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1. Introduction
Even though many things on PHICH structure were decided during last several meetings, the RF (Repetition Factor) value in 1 Tx Antenna case is still remaining issue [1]. 
In this paper, we show simulation results on performance of PHICH transmission with various repetition factors in 1 Tx antenna case.
2. Performance evaluation on repetition factor
In order to evaluate performance according to different repetition factor, some link level simulations have been performed. The simulation parameters and configurations are summarized in Table 1. In this simulation, repetition factors are set to 1, 2, 3, 4, 5, and 6 where the number of REs used for PHICH transmission is proportional to the repetition factor. However, the total PHICH transmit power is normalized for fair comparison.  In this simulation, only RS (Reference Signal) on the first OFDM symbol in a subframe is used for channel estimation.
Table 1   Simulation parameters and configurations
	Parameters
	Value

	Number of simulation
	100,000 subframes

	Bandwidth
	5MHz

	Transmission method
	CDM
Hadamard sequence (length 4)

	Modulation
	BPSK

	Amount of REs used in ACK/NACK transmission
	4, 8, 12, 16, 20, 24 REs (for 1, 2, 3, 4, 5, 6 repetition) in SF 4 case

	Channel model
	TU

	UE speed (km/h)
	3km/h

	Channel estimation
	Real, DFT-based

	Receiver
	MRC

	Number of antennas
	1 Tx, 2 Rx
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Figure 1   PHICH transmission performance (SF = 4, various RFs)
In figure 1, the simulation results are shown. As repetition factor increases, performances become better. It is because more frequency diversity gain can be obtained when larger repetition factor is used. However, larger repetition factor needs more resource for PHICH transmission. In our simulation results, as repetition factor increase from 2 to 3, about 0.9dB performance gain is obtained at 10-2 BER point. In case of 4 repetition factor, there is about 0.3dB gain over 3 repetition factor. The larger repetition factor is used, the smaller additional performance gain is obtained.
3. Conclusions

In this paper, we evaluate PHICH transmission performances with various repetition factors. In our simulation results, the performance difference between 3 and 4 repetition cases is almost marginal. Therefore, 3 seems to be proper repetition factor to achieve frequency diversity for PHICH. We think that the results of this paper could be basic information in considering PHICH repetition factor in 1 Tx case.
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