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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#95 meeting [1], agreements on low PAPR DMRS design were achieved as
Agreement
Metrics to consider for new sequence design for the pi/2 BPSK DMRS are the gNB receiver complexity, PAPR relative to data and link level throughput/BLER performance considering frequency domain flatness and autocorrelation properties, interference considering cross correlation properties and when applicable (e.g. PUCCH), orthogonality of sequences
Agreement
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 
· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 
Agreement 
Support PUCCH DMRS enhancements for PUCCH format 3 and 4
In this contribution, we provided our views on the sequence design of low PAPR DMRS for pi/2 BPSK.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
· Low PAPR DMRS sequence
As agreed in RAN1#95, for pi/2 BPSK DMRS sequence with length 6,12,18 and 24, CGS sequences should be applied, and the sequences should have not only low PAPR but also good auto/cross correlation properties.
Based on this, we provide the sequences for different length in following tables:
Table 1: Length-6 Pi/2 BPSK DMRS sequences
	Index 
	
	PAPR (dB)

	0
	0 0 1 1 1 0
	0.8630

	1
	1 1 1 0 1 0
	0.7534

	2
	1 0 0 1 0 0
	0.9821

	3
	0 0 0 0 1 0
	1.0299

	4
	1 1 1 0 0 0
	0.9821

	5
	1 0 1 0 0 0
	0.7791

	6
	0 1 0 0 1 0
	1.0299

	7
	1 0 1 1 1 0
	0.7534

	8
	0 1 1 1 0 0
	0.7534

	9
	0 0 1 0 1 0
	0.7791

	10
	1 1 0 1 1 0
	1.3019

	11
	0 0 0 1 0 0
	1.1643

	12
	0 1 1 1 1 0
	1.1933

	13
	1 1 0 0 1 0
	1.3019

	14
	0 1 1 0 0 0
	1.1239

	15
	0 1 0 0 0 0
	1.3079

	16
	0 1 0 1 1 0
	1.3874

	17
	1 0 0 0 0 0
	1.1917

	18
	1 0 0 1 1 0
	1.3249

	19
	1 1 0 1 0 0
	1.3079

	20
	0 1 1 0 1 0
	1.1566

	21
	0 1 0 1 0 0
	1.3874

	22
	0 0 0 1 1 0
	1.1643

	23
	0 0 1 0 0 0
	1.1566

	24
	1 1 0 0 0 0
	1.1917

	25
	1 0 0 0 1 0
	1.1240

	26
	1 0 1 1 0 0
	0.7534

	27
	1 1 1 1 1 0
	1.3249

	28
	0 0 1 1 0 0
	1.3184

	29
	1 1 1 1 0 0
	1.2500



Table 2: Length-12 Pi/2 BPSK DMRS sequences
	Index 
	
	PAPR (dB)

	0
	0 1 1 1 1 1 0 0 0 0 1 0
	0.7531 

	1
	1 1 1 0 0 1 0 1 0 0 1 0
	0.7531 

	2
	1 1 0 1 0 1 1 0 0 0 1 0
	0.7532 

	3
	1 0 1 1 0 0 0 1 0 1 1 0
	0.7532 

	4
	0 0 0 1 0 0 0 0 1 0 1 1
	1.4685 

	5
	0 1 1 1 0 1 1 1 0 1 1 1
	1.3169 

	6
	1 1 0 1 0 1 1 1 1 0 0 0
	0.7794 

	7
	0 0 1 0 0 1 0 0 1 0 1 0
	1.1549 

	8
	1 0 0 1 0 0 1 0 0 1 0 0
	0.7838 

	9
	1 0 1 1 0 1 0 0 1 1 0 1
	1.1568 

	10
	0 1 1 1 0 0 1 0 1 0 0 0
	0.7793 

	11
	0 0 1 1 1 1 1 1 1 1 0 0
	1.0159 

	12
	0 0 1 0 1 1 0 1 0 1 1 0
	0.7531 

	13
	1 1 1 1 1 0 0 0 1 1 1 0
	1.1917 

	14
	0 0 0 0 0 1 1 0 0 0 1 1
	1.2060 

	15
	0 0 0 0 1 1 0 1 1 0 1 0
	0.7794 

	16
	1 1 0 1 0 0 0 1 1 0 1 0
	0.7532 

	17
	1 0 1 0 0 1 0 1 1 1 0 0
	0.7532 

	18
	1 0 1 1 0 1 1 0 1 0 0 0
	1.3230 

	19
	1 1 0 1 1 0 0 0 0 0 0 0
	1.0308 

	20
	0 0 1 0 0 1 1 0 1 1 0 0
	1.1047 

	21
	1 1 1 0 0 0 0 0 1 0 0 0
	1.1917 

	22
	0 1 1 1 0 0 1 1 0 1 0 0
	1.3426 

	23
	1 0 1 0 1 1 0 0 1 0 0 1
	1.2060 

	24
	0 0 1 1 1 0 0 0 1 0 0 0
	1.1547 

	25
	0 1 1 0 1 0 1 0 0 0 1 1
	0.9819 

	26
	1 0 1 1 0 0 1 0 0 1 1 1
	0.8100 

	27
	0 1 1 1 0 0 0 0 0 1 0 0
	1.1549 

	28
	0 0 0 0 1 1 1 0 1 1 1 0
	1.1583 

	29
	0 1 0 0 0 1 1 0 0 1 0 0
	1.3278 



Table 3: Length-18 Pi/2 BPSK DMRS sequences
	Index 
	
	PAPR (dB)

	0
	1 0 0 0 0 1 1 1 0 1 1 0 1 0 1 0 0 0
	0.9947 

	1
	1 1 1 0 0 1 0 0 1 1 1 0 0 1 1 1 0 0
	0.9344 

	2
	0 0 0 1 1 1 0 1 1 0 0 0 0 0 1 1 0 0
	1.0099 

	3
	0 1 0 1 1 0 0 1 0 0 1 1 0 0 1 0 1 0
	0.8499 

	4
	1 1 0 1 1 0 1 1 0 0 0 0 1 1 0 1 1 0
	0.8453 

	5
	1 0 0 0 0 0 0 1 1 1 0 1 0 0 1 1 0 0
	0.9406 

	6
	0 1 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0
	1.3496 

	7
	1 0 0 1 0 0 1 0 1 1 0 0 0 1 1 0 1 0
	1.0459 

	8
	0 1 0 0 1 0 1 1 0 1 0 1 0 1 1 1 1 0
	0.8727 

	9
	1 0 0 1 1 1 1 1 0 0 0 0 0 1 1 0 0 0
	0.8446 

	10
	1 1 0 0 1 1 1 0 0 1 1 1 0 0 1 0 0 0
	0.9234 

	11
	1 0 1 1 1 0 0 0 1 1 1 0 1 1 0 1 0 1
	1.0584 

	12
	0 1 1 1 1 1 0 0 1 0 0 1 0 0 1 0 1 0
	0.9480 

	13
	0 0 1 0 1 1 0 0 1 1 0 1 0 0 0 1 1 0
	1.0731 

	14
	1 1 1 1 0 1 0 1 1 1 0 0 0 0 0 0 1 0
	0.9940 

	15
	1 1 0 0 1 0 1 1 1 0 1 0 0 1 1 1 0 1
	1.1083 

	16
	0 0 1 0 1 1 0 0 0 0 1 1 0 1 1 0 1 0
	0.9545 

	17
	0 1 1 1 0 1 0 1 1 0 0 1 1 1 0 0 0 0
	1.1226 

	18
	0 1 1 0 1 0 0 0 1 0 0 0 1 1 1 1 0 0
	0.9477 

	19
	0 1 1 1 0 0 0 1 0 0 0 1 1 0 1 1 1 0
	0.9502 

	20
	1 1 0 0 1 1 1 1 1 0 0 1 0 0 0 1 1 0
	0.9459 

	21
	1 0 0 1 1 1 0 0 0 0 1 1 1 0 1 0 0 0
	1.1820 

	22
	1 0 1 1 0 0 1 1 1 0 0 1 0 0 0 1 1 0
	0.9459 

	23
	0 0 0 0 1 1 1 1 0 1 1 0 1 1 1 0 1 0
	1.1743 

	24
	0 0 1 0 0 1 1 1 0 0 0 0 1 1 0 1 1 0
	0.9308 

	25
	1 1 0 0 1 0 0 0 0 0 1 1 0 1 0 1 0 0
	0.8747 

	26
	1 1 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0
	1.1454 

	27
	0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 1 1 0
	1.3100 

	28
	1 1 0 1 1 1 0 0 1 0 1 0 0 0 1 1 1 0
	0.9750 

	29
	1 1 1 0 0 0 1 1 0 1 1 0 0 0 1 1 1 0
	0.9485 



Table 4: Length-24 Pi/2 BPSK DMRS sequences
	Index 
	
	PAPR (dB)

	0
	0 1 0 1 1 0 1 0 1 0 1 0 1 1 0 1 1 0 0 1 0 0 1 1
	0.9885

	1
	0 1 0 0 0 1 1 0 1 0 1 0 1 1 1 0 1 0 0 1 0 0 1 1
	0.9121

	2
	0 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 1 1
	0.9939

	3
	0 1 1 0 1 0 1 1 0 1 1 0 0 1 0 1 0 1 0 1 0 0 1 1
	1.0320

	4
	0 1 0 1 0 1 0 1 1 0 0 1 0 0 1 0 1 0 0 1 0 0 1 1
	1.0320

	5
	0 0 0 0 1 0 1 0 0 1 0 1 0 1 0 1 1 0 0 1 0 0 1 1
	1.1256

	6
	1 1 0 0 1 0 1 0 0 0 0 1 1 0 0 0 1 0 0 0 1 1 1 1
	1.3127

	7
	0 1 0 0 1 1 1 1 1 1 0 0 0 1 0 0 0 1 1 0 0 0 0 1
	1.3129

	8
	0 1 1 0 0 1 0 1 1 1 0 0 0 0 0 0 1 1 0 1 0 1 1 1
	1.3016

	9
	0 1 1 1 0 0 0 1 0 1 0 0 1 0 1 1 1 0 0 1 0 0 0 1
	1.0115

	10
	1 1 0 0 1 0 0 0 1 0 1 1 1 0 1 0 0 1 0 0 0 0 0 1
	1.1880

	11
	1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1
	1.2167

	12
	0 1 0 0 0 1 1 0 1 1 0 0 1 0 1 1 0 0 0 1 1 0 1 0
	0.8144

	13
	1 0 0 1 0 1 0 0 1 1 0 0 0 0 1 1 1 1 1 1 1 0 0 1
	0.8066

	14
	1 0 0 1 0 1 0 0 1 1 0 1 1 0 0 1 1 0 0 0 0 0 1 1
	0.8260

	15
	0 0 0 1 1 1 1 0 0 1 0 1 0 0 1 1 1 0 1 1 1 0 0 1
	0.8013

	16
	1 1 0 1 0 1 1 1 0 0 1 1 1 0 0 0 0 0 0 1 1 0 1 0
	0.8087

	17
	1 0 1 1 0 1 1 0 0 0 1 0 1 1 0 1 0 0 1 0 0 0 0 1
	0.8162

	18
	1 1 1 1 1 0 0 1 0 0 0 1 1 1 1 0 1 1 1 1 1 1 0 0
	1.3147

	19
	1 1 1 1 0 1 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1
	0.9148

	20
	1 0 1 0 0 0 1 1 1 0 1 1 0 1 0 1 1 0 1 1 1 0 0 0
	1.0202

	21
	1 0 1 0 1 1 1 0 0 0 1 0 0 1 0 1 0 0 1 0 0 0 1 1
	0.8237

	22
	1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 0 1 1 1 0 1 0 1
	1.2698

	23
	1 0 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 0 1 1 1 0
	0.8912

	24
	0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1 1 1 1 0 0 0 1 1
	0.9810

	25
	1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1
	0.9801

	26
	0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 1 0
	0.9801

	27
	1 1 0 0 1 1 1 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1
	0.9810

	28
	0 0 0 0 1 0 0 0 0 1 0 0 1 1 1 1 0 1 1 1 1 0 0 1
	1.2392

	29
	0 1 1 1 1 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 1 1 1
	1.2400



As lack of binary sequences for length-6, in [2], 8PSK sequence before DFT spread is proposed. We also think it’s a good way to maintain good properties of DMRS sequences. Following Table 5 shows the sequence based on 8PSK.
Table 5: Length-6 8PSK DMRS sequences
	Index 
	
	PAPR (dB)

	0
	 -7  -1  -3  -1  7  3 
	2.0215

	1
	 -5  -1  -5  5  1  5 
	1.5395

	2
	 -5  -1  3  7  3  7 
	1.1766

	3
	 1  -5  -1  -5  -1  3 
	1.4624

	4
	 -7  -7  -3  1  -3  7 
	1.9680

	5
	 -7  3  -1  3  -5  -3 
	2.0897

	6
	 -7  5  -1  1  -3  1 
	1.8772

	7
	 1  5  -1  3  -5  -3 
	1.5485

	8
	 -7  5  1  5  1  -3 
	0.9858

	9
	 -5  -1  -7  7  -5  7 
	1.6342

	10
	 -3  1  -3  -7  5  1 
	0.9858

	11
	 -1  3  7  -7  1  5 
	1.5485

	12
	 -7  5  7  -1  -3  3 
	2.0315

	13
	 -7  -5  -3  -7  -5  -3 
	1.4695

	14
	 3  -5  -1  -7  3  1 
	1.9298

	15
	 -7  7  7  -5  3  -1 
	2.1946

	16
	 -7  -1  -3  5  7  3 
	2.0315

	17
	 -3  -7  5  1  -3  1 
	0.9858

	18
	 -7  1  -3  1  7  5 
	1.9572

	19
	 -7  3  -3  -5  -3  3 
	1.9919

	20
	 5  -1  -3  1  -3  1 
	1.6342

	21
	 3  7  3  7  -5  5 
	1.6342

	22
	 -7  -1  3  7  3  -1 
	2.0434

	23
	 3  7  -5  7  -5  5 
	1.4624

	24
	 -7  3  3  7  -5  7 
	2.0481

	25
	 -7  5  -3  1  1  -1 
	2.1947

	26
	 -7  -3  3  -1  -7  -5 
	1.9943

	27
	 1  -5  -1  3  -1  3 
	1.6342

	28
	 3  7  5  -1  3  7 
	1.6342

	29
	 -5  7  -5  -7  3  7 
	1.6342


Proposal 1: Support above tables for low PAPR DMRS sequence with length 6, 12, 18, 24.
For the length of 6, 12, 18, 24, the DMRS sequence before DFT spread is
,
where .
And for the length of 6, 12, 18, 24, only group hopping is supported.
And for DMRS sequence length >=30, Gold-sequence was agreed in RAN1#95. In this case, the sequence generator should be initialized with a seed. 
The DMRS sequence before DFT spread is 
Similar scheme as CP-OFDM can be reused, in addition, considering there is no scrambling ID for DFT-s-OFDM, and the value of higher layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE is (0,1, … 1007), then the coefficient for the initial seed can be modified as:

where  if  is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE and the PUSCH is not a msg3 PUSCH, and  otherwise
And for the DMRS with length >=30, there is no group hopping and sequence hopping supported.
Proposal 2: For DMRS with length 6, 12, 18, 24, there is no sequence hopping supported. And for DMRS with length >=30, sequence generator is initialized with ，and there is no sequence and group hopping.
· Orthogonal DMRS port
As the new low PAPR DMRS sequences are introduced in time domain, existing orthogonal DMRS ports multiplexed based on FD-OCC for PUSCH and cyclic shift for PUCCH format 4 can not work. In order to maintain same capability of multiplexing, new schemes for orthogonal DMRS ports should be introduced.
Following pre-DFT OCC which is similar as PTRS for DFT-s-OFDM can be reused.
The DMRS sequence for PUSCH before DFT spread is , where 

And the DMRS sequence for PUCCH format 4 is  
,
where .
[bookmark: _GoBack]And the orthogonal sequences  is shown as
Table 6: Orthogonal sequences  for PUCCH format 4 
	

	

	

	
	
	[+1, +1, +1, +1, +1, +1, +1, +1, +1, +1, +1, +1]

	
	
	[+1, -1, +1, -1, +1, -1, +1, -1, +1, -1, +1, -1]

	-
	
	[+1, +1, -1, -1, +1, +1, -1, -1, +1, +1, -1, -1]

	-
	
	[+1, -1, -1, +1, +1, -1, -1,+1, +1, -1, -1, +1]



Proposal 3: For PUSCH and PUCCH format 4, pre-DFT orthogonal sequences are introduced to maintain same number of orthogonal DMRS ports, and above orthogonal sequences should be supported. 
3 Conclusion
In this contribution, we provided our views on the design of low PAPR RS, and we proposed that:
Proposal 1: Support above tables for low PAPR DMRS sequence with length 6, 12, 18, 24.
Proposal 2: For DMRS with length 6, 12, 18, 24, there is no sequence hopping supported. And for DMRS with length >=30, sequence generator is initialized with ，and there is no sequence and group hopping.
Proposal 3: For PUSCH and PUCCH format 4, pre-DFT orthogonal sequences are introduced to maintain same number of orthogonal DMRS ports, and above orthogonal sequences should be supported. 
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