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1 Introduction

This contribution presents the simulation results for the control channel performance considering the downlink interference between the femto cells. The control channel performance has been studied under the assumption of co-channel deployment of macro cells and femto cells [1][2]. In this contribution, we focus on the downlink interference between the femto cells themselves and assume dedicated channel deployment for the macro and femto cells.
2 Performance evaluation
2.1 Simulation assumptions
The static Monte-carlo simulation method is adopted. The simulation parameters mostly follow the evaluation methodology document in [3] with the following specific parameters listed in Table 2.1 and 2.2. 
Table 2.1 System simulation parameters
	Parameter
	Femto cell

	Cellular Layout
	Urban dual-strip 

	Carrier Frequency
	2000 MHz

	Shadowing standard deviation
	3dB for LOS Link between HeNB and HeNB UE; 4dB for NLOS Link between HeNB and HeNB UE

	Exterior wall penetration loss 
	20 dB

	Antenna pattern
	omnidirectional

	BS antenna gain after cable loss
	5 dBi

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE noise figure
	9 dB

	Maximum BS TX power per carrier
	20 dBm

	Carrier bandwidth
	10 MHz

	Minimum distance between UE and HeNB
	3 m


Table 2.2 Urban dual-strip parameters
	Parameter
	Urban

	L (number of floors per block)
	6

	R (deployment ratio)
	0.1 ~ 1

	P (activation ratio)
	100% 

	Number of active HUEs per femto-cell
	1


The femto path loss model 2 from UE to HeNB for dual-strip deployment in [3] is used. Figure 2.1 shows the CDF curves of the coupling loss from a Home UE (HUE) to its serving HeNB and its strongest interfering HeNB, respectively, under different deployment ratios.
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Figure 2.1 CDF curves of the coupling loss from a Home UE to its serving HeNB and its strongest interfering HeNB
2.2 Evaluation Methodology

Assume that the macro and femto cells are deployed on dedicated channels. The objective of this contribution is to evaluate the downlink control channel performance under different HeNB deployment ratios and study whether a simple reuse one scheme is sufficient. Note that the LTE Rel.8/9 macro eNBs adopt the reuse one scheme for their control channels. Since the HeNBs are deployed randomly without proper RF planning, the interference between some closely located HeNBs may be unacceptable for control channel demodulation. Therefore, we also evaluate the control channel performance under reuse N (N>1) schemes and study the appropriate reuse factor to eliminate the coverage hole.
Specifically, the performance of PBCH, PDCCH (aggregation level 8, DCI format 1A) are studied in this contribution. A coverage hole is considered exist when the BLER of the above control channels are larger than 1%. The corresponding SINR thresholds for different control channels are listed in Table 2.3 under internal study. The related simulation settings are given in the Appendix.
Table 2.3 SINR thresholds for 1% BLER on different control channels
	
	PBCH
	PDCCH

	SINR threshold
	-8.9 dB
	-4.05 dB


2.3 Simulation Results

Figure 2.2-2.4 shows the SINR CDFs of femto cells with reuse N (N=1, 2, 3) schemes under deployment ratio 0.1, 0.5 and 1, respectively. The SINR CDF of macro cells in macro only deployment scenario is also provided for comparison.  It can be observed that the femto cell SINR performance of reuse 1 scheme grows worse than that of the macro cell with the increase of the deployment ratio, especially in terms of the cell edge performance. On the other hand, the femto cell SINR performance of reuse 3 scheme is constantly better than that of the macro cell, even when the deployment ratio is 1.
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Figure 2.2 SINR CDFs of femto cells with reuse N (N=1, 2, 3) schemes under deployment ratio 0.1

[image: image3.wmf]-20

-10

0

10

20

30

40

0.0

0.2

0.4

0.6

0.8

1.0

PDCCH

-4.05dB

PBCH

-8.9dB

Deployment ratio = 0.5

C.D.F.

SINR(dB)

 

Macro UE

 

Home UE N=1

 

Home UE N=2

 

Home UE N=3


Figure 2.3 SINR CDFs of femto cells with reuse N (N=1, 2, 3) schemes under deployment ratio 0.5
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Figure 2.4 SINR CDFs of femto cells with reuse N (N=1, 2, 3) schemes under deployment ratio 1
Figure 2.5-2.7 provides the coverage hole of different control channels with reuse N (N=1, 2, 3) schemes when the deployment ratios are increased from 0.1 to 1 with a step of 0.1. The coverage hole rate increases with the deployment ratio for all the control channels. It can be observed that the coverage hole rate of PBCH is below 3% with reuse 1 scheme even when the deployment ratio is 1. However, the coverage hole rate of PDCCH with reuse 1 scheme is larger than 5% when the deployment ratio is 0.5 and larger than 10% when the deployment ratio is 1. On the other hand, the coverage hole rate of PDCCH can be kept below 2% and 0.6% when reuse 2 and 3 schemes are used, even when the deployment ratio is 1.
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Figure 2.5 coverage hole of different control channels with reuse 1 scheme
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Figure 2.6 coverage hole of different control channels with reuse 2 scheme
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Figure 2.7 coverage hole of different control channels with reuse 3 scheme

3 Conclusion
This contribution evaluates the control channel performance of femto cells, considering only the interference between femto cells and no interference from macro cells. This is applicable when dedicated channels are assigned to the macro and femto cells, respectively. The following conclusion can be drawn:
· A simple reuse 1 scheme is not sufficient for femto cell control channel performance, especially when the deployment ratio is relatively large.
· A reuse factor of 3 can almost eliminate the coverage holes of the control channels.

It is proposed that interference coordination between the control channels of femto cells be studied.
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5 Appendix
The simulation settings for the derivation of SINR thresholds for 1% BLER on different control channels are as follows.
Table 5.1 Simulation settings for PBCH

	Parameter
	Value

	Duplex mode
	TDD

	Transmission bandwidth
	10 MHz

	IFFT size; # of used sub-carriers
	1024; 72

	Occupied bandwidth; Sub-carrier spacing
	1.08 MHz; 15 kHz

	Occupied resource element
	240

	Subframe length
	1 ms (14 OFDM symbols)

	TB size (information + 16 bit CRC)
	( 24+16 ) bits

	Modulation
	QPSK

	Channel Coding
	Convolutional Coding, K=7

	Channel model / UE velocity
	EPA5 , 3 km/h

	Channel estimation
	LMMSE

	Physical resource block (PRB) bandwidth
	12 sub-carriers, 180 kHz

	MIMO
	2 x 2 SFBC


Table 5.2 Simulation settings for PDCCH
	Parameter
	Value

	Duplex mode
	TDD

	Transmission bandwidth
	10 MHz

	IFFT size
	1024

	Sub-carrier spacing
	15 kHz

	Occupied resource element
	288

	Subframe length
	1 ms (14 OFDM symbols)

	Occupied OFDM symbols
	3

	Format
	1A

	# of CCE
	8

	TB size (information + 16 bit CRC)
	( 29+16 ) bits

	Modulation
	QPSK

	Channel Coding
	Convolutional Coding, K=7

	Channel model / UE velocity
	EPA5 , 3 km/h

	Channel estimation
	LMMSE

	Physical resource block (PRB) bandwidth
	12 sub-carriers, 180 kHz

	MIMO
	2 x 2 SFBC
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