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1 Introduction

It was agreed in RAN1#49bis meeting to have the downlink ACK/NACK channel. According to the decision of RAN1#48bis, the ACK/NACK channel is the hybrid FDM/CDM structure. It was also agreed in RAN1#49bis to map the ACK/NACK channel to 1 or 3 OFDM symbols.  

In this document, we provide performance results to decide various design parameters of the hybrid FDM/CDM structure, such as the spreading factor, the RE mapping, and the number of repetitions of a CDM segment.
2 DL ACK/NACK transmission for 1 transmit antenna
2.1 Spreading factor and RE mapping
Figure 1 shows the illustration of the ACK/NACK spreading block considered in this document. The ACK/NACK is spread within ACK/NACK spreading block which is repeated over the frequency domain for diversity (hybrid FDM/CDM). Following the agreement in RAN1#49 on PDCCH-to-RE mapping [1], which is to map the PDCCHs to REs via an interleaver and the interleaver operates on sets of 4 REs, we basically need to set ACK/NACK spreading block having 4 consecutive REs (ignoring reference symbols). 
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Figure 1: DL ACK/NACK spreading block
2.2 Number of repetitions
Figure 2 shows the varying performance depending on the number of repetitions (repetition factor), i.e. 1, 2, 3, 4, 8, and 24. Detailed simulation parameters are shown in Annex. In this simulation, the spreading factor is fixed as 4 and RE mapping structure is configured to 1x4. Looking into the 3kmph case, as the repetition factor increases from 2 to 3, 1dB gain at BER of 10-3 is achieved. In addition, the increase of repetition factor from 3 to 4 gives around 0.8 dB performance gain. As the repetition factor increases, the additional performance gain decreases further. From the results, repetition factor of 4 is preferred as a proper trade-off between the performance and the number of used REs.
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DL ACK/NACK transmission-Hybrid FDM/CDM

10MHz, real channel estimation, 2 Rx Antennas, TU3kmph
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Figure 2: ACK/NACK performance with varying number of repetitions; 1, 2, 3, 4, 8, and 24
3 Conclusion
It is proposed to adopt the following DL ACK/NACK channel structure for 1 transmit antenna:

· Spreading within a four consecutive REs (except for RSs) with spreading factor of 4

· 4 times repetition of a 1x4 spreading block
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Annex
Table A: Simulation parameters
	Transmission bandwidth (MHz)
	10

	IFFT size
	1024

	Number of subcarriers
	600

	Subcarrier spacing (MHz)
	15kHz

	subframe duration (ms)
	1.0 (14 OFDM symbols)

	Sampling frequency (Mhz)
	15.36

	Symbol duration
	66.67us(data)/ 4.69 or 5.21us(CP)

	Modulation
	BPSK

	Number of antennas (Tx, Rx)
	(1,2)

	Channel model
	6-ray Typical Urban

	UE speed (km/h)
	3,  120

	Pilot structure
	Every 6 subcarriers in the 1st and 5th OFDM symbol

	Channel estimation 
	Interpolation in frequency domain and combining in time domain
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