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1. Introduction

This contribution proposes a solution to the problem of handover in the presence of Physical Cell Identity (PCI) confusion. “PCI-confusion” occurs when multiple neighboring cells advertising the same PCI lie in the vicinity of the serving cell for an UE. PCI confusion may happen for CSG as well as non-CSG cells [2].

During handover, one of the following three cases arises:

1
The PCI is not in confusion, and the target cell is suitable, i.e., UE is reporting a PCI in a Measurement Report Message (MRM) which is associated with a unique cell at the source and where the UE is allowed for access.
2
The PCI is in confusion, and of the confusing cells, no target cell is suitable for the UE, i.e., UE is reporting one or more PCIs in the MRM where the UE is not allowed for access.
3
The PCI is in confusion, and one or more target cells are suitable, i.e., UE is reporting a PCI in the MRM which is associated with two or more cells at the source and where for at least one of these cells, the UE is allowed for access. The source cell is therefore not able to uniquely identify the target cell based on the PCI to determine which target cell the UE should be directed to. 
Cases 1 and 2 are already addressed with existing procedures for both Rel-8 and Rel-9 UEs. In Rel-8, no confusion resolution mechanism exists to address case 3.  
A similar problem happens in UMTS for HNBs and this is addressed in [3].

2. Resolving PCI confusion for Rel-8 UEs
According to existing procedures, the source cell has the following options for handling a Rel-8 UE in the presence of PCI confusion:
a.
Source cell may send a handover command directing the UE to one of the targets in the confused set (i.e. the set of cells with the same PCI).  Such a handover will succeed only if the selected target in the handover command is the actual target cell that the UE is providing measurement reports for. If the actual target cell is one which is not allowed, it will reject the UE and the UE will go to idle state. If the actual target cell is one which is allowed, but which was not the one selected in the handover command, then the UE be rejected and will go to idle state.  
b.
Source cell may not trigger any handover since there is no reliable way to resolve the confusion. This may cause RLF to occur in which case the UE will access the target cell if suitable.

The following procedure is therefore proposed for resolving PCI confusion for Rel-8 UEs:
· If a Rel-8 UE accesses an unprepared target cell after handover failure or RLF, context fetch is used to complete handover.

3. Resolving PCI confusion for Rel-9 UEs
In Rel-9, a mechanism is needed to better optimize the handover procedures to avoid the problems described above for Rel-8 UEs. There are two options to resolve the PCI confusion for Rel-9 UEs:

a.
The source cell requests the UE to read the CGI and possibly the CSG ID of the measured PCI and report it to the source cell. Subsequently, the source cell decides if handover is needed. Further details can be found in [1].
b.
The source cell sends a conditional handover command to the UE, where the UE is required to read the CGI and CSG ID and access the target cell if it is allowed for access. If the target cell is not allowed, the UE may either return to the source as if returning after a measurement gap, or access another allowed cell as if after RLF.
The difference between options a and b is the order of the handover command and the reading of the SIB at the target cell to resolve the PCI confusion.

-
In option a, the UE first resolves the confusion and then the source cell issues the handover command.

-
In option b, the source cell issues the handover command, and the UE resolves the confusion. In this case since the handover command may be to a cell that is not allowed, the UE shall only access the target cell if it is allowed and may return to the source cell otherwise.

Resolving the PCI at the source by having the UE report the CGI of the target cell increases the handover latency and will result in increased RLF. Therefore option b is preferred.

The following procedures are therefore proposed for resolving PCI confusion for Rel-9 UEs:
-
If a Rel-9 LTE UE reports a PCI that is in confusion, the source cell will prepare zero or more suitable target cells whose PCI corresponds to that reported by the UE
-
The source cell may send a conditional handover command to the UE indicating the PCI

-
The UE shall read SIB1 corresponding to this PCI and access the target cell if it is allowed. Otherwise the UE may either return to the source as if returning after a measurement gap, or access another allowed cell
-
Context fetch is used to complete the handover if the cell where the UE accesses has not been prepared.

The following call flow outlines the procedure. (The proposed changes are indicated in red in the call flow)
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4. Summary of proposals

Proposal for resolving PCI confusion for Rel-8 UEs:
· If a Rel-8 UE accesses an unprepared target cell after handover failure or RLF, context fetch is used to complete handover.

Proposal for resolving PCI confusion for Rel-9 UEs:
-
If a Rel-9 LTE UE reports a PCI that is in confusion, the source cell will prepare zero or more suitable target cells whose PCI corresponds to that reported by the UE

-
The source cell may send a conditional handover command to the UE indicating the PCI

-
The UE shall read SIB1 corresponding to this PCI and access the target cell if it is allowed. Otherwise the UE may either return to the source as if returning after a measurement gap, or access another allowed cell

-
Context fetch is used to complete the handover if the cell where the UE accesses has not been prepared.

5. Conclusion
The following table summarizes the various scenarios during handover
	Scenario
	Rel-8 UE
	Rel-9 UE

	No target cell for this PCI is suitable or PCI is not in confusion and the target cell is suitable
	No new mechanisms needed
	No new mechanisms needed

	One or more target cells are suitable and the PCI is in confusion
	If the handover fails or the UE experiences RLF, the UE will either (a) access the target if it is suitable; (b) access the source; or (c) access another suitable cell 
Context fetch is used to recover if the UE accesses a cell that has not been prepared
	Prepare zero or more suitable targets.
Use conditional handover command, i.e., UE will either (a) access the target if it is suitable; (b) return to the source; or (c) access another suitable cell
Context fetch is used to recover if the UE accesses a cell that has not been prepared
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