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1. Introduction

This paper deals with DL ACK/NACK transmitted in the LTE UL. We concentrate on the case when the UE has both UL data and DL ACK/NACK signals due to the DL transmission.  So far, it has been agreed that control and data are multiplexed prior to the DFT.  This contribution presents a modulation method for DL ACK/NACK signalling when transmitted with UL data.   

2. Discussion
This chapter presents a certain ACK/NACK bit mapping rule to be used when ACK/NACK symbols are time multiplexed with UL data symbols. The mapping rule is that ACK/NACK bit to be transmitted is mapped into same constellation used by the data symbols.  The constellations points having the highest power and the largest Euclidean distance are selected for ACK/NACK transmission.  An example of mapping rule, when 16 QAM modulation is used for data symbols is shown in Figure 1. The black dots show the proposed constellation points for ACK/NACK transmission.   More detailed mapping rules considering also 64 QAM modulation, and two-bit ACK/NACK transmission are considered in the APPENDIX.
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Figure 1 One-bit ACK/NACK mapping into 16QAM constellation.

Proposed constellation mapping of one-bit ACK/NACK signalling into complex-valued modulated symbols, x=I+jQ, with different data modulations is shown in Table 1. The complex-values are based on [1].
Table 1  One bit ACK/NACK mapping with data modulations QPSK, 16QAM and 64QAM
	  
	QPSK
	16 QAM
	64 QAM

	
	I
	Q
	I
	Q
	I
	Q
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	NACK
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Advantages of the proposed ACK/NACK constellation mapping are 
•
Optimized performance due to the fact that ACK and NACK signals have the maximum Euclidean distance against each other.

•
Maximized SNR because of the fact that ACK/NACK signaling can use the maximum power without any effect to PAR

•
The proposed mapping can be used for both one-bit and two-bit ACK/NACK signaling
3. Conclusion

In this contribution we have presented an ACK/NACK bit mapping rule to be used when ACK/NACK symbols are time multiplexed with UL data symbols.  The mapping rule is that ACK/NACK bit to be transmitted is mapped into same constellation used by the data symbols.  The constellations points having the highest power and the largest Euclidean distance are selected for the ACK/NACK transmission.
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APPENDIX

Two-bits ACK/NACK signalling is needed e.g., when dual-codeword MIMO transmission is used in DL. Proposed constellation mapping of two-bit ACK/NACK signalling with 16 QAM and 64 QAM modulations is shown in Table 2 and Table 3. An example of two-bit ACK/NACK mapping when 16 QAM modulation is used in data is shown in Figure 2.
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                                  Figure 2. Two-bit ACK/NACK mapping into 16QAM constellation
In case that 16 QAM modulation is used with data transmission, pair of ACK/NACK signalling bits is mapped into complex-valued modulation symbols, x=I+jQ, according to Table 2.

                           Table 2. Two-bit ACK/NACK mapping with 16QAM modulation
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In case of 64 QAM modulation, pair of the bits is mapped into complex-valued modulation symbols, x=I+jQ, according to Table 3.

                 Table 3. 2-bit ACK/NACK mapping with 64 QAM modulation.
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