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1 Introduction

At the last RAN3#57 meeting a number of agreements have been reached and captured in [1] on the transfer of the PDCP Sequence Number (SN) of forwarded SDUs and also on the transfer of the transmitter/receiver PDCP SN status from the source to the target eNodeB during an X2 handover. The need for these functions between the eNodeBs is a necessary consequence of the selective SDU forwarding and retransmission mechanism at intra-LTE handover as selected by RAN2. However, the current RAN3 agreement on the PDCP SN transfer and on the status transfer applies only for the X2 handover case and the handling of the PDCP SN and the data forwarding for the S1 handovers are left FFS in [1]. 
In the current contribution we are investigating whether the same forwarding and PDCP SN handling mechanism as agreed for the X2 handover case shall be applied also for S1 handovers or the simpler, cumulative packet forwarding mechanism shall be applied in this case, which removes the need to transfer PDCP SN of forwarded SDUs and to transfer the PDCP SN status.
2 Selective vs. Cumulative Packet Forwarding
Although the details of selective and cumulative packet forwarding have been intensively discussed in RAN2 before, here we shortly revisit the two mechanisms in order to establish a common basis for the discussions in the rest of this paper.
The difference between the cumulative and selective retransmission and forwarding is illustrated in Figure 1 for the downlink as an example, assuming an S1 handover. Similar principles apply for the uplink direction as well. The figure shows the L2 buffer status of the SDUs that are currently under transmission on the radio interface.  In the example, red coloring is used for segments for which a NACK has been received or for which no ACK/NACK feedback has been received at all. Green coloring means positively acknowledged segments.
In case of selective forwarding the source eNB needs to forward only the not fully acknowledged and the not yet sent SDUs, while in case of cumulative forwarding the eNB needs to forward all the SDUs starting from the first non-acknowledged SDU. That is, in the example, SDU#5, which has been received at the UE out of sequence at the time of the handover, does not need to be forwarded and retransmitted in the selective forwarding case, while in case of cumulative forwarding it needs to be forwarded and retransmitted in the target cell.
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Figure 1: Selective and Cumulative packet forwarding, S1 HO case, showing DL only
It is a consequence of the selective forwarding method that the PDCP SN needs to be kept continuous during the handover and the SDUs that are subject to retransmission from the target eNB need to be retransmitted with the same PDCP SN in order the UE can properly reorder them with those received in the source cell. For this purpose, it has been accepted at the last RAN3 meeting to carry the PDCP SN of the forwarded SDUs in the GTP header and a new X2-AP message has been introduced to transfer the PDCP SN transmitter status from the source to the target eNB. Similar functions would need to be supported on S1 as well as illustrated in the figure in case the selected forwarding method is going to be used for S1 handovers. That is, new S1-AP messages would need to be introduced for carrying the transmitter/receiver status information toward the target eNodeB via the MME and the forwarded SDUs, which would be typically sent via the GW, would need to carry the PDCP SN.
Recall that in order to support selective retransmission also for the UL, similar mechanisms has to be introduced for the UL direction, i.e., the out of sequence received SDUs in the source cell has to be forwarded to the target cell and the PDCP SN of the forwarded SDUs and the UL PDCP SN receiver status have to be conveyed in a similar manner on the S1 interface.  
3 Evaluation of Forwarding Methods for S1 Handovers

In order to evaluate the two forwarding options for the S1 handover case one needs to assess the complexity aspects both from an S1 interface, EPC point of view (RAN3 view) and also from the radio interface protocols point of view (RAN2 view) and these aspects have to be weighted with the performance impacts.

From a complexity point of view we can identify the following advantages with using cumulative instead of selective forwarding for S1 handovers:
· There is no need to introduce two new S1-AP messages, which would be needed in the selective forwarding case 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. 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. That is, the target cell can safely retransmit all forwarded SDUs that it has received from the source cell, without the risk that any of these has been already received by the UE.
Regarding the potential drawbacks of using cumulative forwarding for the intra-LTE S1 handover case one may need to consider the following aspects:
· The forwarding and retransmission method would look different for the involved user plane radio interface protocol layers (i.e., PDCP) in the UE and in the eNB in case of an X2 and an S1 intra-LTE handover. 
In order to allow that the UE can execute the retransmissions differently depending on the handover type it would be enough to indicate in the HO Command whether PDCP should be restarted or continued (i.e., whether cumulative or selective retransmission applies), which means basically very little or no extra complexity. Note also that the cumulative forwarding would anyway need to be supported by the PDCP protocol for IRAT handovers and for cases when a status report is not available (note that the status report is optional according to RAN2) . 
· The use of cumulative instead of selective forwarding may result in some SDUs, received out of sequence at the source, being retransmitted from the target a second time and thereby using the radio interface duplicated. 
We note that the out of sequence reception of SDUs may be a rare case in itself and this is combined with the infrequent occurrence of S1 handovers makes the potential radio efficiency drawback of cumulative forwarding negligible.

· There might be SDU duplication to occur due to PDCP SN restart in case the HARQ/ARQ status is not up to date in the source at the time of the handover and the source forwards a packet that the UE has already received. 
One way to eliminate the likelihood of SDU duplication is by polling the UE for a reliable status report prior to handover execution. Moreover, as it has been said above, in LTE the status information at the source can be assumed to be accurate and up-to-date due to the ARQ loop delay being short enough. Therefore, the likelihood of such duplicates to occur is insignificant.
In summary, we believe that the additional complexity that would be imposed when applying the selective forwarding principle for S1 based handovers is hard to justify from a performance point of view. Therefore, we propose that neither PDCP SN status nor PDCP SN of forwarded SDUs should be transferred from source to target during S1 intra-LTE handovers, instead the cumulative forwarding method should be used. 
4 Conclusion

Based on the considerations of complexity and performance discussed in this contribution we propose to use cumulative SDU forwarding with PDCP restart for S1 intra-LTE handovers, which removes the need to introduce new S1-AP procedures for the transfer of PDCP SN transmitter/receiver status and does not require forwarding the SDUs with PDCP SN attached. Such a solution would also enable that the message sequence of the intra-LTE S1 handover procedure can be identical with that of the S1 IRAT handover procedure and it would also be better inline with the existing PS handover and SRNS relocation procedures, which are also using cumulative forwarding.
We ask RAN3 to agree on the corresponding text proposal to 36.300 as presented in [2].
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