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1. Introduction 

A framework to study the PHICH performance is suggested in the document [1]. In the setup, three users would be allocated within one PHICH group and the target BER is 0.1% for ACK->NACK and 1% for NACK->ACK. We have provided alignment results earlier [4][5] assuming non-zero detection thresholds. At RAN4#48, it was decided to proceed with simulations using zero detection thresholds. This contribution contains the corresponding alignment results for scenarios 9.1, 9.2, 9.3 and 9.4.   
This contribution is an update of [7].  The PHICH channel power normalization was changed to conform to the latest agreement. 
2. Simulation Assumptions

2.1.  OFDM Configuration
The link performance is evaluated using the following reference configuration.
	Parameter
	Unit
	Value

	TTI
	ms
	1
	1

	Symbols / Slot
	
	7
	7

	Slots / Sub-frame
	
	2
	2

	Bandwidth
	MHz
	10
	1.4

	FFT size
	
	1024
	128

	Guard tones per symbol
	
	424
	56

	Number of usable tones
	
	600
	72


Table 1
Simulation Configuration
2.2.  PHICH Reference Channel Setup

The reference channel configuration parameters are given in Table 2 below. 
	User (role)
	Sequence index
	Relative symbol power (dB)
	Payload

	#0 (Scheduled)
	0
	-4
	Fixed ACK or fixed NACK (which depends on the test scenario)

	#1 (Interferer)
	1
	0
	random ACK/NACK

	#2 (Interferer)
	4
	-3
	random ACK/NACK


Table 2  PHICH Reference Channel Configuration
2.3. Other Assumptions

1. Normal cyclic prefix which gives a total of 14 OFDM symbols per sub-frame

2. Two or four OFDM symbols allocated for control
3. Normal PHICH duration (1 symbol)
4. One or two eNB Tx antenna
5. 1.4MHz BW (9.2) and 10 MHz BW (9.1, 9.3, 9.4)
6. Realistic channel estimation
7. Channel model used: ETU70, EPA5, EVA5
8. No antenna imbalance
9. Results presented using a range of  
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is assumed to be additive white Gaussian.

2.4. Threshold Selection

Zero thresholds were assumed.  
2.5. Simulations Sets

	Simulation Set #
	# Tx Antenna
	# Rx Antenna
	Channel Model

	Sim 9.1
	1
	2
	ETU70Hz, Low Correlation

	Sim 9.2
	2
	2
	EPA5Hz, Low Correlation

	Sim 9.3
	4
	2
	EVA5Hz, Medium Correlation

	Sim 9.4
	1
	2
	ETU70Hz, Low Correlation


3. Simulation Results

Figures 1 through 4 show the decision error rate results as a function of 
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, for scenarios 9.1, 9.2, 9.3 and 9.4, respectively. 
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Figure 1  PHICH ACK->NAK and NAK->ACK Error Rates, 1x2 SIMO (Sim 9.1)
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Figure 2  PHICH ACK->NAK and NAK->ACK Error Rates, 2x2 SFBC (Sim 9.2)
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Figure 3  PHICH ACK->NAK and NAK->ACK Error Rates, 4x2 SFBC (Sim 9.3)
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The numerical results are given in Table 3 below.

	SNR (dB)
	Scenario 9.1 BER
	Scenario 9.2 BER
	Scenario 9.3 BER
	Scenario 9.4 BER

	-10
	2.57E-01
	2.23E-01
	2.04E-01
	6.89E-02

	-9
	2.17E-01
	1.91E-01
	1.68E-01
	4.54E-02

	-8
	1.81E-01
	1.59E-01
	1.41E-01
	2.77E-02

	-7
	1.47E-01
	1.29E-01
	1.13E-01
	1.54E-02

	-6
	1.10E-01
	1.00E-01
	9.09E-02
	7.00E-03

	-5
	8.43E-02
	7.99E-02
	6.64E-02
	3.50E-03

	-4
	5.88E-02
	5.90E-02
	5.09E-02
	1.30E-03

	-3
	3.94E-02
	4.29E-02
	3.74E-02
	3.00E-04

	-2
	2.46E-02
	2.92E-02
	2.56E-02
	0.00E+00

	-1
	1.54E-02
	1.97E-02
	1.77E-02
	0.00E+00

	0
	8.60E-03
	1.23E-02
	1.29E-02
	0.00E+00

	1
	4.90E-03
	8.50E-03
	9.00E-03
	0.00E+00

	2
	2.50E-03
	5.40E-03
	5.70E-03
	0.00E+00

	3
	1.10E-03
	3.90E-03
	4.20E-03
	0.00E+00

	4
	4.00E-04
	2.70E-03
	3.10E-03
	0.00E+00

	5
	2.00E-04
	2.20E-03
	2.20E-03
	0.00E+00

	6
	1.00E-04
	1.70E-03
	1.30E-03
	0.00E+00

	7
	0.00E+00
	1.20E-03
	9.00E-04
	0.00E+00

	8
	0.00E+00
	8.00E-04
	6.00E-04
	0.00E+00

	9
	0.00E+00
	7.00E-04
	3.00E-04
	0.00E+00

	10
	0.00E+00
	4.00E-04
	2.00E-04
	0.00E+00


Table 3  PHICH Simulation results
4. Conclusion
In this document, we have presented PHICH FDD 1x2 SIMO, 2x2 SFBC and 4x2 SFBC link performance results for LTE UE with realistic channel estimation.
It is recommended that the results in this contribution should be compared with other company results. 
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