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1 Introduction

The decision of the joint RAN2/RAN3/SA2 session in St. Louis to move the PDCP entity from aGW to the eNB has impacts on the U-plane handling during inter eNB handover and as a consequence previous RAN2 agreements have to be revisited. Prior to the last RAN2 meeting in Malta (RAN2#57bis) an e-mail discussion has taken place on these issues capturing possible solutions for the packet handling at handover under the new architecture. This contribution captures our preferred solution for Uplink and Downlink U-plane handling at inter-eNB handover. It should be noted that we assume, that RLC PDU SN is independent of the PDCP SN as discussed in [3].  

2 Discussion

2.1  Uplink data handling at handover

In previous RAN2 agreements, RLC was reset at inter-eNB handover in order to avoid the need to transfer RLC context from source eNB to target eNB. Since RLC context transfer is more complex compared to the resetting of RLC in our opinion, we prefer to keep this agreement and to reset RLC at relocation. 
Due to moving PDCP to eNB there is no possibility to reorder uplink packets in aGW based on some continuous sequence number (PDCP SN). Therefore in order to minimize the out-of-sequence delivery to higher layer, source eNB should only forward successfully received in-sequence PDCP SDUs to the aGW at handover.  This is new compared to the previous agreement where source eNB also forwarded correctly received out-of-sequence SDUs to aGW. In order to minimize the amount of retransmission of already correctly received PDCP SDUs in target cell, source eNB should forward the correctly received out-of sequence PDCP SDUs, i.e. deciphered and decompressed PDCP PDUs, with the associated Sequence numbers to target eNB. In that case UE only needs to retransmit the uplink PDCP SDUs that have not been successfully received by the source eNB prior to the handover. Basically the previous agreement for the UE behaviour is kept. In this solution the PDCP SN is maintained in the UE at handover. This allows target eNB to perform reordering and duplicate detection based on PDCP SN. 

It should be noted that there is a risk of out-of-sequence delivery to higher layer in case packets sent from target eNB to aGW after path switch are received before packets sent from source eNB over S1-U to aGW. However in our understanding of a well-managed transport network, the likelihood of such a situation is very low.   

For convenience, the functionality of the different nodes involved in the handover are listed below:

Source eNB

· forwards correctly received in-sequence PDCP SDU to aGW
· forwards corrently received out-of-sequence PDCP SDU together with associated PDCP SN to target eNB
Target eNB 

· performs reordering and duplicate detection based on PDCP SN
UE

· resets MAC/RLC layer at handover

· retransmits the uplink PDCP SDUs that have not been successfully received by the source eNB 
2.2 Downlink data handling at handover

In the previous RAN2 agreed solution for Downlink packet handling at handover in-sequence delivery was achieved by performing reordering at UE PDCP layer based on a continuous PDCP sequence number. In addition duplicate detection was done at the UE PDCP layer based on the PDCP SN. 
Since PDCP was moved from aGW to eNB, a continuous PDCP SN can be only achieved with extra complexity, e.g. transfer of context from source to target eNB during handover. Therefore solutions were presented which don’t require a continuous PDCP SN during the e-mail discussion [1]. However the drawback of these proposals is that out-of sequence delivery to higher layer might occur at inter-eNB handover. Even though Internet hosts should be generally able to cope with duplicates or out-of-sequence packets, the performance of traffic utilizing TCP protocol is for example degraded in the event of out-of-order packets. Therefore a solution should be adopted which minimizes out-of-sequence delivery if required complexity is not too high. Furthermore retransmissions of already acknowledged SDUs from target cell after handover should be also minimized as much as possible. 
Based on these assumptions, our preferred solution is source eNB forwards at handover all downlink PDCP SDUs that have not been acknowledged by the UE to the target eNB together with the associated sequence numbers. Basically the previous agreement on selective forwarding is kept in order to minimize the retransmission of already acknowledged SDUs by target cell. Target eNB performs reordering of PDCP SDUs forwarded over X2-U and PDCP SDUs received over S1-U. In order to support the reordering functionality in target eNB the introduction of S1/X2 sequence numbers were proposed in [2], even though this proposal is rather in the scope of RAN3. Alternatively a reordering approach based on timers in source respectively target eNB could be used. Basically the details on how reordering is done are FFS. 
Since out-of-sequence packets due to forwarding on X2-U is already addressed by target eNB, the UE PDCP layer needs to only reorder out-of sequence packets due to HARQ/ARQ. This simplifies the reordering functionality in the UE compared to the previous RAN2 agreement, where out-of-sequence caused by X2-U forwarding was also addressed by UE PDCP reordering. 

For convenience, the functionality of the different nodes involved in the handover are listed below:

Source eNB

· forwards not acknowledged PDCP SDUs together with associated sequence number to target eNB over X2-U.
Target eNB 

· performs reordering of forwarded PDCP SDUs on X2-U and PDCP SDUs received on S1-U
UE

· discards RLC PDUs of RLC SDUs not received correctly

· Delivers correctly received RLC SDUs to PDCP layer

· Performs reordering at PDCP layer

· Only out-of-sequence due to HARQ/ARQ is addressed by this reordering

· MAC/RLC is reset

3 Conclusion

Uplink and Downlink U-plane handling at inter-eNB handover is discussed in this contribution. We propose that RAN2 discusses and agrees on the presented solutions.
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