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1 Introduction

In the last RAN3 meeting, issues on user data forwarding during inter-eNB HO were discussed and summarized in [1]. During the discussion, RAN3 has identified the following open issues for both DL and UL:
DL1) 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.

DL2) Is a timer based solution sufficient or should other means be provided in order for the target eNB to decide on when the last packet has arrived on X2.

DL3) Additional protocol support for reordering in the target eNB.

DL4) The forwarding scheme to be used for S1 initiated handovers
DL5) Could the PDCP protocol “stall” if a PDCP SDU with sequence number is lost during the forwarding on X2.
UL1) 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.

UL2) The forwarding scheme to be used for S1 initiated handovers
UL3) Is it sufficient to send only one SN to the target eNB or is a list of SN required?
Regarding DL5 and UL3, RAN3 has already sent the liaison to RAN2 to ask their opinions in [2]. In addition, UL1 and UL2 should be the same solution as DL1 and DL4, respectively. Therefore in this document, we discuss the issues from DL1 to DL4 and show our proposals on each open issue.
2 Discussion
DL1/UL1: 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 case that GTP SN carries PDCP SNs, GTP SN cannot be used for another purpose, e.g. packet loss detection on S1/X2 link. Therefore we think GTP extension header would be preferable to convey PDCP SNs of forwarded SDUs in both UL and DL.
DL2: Is a timer based solution sufficient or should other means be provided in order for the target eNB to decide on when the last packet has arrived on X2
DL3: Additional protocol support for reordering in the target eNB

We think DL2 needs to be considered together with DL3, i.e. Necessity of additional protocol support for reordering in the target eNB. Currently, possible solutions have been identified as follows [1]:
Alt. 1) timer based
Alt. 2) Usage of GTP SN
Alt. 3) marking of the last packet or One or several specific “end marker” packets
First, we discuss if a timer based solution is sufficient. We assume that in Alt. 1) the target eNB starts timer when PATH SWITCH REQUEST ACKNOWLEDGE is received from an MME.
In TR 25.912 v720 (13.6.2 Assessment on U-plane interruption time during handover), X2 forwarding delay is estimated as 5ms and in R3.018 v090 (6.18.1.4 U-plane forwarding delay), S1 interface delay as 4ms, respectively. Based on those assumptions on X2 forwarding and S1 interface delay, we could set the timer value as e.g. 10ms. If the timer has been expired, the target eNB simply discards the packets received from the source eNB. In addition, the timer value could be set based on QoS requirement per SAE bearer.
Hence we think Alt. 1), i.e. timer based solution, is sufficient for last packet detection. And reordering shall be performed by the same timer at the target eNB and thus additional protocol support for reordering in the target eNB is not necessary. We think reordering is beneficial as it reduce UE PDCP reordering process.
Even in Alt. 2) or 3), a timer will be necessary for packet loss detection on old S1 or X2. But Alt. 2) or 3) can reduce the HO interruption time caused by timer expiration at the target eNB. Hence, Alt. 2) or 3) can be considered as the optimisation of Alt. 1). If the timer value in Alt. 1) is too larger, optimisation might be useful. We think the timer value in Alt. 1) could be small enough and thus optimisation is not necessary. 

DL4/UL2: The forwarding scheme to be used for S1 initiated handovers
As already analyzed in [5], it is technically possible to apply the same forwarding and PDCP SN handling principles in the S1 initiated HO as in the X2 initiated HO.

On the other hand, the following principle is agreed to E-UTRAN Inter RAT HO design in section 10.2.2 of [6]:
· Similar handover procedure should apply for both Inter RAT Handover and intra-LTE Handover with EPC node change.
Currently it seems that PDCP contexts are not forwarded during Inter RAT HO and an RNC can’t handle selectively forwarded PDCP SDUs by the LTE eNB. Therefore it is expected that cumulative forwarding and PDCP SN reset would be adopted for Inter RAT HO. 
Considering the similarity to Inter RAT handover, cumulative forwarding should be used for S1 initiated HO.

On the other hand, radio resource utilisation might be reduced due to cumulative forwarding and UE might need to distinguish between X2 based handover and S1 based handover if PDCP SN is reset. 
From RAN3 perspective, we think cumulative forwarding and PDCP SN reset for S1 initiated HO might be enough. However, RAN3 should ask RAN2 about radio resource inefficiency due to cumulative forwarding and impact on UE complexity due to PDCP SN reset for final decision.
3 Conclusion
In this document, we discussed the issues on user data forwarding during inter-eNB HO for both UL and DL.

It is proposed RAN3 agrees the following proposals on each open issue.
DL1/UL1: 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
Proposal: PDCP SN of the forwarded SDUs should be carried in “PDCP PDU number” field of the GTP extension header

DL2: Is a timer based solution sufficient or should other means be provided in order for the target eNB to decide on when the last packet has arrived on X2
DL3: Additional protocol support for reordering in the target eNB
Proposal: Timer based solution is sufficient for last packet detection. And reordering shall be performed by the same timer at the target eNB and thus additional protocol support for reordering in the target eNB is not necessary.
DL4/UL2: The forwarding scheme to be used for S1 initiated handovers
Proposal: From RAN3 perspective, cumulative forwarding and PDCP SN reset for S1 initiated HO might be enough. RAN3 should ask RAN2 about radio resource inefficiency due to cumulative forwarding and impact on UE complexity due to PDCP SN reset for final decision.
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