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1. Introduction

During RAN1meeting #55 in Prague, RAN1 asked RAN4 to verify if additional ACK/NACK repetition factors were needed. This paper discusses PUCCH repetition to balance the uplink channel: PUCCH and PRACH. 

2. Simulation Performance
Since the lower gain for receive diversity is obtained in the low speed scenario, the paper focuses on the low speed scenario, which is the worst case. And the simulation assumptions are given in Table 1 and the results are shown in Figure 1and Table 3.
Table 1: Simulation Assumption
	System BW
	10MHz

	ACK/NACK bits
	1

	UE number
	1

	Modulation scheme
	BPSK

	repetition
	1, 2, 4, 6, 8

	Transmission BW
	180kHz

	Frequency hopping
	At slot boundary

	Antenna configuration
	1 TX, 2 RX

	Receiver
	LMMSE frequency equalizer

	Channel
	EVA5


Based on the results given in Table 2, 1% of the ACK missed detection is achieved at the SNR of about -7.3dB when there is no repetition, but for PRACH format 2, 1% of missed detection is reached at the SNR of about -11.67dB. Therefore, the minimum requirement of PUCCH is 4.37dB higher than that of PRACH, which will largely limit the system coverage. 

Table 2: PRACH and PUCCH link performance

	Channel
	PRACH

P(MD) = 1%
	PUCCH

P(MD) = 1%

	
	Format 2
	1-bit A/N

	Required SNR (dB)
	-11.67
	-7.3


In order to balance the coverage between PRACH and PUCCH, PUCCH repetition will be required for UL channel [1]. The PUCCH performance using ACK/NACK repetition is shown in Figure 1. When repetition factor is set to 2, 1.9dB gain is obtained, and when the repetition factors are 4, 6 and 8, 3.7dB, 5.1dB and 5.6dB gains can be gotten, respectively. Thus the repetition could significantly reduce the minimum SNR requirement of PUCCH and then improve the UL channel coverage.
Table 3: ACK/NACK repetition link performance

	Repetition Times
	1
	2 
	4
	6
	8

	Min SNR
	      -7.3
	-9.1
	-11.0
	-12.4
	-12.9


3. Discussion
Although the coverage of PUCCH benefits from the repetition, the complexity would be increased with the repetition factor. So the repetition factor would not be expected to be too large. This paper suggests choosing the repetition factor so that the corresponding minimum requirement of PUCCH approximates that of PRACH. 

According to our simulation, as shown in Table 3, when the ACK/NACK repetition factor is set to 4, the minimum requirement of PUCCH is about -11.0, which is 0.67dB higher than Min requirement of PRACH. And when it is set to 6, minimum requirement of PUCCH is about -12.4, which is 0.73dB lower than minimum requirement of PRACH. So conservatively speaking, repetition factor 6 is good enough to compensate for the PUCCH coverage limitation, and it is no need of the additional repetition times.  
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Figure 1: repetition link simulation performance
