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1   Introduction
In the last meeting, we discussed the tunnel for sending fresh data for QoS flows that are mapped to a DRB for which a DRB forwarding tunnel was established and a PDU session GTP-U tunnel was established. In this contribution, we further analyse those solutions. 

2   Discussion
There are two options in the last meeting.
Send fresh data for QoS flows that are mapped to a DRB for which a DRB forwarding tunnel was established and a PDU session GTP-U tunnel was established:

- over PDU session tunnel or DRB tunnel (by implementation)?

- only over DRB tunnel?

Option 1: over PDU session tunnel or DRB tunnel (by implementation)

It is left source gNB implementation to choose the tunnels for forwarding fresh DL user data packets. The source gNB may forward all of fresh DL data packets over one tunnel (PDU session tunnel or DRB tunnel).
In our understanding, the target gNB should send data packets from forwarding tunnel before sending data packets from NG and the target gNB does not know the choice of the source gNB. We think the source gNB needs to send the end marker over the PDU session tunnel even if the source gNB does not send any DL data packets over this tunnel. 
Furthermore, if the source gNB forwards the fresh DL data packets over the PDU session tunnel, only SDAP SDUs are sent and there is one QFI in the GTP-U extention header.

Option 2: only over DRB tunnel 

If the source gNB sends fresh data packets only over DRB tunnel, the source gNB will forward the fresh data packets after forwarding PDCP SDUs with SN. Firstly, it will increase the time to finish the data forwarding and the source gNB needs to buffer more DL user data packets. Secondly, the target gNB cannot process the forwarding fresh DL user data packets until it finishes the receiving of PDCP SDUs with SN.
From the above analyses, we think there are some cons that affect the performance at handover in option 2.
 Proposal 1: The source gNB sends the fresh data packets over the PDU session tunnel or the DRB tunnel (by implementation). SDAP SDUs of the QoS flows are forwarded via the PDU Session DL forwarding tunnel.
In order to ensure in order delivery, the target gNB re-transmits and prioritizes all downlink PDCP SDUs forwarded by the source gNB (i.e. the target gNB should send data with PDCP SNs from forwarding tunnel of corresponding DRB before sending data from NG and before sending data from tunnel of corresponding PDU session), with the exception of PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the UE. The target gNB sends these PDCP SDUs via the DRB which has the same QoS flow to DRB mapping with the DRB of the source gNB. The target gNB transmits all downlink SDAP SDUs forwarded by the source gNB via the PDU session tunnel before sending data from NG.
Proposal 2: The target gNB re-transmits and prioritizes all downlink PDCP SDUs forwarded by the source gNB. The target gNB transmits all downlink SDAP SDUs forwarded by the source gNB via the PDU session tunnel before sending data from NG.
3   Conclusion
Based on the discussion in this paper, we propose:
Proposal 1: The source gNB sends the fresh data packets over the PDU session tunnel or the DRB tunnel (by implementation). SDAP SDUs of the QoS flows are forwarded via the PDU Session DL forwarding tunnel.

Proposal 2: The target gNB re-transmits and prioritizes all downlink PDCP SDUs forwarded by the source gNB. The target gNB transmits all downlink SDAP SDUs forwarded by the source gNB via the PDU session tunnel before sending data from NG.
4   Reference

5   Annex – TP
9.2.3.2.x
Data Forwarding
The following description depicts the data forwarding principles for intra-system handover (applicability to be confirmed for the indirect forwarding case).  

When “lossless handover” is required the source NG-RAN node may include information on DRBs for which PDCP SN status needs to be preserved. The target NG-RAN node may send back to the source NG-RAN node one tunnel address per DRB for which it accepts the forwarding. One tunnel per PDU session may be setup for the forwarding of the new incoming packets of the PDU session. 

In case of no lossless data forwarding, the target NG-RAN node may send back to the source NG-RAN node one tunnel address for the PDU session to enable the source NG-RAN node to forward all the new incoming packets of the PDU session.
The following description depicts the data forwarding principles for intra-system Xn handover. 

The source NG-RAN node may request from the target NG-RAN node per DRB the establishment of a DL data forwarding tunnel. The target NG-RAN node may send back to the source NG-RAN node one tunnel address per DRB for which it accepts the DL data forwarding. For DRBs for which preservation of SN status applies, the target NG-RAN node may also establish a UL data forwarding tunnel.

The source NG-RAN node may propose forwarding of fresh DL user data packets.

-
For QoS flows accepted for data forwarding by the target NG-RAN node and for which a PDU Session DL forwarding tunnel was established for a PDU Session to which this QoS flow belongs, SDAP SDUs of the QoS flows are forwarded via this PDU Session DL forwarding tunnel.

-
For any QoS flow accepted for data forwarding by the target NG-RAN node and for which a DRB DL forwarding tunnel was established for a DRB to which this QoS flow was mapped at the source NG-RAN node, PDCP SDUs of the QoS flow are forwarded via this DRB DL forwarding tunnel.
For DRBs for which preservation of SN status applies

-
The source NG-RAN node may forward in order to the target NG-RAN node all downlink PDCP SDUs with their SN that have not been acknowledged by the UE via the DRB DL forwarding tunnel.

-
The source NG-RAN node:

-
either discards the uplink PDCP PDUs received out of sequence if the source NG-RAN node has not accepted the request from the target NG-RAN node for uplink forwarding or if the target NG-RAN node has not requested uplink forwarding for the bearer during the Handover Preparation procedure,

-
or forwards to the target NG-RAN node the uplink PDCP SDUs received out of sequence if the source NG-RAN node has accepted the request from the target NG-RAN node for uplink forwarding for the bearer during the Handover Preparation procedure.
In order to ensure in order delivery, the target gNB re-transmits and prioritizes all downlink PDCP SDUs forwarded by the source gNB (i.e. the target gNB should send data with PDCP SNs from forwarding tunnel of corresponding DRB before sending data from NG and before the sending data from tunnel of corresponding PDU session), with the exception of PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the UE. The target gNB sends these PDCP SDUs applying the QoS flow to DRB mapping the same as the mapping in the source gNB. The target gNB transmits all downlink SDAP SDUs forwarded by the source gNB via the PDU session tunnel before sending data from NG.
Handling of end marker packets:
The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF. If a forwarding PDU session tunnel has been setup, the source NG-RAN node forwards the GTP-U end marker packets received from the UPF towards the target NG-RAN node over the PDU session tunnel. If forwarding DRB tunnels have been setup, the source NG-RAN node generates one or several GTP-U end marker packets over each forwarding DRB tunnel when no more data packets are to be forwarded over that tunnel.
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