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1. Introduction

The RAN3#57bis discussed the 2 alternatives for the re-ordering in data forwarding during X2 based handover. One is the last packet indication and the other one is the GTP-SN based. 

This document is to capture the alternative of using the GTP-SN with some variants for the Re-ordering in the DL Data Forwarding. 
2. GTP-SN based alternative 

2.1 agreement of GTP-SN based alternative
· The next PDCP SN the target should use when assigning PDCP SN to SDUs not yet having an SN will be provided via X2AP protocol means.
· Source eNB shall provide the PDCP SN for PDCP SDUs that have been processed already by the PDCP entity, and have not been already fully acknowledged on Uu by the UE.

· The target eNB may use the PDCP SN if they are available in the GTP-U packet on X2

· The source eNB shall stop assigning SNs and process SDUs once it has provided the next-to-be-assigned-SN-info to the target, consequently PDCP SDUs that are forwarded after that moment shall not contain any PDCP SN.

· Sequence number is added in the S1 GTP-U packet
· the CN node sets the GTP-U SN continuously during the whole handover
· an offset between PDCP SDU SN and GTP-U SN is used to set PDCP SDU SN in target eNB.
2.2 open issues

· The information from source eNB to target eNB is whether :

· “offset”, or 

· “next PDCP SDU SN and next GTP-U SN”, or 

· “PDCP SDU SN and GTP-SN”
· For X2 based handover, the message to be used to inform from source eNB to target eNB is whether: 

· X2:Handover Request message, or 

· new X2: Status message

· For S1 based handover, the messages to be used to inform from source eNB to target eNB is whether:

· in the transparent container of S1 Handover Required and S1 Handover Request message, or

· new S1; new procedures and messages 

· Whether GTP-U SN is always present in X2 forwarded GTP-U

· Whether the PDCP SN is always attached in the X2 forwarded GTP-U extension header

· Whether cumulative forwarding or selective forwarding
ANNEX:
This ANNEX gives the description of some variants of the GTP-SN based alternative. 

A1. GTP-SN based alternative – variant 1: offset
A1.1 the mechanism 
· Sequence number is added in the S1 GTP-U packet between the S-GW and eNB. At the eNB, the PDCP attaches a PDCP SDU SN. The PDCP corresponds the PDCP SDU SN with the S1 GTP-U SN.

· During the preparation phase of the inter eNode B HO, an offset between PDCP SDU SN and S1 GTP-U SN is transferred in the X2: Handover Request message from source eNB to target eNB.

· The source eNB start forwarding from the packet which has not received acknowledgement from the UE. 

· The target eNB when receives a HO Confirm from the UE, it then send a S1: HO Complete message to the S-GW. From now the S-GW will switch and then transfer the packet to the target eNode B. So at this point of time, both the forwarding packet data from source eNB and packet data from S-GW may arrive at the target eNB out of order i.e. the packet data from S-GW may arrive earlier than forwarding packet from source eNB. 

· The arriving out of order packet data from both the source eNB and S-GW are re-ordered in the target eNB by the S1 GTP-U SN and the offset (which was transferred in the X2: Handover Request message from the source eNode B) The target eNB assigns proper PDCP SNs after reordering.
· The successfully received packets data sequence number (PDCP SDU SN) can be informed by the UE to the target eNB for minimising duplicates over the air. .. The Target eNB then start transferring the next required packets to the UE.
A1.2 the impacts
The proposed GTP-SN will result in the following impacts on X2 AP, S1 AP and GTP-U.

· An offset value is added in the 

· X2: Handover Request message, and

· the transparent container in S1: Handover Required message and Handover Request message. 

This offset is value between PDCP SDU SN and the GTP-U SN

· The S1 GTP-U SN is always present

· the X2 GTP-U SN is always present 
· the GTP-U SN in source eNB/S-GW and target eNB/S-GW have the same order and sequence. 

· Should keep constant during the handover phase. However no need to keep constant during the session.
A1.3 benefits
· consistency solution for X2 based Handover and S1 based Handover consequently no need to further think about the impact on the S1 based Handover

· no need to attached PDCP SDU SN in the forwarded GTP-U extension header so not require special handling in EPC to process the extension header

· not rely on the variants PDCP SDU allocation in the source eNode B whether it has been processed in PDCP or not

A2. GTP-SN based alternative – variant 2: GTP-SN, PDCP-SN relation
A2.1 the mechanism 
· CP: The source eNB signals the next DL PDCP SN and GTP-U SN via X2-AP message to the target eNB in X2 handover procedure. 

· CP: Then the PDCP entity in target eNB derives the offset between the PDCP SDU SN and the GTP-U SN. 

· UP: The source eNB start forwarding (1) the packets which have been processed in PDCP but not received acknowledgement from the UE, these packets have PDCP SN, and (2) the packet which not processed in PDCP, these packets have no PDCP SN.
· When receives a HO Confirm from the UE, the target eNB sends a S1: HO Complete message to the S-GW. From now the S-GW will switch and then transfer the packet to the target eNode B. So at this point of time, both the forwarding packet data from source eNB and packet data from S-GW may arrive at the target eNB out of order i.e. the packet data from S-GW may arrive earlier than forwarding packet from source eNB.
· For forwarding packet which has a PDCP SN, target eNB can send it to UE immediately. For forwarding packet which has no PDCP SN, target eNB will allocate a PDCP SN based on the PDCP SN received in CP and the position of this packet in the forwarding sequence. For the packet from S-GW, target eNB will allocate a PDCP SN based on the offset and the GTP-U SN.
· Once been allocated a PDCP SN, a packet, no matter it comes from X2 or S1, can be sent to UE immediately.

· PDCP layer in UE can reorder the received packets according to the PDCP SN.
A2.2 the impact
· Next DL PDCP SN and GTP-SU SN is signalled in the 

· X2 based Handover, (New) X2: PDCP Status message (the name of this new message is temporary)

· S1 based Handover, (New ) S1: Handover Indication message (the name of this new message is temporary). 

· The S1 GTP-U SN is always present 
· the GTP-U SN in source eNB/S-GW and target eNB/S-GW have the same order and sequence. 

· Should keep constant during the handover phase. However no need to keep constant during the session.

· attached PDCP SDU SN in the forwarded GTP-U extension header if needed 
· rely on the re-ordering in the UE PDCP
A2.3 benefits

· consistency solution for X2 based Handover and S1 based Handover consequently no need to further think about the impact on the S1 based Handover

· It seems helpful to decrease the latency. Target eNB can send packets from S1 interface immediately after receiving it.   

· No need to construct end marker packet.
· No need UE assisted.
· Support selective retransmission.
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