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1
Introduction

If SDUs have been partially transmitted when a UE executes a handover then radio capacity will have been wasted. It could therefore be concluded that, if possible, transmission of partially transmitted SDUs should be completed before a handover is executed provided that this does not compromise successful transfer of the Handover Command message. This Tdoc identifies a number of options for minimising data loss.

2
Discussion

The following methods are identified as having the potential to minimise the wasting of radio capacity as a result of handover execution being initiated at a time when RLC SDUs have been partially transmitted. The methods may also enable the transfer of RLC status reports before the handover execution is made.

1. Transmission of the Handover Command is delayed until the transfer of partially transmitted RLC SDUs and/ or the transfer of RLC status PDUs is complete.

In the downlink, transmission of new SDUs can be halted when the handover decision is made. In the uplink, scheduling of resources could be inhibited as soon as partially transmitted SDUs have been received.

The risk here is that if radio conditions are deteriorating rapidly, the Handover Command may have a higher probability of not being received.

2.
The Handover Command is sent as soon as the handover decision has been made and includes an execution time that is predicted to enable the transfer of partially transmitted SDUs and status reports.

This method would minimise the risk to the Handover Command not being received but requires that the execution time be estimated with some accuracy taking account of changing radio conditions and priority decisions within the scheduler. Underestimating may result in wasted radio resources, overestimating would increase handover dead time.  It is assumed that the transmission of new SDUs would stop on transmission/ reception of the handover command.

The execution time could be linked to that of the first RACH occasion in which dedicated signatures are available to the UE. It is assumed that a UE that is assigned dedicated signatures will be informed of the start and end of the period in which the dedicated signature is available to the UE.

3.
The Handover Command would be sent in a similar way to 2 and the UE behaviour would be similar to 2 except that the indicated execution time would represent a default execution time at which the UE should execute the handover if it has not received a 'Data Transfer Complete' indication from the serving eNB by that time i.e. the execution time becomes an upper bound or back-stop [2]. The eNB transmits the 'Data Transfer Complete' indication as a MAC or RRC message when it decides that SDUs/ RLC status reports have been transferred.

If dedicated RACH signatures are assigned to the UE for the handover, it is envisaged that the backstop execution time would be within the range of time for which the default signature is available to the UE. Where dedicated signatures are assigned it could be expected that the allocation period will be increased relative to case 2, however, because the early release of the UE may take place, perhaps, one or two RACH occasions early, the fractional increase in the interval over that assigned for power ramping may not be significant.

It is difficult to calculate the range of transfer times that will be required to complete the transfer of residual fractions of an SDU and/ or RLC status reports to UEs on a cell boundary because of HARQ and scheduler variability. If the range of data rates available at the cell boundary were to be between 100 kbps and 500 kbps the time required to transfer 1000 bytes would vary between 80ms and 16ms respectively.

3
Conclusion

Methods for reducing radio resource wastage through handing over when SDUs have been partially transmitted and for enabling the transfer of RLC status reports before a handover is executed have been identified. It is proposed that these be discussed to see if a preferred solution can be identified. In any event it is proposed that it should be recorded in [1] that segmentation and transmission of new SDUs in the downlink should be stopped when the handover decision is made and in the uplink when a Handover Command is received. A suggested update of the stage 2 text is provided below:

Beginning of Text Proposal

10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink RLC SDUs that have not been acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based for example on RLC status reports or HARQ feedback information depending on eNB implementation. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink RLC 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. 

NOTE:
In order to limit the effect of segment discard at HO, the segmentation and transmission of new downlink SDUs should be stopped when a HO decision is taken and segmentation and transmission of new uplink SDUs should be stopped when a Handover Command is received.
Re-ordering of downlink RLC SDUs during handover is provided by the re-ordering function at the UE PDCP layer and can be activated at least during inter-eNB mobility. 

Upon handover, the source eNB forwards all successfully received uplink RLC SDUs to the UPE and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink RLC SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB neither forwards uplink RLC SDUs nor the uplink RLC context to the target eNB. If needed, the PDCP within UPE may support re-ordering of uplink RLC SDUs during handover (operator control).

End of Text Proposal
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