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1. Introduction

At RAN4#86Bis a way forward on NR BS demodulation performance was agreed, see [1]. This contribution provides an initial proposal to define the PUCCH NR BS demodulation performance requirements in Rel-15.
2. Discussion

In [2] five different NR PUCCH formats are defined (formats 0, 1, 2, 3, 4) depending on the duration of PUCCH and the Uplink Control Information UCI payload size.

Format 0 for short PUCCH with ≤ 2 UCI bits
Format 1 for long PUCCH with ≤ 2 UCI bits
Format 2 for short PUCCH with more than UCI 2 bits
Format 3 for long PUCCH with more than UCI 2 bits

Format 4 for long PUCCH with multiplexing capacity in the same PRB with more than UCI 2 bits (multi users format)
RAN4 requirements for the multi-user PUCCH performance needs to be specified, however as agreed in [1], if needed, the study of multiple user test cases can be done after single user tests cases are completed.
The short PUCCH format of up to two UCI bits is based on sequence selection, while the short PUCCH format of more than two UCI bits frequency multiplexes UCI and DMRS. The long PUCCH formats time-multiplex the UCI and DMRS [4]. Even though with long PUCCH (for example with format 3) up to 12 PRBs PUCCH resource size are allowed, it is proposed to use only one PRB resource size because small payload size is preferred on PUCCH format 3, while for large CSI reports the PUSCH could be used. For good coverage performance 14 OFDM symbols PUCCH duration is proposed. 

Intra-slot frequency hopping which improvs the uplink performance is supported for long PUCCH formats and for short PUCCH formats of duration 2 symbols as proposed in Table1 below. 

Long PUCCH formats can be repeated over multiple slots, however singe slot long PUCCH already has good coverage compared to PUSCH, hence there is no need to propose the multiple slots scenarios.
The evaluation performance of PUCCH NR need to be considered for features like HARQ acknowledgments of received PDSCH transport blocks, Channel State Information CSI (CQI, PMI, RI) and Indication of uplink resource for PUSCH transmission. The criteria measurement CQI  Block error rate (BLER) as a function of SNR is applied for PUCCH formats 0-4 where the block error probability (BLER) is defined as the conditional probability of incorrectly decoding the CQI information when the CQI information is sent. The DTX to ACK requirement is valid for all PUCCH frame structures, for any channel bandwidth and for any number of receive antennas where the DTX to ACK probability for PUCCH scenarios denotes the probability that ACK is detected when nothing is sent on the wanted signal and the interfering signals are present. The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. The minimum requirement that the ACK missed detection probability shall not exceed a 1% at a given SNR.
Table 1 below listing the PUCCH NR performance requirements parameters proposal, see [2] and [3]:
	PUCCH performance requirements parameters
	Frequency Range 1

	Frequency Range 2

	Modulation Scheme
	QPSK

	PUCCH formats
	Format 1 & Format 3 
	Format 0 & Format 2

	PUCCH duration
	14 symbols
	1-2 symbols

	PUCCH resource size
	1 PRB
	Format 0: 1 PRB

Format 2: 1..16 PRB

	Inter-slot frequency hopping
	N/A
	N/A

	Intra-slot frequency hopping
	Enabled
	N/A (1 symbol duration)
Enabled (2 symbol duration)

	Additional DMRS
	Enabled for Format 3
	-


3. Conclusion

In this contribution a view on PUCCH NR performance requirements parameters are outlined. Based on the observations the following proposal is recommend:
Proposal: The PUCCH NR performance requirements parameters are proposed in the table below 
	PUCCH performance requirements parameters
	Frequency Range 1


	Frequency Range 2

	Modulation Scheme
	QPSK

	PUCCH formats
	Format 1 & Format 3 
	Format 0 & Format 2

	PUCCH duration
	14 symbols
	1-2 symbols

	PUCCH resource size
	1 PRB
	Format 0: 1 PRB

Format 2: 1..16 PRB

	Inter-slot frequency hopping
	N/A
	N/A

	Intra-slot frequency hopping
	Enabled
	N/A (1 symbol duration)

Enabled (2 symbol duration)

	Additional DMRS
	Enabled for Format 3
	-
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