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1. Introduction

In this contribution, we present link-level performance results of the PUCCH using repetition for an FDD system.  The results indicate that the coverage improvement requirement for PUCCH can be satisfied with excessive repetition.
2. Link-level Results

Figure 1 illustrates PUCCH Format 1A performance using simulation parameters outlined in Table 1.  Without repetition, the 1% BLER performance point of the PUCCH is achieved at -7.4 dB.  For the PUCCH, the required coverage improvement is 13.5 dB for FDD.  Using the SINR requirement of -20.9dB for FDD as the guideline, it is seen from Figure 1 that this can be achieved using repetition factor of 50.   When repetition is used, the channel estimator uses an FIR filter to combine reference signals over multiple subframes.
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Figure 1.  PUCCH (1A) performance with repetition (FDD). 
Figure 2 illustrates P(DTX→ACK) performance of PUCCH Format 1A.  From the figure, it is seen that P(DTX→ACK) of less than 0.1% can be achieved.
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Figure 2.  PUCCH (1A) P(DTX→ ACK) performance (FDD).
From the results shown, it is seen that 50 repetitions are required for system bandwidth of 10MHz.  For low-cost MTC devices which may have reduced bandwidth capability (e.g. 1.4 or 3 MHz), additional frequency diversity loss of 1-2 dB can be expected.  Thus, for low-cost MTC devices operating in 1.4MHz system bandwidth, a repetition factor in the order of 80 times may be required for cell-edge UEs.

3. Conclusions
4. Based on the results shown in this contribution, it is seen that the coverage improvement requirement for PUCCH Format 1A can be satisfied with excessive repetition.
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Table 1. Link-level simulation parameters for PUCCH.
	Parameter
	PUCCH

	System
	10 MHz, FDD, 2.0 GHz

	Antenna Configuration
	1x2 low correlation

	Channel Model
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100 Hz 

	Channel Estimation
	Realistic channel estimator

	Performance Target
	1% BER


