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1．Introduction
The UL user data forwarding during handover was discussed in RAN3 #57 meeting. Some agreements were achieved. And several open issues are still left [1].

This contribution discusses the open issues on UL data forwarding during handover.

2．Discussion
Each open issue is envisaged below:
· Is it sufficient to send only one SN to the target eNB or is a list of SN required?
To UL data forwarding scheme based on X2-HO, if the source eNB sends only one SN to the target eNB, the target eNB should decide the others SNs of the SDUs which UE should retransmits to the target eNB. The target eNB don’t know the all SNs of the Status Report until all forwarding SDUs arriving. For example SDU#3 and #5 and #7 have been correctly received by the source eNB, while for SDU#4 and #6 are still missing. Therefore, the eNB delivers the in-sequence received SDU#3 toward the S-GW and forwards SDU#5 and #7 to the target eNB, where it will be reordered with SDU#4 and #6 after SDU#4 and #6 are retransmitted from the UE. If the source eNB send only the SN #4 to the target eNB, the target eNB don’t know the SDU 6# should be retransmitted from UE until the forwarding SDU 5# and 7# arrived.

So if the source eNB sends only one SN to the target eNB, it will delay the target eNB sending the Status Report to UE, and adding the process of the target eNB decision.
But if the source eNB sends a list of SN to the target eNB, the target eNB can directly send the Status Report to UE immediately, not waiting the all forwarding data arriving, and then the latency can be minimized.
· Shall the PDCP SN of the forwarded SDUs be carried in the “PDCP PDU number” field of the GTP extension header or as a GTP SN.

 In order for the consistency with DL data forwarding procedure, the PDCP SN shall be carried in the “PDCP PDU number” field of the GTP extension header. Detail analysis can refer to the TDoC R3-071941 [2]
· The forwarding scheme to be used for S1 initiated handovers
Compared to UL data forwarding for X2-HO, the difference between the UL data forwarding for S1-HO and X2 is: for X2-HO, the forwarding tunnel between source eNB and target eNB is the direct tunnel, but for S1-HO, the forwarding may have two modes, direct or indirect. If the indirect mode is applied, the tunnel will be partitioned to two or more parts for one service bearer. It is complex since the S-GW would be required to handle GTP extension headers (carrying the PDCP SN of the forwarded SDU) and copy the extension header from one GTP tunnel to the other during data forwarding. 
There are also some differences between DL and UL in-sequence data transmission. For DL data transmission, if in-sequence data arrive at source eNB after HO command from S-GW, the Source eNB can not sent to the UE and have to forward them to target eNB. But for UL data transmission, the in-sequence data received at source eNB have been delivered to S-GW, which means the requirements of UL forwarding is not urgent as DL forwarding. Moreover, since the out of sequence received data may be a rare case for UL data, it is worth making UE retransmit all the data to the target eNB and avoid to establish the UL forwarding tunnel when the out of sequence received data occurring.
Based on above analysis, it is proposed that no user data forwarding is needed for the UL user data handling for S1 based handover.

The detail solution for the UL user data handling in S1 handover is depicted as following: An additional S1 AP message will be used to convey the UL PDCP SN(s) to the target eNB. These conveyed UL PDCP SN(s) imply which PDCP SDUs have been received successfully by the source eNB. When S1 handover occurs the source eNB shall deliver any in-sequence received PDCP SDUs toward the S-GW and discard the out of sequence received SDUs. For example, illustrating in bellow figure 1，SDU#4 and #6 have been correctly received by the source eNB, while SDU#5 is missing. Therefore, the eNB delivers SDU#4 toward the S-GW and discard the SDU#6, and the last PDCP SN (#4 in the example) toward the S-GW shall be send to the target eNB in the S1 AP message, the target eNB send the status report to the UE, then the UE knows to send SDU #5,#6,….to the target eNB after received the status report. It maybe make UE retransmit the SDU #6, but avoid to establish the UL GTP tunnel for forwarding.
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Figure 1: Forwarding of UL data 
3．Conclusion and Proposal
Based on above analysis, it is proposed that: 
· For X2 handover, a list of PDCP SNs should be transferred to the target eNB by X2-AP message. 
· The PDCP SN of the forwarded SDUs shall be carried in the “PDCP PDU number” field of the GTP extension header.
· For S1 handover, the source eNB shall deliver any in-sequence received PDCP SDUs towards the S-GW and  discard the out of sequence received SDUs, and send the PDCP SN which the last SN toward S-GW to the target ENB.
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