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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide link level evaluation results on PUCCH coverage enhancement.
Evaluation result on PUCCH coverage enhancement
The link level evaluation result on PUCCH coverage enhancement is shown. The detailed parameters are listed in the Appendix A. Fig. 3 plots the ACK detection error probability (ACK to NACK or DTX) of PUCCH format 1a with number NRep of repetition as a parameter. Plain repetition (i.e., without cross-subframe channel estimation and frequency hopping), the use of cross-subframe channel estimation and frequency hopping are compared. Cross-subframe channel estimation is realized by symbol level combining with 4 subframes and hopping period is 4 subframes. Table 1 summarizes the required SINR for achieving ACK error probability.
It can be seen from Fig.3 and Table 1 that the use of symbol level combining and frequency hopping can significantly reduce the required SINR (about 6 dB gain can be achieved compared to plain repetition). The maximum coverage enhancement target of PUCCH is 11.5 dB for 20 dBm UE Tx power. From Table 1, plain repetition requires more than 32 repetitions to obtain required coverage gain of 11.5 dB while 8 repetitions are sufficient when symbol level combining with 4 subframes and frequency hopping are used. Thus, at least for CE mode B, symbol level combining and frequency hopping are always used and X = 4 is appropriate value considering the use of both frequency hopping and symbol level combining.
Observation 1: Symbol level combining and frequency hopping can reduce the required SINR in CE mode B by approximately 6 dB.
Proposal 1: Symbol level combining of PUCCH is allowed in CE mode B.

For CE mode A, plain repetition can be sufficient. This can reduce the delay as it can decode subframe by subframe and realize early stopping.

Based on our evaluation result, we propose following on RRC parameter on “Number of PUCCH repetitions”.
· Option 1: 3 bits of [1, 2, 4, 8, 16, 32, FFS, FFS]
· Option 2: 2bits and CE mode A supports 1 to 8 and CE mode B supports 8 to 32.
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Fig.2	ACK detection probability.

Table 1	Required SINR for achieving ACK detection probability = 102
	Number of repetitions
	1
	4
	8
	16
	32

	Plain repetition
	-2.9 dB
	-6.7 dB
	-8.5 dB
	-9.7 dB
	-12.0 dB

	Symbol level combining (4 subframes) 
and frequency hopping
	-
	-
	-14.6 dB
	-16.0 dB
	-18.2 dB



Conclusion
In this contribution, we showed link level evaluation results on PUCCH coverage enhancement. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation 1: Symbol level combining and frequency hopping can reduce the required SINR in CE mode B by approximately 6 dB.
Proposal 1: Symbol level combining of PUCCH is allowed in CE mode B.

Based on our evaluation result, we propose following on RRC parameter on “Number of PUCCH repetitions”.
· Option 1: 3 bits of [1, 2, 4, 8, 16, 32, FFS, FFS]
· Option 2: 2bits and CE mode A supports 1 to 8 and CE mode B supports 8 to 32.
 
Appendix A: Simulation parameters
	Parameters
	Value

	Number of antennas
	1 × 2 with low correlation

	Number of UEs (signals)
	1

	Number of repetition
	NRep = 1, 4, 8, 16, 32

	Channel model
	EPA (Doppler frequency, fD = 1 Hz)

	Frame format
	PUCCH format 1a

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Residual frequency offset
	20 Hz

	Channel estimation
	Realistic single-subframe channel estimation, 
cross-subframe channel estimation

	Equalization
	MMSE-FDE

	DTX mis-detection ratio (DTX -> ACK)	
	1 %
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