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1 Introduction

In the RAN1#48bis meeting, the following was agreed by RAN1 based on ACK/NACK performance evaluation results in [1]:
· Hybrid FDM/CDM of downlink ACK/NAK (if RAN2 changes their view on adaptive HARQ, this need revisited.)
In this document, we provide further performance results with various design parameters on the hybrid FDM/CDM based ACK/NACK, such as spreading factors and its RE mapping. 
2 DL ACK/NACK performance
Simulation assumption
The simulation results are provided taking into account following baseline assumptions.

· Allocation of mxn adjacent resource elements, called ‘ACK/NACK control element’, within first m OFDM symbols of a subframe.
· ACK/NACK is spread over ACK/NACK control element.
· k times repeated ACK/NACK control element in frequency domain. 
Figure 1 shows the illustration for the ACK/NACK control element considered in this document. In the simulation the repetition number k is fixed as four. (As shown in [1], 4-repetition seems preferable in terms of performance and resource overhead.) Therefore, in order to accommodate N ACK/NACKs, all the cases require 4N REs with the granularity of spreading factor for each case. In other words, with the given number of repetition, the resource overhead is the same with each other.
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Figure 1 DL ACK/NACK control element
Detailed simulation parameters are shown in table 1. 
Table 1: 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 
	3rd order Lagrange interpolation in frequency domain and combining in time domain


Performance
Figure 2 represents ACK/NACK BER performance comparison without power imbalance among the multiplexed ACK/NACKs, i.e. transmission power of each ACK/NACK is identical. It is observed that there is no significant performance difference among the different spreading factors and RE mapping structures considered. 
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Figure 2: ACK/NACK performance
Figure 3 shows the impact of transmission power imbalance on the hybrid FDM/CDM performance. In this evaluation, the transmission power imbalance denotes the inverse ratio of desired UE’s ACK/NACK transmission power to the sum of all the others. No significant performance difference is observed among the different spreading factors and RE mapping structures considered.
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Figure 3: ACK/NACK performance with transmission power imbalance among the multiplexed ACK/NACKs

In figure 4, the performance impact due to the power imbalance and interference fluctuation. In this simulation, the interference signal is modelled upon lognormal distribution with variance of 5dB, and 10dB. The interference signal varies every subcarrier. The amount of power imbalance is 10dB. It is observed that the performance improvement from increasing spreading factor from 2 to 8 is around 0.5 dB at the expense of decreased resource allocation granularity for ACK/NACK.
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Figure 4: ACK/NACK performance with transmission power imbalance among the multiplexed ACK/NACKs and interference variation per subcarrier
3 Conclusion
Based on the performance results with various design parameters such as spreading factor, its RE mapping, and repetition factor, the followings are recommended for the structure of hybrid FDM/CDM ACK/NACK: 

· Spreading factor: 4

· RE mapping: 1x 4

· Repetition factor of a spread ACK/NACK bit: 4
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