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1. Introduction
In the last RAN2 #65bis meeting in Seoul, there was discussion on the need for UE mechanisms to detect PCI collision in a heterogenous network. During the discussions (see RAN2 #65bis report [1]) it became clear that there was considerable discrepancy in understanding of the results of RAN3’s PCI Selection mechanisms. In particular, it was debated whether network based mechanisms are adequate to “guarantee no PCI problems” (where problems=collisions).
This contribution attempts to summarize RAN3’s understanding of the aforementioned PCI selection algorithms. And should result in an informative LS to other RAN groups, in order to ensure that all companies and WGs are on the same page.  
2. History
RAN3 has standardized PCI Selection algorithms for (H)eNBs in TS 36.300 [4], as quoted below.
22.3.5
Framework for PCI Selection

The eNB shall base the selection of its PCI either on a centralized or distributed PCI assignment algorithm:

[Centralized PCI assignment] The OAM signals a specific PCI value. The eNB shall select this value as its PCI.

[Distributed PCI assignment] The OAM signals a list of PCI values. The eNB may restrict this list by removing PCI-s that are: 

a)
reported by UEs;

b)
reported over  the X2 interface by neighboring eNBs; and/or

c)
acquired through other implementation dependent methods, e.g. heard over the air using a downlink receiver.

The eNB shall select a PCI value randomly from the remaining list of PCIs.
The purpose of the above algorithms is to avoid collision. However, the key question here is whether the above algorithm eliminates PCI collision. In a heterogenous network, we state that the answer is NO, and therefore it is advisable to take this into account while considering other system aspects.

3. Effectiveness of the Algorithms

3.1. Centralized Algorithm

A centralized PCI selection algorithm relies on the OAM to provide a single PCI value that is not in collision with any of its neighbors. For a macro deployment, this is possible to achieve, based on careful planning. However, such a feat is impossible to achieve in a heterogenous network of HeNBs. 

· PCI planning is not possible since the HeNBs are deployed in an ad-hoc manner.

· Exact location is impossible to determine, especially the z-axis in an apartment building.

· Even if the HeNBs report detailed radio measurements to  OAM, such radio measurements can change very quickly.
· The HeNB itself may be moved e.g. moving the HeNB from under a table to the window sill can create a new PCI collision when there was none.

In short, centralized PCI assignment can never eliminate collisions in a heterogenous network.
3.2. Distributed Algorithm
3.2.1. Qualitative Evaluation

The distributed algorithm benefits by taking local information into account, and allowing the (H)eNB to choose it’s PCI. As mentioned in 36.300, there are several possible mechanisms that may be used. We briefly summarize the effect of these:
· Neighboring PCIs reported by UEs: A HeNB cannot have any associated UEs until it starts transmitting – therefore this method may not help during initial PCI selection. Even if a temporary initial PCI is used, a HeNB will likely have only a few associated UEs, and their reports may not provide a 360 degree view.

·  Reported over X2 interface: HeNBs do not have X2 interface, hence this method does not work.

· Heard over the air using downlink receiver. While not mandatory, it is likely that most HeNBs will have this mechanism, and it should clearly help reduce collisions. However, the range of a receiver co-located at the HeNB is less than the range of receivers of associated UEs. Therefore this mechanism can only partially eliminate PCI collisions. 
3.2.2. Simulation Results

In fact, RAN1 has already studied the probability of PCI collision for CSG cells, when the PCIs are chosen in a distributed random fashion [2]. Using the PCI setup and the collision model as described in [2], we repeat the simulation of a random assignment of PCIa at every non-macro eNB. We also simulate having a downlink receiver at the non-macro eNBs. The results of the simulation are given in the table below:
 500 non-macro eNBs dropped randomly in each macro eNB:

	Number of PCIs available for non-macro eNBs
	Percentage of UEs observing collision of PCIs with random PCI allocation
	Percentage of UEs observing collision of PCIs with random PCI allocation plus downlink receiver (sensitivity at -6 dB)
	Percentage of UEs observing collision of PCIs with random PCI allocation plus downlink receiver (sensitivity at -8 dB)

	10
	15.2%
	12.2%
	11.7%

	50
	3.3%
	2.6%
	2.4%

	100
	1.7%
	1.3%
	1.2%

	200
	0.9%
	0.7%
	0.6%


Several obvious conclusions may be drawn from the simulation results.  
· The PCI collision probability is dependent on the number of PCIs available for non-macro eNBs.
· We fully agree with RAN1’s conclusion as stated in an LS to RAN2 and RAN3 [3]: “Different number of PCIs are required for an acceptable collision probability depending on the density of CSG cells”. 
· A mechanism like downlink receiver at the HeNB can certainly reduce the PCI collision probability (as expected). However, it also cannot eliminate this probability.
This section therefore bears out the qualitative conclusion reached in Section 3.2.1 – distributed PCI selection mechanisms can reduce collision probability, but cannot eliminate it. Consequently, it is worthwhile to consider mechanisms to detect PCI collisions, in order to improve the efficiency of Rel 9 heterogenous networks. 
4. Conclusions
We wish to ensure that that the other RAN groups are on the same page with regards to the effectiveness as well as the limitations of the PCI Selection algorithms as specifed by RAN3. 
Proposal: Send an LS to RAN1/2/4 summarizing our understanding of the effects of PCI Selection algorithms. (Draft LS is available)
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