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Introduction
This contribution shows a study to analyze the PCI collision probability for different home eNB densities and different number of PCIs available for CSG cells. To simplify the simulation random assignment of PCIs to the home eNBs is simulated.
2

Simulation Setup
The simulation considers a heterogeneous deployment model where a number of non-macro eNBs (i.e., pico/femto/relay) are deployed with macro eNBs. Planned deployment for macro eNBs and random deployment for non-macro eNBs has been assumed.  The system simulation parameters used to model the above deployment are given in Tables 1, 2 and 3. To take care of the edge effects, wrap around for the cells has been implemented in our simulation.

To simplify the simulation, an outdoor or an open space propagation model is used for both macro and non-macro eNBs, i.e., non-macro eNBs are not considered constrained within houses or walls. Open space propagation increases the coverage area of non-macro eNBs and hence, the overlap in the coverage areas of two or more non-macro eNBs (which relates to collision probability) will be more in this simulation than in reality. So, the results presented in these simulations should serve as an upper bound.

To obtain collision statistics over the entire area, instead of dropping UEs randomly in the whole area, a fine uniform grid where each grid point is 30m apart from another grid point in both horizontal and vertical direction is defined and a UE is dropped at every grid point.  This not only allows uniform distribution of UEs but also helps us to: a) cover the whole area in a more proper and controlled fashion to identify collisions b) establish a relationship between the number of UEs and the coverage area (as UEs are equidistant from each other). 

Table 1: System Simulation Parameters used for Macro-cells

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 7 cell sites, 3 sectors per site with wraparound

	Inter-site distance
	1000 meters

	Distance dependent path loss
	PL = 28 + 40log10(d), ‘d’ is in meters 

(dense-urban deployment has been assumed)

	Shadowing 
	Lognormal shadowing with standard deviation 10 dB

	Shadowing correlation 
	0.5

	Antenna pattern  (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency
	2 GHz

	Bandwidth
	20 MHz

	Height of BS
	35 meters

	Total BS transmission power
	43 dBm

	Antenna Gain
	14dBi

	Penetration Loss
	5 dB

	Minimum horizontal distance between UE and BS
	10 meters


Table 2: System simulation parameters used for non-macro cells

	Parameter
	Assumption

	Cellular Layout
	Non-macro eNBs dropped randomly in macro-cell structure described in Table 1  These non-macro eNBs are not restricted to grid points but can exist anywhere. Densities of 100 non-macro eNBs per macro eNB and 500 non-macro eNBs per macro eNB have been considered.

	Distance dependent path loss
	PL = 28 + 40log10(d), ‘d’ is in meters 

(dense-urban deployment has been assumed)

	Shadowing 
	Lognormal shadowing with standard deviation 10 dB

	Shadowing correlation 
	0.5

	Gain due to Antenna pattern  
	0 dB 

	Carrier Frequency
	2 GHz

	Bandwidth
	20 MHz

	Height of BS
	15 meters

	Total BS transmission power
	15 dBm

	Antenna Gain
	 0 dBi

	Penetration Loss
	 5 dB


Table 3: System simulation parameters used for UEs

	Parameter
	Assumption

	UEs are dropped in a grid fashion where each UE is placed at a grid point (Uniform Distribution for UEs)
	Distance between two grid points (or users) in either horizontal or vertical direction = 30 meters

	UE antenna gain
	0 dBi

	Height of UE 
	1.5 meters

	UE Noise Figure
	10 dB


2.1

PCI Collision Model

In these simulations, we have assumed a separate PCI space and its planned assignment for macro-eNBs. This implies that we can safely assume no collision between a macro and a non-macro eNB or any two macro eNBs.

To identify collision between any two or more non-macro eNBs, link layer studies have been performed to understand when a UE that receives signals from the two non-macro eNBs having the same PCI can be considered in collision. These link layer studies showed that significant performance degradation (either in PER or in SNR loss) occurs when the ratio between the desired signal energy and the colliding signal energy becomes lower than 10 dB. We have used this threshold in our simulations to determine if a UE is in collision or not.
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Simulation Results

Using this setup, the simulation is performed with a random assignment of PCIa at every non-macro eNB. The results of the simulation are given in the table below:

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

	Number of PCIs available for non-macro eNBs
	Percentage of UEs (out of the UEs that can see at least one non-macro eNB) observing collision of PCIs with serving or non-serving eNBs

	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 (out of the UEs that can see at least one non-macro eNB) observing collision of PCIs with serving or non-serving eNBs

	10
	16.1%

	50
	3.6%

	100
	1.8%

	200
	0.9%


The simulation shows that even a random assignment provides a pretty low collision rate with only 50 PCIs. It is important to note that the simulation is performed with a fairly dense concentration of non-macro eNBs, to simulate worst possible scenario. This collision rate can further be reduced by:

· Co-located UEs, which sense the RF environment around the HeNB and select non-colliding PCI

· Using backhaul messaging to avoid selection of PCI that can potentially collide with neighbors

· Increasing the PCI space
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