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Introduction
[bookmark: OLE_LINK72][bookmark: OLE_LINK71][bookmark: OLE_LINK51][bookmark: OLE_LINK52]In RAN2#AH-1801, it was agreed that in-order delivery should be ensured during QoS flow re-mapping, but the mechanism(s) to be used is still not decided. 
In the last RAN2#101 meeting, RAN2 discussed how to make sure the in-order delivery issue, and RAN2 made some agreement for DL [1]: 
=>	For DL it is left up to gNB implementation.
But for UL, companies didn’t make any consensus during the online discussion, end/start marker based solution is the baseline to ensure in-order delivery, at least for RLC AM operation. 
=>	FFS - We define an end/start marker on UE side and how it is used it is up to gNB implementation.   At least for RLC AM the start/end marker solution is used as a baseline.  
In the last meeting, some companies didn’t support the end/start marker based solution, with some concerns of UE behaviour and specification change. In this paper, we will study the gain and benefit with end/marker based UL solution, whether it is necessary to introduce end/marker or leave it to gNB implementation. 
Discussion
In the last RAN2 meeting, RLC AM and RL UM were distinguished in the discussion since the reception of end marker can be ensured for RLC AM, but the reception of end marker is not guaranteed for RLC UM mode. So this paper will study RLC UM and RLC AM separately. 
RLC AM in-order delivery 
In RLC AM mode, whether every packet is successfully transmitted is fed back to the UE, in order to assist the UE for re-transmission. So we can make sure the end marker is received by the network if we introduce end marker, the key issue is whether the transmission can be kept without interruption. 
1: UE sends packet 1, 2, 3 through source DRB.
2: UE received RLC status report from the gNB, which indicates packet 2 is not received by gNB. In this circumstance, UE is ready to re-transmit packet 2 in source DRB.
3: however, gNB sends RRCConnectionReconfiguration message to UE before the UE re-transmits packet 2, to command this QoS flow to remap to target DRB.
4: The UE keeps transmitting packets 4 and 5 in the target DRB. And in the meantime, UE may re-transmit packet 2 through source DRB. Then packets 4 and 5 may arrive before the arrival of packet 2.5a: If packet 3 is transmitted without end marker, since target DRB and source DRB are mapped to different PDCP entities, then gNB can’t re-order packet 2 before packet 4 and 5, because the PDCP SN of these packets are not allocated by the same PDCP entity. Thus packet 4 and packet 5 have to be transmitted after the successful transmission of packets 2 and 3, 
If the re-ordering function is implemented by NW implementation, unlike the circumstance of DL, the network doesn’t know whether the UE has finished transmitting in the source DRB. So the network has to suspend delivering the packets received from the target DRB, until a very long implementation based timer expires, which starts from the last received packet from the source DRB. If so, the delay of this service could be very long. 
Observation 1: for UL QoS flow re-mapping scenario, if the NW implementation based solution is adopted, the delay cannot be guaranteed. 
5b：However if we have end marker to resolve , then after UE sends packet 3 to the source DRB, which is the last packet sent through this DRB, UE would send end marker to the source DRB. After that, UE keeps sending packet 4 and packet 5, the delay then can be guaranteed. When the gNB received the end marker via the source DRB, then gNB is aware that packet is the last packet, then gNB will hold packet 4 and packet 5 in the target DRB, gNB won’t delivery packet 4 and packet 5 until the packet 2 is successfully re-transmitted via the source DRB, then in-order delivery can be ensured. 
Observation 2: end marker based solution can minimize the transmission delay. 


Figure 1: UL transmission procedure in case of QoS re-mapping

Proposal 1: RAN2 is asked to adopt the end marker based solution to ensure in-order delivery for UL QoS re-mapping scenario. 
RLC UM in-order delivery 
Since the end marker reception for RLC UM can’t be guaranteed, we will discuss whether end marker still applies in RLC UM mode to ensure in-order delivery; and if end marker is not received by gNB, how to ensure in-order delivery. 
Option 1: timer implemented in UE
In this option, UE is configured with a timer by gNB to control the transmission towards target DRB. UE will not transmit packet through target DRB until the timer expires. 
1: UE sends packet 1,2,3 to gNB through source DRB
2: gNB command this QoS flow to be re-mapped to target DRB by RRC dedicated message
3: since these packets are sent via RLC UM mode, end marker is piggy backed in packet 3. UE is not aware whether ender marker is successfully received by gNB, so UE will start the timer after the transmission of end marker. 
4: UE will not transmit packet 4, 5 through target DRB until the timer expires, by which UE ensures that packet 1, 2, 3 are delivered in source DRB. 
Option 2: UE HARQ feedback based solution
In this solution, UE controls transmission towards target DRB based on the feedback.
1: UE sends packet 1, 2, 3 to gNB through source DRB
2: packet 2 is not received by gNB, so based on the HARQ feedback, UE is scheduled to re-transmit packet 2. 
3: gNB command this QoS flow to be re-mapped to target DRB by RRC dedicated message
4: since UE is aware that packet 2 has not been successfully transmitted, UE holds packet 4 and packet 5. 
5: UE transmits packet 2 for configured times of HARQ retransmission through source DRB.
6: UE transmits packet 4 and 5 through target DRB.
7: when gNB receives packet 4 and 5 from target DRB, gNB understand that the transmission from source DRB ends, then gNB just delivery packet 4 and 5 to upper layers. 
Option 3: end marker based solution
In this option, UE still piggy back end marker in packet 3 to indicate the last packet in source DRB. But since in UM mode, the reception of packet with end marker can’t be guaranteed, so if the end marker is not received, then there should be a mechanism to ensure in-order delivery. 
1: UE sends packets 1, 2, 3 to gNB through source DRB
2: gNB command this QoS flow to be re-mapped to target DRB by RRC dedicated message
3: if the end marker is successfully received, then this procedure makes no difference with RLC AM procedure in section 2.1.
3a: if the end marker is not received by gNB, then gNB doesn’t know which packet is the last packet transmitted from source DRB. gNB set a timer for the transmission of this QoS flow after gNB command this QoS flow to be re-mapped. 
4: UE sends packets 4, 5 to gNB through target DRB, regardless whether packets 1, 2, 3 were successfully received by the source DRB.
5: after gNB received packets 4, 5 from the target DRB, gNB holds the packet 4 and packet 5, it does not delivery them to the backhaul. 
6: gNB restarts the timer every time after the each new packet is received in the source DRB. For example, gNB starts the timer when packet 2 is received, and then gNB restarts the timer when packet 3 is received. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]7a: before the timer expires, if gNB received end marker piggy backed in packet 3, gNB then is aware that all packets from source DRB have been received, then gNB can deliver the packets 4, 5 received from target DRB. 
7b: if gNB didn’t receive end marker until the timer expires, gNB assumes that all packets from source DRB have been received, since after such a long time there is no further more packet received from the source DRB. 
Comparison between these three options:
For option 1, to standardize the timer for each UE, gNB has to configure every UE by RRC dedicated signaling, and the configuration should be per QoS flow. So option 1 introduces a lot of signaling overhead. 
For option 2, if packet 2 is not received by gNB based on the HARQ feedback, the UE should hold packet 4 and packet 5, until the HARQ retransmission of packets is accomplished, which leads to transmission delay towards target DRB. 
For option 3, it is unnecessary to signal a standardized timer to UE, the timer is set in gNB internally by implementation. Besides, even in RLC UM mode, it is most likely that the end marker is received successfully. So in this case, gNB can immediately delivery packets 4, 5 to the backhaul, by which delay is minimized. Beside, by leveraging end marker in SDAP header, this option aligns with end marker solution in RLC AM mode, just with an enhancement that if packet with end marker is not received in RLC UM, network implementation can make sure the in-order delivery. After all, in RLC UM, packet loss probability is less than 10-3.
Observation 3: If the end marker is leveraged in RLC UM mode, delay can be minimized when packet with end marker is received (i.e. most of the time).
Proposal 2: in RLC UM mode, it is proposed to leverage end marker as in RLC AM, if packet with end marker is not received, it is up to gNB implementation to re-order the packet from source DRB and target DRB. 
Conclusion
This paper discusses how to handle the QoS flow re-mapping procedure to ensure the packets are in-orderly delivered to the receiver in UL, and we propose:
Observation 1: for UL QoS flow re-mapping scenario, if the NW implementation based solution is adopted, the delay cannot be guaranteed. 
Observation 2: end marker based solution can minimize the transmission delay. 
Observation 3: If the end marker is leveraged in RLC UM mode, delay can be minimized when packet with end marker is received (i.e. most of the time).
Proposal 1: RAN2 is asked to adopt the end marker based solution to ensure in-order delivery for UL QoS re-mapping scenario. 
Proposal 2: in RLC UM mode, it is proposed to leverage end marker as in RLC AM, if packet with end marker is not received, it is up to gNB implementation to re-order the packet from source DRB and target DRB. 
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