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1 Introduction

Recently, there were discussions on the support of the lossless handover. RAN3 decided that for reducing the degradation of the performance, in-sequence delivery should be supported and the data forwarding scheme would be only scheme for transferring data packets during inter-eNodeB handover. However, there was no decision on how to and which entities should be involved for supporting the in-sequcne delivery. In this contribution, we propose in-sequence delivery considerations for handover.
2. Mobility support in LTE
Following figure1 shows the E-UTRAN architecture and mobility. AGW has PDCP function for header compression/decompression and ciphering function for user plane. eNodeB has the MAC, outer ARQ(RLC) and RRC function. 
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Figure 1. E-UTRAN architecture

For NRT services, packet loss or duplication during handover should be minimized not to impact on the upper layer protocol (e.g. TCP) and not to suffer the performance degradation. In case of data forwarding scheme, AGW would not send same packets to source eNodeB and target eNodeB at the same time. Thus, it may not need to consider the packet duplication. We would focus on the packet loss and reordering for in-sequence delivery.
Downlink packet in-sequence delivery
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Figure 2. Downlink packet transmission (inter-eNodeB handover case)
Considering the agreed E-UTRAN architecture, the Outer ARQ should be located in the eNodeB. Thus, there would be no guarantee of the in-sequence delivery between AGW and eNodeB. 
Furthermore, during handover, the packets from AGW should be converged in the target eNodeB(circle point in figure2) regardless of the transmission path that include source eNodeB or not (direct to target eNodeB). In this case, it could not make sure that the target eNodeB receives the incoming packets as in-sequence. Due to the network topology, the possibility of the out of sequence delivery could be high. In contrast with UTRAN, this case would happen so frequently during handover.
We assume that the packet sequence numbering could be happened in the AGW for the downlink packet transmission. It is FFS that the sequence number is included in the PDCP sublayer or out of the PDCP sublayer. And then, it is possible for eNodeB to see that sequence number and check whether the packets are received as in-sequence state or not. After checking the sequence number of the packets, eNodeB reorders the received packets. The eNodeB send the packets according to the reordered sequence. The UE receive the packets from eNodeB. If there are out-of-sequence in the received packets, the outer ARQ of the UE would reorder the packets. The received packets from the outer ARQ of the UE would send to the PDCP sublayer. In that time, the PDCP sublayer receives the packets according to the sequence that are generated in the AGW.
If there is no reordering function for the downlink packets from the AGW in the eNodeB, there would be no way to detect out of sequence delivery between the AGW and the UE before the packets arriving the UE. And after receiving the packets, the upper layer function(e.g. PDCP sublayer) of the outer ARQ in the UE should buffer and reorder that packets before receiving the packets for in-sequence. In the UE side, it should be minimize the impact from the out of sequence packets in the network. As described in the above, that could be evitable if the network side reordering is used. 
Conclusion: for downlink in-sequence packet transmission, we propose the followings.

- The sequence numbering in the AGW should be supported for downlink packet transmission
- For minimizing the impact on UE, the reordering of downlink packets from AGW should be in the eNodeB before sending to UE.
Uplink packet in-sequence delivery
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Figure 3. Uplink packet transmission 

Regarding the uplink transmission, there are two routes to send uplink packets for inter-eNodeB handover. In uplink packet transmission, the packets from UE before UE receiveing handover command could be sent from source eNodeB via target eNodeB to AGW or from source eNodeB to AGW directly. Above figure 3 shows the two alternatives. In both cases, the UE should support sequence numbering for in-sequence delivery.
In alternative A, the packets from UE would be converged into the AGW, not in eNodeB. The reordering of uplink packets from the UE would be in the AGW. There would be no reordering function in eNodeB to reduce time delay from the reordering buffer. The outer ARQ in eNodeB only check packet receiving states and request retransmission of the packets to the UE if there are missing packets. The completely received SDU in eNodeB would be sent to AGW.
Using the alternative A, the packet transmission route could be optimized and there would be no need to make data forwarding from source eNodeB to target eNodeB via X2 interface. 
In alternative B, the uplink packets from UE would be converged into the target eNodeB, not in AGW. The reordering of the uplink packet from the UE would be in the target eNodeB. In this case, if there would be no guarantee that the packets from the target eNodeB are transferred to the AGW as in-sequence, the AGW may need the reordering of the uplink packets from the target eNodeB to AGW[FFS]
Source eNodeB should forward packets received from UE to target eNodeB at PDU or SDU type after sending the handover command. Target eNodeB reorders the received packets and sends to the AGW according to the packet sequence.
Using alternative B, the packet transmission from the source eNodeB to target eNodeB should be supported. That could make the reordering of the uplink packets in the eNodeB before sending to AGW. There would be no need to reorder the packets from the target eNodeB in AGW. However, for this, the in-sequence delivery between eNodeB and AGW should be guaranteed. If there is no guarantee, the reordering of the upling packets between eNodeB and AGW should be supported in AGW.

Conclusion: for uplink in-sequence packet transmission, we propose the followings.

- The sequence numbering in the UE should be supported for uplink packet transmission

- It is more preferrable to reorder the uplink packets in the AGW.
3. Conclusion
In this contribution, we proposed the some consideration point for the in-sequence delivery suppor for inter-eNodeB handover. For downlink packet transmission, we need to consider the impact on the UE and take the way to minimize the impact. For uplink packet transmission, it is different with the downlink packet transmission. In case of uplink transmission, the reordering in AGW may be better approach than in eNodeB. 
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