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Introduction
[bookmark: _Ref178064866]RAN2 made the following agreements to support the lossless as below:
	Agreements from RAN2#97 meeting:
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 this contribution, we discuss the FFS point highlighted above
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
Packet loss and out-of-order delivery in NR
In LTE, the EPS to DRB mapping is one-to-one mapping, and the EPS to DRB mapping is not changed until the service termination. It means that the EPS to DRB mapping is not changed at handover.
However, the QoS flow to DRB mapping may be changed at handover or non-handover in NR. Depending on the target gNB’s situation, the QoS flow may need to be mapped to different DRB than the DRB used in the source gNB. 
Once it happens, it leads to packet loss and out-of-order delivery to the upper layer, as shown in Figure 1.
1) Packet loss
 DRB 2 is only associated with QoS flow #3 before handover. If the QoS flow #3 to DRB mapping is changed to DRB 1 at handover, DRB 2 is not associated with any other QoS flow. So, the PDCP entity associated with DRB 2 may be released, and discards all buffered PDCP SDUs. It may lead to the packet loss.
2) Out-of-order delivery
 If a QoS flow #2 to DRB mapping is changed from DRB 1 to DRB 2, the packet in DRB 2 may arrive at the SDAP receiver later than the packet in DRB 1. Since there is no SN defined in SDAP, the SDAP cannot reorder the packets received out-of-order. Thus, the SDAP entity cannot support in-order delivery to the upper layer.
In NR, if the QoS flow to DRB mapping is changed at handover, packet loss and out-of-order delivery may occur.


Figure 1 Packet loss and out-of-order delivery at QoS flow to DRB remapping
Possible Solution
One simple solution to minimize packet loss and support in-order delivery for UL is that the SDAP entity in gNB does not deliver packets received from a new DRB to the upper layer until all packets received from an old DRB are delivered to the upper layer. Similarly to solution for UL, the solution for DL is that the SDAP entity in gNB does not deliver packets received for a new DRB to the lower layer until finishing the transmission of all packets mapped with an old DRB to the lower layer.
In case of solution for UL, for example, the SDAP entity to know until when the packets received from the new DRB should be stored in the buffer, a reordering timer may be considered, as shown in Figure 2.



Figure 2 Reordering timer based solution

1) The QoS flow #2 is remapped from DRB 1 to DRB 2.
2) The SDAP receiver starts the timer for QoS flow #2. While the timer is running, the SDAP receiver delivers the SDAP PDUs received from DRB 1 to the upper layer. However, the SDAP receiver stores SDAP PDUs associated with the QoS flow #2 received from DRB 2 in the temporary buffer.
3) When the timer expires, the SDAP receiver discards all SDAP PDUs associated with the QoS flow #2 received from DRB 1, if any, and the SDAP receiver delivers all SDAP PDUs associated with QoS flow #2 stored in temporary buffer to the upper layer.
4) After all the SDAP PDUs stored in the temporary buffer are delivered to the upper layer, the SDAP receiver delivers SDAP PDUs associated with the QoS flow #2 received from DRB 2 to the upper layer.
The notable benefit of timer based solution over in-band signalling, e.g. end-marker packet, based solution is that it is not vulnerable to loss of end-marker packet. In addition, as the in-band signalling is not required, this solution seems much simple. The disadvantage of this solution compared to in-band signalling based solution is that the probability of the packet loss might be larger if some packets arrive at the old DRB after the reordering timer expires. However, with proper setting of reordering timer value, the number of outdated packets would be minimized. In case of solution for DL, the procedure is almost same as the solution for UL. The different point is that the SDAP layer in gNB should make a decision to transmit the SDAP SDUs with DRB 2 based on finishing the transmission of the SDAP SDUs for DRB 1.
In our view, our proposed solutions can be implemented by gNB without any modification of the TS37.324. And also, this issue is not a big problem since the QoS flow to DRB remapping may not occur frequently. Hence, we propose that 
Proposal 1	New mechanism is not needed to support packet loss and in-order delivery in TS37.324. 

[bookmark: _Toc458688128][bookmark: _Toc458688133][bookmark: _Toc458700495][bookmark: _Toc458688134][bookmark: _Toc458700496][bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this document, we discussed the issue of QoS flow to DRB remapping, and propose following:
Proposal 1	New mechanism is not needed to support packet loss and in-order delivery in TS37.324. 
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