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1 Introduction

The current procedural flow for Handover in TS36.300 assumes that the UE performs DL and UL synchronisation after receipt of the Handover command.   The time to synchronise towards the target cell after receipt of the HO command accounts for 20ms of the HO interruption time.  This contribution discusses the topic of DL and UL synchronisation towards the target cell in more detail. 

2 Discussion

If the UE performs synchronisation towards the target cell only after receipt of the HO command, the UE is no longer communicating over the existing cell during the synchronisation procedure and hence this synchronisation time leads to additional interruption time during the HO procedure.   It is clearly desirable to reduce the time taken by the UE for synchronisation towards the target cell.   Further, good estimation of the time required for the UE to access the target cell can avoid resource wastage or delay in HO execution in case of synchronised HO. 

The synchronisation procedure involves DL and UL synchronisation.  These are discussed in more detail below.

2.1 Downlink synchronisation: 
The UE can be DL synchronised to the neighbouring cells that it is measuring at the time of measurement.  If the UE continues in sync at the time of handover execution, then one can save on interruption time for the DL synchronisation time towards the target cell.  So it is clearly desirable that the UE should stay DL synchronised towards the target cells where possible.  It is also useful to estimate when the UE can access the target cell since it can be used to optimise the time at which resource can be allocated in the target cell.

In cases where the HO is triggered by a UE measurement report such as Event 1D, the UE should stay synchronised towards the target cell at the time of HO execution provided the HO is executed within a certain period of time.  
However, it may not always be possible to stay DL synchronised if the HO completion was some time away since the last measurement instance.    Moreover, in other types of HO such as those that are not triggered by UE event triggered measurement reporting, it is possible  that the UE is not DL synchronised towards the target cell.  In these cases, it is up to the network to account for the time for the UE to be DL synchronised towards the target cell after receipt of the HO command.
2.2 Uplink synchronisation

It has been already agreed that dedicated signatures can be used for faster RACH access towards the target cell.  However, in many cases, the cells of the LTE network may be synchronised.   It can be assumed where the cells are part of MBSFN operation and also in certain operator deployments.  In these cases, it is possible for the UE to autonomously calculate the Timing advance to be applied towards the target cell based on the TA it is using towards the current cell, the difference in the propagation delays between the two cells as observed by the UE and the offset in the frames of the two cells if any. 

RACH access towards the target cell can be avoided by using autonomous calculation of the TA towards the target cell.  But since the RACH access provides both the TA and resource allocation in the target cell, some other solution must be found for the resource allocation and identification of the presence of the UE in the target cell.   This could for example be over the CQI channel or simply use synchronised HO with resource allocation provided over the source cell.  

Since there can be significant saving in the HO interruption time by avoiding the RACH access in the target cell during the HO for the cases where it is possible, it is proposed to agree that this optimisation be considered for target cells and investigate with RAN4 on the feasibility of the proposal if felt necessary.

3 Conclusion and proposal

Pre-synchronisation towards the target cell can save on interruption time during Handover.  It is possible for the UE to stay DL synchronised in most cases.   It is also possible to autonomously compute the timing advance towards the target cell where the source and target cells are synchronised.

It is proposed that

1) UE should stay DL synchronised for at least a certain period of time following an event driven measurement report (such as 1D in UMTS).   This should ensure the UE is DL synchronised at the time of HO.

2) It is up to the network to perform the HO within a certain time during which the UE can be assumed synchronised.

3) If a HO is performed outside of this window, it is up to the network to ensure sufficient time is provided to the UE to perform DL synchronisation.

4) Where the source and target cells are clock synchronised, the UE should be able to compute the TA autonomously towards the target cell without a RACH access.  

