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1. Introduction
It is well understood that an UE may not be able to function properly if it can hear two neighboring cells transmitting the same Physical Cell ID – such an event is termed a “PCI-collision” [1]. In RAN2 #62, “PCI-confusion” was presented as another problem that occurs in practice 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 collision-free and confusion-free deployment, and the necessity to support deployments where confusion-free is not possible. 
In this contribution, it is discussed that PCI confusion is impossible to avoid in the presence of a large number of unplanned cells (Pico and Femto HeNB) in the network. While there has been discussion to reserve a part of the PCI space for CSG cells [3], this conribution proposes to extend that reserved PCI range to all non-macro cells.
2. Discussion

2.1 Introduction to the PCI-Confusion Problem
In [1], the following two requirements regarding automatic Physical Cell ID selection are captured:

1. “collision-free”: the Physical Cell ID is unique in the area that the cell covers

2.  “confusion-free”: a cell shall not have neighbouring cells with identical Physical Cell ID

With the number of physical cell IDs limited to 504, it is not always possible to guarantee “confusion-free” in a dense urban deployment scenario where there are many underlay non-macro eNBs (e.g., Home eNBs or Pico eNBs) deployed under a macro eNB. When “confusion-free” requirement cannot be met, it is still desirable to assign Physical Cell ID such that the possibility for confusion and its effect are minimized. Based on these considerations an additional requirement is proposed in [4] for the automatic Physical Cell ID selection function: 

3. If Requirement #2 cannot be satisfied, a macro cell may have neighboring non-macro cells with identical Physical Cell ID, but a non-macro cell shall not have neighboring cells with identical Physical Cell ID
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Figure 1 Example of Physical Cell ID assignment when confusion-free is not possible

Figure 1 illustrates the unavoidability of the PCI-Confusion problem. Assume the number of cells under a macro Cell M1 is 600; then it is impossible for the deployment to be confusion-free because there needs to be multiple cells that use the same Physical Cell ID under the macro Cell M1. In that case, it is necessary to ensure that no non-macro cell will use the same Physical Cell ID as macro cells M1 and M2 (so as to be collision-free with the macro cell operations). In addition, non-macro cells in the same vicinity will still retain the confusion-free and collision-free requirements, e.g., Cells H1 may not have the same Physical Cell ID with Cell H2 (collision-free) or Cell H3 (confusion-free). However, the Physical Cell ID used for cell H1 may be reused by Cell H600.

Requirement #3 guarantees that any handover to another macro eNB is unambiguous. In addition, a handover from a non-macro eNB to another non-macro eNB is also always unambiguous. However, a macro eNB may yet have multiple neighbouring non-macro eNBs with the same Physical Cell IDs, due to the limitation in the number of available Physical Cell IDs. 

This contribution deals with resolving ambiguity when the confusion-free requirement cannot be met. Having a reserved set of PCI for these non-macro cells will allow early detection of potential PCI confusion. Note that we are using the term “non-macro cells” to identify any cells that are deployed in an unplanned manner and could therefore be succeptible to PCI Confusion – examples include Femto HeNB as well as operator-deployed, low-power Pico eNB.
2.2 Cause of PCI Confusion

The email discussion [3] recognizes the PCI confusion problem and discusses having a reserved set of PCIs specifically for CSG cells. While PCI confusion is likely to be caused by having a large number of CSG HeNBs, it could also be caused by any other non-macro cell that is deployed in an unplanned  manner. For example, low power pico cells deployed by the operator cause the exact same problem. 
The phenomenon of PCI confusion is caused by having a large number of cells with small footprint, that could all be neighbors of a larger macro cell. Since any non-macro cells subscribe to this characteristic, any reserved set of PCIs must be extended to these cells as well.
Proposal 1: A part of the PCI space be reserved for all non-macro cells (that have the potential to cause PCI confusion).
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 a proposal in that regard:
Proposal #1: A part of the PCI space be reserved for all non-macro cells (that have the potential to cause PCI confusion).

Note that support for the reserved set of PCIs must be mandated in Release 8 itself, and may not be delayed till a future release. Unless this feature is supported in Release 8, there will be legacy UEs that are unable to function in a deployment with PCI confusion, a likely scenario in the presence of large numbers of pico and femto cells.
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