R2-1701119, "Further discussion on the new UP protocol layer for QoS", ZTE, ZTE Microelectronics
[6]
R2-1700842, "QoS framework for NR", Ericsson

[image: image1][image: image3.png]MeNB1 MeNB2

Q0s Q0s QoS Q0s QoS
Flow: Flow2 Flow3| Flow2 Flow3|




