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1. Introduction

In RAN1#50 Athens meeting, following decision was made [1].
· Control signalling mapped to SC-FDMA symbols next to RSes
However, the exact mapping for control channel within the SC-FDMA symbols is FFS. In this contribution, we propose at least ACK/NACK signals shall be mapped to the time-continuous signals in the SC-FDMA symbols from which the CP is constructed. 
2. Discussion
The uplink control channel in PUSCH carries at least two types of information. One is the ACK/NACK signals of PDSCH and the other is the CQI signals. In contrast to the target BLER of CQI, the target BLER of ACK/NACK signals is much lower than the target BLER of one transmission of PUSCH. The target BLER of ACK/NACK is discussed as low as 10-4, so we concentrate on how to improve the performance of ACK/NACK signals sent via PUSCH in following sections.
2.1. Mapping position of ACK/NACK signals
Since the frequency domain equalizer would be applied at eNB, all the symbols within the same SC-FDMA symbol would have the same channel estimation accuracy. Hence, the quality of each symbol within the same SC-FDMA symbol would be the same. In this condition, only the difference is whether the symbols are repeated as CP or not. In [2], we proposed to map the control signals on the symbols within the SC-FDMA symbol from which the CP is constructed since this part is repeated as cyclic prefix. Depending on the eNB’s implementation, the performance can be improved. Figure 1 shows the proposed mapping of ACK/NACK signals within the SC-FDMA symbols. Depending on the propagation channel, this mapping scheme allows eNB to utilize the repeated ACK/NACK signals in the CP area.
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Figure 1 Proposed mapping of Data-Associated ACK/NACK transmission
3. Simulations
This section presents simulation settings and simulation results of the proposed mapping for ACK/NACK.

Table 1 shows the simulation settings for performance evaluation. We assume repetition is employed to achieve lower coding rate of ACK/NACK signals. 

Figure 2 shows the simulation results. As clearly seen from this figure, the proposed mapping position of ACK/NACK can achieve better performance when eNB employs CP combining with data part.
Table 1 Simulation conditions

	Parameter
	Value

	Number of ACK/NACK bits 
	1

	Channel  model
	TU 6 path, 3km/h

	Modulation 
	BPSK

	LB indices for ACK/NACK transmission
	LB2, LB4, LB9, LB11 (next to RSes)

	Repetitions for ACK/NACK
	5 repetitions within one LB

	System bandwidth 
	5 MHz 

	Allocated RBs for PUSCH
	6RBs

	Channel estimation
	real

	Timing error
	0.5us

	Number of RX antennas 
	2

	ZC sequence index
	R = 3 

	ACK/NACK, RS generation method 
	Cyclic-extension
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Figure 2 Performance of proposed ACK/NACK mapping scheme
4. Conclusion

In this contribution, we propose to map the ACK/NACK signals within the last parts of SC-FDMA symbols. Since the last parts of SC-FDMA symbols are repeated as cyclic prefix, eNB can utilize ACK/NACK signals twice to improve the performance. For eNB with combining CP part with data part before FFT, the performance would be improved as shown in the simulation results. For the eNB without such functionality, there are no impact on the performance and complexity.
As a conclusion, we propose to agree following text;
ACK/NACK signals is mapped to the time-continuous signals in the SC-FDMA symbols from which the CP is constructed and it is within the SC-FDMA symbol next to RSes 
Although we think to map CQI and other control signals to the time-continuous signals in the SC-FDMA symbols from which the CP is constructed with priority is good idea, we should check the codec chain structure for PUSCH.
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