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1 Introduction

At the last RAN2 meeting agreements on the data packet handling during handover have been reached for uplink as well as for downlink. One issue, which remains to be open, is the need for status reports signalled either in source cell before handover or in target cell after the handover. This contribution captures our preferred solution for uplink and downlink status report at inter-eNB handover.  

2 Discussion

2.1  Agreements on Data packet handling at handover 

Following decisions on Data packet handling at handover were made at the last RAN2 meeting:

PDCP SNs are maintained during HO. Upon handover, the source eNB forwards all downlink PDCP SDUs with their SN that have not been acknowledged by the UE to the target eNB. Source eNB also forwards uplink PDCP SDUs successfully received in-sequence to the SAE Gateway, forwards uplink PDCP SDUs successfully received out-of-sequence to the target eNB. Reordering is performed at PDCP layer based on PDCP SN for both uplink and downlink packets.

2.2 Status Reporting during handover

As described above upon handover source eNB forwards all downlink PDCP SDUs, which have not been acknowledged by the UE to the target eNB. Due to ACK-to-NACK errors on the radio channel there could be unnecessary retransmissions of PDCP SDUs from target cell after handover. Same applies also for the uplink case, i.e. UE might unnecessarily retransmit PDCP SDUs to target cell in case of ACK-to-NACK errors in the source cell. By reporting the current reception status before or after the handover these duplicate transmission could be avoided, which would hence increase the transmission efficiency. Since PDCP SDUs are forwarded a status report should be also based on PDCP SDU sequence numbers, i.e. SN of PDCP SDUs to be forwarded/retransmitted are indicated in the status report.

2.2.1 Status Report during handover for downlink transmission

For downlink data transmissions a status report could be either signalled to source eNB before the handover or from UE to the target eNB after the handover took place. In the following these two scenarios are discussed separately.

2.2.1.1 Reporting in source cell 

In this scenario UE sends a status report before the handover to source eNB. Based on this status report source eNB initiates the forwarding of PDCP SDUs to target eNB. Consequently unnecessary transmissions over the X2 interface as well as the air interface in target cell could be avoided. For the timing of the status report it has been proposed to send the status report as a reply to the Handover Indication message from source eNB. Assuming that source eNB stops scheduling of DL data transmissions upon indicating handover to the UE the status report would then indicate the current reception status right before dettaching from source cell. However there are some issues with the signalling of the status report, which should be considered. In general uplink signalling in the source cell prior to a handover might not be very reliable due to bad radio conditions. Hence, there is a risk that the status report is lost or requires several retransmissions, which will in turn delay the handover. Furthermore it should be also noted that the status report could comprise multiple sequence numbers since selective forwarding of PDCP SDUs was agreed. Therefore the size of the status report may not be negligible. In [1] it was proposed to include the status report in the Handover_Command_ACK message, which is sent by UE as a response to the Handover Indication message. Particularly in this case the combined message size might become quite large, so that segmentation might be required or respectively several retransmissions for a successful reception. Consequently, the handover will be also delayed in this case.  

2.2.1.2 Reporting in target cell

Status reporting in the target cell after the handover would avoid unnecessary transmissions of PDCP SDUs over the air interface. There are proposals to send the status report together with the HO confirm message to target eNB [2]. This would be similar to the lossless SRNS relocation case in UMTS, where information on PDCP SN is sent from UE to UTRAN. Based on the received status report target eNB retransmits PDCP SDUs, which were not acknowledged by UE in the source cell before the handover. 


Since UL resources for the Handover confirm message are allocated by target eNB in the RACH response message, target eNB should know whether the UE is able to transmit a larger message size, i.e. Handover confirm message including the status report, according to the radio channel conditions. However due to the fact that a non-contention based RACH access with dedicated preambles is used for the handover event the UE cannot provide eNB information on the supportable size for message 3 by means of selected RACH preamble. Therefore there is a risk that the correct reception of the status report requires several retransmissions, which will lead to an increased handover delay. Furthermore target eNB doesn’t know the exact size of the status report. Therefore it has to make some worst case assumption for the UL resource allocation, i.e. it might reserve resources based on the received PDCP SDUs from source eNB. However due to ACK-to-NACK errors the actual status report sent by UE might be smaller than the allocated resources; hence padding is done in this case, which decreases the resource efficiency. 

Considering above described problems with the status reporting in source cell as well as in target cell after handover we propose that UE is not signalling PDCP SNs of PDCP SDUs that should be transmitted in the target eNB during handover for downlink data transmissions. The decision of which SDUs to forward should be based on RLC status reports and HARQ feedback information. Since RRC and RLC are both located in eNB, RRC could for example inform RLC layer before it initiates the handover procedure, which then could poll the UE for a RLC status report. This solution is implementation-specific.    

Conclusion: UE doesn’t signal PDCP SNs of PDCP SDUs that should be retransmitted in the target eNB to the network during handover. 
2.2.2 Status Report during handover for uplink transmission

For the uplink case status reports also have the benefit of avoiding duplicate transmissions. It should be noted here that due to the more strict reliability requirements for DL control signalling the possibility of duplicate transmissions due to ACK-to-NACK errors should be smaller compared to the downlink case. However duplicate transmissions do not only reduce the radio resource efficiency like for the downlink case but could also impact the reordering at PDCP layer in target eNB. In case target eNB receives some duplicate transmission after handover, it might wait for further PDCP SDU transmissions from UE due to the in-sequence delivery requirement, which will in turn lead to an increased reordering delay. 
For the uplink case only status reporting in the source cell before handover makes sense, since only source eNB has knowledge on the PDCP SDUs, which need to be retransmitted in the target cell. Since source eNB forwards uplink PDCP SDUs successfully received out-of-sequence to target eNB, target eNB doesn’t know without any additional information from source eNB, which PDCP SDUs UE need to retransmit. The status report could be included in the Handover Indication message. From resource allocation point of view the transmission of the status report together with Handover Indication message can be regarded as a regular downlink transmission and hence doesn’t cause any additional problems like for the downlink case. Therefore we propose that source eNB signals a status report to UE together with the Handover Indication message.     

Conclusion: Source eNB informs UE on UL PDCP SDUSNs which need to be retransmitted. The status report is sent together with the Handover indication message.
3 Conclusion

Status Reporting at inter-eNB handover is discussed in this contribution. It’s proposed that RAN2 agrees on above made conclusions and to capture them in corresponding specifications. 
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