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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  In the previous RAN4 meeting (RAN4#86bis), it was decided to define BS demodulation requirements for PUSCH, PUCCH, PRACH [1] in FR1 and reuse the same for FR2 unless no technical issues are identified.
In this contribution, we provide our views on PUCCH demodulation requirements for NR. In addition, we provide simulation results with PUCCH formats 0 and 1. 
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In this section, we discuss about the key aspects of PUCCH demodulation requirements.
A. PUCCH Formats: NR defines 5 PUCCH formats for reporting HARQ-ACK, SR and CSI. Table 1 summarizes the characteristics of each PUCCH format.  For improving the coverage, we prefer to have performance requirement for PUCCH format 1 as the first priority.  Since it is already decided that RAN4 will set performance requirements for single user case, we can skip format 4.  In addition, we prefer PUCCH format 3 for CSI feedback and format 0 for fast HARQ-ACK responses. Hence would like to have performance requirements defined for format 1, 3 and 0.  Hence we propose

Proposal 1: RAN4 should define the performance requirements for PUCCH format 1, 3 and 0 

Table 1 PUCCH Formats in NR
	
Format Name
	Alternative name

	Symbol length

	Waveform

	Information
	Single UE/Multiple UE

	Format 0
	Short PUCCH <= 2 bits
	       1 -2
	CP-OFDM
	HARQ-ACK, SR
	Single UE

	Format 1
	Long PUCCH <=2 bits
	      4-14
	CP-OFDM
	   HARQ-ACK, SR
	Single UE

	Format 2
	Short PUCCH>2 bits
	       1-2
	CP-OFDM
	    CSI
	Single UE

	Format 3
	Long PUCCH >2 bits
	     4-14
	DFT-s-OFDM
	   CSI
	Single UE

	Format 4
	Long PUCCH >2 bits
	      4-14
	DFT-s-OFDM
	   CSI
	Multiple UEs


B. Frequency Hopping:   As the bandwidth allocated in NR carriers is very large, we expect significant channel variation. Hence frequency hopping is preferred to obtain frequency diversity gain. Hence we would like to define the performance requirement with frequency hopping enabled for long PUCCH. Hence we propose
Proposal 2: Due to the possibility of large channel bandwidths in NR, we would like to have performance requirements defined with frequency hopping enabled
C. Multi Slot PUCCH:  In our view, NR PUCCH is deployed in higher frequencies compared to that of LTE PUCCH. However to match the coverage of LTE PUCCH, NR needs new techniques to mitigate the losses due to propagation at higher frequencies.  In our evaluations, we observed that receive diversity as one technique to mitigate the path loss at higher frequency. However, if the PUCCH is repeated over multiple slots, we can get additional diversity as the receiver needs to aggregate the symbols in the slots and use maximum ratio combining for decoding the long PUCCH. That is additional diversity can be obtained if we use multi slot based transmission for long PUCCH.  Hence we recommend to define performance requirement for multi slot based transmission for long PUCCH. 
As an example, Figure 1 shows the BLER plot for PUCCH format 1 with 2   bits of HARQ-ACK when LTE-PUCCH is deployed at 700 MHz band and NR-PUCCH is deployed at 2 GHz band.  The simulation assumptions are outlined in Appendix. It can be observed that with 4 slots of PUCCH, we can match the coverage of LTE. 
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Figure 1 BLER comparison for PUCCH format 1 with multi slot transmission

Similarly, Figure 2 shows PUCCH format 3 with Pi/2 BPSK modulation and CSI length equal to 4 bits. In this case too we observed that NR can match the coverage of LTE at low bands by using 2 slot operation. [image: ]
Figure 2  BLER comparison for PUCCH format 3 with multi slot transmission
Hence we propose
Proposal 3: To match the coverage of LTE at low frequency bands, performance requirements should be defined for multi slot operation of long PUCCH with number slots repeated equal to 2 and 4  
D. Additional DMRS:  In addition to the conventional DMRS of one symbol per frequency hop, an additional DMRS can be configured. It was observed that additional DMRS improves the performance especially with higher number of receiving antennas which is a typical case of NR base station. Hence we would like to have performance requirements defined with additional DMRS for PUCCH. 

Proposal 4:  RAN4 should define performance requirements for PUCCH with additional DMRS per hop for long PUCCH 
E. Modulation and Coding Schemes:  We prefer to define the performance requirement with QPSK modulation and the coding scheme as RM code and polar code as defined in TS 38.212.
Simulation Results with PUCCH Format 0 and 1
In this section, we provide simulation results with PUCCH formats 0 and 1 for HARQ-ACK transmission.  For Format 0, we used 1 symbol PUCCH. Figure 3 shows the probability of misdetection with 2 receiving antennas.  The required SNR to achieve the probability of 0.01 is about -2.5 dB.
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Figure 3 Probability of HARQ-ACK misdetection for format 0 with 2 receiving antennas
Figure 4 shows the probability of misdetection with 4 receiving antennas. The required SNR to achieve the required probability is around -5 dB. 
[image: ]
Figure 4 Probability of HARQ-ACK misdetection for format 0 with 4 receiving antennas
Figure 5 shows the probability of HARQ-misdetection with Format1 with 2 receiving antennas.
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Figure 5 Probability of HARQ-ACK misdetection for format 1 with 2 receiving antennas
Figure 6 shows the probability of HARQ-misdetection with Format1 with 4 receiving antennas
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Figure 6 Probability of HARQ-ACK misdetection for format 1 with 4 receiving antennas

Finally table 2 shows the required SNR to reach 0.01 for each format.
Table 2 Summary of simulation results
	PUCCH Format
	      Required SNR in dB to reach probability of 0.01

	
	   2 receiving antennas
	    4 receiving antennas

	Format 0
	       -2.5
	    -5.0

	Format 1
	       -10.5
	    -14


Conclusions
In this contribution we outlined our views on PUCCH demodulation requirements. Based on our observations we recommend
Proposal 1: RAN4 should define performance requirements for PUCCH Formats 1, 3 and 0 
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Proposal 3: To match the coverage of LTE at low frequency bands, performance requirements should be defined for multi slot operation of long PUCCH with number slots repeated equal to 2 and 4  
Proposal 4:  RAN4 should define performance requirements for PUCCH with additional DMRS per hop for long PUCCH 
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Appendix 
In this section we list the simulation assumptions for Figures 1-2. 

	Assumptions 
	Value 

	Carrier frequency
	700 MHZ for LTE and 2000 MHz for NR

	Duplex 
	FDD

	System Bandwidth 
	10 MHz 

	Slot length 
	1 ms

	Subcarrier spacing 
	Single numerology case: 15KHz

	FFT size 
	1024 for 15KHz subcarrier spacing

	Channel model
	EPA, 3 Kmph

	Spectral shaping  filter
	Not modeled 

	Antenna  configuration
	1T NR, where N is 32 for NR  and is equal to 2 for LTE

	Rank per UE
	Fixed rank

	MCS 
	QPSK, and PI/2 BPSK

	DM-RS
	According to the specification – QPSK modulated

	Channel estimation 
	MMSE 
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