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1. Introduction
Assuming a lossless mechanism (not seamless [1]) is needed for intra EUTRAN handover, in this contribution we propose an in-sequence delivery mechanism during loseless handover.
2. Proposed Approach
The protocol architecture for our solution is proposed in the following figure 1 where the UTRAN PDCP functionality of lossless relocation is moved down to the enhanced node B. Note that in this solution, we propose a new thin layer called Lower PDCP Layer of which main functionality is the lossless relocation for data forwarding from the source eNB to target eNB during handover.  
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Figure 1: The proposed protocol architecture

During non-handover period, LPDCP layer performs merely buffering functionality possibly combined with RLC layer. For example, LPDCP layer passes down the received PDCP PDU to RLC layer while holding them until acknowledgement is received from RLC layer. Furthermore if there is an segmentation over S1 interface in order to reduce the transmission duration of single PDCP PDU over S1 interface, then it could be possible this LPDCP layer could perform the concatenation back to PDCP PDU. 
During handover period, LDCP layer performs the lossless relocation for downlink traffic such that 

· The LPDCP layer of the source eNB stops passing down the PDCP PDU after UE is no longer connected to the source eNB;

· The LPDCP layer of the source eNB forwards the buffered PDCP PDU to the LPDCP layer of the target eNB; 

· if a special sequence number is needed for this forwarding, a new SN can be devised namely LPDCP-SN over X2 interface.

· The LPDCP layer of target eNB also receives PDCP PDU from the access Gateway after the Path Switch;

· The reordering of PDCP PDU both from the source eNB and the access Gateway is performed by LPDCP layer of target eNB based on PDCP SN, S1 SN and the LPDCP-SN. The details are FFS.

· The LPDCP layer of UE informs the LPDCP layer of target node B the next expected PDCP PDU after cell change.

Similar to downlink case, the LPDCP layer performs the loseless relocation for uplink traffic but there is no data forwarding between LPDCP layers of source eNB and target eNB.
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Figure 2: Interaction of LPDCP layers in source and target eNB during handover
An example of packet format for Lower PDCP is illustrated in the following Figure 3. The LPDCP receives a segmented PDCP PDU over S1 interface and then it passes them to lower layers. The lower layers delivers the LPDCP PDU to UE and the LDPCP layer at UE delivers segmented PDCP PDU to PDCP layer. Note that it is also possible that LPDCP layer concatenates the segmented PDCP PDU back to original PDCP PDU at eNB. Then the LPDCP PDU becomes equal to the PDCP PDU.
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Figure 3: An example of PDU formats for Lower PDCP Layer
Based on the description above, an example sequence of handover events is shown in the Figure 4:
· S1 Tunnel sequence number is added in the segmented PDCP PDU between the ASGW and eNode B. At the eNode B, Lower PDCP adds an sequence number, L-PDCP SN. This lower PDCP layer then associates the L-PDCP SN with the S1 SN. Note that this L-PDCP SN and S1 SN could be same but we assume a separate SN for a generalization.
· During the preparation phase of the inter eNode B HO, an offset between L-PDCP SN and S1 SN is transferred in the Context Transfer message from source eNode B to target eNode B.

· The source eNode B start forwarding from the packet which has not been acknowledged. 

· The target eNode B when receives a HO Complete from the UE, it then send a HO Complete message to the ASGW. From then on the ASGW will switch the path for transferring the packet to the target eNode B. So at this point of time, both the forwarding packet data from source eNode B and packet data from ASGW may arrive at the target eNode B out of order. 

· The arriving out of order packet data from both the source eNode B and ASGW are re-ordered in the target eNode B by the S1 SN and/or together with LPDCP SN.
· The next expected packet data sequence number (L-PDCP SN) is informed by the UE in the HO Complete message. The target eNode B then correspond this L-PDCP SN with the S1-SN by the offset (which was transferred in the Context Transfer message from the source eNode B). The Target eNode B then start transfer the next expected packet data to the UE.
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Figure 4: Example Sequence of Handover Events 
3. Conclusion

In this contribution, we proposed a new thin layer called Lower PDCP layer that is

· located at enhanced node B and UE sitting on top of RLC layer and; 

· performing the data forwarding between source and target enhanced node B and;


· performing the reordering of packets from source enhanced node B and the access Gateway and;


· indicating the next expected PDCP PDU after cell change
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