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Introduction

In RAN3#101bis meeting, RAN3 discussed whether lossless handover can be supported with QoS flow remapping, based on latest RAN2 agreements on this topic and the accompanying following LS sent from RAN2 to RAN3 [1]:
	RAN2 has confirmed that lossless handover could be supported for RLC AM DRBs for DRBs that are kept during handover, with or without QoS flow remapping. 

The related agreements in RAN2 are shown as following:

RAN2 invites RAN3 to take the above into account and update RAN3 specification if needed.


Observation 1: Loss handover with QoS flow remapping is supported for RLC AM DRBs in the case of DRB addition/modification during the handover.
During RAN3 discussion, there was no common understanding of the RAN2 confirmation that lossless handover can be supported with QoS flow remapping at the target during handover. For example, some companies did not see a clear benefit to perform QoS flow remapping during handover compared to remapping after completing the handover. Others questioned whether the forwarded packets should still be transmitted using the old mapping rule at the target node. In conclusion, there no clear understanding in RAN3 of the definition of lossless handover in the LS (above) from RAN2. 
In our understanding, changing the QoS flow to DRB mapping during handover, at the target NG-RAN node, may result in out-of-sequence packet delivery. More specifically, the DRB(s) at the source NG-RAN node and the corresponding DRB(s) at the target NG-RAN node may contain different QoS flows. Therefore, in order to guarantee in-sequence delivery with QoS flow remapping, at the target NG-RAN during handover, one solution would be for the target NG-RAN node to establish a forwarding tunnel for the old DRB and an additional forwarding tunnel for the new DRB (as per the new QoS flow to DRB mapping rule). This way, the target NG-RAN node will preserve the PDCP status by first transmitting on the old DRB all forwarded PDCP SDUs with PDCP SNs (excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the UE). Then, the target NG-RAN node will transmit all forwarded downlink PDCP SDUs without SN (assigned at the source NG-RAN node), and the new data from 5GCN on the new DRB.
Proposal 1: For lossless handover with QoS flow remapping, the target node shall set up an additional tunnel per new DRB for transmitting all forwarded downlink PDCP SDUs without SN and new data from 5GCN.
Proposal 2: RAN3 is kindly asked to agree the text proposal (below) to TS 38.300.
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Annex: Text Proposal for TS 38.300 

<<<<<<<<<<<<<<<<<<<< Start of first change >>>>>>>>>>>>>>>>>>>>
9.2.3
Mobility in RRC_CONNECTED

[Unchanged text skipped]
9.2.3.2.2
U-Plane Handling

[Unchanged text skipped]
9.2.3.2.3
Data Forwarding

The following description depicts the data forwarding principles for intra-system handover.

The source NG-RAN node may suggest downlink data forwarding per QoS flow established for a PDU session and may provide information how it maps QoS flows to DRBs. The target NG-RAN node decides data forwarding per QoS flow established for a PDU Session.

If "lossless handover" is required and the QoS flows to DRB mapping applied at the target NG-RAN node allows applying for data forwarding the same QoS flows to DRB mapping as applied at the source NG-RAN node for a DRB and if all QoS flows mapped to that DRB are accepted for data forwarding, the target NG-RAN node establishes a downlink forwarding tunnel for that DRB.
If “lossless handover” is required and the target NG-RAN node modifies the QoS flows to DRB mapping applied at the source NG-RAN node for a DRB, and if all QoS flows mapped to that DRB are accepted for data forwarding, the target NG-RAN node establishes a downlink forwarding tunnel for that DRB for forwarding all PDCP SDUs with PDCP SNs, and an additional forwarding tunnel for a new DRB for forwarding all downlink PDCP SDUs without SN and the new data from 5GCN. 
For a DRB for which preservation of SN status applies, the target NG-RAN node may decide to establish an UL data forwarding tunnel.

The target NG-RAN node may also decide to establish a downlink forwarding tunnel for each PDU session. In this case the target NG-RAN node provides information for which QoS flows data forwarding has been accepted and corresponding UP TNL information for data forwarding tunnels to be established between the source NG-RAN node and the target NG-RAN node.

As long as data forwarding of DL user data packets takes place, the source NG-RAN node shall forward user data in the same forwarding tunnel, i.e.

-
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, any fresh packets of this QoS flow shall be forwarded as PDCP SDUs via the mapped 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 via the DRB DL forwarding tunnel all downlink PDCP SDUs with their SN corresponding to PDCP PDUs which have not been acknowledged by the UE.

-
for any QoS flow accepted for data forwarding by the target NG-RAN node for which a DL PDU session forwarding tunnel was established, the source NG-RAN node forwards SDAP SDUs as received on NG-U from the UPF.
As long as data forwarding of UL user data packets takes place for DRBs for which preservation of SN status applies 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 with their SN corresponding to PDCP PDUs 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.

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 and replicates the end marker packets into each data forwarding tunnel when no more user data packets are to be forwarded over that tunnel.

-
End marker packets sent via a data forwarding tunnel are applicable to all QoS flows forwarded via that tunnel. After end marker packets have been received over a forwarding tunnel, the target NG-RAN node can start taking into account the packets of QoS flows associated with that forwarding tunnel received at the target NG-RAN node from the NG-U PDU session tunnel.

<<<<<<<<<<<<<<<<<<<< End of first change >>>>>>>>>>>>>>>>>>>>
RAN2 confirm that lossless HO with QoS flow remapping is supported for the RLC AM DRBs (with in-sequence delivery, duplication avoidance etc).


RAN2 confirm that for DRBs that are released at handover, the end-marker is not sent (no need to specify anything additional in SDAP for this case).


RAN2 confirm that for AM DRBs, that lossless HO with QoS flow remapping is supported for the case of DRB addition/modification. Lossless cannot be supported for DRBs that are released at the Handover. 


RAN2 confirm that for DRBs that are released at handover, the end-marker is not sent (no need to specify anything additional in SDAP for this case).











