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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1-AH-1901 meeting [1], agreements on low PAPR DMRS design were achieved as
Agreement:
For length 6 CGS; 8-PSK is used
Decide the associated sequences in the next RAN1 meeting	
Agreement
· For pi/2 BPSK Rel.16 sequence design for PUSCH DMRS of length ≥30
· Cell ID default scrambling parameter(s) unless configured otherwise
· Use c_init formula from Rel.15 CP-OFDM DMRS and reuse Rel-15 Gold sequence generator
· Open issues for further study:
· Whether new Rel.16 DMRS sequence is used for Msg3 
· For which DCI formats, search spaces and RNTIs the new Rel.16 DMRS sequence configuration is applicable
· Configuration of Rel.16 sequence for pi/2 BPSK PUSCH DMRS
· Alt.A One configuration of Rel.16 sequence applies to all lengths
· Alt.B Independent configuration of Rel.16 sequence for sequence length ≥30  and <30 
· Down-select between Alt.1 and Alt.2 in RAN1#96
· Alt.1  Follow DFT-S-OFDM approach 
· nIDnSCID  is defined as nPUSCH-Identity  
· Only nSCID=0 is applicable
· No change to DCI, only RRC is used to configure 
· Alt.2 Follow CP-OFDM approach 
· nIDnSCID   parameters are configured by RRC as for CP-OFDM DMRS
· DCI is used to indicate nSCID as for CP-OFDM
· 1 bit always present in DCI when Rel.16 DMRS is configured 
· FFS on how to interpret 1 bit in DCI for length<30 
· Possible benefit: gNB can dynamically select sequence to reduce probability of a bad sequence choice (e.g. nulls in PSD)
Agreement
For one OFDM symbol DMRS and for PUSCH with pi/2 BPSK modulation, down select among the following alternatives
· Alt.0: Only a single DMRS port is supported (one comb is used)
· Alt.1: One DMRS port per comb is supported (in total 2 ports)
· Alt.2: Support two DMRS ports per comb (in total 4 ports) 
· Study may take UL timing misalignment into account
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
2.1 Low PAPR DMRS sequence
As agreed in RAN1AH-1901 meeting, for pi/2 BPSK DMRS sequence with length-6, CGS sequences with 8-PSK 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 length-6 in following tables:
Table 1: Length-6 8PSK DMRS sequences
	Index 
	
	PAPR (dB)

	0
	3, 7, 3, -3, -7, -3
	1.539531

	1
	-1, 3, 7, -7, 1, 5
	1.548454

	2
	-5, -1, -5, -1, 3, -3
	1.634175

	3
	-5, -1, -7, 7, -5, 7
	1.634175

	4
	3, 7, 5, -1, 3, 7
	1.634175

	5
	7, -3, 3, -1, 5, -3
	0.541418

	6
	7, 3, 7, -5, -1, -5
	0.783857

	7
	-7, 5, 1, 5, 1, -3
	0.985823

	8
	-1, 7, -5, 3, -7, 5
	0.989338

	9
	-5, 5, -5, 5, 7, 1
	1.330025

	10
	3, -1, 1, -3, -1, 1
	1.342449

	11
	-7, -1, -7, 7, -3, 1
	1.483859

	12
	-7, -1, 3, -1, 3, 7
	1.718185

	13
	7, -7, 1, 7, -7, 1
	1.839591

	14
	7, 1, -3, -7, 5, 3
	1.937495

	15
	1, 7, 7, -1, -7, 1
	2.150835

	16
	7, 3, -3, -1, -5, 5
	2.224845

	17
	-3, 1, 3, 3, 7, 3
	2.253639

	18
	-1, -1, -7, 5, -3, 1
	2.272139

	19
	1, -7, 1, -5, 1, 1
	2.375807

	20
	-3, 7, -7, -3, 3, 3
	2.402305

	21
	5, 1, -3, -7, -3, 1
	0.783857

	22
	1, -3, -7, -3, 1, 5
	0.783883

	23
	5, -7, -3, -7, 5, 1
	0.783883

	24
	-3, -7, 5, 1, -3, 1
	0.985823

	25
	-3, 1, -3, -7, 5, 1
	0.985824

	26
	1, 5, -1, 3, -5, -3
	1.548454

	27
	-5, 7, -5, -7, 3, 7
	1.634184

	28
	5, -1, -3, 1, -3, 1
	1.634184

	29
	1, -5, -1, 3, -1, 3
	1.634184


Proposal 1: Support Table 1 for low PAPR DMRS sequence with length 6.
2.2 Configuration of Rel.16 sequences
Considering the configuration for pi/2 BPSK Rel.16 sequence with length ≥30, two alternatives are to be down-selected. In current spec, there is no definition of  for DFT-s-OFDM. Some may argue that with introduction of , gNB can dynamically select sequence to reduce probability of a bad sequence choice (e.g. nulls in PSD). While with the new PN sequence generation formula, there are much more sequences available for Rel.16 pi/2 BPSK based DMRS, so selection of good sequence based on RRC is enough. In addition, for pi/2 BPSK sequence with length < 30, 30 CGS sequences are defined. And the selection of CGS sequences already guarantees good cross correlation property. To make the DCI structure uniform for different sequence length and reduce UE complexity, there is no need to introduce  for Rel.16 pi/BPSK based DMRS sequences. And one configuration of Rel.16 sequence applies to all lengths is enough. So we propose that:
Proposal 2: For c_init formula, follow DFT-S-OFDM approach with nSCID=0, and no change to DCI, only RRC is used to configure (i.e. Alt. 1).
Proposal 3: For configuration of Rel.16 sequence for pi/2 BPSK PUSCH DMRS, support one configuration of Rel.16 sequence applies to all lengths (i.e. Alt. A). 
2.3 Orthogonal DMRS ports
In Rel-15, up to 4 ports for one-symbol DMRS and up to 8 ports for two-symbol DMRS are supported for PUSCH. And for PUCCH format 4, two and four DMRS ports are supported in one symbol. In Rel-16, with the new low PAPR DMRS sequences introduced in time domain, the sequence amplitude after transform precoding in frequency domain is no longer constant modulus, so 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, pre-DFT OCC was discussed in last meeting [2-4]. However, based on the agreed sequences, the proposed OCC sequences or cyclic shift will cause large cross correlation with (length-12 with maximum value 1, length-18 with maximum value > 0.77, length-24 with maximum value > 0.66), as shown in Figure 1-4.
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Figure 1. CDF of cross correlation for 2-port with sequence length 12
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Figure 2. CDF of cross correlation for 2-port with sequence length 18
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Figure 3. CDF of cross correlation for 2-port with sequence length 24
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Figure 4. CDF of cross correlation for 4-port PUCCH with different schemes
While as low PAPR sequence is mainly used for coverage limited UEs, MU pairing is not the key requirement. And to respect the agreed CSG sequences, for PUSCH, remaining orthogonal DMRS ports are sufficient, i.e. for single-symbol DMRS, up to 2 ports multiplexed with comb-2 IFDMA are supported, and for two-symbol DMRS, up to 4 ports multiplexed with comb-2 IFDMA and TD-OCC in two symbols are supported. And considering PUCCH format 4, single DMRS port is enough. 
Proposal 4: For one OFDM symbol DMRS of PUSCH with pi/2 BPSK modulation, Alt.1 with one DMRS port per comb is supported (in total 2 ports). And for two-symbol DMRS of PUSCH with pi/2 BPSK modulation, totally 4 ports multiplexed with comb-2 IFDMA and TD-OCC are supported. 
While if same number of orthogonal DMRS ports as Rel-15 is really needed, we slightly prefer OCC with {+1, +1, … +1, +1} and {+1, -1, … +1, -1} for two orthogonal ports in one CDM group for PUSCH, as shown in appendix, the property of auto correlation is better.
In addition, for two-symbol DMRS, some companies proposed to introduce different CGS sequences in each symbol, while this will break orthogonality for DMRS ports multiplexed with TD-OCC in two symbols. In our opinion, keeping Rel-15 structure with same sequences in two symbols should be maintained.
3 Conclusion
In this contribution, we provided our views on the design of low PAPR RS, and we proposed that:
Proposal 1: Support Table 1 for low PAPR DMRS sequence with length 6.
Proposal 2: For c_init formula, follow DFT-S-OFDM approach with nSCID=0, and no change to DCI, only RRC is used to configure (i.e. Alt. 1).
Proposal 3: For configuration of Rel.16 sequence for pi/2 BPSK PUSCH DMRS, support one configuration of Rel.16 sequence applies to all lengths (i.e. Alt. A). 
Proposal 4: For one OFDM symbol DMRS of PUSCH with pi/2 BPSK modulation, Alt.1 with one DMRS port per comb is supported (in total 2 ports). And for two-symbol DMRS of PUSCH with pi/2 BPSK modulation, totally 4 ports multiplexed with comb-2 IFDMA and TD-OCC are supported. 
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5 Appendix

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 

Figure 5-7 shows the auto correlation based on the agreed sequences.
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Figure 5. CDF of auto correlation for 2-port with sequence length 12
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Figure 6. CDF of auto correlation for 2-port with sequence length 18
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Figure 7. CDF of auto correlation for 2-port with sequence length 24
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