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1 Introduction

This contribution discusses the different possible phases for the handover process in LTE/SAE.  It also attempts to identify the different open issues in each phase of the HO operation.   The pros and cons of bi-casting vs data forwarding are also discussed in detail.  It does not make any assumption on macro-diversity for the uplink.

2 Discussion 

The handover process can be subdivided into different phases.  Whether all of these are needed or not is FFS.

1) Setting up of measurement reporting
This is done by E-RRC signalling.  Whether this considers roaming restrictions is FFS.


2) Pre-configuration of the network
Pre-configuration of the network bearer paths and new NodeB resources can reduce HO execution time and interruption.  Pre-configuration can be done on HO trigger (also known as backward handover) or even before the handover trigger.  This can set up resources in the new NodeB and also set up a bearer path from the new NodeB to the higher anchor node.  Such pre-configuration can also happen over inter-NodeB interfaces.  Some form of pre-configuration must be done for LTE/SAE.  Details are FFS.
Need for pre-configuration a bearer path from old NodeB to NodeB  is FFS.   The trigger for the pre-configuration is FFS.


3) Handover trigger in the UE
HO trigger based on network configured measurements.  This is internal to the UE.


4) Signalling of the HO trigger from UE to network
For network controlled HO, this will be reporting of the measurement event.  For UE controlled HO, this will be an indication of the HO (cell change) decision taken by the UE.   The handover trigger can go to the new cell or old cell.  If there is no pre-configuration in the new cell, and the HO trigger goes to the new cell, it will a UE controlled forward handover.   These are FFS.
This signalling could be at E-RRC layer or lower layers.  Details are FFS.


5) Bearer flow switch
On receipt of the HO signalling from the UE, the network must switch the data from the old NodeB to the new NodeB.  The location of the anchor for this switching process is FFS.


6) Handover command to the UE
This is required only for network controlled HO.  The signalling could be at E-RRC layer or lower layers.  Details are FFS.


7) Forwarding or bi-casting of data
To reduce handover interruption time and packet loss during HO, bi-casting or forwarding of data from the old NodeB can be used.  

Forwarding of data and UE context: Forwarding of data from the old NodeB and be used to eliminate or reduce packet loss during the HO.  In addition, inter-NodeB legs can also be used to transfer other state information stored in the NodeB like radio bearer and subscriber information.  Inter-NodeB interface allows accurate reporting of the last communication state between the UE and old NodeB.  However, where cost of the last mile of the transport network is an issue, use of inter-NodeB interface doubles the data over this interface during the HO period.  Data-forwarding can also result in longer interruption time.  This may or may not be an issue depending on the delays over the last mile.

Bi-casting: Another option to data forwarding from old NodeB is bi-casting by a higher anchor node.  This can reduce HO interruption time since the new NodeB already has data to send to the UE even before the UE actually moves to the new cell.  The trigger for bi-casting is FFS.
This requires some sequence numbering to allow the UE to detect and discard duplicates.  However bi-casting in itself may not prevent data loss if the UE takes a finite time before it can start receiving data from the new cell after leaving the old cell and due to possible mismatch between the old NodeB and new NodeB.  Bi-casting may be simpler than forwarding.  If there is only one possible target NodeB and depending on the accuracy of the trigger for bi-casting, it may save on the volume of data sent over the last mile.   However, it can result in sending duplicate packets over the radio making it less efficient over this interface.

In summary, bi-casting may be simpler and faster but it cannot guarantee loss free HO.  Data forwarding may be an issue over the last mile and cause longer interruption but can ensure no data loss.


8) Handover completion: This is the final phase of the HO process where the resources are released in the old NodeB.

9) Handover failure handling:  A mechanism for handling HO failure must be defined to avoid call drops in case of HO failure.  This could be a fall back to the old cell and/or some higher layer of communication.  Details are FFS.

3 Summary and proposal

This document looked at the possible phases of the HO procedure in LTE/SAE.  We propose to capture these in a TR to help identify future contribution and discussions and help in the decision making.
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