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1   Introduction
In the last RAN2# 97bis meeting, the Lossless during intra-NR Handover was discussed [1]. In this contribution, some further analysis on data forwarding in handover without QoS flow to DRB remapping will be provided.
2   Discussion

2.1 Background
In the RAN2# 97bis meeting, the lossless intra HO was discussed and agreements was reached.
Agreements:

1 For intra NR mobility, when “Lossless HO”, that is lossless, in sequence without duplication to upper layers, can be accomplished by the target using the same DRB configuration and QoS flow to DRB mapping as the source. 

2 FFS Whether anything more is needed in Rel-15 to support flow remapping at handover. Will be concluded after flow remapping not at handover is concluded.

3 
HO with full configuration shall be supported
The data forwarding mechanism is used to support the lossless of E-RAB in LTE handover procedure. In NR, the “Lossless HO” can be accomplished by data forwarding mechanism of NR in the same way. In this section, some analysis about the data forwarding in LTE will be provided.
· Data forwarding in LTE

In LTE, for RLC-AM E-RABs, the source eNB will forward all downlink PDCP SDUs with their SN that have not been acknowledged by the UE to target eNB and forward the uplink PDCP SDUs received out of sequence to target eNB if the source eNB has accepted the uplink forwarding request from the target eNB during the Handover Preparation procedure. The target eNB re-transmits all downlink PDCP SDUs forwarded by the source eNB with the exception of PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the UE. The UE re-transmits in the target eNB all uplink PDCP SDUs starting from the first PDCP SDU following the last consecutively confirmed PDCP SDU or based on PDCP status report from target eNB. In summary, the lossless and in sequence without duplication transmission during LTE handover will be guaranteed by means of the continuity of PDCP SN.
In NR, the QoS flow based frame work is introduced and the RAN determines the QoS flow to DRB mapping. The data forwarding mechanism in LTE needs to be enhanced to accomplish the lossless HO in NR via the target using the same DRB configuration and QoS flow to DRB mapping as the source.
2.2 Data Forwarding in NR HO
2.2.1 Buffered Data in PDCP
In the case of  QoS flow to DRB mapping is not changed during the handover, the PDCP SDUs coming from the QoS flows mapped to one DRB can be regarded as the PDCP SDUs of E-RAB in LTE, in the same way, the data forwarding mechanism in LTE can be reused in NR to guarantee the lossless of HO. Consequently, the buffered PDCP SDUs should be forwarded to target gNB. Similar to the data forwarding in LTE, the tunnel for the PDCP SDUs forwarding can be per DRB level as depicted in Figure1. The GTPU extension header of the forwarding tunnel should include the assigned PDCP SN. If the PDCP SDUs are forwarded in PDU session level as proposed in [2], the SDAP entities in target gNB will route the forwarded DL PDCP SDUs to the PDCP layer again which bring extra complexity, and in that solution the GTPU header shall include the QFI of the PDCP SDUs for the QoS flow to DRB mapping in target gNB, however, the QFI of PDCP SDUs will not be available if the SDAP header is not configured for the DRB. As a result, the DL buffered PDCP SDUs should be forwarded in DRB level as in LTE without introducing unnecessary complexity.
Proposal 1: The DL buffered PDCP SDUs should be forwarded in DRB level, i.e. a specific GTP-U tunnel should be setup per DRB during handover procedure for data forwarding of DL buffered PDCP SDUs.
data.
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Figure 1 Forward PDCP SDUs in DRB level

2.2.2 Buffered Data in SDAP
In NR, the SDAP entity is introduced for routing the packets of QoS flows to DRBs within the corresponding PDU session. During the handover procedure, the SDAP entity should buffer the fresh packets from NGC also as same as the PDCP entity buffers the PDCP SDUs, it is unnecessary for SDAP entity to continue to route the fresh packets to PDCP layer because these fresh packets anyway will be forwarded to target gNB. So during the handover preparation, the SADP entity should also freeze the transmission to lower layer. The SDAP header format has been discussed in RAN2 and no stable format is reached for now. For the DL format, it can contain the information for the reflective QoS and AS reflective mapping which should be decided by the RRM. The target gNB shall determine the SDAP header format according to its RRM. Therefore, the buffered data in SDAP entity should be the SDAP SDUs. When one QoS flow is rejected, these packets belonging to this QoS flow are not forwarded by the source node [3].
The SDAP entity is configured per PDU session and the NGU tunnel is configure per PDU session. The SDAP SDUs should be forwarded to the target gNB and the corresponding SDAP entity in target gNB will process the forwarded SDAP SDUs, e.g. generating the SDAP PDUs and routing the SDAP PDUs to DRBs. Consequently, the tunnel for the forwarding SDAP SDUs should be per PDU session level as depicted in Figure 2.
Proposal 2: The DL buffered SDAP SDUs should be forwarded in PDU session level, i.e. a specific GTP-U tunnel should be setup per PDU Session during handover procedure for data forwarding of DL buffered SDAP SDUs.
For the DL SDAP SDUs forwarded, the GTP-U header of the forwarding tunnel should include the QFI of SDAP SDUs for the QoS flow to DRB mapping, possible reflective QoS and reflective mapping in the target gNB. 
Proposal 3: The QFI and RQI (if any) of the forwarded DL SDAP SDU should be in the encapsulated header. 
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Figure 2 Forward SDAP SDUs in PDU session level
2.2.3 End Marker of Last PDU
During data forwarding, the target side needs to know the last DL data packet from source side. In LTE, ‘end marker’ is used. For DL PDCP SDU, the maximum PDCP SN can be regarded as the last PDCP SDU in the forwarding data. For DL SDAP SDU, the target gNB will send path switch request to NGC. The UPF will send one or more "end marker" packets on the old path immediately after switching the path. Then the UPF starts sending downlink packets to the Target RAN. The source gNB will forward the "end marker" packets to target gNB to assist the reordering function.
Proposal 4: For DL PDCP SDU, the maximum PDCP SN is used to mark the last PDCP SDU in the forwarding data.
Proposal 5: The end marker received from UPF is used to mark the last SDAP SDU in the forwarding data.
3   Conclusion
Based on the discussion in this paper, we propose the following:

Proposal 1: The DL buffered PDCP SDUs should be forwarded in DRB level, i.e. a specific GTP-U tunnel should be setup per DRB during handover procedure for data forwarding of DL buffered PDCP SDUs.

Proposal 2: The DL buffered SDAP SDUs should be forwarded in PDU session level, i.e. a specific GTP-U tunnel should be setup per PDU Session during handover procedure for data forwarding of DL buffered SDAP SDUs.
Proposal 3: The QFI and RQI (if any) of the forwarded DL SDAP SDU should be in the encapsulated header. 

Proposal 4: For DL PDCP SDU, the maximum PDCP SN is used to mark the last PDCP SDU in the forwarding data.
Proposal 5: The end marker received from UPF is used to mark the last SDAP SDU in the forwarding data.

The corresponding text proposal of stage 2 is provided in [4].
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