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1 Introduction
In RAN2#97 meeting, data forwarding for lossless HO [1] was discussed, considering NR QoS architecture supporting dynamic QoS flow to DRB mapping. Following agreements were made. 
Agreements
1 “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 RAN2#97bis meeting, inter-gNB HO with QoS flow to DRB mapping change was discussed with 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
In this contribution, we further discuss whether to support QoS flow to DRB remapping at HO. 
2 Discussion
In NR QOS model, RAN/AS will have to map QOS flows to DRBs and the mapping of the QoS flows to a DRB is up to RAN node implementation.  When performing HO, it’s possible that the target gNB has different QoS flow to DRB mapping policy than the source gNB or the target gNB can provide better mappings rules for the on-going traffics. Therefore, QoS flow to DRB mapping for the UE will be changed when connection with the target gNB is established. 
Observation 1: QoS flow to DRB mapping for the UE may change when connected to different gNBs. 
One straightforward way to change the QoS flow to DRB mapping during UE mobility is to perform HO first and change the mapping when HO is completed. In this way, the HO procedure and QoS flow to DRB remapping can be decoupled and nothing new particular for QoS remapping needs to be specified for HO procedure in both Uu interface and Xn interface.  In this way, Lossless HO can be realized if target gNB uses the same DRB configuration and QoS flow to DRB mapping as the source gNB.
Observation 2: A straightforward way to change QoS flow to DRB mapping due to HO is to perform HO first and remap QoS flow to DRB then.  
Observation 3: Lossless HO can be realized if target gNB uses the same DRB configuration and QoS flow to DRB mapping as the source gNB.
Compared with the most straightforward way of decoupling HO and QoS flow remapping, the main benefit to combine the two operations together is to reduce the latency to initiate the new mapping rules at the target gNB. So the remapping can be applied to the first packet after HO. The cost is that certain coordination between source gNB and target gNB is required. The target gNB needs to forward the new mapping rules to source gNB, which will be received by UE through HO command. 
Observation 4: Supporting QoS flow to DRB remapping at HO requires coordination between source gNB and target gNB. The new mapping rules needs to be indicated to UE in HO command.  
However, it is questionable how large the gain is for latency reduction and whether it is really necessary. If ‘lossless HO’ is not required for certain traffics, QoS flow to DRB remapping can be realized through full configuration. Considering the remapping rules is carried by the RRCConnectionReconfiguration message, there is also latency for RRC message processing and RRC configuration application. Compared with latency of monitoring the QoS Flow ID in downlink PDCP packets after HO, the latency difference depends on when the first DL PDCP packets with QoS Flow ID is received at the UE side.  
Observation 5: If ‘lossless HO’ is not required for certain traffics, QoS flow to DRB remapping can be realized through full configuration. 
Even in normal case without HO, QoS flow to DRB remapping will cause out-of-sequence packet delivery, which is harmful for many applications and transport protocols (TCP). How to avoid it is still being discussed in RAN2. If ‘lossless HO’ is required, the latency benefit of supporting QoS flow to DRB remapping at HO is very marginal. When PDCP is re-establishment is performed during inter-gNB HO, in order to ensure in-sequence delivery without duplication, the PDCP SDUs stored in the PDCP retransmission buffer will be retransmitted, which is triggered by STATUS report. The new remapping rule can’t be initiated until the all packets applying the old mapping rule are successfully delivered. From receiver aspect, it also needs to keep all the received packets in the buffer and can’t deliver them to upper layer until all the outstanding packets are successfully received. So latency to apply the new remapping rule depends on the amount of outstanding packets. 
Taking Figure 1 for UL packet transmission for example, Flow 2 is remapping from DRB2 to DRB1. It is intended that UE can initiate the new mapping immediately after HO. In source gNB, PDCP PDU 1~5 are transmitted by UE and PDCP PDU 1, 3, 5 are successfully received by source gNB. But only PDCP PDU 1 and 3 are acknowledged. So source gNB sends PDCP SDU 1 to serving GW and forwards PDCP PDU 3 and 5 and other fresh SDUs of Flow 2 from CN to target gNB.
After HO, Flow 2 is remapped to DRB1. Since PDCP PDU 2, 4, 5 of Flow 2 in DRB2 have not been ACKed by network, so UE needs to retransmit them. In order to ensure in-sequence delivery, one solution is that UE holds the fresh packet of Flow 2 (e.g. PDCP PDU 5 in DRB1) for a while until the retransmission of the PDCP PDUs on the old DRB are successfully completed. Another solution is that the network holds the packets of Flow 2 applying the new mapping rule from DRB1 for a while in the reception buffer. Until all the outstanding PDCP PDUs of Flow 2 applying old mapping rule from DRB 2 are received, other packets applying the new rule buffered are delivered to upper layer in-sequence.  No matter which solution to use, the end-to-end latency is impaired by the retransmission of the outstanding packets due to PDCP re-establishment. So if lossless HO is supported with QoS flow to DRB remapping, the benefit of latency is very marginal. 
Observation 6: If ‘lossless HO’ is required for certain traffics, QoS flow to DRB remapping at HO has very marginal gain on latency since the outstanding packets requiring retransmission needs to be delivered first. 


Figure 1 Example of Lossless HO with QoS flow to DRB remapping (UL)
Considering the above analysis, QoS flow to DRB remapping due to HO can be realized by decoupling HO and QoS remapping procedures, i.e. performing HO first and then remapping QoS flow to DRB.  Considering the time limitation of Rel-15,  ‘Lossless’ with QoS flow remapping at handover is not supported, which can be considered in future release if the benefits are justified. 
Proposal 1: ‘Lossless’ together with QoS flow remapping at handover is not supported in Rel-15. 
Proposal 2: QoS flow to DRB remapping due to HO can be realized by performing HO first and then remapping QoS flow to DRB. 


3 Conclusion
In this contribution, we discuss QoS flow remapping at handover, with/without ‘lossless’. 
Based on the observations:
Observation 1: QoS flow to DRB mapping for the UE may change when connected to different gNBs. 
Observation 2: A straightforward way to change QoS flow to DRB mapping due to HO is to perform HO first and remap QoS flow to DRB then. 
Observation 3: Lossless HO can be realized if target gNB uses the same DRB configuration and QoS flow to DRB mapping as the source gNB.
Observation 4: Supporting QoS flow to DRB remapping at HO requires coordination between source gNB and target gNB. The new mapping rules needs to be indicated to UE in HO command.  
Observation 5: If ‘lossless HO’ is not required for certain traffics, QoS flow to DRB remapping can be realized through full configuration. 
Observation 6: If ‘lossless HO’ is required for certain traffics, QoS flow to DRB remapping at HO has very marginal gain on latency since the outstanding packets requiring retransmission needs to be delivered first. 
We propose:
Proposal 1: ‘Lossless’ together with QoS flow remapping at handover is not supported in Rel-15. 
Proposal 2: QoS flow to DRB remapping due to HO can be realized by performing HO first and then remapping QoS flow to DRB. 
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