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1 Introduction
In the last meetings, the end marker handling in intra system and inter system were discussed. 
I) Data forwarding tunnels:
For Case 1, i.e. intra-system handover

No questions to address (views are aligned)

For Case 2, i.e. inter-system handover (5G => 4G)

Should tunnel from Src-RAN to UPF be per PDU session (i.e. keep status quo) or per E-RAB (i.e. allows E2E E-RAB forwarding tunnel)?

For Case 3, i.e. inter-system handover (4G => 5G)

Should tunnel from UPF to Tgt-RAN be per PDU session (i.e. keep status quo) or per E-RAB (i.e. allows E2E E-RAB forwarding tunnel)?

NOTE: For both solutions, UPF needs to add NG-U header

II) End marker handling (for data forwarding tunnels)

For data forwarding over PDU session tunnels, should end marker packets be sent per tunnel or per QoS flow?
To be continued…
In this contribution, we further analyses the issues of forwarding tunnels and end marker handling for intra system and inter system handover.

2 Discussion
2.1 Intra system handover

All the companies think end marker per PDU session tunnel from the UPF to the source gNB is enough. The end marker between the source gNB and the target gNB is still FFS. There are two options:
-
Option 1: End marker per QoS flow;

-
Option 2: End marker per PDU session tunnel.

Compared with option 1, some companies[1] think option 2 brings data transmission delay for some specific QoS flow. However, we think the delay could be very small. As soon as the source gNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the sending of Handover command to UE, the data forwarding should be initiated. But the UPF sends one or more end marker per PDU session tunnel only after receiving the Path Switch Request. We think the remaining data that the source gNB need to forward is to be very small when the source gNB receives the end marker from UPF since most of data already is forwarded to target before receiving end maker. In addition, the number of QoS flow in one PDU session is up to 64. If the source gNB generates the end marker per QoS flow, source gNB will generate many end markers. It will increase the overload of Xn.

Proposal 1 For intra system handover, the source gNB forwards the end marker packets received from the UPF towards the target gNB over the PDU session tunnel.

2.2 Handover from 5GS to EPC 

There are two options for the data forwarding tunnels between UPF and the source gNB:

-
Option 1: per PDU session tunnel
-
Option 2: per E-RAB tunnel
For each PDU session, one E-RAB ID may be assigned to more than one QoS Flows. If one tunnel per E-RAB is established for data forwarding between the UPF and the source gNB, the source gNB needs to forward the QoS flow data over the E-RAB tunnel according to the mapping between QoS flow ID and E-RAB ID. This increases the necessary processing in the source gNB. So we think one tunnel per PDU session is established for data forwarding between UPF and the source gNB.

Proposal 2 For inter system handover from 5GS to EPS, per PDU session tunnel is established for data forwarding between the UPF and the source gNB.

There are two options for the end marker from the source gNB to the UPF:

-
Option 1: End marker per QoS flow if PDU session tunnel is established

-
Option 2: End marker per E-RAB if E-RAB tunnel is established

As proposed in the above, we think one tunnel per PDU session is established between the UPF and the source gNB. In addition, we think end marker per PDU session tunnel is enough. We do not see there is a big gain to have end marker per QoS flow but it increases much complexity. we think the mechanism of end marker in inter system shall be the same with the mechanism in intra system handover. So the behavior of source gNB is identical in intra system handover and inter system handover. 

Proposal 3 For inter system handover from 5GS to EPS, the source gNB forwards the end marker packets received from the UPF towards the UPF over the PDU session tunnel.

2.3 Handover from EPS to 5GS
All the companies think the tunnels for data forwarding from the source eNB to the GW and from GW to the UPF are E-RAB tunnels. The tunnels for data forwarding from UPF to the target gNB are still FFS. There are  two options for the data forwarding tunnel and end marker between UPF and the target gNB.

-
Option 1: per PDU session

-
Option 2: per E-RAB

Firstly, for each PDU session, one E-RAB ID may be assigned to more than one QoS Flow. Even if one tunnel per E-RAB is established for data forwarding between the UPF and the target gNB, the target gNB still only transmits the fresh data from UPF after receiving all the end marker from all the E-RAB data forwarding tunnels. So we think there is no need to establish the E-RAB tunnel between the UPF and the target gNB. 

Secondly, we think the tunnel mechanism in inter system handover shall be the same with the mechanism in intra system handover in order to simplify the dealing of the UPF and the target gNB.
Proposal 4 For inter system handover from EPS to 5GS, per PDU session tunnel is established for data forwarding between UPF and the target gNB.

Firstly, all the companies think the end marker per PDU session tunnel from the source eNB to the UPF is enough. And the source eNB can initiated the data forwarding before receiving the end marker. The remaining data that the source eNB needs to forward is little when the source eNB receives the end marker from GW. So we think the benefit of generating the end marker per QoS flow is limited.  

Secondly, we think the mechanism of end marker in inter system shall be the same with the mechanism in intra system handover. So the behavior of the target gNB is identical in intra system handover and inter system handover. 

Proposal 5 For inter system handover from EPS to 5GS, the UPF generates the end marker per PDU session tunnel and transmits the end marker over the PDU session tunnel to the target gNB.

3 Conclusion
In this paper, we discussed the data forwarding tunnel and end maker issue, and we propose:

Proposal 6 For intra system handover, the source gNB forwards the end marker packets received from the UPF towards the target gNB over the PDU session tunnel.

Proposal 7 For inter system handover from 5GS to EPS, per PDU session tunnel is established for data forwarding between the UPF and the source gNB.

Proposal 8 For inter system handover from 5GS to EPS, the source gNB forwards the end marker packets received from the UPF towards the UPF over the PDU session tunnel.

Proposal 9 For inter system handover from EPS to 5GS, per PDU session tunnel is established for data forwarding between UPF and the target gNB.

Proposal 10 For inter system handover from EPS to 5GS, the UPF generates the end marker per PDU session tunnel and transmits the end marker over the PDU session tunnel to the target gNB.
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