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1 Introduction

In this document, the performance of DL ACK/NACK transmission is analyzed. 
Proposal summary for DL ACK/NACK transmission (hybrid CDM/FDM):
· Allocation of 2x2 adjacent resource elements, called ‘ACK/NACK control element’, over first 2 OFDM symbols within 1ms subframe.
· ACK/NACK is spread over ACK/NACK control element
· N times repeated ACK/NACK control element in frequency domain 
Figure 1 shows exemplary diagram for the ACK/NACK resource allocation. The notation Rp is used to denote a resource element used for reference signal transmission on antenna port p.
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Figure 1: DL ACK/NACK resource allocation (proposal)
2 DL ACK/NACK performance
Simulation assumption
The simulation results are provided taking into account following cases.
·  FDM: 
· 4 times repetition 
· To accommodate 50 ACK/NACKs corresponding to 50 UL RUs in 10MHz system, 4x50 resource elements are needed.
· CDM: 
· ACK/NACK spread over within whole system transmission bandwidth. 
· CDM is implemented by using DFT size of 50.
· Can accommodate 50 ACK/NACKs by using 50 resource elements.
· Hybrid CDM/ FDM (proposed): 
· ACK/NACK spread over 2x2 adjacent resource elements with 4 times repetition in frequency domain.
· CDM is implemented by using DFT size of 4.
· To accommodate 50 ACK/NACKs 4x50 resource elements are needed.
In any cases the ACK/NACK is mapped on the first 2 OFDM symbols within a subframe. Detailed simulation parameters can be found 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

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

	Channel estimation 
	Linear interpolation in time domain, 3rd Lag. in freq domain

	Hybrid ARQ
	No


Performance
Figure 2 represents ACK/NACK BER performance. In case of CDM and hybrid CDM/FDM, no power variation is assumed among the multiplexed ACK/NACKs. 
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Figure 2: ACK/NACK transmission performance
Observation:
· The ‘1 subcarrer’ in figure 2 means that ACK/NACK is mapped on one subcarrier. We can consider this case as the reference one that has no frequency diversity gain.
· FDM has the frequency diversity gain with four times repetition. (The simulation results with various number of repetitions are provided in Annex.) However, it cannot achieve interference averaging due to the small amount of allocated resource.
· CDM can take the benefit of frequency diversity gain and interference averaging effect. However, it suffers from the loss of orthogonality in frequency selective channel.
· Hybrid CDM/FDM also has the benefit of CDM. Moreover, the localised resource allocation enables to overcome the loss of orthogonality because the ACK/NACK mapped on the localised resource experiences no frequency selectivity. 
· Both FDM and hybrid CDM/FDM show the best performance, which require 7.4dB for BER of 10-3. 1dB worse performance for CDM observed compared with FDM and hybrid CDM/FDM.
· In summary, under the above simulation assumption FDM and hybrid CDM/FDM are comparable with each other in terms of performance and required amount of resource to contain the same number of ACK/NACKs. However, as FDM cannot obtain interference averaging gain, FDM is expected vulnerable to the interference from neighbour cell.
3  Conclusion
From the simulation results in this contribution, hybrid CDM/FDM is recommended for the DL ACK/NACK transmission:
· Allocation of 2x2 adjacent resource elements, called ‘ACK/NACK control element’, over first 2 OFDM symbols within 1ms subframe.
· ACK/NACK is spread over ACK/NACK control element
· N times repeated ACK/NACK control element in frequency domain 
Annex: Performance of FDM with N times repetition 
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Figure A.1: Performance of FDM with N times repetition.[image: image4.png]
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