Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #101	R2-1803024
Athens, Greece, February 26 – March 2, 2018	          
[bookmark: _GoBack]Agenda Item	: 10.3.4.3 (NR_newRAT-Core)
Source	: LG Electronics Inc.
Title	: QoS flow to DRB remapping
Document for	: Discussion and Decision
Introduction
[bookmark: _Ref178064866]RAN2 made the following agreements to support the lossless as shown 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. 
Agreements from RAN2#AH-0801 meeting:
=>	In-order delivery should be ensured during flow re-mapping



As all know, when a QoS flow is remapped from a DRB to another DRB, the out-of-order delivery problem may be incurred. To prevent the out-of-order delivery, some solutions were proposed by several companies. In this contribution, we compare these solutions.
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
When a QoS flow is remapped, the out-of-order delivery problem may be incurred for UL and DL. 
However, RAN2 does not need to consider the out-of-order delivery problem for DL since the gNB can manage the packets to be in-order in the UE side. For example, when a QoS flow is remapped, the gNB transmits SDAP SDUs on the new DRB only after finishing the transmission of SDAP SDUs on the old DRB. The UE does not need to do anything special to make the received SDAP SDUs in order.
In summary, the out-of-order delivery problem in the DL can be resolved by gNB implementation. 
Proposal 1. The out-of-order delivery problem in the DL is resolved by gNB implementation.

For UL, there are three solutions for preventing the out-of-order delivery problem as listed below:
· Solution 1: End marker solution [1]
· Solution 2: Transmitter side buffering solution[2]
· Solution 3: gNB implementation solution [3] 

In the solution 1, the UE sends an end marker to the gNB indicating the end of transmission from the old DRB, and the gNB reorders packets received from the old DRB and the new DRB based on the end marker. In other words, the gNB starts delivering the packets received from the new DRB to upper layer only after receiving the end marker from the UE. 
The defect of the solution 1 is that there is no room for the end marker in SDAP header because RAN2 already decided to limit SDAP header to 8 bits and support independent NAS/AS reflective QoS and 6-bit QFI. To include the end marker, a new PDU format should be designed in the SDAP layer.
Observation 1. There is no room for the end marker in SDAP header.

Moreover, the solution 1 may not work on UM DRBs because the end marker may be lost during transmission. If the end marker is lost, the temporary buffer for storing the packet(s) received from the new DRB may overflow. 
Observation 2. End maker solution may not work well for UM DRBs.

The solution 2 is that when QoS flow is re-mapped, the UE does not transmit packets on the new DRB until the transmission of the packets on the old DRB is finished. In the meantime, the UE temporarily stores packets to be transmitted on the new DRB.
The solution 2 has similar defects as the solution 1 that it may not work well on UM DRBs. As there is no RLC feedback in UM DRBs, the UE may not know when the transmission of packets on the old DRBs is completed. The uncertainty of the transmission finishing time makes this solution infeasible.
Observation 3. Transmitter side buffering solution may not work well for UM DRBs .

The solution 3 is similar to the solution 1 in that the gNB stores packets received from the new DRB, and delivers them to upper layer only after the delivery of packets received from the old DRB is completed. The difference between two solutions is that, to identify the end of transmission of the old DRB, the solution 3 relies on the gNB’s internal timer instead of the explicit signalling (i.e. end marker) from the UE.
The benefit of the solution 3 over the solution 1 is clear that it does not rely on the explicit signalling and thus it is not vulnerable to loss of end-marker packet. Moreover, the solution 3 does not require any additional behaviour in the UE side. When the QoS flow is remapped from the old DRB to the new DRB, the UE just transmits the packets on the new DRB. It does not care about whether the transmission of packets on the old DRB is completed. As no additional UE behaviour is required, the solution 3 is deemed most simple solution among three solutions.
The disadvantage of the solution 3 is that if some packets are received from the old DRB after the reordering timer expires, they would be discarded. However, with smart gNB implementation, the reordering timer value can be properly set, and the packet discard can be avoided.
Observation 4. The gNB implementation solution does not require additional UE behaviour.

In our view, the out-of-order delivery is not a big problem since the QoS flow to DRB remapping may not occur frequently. Hence, we think that the solution should be chosen based on the simplicity with the least specification impact. In this viewpoint, we think the solution 3 is the best one to solve the out-of-order delivery problem at the rare event of QoS flow to DRB remapping.
Proposal 2: The out-of-order delivery problem in the UL is resolved by gNB implementation.
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[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this document, we discussed the issue of the out-of-order delivery problem at the QoS flow to DRB remapping, and propose following observation and proposal:
Proposal 1. The out-of-order delivery problem in the DL is resolved by gNB implementation.
Observation 1. There is no room for the end marker in SDAP header.
Observation 2. End maker solution may not work well for UM DRBs.
Observation 3. Transmitter side buffering solution may not work well for UM DRBs .
Observation 4. The gNB implementation solution does not require additional UE behaviour.
Proposal 2: The out-of-order delivery problem in the UL is resolved by gNB implementation.
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