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1   Introduction
The last RAN3#103 meeting discussed the QoS flow remapping when handover is triggered, and captured the followings in the chairman notes. And the offline summary was provided in [1]. 
We use the SN STATUS TRANSFER message to inform target SN of which flows have not yet received the SDAP end marker
We need to set up a tunnel to address this
Also RAN3#102 meeting discussed the DL case, and noted as follows. 
Nothing to be done for handling of DL data; we concentrate on UL case

For the UL, there are two independent issues:

· How the target node is notified that it may receive an UL SDAP end marker for a QoS flow via the old DRB which the target node would not expect it happen? 

· How the buffered UL packets for the particular QoS flow are forwarded at the target node? 
The first issue was addressed in [2], and it seems consensus to use the SN status transfer  message for notification. In this contribution, we will further discuss the second issue with the detailed specification impact based on our previous paper [3].
2   Discussion
2.1   Data forwarding for remapped QoS flows
The following begins the analysis for the normal QoS flow remapping within the single node, followed by the handover case.  
· Normal QoS flow remapping procedure
As described in TS 38.323, the PDCP entity will deliver the UL packets to the upper layer in sequence unless the reordering function is disabled. For the QoS flow remapping case, for example, the QoS flow#2 is remapped from DRB1 to DRB2. Specifically, 
· Before the remapping:  flow#1/2 are mapped to DRB1; flow#3/4 are mapped to DRB2;

· After the remapping: flow#1 is mapped to DRB1; flow#2/3/4 are mapped to DRB2;

When the QoS flow remapping happens, the gNB may receive the UL QoS flow#2 packets from the DRB1 and DRB2 simultaneously. For DRB2,
· The PDCP entity at the gNB will deliver the QoS flow 2&3&4 packets to the SDAP layer in sequence. 
· The SDAP entity will hold flow#2 received from DRB2 until it receives the flow#2 end marker from the DRB 1. Meanwhile, flows#3/4 packet are delivered to the CN. 
Hence it can be observed that the SDAP entity may buffer the flow#2 packets when the remapping happens. 
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Figure 1 the packets of new DRB will be delivered to the upper layer during the remapping of QoS flow
· QoS flow remapping before handover
As described above, for the QoS flow remapping when the handover is triggered, the source gNB shall behave the same e.g., to buffer the remapped flow packets at its SDAP entity. 
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Figure 2 the buffered data in the source NG-RAN
Also as discussed in [3], to transfer the buffered SDAP packets using DRB tunnel has the following issues. 

· The source NG-RAN cannot forward the buffered UL buffered data to the target NG-RAN via the DRB tunnel because the SDAP layer buffers these packets. 
· Even if the SDAP layer can send those packets back to the PDCP layer with the saved PDCP SNs, there is PDCP SN hole (as shown in Figure 3). In the legacy procedure, the target node will not deliver the packet of PDCP SN 5 to the 5GC until the target node receives the packet of SN2&3&4 from UE. However in the above QoS remapping case, the packets with SN&2/3/4 are belonging to other QoS flows which are already delivered to the CN. Hence the target node will never receive these packet of SN2&3&4. The target node would not expect it to happen.  
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Figure 3 the PDCP SN hole if the buffer data are forwarded via the DRB tunnel of new DRB
Hence the simple way is for the source NG-RAN to forward the UL buffered data via the PDU session tunnel. Then the target NG-RAN shall setup one UL PDU session tunnel address to the source NG-RAN. 
Proposal 1: The source NG-RAN forwards the UL buffered data to the target NG-RAN via the UL PDU session tunnel.  
2.2   Specification impact 
2.2.1   Xn interface

The last RAN3 meeting agreed to establish one UL PDU session tunnel to ensure the in-order delivery of UL packets in the RAN triggered PDU session split. For example, the UL Forwarding is included in the Data Forwarding and Offloading Info from source NG-RAN node IE, and PDU Session level UL data forwarding UP TNL Information is included in the Data Forwarding Info from target NG-RAN node IE. 
In principle, these IEs of Xn can be reused to setup the UL PDU session tunnel when the source NG-RAN has not finished the remapping. 
Proposal 2: Over Xn, to reuse the existing IEs originally used for PDU session split for QoS flow remapping when handover is triggerred. 
2.2.2   NG interface

For the NG-based handover, some new IEs can be added similar to the Xn-based handover. Specifically, the UL Forwarding IE within the Source NG-RAN node to Target NG-RAN Node Transparent Container IE and the UL Forwarding UP TNL Information IE can be added similarly.
Proposal 3: Over NG, to add the UL PDU session tunnel requst and UL PDU session tunnel address response for the NG-based handover
2.2.3   E1 interface

For the CU-CP/CU-UP split architecture, the CU-CP of the target NG-RAN requests the CU-UP to setup the UL PDU session tunnel and the CU-UP responds the UL PDU session tunnel address. 
In current TS 38.463, the PDU session tunnel data forwarding (DL, UL or both) is included in the Data Forwarding Information Request IE and Data Forwarding Information Response IE. Basically the CU-CP can reuse these IEs to request the setup of UL PDU session tunnel. 
Proposal 4: Over E1, to reuse the existing Data Forwarding Information Request IE and Data Forwarding Information Response IE to request and response the UL PDU session tunnel.
3   Conclusion
In this contribution, we discussed the QoS flow remapping happens in the source NG-RAN just before the handover procedure. The following proposals are made:

Proposal 5: The source NG-RAN forwards the UL buffered data to the target NG-RAN via the UL PDU session tunnel.  
Proposal 6: Over Xn, to reuse the existing IEs originally used for PDU session split for QoS flow remapping when handover is triggerred. 
Proposal 7: Over NG, to add the UL PDU session tunnel requst and UL PDU session tunnel address response for the NG-based handover
Proposal 8: Over E1, to reuse the existing Data Forwarding Information Request IE and Data Forwarding Information Response IE to request and response the UL PDU session tunnel.
The CRs for TS 38.423, TS 38. 413 can be found in [4-5] respectively. 
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