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In RAN1 NR Ad-Hoc#3 Meeting [1], the following agreements on PUCCH with 1 or 2 bit(s) UCI payload size were established:
Agreements:
RAN1 NR Ad-Hoc #3:
· NR studies a new set of sequences for short PUCCH and long PUCCH for UCI bits up to 2
· For a fair comparison of at least length 12 NR CGS designs for PUCCH, the companies are encouraged to provide/re-evaluate their proposed sequences based on the following all or a subset of performance metrics
· Maximum PAPR/CM, minimum PAPR/CM, mean PAPR/CM (assuming at least 8x oversampling)  
· Maximum cross-correlation
· Between the base sequences for new NR sequences by applying all CS values
· Between the base sequences for new NR and LTE sequences by applying all CS values (LTE CGS for 1 and 2 PRBs, and ZC sequences for >2PRBs up to 100MHz bandwidth) considering all partial overlapping
· Other examples for metrics can be but not limited to
· Statistics of cross-correlation (mean/max/std dev/95% tile)
· with both Method 1 (with NFFT=12*32) and Method 5 (Based on R1-163437)
· Note: Timing miss-alignment with other values for oversampling can also be realized with Method 5.
· And/or with aperiodic cross-correlation for different timing arrivals
· Modulation type, EVM
· Receiver complexity
· LTE CGS are used as the reference for performance comparison

All RAN1 contributions with the new CGS designs up to RAN1#90bis are shown in Table 1. 
 





[bookmark: _Ref494291234][bookmark: _Ref494291228]Table 1. New CGS proposals
	Meeting\Company
	CATT
	Huawei
	InterDigital
	IITH
	Qualcomm
	Intel

	RAN1 NR 90b
	R1-1717826
On short PUCCH design for up to two UCI bits
	R1-1717066
Short PUCCH for UCI of up to 2 bits
	R1-1718490
Evaluation of CGS candidates for PUCCH
	R1-1717920
Sequence design for short PUCCH up to 2 bits
	R1-1718559
Channelization of 1-symbol short PUCCH with 1 or 2 bits payload
	
R1-1717385
Long PUCCH for up to 2 UCI bits

	RAN1 NR AH#3
	Way forward: R1-1716818 WF on Evaluation of PUCCH Sequences 
	R1-1716419, Channelization of 1-symbol short PUCCH with 1 or 2 bits payload 
	

	
	R1-1715817,
On short PUCCH formats supporting up to two UCI bits 
	R1-1715399, Short PUCCH for UCI of up to 2 bits 
	R1-1716478, Sequence design for 1-symbol short-PUCCH of up to 2 bits 
	R1-1716518, Design of short PUCCH for UCI up to 2 bits 
	
	

	RAN1 NR #90
	
	R1-1712192
Long PUCCH for up to 2 bits UCI 
	R1-1714153
On sequence design for 1-symbol short-PUCCH of up to 2 bits 
	
	R1-1713429, Channelization of 1-symbol short PUCCH with 1 or 2 bits payload
	

	RAN1 NR AH#2
	
	R1-1709958
Short PUCCH for up to 2 UCI bits 
	R1-1710950
Evaluations of 1-symbol short-PUCCH with 1 or 2 bit(s) 
	
	R1-1711188, Channelization of 1-symbol short PUCCH with 1 or 2 bits payload
	

	RAN1 NR #89
	
	R1-1706950
Structure of 1-symbol PUCCH for up to 2 bits 
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a) QPSK                                     b)12-PSK
[bookmark: _Ref494556001]Figure 1 Alphabets of a sequence with QPSK & 12-PSK constellations before/after cyclic shifts
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	InterDigital
(Set #1)
[2]
	InterDigital
(Set #2) 
[2]
	InterDigital
(Set #3) 
[2]
	InterDigital
(Set #4) 
[2]
	Huawei
Set #1 
[4]
	Huawei
Set #2 [4]
	Qualcomm [5]
	CATT [3]
	Intel
Set #1 [6]
	Intel
Set #2 [6]
	Intel
Set #3 [6] 
	LTE
36.211

	Alphabet (Before Cyclic Shifts)
	12-PSK
	12-PSK
	12-PSK
	12-PSK
	QPSK
	12-PSK
	QPSK
	QPSK
	QPSK
	QPSK
	8-PSK
	QPSK

	Alphabet (After Cyclic Shifts)
	12-PSK
	12-PSK
	12-PSK
	12-PSK
	12-PSK
	12-PSK
	12-PSK
	12-PSK
	12-PSK
	12-PSK
	24-PSK
	12-PSK

	Max. PAPR (dB)
	2.40
	2.30
	2.20
	2.10
	2.90
	2.20
	2.55
	2.63
	2.89
	2.66
	2.49
	4.09

	Min. PAPR (dB)
	1.91
	1.91
	1.91
	1.87
	2.48
	2.02
	2.15
	2.33
	2.48
	2.33
	2.24
	2.33

	Ave. PAPR (dB)
	2.29
	2.19
	2.14
	2.02
	2.80
	2.16
	2.46
	2.51
	2.72
	2.56
	2.43
	3.21

	Max. CM (dB)
	0.43
	0.35
	0.43
	0.27
	1.10
	0.52
	0.78
	1.00
	0.80
	0.78
	0.78
	1.10

	Min. CM (dB)
	-0.06
	-0.18
	-0.16
	-0.19
	0.28
	0.03
	0.01
	0.23
	0.28
	0.01
	0.08
	0.23

	Ave. CM (dB)
	0.13
	0.10
	0.14
	0.02
	0.74
	0.31
	0.40
	0.49
	0.59
	0.52
	0.44
	0.71

	Max. Corr (Method 1)
	0.67
	0.69
	0.70
	0.75
	0.71
	0.70
	0.88
	0.78
	0.74
	0.82
	0.69
	0.80

	Mean. Corr (Method 1)
	0.56
	0.57
	0.57
	0.58
	0.56
	0.56
	0.58
	0.57
	0.57
	0.58
	0.57
	0.57

	Std. Dev. (Method 1)
	0.06
	0.06
	0.06
	0.07
	0.06
	0.06
	0.08
	0.07
	0.07
	0.08
	0.06
	0.07

	95% tile (Method 1)
	0.66
	0.67
	0.69
	0.72
	0.68
	0.67
	0.72
	0.70
	0.70
	0.73
	0.67
	0.69

	Max. Corr (Method 5)
	0.66
	0.68
	0.70
	0.73
	0.71
	0.70
	0.71
	0.69
	0.74
	0.69
	0.68
	0.68

	Mean. Corr (Method 5)
	0.26
	0.26
	0.26
	0.26
	0.26
	0.26
	0.25
	0.25
	0.26
	0.26
	0.26
	0.26

	Std. Dev. (Method 5)
	0.13
	0.13
	0.13
	0.13
	0.13
	0.13
	0.14
	0.14
	0.13
	0.14
	0.13
	0.13

	95% tile (Method 5)
	0.49
	0.50
	0.50
	0.50
	0.49
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	Max. Corr (with LTE CGS) (Method 1)
	0.96
	0.96
	0.93
	0.95
	0.79
	0.79
	1.00
	1.00
	0.79
	0.84
	0.73
	 

	Mean. Corr (with LTE CGS) (Method 1)
	0.58
	0.58
	0.58
	0.58
	0.58
	0.58
	0.58
	0.58
	0.58
	0.58
	0.58
	 

	Std. Dev. (with LTE CGS) (Method 1)
	0.08
	0.08
	0.08
	0.09
	0.08
	0.08
	0.09
	0.09
	0.07
	0.08
	0.07
	 

	95% tile (with LTE CGS) (Method 1)
	0.74
	0.74
	0.75
	0.75
	0.74
	0.73
	0.74
	0.74
	0.72
	0.74
	0.70
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Conclusions
Based on the contributions from various companies we may have the following potential options for CGS design for PUCCH:

Possible options:
· Option 1) Adopt a new set of CGS for short PUCCH and long PUCCH for UCI payload of up to 2 bits 
· Huawei, Qualcomm, InterDigital, Intel, IITH, CATT 
· Conditional supporting companies (if tangible benefits observed over the LTE CGS): 
· Ericsson, Nokia, Samsung  
· Option 2) LTE CGS set is reused for short PUCCH and long PUCCH for UCI payload of up to 2 bits  
· NTT DOCOMO, Ericsson 
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