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1.  Introduction

Due to the decision to move the PDCP layer from the SAE GW to the eNB, the user plane data handling at inter-eNB handover has been revisited. In RAN WG2 meeting #58, some agreements have been reached including the PDCP SN maintenance and selective data forwarding at handover. This contribution addresses some open issues for discussion. 
2. Discussion
To support the lossless handover, one of the agreed procedures is that the source eNB forwards all unacknowledged downlink PDCP SDUs and out-of-sequence uplink PDCP SDUs along with their PDCP SN to the target eNB. It is possible that some unacknowledged packets have been received successfully by the UE or eNB, but the ACKs are lost due to the degrading radio conditions at handover. This may lead to the duplicate packet re-transmission after the UE performs handover to the target eNB. 
Issue 1: When should the status reports be sent?
To avoid duplicate packet re-transmsission over the radio air interface, [1] proposes that the updated status reports should be sent before the UE detaches from the source eNB. However, the updated status reports may not be reliable due to degrading radio condition at handover. As an alternative [2], the updated status reports are sent after the UE attaches to the target eNB. The drawback of this approach is that there may be redundant packet forwarding from the source eNB to the target eNB. 
Proposal 1: Considering the aboundant bandwidth over X2 interface between eNBs and reliability concern, we propose the status reports shall be sent after the UE attaches to the target eNB.  
Issue 2: How should the status report be signalled?
The status report can be signalled using RLC status report in case of common PDCP and RLC sequence numbers. Alternatively, the status report can be conveyed by the HANDOVER COMMMAND and HANDOVER CONFIRM as shown in Figure 1. The HANDOVER COMMNAND instructs the UE to start handover to the target eNB, and also informs the UE of the PDCP SNs of the missing PDCP SDUs and next PDCP SDU to be retransmitted after the UE attaches to the target eNB. The HANDOVER CONFIRM indicates that the UE has attached to the target eNB, and with the status information, the target eNB knows what PDCP SDUs need to be re-tranmsitted. 
Proposal 2: Considering the signaling overhead saving and in-time status update, we propose the status report shall be signalled with HANDOVER COMMMAND and HANDOVER CONFIRM.
Issue 3: When should the source eNB start forwarding the packets to the target eNB?

The packet forwarding should start as early as possible to avoid possible data transmission interruption during handover. Figure 1 shows that the source eNB may not start forwarding the buffered and in-transit packets to the target eNB until receiving the RLC acknowledgement for the HANDOVER COMMAND (message 7). It is possible that the HANDOVER COMMAND reception acknowledgement may be lost due to poor radio condition right before the UE detaches from the source eNB. The packet forwarding is indeed not dependent on the HANDOVER COMMAND acknowledgement. 
Proposal 3: We propose that the source eNB shall start the packet forwarding once the HANDOVER REQUEST ACK is received from the target eNB. 
3. Conclusion
In this document we have discussed issues on user plane data handling during inter-eNB handovers. In particular, the issues on status report for avoiding duplicate packet re-transmission and packet forwarding timing are discussed. We propose that RAN2 discusses the presented issues.
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Appendix: Intra-MME/SAE Gateway HO Procedure
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Figure 1 Intra-MME/SAE Gateway HO [3]
Below is a more detailed description of the intra-MME/SAE Gateway HO procedure:

0
The UE context within the source eNB contains information regarding roaming restrictions which where provided either at connection establishment or at the last TA update.

1
The source eNB configures the UE measurement procedures according to the area restriction information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.

2
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

3
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE.

4
The source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, RRC context, SAE bearer context). UE X2 / UE S1 signalling references enable the target eNB to address the source eNB and the EPC. The SAE bearer context includes necessary RNL and TNL addressing information.  QoS profiles of the SAE bearers and possibly the AS configurations of these bearers are FFS.

5
Admission Control may be performed by the target eNB dependent on the received SAE bearer QoS information to increase the likelihood of a successful HO, if the resources can be granted by target eNB. The target eNB configures the required resources according to the received SAE bearer QoS information and reserves a C-RNTI.
6
Target eNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as part of the Handover Command. The container may include new C-RNTI, possibly some other parameters i.e. access parameters, SIBs, etc. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary.

Steps 7 to 13 provide means to avoid data loss during HO and are further detailed in 10.1.2.1.2 and 10.1.2.3.

7
The source eNB generates the HANDOVER COMMAND (RRC message) towards the UE. The HANDOVER COMMAND includes the transparent container, which has been received from the target eNB. The source eNodeB performs the necessary integrity protection and ciphering of the message. The UE receives the HANDOVER COMMAND with necessary parameters (i.e. new C-RNTI, possible starting time, target eNB SIBs etc) and is commanded by the source eNB to perform the HO. It is probable that UE needs to acknowledge reception of the HANDOVER COMMAND with RLC acknowledgment procedure.
8
After expiry of starting time in HANDOVER COMMAND, UE performs synchronisation to target eNB and then starts acquiring UL timing advance. 

9
Network responds with UL allocation and timing advance. 

10
When the UE has successfully accessed the target cell, the UE sends the HANDOVER CONFIRM message (C-RNTI) to the target eNB to indicate that the handover procedure is completed for the UE. The target eNB verifies the C-RNTI sent in the HANDOVER CONFIRM message.

11
The EPC is informed that the UE has changed cell. The UPE switches the downlink data path to the target side and can release any U-plane/TNL resources towards the source eNB.  

12
The EPC confirms the HANDOVER COMPLETE message with the HANDOVER COMPLETE ACK message.

13
By sending RELEASE RESOURCE the target eNB informs success of HO to source eNB and triggers the release of resources. The timing for the target eNB to send this message between steps 10 and 12 is FFS. 

14
Upon reception of the RELEASE RESOURCE message, the source eNB can release radio and C-plane related resources associated to the UE context. 

NOTE:
Details on updating of roaming/area restriction information within E-UTRAN in the course of the HO procedure are FFS
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