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1 Introduction

It has been shown ([1] – [3]) that a CDM approach provides the best performance among the candidates for ACK/NACK transmission by exploiting frequency diversity.
This document provides performance evaluation comparing possible candidates for downlink ACK/NACK transmission to support uplink HARQ:

· Approach 1: unitary precoding (orthogonal spreading) multiplexing N ACK/NACKs (CDM, see figure 1)
· Approach 2: one sub-carrier per ACK/NACK
· Approach 3: R times repeated ACK/NACK for one UE
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Figure 1. CDM transmission of ACK/NACK bits (Approach 1)
2 ACK/NACK performance
2.1 Simulation assumption

Figure 2 shows exemplary diagram for the ACK/NACK resource allocation. To accommodate N ACK/NACKs it is required N sub-carriers both for ‘Approach 1’ and ‘Approach 2’. For ‘Approach 1’ N ACK/NACKs are spread out on whole red-colored sub-carriers in figure 2 by using unitary precoding, e.g. N-point DFT. In case of ‘Approach 2’ one sub-carrier is in charge of one ACK/NACK, which means for the UE perspective frequency diversity of ACK/NACK transmission can not be achieved. If we consider R times repeated ACK/NACK (Approach 3), then NxR sub-carriers are needed to contain N ACK/NACKs. 
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Figure 2. ACK/NACK resource allocation
The 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

	Sub-frame duration (ms)
	0.5 (7 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 / overhead
	scattered pilot (Every 6 subcarriers in the 1st and 5th OFDM symbol)

	Channel estimation
	Linear interpolation in time domain (2 subframes), 3rd Lag. in freq domain

	Hybrid ARQ
	No

	Number of multiplexed ACK/NACKs
	N = 20

	Number of repetition for ‘Approach 3’
	R = 3


2.2 Performance
In figure 3, BER performances are compared among ‘Approach 1’, ‘Approach 2’, and ‘Approach 3’. Each scheme is assumed to transmit 20 ACK/NACKs simultaneously. For ‘Approach 1’ 20-point DFT is applied to contain 20 ACK/NACKs and for ‘Approach 3’ one ACK/NACK is repeated 3 times. ‘Approach 1’ clearly outperforms ‘Approach 2’ while shows similar performance as ‘Approach 3’. However, ‘Approach 3’ requires 3 times larger resource than ‘Approach 1’. 
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Figure3. ACK/NACK transmission performance 
According to the simulation assumptions in TR25.814, it is found that the geometry value of -3.5dB and -4.8dB correspond to the coverage of 95% for case 1/2 and case 3, respectively. (See Annex) Based on this observation, the fraction of Node B transmission power for a single ACK/NACK signalling satisfying 0.1% BER and 95% cell coverage is summarized in table 2. Approach 2 requires about 14 times larger power than Approach 1/3. Although in this evaluation case 4 in Annex A is not considered due to the transmission bandwidth of 1.25MHz, it could be expected that the maximum fraction of Node B Tx power would be increased in proportion to the reduced resource.
Table 2. Maximum fraction of Node B Tx power for a single ACK/NACK 
(0.1% BER, 95% cell coverage, 20 ACK/NACKs are transmitted simultaneously) 
	
	Received SNR (dB)
	 Maximum fraction of Node B Tx power for a single ACK/NACK

	
	
	ISD 500m (Case 1, 2)
	ISD 1732m (Case 3)

	Approach 1
	8.5
	0.53%
	0.71%

	Approach 2
	12.5
	6.64%
	8.95%

	Approach 3 (R=3)
	8.1
	0.48%
	0.65%


3 Conclusion

The CDM-based ACK/NACK signalling is preferred considering BER performance, Node B power consumption with 95% cell coverage, and resource overhead.
Therefore, we propose the CDM-based ACK/NACK signalling scheme for DL E-UTRA.
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Annex: Geometry CDF for E-UTRA 

The geometry CDF was obtained using a typical set of simulation assumptions described in Annex A of TR25.814. The resulting geometry distributions are shown in figure A.1.
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Figure A.1. Geometry CDF for the each LTE simulation case
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