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1 Introduction

One of the remaining issues of data forwarding is the reordering solution.
It has been clarified that the timer-based solution is a pre-requisite in implementations. A defense timer will anyway be needed in the target eNB to cover failure cases. 
This timer could however lead to big interruption time if it were used alone and a standards optimisation is necessary (see Alcatel-Luent RAN3#57bis tdoc R3-1873).

That is why the “timer only solution” was already agreed to be ruled out at RAN3#57bis in Sophia Antipolis.

The real question is therefore now to select the method to optimize this proprietary timer solution by standardizing another more efficient solution applicable in all nominal scenarios.

2 Description of the optimization solutions
There are three re-ordering optimization solutions candidate for standardization: 

· the GTP-PDCP SN offset-based solution where the re-ordering effort is supported by the UE,
· the full GTP-based solution with re-ordering done in target eNB based on the GTP numbers over both X2 and S1,
· the in-band solution with re-ordering done in the target eNB based on the reception of the special packets.
Solution 1: GTP-PDCP SN offset solution

In this solution the source-eNB informs the Target-eNB about the offset between GTP-U SN and PDCP SN before the HO command is sent to the UE.
Based on this information, the target eNB can determine for the packets coming from the new S1 with a GTP-SN what is their corresponding PDCP-SN. The target eNB can then forward them to the UE as soon as received with the correct PDCP SN together with the forwarded packets arriving from X2.
Since all these packets are received by the UE with a valid PDCP SN, the UE can perform a full reordering.  
Solution 2: GTP-based reordering solution
In this solution, GTP numbering is needed and used over both S1 and X2 interfaces. 
The fresh packets received over old S1 are forwarded over X2 with continuity in the GTP sequence numbering.
Based on this GTP SN information, the target eNB can determine between packets arriving from X2 and packets arriving from new S1 which ones had been sent originally in first and thus it can reorder. 

Solution 3: In-band solution
When receiving the path switch order, the ASGW sends three special packets just after the last “regular packet” if any to be sent. These three special packets are forwarded over X2 by the source eNB to the target eNB to signal the end of forwarding. The target eNB buffers any packet coming over the new S1 and forwards to the UE only the packets coming from X2 until receiving the three special packets. Afterwards it starts sending to the UE the buffered packets from the new S1. Most of the re-ordering effort is thus done in the target eNB and the UE just needs to do a normal reordering like when not involved in handovers. 
3 Comparison of the solutions

The following comparison can be drawn: 
Drawbacks of the solution 1 (GTP-PDCP SN offset-based solution):
· mandates the support of GTP SN over S1 by both ASGW and eNB nodes,

· gives an extra permanent overhead over S1 due to the use of the GTP SN. Indeed, since it is not known when a handover will take place, the GTP SN must be switched on all the time over S1, giving some overhead over S1 even for the vast majority of time when no handover is ongoing,
· greater UE complexity: even if the PDCP in UE is designed to reorder (loss of one packet or different transmit time due to HARQ process), the full reordering proposed with this solution is different. The PDCP window to be supported would be much wider and the reordering effort higher,

· packet discarding in the source eNB after the handover preparation may harm the handover performance by changing the GTP-PDCP offset,

· the solution doesn’t work for S1-based handovers: the solution is based on a consistent GTP numbering between source side and target side which cannot be ensured in case of S1-based handovers with change of S-GTW as it was explained by SA2.   

Drawbacks of the solution 2 (full GTP-based solution):

· mandates the support of GTP SN by both ASGW and eNB nodes over both S1 and X2 interfaces,

· gives an extra permanent overhead over S1due to the use of the GTP SN. Indeed, since it is not known when a handover will take place, the GTP SN must be switched on all the time over S1, giving some overhead over S1 even for the vast majority of time when no handover is ongoing. 
· More bandwidth consumption over X2 due to the GTP SN overhead over X2 which is bandwidth critical,
· the solution doesn’t work for S1-based handovers: the solution is based on a consistent GTP numbering between source side and target side which cannot be ensured in case of S1-based handovers with change of S-GTW as it was explained by SA2.   

Drawbacks solution 3 (in-band solution):
· GTP must be enhanced with a special packet i.e. a new GTP-U control packet. However such packets already exist in TS29.060,
4 Conclusion

This paper has compared the three candidate solutions and shown that the in-band solution presents fewer drawbacks and could also be easily reused for the S1-based handover scenario. This should be the selected approach. 
The email discussion between RAN3#57bis and RAN3#58 has already led to an agreement to have protocol means specified to aid the target eNB to decide on when forwarding of packets over X2 is finished. A Working assumption has also already been taken for the special packets solution (see R3-072017).
It is therefore proposed now to turn the current Working Assumption for the in-band solution into a final agreement. 







































































































































































































































































































































