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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 (PDCP-SN) based data forwarding [1] was agreed as a starting point in order to guarantee in-sequence delivery of packets.
This contribution discusses how to handle DL PDCP Sequence Numbering of data received from SAE-GW via S1-U in Target eNb during inter eNB handover.
2. Discussion
With PDCP SN based data forwarding, the source eNB transfers PDCP SN which is associated with a forwarded PDCP SDU to the Target eNB.  .  
2.1.  Forwarding Scenarios
Two  potential situations that need to handled  when forwarding data from the source eNB to the target eNB are:
1. There are no data to forward from the source eNB to the target eNB (see Figure 1).  Either 
· 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, or

·  No DL traffic in Source eNB during the HO phase

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 Data Delayed” 
 Since the Target eNB doesn’t receive any forwarded PDCP SDUs in these scenarios it potentially doesn’t have a reference for setting the sequence number of PDCP SDUs  for transfer of data received over S1-U.
In addition, if the approach in Target eNB is to transmit data arriving over S1-U if the Target eNB transmit buffer is empty, then where delays occur over X2 interface, the data received over S1-U may be transferred ahead of the delayed X2 traffic.
One possible approach to alleviate this would be to introduce a “S1 Wait Timer” as proposed in an earlier RAN3 meeting [2].

2.2 Possible PDCP SN Handling

If the PDCP SN generated by the Source eNB is carried in each packet (potentially over GTP-U) forwarded over the X2 interface,then when the Target eNB doesn’t receive any forwarded data (scenarios 1 and 1 above) it is not aware of the sequence number to apply to any DL data that may be received over the S1-U interface. Two approaches to solve this are considered:

· 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: 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 S2 data. 

Pros

· This would overcome the problem where no forwarded data is received over X2 (cases 1 and 2) above.
· In addition S1 data could for certain services e.g. VOIP, be transferred immediately without adding an additional delay.
· Handling data arriving over X2 later than data received over S1 could depend on the service and QoS requirements e.g. discard for VOIP service
Cons

· PDCP handling in the UE is more complex with the requirement to handle two sequences.   
· In addition a scheme would be required to generate a sequence number starting value for S1 data offset from the existing X2 sequence number. If there are no forwarding 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. 2: 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. Two options for transfer of the Sequence number are possible either
(a) Control plane Message

(b) User Plane message

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).  However, in the case there is no data to transfer; the sequence number needs to be transferred independently.  The advantage of using C-Plane is the transfer of the sequence number is independent of U-plane behaviour (congestion or loss).  The Source eNB can always expect to receive the sequence number irrespective of the receipt of U-plane data or not.
Pros

· This would overcome the problem where no forwarded data is received over X2 (cases 1 and 2) above.

· In addition S1 data could for certain services e.g. VOIP, be transferred immediately after receipt of Sequnce number without adding an additional delay.

· There is no added complexity for PDCP handling in UE.
Cons
· Handling data arriving over X2 later than data received over S1 could result in out of sequence delivery. However, this could be alleviated by use of a service dependent wait timer in the Target eNb or by re-ordering at UE PDCP depending on RAN2 decision. 
3. Proposal
Fujitsu propose that RAN3 agree that if transfer of sequence number context is required between source eNb and target eNB that:

· transfer should be done by a control message over the  X2 interface
· The sequence number  transferred should indicate the value of the first sequence number to be used by PDCP in the Target eNodeB   
· In the case that PDCP SDUs are transferred over X2 interface the Target eNb should re-use the SN values associated with those PDCP SDUs.
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