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Introduction
RAN2#99 agreed following: 

Agreements:
1.	Working assumption: One bit, RQI, to indicate update of mapping rule(s)
2.	RAN should be able to move/remap a QoS flow from one DRB to another DRB

This contribution discusses about several unresolved issues related to reflective QoS. 
[bookmark: _Ref178064866]Discussion
0. Packet reordering upon re-mapping QoS Flow to another DRB
Some companies observed in the previous meetings that the re-mapping of a QoS Flow to a different DRB may cause out-of-sequence packet delivery. This may happen when initial packets of the flow ended up in a low priority DRB and subsequent packets are mapped to a high priority DRB due to an updated Flow-to-DRB mapping. We agree with this observation but believe that the network can avoid this when performing the re-mapping at an occasion where the queues are empty. It may however not always be possible to ensure this for the uplink direction. But at least for initial re-mapping from a default DRB to another DRB, it is likely that higher layers are still in the initial handshaking phase (e.g. TCP SYN/SYN-ACK, TLS security setup, HTTP GET) and hence there will typically be very few packets in flight that could overtake each other. 
1. [bookmark: _Ref473880399][bookmark: _Toc485381879][bookmark: _Toc485382779][bookmark: _Toc490123284][bookmark: _Toc492476712][bookmark: _Toc498638049]When the NW re-maps a flow to a different DRB during the initial transaction phase of the flow, packet re-ordering is unlikely due to few packets being in flight.
1. [bookmark: _Toc485381880][bookmark: _Toc485382780][bookmark: _Toc490123285][bookmark: _Toc492476713][bookmark: _Toc498638050]When the NW re-maps a flow to a different DRB it can minimize the risk of re-ordering by postponing it to occasions when buffers are empty or at least small.


It was also mentioned that packet re-ordering upon Flow re-mapping could be avoided by means of an additional re-ordering function per QoS Flow (above PDCP). However, in accordance with the observations above, we don’t see a need for such (complex) functionality on the UE side. 
If RAN2 believes the risk of packet re-ordering upon QoS-Flow remapping (in uplink direction) is unacceptably large, we suggest seeking for a relatively simple solution such as the following: Upon detecting a remapping of a flow to a different DRB (reflectively or explicitly) the PDCP transmitter copies all the not-yet-RLC-ACKed PDCP PDUs to the target DRB’s PDCP entity. This may result in some duplicates but those don’t matter for higher layers. Since we anyway assume that there will usually be only few packets in flight during the initial phase of a file transfer, the inefficiency due to the (few) duplicates would be negligible for the initial reflective QoS remapping described above. Of course, the approach would also avoid re-ordering on IP level if the network re-maps a flow during handover.
Moving (instead of copying) the data to another DRB would avoid the overhead but would require re-processing already pre-processed the PDCP PDUs of the source DRB.
1. [bookmark: _Toc481770721][bookmark: _Toc481500310][bookmark: _Toc481500265][bookmark: _Toc481499507][bookmark: _Toc481495211][bookmark: _Toc478059065][bookmark: _Ref478059032][bookmark: _Toc477795234][bookmark: _Toc477795177][bookmark: _Toc477795090][bookmark: _Toc477795078][bookmark: _Toc477794598][bookmark: _Toc473881869][bookmark: _Toc485381884][bookmark: _Toc485400111][bookmark: _Toc490123280][bookmark: _Toc490249175][bookmark: _Toc492476718][bookmark: _Toc494354333][bookmark: _Toc494382934][bookmark: _Toc498638046]Additional UE functionality for avoiding possible out-of-order delivery when re-mapping a QoS-Flow to a different DRB (by explicit signalling or by update reflective QoS mapping) should not be introduced.
0. [bookmark: _Toc466014112][bookmark: _Toc466017751][bookmark: _Toc466020480][bookmark: _Toc466020539][bookmark: _Toc466021131][bookmark: _Toc466021225][bookmark: _Toc466021305][bookmark: _Toc466014113][bookmark: _Toc466014114][bookmark: _Toc466014115]Maintaining QoS mapping during handover
In the context of inter-cell mobility, it should be discussed whether the UE maintains the reflective UL QoS filters. As mentioned above, the target eNB does not know the UE’s reflective QoS filters from the AS-Config. One could consider that the source eNB provides the reflective UL QoS mappings to the target eNB (e.g. in AS-Context). Alternatively, the target node can change the QoS mapping and send the new mapping to the UE in the HO command (RRCConnectionReconfiguration). But we consider this being unnecessarily complex and it would also introduce risk of state mismatch. It appears simpler that the UE maintains a reflective UL QoS mapping as long as the DRB with which it is associated exists, i.e., also during normal RRC mobility. The UE releases the reflective UL QoS mapping when the eNB releases the DRB with which the mapping is associated. 
1. [bookmark: _Toc481770724][bookmark: _Toc481500313][bookmark: _Toc481500268][bookmark: _Toc481499510][bookmark: _Toc481495214][bookmark: _Toc478059068][bookmark: _Toc477795236][bookmark: _Toc477795179][bookmark: _Toc477795092][bookmark: _Toc477795080][bookmark: _Toc477794600][bookmark: _Toc473881871][bookmark: _Toc471470792][bookmark: _Toc471469003][bookmark: _Toc471468897][bookmark: _Toc469920732][bookmark: _Toc485381887][bookmark: _Toc485400114][bookmark: _Toc490123282][bookmark: _Toc490249177][bookmark: _Toc492476720][bookmark: _Toc494354334][bookmark: _Toc494382935][bookmark: _Toc498638047]The UE maintains a reflective UL QoS mapping as long as the DRB with which it is associated exists, i.e., also during normal RRC mobility and upon bearer-type change. The UE releases the reflective UL QoS mapping when the eNB releases the DRB with which the mapping is associated.
[bookmark: _Hlk490044758]Mapping one flow to many DRBs 
23.501 specifies following for 5G QoS flow:  
5G QoS Flow: The finest granularity for QoS forwarding treatment in the 5G System. All traffic mapped to the same 5G QoS Flow receive the same forwarding treatment (e.g. scheduling policy, queue management policy, rate shaping policy, RLC configuration, etc.). Providing different QoS forwarding treatment requires separate 5G QoS Flow.
If 1 to N QFI to DRB mapping is allowed, RAN needs to be able to handle QoS flow treatment in such a way that the QoS flow behaviour is not changed from the 5CN perspective. In order to do this, the RAN would need to map the split QoS flows into DRBs, which have similar QoS characteristics for traffic treatment and reorder the split traffic. Therefore, the mapping of one QoS flow to many DRBs in RAN requires new functionality to be introduced to SDAP layer, that already exist in PDCP layer. 
To be able to split a flow, the SDAP entity needs to have independent flow id that differentiates from the QFI. This would increase bookkeeping to RAN as the processing trade-off would be that the Flow ID in SDAP header cannot be directly copied from SDAP header to N3 header. Additionally, because the flow id assigned by RAN and, by nature, it is static value for each stream of PDUs, there is a need to introduce SN to be able to reorder the QoS flows introduced by RAN. 
To be able to have advantage of a QFI split into multiple RAN flows, distinct traffic marked with same QFI should be identified. When traffic associated with the QFI is ciphered, it is not possible to exactly identify the traffic inside the QFI, resulting that methods like packet inspection may not be used for the purpose. Therefore, specifying a behaviour for cases where packets are not ciphered, makes little sense. 
To ensure correct QoS flow split behaviour, RAN should request QoS flow split from the 5CN and perform Flow to DRB mapping in SDAP. This way, the traffic is marked correctly already in UPF. Not only this result a cleaner split of the responsibilities between CN and RAN, but also it reduces processing load from RAN.  
Discussion about flows in split DRB case can be found from [2]. 
[bookmark: _Toc490123286][bookmark: _Toc492476714][bookmark: _Toc498638051]RAN may request QFI split from the CN and map spit QFIs to different DRB. This allows clean split between CN and RAN. 
[bookmark: _Toc490123283][bookmark: _Toc490249178][bookmark: _Toc492476721][bookmark: _Toc494354335][bookmark: _Toc494382936][bookmark: _Toc498638048]No additional mechanism to support mapping of one QFI to multiple DRBs is introduced. 
Conclusion
In section 2 we made the following observations:
Observation 1	When the NW re-maps a flow to a different DRB during the initial transaction phase of the flow, packet re-ordering is unlikely due to few packets being in flight.
Observation 2	When the NW re-maps a flow to a different DRB it can minimize the risk of re-ordering by postponing it to occasions when buffers are empty or at least small.
Observation 3	RAN may request QFI split from the CN and map spit QFIs to different DRB. This allows clean split between CN and RAN.

Based on the discussion in section 2 we propose the following:
Proposal 1	Additional UE functionality for avoiding possible out-of-order delivery when re-mapping a QoS-Flow to a different DRB (by explicit signalling or by update reflective QoS mapping) should not be introduced.
Proposal 2	The UE maintains a reflective UL QoS mapping as long as the DRB with which it is associated exists, i.e., also during normal RRC mobility and upon bearer-type change. The UE releases the reflective UL QoS mapping when the eNB releases the DRB with which the mapping is associated.
Proposal 3	No additional mechanism to support mapping of one QFI to multiple DRBs is introduced.
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