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1 Introduction/Background 
At the RAN2/RAN3/SA2 joint meeting in St.Louis, the SAE/LTE architectural principles were agreed and the decision was to move the PDCP layer down to the eNB. At the following RAN2 meeting in Malta it was decided that the ciphering would be performed at the PDCP layer using PDCP Sequence Numbers. Based on this decision user plane handling during handover needs further consideration. This contribution provides the details of the simple user plane data handling based on these decisions taking the handover requirements into account. 
2 Handover Requirements
In LTE system it would be desirable to have the following requirements in order to have a well performing and optimised hard handover between eNBs 

1. Lossless HHO for the NRT Services in order achieve high TCP throughput performance.

2. Seamless HHO for RT services to minimise the packet loss in order to have good end to end performance of the application.  

3. Minimization of duplicate packet transmission over the air interface.

4. Minimal interruption time for the user plane data.

5. In sequence delivery of NAS PDUs should be maintained during HO.

6. No duplication and out of sequence delivery should be visible to ROHC and application.
3 Ciphering and U-plane handling using PDCP SN
Since Ciphering is now decided to be performed at the PDCP layer using PDCP sequence numbers (16 bits), it would probably be desirable to reuse PDCP SN at the RLC sub layer to reduce the RLC Sequence Number overhead (16 bits) by using an OFFSET and LENGTH which indicate the position and length of the RLC segment in the original RLC SDU [1][2].

Following this decision, we should meet the HO requirements that are stated above and should have well performing and optimised handover between eNB. We think that we can effectively utilize the PDCP SN for user plane handling to provide efficient inter-eNB mobility without introducing additional complexity.  The buffer can be maintained at the PDCP sub-layer before the ciphering is done as shown in Figure 1.
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Figure 1 Date flow through PDCP and RLC layers
We believe, with this decision, we can maintain the PDCP SN during HO and use the selective forwarding/retransmission mechanism that was agreed earlier. With Selective forwarding source eNB selectively forward all downlink SDUs that have not been acknowledged by the UE to the target eNB, and discard any remaining downlink RLC PDUs segments. Upon handover, the source eNB forwards uplink PDCP SDUs successfully received in-sequence to the SAE Gateway, forwards uplink PDCP SDUs received out-of-sequence to the target eNB and discards any remaining uplink RLC PDUs. The uplink PDCP SDUs received out-of-sequence needs to be marked as Uplink Packets at the PDCP layer before they are forwarded to the target eNB PDCP layer.

The decision of which PDCP SDUs to forward can be based on RLC status reports at SDU level.  As indicated in the simulation results in [3] we need to consider that there could be a maximum of up to 90 SDUs and on an average around 40 SDUs that are received correctly by the UE but not acknowledged at the source eNB. In order to minimise and possibly eliminate the duplicated packet transmission over the air, the exchange of status reports is needed in the source cell when the HO Command is sent to the UE.  
It is proposed that the RLC status reports exchanged at the time of handover are based on the RLC SDUs using PDCP SNs. The status reports based on RLC PDUs may not be of much use as we are performing forwarding at the PDCP SDU level and shall be larger in size which may delay the Handover.  With PDCP SN based Status Report the size of the Status PDU can be reduced to an order of tens of bytes, facilitating fast transmission at the time of handovers.
Timings when the status reports are exchanged should be synchronised with Handover Command Message and pausing of the user plane data. When the source eNB sends the HO Command to the UE, it shall send status report and suspends DL user plane data transmission while uplink user plane data reception continues. UE on receiving HO Command, shall send a status report and suspends uplink user plane data transmission. The source eNB can then know which SDUs need to be forwarded to and transmitted through the target eNB using selective forwarding without any duplication of packets on the air interface. Similarly, the UE can also selectively retransmit uplink packets not correctly received at the source eNB.
4 Conclusions

With the Ciphering now being decided to be performed at the PDCP sublayer using PDCP SN,  It is proposed that

· Buffers are maintained at the PDCP layer above the Ciphering function to forward/retransmit packets during inter-eNB handovers to achieve lossless handovers

· PDCP SN are maintained at HO
· Reordering is performed at PDCP sublayer based on PDCP SN
· RLC reuses PDCP SN instead of having a separate SN at RLC
· PDCP layer marks the uplink PDCP SDUs received out-of-sequence before source eNB forwards it to the target eNB.  
· Selective Forwarding/retransmission of PDCP SDUs with PDCP SN is performed. 
· RLC Status Reports based on PDCP SNs are exchanged in the source cell at the time of handover to eliminate duplicated packet transmission over the air.
With these functionality incorporated for user plane handling for inter-eNB handling we believe that we will able to efficiently use the PDCP Sequence Numbers and have a well performing hard handovers for LTE.
5 Text Proposal

10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink  PDCP SDUs along with the PDCP SN that have not been acknowledged by the UE to the target eNB. The decision of which PDCP SDUs to forward can be based on SDU level RLC status reports having PDCP SNs . The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink PDCP SDUs forwarded by the source eNB as soon as it obtains them. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. 

Re-ordering of downlink RLC SDUs during handover is based on continuous PDCP SN and is provided by the re-ordering function at the UE PDCP layer, thatcan be activated at least during inter-eNB mobility. 

Upon handover, the source eNB forwards uplink PDCP SDUs successfully received in-sequence to the SAE Gateway, forwards uplink PDCP SDUs received out-of-sequence to target eNB and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink PDCP SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB.  
The re-ordering of the uplink PDCP SDUs during handover is based on continuous PDCP SN and is provided by PDCP layer at the target eNB.
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