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1 Introduction

At RAN3#51bis, different sequence numbering schemes have been envisioned for lossless handovers. The requirement of duplication avoidance by UE or by network is first addressed, then an analysis of possible solutions to achieve duplication avoidance in the network is done together with the associated requirements on in-sequence delivery over S1 and X2 interfaces.
2 Description
Data forwarding from source enodeB has been selected at last RAN3 meeting for all intra-RAT handovers as follows:
1) At a given point of time before execution of Relocation, source eNodeB starts to duplicate packets and stores one copy locally and forwards the other copy to the target enodeB.
3) Target enodeB stores all forwarded packets arriving until Serving eNodeB operation is started.

4) When target eNodeB takes over the serving role, it starts to process the stored packets and send them to the UE.

4) Source eNodeB continues to forward any incoming packet until the buffer is emptied.
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Duplication avoidance

The associated call flow corresponding to intra-RAT lossless handover is reminded below:
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When the HO Response message arrives from the target eNodeB, the source eNodeB starts the forwarding and sends HO Command message to the UE.
An undetermined time occurs before the UE receives this order correctly and synchronize at target side.

Since the HO Command acknowledgment over the air (sent by the UE at source side) can be lost, the source eNodeB is never certain when the command has been well received by the UE and therefore must start the data forwarding immediately when receiving the HO response message.

However if the command is correctly received by the UE only after several repetition of the RLC, several ms can have elapsed during which at least one subsequent packet can be acknowledged at source side by the user plane of the UE. 
This packet, which has been forwarded to the target eNodeB, will be sent again to the UE by this target eNodeB.
The question arises whether target enodeB avoids duplication or whether it is let to the UE to do so.

For example, considering a SDU of length 1500 bytes=12 kbits and a cell edge throughput of 1 Mbs, this will lead to a waste of bandwidth and a waste of time of about 12 ms per SDU. This 12 ms is not negligible and could be considered added to the interruption time (since the normal awaited next SDU is waiting during this time in the buffer).

Therefore, duplication avoidance done by the network (target enodeB) can be seen as useful.

Sequence Numbering
In order to avoid this duplication, the UE could indicate when arriving at target side the list of well received packets since the last indication to source enodeB of well received in-order packets e.g. 

Forwarded PDCP packets: 29 ok, 30 ok, 31 ok, 32 nok, 33 ok, 34 nok, 35 ok
PDCP Packets well received by UE: 31 ok, 32 nok, 33 ok, 34 nok, 35 ok 
Two lossless mechanisms can be thought depending on whether PDCP numbers can be interpreted by eNodeB or whether RLC sequence numbers will be used:

Solution 1: only PDCP SN interpreted, no RLC sequence numbers

The list of sequence numbers sent by the UE is directly the list of PDCP sequence numbers.
The PDCP sequence numbers must be made visible to target enodeB and the target enodeB needs to interpret them and this can be seen as a protocol violation. But this results in simplicity:
In the example above, the target eNodeB discards the packets number 29 and 30 based on the PDCP SN list received by the UE.
No in-sequence delivery over S1 or X2 is used there.

Solution 2: RLC SN used and PDCP SN not interpreted 

If RLC sequence numbers are decided to be used by ran2 and the PDCP SN list is not visible by the eNodeB, then the list sent be the UE to the target enodeB can be a list of RLC SN (RLC sequence numbers of SDUs before segmentation).
Since PDCP numbers are not interpreted by the eNodeB, additional sequence numbers must be used over X2 interface for the forwarding e.g. GTP sequence numbers.

The target eNodeB then needs to map the list of packets forwarded over X2 identified with these GTP SN(s) onto the list of well received packets sent by the UE identified with RLC SN(s). 

Therefore the target eNodeB needs to learn from the source eNodeB the correspondence between GTP SN and RLC SN. This can be done for example like in UMTS release 6 by including this correspondence in the HO Request message earlier during the handover preparation phase. 
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Then, when the UE arrives at target side, from the following list of well received RLC SNs: 
RLC Packets well received by UE: 31 ok, 32 nok, 33 ok, 34 nok, 35 ok 

The target enodeB derives the following GTP SN list:
Corresponding GTP packets received over the forwarding tunnel: 102 ok, 103 nok, 104 ok, 105 nok, 106 ok. 

The target eNodeB can thus silently discard the packets received over X2 interface which have GTP SN equal to 100, 101, 102, 104 (corresponding to RLC SN 29, 30, 31, 33, 35) and send only the packets with GTP SN equal to 103 and 105.

No in-sequence delivery over S1 or X2 interface has been used there as well.

3 Conclusion

This paper has shown that regardless of the lossless numbering scheme retained between the enodeB and the UE (RLC SNs used or PDCP numbers directly used), solutions can be designed to ensure duplication avoidance by the network without using in-sequence delivery over S1 or X2 interface. 
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