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1 Introduction
For LTE inter-eNB handover, data forwarding based on RLC SDUs instead RLC PDUs for downlink has been agreed in [1]. No UL RLC SDUs are forwarded from the source eNB to the target eNB. Furthermore, it is agreed that both DL and UL RLC contexts are not forwarded. Furthermore, UE only retransmits the UL RLC SDUs that have not been successfully received by the source eNB.

On the other hand, possibilitiies of reusing PDCP SN for outer ARQ and/or HARQ had been discussed. It is obvious that PDU header overhead can be reduced if PDCP SN is reused. However, the impact on currently agreed handover procedures when RLC SN reuses PDCP SN has not been discussed.  In this contribution, we analyze this impact. 

2 Impact Analysis on handover when RLC SN reuses PDCP SN

In this contribution, we assume that RLC SN reuses PDCP SN. Since PDCP SN is assigned by PDCP entity located at aGW, PDCP SN cannot be changed, such as reset to zero, by RLC layer during inter-eNB handover. This constraint may induce some problems and inefficiency due to missing RLC SDUs. 

2.1 Downlink handover procedure

Currently, it is agreed that the source eNB forwards all DL RLC SDUs, starting from the first SDU that has not been successfully received by the UE, to the target eNB. And, the target eNB retransmits all DL RLC SDUs forwarded by the source eNB. The optimisation to only retransmit the DL RLC SDUs not successfully received by the UE is FFS.

Based on the current agreements described above, the target eNB has no information about whether a forwarded RLC SDU has be successfully received by UE or not.  If the target eNB tends to only retransmit the downlink RLC SDUs not successfully received by the UE for optimization, there are two straightforward ways: either by asking the UE for a downlink receiving status report or by asking the source eNB to provide the status information, i.e. part of the RLC context upon handover. Otherwise, the target eNB must retransmits all the forwarded RLC SDUs as currently agreed. However, retransmission of RLC SDUs that have been received successfully by the UE among the forwarded RLC PDUs will eventually be discarded by the UE. Thus, the current agreement is not efficient. 

Proposal 1:

The source eNB forwards DL RLC SDUs that are not confirmed by the UE upon handover. The target eNB transmits all the DL RLC SDUs forwarded from the source eNB.

Benefit of Proposal 1:

By Proposal 1, any PDCP SN missing gaps among the forwarded RLC SDUs can be assumed to have been confirmed by the UE. Thus, the target eNB can easily reconstruct the transmission window location and transmission status of the source eNB upon handover although RLC context is not forwarded. 

If PDCP SN is reused for ARQ in RLC entity, the UE just keeps the receiving status and receiving window location unchanged upon handover and the DL transmission can goes smoothly after handover procedure is completed.

RLC SDUs that have been received successfully are not forwarded from the source eNB so that they will not be retransmitted by the target eNB. Thus, the open optimization issue can be solved by Proposal 1.

Note that there is no impact on downlink for handover when PDCP SN is reused for RLC SN. 

2.2 Uplink handover procedure

Currently, it is agreed that, after handover procedure is complete, the UE retransmits the UL RLC SDUs that have not been successfully received by the source eNB. The source eNB neither forwards UL RLC SDUs nor the UL RLC context to the target eNB.

The following example illustrates a typical scenario upon handover.

[Example 1] Suppose PDCP SN = 0, 1, 2, 3, 4, 5, …, 20 have been transmitted on the uplink before a handover occurs. Upon handover, all the RLC PDUs have been confirmed by the source eNB except PDCP SN = 2 and 3. 
Based on the current agreement [1], after handover, UE shall transmit PDCP SN = 2, 3 and then 21, 22, 23, and so on. Since the target eNB has no information indicating that PDCP SN = 4~20 had been successfully received. Thus, the target eNB will request for retransmission of them by sending a status report indicating PDCP SN = 4~20 is missing. This is apparently a residue status report that need not be responded. Some quick solutions can be considered:

Proposal 2a:

Upon handover, the source eNB informs the target eNB of the sequence number of the last successfully received uplink RLC SDU and all the missing sequence numbers before the last successfully received uplink RLC SDU.
With Proposal 2a, the target eNB can construct the receiving window location and the receiving status of the source eNB upon handover. No residue status report will be sent by the target NB. The amount of the forwarded information is limited and the radio resource for sending residue status report can be saved by Proposal 2a.

Proposal 2b:

After handover, if UE received a request for retransmitting RLC SDUs that have been confirmed by the source eNB, UE neglects this request.
With Proposal 2b, we assume that the target eNB uses the same receiving window as that for HSDPA in UE. Thus, although the UE does not retransmit the request from the target eNB, the requested missing SNs will be discarded by the target eNB after the requested missing SNs move out of the receiving window in the target eNB. Thus, there will be no issues of transmission stall with Proposal 2b. Note that Proposal 2b does not change anything in the current agreement for handover. The drawback is the wasted radio resource for the target eNB to send the residue status report that will be neglected by the UE eventually.

Note that, either with Proposal 2a or 2b, there is no impact on uplink for handover when PDCP SN is reused for RLC SN.
3 Conclusion

From the above analysis, we have shown that there is no impact on both downlink and uplink for handover when PDCP SN is reused for RLC SN. Thus, from the perspective of handover, reusing PDCP SN can be supported.

In addition, to improve radio efficiency of handover procedures, Proposal 1 is proposed for downlink handover procedure.  For uplink handover procedure, either Proposal 2a or 2b is proposed. Since Proposal 2a can avoid some wasted radio resource, we assume Proposal 2a is preferred.

We suggest the group to discuss and verify the proposals and reflect the agreed parts of this contribution in the RAN2 TR [1].
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