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1. Introduction

In the RAN2 meeting in Malta, data handling during intra eNB HO was discussed. As a result, PDCP Sequence number based data forwarding [1] was agreed as a starting point.
This contribution discusses how to handle DL PDCP Sequence Numbering of data received from S-GW via S1-U in Target eNB during inter eNB handover.
2. Discussion
In PDCP SN based data forwarding, the source eNB transfers PDCP SN which is associated with a forwarded PDCP SDU.  
2.1.  Forwarding Scenarios
A number of potential situations can arise when forwarding data from the source eNB to the target eNB.
1. There are no forwarded data from the source eNB to the target eNB (see Figure 1).For example, all the DL packets have been sent to the UE by the Source eNB and no new DL data has been received by the Source eNB over the S1-U interface.
2. There are data to forward but nothing is received at the target eNB due to X2-U congestion or data loss (see Figure 2).
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Fig.1: “No Forwarding Data”                     Fig. 2: “Forwarding” and “Skipped Transmission”
In scenario 1 and 2, since the Target eNB doesn’t receive any forwarded PDCP SDUs it potentially doesn’t have a reference for setting the sequence number of DL PDCP SDUs carrying the DL data received over S1-U. 
2.2 Possible PDCP SN Handling

It is assumed that a PDCP SN generated by the Source eNB will be carried in each packet (GTP-U?) forwarded over the X2 interface. However for scenarios 1 and 2 above, the issue is that the Target eNB doesn’t receive any forwarded data so that it is not aware of the sequence number to apply to any DL data that may be received over the S1-U interface. Three approaches to solve this are considered:
· SAE-GW transfers “Last GTP-U SN” from MME/SAE-GW to the target eNB [2].

· The target eNB autonomously sets the serial number for the PDCP-SDU carrying S1-U traffic to some predefined value.
· The target eNB sets the serial number for the PDCP-SDU carrying S1-U traffic to a value according to the transferred PDCP SN from source eNB.
Alt. 1: S-GW transfers “Last GTP-U SN” to the target eNB [2].
In “HO Complete ACK”, the SAE GW returns to the target eNB the GTP Sequence Number indicating the last SN sent to the source eNB. Then in “Resource Release”, this SN is forwarded to the source eNB, which knows that the data transmission is finished in the SAE GW and the last GTP packet is identified by the SN. After the source eNB receives all GTP packet including the one with SN, it will release the local resouces.
Pros

· The target eNB and source eNB know the last forwarding data and first S1 data respectively.
Cons

· The use of GTP-U SN is considered to be an optional.
Alt. 2: The target eNB autonomously sets PDCP SN to some predefined value.
The target eNB starts a new sequence number starting point for data arriving over the S1 interface.  During the period of the handover, two separate sequences would be maintained, one for X2 data and one for S1 data. 

Pros

· S1 data could be transferred immediately without adding an additional delay.
Cons

· PDCP handling in the UE is more complex with the requirement to handle two sequences. During the period of the handover, two separate sequences would be maintained, one for X2 data and one for S1 data.   
· This scheme would be required to generate a sequence number starting value for S1 data. It is difficult to autonomously set the value for S1 data offset since the sequence numbers of X2 data and S1 data may become to be duplicated.
Alt. 3: The target eNB sets PDCP SN to some value according to transferred PDCP SN from source eNB.
In this approach the sequence number to be used in the Target eNB is transferred from the Source eNB both U-Plane and C-plane. 
During handover it seems reasonable that PDCP SDUs transferred over X2 interface would carry the sequence number allocated to that SDU in the Source eNB (i.e U-Plane handled).  However, in the case there is no data to transfer; the sequence number needs to be transferred on C-Plane independently from U-Plane.  In order to maintain in-sequence delivery Target eNB could use PDCP SN which is informed on C-Plane as supplementary information.
Pros

· The Target eNB can always expect to receive the sequence number irrespective of the receipt of U-plane data or not. 
· Target eNB could create sequential numbers for PDCP SN for user data on both X2 and S1.
Cons
· It should be studied in which control massage Source eNB sends the “next PDCP SN for Target eNB”.  Also how to handle PDCP SN carried on C-plane in Target eNB.
3. Proposal
It is proposed that RAN3 agree that; 

· In the case that PDCP SDUs are transferred over X2 interface with its PDSP SN, the Target eNB should re-use the SN values associated with those PDCP SDUs.
· Transfer of PDCP SN should be done by a control message over the X2 interface in addition to U-Plane data.
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