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1 Introduction

The selective retransmission method has been accepted by RAN2 both for the downlink and for the uplink as the solution for handling the user plane at intra-LTE mobility. This means that only those PDCP SDUs are retransmitted in the target cell that have not been fully acknowledged on the lower layers in the source cell. This means that any SDUs received out of sequence in the source cell (i.e., with gaps in the PDCP SN) needs to be reordered with the retransmitted SDUs in the target cell.
Regarding the handling of uplink packets, it was agreed in RAN2 that the source eNB shall deliver PDCP SDUs received in-sequence to the EPC, while PDCP SDUs received out-of-sequence shall be forwarded together with their associated PDCP SN to the target eNB for re-ordering.

In this contribution we discuss the necessary means required on the X2 interface in order to support the forwarding of uplink SDUs together with their PDCP SN. The principles of forwarding and the transfer of the PDCP SN during forwarding are basically the same as in the downlink, which is discussed in [1].
2 Uplink data forwarding
The forwarding process for the uplink data is illustrated in Figure 1 via an example. The figure shows the receiver status in the source eNodeB and the transmitter status in the UE at the time when the handover occurs. The receiver and the transmitter windows include the segments of the PDCP SDUs that are currently under transmission on the radio link. The green colored SDU segments in the receiver window are those that have been successfully received by the receiver (source eNodeB), while the green colored SDUs in the transmitter indicate those segments for which a positive acknowledgement has been received from the receiver. Obviously, the receiver and the transmitter status may differ at any point in time due to the delay of the ACK/NACK status feedback and also due to potential errors in the reception of the ACK/NACK feedback, hence the difference in the example as well.
When a handover occurs the source eNodeB shall deliver any in-sequence received PDCP SDUs toward the serving GW and at the same time forward the out of sequence received SDUs to the target eNodeB. In this example SDU#4 and #6 have been correctly received by the source eNodeB, while for SDU#5 one segment is still missing. Therefore, the eNodeB delivers the in-sequence received SDU#4 toward the GW and forwards SDU#6 to the target eNodeB, where it will be reordered with SDU#5 after SDU#5 is retransmitted from the UE.
We note that according to the RAN2 decision, an UL status report is sent from the target eNodeB to the UE, which indicates the missing SDUs that the UE needs to resend. By sending a status report it can be avoided that the UE retransmits some SDUs unnecessarily, i.e., SDUs which have been received by the source but for which the ACK could not reach the UE before the handover (SDU#4 and #6 in the example). This requires an UL status transfer from the source to the target eNodeB on the X2 interface as indicated in the figure as well. The details of the UL status transfer on X2 are discussed in [2].
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Figure 1: Forwarding of UL data with PDCP SN attached
Method to forward UL PDCP SDUs
In order to be able to transfer any out of sequence received uplink PDCP SDUs from the source eNodeB to the target eNodeB there needs to be a tunnel established for the uplink data forwarding, similarly as for the downlink data forwarding between the two eNodeBs for each SAE bearer for which data forwarding is applied. The UL forwarding tunnel can be established at the same step when the DL forwarding tunnel is established during the handover preparation. 
The source eNodeB shall forward any out of sequence received PDCP SDUs over the respective forwarding tunnel for UL data and shall transfer the PDCP SN of the corresponding SDUs in the “PDCP PDU number” field of the GTP extension header. 

Handling of UL data in the S1 handover case
The forwarding of UL data shall be applicable only for the X2 based intra-LTE handover. For the S1 based handover the cumulative retransmission of SDUs should be applied from the UE instead of the selective retransmission and the PDCP SN can be restarted in the target eNodeB. In our example this means that the UE retransmits SDU#4, #5 and #6. 
We note that the retransmission of SDU#4 and thereby the duplicate delivery of SDU#4 could be saved if an UL status report were sent from the target eNodeB to the UE. However, such a status report is not proposed to be introduced for the S1 handover case due to similar reasons why the PDCP SN status transfer is omitted for the downlink, see also [1]. The main reasons are complexity (new S1 messages are needed) versus the limited gain in radio efficiency, as S1 handovers occur rarely, moreover, out of sequence reception of SDUs may be rare in itself. The more detailed discussion on the UL receiver status transfer can be found in [2].
Finally, note that the source eNodeB releases the in-sequence received SDUs toward the GW (i.e., SDU#4 in the example), similarly as in the X2-based handover case. 
3 Conclusion

We ask RAN3 to discuss the uplink PDCP SDU forwarding in the intra-LTE handover case and agree on the following principles proposed in this contribution and on the corresponding CRs to 36.300 [3]: 
· The source eNodeB shall forward any out of sequence received PDCP SDU together with its respective PDCP SN to the target eNodeB during an X2 based intra-LTE handover. The PDCP SN of the forwarded SDUs shall be carried in the “PDCP PDU number” field of the GTP extension header.
· A separate tunnel shall be established for the forwarding of uplink data, similarly as for the forwarding of downlink data from the source to the target eNodeB for each SAE bearer for which data forwarding is applied.
· In case of an S1 based intra-LTE handover no forwarding of uplink data shall be applied. Instead, the UE shall cumulatively retransmit not acknowledged SDUs in the target cell. Finally, it is noted that RAN3 should inform RAN2 about the assumption made on the cumulative retransmission of SDUs from the UE in the S1 handover case.
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