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1   Introduction
In the last RAN2#97bis meeting, the lossless handover was discussed and some agreements were made as follows [1]

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. 

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.

2.
HO with full configuration shall be supported

There was a work assumption upon Xn HO data forwarding in the last RAN3 #97bis meeting [2].
	WA (for Xn HO):

A) PDCP PDUs (with SN assigned but not acked by UE)

-> per-DRB-level tunneling

B) “fresh data” from NG-U

-> per-PDU-session forwarding

C) PDCP SDUs without SN

-> FFS


The DRB level tunnel and PDU session tunnel are captured in 38.300 in the last RAN3 #AH201801. And the tunnel for the PDCP SDUs without SN is still FFS.

In this contribution, we provide further analysis on the handover procedures without and with QoS flow to DRB mapping change.
2   Discussion
2.1 Support of lossless HO without QoS flow remapping
In this case, the QoS flow to DRB mapping is not changed during the handover, those PDCP SDUs mapped to the old DRB at the source gNB may be transmitted over the DRB with the same DRB configuration/QoS flow to DRB mapping. 
It is agreed that there will be two level data forwarding tunnels in Xn Handover. So the PDCP SDUs without SN may be forwarded per DRB level or per PDU session level. If the PDCP SDUs without SN are forwarded in PDU session level, the SDAP entities in target gNB will route the forwarded PDCP SDUs without SN to the PDCP layer again which brings extra complexity, and 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 without SN should be forwarded in DRB level as in LTE without introducing unnecessary complexity.

Proposal 1: All the buffered PDCP SDUs in the source gNB should be forwarded to the target gNB per DRB level.
.
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Figure 1 Two level data forwarding during HO
At the target gNB, the PDCP entity will start to transmit new packets only after the transmission of the forwarded PDCP SDUs. Hence the target gNB should be aware of the end of the forwarded data per DRB level. The source gNB needs to indicate the end of the forwarding data to the target gNB.

Observation1: The source gNB should indicate the end of the forwarding data per DRB level to the target gNB.
The buffered data in PDCP entity consists of PDCP SDUs without SN and PDCP SDUs with SN. The PDCP entity can continue to assign the PDCP SN for all the PDCP SDUs in PDCP buffer because the new fresh data from UPF will be forwarded in the PDU session level and the SDAP entity should indicate the end of data transfer to PDCP. Therefore, we can consider that the maximum PDCP COUNT could be used to indicate the end of the forwarding data for DRB.
Proposal 2: The maximum PDCP COUNT can be regarded as the end of the forwarding data per DRB level.
For the data forwarding per PDU session level, the LTE end marker mechanism can be reused. The UPF will send one or more end marker packets to source gNB [3], and the source gNB will forward the received end markers to the target gNB to indicate the end of the forwarding data. Upon receiving this, the SDAP entity in target gNB will start to transmit the new packet received from UPF after those forwarded data from the source gNB are transmitted.
Proposal 3: The source gNB should forward the received end marker packets from UPF to target gNB per PDU session level tunnel.
2.2 Support of lossless HO with QoS flow remapping

In this case, during handover procedure QoS flow remapping may happen i.e., the DRB in source gNB and DRB in target DRB may contain different QoS flows.  
· The data forwarding between the source gNB and target gNB:
The data forwarding packets include the packets in PDCP buffer and new incoming packets (i.e. “fresh data” received in the source gNB). The data in PDCP buffer can be forwarded to the target gNB per DRB level. The new incoming packets can be forwarded to the target gNB per PDU session level. Hence the same data forwarding levels applied in handover without QoS flow remapping can be reused here.
Observation 2: The same data forwarding levels are used for both without QoS flow remapping and with QoS flow remapping.
· Packets transmission in target gNB:
· PDCP SDUs with SN: The forwarded PDCP SDUs with SN should be transmitted over the DRB with the same DRB configuration and QoS flow to DRB mapping. E.g., as depicted in Figure2, QoS flow 1 and QoS flow 2 transmitted over the DRB1 in source gNB could be transmitted over the DRB1 in the target gNB. This is similar to data forwarding in LTE which is per DRB level.
· SDAP SDUs: The forwarded new incoming packets could be routed to the new DRBs according to the QoS flow to DRB mapping determined by the target gNB. As depicted in Fig.1, the packets of QoS flow2 will be routed to DRB2 which is a new DRB in target gNB. The SDAP entity will further route the new fresh data from NGC to new DRBs determined by the target gNB as well.
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Figure 2 Enhanced data forwarding for flow remapping in DL
Observation 3: The SDAP entities in target gNB will route the forwarded new incoming packets and fresh data from UPF to the DRBs determined by the target gNB.
Proposal 4: In order to guarantee lossless HO with QoS flow remapping, those forwarded PDCP SDUs could be transmitted over the DRBs with the same DRB configuration and QoS flow to DRB mapping as source, and forwarded SDAP SDUs could be transmitted in the new DRBs determined by the target gNB.
2.3 SDAP configuration in HO
During the handover preparation procedure, the AS-Config IE about RRC configuration information in the source gNB will be transferred to the target gNB and can be utilized by target gNB to determine the need to change the RRC configuration. It is obvious that the AS-Config should include the SDAP configuration. Furthermore, the mapping relationship between QoS flows and DRBs in source gNB is beneficial to the lossless HO accomplishment, and the SDAP header presence configuration of DRBs in source gNB is necessary for the right ROHC operation in target gNB where the SDAP header presence is taken into account for the received forwarding PDCP SDUs.
Proposal 5: The AS-Config in Handover Preparation Information message should include the SDAP configuration. 
3   Conclusion
Based on the discussion in this paper, we propose the following:

Proposal 1: All the buffered PDCP SDUs in the source gNB should be forwarded to the target gNB per DRB level.
Observation 1: The source gNB should indicate the end of the forwarding data per DRB level to the target gNB.
Proposal 2: The maximum PDCP COUNT can be regarded as the end of the forwarding data per DRB level.
Proposal 3: The source gNB should forward the received end marker packets from UPF to target gNB per PDU session level tunnel.
Observation 2: The same data forwarding levels are used for both without QoS flow remapping and with QoS flow remapping.
Observation 3: The SDAP entities in target gNB will route the forwarded new incoming packets and fresh data from UPF to the DRBs determined by the target gNB.
Proposal 4: In order to guarantee lossless HO with QoS flow remapping, those forwarded PDCP SDUs could be transmitted over the DRBs with the same DRB configuration and QoS flow to DRB mapping as source, and forwarded SDAP SDUs could be transmitted in the new DRBs determined by the target gNB.

Proposal 5: The AS-Config in Handover Preparation Information message should include the SDAP configuration. 
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