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1. Introduction
RAN2 has decided that the UE will be informed of the PCI space allocated to CSG cells [1]. Further, an LS [2] from RAN1 includes some results on the PCI collision probability as a function of the size of the number of PCI values allocated to CSG cells.

In emails to the RAN2 reflector, there is a proposal from T-Mobile, arguing that four bits are sufficient to represent the range of PCI values allocated to CSG cells. The T-Mobile proposal is for a range from from 5 to 80, in steps of 5. We present results below arguing for an efficient way to use four bits to quantize the possible number of values that will be used for CSG cell reservation.
2. Analysis

2.1. Non-uniform quantization
The following table quotes results from the collision probability, as shown in R1-083366, that was part of the RAN1 LS [2]. It can be observed from the table that the collision rate follows a “1/n” relationship with the size of the reserved space

Case 1: 100 non-macro eNBs dropped randomly in each macro eNB:

	Number of PCIs available for non-macro eNBs
	Percentage of UEs observing collision of PCIs 

	10
	5.3%

	50
	1.1%

	100
	0.6%

	200
	0.3%


Case 2: 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

	10
	16.1%

	50
	3.6%

	100
	1.8%

	200
	0.9%


Using this “1/n” relationship, the following table has PCI collision probabilities for some interpolated points.

Table: Results obtained by interpolation.
	PCI Size
	Collision with 100 non-macros
	Collision with 500 non-macros
	How obtained

	5
	10.60
	32.20
	Interpolated

	10
	5.30
	16.10
	Simulation

	15
	3.67
	12.00
	Interpolated

	20
	2.75
	9.00
	Interpolated

	25
	2.20
	7.20
	Interpolated

	30
	1.83
	6.00
	Interpolated

	35
	1.57
	5.14
	Interpolated

	40
	1.38
	4.50
	Interpolated

	45
	1.22
	4.00
	Interpolated

	50
	1.10
	3.60
	Simulation

	55
	1.00
	3.27
	Interpolated

	60
	1.00
	3.00
	Interpolated

	65
	0.92
	2.77
	Interpolated

	70
	0.86
	2.57
	Interpolated

	75
	0.80
	2.40
	Interpolated

	80
	0.75
	2.25
	Interpolated

	100
	0.60
	1.80
	Simulation

	120
	0.50
	1.50
	Interpolated

	140
	0.43
	1.29
	Interpolated

	160
	0.38
	1.13
	Interpolated

	200
	0.30
	0.90
	Simulation


From the above table, we can conclude that the granularity needed to signal the PCI split should be non-uniform. That will give the network better control over selecting the appropriate collision probability at which to operate.

Proposal 1: Adopt a non-uniform quantization for signalling the PCI split to the UE.
Also, under some cases it may be necessary to deploy networks with extremely high density of CSG cells, requiring the allocation of 200 PCIs to CSG cells. This could be the case, for example, if the density of macro-cells is small, and 200 PCIs are available for use of CSG cells.

Proposal 2: Allow the network to signal a large number of reserved PCIs, such as 200. This may be useful for networks with very high density of CSG cells.
2.2.  Need for an “ALL” value
In some cases, the network may operate in a mode where only CSG cells are deployed on a certain frequency (CSG-only frequency). For such a frequency, it is likely that the network will use all 504 PCI values for CSG cells. Therefore, we should have a “504” value in the encoding.

Proposal 3: Allow a network to signal that all PCIs on the current frequency are allocated to CSG cells.

2.3. Proposal for example allocation
The following is a proposal for an example that meets proposals 1-3.
Proposal 4: The following 16 values to be used to signal the number of PCIs allocated to CSG cells.

5 10 15 20

25 30 40 50

60 80 100 150 

200 504 spare1 spare2

3. Proposal
Proposal 1: Adopt a non-uniform quantization for signalling the PCI split to the UE.
Proposal 2: Allow the network to signal a large number of reserved PCIs, such as 200. This may be useful for networks with very high density of CSG cells.

Proposal 3: Allow a network to signal that all PCIs on the current frequency are allocated to CSG cells.
Proposal 4: The following 16 values to be used to signal the number of PCIs allocated to CSG cells.

5 10 15 20

25 30 40 50

60 80 100 150 

200 504 spare1 spare2
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