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1. Introduction

A function of the PDCP layer is to provide a mechanism to prevent data loss and prevent duplication of data over the radio interface especially during handover. 
This contribution considers mechanisms for handling the PDCP sequence numbering used between the network and UE during handover.
2. Discussion
The reason toforward PDCP-SDU and its associated sequence number between Source eNB and Target eNB is to perform handover without loss and without duplication of data.
In the downlink, a UE can perform re-ordering and duplication check for DL data send from Source eNB and Target eNB during HO period.

In the uplink, the Target eNB can handle re-ordering and duplication check for UL data received from a UE during HO before sending to the S-GW over S1 interface.
2.1 Scenarios
Three scenarios are considered that require transfer of PDCP sequence numbers between Source eNB and Target eNB:
a) data forwarding is performed between Source eNB and Target eNB and during handover some data are forwarded from Source eNB to Target eNB.
b) data forwarding is activated between Source eNB and Target eNB but during handover no data are forwarded from  Source eNB to Target eNB.
c) data forwarding is not activated between Source eNB and Target eNB.
Here we assumed that forwarding data and the associated sequence number are transferred in a U-plane PDU on the X2 interface.

2.2 Forwarding UL PDCP SDUs
It is agreed in RAN2 that the Target eNB will perform re-ordering and duplication check on data forwarded from Source eNB and data received from the UE and send the re-ordered data to the S-GW.

In order to maintain data sequence for UL traffic  during handover, the Target eNB needs to know the next expected PDCP-SN (the first pointer of PDCP re-ordering window) that has not been sent by the Source eNB over S1 interface to the S-GW e.g. in the figure below, the Source eNB has not yet received a PDCP SDU with SN=3 but has received a PDCP SDU with SN=4 already, it will forward the PDCP SDU with SN=4 to Target eNB  The Target eNB needs to know which is the next PDCP SDUs to be transferred over the S1 interface to S-GW.  In the figure below the next PDCP SN has a value of 3 since the data associated with the PDCP SDU with SN =2 was transferred over the old S1 interface by Source eNB.
Source eNB should send to Target eNB the following information, when it completes the transmission with the UE during handover.
· Pointer to the first PDCP SN in the re-ordering window

· Unsent UL data to S-GW remaining its re-ordering buffer
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2.3 Providing PDCP SN for DL Traffic
In scenario (a) DL data is forwarded from Source eNB. Assuming the forwarded data is received by the Target eNB the next PDCP SN value (SNmax+1) may be determined from the maximum SN value in the forwarded data.
If there no forwarded data is received by the Target eNB as in scenarios (b) and (c) above, the Target eNB needs to determine the next PDCP SN for the  DL traffic.  Two approaches are considered:
· Source eNB informs the next sequence number to Target eNB (as a control plane message)
· UE informs the next SN to Target eNB when the UE attaches to the Target eNB. 
In the first case the Source eNB may inform the Target eNB the next sequence number value at the beginning of HO procedure (early SN notification). However, it is still possible to receive new data at the Source eNB over S1, so the next sequence number should be updated in Target eNB by the sequence number in any forwarding data.

An alternative is that the Source eNB informs next SN value to Target eNB after the completion of the forwarding (late SN notification).  In this case, whilst the continuity of PDCP SN can be ensured without loss of data, the Source eNB can only send the sequence number value after the path switch is performed (receipt of Request message) since this is the first indication the Source eNB has that the path has been switched Target eNB. 

In the cases where there is no forwarded data received by the Target eNB (scenario (b)), an additional delay would result before the Target eNB can deliver DL packets to the UE if late SN notification was adopted.
If the UE informs the Target eNB of the next sequence number when attaching to the Target eNB then for scenario (c) (forwarding not activated), the Target eNB, if aware that no data is to be forwarded from the Source eNB, is able to transmit data to the UE as it is received over S1.
In the scenarios for which forwarding is activated (scenarios (a) and (b)), the Target eNB will send data to UE that have equal or larger sequence numbers than the next sequence number received from the UE. This may help avoid some duplicated DL data transmission during handover.
To support DL PDCP handling, two candidate solutions are foreseen 
· Source eNB informs next sequence number value to Target eNB at the beginning of HO procedure (early SN Notification). 

· UE informs the next sequence number value to Target eNB after HO is completed. 

3. Proposal
In order to support UL operation the Source eNB, when it completes the transmission with the UE, should send to Target eNB the following information:
· The first pointer of PDCP SN in re-ordering window (C-Plane)
· Unsent UL data to S-GW remaining its re-ordering buffer (U-Plane)
This information should be sent after the exchange of handover request/Handover-Req-Ack if the Source eNB decides to continue with handover.    It is proposed that a new X2 control message from Source eNB to Target eNB is required. 

In DL case, there are two potential solutions. 
· Source eNB informs next SN value to Target eNB
· UE informs the next SN value to Target eNB after HO is completed.

If a new C-Plane message is agreed to support handling of UL traffic then the same message can also be used to signal the next DL PDCP SN. 
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