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1   Introduction
From the LS[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. 
In this paper, we will discuss how to update RAN3 specification on the U-handlings.
2   Discussion

RAN2 has confirmed that lossless handover could be supported for RLC AM DRB during handover with or without QoS flow remapping. RAN2 has captured it in 38.300.

For RLC-AM bearers:
-
For in-sequence delivery and duplication avoidance, PDCP SN is maintained on a per DRB basis and the source gNB informs the target gNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet (either from source gNB or from the UPF).

-
For security synchronisation, HFN is also maintained and the source gNB provides to the target one reference HFN for the UL and one for the DL i.e. HFN and corresponding SN.

-
In both the UE and the target gNB, a window-based mechanism is used for duplication detection and reordering.

-
The occurrence of duplicates over the air interface in the target gNB is minimised by means of PDCP SN based reporting at the target gNB by the UE. In uplink, the reporting is optionally configured on a per DRB basis by the gNB and the UE should first start by transmitting those reports when granted resources are in the target gNB. In downlink, the gNB is free to decide when and for which bearers a report is sent and the UE does not wait for the report to resume uplink transmission.

-
The target gNB re-transmits and prioritizes all downlink data forwarded by the source gNB (i.e. the target gNB should first send all forwarded PDCP SDUs with PDCP SNs, then all forwarded downlink SDAP SDUs before sending new data from 5GC), excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the UE.

NOTE: 
Lossless delivery when a QoS flow is mapped to a different DRB at handover, requires the old DRB to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GCN before receiving the end marker on the old DRB from the UE.

As observed above, the target gNB may setup two kinds of tunnels for the RLC AM bearer to ensure the lossless handover, one for DRB tunnel, and another one for PDU session tunnel. 
Observation 1: For AM mode, two tunnels (i.e. PDU session level tunnel and DRB level tunnel) are setup for QoS flows mapped to the RLC-AM DRB

But the following is captured in 38.300 as well. 
-
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.

Then it comes the impression that if a DRB tunnel is setup, all fresh packets would be transmitted over the DRB tunnel whether or not the PDU session tunnel is setup. Hence this is different from the observation 1 above. 
The correct interpretation is that the target NG-RAN only establishes DRB tunnels for lossless handover (i.e. all the packets of the QoS flow are forwarded as PDCP SDUs via the DRB tunnels). Thus we suggest to modify the description.

Proposal 1: Modify the descriptions on the data forwarding in TS 38.300 
3   Conclusion
Based on the discussion in this paper, the proposals are:
Observation 1: For AM mode, two tunnels (i.e. PDU session level tunnel and DRB level tunnel) are setup for QoS flows mapped to the RLC-AM DRB

Proposal 2: Modify the descriptions on the data forwarding in TS 38.300 
The TP to 38.300 is provided in Section 5. 
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5   Annex – TP on 38.300
9.2.3.2.2
U-Plane Handling

The U-plane handling during the Intra-NR-Access mobility activity for UEs in RRC_CONNECTED takes the following principles into account to avoid data loss during HO:

-
During HO preparation U-plane tunnels can be established between the source gNB and the target gNB;

-
During HO execution, user data can be forwarded from the source gNB to the target gNB.

-
Forwarding should take place in order as long as packets are received at the source gNB from the UPF or the source gNB buffer has not been emptied.

-
During HO completion:

-
The target gNB sends a path switch request message to the AMF to inform that the UE has gained access and the AMF then triggers path switch related 5GC internal signalling and actual path switch of the source gNB to the target gNB in UPF;

-
The source gNB should continue forwarding data as long as packets are received at the source gNB from the UPF or the source gNB buffer has not been emptied.

For RLC-AM bearers:
-
For in-sequence delivery and duplication avoidance, PDCP SN is maintained on a per DRB basis and the source gNB informs the target gNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet (either from source gNB or from the UPF).

-
For security synchronisation, HFN is also maintained and the source gNB provides to the target one reference HFN for the UL and one for the DL i.e. HFN and corresponding SN.

-
In both the UE and the target gNB, a window-based mechanism is used for duplication detection and reordering.

-
The occurrence of duplicates over the air interface in the target gNB is minimised by means of PDCP SN based reporting at the target gNB by the UE. In uplink, the reporting is optionally configured on a per DRB basis by the gNB and the UE should first start by transmitting those reports when granted resources are in the target gNB. In downlink, the gNB is free to decide when and for which bearers a report is sent and the UE does not wait for the report to resume uplink transmission.

-
The target gNB re-transmits and prioritizes all downlink data forwarded by the source gNB (i.e. the target gNB should first send all forwarded PDCP SDUs with PDCP SNs before sending new data from 5GC), excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the UE.

NOTE:
Lossless delivery when a QoS flow is mapped to a different DRB at handover, requires the old DRB to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GCN before receiving the end marker on the old DRB from the UE.
-
The UE re-transmits in the target gNB all uplink PDCP SDUs starting from the oldest PDCP SDU that has not been acknowledged at RLC in the source, excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the target.

For RLC-UM bearers:

-
The PDCP SN and HFN are reset in the target gNB;

-
No PDCP SDUs are retransmitted in the target gNB;

-
The target gNB prioritises all downlink SDAP SDUs forwarded by the source gNB over the data from the core network; 

NOTE:
To minimise losses when a QoS flow is mapped to a different DRB at handover, the old DRB needs to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GCN before receiving the end marker on the old DRB from the UE.
-
The UE does not retransmit any PDCP SDU in the target cell for which transmission had been completed in the source cell.
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