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1 Introduction

The LS from RAN3 [1] suggests RAN1 to consider PCI collisions in uncoordinated deployments of HeNBs. In this contribution, we perform extensive simulations to quantify the magnitude of this issue. 
2 Simulation assumptions 
Simulations are performed assuming a heterogeneous deployment of HeNBs and macro-cells. The assumptions are following those agreed by RAN4 for defining FDD HeNB RF requirements [2]. Therein, dense HeNB deployment modeling is specified by the dual stripe model, which is chosen in this contribution to evaluate the worst case of PCI collisions. Fig. 1 depicts the Femtocell block according to the dual stripe model and Table 1 contains the corresponding parameters. The HeNB assumptions are contained in Table 2 and for other assumptions such as propagation models, refer to [2]. The Femtocell blocks are dropped in the macro-cells, see assumptions in Table 5 in Appendix.       
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 Figure 1. A Femtocell block of the dual stripe model.
Table 1. Urban-dense HeNB modeling parameters of dual stripe model [2].
	Parameter
	Assumption

	M (number of blocks per macro-cell)
	1

	L (number of floors per block)  
	6

	R (deployment ratio )
	0.2

	P (activation ratio)

	100%


In these simulations we have deliberately chosen parameters to capture the worst case, e.g., using macro-cell radius of 500 m (instead of 1732 m [2]); using 
[image: image2.wmf]10

=

ow

L

dB outdoor wall penetration loss (instead of 20 dB [2]); using 0 dBi antenna gain (instead of 5 dBi [2]); activation ratio P=100% (instead of 50% [2]).
Table 2. HeNB system assumptions [2].
	Parameter
	Assumption

	HeNB Frequency Channel
	Same frequency and same bandwidth as macro layer

	Min separation UE to HeNB
	20 cm [2]

	Number Rx antennas HeNB
	2

	HeNB antenna gain
	0 dBi 

	Exterior wall penetration loss
	10 dB 

	Interior path loss model
	refer to [2], section 5.2

	Interior to Exterior path loss model
	refer to [2], section 5.2

	Exterior path loss model HeNB to UE
	refer to [2], section 5.2

	Log-normal shadowing standard deviation
	4 dB

	Noise figure HeNB
	8 dB

	Tx power HeNB
	20 dBm


We assume that the PCI space is partitioned between macro-cells and HeNB cells, i.e., there can only be PCI collisions for HeNBs. We define a PCI collision as the event when a UE receives signals from at least two cells with the same PCI and the ratio of the signal energy between the desired cell and the interfering cell is less than 10 dB. This is the same measure as was used for [1]. Note there is no requirement on the SINR to the desired cell, so according to this definition of a collision, the UE may experience a collision without any lower SINR constraint to its serving cell. Hence the collision probability results will be lower in practise, if one should assume a certain minimum SINR in order to be able to detect the desired cell.
The simulations are performed for different number of PCIs available for the HeNBs. RAN2 initially assumed that 50 PCIs might be sufficient, however larger numbers are not precluded. The PCIs are randomly assigned to the HeNBs. We consider a heavily loaded system where all HeNB are in an active state according to the assumptions listed in Table 1.   
3 Simulation Results
The PCI collision probabilities are contained in Table 3. 
Table 3.  PCI collision probability with R=20% deployment ratio and P=100% activation ratio.
	 No. of PCIs 
	Probability of PCI collision

	10
	2.5%

	50
	0.47%

	100
	0.24%

	200
	0.06%


We note that the collision probabilities are very low and the magnitude of the problem is small. Furthermore, the results are significantly lower than those which RAN3 based its LS on [1] (which were 15.2%, 3.3%, 1.7% and 0.9%, respectively).   
According to Sec. 22.3.5 in [3], further reduction of the collision probabilities could be done by identifying collisions through a DL receiver. We assume that a DL receiver is deployed at each HeNB and that it can detect a colliding cell if the SINR is above -6 dB, which is a rather restrictive value. The SINR includes the macro-cell interference. Table 4 contains the collision probabilities with a DL receiver.  
Table 4. PCI collision probability with R=20% deployment ratio and P=100% activation ratio with  DL receiver.
	No. of PCIs
	Probability of PCI collision with DL receiver

	10
	1.39%

	50
	0.36%

	100
	0.18%

	200
	0.05%


These results are also much lower than those from RAN3 (which were 12.2%, 2.6%, 1.3% and 0.7% respectively). Since the levels are non-significant, no further means are needed. 
4 Conclusions
In this contribution, we have evaluated the PCI collision probabilities under the agreed simulation assumptions [2] for dense uncoordinated HeNB deployments. The results show that PCI collision probabilities are not significant.  The results confirm that the probability of a PCI collision can be kept at sufficiently low levels by allocating a proper amount of PCIs for HeNBs, as previously also stated by RAN1 in [4]. 

Additional collision resolution methods are not seen as necessary. 
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Appendix

Table 5. Macrocell system assumptions [2].
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	500 m 

	Number sites
	7 (=21 cells) with optional wrap-around.

	Minimum distance between UE and cell
	>= 35 m

	Carrier Frequency
	2000 MHz

	Distance-dependent path loss
	See section 5.2 [2]

	Shadowing standard deviation
	8 dB (see section 5.3 [2])

	Shadowing correlation
	Between cells
	0.5 (fixed, see section 5.3 [2])

	
	Between sectors
	1.0 (see section 5.3 [2])

	Penetration Loss (assumes UEs are indoors)
	10dB (see section 5.2 [2])

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See section 5.1 [2]

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Number of UE antennas
	2 Rx, 1 Tx

	Total BS TX power (Ptotal)
	46 dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Minimum distance between UE and cell
	>= 35 m














































































































































































































� Note that P is set to 50% in [2].
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