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1 Introduction

At the last meeting RAN3 has disccussed the issue of user plane handling in case of S1 handovers and has reached a tentative consensus that cumulative forwarding with PDCP SN reset would be a suitable solution from a RAN3 point of view, unless RAN2 identifies some performance issues with such a solution. For this reason RAN3 has sent an LS to RAN2 asking for RAN2’s confirmation on the proposed user plane handling solution.
Although RAN3 needs to wait for the RAN2 response before it can make a decision on the final solution, we still believe that it would be useful to continue the discussion also in RAN3, while awaiting for the RAN2 response. In this contribution we reiterate the comparison and the evaluation of the selective and the cumulative user plane handling solutions in light of the discussion and the tentative agreement from the last RAN3#57-bis meeting.
2 Discussion of Current Agreements
The current agreements and open issues related to the user plane handling at handovers are captured in [1]. As stated in [1] there are a number of advantages of a cumulative user plane handling scheme from a RAN3 point of view, most importantly the possibility to fully align the intra-LTE S1 handover procedure and the IRAT handover procedure. Therefore RAN3 has favored the cumulative packet handling solution and already agreed to employ cumulative retransmission in the uplink direction. Whether the cumulative retransmission and forwarding should apply also for the downlink was left open, dependent on the RAN2 response.
We note, however, that it is hard to see any obvious reason why the cumulative forwarding would not be suitable and efficient enough for the downlink, once it has been accepted for the uplink. A hybrid solution with cumulative retransmission in the uplink and selective forwarding and retransmission in the downlink would be technically a strange mixed solution. Therefore we believe that the agreed cumulative retransmission for the uplink should imply that the same principle is used for the downlink as well. We see no reason why the user plane handling should be different in the uplink and the downlink directions. Moreover, adapting the cumulative retransmission only for the UL would prevent us to exploit the full complexity advantages of the cumulative scheme.
From a performance point of view the potential benefits of selective retransmission over cumulative retransmission is expected to be negligible, as it has been also shown by simulations in [2].
Now, conditional on the assumption that both UL and DL user plane handling is based on the cumulative retransmission principle, the only remaining issue would be whether the PDCP SN should be continuous or reset. Although, it is RAN2 competence to judge the potential impacts we can also point out that the only performance issue that can be foreseen with the PDCP SN reset is that duplication detection would not be possible. However, an SDU duplication might occur only in the rare case when the transmission of a whole SDU completes just prior to the start of the handover and the HARQ/ARQ status reports did not reach the sender before the UE leaves the cell. Since the delay of the HARQ/ARQ loop is quite short in LTE and it is also possible to poll for a reliable status report prior to the handover, the status at the transmitter can be considered accurate enough in most cases.
Moreover, even if such an SDU duplication occurs occasionally it would typically have no impact on the user plane application protocols, like TCP or RTP as these protocols can detect and filter out duplicates themselves. Note also that although one SDU duplication may result in a duplicated ACK sent from the TCP receiver to the sender, this will not trigger a retransmission and rate decrease at the sender (only a third duplicated ACK could trigger this).
If one would want to have guarantees to avoid such duplicates completely it would require to maintain continuous PDCP SN during the handover and to exchange the receiver status information between the UE and the target cell after the handover. Such a solution would again remove most of the complexity benefits of a cumulative forwarding solution, e.g., S1-AP status transfer procedure would be required, along with the transfer of PDCP SN with forwarded SDUs.
3 Advantages of Cumulative Packet Handling
We can identify the following advantages with using cumulative user plane handling with PDCP reset for S1 handovers:
· There is no need to introduce two new S1-AP messages, which would otherwise be needed to transfer the PDCP SN status via the MME, i.e., one message that is sent from the source eNB to the MME and another that is sent from the MME to the target eNB.
· There is no need to support the transfer of the PDCP SN of forwarded SDUs in the S1-UP tunneling. This also removes the need on the GW to handle GTP extension headers when it copies the forwarded packet from one tunnel to the other during forwarding via the GW.
· There is no need to support UL packet forwarding in the GW, since the cumulative packet handling in the uplink means that the UE retransmits all SDUs starting from the first non-ACK-ed SDU in the target cell. 
· The intra-LTE S1 HO and the IRAT HO procedures would be better inline in case cumulative forwarding is used for the intra-LTE S1 HO. This means that the message sequence of the two procedures and the UP forwarding solution would be the same in the two cases, which simplifies S1 procedures and EPC node functions. Note that in case of an IRAT HO the cumulative packet forwarding is the only feasible choice, since we cannot expect that the user plane radio interface protocols and the associated sequence numbers (i.e., PDCP SNs) will be the same or even compatible in the two systems.
· The current PS handover procedure used e.g., for the inter-system change between UTRAN and GERAN is also based on the cumulative forwarding and retransmission of SDUs (see 23.060 for more details). Likewise, the serving RNS relocation procedure in UTRAN also uses cumulative forwarding and retransmission with the additional possibility to exchange the next expected UL/DL PDCP SNs between the UE and the target SRNS after the relocation. 
We note that in case of LTE the need for such a status update of received SDUs between the UE and the eNodeB in the target cell is less important, as it has been explained above. The main reason is that the delay of the ARQ loop is significantly shorter in E-UTRAN than in UTRAN (due to the ARQ endpoint being located in the eNodeB instead of being in the RNC). Thereby the knowledge of the receiver status at the transmitter i.e., both in the UE and in the network at the source cell prior to the handover can be assumed to be accurate enough. 
4 Conclusion

In summary, we can conclude that the complexity advantages of a cumulative packet handling solution can be effectively exploited only in the case when the concept is applied both for the UL and the DL directions and it is combined with the restart of the PDCP SN.
If RAN2 also confirms that no performance issues can be seen with cumulative packet handling combined with PDCP restart, then we propose for RAN3 to adapt such a solution for S1 intra-LTE handovers.
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