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Introduction
In the latest meeting, the following agreements were achieved [1]:
· NR supports 0.5*pi BPSK modulation for DFT-s-OFDM [RAN1 NR Adhoc#1]
· [bookmark: OLE_LINK31][bookmark: OLE_LINK32]pi/2 BPSK DFT-s-OFDM supports spectrum shaping without spectrum expansion of pi/2 BPSK data at least for uplink data for carrier frequencies above 6 GHz and below 52.6 GHz [RAN1#88bis]
· [bookmark: OLE_LINK136][bookmark: OLE_LINK137]Support ZC-sequence for UL DFT-s-OFDM DMRS [RAN1#88bis]

Agreements:
· In Rel-15, only length 12 sequences are supported for short PUCCH for up to 2 bits (PUCCH format 0) and long PUCCH for up to 2 bits
Agreements:
· [bookmark: OLE_LINK102][bookmark: OLE_LINK103]The sequences on slide 4 in R1-1718949 are adopted as the set of length-12 base sequences for short PUCCH for up to 2 bits and DM-RS for long PUCCH for UCI of up to 2 bits
In this paper, we discuss low PAPR DMRS sequence design for pi/2 BPSK DFT-s-OFDM data transmission and provide our view on the remaining issues of uplink DMRS for data transmission. 
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]Discussion on DMRS for DFT-s-OFDM 
In NR, comb 2(i.e. RPF = 2) had been agreed for DMRS for DFT-s-OFDM especially to support MU-MIMO.
[bookmark: OLE_LINK260][bookmark: OLE_LINK261]LTE CGS sequences of length-6 have lower PAPR than 4.2597dB and lower CM than 1.5140dB, which is lower enough than data. However, high cross-correlation values can be observed in Table 1 of Appendix A with the cross-correlation method 1 in [4], which has been adopted for design of PUCCH sequences of NR, as in Appendix B. Even some of sequences are time-shifted versions of same sequence with maximum cross-correlation value “1”.  
Observation 1: LTE sequences of length-6 has maximum cross-correlation up to 1.
[bookmark: OLE_LINK139][bookmark: OLE_LINK142]In order to improve cross correlation for length-6 CGS sequence, we propose new sequences keeping no higher PAPR and CM than LTE sequences. In Table 2 of Appendix A, a new set of sequences of length 6 is provided with cross-correlation less than 0.917 with lower PAPR and CM.  
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Proposal 1: For DFT-S-OFDM based PUSCH, support length-6 CGS sequence in Table 2. 

Larger RPF value will induce shorter DMRS sequence and hence induce larger inter-cell cross-correlation.  In order to achieve good cross correlation, comb 1(i.e. RPF = 1) can be also supported for DMRS for DFT-s-OFDM data transmission. However, the inter-cell interference among sequences of different RPF will be an issue.

[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Proposal 2: Support RPF = 1 for DMRS for DFT-s-OFDM data transmission if interference among sequences with different RPF is addressed.

If comb 1 and comb 2 are both supported for DMRS for DFT-s-OFDM data transmission, the DMRS sequence of UE1 in a cell with RPF=2  may overlap the even elements of DMRS sequence of UE 2 in another cell with RPF=1 within the overlapped PRBs. Typically, when the length of DMRS sequence of UE 2 with RPF=1 is 31 (i.e. 3 PRBs case) and same length of DMRS sequence of UE 1 with RPF=2 (i.e. 5 PRB or 6 PRB case), there will be severe inter-cell interference between the two sequences. The detailed analysis for this issue can be found in our contribution [3].
Let the index of Zadoff-Chu sequence of UE1 is  and the index of Zadoff-Chu sequence of UE2 is , DMRS sequences of UE1 has high cross-correlation with DMRS sequence of UE2 within the overlapped frequency resources considering all cyclic shifts and timing misalignment, if . 
Considering the correlation between UL DMRS sequence of RPF=1 and DMRS sequence of RPF=2 in different cells, the determination of the root sequence for the uplink DMRS of RPF=2 should be carefully investigated. By adopting a root sequence index of RFP=2 as 4 times of the index with DMRS of RPF =1 in the same sequence group can easily avoid the collision. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Proposal 3: DMRS sequence index with RPF=2 is determined with 4*q, wherein, q is the sequence index of DMRS sequence with RPF=1 in the same sequence group. 
Discussion on DMRS for pi/2 BPSK DFT-s-OFDM 
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]In LTE, the PAPR of ZC sequences is similar to that of QPSK data symbols. In NR, pi/2 BPSK modulation and spectrum shaping for DFT-s-OFDM was agreed in RAN1#88bis meeting. From evaluation results in [2], it can be found that ZC sequence with FDSS gets worse PAPR (no less than 1 dB) than pi/2 BPSK data with FDSS. 
In the email discussion on RS design based on pi/2 BPSK for DFT-s-OFDM, two options of RS for pi/2 BPSK PUSCH were discussed:   
· Option-1: CGS/ZC sequences 
· Option-2: RS based on pi/2 BPSK DFT-S-OFDM 
· Note that RS goes through the same filter as one used by data (transparent filter)
Actually, in the previous meeting, Support ZC-sequence for UL DFT-s-OFDM DMRS already agreed, where the case of pi/2 BPSK is not precluded in the agreement. That means ZC-sequence based DMRS, i.e., Option-1, was already supported for pi/2 BPSK cases. Here is just to further discuss whether to replace ZC sequence with pi/2 BPSK sequence or additional to support pi/2 BPSK sequence as option-2.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK75][bookmark: OLE_LINK68][bookmark: OLE_LINK69]Then, in option-2, a new pi/2 BPSK RS sequence is further proposed and an expected PAPR no more than uplink data transmission is achieved for pi/2 BPSK PUSCH. However, this PAPR gain is not equivalent to coverage gain determined by UE output power. The practical output power is impacted by many factors, e.g. PAPR, PA non-linearity, RF requirement and UE maximum output power limitation, etc. The ACLR vs. OBO (back off of the output power) results for LTE existing ZC and pi/2 BPSK with and without FDSS are provided in Appendix A (Figure 4) for reference. The practical power gain due to 1dB PAPR with realistic PA modeling needs to be studied in RAN4.
[bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73]In another aspect, lower PAPR will induce more severe frequency fluctuation. The data transmission for Pi/2 BPSK with filtering is illustrated below in Figure 1.


[bookmark: _Ref498716875]Figure 1 Data transmission for pi/2 BPSK with filtering
The coefficient of filter on the k-th subcarrier can be expressed as: 





Where   is the subcarrier index, N is the number of the allocated subcarriers. The maximum frequency coefficient and the minimum frequency coefficient in Table 3 is defined as maximum and minimum normalized  respectively in dB, and the variance is defined as variance of normalized .
From the evaluation results in Table 3, it can be found that PAPR will be reduced with varied filter parameters but frequency fluctuation simultaneously becomes more obvious with lower PAPR. 
[bookmark: _Ref498102977]Table 3 Evaluation for frequency fluctuation with filter 
	[bookmark: _Hlk498025283]Filter parameter
	0.01% PAPR
	Maximum frequency coefficient/dB
	Minimum frequency coefficient /dB
	
Variance

	
	1 PRB
	2 PRB
	1 PRB
	2 PRB
	1 PRB
	2 PRB
	1 PRB
	2 PRB

	0.12
	3.57
	3.85
	1.75
	1.75
	-2.51
	-2.51
	2.45
	2.34

	0.2
	2.61
	2.82
	2.59
	2.59
	-4.77
	-4.77
	7.25
	6.93

	0.28
	1.91
	1.94
	3.23
	3.23
	-7.76
	-7.76
	15.82
	15.12

	0.36
	1.54
	1.59
	3.71
	3.71
	-12.06
	-12.06
	31.2
	29.84


[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Observation 2: Lower PAPR will induce larger frequency fluctuation of channel.  
Channel estimation of uplink DMRS is performed to estimate the channel effect induced by FDSS. 



To measure the frequency fluctuation of RS, the maximum frequency power and minimum frequency power in Table 4 is defined as maximum and minimum normalized  respectively, and the variance is defined as variance of normalized , where is defined as :


Figure 2 Metric to measure frequency power fluctuation of RS
The metric we defined for frequency fluctuation of RS can distinguish two extreme scenario in Figure 3a and Figure 3b, as shown in Figure 3a, the comb-like power fluctuation may not affect the channel estimation performance, if the bundled power of adjacent two subcarriers is not very low, and as shown in Figure 3b, only upper half frequency has the relatively high power, the channel estimation performance will be significantly affected in this scenario.
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Figure 3 Two extreme cases for channel estimation 
The frequency fluctuation of time-domain Pi/2-BPSK sequence without FDSS is further given in Table 4 with the metric we defined. Large frequency fluctuation is observed for time domain Pi/2-BPSK sequence and the minimum frequency power for 95% CCDF is also very low. A large frequency domain fluctuation will degrade the channel estimation performance if adopted for RS. Therefore, the frequency domain flatness is crucial for channel estimation, we propose to use constant amplitude sequences modulated in frequency domain for RS of Pi/2-BPSK DFT-S-OFDM.
[bookmark: _Ref498716562]Table 4 Evaluation for frequency fluctuation of time domain Pi/2-BPSK sequence
	Maximum frequency power/dB
	Minimum frequency power/dB (95%)
	
Variance

	1 PRB
	2 PRB
	1 PRB
	2 PRB
	1 PRB
	2 PRB

	4.52
	5.38
	-13.5
	-14.22
	41.09
	29.21



[bookmark: OLE_LINK108][bookmark: OLE_LINK125][bookmark: OLE_LINK7]Proposal 4: For RS of Pi/2 DFT-S-OFDM based PUSCH, support constant amplitude sequences modulated in frequency domain for RS.
[bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK140][bookmark: OLE_LINK141]Similar to LTE, for short sequence, e.g. sequence length <36, CGS sequence is proposed to achieve better PAPR and cell planning. In Rel-15, a new set of length-12 CGS base sequences for short PUCCH for up to 2 bits had been agreed at last meeting. It can achieve better coverage and low cross correlation with LTE cell. Without pursing extreme low PAPR, the length-12 CGS for PUCCH can be reused for Pi/2-BPSK DFT-S-OFDM DMRS to obtain most PAPR gain. 
To support extreme low PAPR, a new set of constant amplitude length 12 sequences modulated in frequency domain is provided in Table 5 of Appendix A and the cross correlation of these sequences is less than 0.89466, the PAPR is no more than 2.0981dB with FDSS with . Furthermore the cross correlation of these new DMRS sequences with length-12 CGS sequences for DFT-s-OFDM of both NR and LTE is less than 0.9. 
[bookmark: OLE_LINK143][bookmark: OLE_LINK146]A new set of constant amplitude length-24 sequences modulated in frequency domain is provided in Table 6 of Appendix and the cross-correlation of these sequences is less than 0.57233, the maximum PAPR is no more than 1.8969dB, and is lower than PAPR of Pi/2-BPSK data in Table 3 with  respectively. Furthermore the cross correlation of these new DMRS sequences with LTE length-24 CGS sequences is less than 0.89. 
[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 5: For pi/2 DFT-S-OFDM based PUSCH, length-12 base sequences for short PUCCH can be reused for DMRS sequence or support a new set of constant amplitude sequences modulated in frequency domain of length-12 in Table 5. 
Proposal 6: For pi/2 DFT-S-OFDM based PUSCH, support a new set of constant amplitude sequences modulated in frequency domain of length 24 in Table 6. 
Note that even the new set of DMRS sequences for Pi/2-BPSK has the similar PAPR to data with DFT-S-OFDM modulation without FDSS (or), the DMRS sequences of length-12 and length-24 for DFT-S-OFDM has lower PAPR without FDSS and are preferred for SRS without FDSS.
[bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK10]As for resource allocation no less than 3 PRBs, ZC sequences in LTE can be reused for DMRS of Pi/2-BPSK DFT-S-OFDM PUSCH to keep the constant amplitude in frequency domain of DMRS. It will get most of PAPR gain by Pi/2 DFT-S-OFDM and achieve better channel estimation. The further improvement to have the extreme low PAPR can be further studied in the future release. For example, the PAPR of some selected ZC sequence can be reduced at  CCDF and it is close to the PAPR of pi/2 BPSK sequence. Detailed evaluation results can be found in Figure 5 in Appendix A. 
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK123][bookmark: OLE_LINK124]Proposal 7: For pi/2 DFT-S-OFDM based PUSCH, ZC sequence should be supported for bandwidth allocation ≥ 3 PRB. 

Summary of proposals
In this paper, we have the following observations and proposals:
Observation 1: LTE sequences of length-6 has maximum cross-correlation up to 1.
Observation 2: Lower PAPR will induce larger frequency fluctuation of channel.  

Proposal 1: For DFT-S-OFDM based PUSCH, support length-6 CGS sequence in Table 2. 
Proposal 2: Support RPF = 1 for DMRS for DFT-s-OFDM data transmission if interference among sequences with different RPF is addressed.

Proposal 3: DMRS sequence index with RPF=2 is determined with 4*q, wherein, q is the sequence index of DMRS sequence with RPF=1 in the same sequence group. 

Proposal 4: For RS of Pi/2 DFT-S-OFDM based PUSCH, support constant amplitude sequences modulated in frequency domain for RS.
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]Proposal 5: For pi/2 DFT-S-OFDM based PUSCH, length-12 base sequences for short PUCCH can be reused for DMRS sequence or support a new set of constant amplitude sequences modulated in frequency domain of length-12 in Table 5. 
Proposal 6: For pi/2 DFT-S-OFDM based PUSCH, support a new set of constant amplitude sequences modulated in frequency domain of length 24 in Table 6. 
Proposal 7: For pi/2 DFT-S-OFDM based PUSCH, ZC sequence should be supported for bandwidth allocation ≥ 3 PRB. 
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Appendix A
Table 1 High cross-correlation of LTE sequences of length-6
	Max cross-correlation value
	Group ID
	Group ID

	1.00000
	0
	24

	0.93101
	1
	5

	0.93101
	1
	10

	0.93057
	2
	15

	0.93057
	2
	21

	1.00000
	3
	18

	0.93057
	3
	22

	0.93101
	4
	14

	1.00000
	4
	28

	0.93101
	5
	23

	1.00000
	6
	27

	1.00000
	7
	20

	1.00000
	8
	16

	0.93101
	10
	23

	1.00000
	11
	29

	1.00000
	12
	25

	1.00000
	13
	19

	0.93101
	14
	28

	1.00000
	15
	21

	1.00000
	17
	26

	0.93057
	18
	22



[bookmark: _Ref498637783][bookmark: OLE_LINK135]Table 2 Proposed sequences of length-6 
	Group ID
	Sequence
	PAPR
	CM

	0
	  -1,  3, -1,  1,  1,  1
	   3.5139
	   1.3845

	1
	   1,  1, -3,  3, -1,  1
	   3.7849
	   1.2136

	2
	   1,  1,  3, -1,  3,  3
	   3.5584
	   1.3174

	3
	  -3, -1, -3, -1,  3,  3
	   2.9721
	   1.2136

	4
	   1,  1,  1, -3,  3, -1
	   3.0938
	   1.1782

	5
	   1,  1, -1, -3, -1,  1
	   3.4662
	   1.2136

	6
	   1,  1,  3, -3,  3,  1
	   3.4662
	   1.2136

	7
	   1,  1, -3, -3,  1, -3
	   3.5139
	   1.3845

	8
	   1,  1, -3,  1, -1,  1
	   2.8129
	   1.1422

	9
	   1,  1, -3,  1,  3,  3
	   3.5584
	   1.3174

	10
	   1,  3, -1, -1,  1, -1
	   3.0076
	   1.1782

	11
	  -1,  1,  1, -3, -3,  3
	   2.3873
	   1.1058

	12
	   1,  1,  1, -3,  1, -1
	   3.4662
	   1.2136

	13
	  -1, -3, -3,  1,  1,  3
	   2.3873
	   1.1058

	14
	   1,  3, -1, -3, -3, -1
	   3.7782
	   1.4500

	15
	  -1, -3,  1,  3,  3,  1
	   3.7782
	   1.4500

	16
	   3,  1,  3, -3, -3,  1
	   2.8129
	   1.1422

	17
	   1,  1,  1, -3,  1,  3
	   3.4662
	   1.2136

	18
	   3, -3,  3,  1, -1,  1
	   3.1240
	   1.1782

	19
	   3, -1,  1,  3,  3,  1
	   4.0755
	   1.4174

	20
	   1,  3, -3,  3, -3,  3
	   3.5139
	   1.3845

	21
	   1,  1,  3, -1,  1, -1
	   3.7849
	   1.2136

	22
	   1,  1, -1, -3,  1, -3
	   2.8599
	   1.1782

	23
	  -1, -3, -1, -1,  3, -3
	   3.0076
	   1.1782

	24
	   1,  1, -3, -3,  3, -3
	   2.9721
	   1.2136

	25
	   1,  1, -1,  3,  1,  3
	   3.7849
	   1.2136

	26
	   1,  1,  1,  3, -3,  1
	   2.8599
	   1.1782

	27
	   1,  1, -3, -1,  3,  1
	   3.7849
	   1.2136

	28
	   1,  1,  3,  3, -1,  3
	   3.0938
	   1.1782

	29
	  -3,  1, -3,  3,  3,  3 
	   3.5139 
	   1.3845 



[bookmark: _Ref498716599]Table 5 Length-12 CGS sequences 
	Group ID
	Sequence
	PAPR with  FDSS
	CM with  FDSS

	0
	3, -3, -3,  1,  3, -3,  3, -3,  3,  1, -1, -1
	1.9945
	-0.1190149

	1
	1,  3, -1,  1, -3, -1, -3,  3, -3, -3, -1, -1
	1.7702
	-.1577365

	2
	1,  1, -3, -3, -1, -1,  1, -3,  1,  1, -1, -1
	2.0607
	0.1710966

	3
	-3,  3,  1, -3,  1, -1, -1, -1,  1,  3, -1, -1
	2.0635
	-0.0455389

	4
	-3, -3,  1,  1, -1, -1, -3,  1, -3, -3, -1, -1
	2.0607
	0.1710966

	5
	3, -1,  3,  3, -1,  3,  3,  3, -1, -1, -1, -1
	1.8923
	0.1299538

	6
	3,  1,  1, -3,  3,  1,  3,  1,  3, -3, -1, -1
	1.9945
	-0.1190149

	7
	-3,  1,  3, -1,  3, -3,  3,  1,  3,  3, -1, -1
	2.0887
	0.1268567

	8
	1, -1,  1, -1,  3, -1,  1,  3,  3,  1, -1, -1
	2.0866
	0.1273307

	9
	1,  3, -1, -1,  1, -1, -1,  3,  1,  3, -1, -1
	1.7317
	-0.0011943

	10
	-1, -1, -1, -1, -1, -1,  3, -1,  3,  3, -1, -1
	1.5705
	0.2248608

	11
	3, -1,  3,  3, -1,  3,  3,  3,  3, -1, -1, -1
	2.0981
	0.6885857

	12
	-3, -3,  1,  3, -3,  3, -3,  1, -1, -3, -1, -1
	2.0377
	0.3054496

	13
	-1, -1, -1, -1,  1,  3, -1,  3,  1, -1, -1, -1
	1.6835
	-0.0183096

	14
	1,  3, -3,  1, -3, -1, -1, -1, -3,  3, -1, -1
	2.0635
	-0.0455389

	15
	3,  3, -1,  3, -1,  3,  3, -1, -1, -1, -1, -1
	1.6098
	-0.2532491

	16
	-1,  3,  1, -1, -3,  1,  3, -1, -1, -1, -1, -1
	1.9415
	-0.1186938

	17
	-3,  3, -1, -1, -3, -1, -1,  3, -3,  3, -1, -1
	1.7317
	-0.0011943

	18
	-1,  3, -1,  3, -1,  3,  3, -1, -1, -1, -1, -1
	1.7491
	-0.5316649

	19
	1, -3,  3, -1,  3,  1,  3, -3,  3,  3, -1, -1
	2.0887
	0.1268567

	20
	-3,  3, -3, -3, -3, -1,  3, -3,  3,  1, -1, -1
	2.0254
	-0.0967201

	21
	1,  3,  1,  1,  1, -1,  3,  1,  3, -3, -1, -1
	2.0254
	-0.0967201

	22
	3, -1,  1, -1,  1,  3,  3,  1, -1,  3, -1, -1
	2.0693
	-0.0295843

	23
	3, -1, -3, -1, -3,  3,  3, -3, -1,  3, -1, -1
	2.0693
	-0.0295843

	24
	-1, -1, -1, -1, -3,  3, -1,  3, -3, -1, -1, -1
	1.6835
	-0.0183096

	25
	1, -3, -1, -1,  3, -3,  3, -1, -1, -3, -1, -1
	2.0864
	-0.0314064

	26
	-3,  1, -1, -1,  3,  1,  3, -1, -1,  1, -1, -1
	2.0864
	-0.0314064

	27
	3,  1,  1,  1, -1,  3,  1,  1,  3, -3, -1, -1
	1.9803
	0.2921748

	28
	3, -3, -3, -3, -1,  3, -3, -3,  3,  1, -1, -1
	1.9803
	0.2921748

	29
	-3,  3, -1, -3,  1, -1,  1,  3,  1,  1, -1, -1
	1.7702
	-0.1577365



[bookmark: _Ref498716630]Table 6 Length-24 CGS sequences
	Group ID
	Sequence  
	PAPR
	CM

	0
	-3, -3, -3,  1,  1, -3, -3,  1,  1, -3, -3, -3, -3, -3,  1, -3,  1, -3, -3,  1, -3,  1,  1,  1
	1.4588
	-3.4917e-001

	1
	1,  1, -3,  1, -3, -3, -3, -3,  1, -3,  1,  1,  1, -3,  1,  1,  1,  1, -3, -3,  1,  1,  1,  1
	1.8752
	4.8293e-002

	2
	1,  3,  1, -3, -3,  1, -3,  1, -3,  1, -3, -3,  1,  1, -3, -3, -3, -3, -3, -3, -3,  3,  1,  1
	1.8823
	-2.6384e-001

	3
	1, -3, -3, -3,  1,  1, -3, -3, -3,  1, -3, -3, -3, -3,  1, -3,  1,  1, -3, -3,  1, -3,  1,  1
	1.8612
	6.5830e-002

	4
	-1, -1, -1, -3, -1, -3,  3, -3,  3,  3,  3, -1, -3,  1,  3, -3,  3, -3, -1, -1, -3, -3,  1,  1
	1.8647
	-6.6682e-002

	5
	1,  3, -3, -3,  3, -3, -3, -3,  1, -3, -3,  3, -1,  3,  3, -3,  1, -1, -1, -1,  3,  3,  1,  1
	1.8908
	-1.1774e-001

	6
	1, -1, -1,  3,  1,  3,  1,  1,  1, -1,  3, -1,  1,  3, -3, -3,  1, -1, -1,  3,  1,  3,  1,  1
	1.7687
	-1.1370e-001

	7
	-1,  3,  3,  3,  1,  3,  3, -3,  3, -1, -1,  1, -3, -3,  3, -1,  3, -3,  1, -1, -3, -3,  1,  1
	1.8873
	-2.2820e-002

	8
	-1,  3, -3, -3,  1, -3,  3, -3, -3,  1, -3, -3,  3, -1, -1, -1,  3, -3,  3,  3,  3, -1,  1,  1
	1.8266
	-2.8205e-001

	9
	3,  1,  3, -1,  3, -3, -1, -1, -1,  1,  3, -3,  3,  1,  3,  1, -1,  3,  3,  1,  1,  3,  1,  1
	1.8932
	5.4280e-002

	10
	3, -1, -3, -3,  1, -3, -1, -3, -3,  1, -3, -3, -1,  3,  3,  3, -1, -3, -1, -1, -1,  3,  1,  1
	1.8266
	-2.8205e-001

	11
	-1, -3, -3,  3, -3,  1, -3,  3, -1,  3, -1, -1, -3,  3,  3, -3, -3, -1,  1, -3, -1,  1,  1,  1
	1.7962
	-1.3388e-001

	12
	-3,  1,  3, -1, -3, -3,  1,  1, -3,  1, -1,  3, -3, -3, -3, -3, -3,  1,  3, -1, -3, -3,  1,  1
	1.8349
	-2.2208e-002

	13
	3,  3,  1,  1,  1, -3, -1, -1,  3,  3,  3,  1, -3,  3,  1,  3, -3,  1, -3, -1,  1, -1,  1,  1
	1.8832
	-7.0863e-002

	14
	-3, -1,  3,  3,  1,  1, -1,  3, -3,  1, -3, -3, -3,  3, -3, -3,  1, -1,  3,  3, -3, -3,  1,  1
	1.8484
	-3.8374e-001

	15
	1, -3,  1, -3,  1,  1, -3,  1,  1,  1, -3,  1,  1,  1,  1, -3, -3, -3, -3,  1,  1, -3,  1,  1
	1.8953
	2.4410e-001

	16
	-3,  3, -1, -1,  1,  1,  3, -1, -3,  1, -3, -3, -3, -1, -3, -3,  1,  3, -1, -1, -3, -3,  1,  1
	1.8484
	-3.8374e-001

	17
	-1, -1,  1,  1,  1, -3,  3,  3, -1, -1, -1,  1, -3, -1,  1, -1, -3,  1, -3,  3,  1,  3,  1,  1
	1.8832
	-7.0863e-002

	18
	3, -1, -1, -1,  1, -1, -1, -3, -1,  3,  3,  1, -3, -3, -1,  3, -1, -3,  1,  3, -3, -3,  1,  1
	1.8873
	-2.2820e-002

	19
	-1,  3,  3, -3, -1, -3,  1,  1, -1, -1, -1, -3, -1,  1, -3,  1, -1,  3,  3, -3, -1, -3,  1,  1
	1.8285
	-1.5606e-001

	20
	3,  3,  3, -3,  3, -3, -1, -3, -1, -1, -1,  3, -3,  1, -1, -3, -1, -3,  3,  3, -3, -3,  1,  1
	1.8647
	-6.6682e-002

	21
	3, -3, -3, -1, -3,  1, -3, -1,  3, -1,  3,  3, -3, -1, -1, -3, -3,  3,  1, -3,  3,  1,  1,  1
	1.7962
	-1.3388e-001

	22
	-3,  3,  3, -1, -3,  1,  1, -1, -3,  1,  1,  1, -1, -1,  1, -3,  1,  3, -3, -3, -1, -1,  1,  1
	1.8473
	-7.2810e-003

	23
	-1,  3,  1, -1,  1,  3,  1,  1, -1,  3,  1, -3, -1,  3,  3,  3,  3, -1, -3, -1,  1,  3,  1,  1
	1.8969
	-1.6948e-001

	24
	3, -1, -1, -3,  3, -3,  1,  1,  3,  3,  3, -3,  3,  1, -3,  1,  3, -1, -1, -3,  3, -3,  1,  1
	1.8285
	-1.5606e-001

	25
	1, -1, -1,  3, -1, -3,  3, -3,  3, -1,  3, -3,  1,  1, -1, -1,  1,  1,  3,  3, -1, -1,  1,  1
	1.8265
	-2.1112e-001

	26
	1,  3, -3,  1, -3, -1,  3, -3,  1,  1,  3,  3,  1, -3,  3, -1,  1, -1, -3, -3, -3,  1,  1,  1
	1.8409
	-4.1655e-004

	27
	-3,  1,  1,  1,  1, -3,  1, -3,  1, -3, -3, -3, -3,  1,  1, -3, -3,  1, -3, -3,  1,  1,  1,  1
	1.5591
	-1.7002e-001

	28
	-3,  1, -3, -3,  3, -3,  3, -1, -1, -1, -1, -3,  1,  3, -1, -3,  3, -1,  1,  3,  3, -1,  1,  1
	1.8909
	5.6981e-002

	29
	3, -1,  1,  3,  1, -1,  1,  1,  3, -1,  1, -3,  3, -1, -1, -1, -1,  3, -3,  3,  1, -1,  1,  1
	1.8969
	-1.6948e-001




[image: cid:image002.png@01D35A1F.10515CD0]
[bookmark: _Ref498700550]Figure 4  An illustration of ACLR vs. OBO
[image: cid:image001.png@01D35A1F.10515CD0]
[bookmark: _Ref498700594]    Figure 5 CCDF of PAPR for option 1 and option 2 
A modified sequence with new root index between (M/2~M) is adopted for ZC in above Figure 5. 

Appendix B
[bookmark: _GoBack]In 3GPP RAN1 meeting AH-NR#3, the following agreements were made for PUCCH: 
· 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
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