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Abstract of the contribution: This paper is to discuss the End Marker support during intra-EUTRAN handover procedure. It proposes to support End Marker in intra EUTRAN handover procedure even with the Serving GW change, which can be fulfilled by End Marker sent from the PGW.
1. Discussion

During the UE handover procedure, the data path at the RAN side shall be switched from the source eNodeB to the target eNodeB. To avoid data loss, all the unconfirmed downlink data sent to the source eNodeB during handover shall be forwarded to the target eNodeB. As downlink packets on the forwarding path and on the new direct path may arrive interchanged at the target eNodeB, it is agreed that the target eNodeB should first deliver all forwarded packets to the UE before delivering any of the packets received on the new direct path. The target eNodeB acknowledges the completion of the path switch by receiving an end marker packet sent from the Serving GW. 

Yet current end marker mechanism only guarantees the delivery order during an intra Serving GW path switch. While during an inter eNodeB handover with Serving GW change, the downlink packets on the forwarding path and on the new direct path may also arrived interchanged. This has the following two scenarios for direct forwarding and indirect forwarding respectively:
1) X2 interface exists between Source eNodeB and Target eNodeB when an inter eNodeB handover procedure with SGW change occurs
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Figure 1:  Downlink data forwarding with X2 interface between eNodeBs

This way direct data forwarding is supported from Source eNodeB to Target eNodeB. As the SGW has been changed, the path switch anchor is the PGW. This may increase the possibility of packet disorder as the switched path is a little longer than the handover without SGW change.
From the target eNodeB point of view, the path with the (target) SGW is always a new path for this UE regardless the intra EUTRAN handover is with or without SGW change. Therefore it is believed to be necessary to use end marker in this scenario to align the reordering behavior of the eNodeB during an intra-EUTRAN handover. As long as the end marker is used for SGW change scenario, the PGW shall be the node to send the end marker packets as it is the path switch anchor.
2) No X2 interface between S-eNodeB and T-eNodeB when an inter eNodeB handover procedure with SGW change occurs
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Figure 2:  Downlink data forwarding without X2 interface between eNodeBs

In this scenario data shall be forwarded on the indirect forwarding path. The path switch anchor in this scenario is also the PGW. As the packet disorder induced by the data forwarding still exists, the end maker shall be considered necessary for this scenario as well. 

Yet for this scenario, the indirect forwarding path and the new path both contains the target SGW to the target eNodeB part. The target eNodeB receives data from both paths through the same tunnel if the two path shares the same GTP tunnel for this part. Therefore, end marker packets shall be terminated at the target SGW if no dedicated indirect forwarding tunnels from target Serving GW to target eNodeB.
To conclude the analysis above, it is believed that the end marker packets shall also apply for intra EUTRAN handover scenario with Serving GW change. In such case, the PGW can be the entity to initiate the end marker packets. In case of PMIP based S5/S8 interfaces between the PGW and the SGW, the PGW shall send one end marker packet to SGW to indicate the path switch for all the tunnels for the given UE. Then the SGW can generate the GTP end marker packet for each tunnel upon receiving that PMIP end marker packet.
For Inter RAT handover scenario within R8 system, whether the above analysis also applies shall depend on the version of GTP protocol supported by the R8 RNC. If R8 RNC supports GTPv2, the end marker can also applies to Inter RAT handover scenarios.
2. Conclusion

It is proposed to update 23.401 with end marker support for the two Intra-EUTRAN handover procedures with SGW change. 
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