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Introduction
In 3GPP NR Ad-Hoc1901 meeting, the following agreements were made [1].
	Agreement
The RRC parameters DMRS-DownlinkConfig and DMRS-UplinkConfig are extended to configure the alternative use of Rel. 16 sequence selection and behavior for the 2nd and 3rd CDM group for PDSCH and PUSCH respectively and for CP-OFDM only. DCI is not used to select between Rel.15 and Rel.16 behaviour.

Agreement
For length 12, 18, and 24 respectively, NR Rel-16 supports the binary CGS in the Table C1, C2, and C3 respectively followed by pi/2 BPSK modulation followed by DFT as DMRS sequence for π/2 BPSK modulation for both PUSCH and PUCCH.
· The above is applicable to single-symbol DMRS configuration
· FFS: CGS for two-symbol DMRS configuration
Table C1, C2, and C3 can be found in R1-1901362

Agreement
· For pi/2 BPSK Rel.16 sequence design for PUSCH DMRS of length ≥30
· sdf
· 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 length 6 CGS; 8-PSK is used
Decide the associated sequences in the next RAN1 meeting	

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


Based on the agreement, this contribution describes our views on the remaining issues on the low PAPR RS.
Discussion on Low PAPR RS
Length-6 8-PSK CGS
In the previous meeting, it was agreed to support 8-PSK length-6 CGS (Computer Generation Sequence) since the number of binary sequences are not enough to compose 30 DMRS base sequences. We believe that the length-6 DMRS sequences need to be carefully determined taking into account several criterions such as cross-correlation, cyclic auto-correlation, and PAPR performance. In our view, the length-6 CGS should provide good PAPR performance not only when using a certain FDSS filter but also when not using FDSS filters considering the case where FDSS filter is not used at the UE side. Based on this, we propose a set of DMRS sequences before DFT-spread in Table 1. In this table,  denotes the sequence index and the modulation symbol is generated with . We used a FDSS filter corresponding to the time-domain response of [0.28, 1.0, 0.28].

[bookmark: _Ref1084152][bookmark: _Ref1118398]Table 1. A set of 8-PSK length-6 sequences
	
	Sequences 
	PAPR [dB] with FDSS
	PAPR [dB] without FDSS

	1
	-7   1  -1  -7   3   7
	    2.1081
	    2.4678

	2
	-7   1   5  3   5  -3
	    2.0883
	    2.8683

	3
	-7  -5  -1   5   1  -5
	    1.9058
	    2.4184

	4
	-7  -5   3  -1   7  -5
	    2.0883
	    2.8683

	5
	-7   7   1  -3  3   7
	    1.9058
	    2.4184

	6
	-7  -3  -7   3   1   5
	    1.9850
	    2.2841

	7
	-7  -1  -5   5   3   5
	    1.9133
	    2.5031

	8
	-7  -3  -1  -3   7   3
	    1.9133
	    2.5031

	9
	-7  -3   1  -3  -5  -1
	    1.7809
	    2.8344

	10
	-7  -3   1  -3   7   5
	    1.9675
	    2.3452

	11
	-7  -3   1  -1  -7   5
	    1.9850
	    2.2841

	12
	-7  -3   1   5   1  -5
	    1.9558
	    2.3581

	13
	-7  -3   1   5   3  -3
	    1.9558
	    2.3581

	14
	-7  -1   3   1   3  -3
	    1.9941
	    2.8754

	15
	-7  -1   3   5   3  -3
	    1.9058
	    2.4184

	16
	-7   3  -1   3   7  -5
	    1.9850
	    2.2841

	17
	-7   3  -1   5  -7  -5
	    1.9133
	    2.5031

	18
	-7   3   1   3  7  -3
	    1.9091
	    2.5047

	19
	-7   3   7   5  1   5
	    1.7809
	    2.8344

	20
	-7   5  -7  -3   7  -5
	    1.7809
	    2.8344

	21
	-7   5  -5  -1   1  -1
	    1.9091
	    2.5047

	22
	-7   5  -3  -1  -3   1
	    2.0883
	    2.8683

	23
	-7   5  -1  -3  -1   3
	    1.9058
	    2.4184

	24
	-7   5  -1  -3   1   5
	    1.9558
	    2.3581

	25
	-7   5  -1   1  -1   3
	    1.9941
	    2.8754

	26
	-7   7  -7  -3   3  -1
	    1.9133
	    2.5031

	27
	-7   7  -5  -1   3  -1
	    1.9850
	    2.2841

	28
	-7   7  -5   1  -3   7
	    1.9941
	    2.8754

	29
	-7   7  -5   3  -1   7
	    2.0883
	    2.8683

	30
	-7   7  -5   5  -7  -3
	    1.7809
	    2.8344
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[bookmark: _Ref1085307]Figure 1. PAPR performance for the proposed a set of length-6 sequences given in Table 1.
In Figure 1, we compared the PAPR performance of the proposed sequence set with other sequence sets provided by [2], [3], [4], and [5] considering FDSS filter of [0.28, 1, 0.28]. The proposed sequence set shows the similar PAPR performance in case of using the FDSS filter while it shows better performance when FDSS filter is not used. For the proposed sequence set, the maximum values of cyclic auto-correlations corresponding to [+1, -1], [+2, +1, -1, -2], and [+3, +2, +1, -1, -2, -3] are respectively less than 0.2357, 0.4714, and 0.80474, which is similar to R1-1900811.
Proposal 1:
· NR Rel-16 supports the length-6 DMRS sequence set given in Table 1 for DFT-spread OFDM data transmission.

Power imbalance issue
Multiple companies have shared the power imbalance problem that needs to be addressed, and this issue was actively discussed in 3GPP NR Ad-Hoc1901 meeting, but we could not reached a common view on how to address the power imbalance issue. Thus, we suggest a solution by simply modifying the current OCC mapping pattern, where this approach has been well adopted in LTE as well.
More specifically, when the DMRS ports are multiplexed using time domain OCC, transmission power of the two DMRS OFDM symbols can be different each other. Figure 2 shows this power imbalance problem when four DMRS ports are multiplexed in the same comb, in case of DMRS configuration type 1. When OCC mapping pattern in Figure 2 is used to multiplex port 0, 1, 4, and 5, the average transmission power of each OFDM symbol can be different in the worst case where, for example, the precoding weights of all transmit layers at the n-th transmit antenna are the same.
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[bookmark: _Ref534929669]Figure 2. DMRS transmit power imbalance


To address this power imbalance issue, we propose a modified OCC mapping pattern shown in Figure 3, in which time domain OCC mapping of  and  is alternatively applied. As a result, it ensures peak power randomization over 2 RBs for type 1 and 1 RB for type 2, even in the case where the precoding weights of all transmit layers at the n-th transmit antenna are the same.
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[bookmark: _Ref534929900]Figure 3. An illustrative example of the modified OCC mapping pattern to address power imbalance issue
Proposal 2:
· Rel-16 NR should introduce a modified time domain OCC mapping pattern to address the power imbalance issue.
· 

E.g.,  and  can be alternatively applied shown in Figure 3

Pi/2 BPSK Rel-16 Sequence
In the previous meeting, it was agreed to use_sequence initialization formula from Rel.15 CP-OFDM DMRS and reuse Rel-15 Gold sequence generator, and we need to decide how to handle the parameter nIDnSCID contained in sequence initialization formula according to the following two options captured in Section 1.
	· 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)


Alt.1 seems to be more reasonable than Alt.2 since the benefit by allowing additional DCI field would be limited. Furthermore, Alt.2 leads to an ambiguity for how to handle the 1 bit DCI in case of sequence length less than 30.
Proposal 3:
· Support Alt .1 (Follow DFT-S-OFDM approach).

Conclusion
We summarize our proposal as follows:
Proposal 1:
· NR Rel-16 supports the length-6 DMRS sequence set given in Table 1 for DFT-spread OFDM data transmission.
Proposal 2:
· Rel-16 NR should introduce a modified time domain OCC mapping pattern to address the power imbalance issue.
· 

E.g.,  and  can be alternatively applied shown in Figure 3.
Proposal 3:
· Support Alt .1 (Follow DFT-S-OFDM approach).
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