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1. Introduction
“PCI-confusion” has been discussed in 3GPP [1] as a problem for handover procedures when multiple neighboring cells advertising the same PCI lie in the vicinity of the serving cell for an UE. A contemporary contribution to RAN3 [2] discussed the properties of a confusion-free deployment, and the necessity to support deployments where confusion-free is not possible. 
In this contribution, we discuss procedures for optimizing handover in the presence of PCI confusion. Section 2 begins by discussing the problems with current handover procedures in the presence of PCI confusion. It then proposes two solutions for optimizing the handover. Section 3 then compares the two solutions with regards to various handover scenarios. 
2. Discussion

The common situation where PCI confusion is unavoidable is when there exist a large number (>504) of small non-macro cells (femto or pico) under the coverage of a single macro cell. In such a situation, multiple non-macro cells will necessarily use the same PCI, leading to PCI confusion when an UE hands over from the macro to one of these cells. In [3] and [4], proposals are made to reserve a portion of the PCI space for non-macro cells that are prone to PCI confusion. This enables early detection of potential PCI confusion, and will optimize handover procedures – as will be discussed later in this section. As such, this contribution assumes the presence of a reserved PCI space for non-macro cells that are prone to confusion.

2.1 Handover in the presence of PCI confusion
2.1.1 Solution 0: Existing handover procedures

Current handover procedures [5] relies on the source eNB preparing the target eNB for handing over the UE, based on the PCI of the target cell. This solution works when there is no confusion with regards to the target PCI. However, if the target PCI is confusing, the source will be unable to resolve the identity of the target, and thereby will not be able to prepare the target eNB for a handover. As such, the existing solution (Solution 0) does not work in the presence of PCI confusion.
2.1.2 Solution 1
The UE is informed of the reserved range of confusing PCIs by the source eNB. When the UE detects such a PCI, it can use a lower reporting threshold for sending the MRM for these cells. In order to detect potential PCI confusion (which even the source eNB is unaware of), the UE can automatically read SIB1 to get the CGI of any cell with PCI in the confusing range, and include it in the measurement report. Alternatively, the source eNB can explicitly ask the UE to report the CGI of the target cell, by reading its SIB1. By using a lower reporting threshold, such a query for the CGI can take place well before the UE goes into handover, thereby not incurring any extra delay during handover. In either case, the source eNB can resolve the PCI confusion by using the reported CGI, and subsequently prepare the target eNB. 
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Figure 1 Resolution of PCI confusion using prior knowledge of reserved set of PCIs

Figure 1 presents a simple call flow of such a confusion resolution technique. The source eNB informs the UE of the range of confusing PCI. This triggers the UE to use lower thresholds to read the CGI of such cells. Later, during the measurement reporting phase, it also reports the (PCI, CGI) pair to the source eNB. The source eNB can then resolve the target eNB (using its CGI) and begin handover preaparation. Once the preparation is complete, it sends the handover command to the UE. 

Standards Impact of Solution 1:

· Communicating the PCI partition over the air to the UE

· Using lower reporting thresholds for MRM for cells with PCI in the confusing range.

· Requiring the UE to read SIB1 of the target cell to read its CGI. Unfortunately, the UE needs measurement gaps in order to read the CGI of target cells. This can lead to significant latencies, especially when the timing of the target cell is not known to the UE.
· Augmenting MRM to include CGI of the target cell.
2.1.3 Solution 2
The UE could use the CGI of the source eNB in cases when it is required to access a target eNB without prior handover preparation. This may happen if the target eNB that the UE is handing over to has a confusing PCI, and the source eNB is unable to resolve it in time to complete handover preparations.

In such a case, the UE can always include the CGI of the source eNB while accessing the target eNB. Since the CGI of the source eNB is known to the UE, there is no extra cost incurred in determining it. The CGI of the source eNB allows the target eNB to resolve any confusion about the identity of the source eNB. The target eNB can then retrieve the UE context from the appropriate source eNB, and complete the handover. 
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Figure 2 Using CGI of source to resolve PCI confusion when UE accesses target without handover preparation

Figure 2 presents a simple call flow for such a confusion resolution technique. Before entering handover, the UE is already aware of the PCI partitioning, and the CGI of the source eNB. When it goes into handover without an explicit handover command from the source eNB, it is aware that the target is likely to be not prepared for handover. In this case, it makes the connection request together with the CGI of the source eNB. The target eNB then uses the source CGI to retireve the UE context, and complete handover.

During a radio link failure (RLF), the target cell is unlikely to be prepared for the UE. This is even more probable if the target cell has a confusing PCI, since it takes longer for the source to resolve its identity. Under Solution 0, such an unprepared RLF will result in the UE going idle. And Solution 1 is also not applicable when RLF occurs. However, Solution 2 can actually solve this situation (as exemplified in Figure 2) and support handover with RLF in the presence of PCI confusion. 
Standards impact of Solution 2:

· Communicating the PCI partition over the air to the UE

· Allowing the UE to optionally include the source CGI during connection request. In order to do this, the target eNB must allocate extra uplink resources to the UE during connection setup. One solution is for the target eNB to always allocate extra uplink resources when it is aware that its own PCI belongs to the confusing range (e.g. it is a HeNB). This may be acceptable since a target eNB with PCI confusion is more likely to receive UEs without prior handover preparation, and such cells may also have less uplink resource constraints given their small coverage footprints. If such eNBs always allocate the extra uplink resources, the UE can utilize it to transmit the source CGI as and when needed.
· Allowing target eNB to retrieve UE context from the source eNB, when the target has not been prepared for handover. 
2.2 Comparison of Solutions for Various Handover Situations
This section compares the effectiveness of the solutions proposed above, for the various handover situations that may occur in a mixed deployment. It considers all the handover cases – where the source and the target may both have PCIs in the confusing range (or not). It also considers radio link failure situations. Table 1 below summarizes the conclusions.

	Source PCI
	Target PCI
	HO solution 
(no RLF)
	HO solution (w RLF)
Target unprepared

	Non-Confusing

(e.g Macro) 
	Non-Confusing

(e.g Macro)
	Solution 0 works.
	Solution 2 works (with no CGI needed). 

	Non-Confusing

(e.g Macro) 
	Confusing 

(e.g. Femto)
	Solution 1 works with latency penalty.
Solution 2 works (with no CGI needed). Uplink alloc for CGI is unused.
	Solution 2 works (with no CGI needed). Uplink alloc for CGI is unused.

	Confusing 

(e.g. Femto)
	Non-Confusing

(e.g Macro) 
	Solution 0 works.
	* Solution 2 works (with CGI needed). But target eNB will not allocate extra uplink reosurces by default.

	Confusing 

(e.g. Femto)
	Confusing 

(e.g. Femto)
	Solution 1 works with latency penalty.

Solution 2 works (with CGI needed). Uplink alloc for CGI is utilized.
	Solution 2 works (with CGI needed). Uplink alloc for CGI is utilized.


Table 1 Summary of handover situations in the presence of PCI confusion
In the case of a RLF handover from a femto to a macro (marked with a * in Table 1), the UE needs to report the CGI of the source cell. However, the macro eNB (having a non-confusing PCI) will not typically allocate the extra uplink resource needed for CGI reporting. The UE would need a mechanism to indicate during RACH procedures its need for extra resources. In the worst case scenario if the UE is unable to do so, the handover will simply be rejected by the target eNB and the UE will go to idle mode – as it does under the current procedures.  
3. Conclusion

While PCI Confusion is well recognized as a necessary deployment eventuality, there needs to be procedures to resolve PCI ambiguity in the presence of confusion. This contribution makes two proposals in that regard:
Proposal #1: Make UEs aware of the PCI partition for non-macro cells. This information may be communicated over the air to the UE. 

Proposal #2: Support optimized handover in the presence of PCI Confusion. This contribution proposes two solutions:
· Solution 1 requires an augmented MRM for the UE to include CGI of target cells that have PCIs in the confusing range. The source eNB uses the target CGI to resolve any confusion and prepares the target for handover.

· Solution 2 allows the UE to report the CGI of the source cell when handing over to the target without an explicit handover command. The unprepared target eNB can use the source CGI and retrieve the UE context from the source eNB to complete the handover.

It is proposed to discuss the above solutions and accept one or more of them as the desired behavior during handover, in the presence of PCI confusion. 
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