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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]In last meeting, it has been agreed for DMRS sequence design for low PAPR in [1] that
	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 length 6 CGS; 8-PSK is used
Decide the associated sequences in the next RAN1 meeting	
Conclusion
Multiple companies in RAN1 have identified a power imbalance issue due to the some combinations of Rel.15 DMRS and some MIMO precoding matrices
· For example, it may occur for some cases of two symbol DMRS and two or four layer MIMO for a UE 
· Some companies claim this can be avoided by implementation based solutions for PDSCH and PUSCH

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
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  
· [bookmark: OLE_LINK24]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)
 


In this paper, we will discuss the remaining issues on both CP-OFDM DMRS and DFT-s-OFDM DMRS enhancement for PAPR reduction in R16.
Remaining issues of DM-RS for Pi/2-BPSK DFT-S-OFDM
In last meeting, the design of length 12, 18, 24 sequence generated with binary sequence and pi/2 BPSK modulation were agreed. The remaining issues of DM-RS for Pi/2-BPSK DFT-S-OFDM include supported orthogonal ports number within one OFDM symbol and concrete length 6 sequence design. In this part, we provide the detailed discussion on these remaining issues. 
Orthogonal DMRS ports
For DFT-S-OFDM waveform, DMRS configuration type 1 is used, which has a comb-2 structure in the frequency domain. DMRS sequence in Rel-16 is generated in time domain as data, to achieve the comb- 2 mapping in the frequency domain, it is equivalent to repeat the same time domain sequence two times and then apply an OCC [+1, +1] and [+1, -1]. To be specific, to generate a sequence of length N with comb- 2 structure in the frequency domain, we can take a sequence  and perform a repetition in time domain and apply two different OCCs before DFT operation as follows:
=[]  and =[]  .



Figure 1. Frequency mapping of  
As shown in Figure 1, after the DFT operation, will occupy even subcarriers and odd subcarriers in frequency domain respectively. With the structure, two orthogonal ports can be used for DMRS. In our opinion, as pi/2 BPSK with DFT-S-OFDM waveform primarily targets for improving the coverage for cell edge UE, and MU paring to increase the capacity is not the typical scenario for this type of waveform. Therefore, two orthogonal ports are sufficient for the typical use cases for DFT-S-OFDM.
Observation 1: For PUSCH/PUCCH with pi/2 BPSK modulation, supporting two orthogonal DMRS ports within one OFDM symbol are sufficient for the typical scenarios.
But some companies proposed that DMRS for pi/2 BPSK in Rel-16 should support the same four orthogonal DMRS as Rel-15. And one alternative to support four orthogonal DMRS ports multiplexing are proposed in [2]. [2] proposed to introduce time domain OCC [+1, +1] and [+1, -1] for each comb as shown in Table 1. 
[bookmark: OLE_LINK17]Table 1. Orthogonal DMRS ports generated with time domain OCC [2]   
	DMRS port
	CDM group
	[bookmark: OLE_LINK12]Sequence in Time domain

	0
	0
	

	1
	
	

	2
	1
	

	3
	
	[bookmark: OLE_LINK16]



We found that the introduction of time domain OCC will change the properties of sequences, such as degrade the auto correlation and cross correlation property within one CDM group for length 6 sequence and introduce frequency fluctuation issues for length-12, 18 and 24. 
[bookmark: OLE_LINK15]Table 2 shows the impact on the performance of the sequence with time domain OCC. It can be observed that auto correlation for port 1 and port 3 suffers severely due to the impact of time domain OCC, e,g., the maximum auto correlation is up to 0.93264 for port 1 and 0.666667 for port 3. In the meanwhile, the cross correlation within a CDM group also degrades significantly. As shown in the last column of table 2, the maximum cross correlation between port2&port3 is 0.666667.
Table 2. Proposed length 6 sequences with TDD OCC and corresponding performance in [2]
	u
	Sequence
	PAPR-p0
	PAPR-p1
	PAPR-p2
	PAPR-p3
	AC-p0
	AC-p1
	AC-p2
	AC-p3
	XC-p0p1
	XC-p2p3

	0
	7
	3
	5
	1
	7
	3
	1.1529
	1.3284
	1.5844
	1.9575
	0.3333
	0.7453
	0.4714
	0.4714
	0.12922
	0.3333

	1
	7
	1
	5
	1
	5
	3
	1.1529
	1.32843
	1.95752
	1.58447
	0.33333
	0.74536
	0.4714
	0.4714
	0.12922
	0.3333

	2
	7
	1
	5
	1
	7
	5
	1.4302
	0.91935
	0.83713
	1.61621
	0.33333
	[bookmark: OLE_LINK13]0.9326
	0.6666
	0.6159
	0.25512
	0.3333

	3
	7
	1
	3
	1
	7
	3
	1.4302
	0.91935
	1.61621
	0.83713
	0.33333
	0.9326
	0.6159
	0.6666
	0.25512
	0.3333

	4
	7
	3
	7
	5
	5
	7
	1.4426
	1.29018
	1.81957
	1.66156
	0.27317
	0.40825
	0.4814
	0.097631
	0.2357
	0.3014

	5
	7
	3
	7
	7
	5
	5
	1.4426
	1.29018
	1.66156
	1.81957
	0.27317
	0.40825
	0.0976
	0.481408
	0.2357
	0.3014

	6
	-7
	-3
	-7
	5
	-7
	-3
	1.5333
	1.17656
	0.77782
	0.49979
	0
	0.66667
	0.333333
	0.333333
	0.33333
	0.6666

	7
	-7
	-3
	1
	-3
	-7
	-3
	1.5332
	1.17665
	0.77788
	0.49991
	0
	0.66667
	0.333333
	0.333333
	0.33333
	0.6659

	8
	-7
	5
	-7
	5
	-7
	-3
	1.5332
	1.17665
	0.49991
	0.77788
	0
	0.66667
	0.333333
	0.333333
	0.33333
	0.6666

	9
	-7
	-3
	7
	-7
	3
	7
	1.5917
	1.38324
	1.79509
	2.01539
	0.33333
	0.49121
	0.255122
	0.255122
	0.20947
	0.3333

	10
	-7
	3
	7
	-7
	-3
	7
	1.5917
	1.38324
	2.01539
	1.79509
	0.33333
	0.49121
	0.255122
	0.255122
	0.20947
	0.3333

	11
	-7
	3
	-3
	1
	-5
	7
	1.6128
	0.87717
	0.83713
	1.61621
	0.33333
	0.9326
	0.666667
	0.61592
	0.25512
	0.3333

	12
	-7
	3
	-1
	1
	-5
	5
	1.6128
	0.87717
	1.61621
	0.83713
	0.33333
	0.93264
	0.61592
	0.666667
	0.25512
	0.3333

	13
	-7
	3
	-3
	-1
	-7
	5
	1.6131
	0.9783
	1.57994
	0.89008
	0.33333
	0.9326
	0.61592
	0.666667
	0.24657
	0.3333

	14
	-7
	3
	-1
	3
	-3
	7
	1.6131
	0.9783
	0.89008
	1.57994
	0.33333
	0.9326
	0.666667
	0.61592
	0.24657
	0.3333

	15
	-7
	-3
	5
	1
	5
	-3
	1.6467
	0.78949
	1.77005
	1.77005
	0.33333
	0.7453
	0.471405
	0.471405
	5.801E-17
	0.3333

	16
	-7
	1
	5
	1
	-7
	-3
	1.6466
	0.78949
	1.77012
	1.77012
	0.33333
	0.7453
	0.471405
	0.471405
	3.182E-17
	0.3333

	17
	-7
	-3
	-7
	-3
	-7
	-3
	1.8257
	0.78378
	0.49979
	0.49979
	0
	0
	0.333333
	0.3333
	0.33333
	0.2729

	18
	-7
	3
	-7
	-3
	7
	-5
	1.8315
	1.38001
	1.13712
	1.85724
	0.25512
	0.4714
	0.5773
	0.3333
	0.34386
	0.2531

	19
	-7
	3
	7
	5
	-1
	5
	1.8315
	1.38001
	1.85724
	1.13712
	0.25512
	0.4714
	0.3333
	0.5773
	0.34386
	0.2551

	20
	-7
	-1
	-7
	7
	-5
	5
	1.8315
	1.37992
	1.85725
	1.13703
	0.25512
	0.4714
	0.3333
	0.5773
	0.34386
	0.2531

	21
	-7
	-3
	7
	-5
	1
	-5
	1.8315
	1.37992
	1.13703
	1.85725
	0.25512
	0.4714
	0.5773
	0.3333
	0.34386
	0.2551

	22
	-7
	-1
	-7
	7
	1
	7
	1.8853
	0.90086
	1.0982
	1.0982
	0.2357
	0.7071
	0.5270
	0.5270
	0.2357
	0.2357

	23
	-7
	3
	-7
	-5
	1
	-5
	1.8853
	0.90086
	1.0982
	1.0982
	0.2357
	0.7071
	0.5270
	0.5270
	0.2357
	0.2357

	24
	-7
	-1
	3
	-1
	-7
	-3
	1.9665
	0.85409
	1.57855
	1.3698
	0.2357
	0.7071
	0.4082
	0.4082
	0.2357
	0.5626

	25
	-7
	3
	7
	3
	-7
	-3
	1.9665
	0.85409
	1.3698
	1.57855
	0.2357
	0.70711
	0.4082
	0.4082
	0.2357
	0.5690

	26
	-7
	-3
	7
	3
	7
	-3
	1.9666
	0.854
	1.57855
	1.36967
	0.2357
	0.70711
	0.4082
	0.4082
	0.2357
	0.5690

	27
	-7
	-3
	3
	-1
	3
	-3
	1.9666
	0.854
	1.36967
	1.57855
	0.2357
	0.70711
	0.4082
	0.4082
	0.2357
	0.5626

	28
	-7
	-1
	-7
	-5
	3
	-5
	2.0649
	0.64116
	1.40959
	1.40949
	0.33333
	0.80474
	0.61592
	0.6159
	0.25512
	0.3333

	29
	-7
	1
	-7
	7
	-3
	7
	2.0649
	0.64116
	1.40949
	1.40959
	0.33333
	0.80474
	0.61592
	0.6159
	0.25512
	0.3329



Figure 2 shows the impact of time domain OCC on frequency flatness of the sequence. The left figure of Figure 2 illustrate the frequency flatness for an original sequence and the sequence with time domain OCC respectively. It can be observed that the frequency fluctuation becomes worse when the time domain OCC is applied. The right figure of Figure 2 further provides the corresponding channel estimation performance degradation caused by frequency flatness. Note that the original sequence is [0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 1 0 0], which is picked from the agreed length-18 index#27 (start from index#0).
 [image: ][image: ]
Figure 2. Frequency flatness degradation with time domain OCC for length-18 sequence
Observation 2: The introduction of time domain OCC degrades the frequency flatness for length-12/18/24 DMRS sequence and the auto correlation and cross correlation within one CDM group for length-6 DMRS sequence.
Based on the observations, we can find that the solutions for supporting 4 orthogonal ports will destroy the property of sequences, such as auto-correlation, cross-correlation and frequency flatness. On the other hand, it is also not necessary to support more than 2 orthogonal ports for the typical scenarios for pi/2 BPSK. So, we have the following proposal:
Proposal 1: For PUSCH/PUCCH with pi/2 BPSK modulation, NR Rel-16 only supports two orthogonal DMRS ports.

[bookmark: OLE_LINK23]Length-6 DM-RS sequence design 
[image: ]
Figure 3. Flow chart for length-6 CSS-based DMRS sequence 
Length-6 DM-RS sequence is applied for 1 RB resource allocation. For length-6 sequence, there are not sufficient pi/2 BPSK sequences to form 30 DMRS sequences. Therefore, larger constellation is needed to generate 30 length-6 sequence and 8PSK has been agreed in last meeting as the below equation
or
It has been proposed in [2][3][4] length-6 low PAPR DMRS sequence design. It should be noted in [2][3][4],  share the same group of computer searched 30 sequences. However, the evaluation results provided as follows show that the same group of sequence cannot fulfill the auto correlation, cross correlation within one CDM group and/or PAPR requirement for simultaneously.
From Table 2 proposed in [2], we can have the following observation
[bookmark: OLE_LINK19]Observation 3: Auto correlation with common base DMRS sequences for two CDM groups proposed in [2] differs significantly, it cannot fulfill the low auto correlation requirement for both of the two CDM groups.
· The maximum auto correlation is up to 0.93264 for port 1 and up to 0.666667 for port 3 in [2]. 
· The maximum cross correlation between port2&port3 is up to 0.666667 in [2].

It should be noted that from the channel estimation performance in Figure 4, the auto correlation with 0.333 leads to 0.5dB performance loss comparing with Rel-15 sequence. So we take 0.333 as the threshold for auto correlation in the below tables. 
Table 3. Proposed sequences and corresponding performance in [3]
	u
	Sequence
	PAPR-p0
	PAPR-p1
	PAPR-p2
	PAPR-p3
	AC-p0
	AC-p1
	AC-p2
	AC-p3
	XC-p0p1
	XC-p2p3

	0
	2
	1
	2
	7
	4
	7
	2.0824
	2.0824
	2.6511
	2.6511
	0.2357
	0.2357
	0.2357
	0.2357
	0.7071
	0.7071

	1
	6
	5
	2
	5
	2
	5
	2.1654
	2.1654
	2.4796
	2.4796
	0.2357
	0.2357
	0.2357
	0.2357
	0.3710
	0.3710

	2
	2
	5
	2
	1
	2
	5
	2.1654
	2.1654
	2.4796
	2.4796
	0.2357
	0.2357
	0.2357
	0.2357
	0.3710
	0.3710

	3
	2
	5
	6
	5
	8
	5
	2.113
	2.113
	2.2577
	2.2577
	0.2357
	0.2357
	0.2357
	0.2357
	0.4714
	0.4714

	4
	8
	1
	6
	1
	4
	1
	2.0793
	2.0793
	2.3653
	2.3653
	0.2357
	0.2357
	0.2357
	0.2357
	0.5684
	0.5684

	5
	6
	3
	4
	3
	8
	3
	2.0793
	2.0793
	2.3653
	2.3653
	0.2357
	0.2357
	0.2357
	0.2357
	0.5684
	0.5684

	6
	2
	7
	4
	5
	4
	7
	2.0823
	2.0823
	2.651
	2.651
	0.2357
	0.2357
	0.2357
	0.2357
	0.7071
	0.7071

	7
	2
	3
	6
	3
	8
	3
	2.1131
	2.1131
	2.2577
	2.2577
	0.2357
	0.2357
	0.2357
	0.2357
	0.4714
	0.4714

	8
	2
	3
	2
	5
	8
	5
	2.0824
	2.0824
	2.6511
	2.6511
	0.2357
	0.2357
	0.2357
	0.2357
	0.7071
	0.7071

	9
	2
	5
	8
	7
	8
	5
	2.0823
	2.0823
	2.651
	2.651
	0.2357
	0.2357
	0.2357
	0.2357
	0.7071
	0.7071

	10
	2
	1
	2
	5
	2
	5
	2.1654
	2.1654
	2.4796
	2.4796
	0.2357
	0.2357
	0.2357
	0.2357
	0.3710
	0.3710

	11
	4
	1
	8
	1
	6
	1
	2.0792
	2.0792
	2.3653
	2.3653
	0.2357
	0.2357
	0.2357
	0.2357
	0.5684
	0.5684

	12
	4
	1
	4
	3
	4
	7
	2.1131
	2.1131
	2.2577
	2.2577
	0.2357
	0.2357
	0.2357
	0.2357
	0.4714
	0.4714

	13
	4
	3
	6
	3
	8
	3
	2.1131
	2.1131
	2.2577
	2.2577
	0.2357
	0.2357
	0.2357
	0.2357
	0.4714
	0.4714

	14
	2
	5
	6
	5
	2
	5
	2.1654
	2.1654
	2.4796
	2.4796
	0.2357
	0.2357
	0.2357
	0.2357
	0.3710
	0.3710

	15
	2
	1
	6
	1
	4
	1
	2.0793
	2.0793
	2.3653
	2.3653
	0.2357
	0.2357
	0.2357
	0.2357
	0.5684
	0.5684

	16
	2
	5
	2
	3
	2
	7
	2.0793
	2.0793
	2.3653
	2.3653
	0.2357
	0.2357
	0.2357
	0.2357
	0.5684
	0.5684

	17
	4
	7
	4
	3
	4
	1
	2.0793
	2.0793
	2.3653
	2.3653
	0.2357
	0.2357
	0.2357
	0.2357
	0.5684
	0.5684

	18
	2
	3
	2
	7
	2
	7
	2.1652
	2.1652
	2.4794
	2.4794
	0.2357
	0.2357
	0.2357
	0.2357
	0.3710
	0.3710

	19
	2
	3
	2
	5
	2
	7
	2.1131
	2.1131
	2.2578
	2.2578
	0.2357
	0.2357
	0.2357
	0.2357
	0.4714
	0.4714

	20
	2
	3
	8
	5
	8
	3
	2.0823
	2.0823
	2.651
	2.651
	0.2357
	0.2357
	0.2357
	0.2357
	0.7071
	0.7071

	21
	2
	7
	8
	7
	2
	5
	2.0824
	2.0824
	2.6511
	2.6511
	0.2357
	0.2357
	0.2357
	0.2357
	0.7071
	0.7071

	22
	4
	7
	6
	7
	4
	1
	2.0824
	2.0824
	2.6511
	2.6511
	0.2357
	0.2357
	0.2357
	0.2357
	0.7071
	0.7071

	23
	2
	1
	2
	5
	2
	7
	2.113
	2.113
	2.2577
	2.2577
	0.2357
	0.2357
	0.2357
	0.2357
	0.4714
	0.4714

	24
	4
	1
	8
	1
	4
	1
	2.1652
	2.1652
	2.4794
	2.4794
	0.2357
	0.2357
	0.2357
	0.2357
	0.3710
	0.3710

	25
	2
	1
	4
	7
	4
	1
	2.0823
	2.0823
	2.651
	2.651
	0.2357
	0.2357
	0.2357
	0.2357
	0.7071
	0.7071

	26
	8
	7
	8
	5
	8
	3
	2.0793
	2.0793
	2.3653
	2.3653
	0.2357
	0.2357
	0.2357
	0.2357
	0.5684
	0.5684

	27
	2
	3
	2
	7
	2
	5
	2.0792
	2.0792
	2.3653
	2.3653
	0.2357
	0.2357
	0.2357
	0.2357
	0.5684
	0.5684

	28
	2
	7
	2
	3
	2
	5
	2.1131
	2.1131
	2.2577
	2.2577
	0.2357
	0.2357
	0.2357
	0.2357
	0.4714
	0.4714

	29
	2
	5
	4
	5
	8
	5
	2.1131
	2.1131
	2.2578
	2.2578
	0.2357
	0.2357
	0.2357
	0.2357
	0.4714
	0.4714



From Table 3 proposed in [3], we can have the following observation
Observation 4: PAPR and cross correlation within one CDM group with common base DMRS sequences for two CDM groups proposed in [3] differs significantly, it cannot fulfill the low PAPR requirement for both of the two CDM groups.
· The max PAPR is 2.65dB for port 2&3.
· [bookmark: OLE_LINK26]The max cross correlation is 0.707 between port0&1 or between port 2&3.

Table 4. Proposed sequences and corresponding performance in [4]
	u
	Sequence
	PAPR-p0
	PAPR-p1
	PAPR-p2
	PAPR-p3
	AC-p0
	AC-p1
	AC-p2
	AC-p3
	XC-p0p1
	XC-p2p3

	0
	1
	5
	1
	3
	1
	3
	1.6341
	2.1295
	1.8823
	2.7257
	0.0976
	0.2357
	0.4082
	0.4714
	0.4331
	0.2411

	1
	5
	3
	1
	5
	1
	7
	2.0315
	1.5154
	1.8296
	2.4001
	0.1804
	0.7543
	0.5047
	0.4714
	0.2961
	0.5047

	2
	7
	1
	-5
	-1
	-3
	5
	2.2559
	2.0913
	1.8297
	2.4002
	0.1804
	0.7543
	0.5047
	0.6159
	0.3124
	0.4911

	3
	-1
	5
	5
	-7
	3
	-3
	2.209
	2.0013
	1.7166
	2.5835
	0.1804
	0.5047
	0.312
	0.6666
	0.4986
	0.7543

	4
	7
	1
	-5
	-1
	-1
	5
	2.2089
	2.0014
	1.7166
	2.5835
	0.1804
	0.5047
	0.31246
	0.0976
	0.5047
	0.7435

	5
	1
	5
	-3
	-1
	-7
	3
	1.9506
	0.6972
	1.4085
	1.7852
	0.1804
	0.6417
	0.43552
	0.4814
	0.6417
	0.5047

	6
	5
	1
	5
	-7
	-1
	-7
	2.0434
	2.5595
	1.5515
	1.5515
	0.2357
	0.2357
	0.40825
	0.3333
	0.4082
	0.3275

	7
	-1
	-5
	-7
	5
	-7
	-5
	2.2435
	2.0629
	1.8695
	1.8695
	0.2357
	0.2357
	0.40825
	0.3333
	0.9275
	0.6759

	8
	-7
	3
	-1
	7
	-5
	-7
	2.2721
	3.0500
	1.9462
	4.5145
	0.2357
	0.2357
	0.40825
	0.3333
	0.7044
	0.4425

	9
	5
	-5
	1
	-5
	5
	3
	1.9919
	1.9932
	1.1292
	2.6671
	0.2357
	0.2357
	0.52705
	0.2551
	0.6947
	0.5270

	10
	-3
	5
	3
	-7
	-3
	-7
	1.6489
	4.1624
	2.1837
	3.4622
	0.2357
	0.4082
	0.2357
	0.2551
	0.3361
	0.3983

	11
	-1
	-3
	1
	5
	1
	5
	1.4624
	2.6694
	1.9606
	2.7257
	0.0976
	0.2357
	0.40825
	0.6159
	0.4082
	0.2614

	12
	1
	-7
	5
	-1
	3
	-1
	2.2285
	2.9666
	1.3545
	3.6871
	0.2357
	0.2357
	0.5690
	0.6666
	0.5690
	0.2376

	13
	3
	7
	3
	7
	-5
	5
	1.6341
	2.1294
	1.8824
	2.7257
	0.097631
	0.2357
	0.40825
	0.6666
	0.4331
	0.2411

	14
	1
	-5
	-3
	-7
	-3
	1
	2.0481
	2.7812
	2.1408
	3.0748
	0.2357
	0.5270
	0.2357
	0.6159
	0.5270
	0.5816

	15
	-3
	7
	3
	-7
	-3
	-5
	1.9943
	3.2771
	1.7276
	3.5402
	7.40E-17
	0.4714
	0.33333
	0.4714
	0.6619
	0.6129

	16
	-5
	-7
	-3
	5
	1
	-5
	2.2721
	3.0499
	1.9462
	4.5143
	0.2357
	0.2357
	0.4082
	0.4714
	0.7044
	0.4425

	17
	5
	1
	-3
	1
	5
	7
	2.2493
	2.4190
	2.243
	1.896
	0.2357
	0.0976
	0.2357
	0.3333
	0.9298
	0.7478

	18
	-1
	-5
	5
	-5
	-1
	3
	2.0434
	1.98531
	1.9301
	2.3795
	0.2357
	0.0976
	0.4082
	0.3333
	0.8978
	0.7113

	19
	-7
	-5
	5
	1
	-7
	-3
	1.8771
	1.7632
	1.9562
	2.6898
	0.2357
	0.5270
	0.2357
	0.5773
	0.3196
	0.5270

	20
	1
	5
	-7
	5
	1
	-1
	2.2493
	2.3763
	2.243
	1.896
	0.2357
	0.0976
	0.2357
	0.5773
	0.9029
	0.7478

	21
	7
	5
	-7
	1
	-3
	5
	2.1101
	3.9741
	1.9716
	4.3685
	0.0976
	0.2357
	0.4082
	0.3333
	0.6620
	0.4082

	22
	5
	-1
	-7
	-5
	3
	7
	1.9507
	0.6972
	1.4083
	1.7852
	0.1804
	0.6417
	0.4355
	0.5270
	0.6273
	0.4923

	23
	-1
	-5
	-1
	5
	3
	-5
	1.6488
	4.1627
	2.1837
	3.4621
	0.2357
	0.4082
	0.2357
	0.5270
	0.3361
	0.4082

	24
	1
	-7
	7
	-5
	5
	-1
	2.256
	2.0913
	1.8296
	2.4001
	0.1804
	0.7543
	0.5047
	0.4082
	0.3002
	0.5047

	25
	-7
	1
	-3
	5
	-7
	7
	2.1099
	3.9740
	1.9717
	4.3682
	0.0976
	0.2357
	0.4082
	0.4082
	0.6620
	0.3984

	26
	3
	-7
	-3
	-7
	1
	5
	1.9572
	1.1480
	1.6835
	2.3256
	0.2357
	0.8385
	0.569
	0.4082
	0.2320
	0.4002

	27
	-5
	-7
	-3
	3
	-1
	-7
	1.9942
	3.2773
	1.7278
	3.5404
	4.62E-17
	0.4714
	0.3333
	0.4082
	0.6619
	0.6159

	28
	-1
	7
	3
	-7
	-1
	-3
	2.0214
	3.2948
	1.5018
	3.4847
	0.1804
	0.4355
	0.4355
	0.6159
	0.4355
	0.4274

	29
	1
	-5
	-1
	3
	-1
	3
	1.6341
	2.1295
	1.8823
	2.7257
	0.0976
	0.2357
	0.4082
	0.4714
	0.4331
	0.2411



From Table 4 proposed in [4], we can have the following observation
Observation 5: PAPR and auto/cross correlation with common base DMRS sequences for two CDM groups proposed in [4] differs significantly, and it cannot fulfill the low PAPR and auto/cross correlation within one CDM group requirement for both of the two CDM groups.
· The max PAPR is 4.51dB for port 3.
· The max auto correlation is 0.667 for port 3.
· The max cross correlation is 0.9298 between port0&1 and 0.7478 between port 2&3.

Therefore, according to the above observations, it is more reasonable to search and optimize the group of sequence for  respectively to satisfy the auto correlation, cross correlation and PAPR requirement for. 
In Table 5, two separate groups of sequence design for are provided.
Table 5.  Proposed sequences and corresponding performance
	u
	Sequence for Port 0
	PAPR
	AC
	Sequence for Port 2
	PAPR
	AC

	0
	1
	3
	1
	-5
	1
	7
	2.0792
	0.2357
	1
	5
	1
	-5
	3
	3
	2.1005
	0.2357

	1
	1
	-3
	3
	1
	7
	-7
	[bookmark: OLE_LINK29]2.1155
	0.1804
	1
	-5
	1
	3
	-3
	7
	1.7244
	0.2357

	2
	1
	-5
	5
	5
	-5
	1
	2.0359
	0.13807
	1
	7
	1
	7
	-3
	-5
	1.7714
	0.2357

	3
	1
	7
	1
	-1
	1
	-5
	2.0793
	0.2357
	1
	5
	5
	-5
	3
	-1
	2.0083
	0.2357

	4
	1
	7
	1
	-1
	-7
	-1
	1.8853
	0.2357
	1
	7
	1
	1
	-3
	5
	1.8877
	0.2357

	5
	1
	5
	1
	-7
	-3
	-5
	1.9572
	0.2357
	1
	7
	1
	-1
	5
	-5
	1.7244
	0.2357

	6
	1
	7
	1
	-5
	-3
	3
	1.7901
	0.2357
	1
	7
	1
	-5
	-3
	-1
	1.7715
	0.2357

	7
	1
	5
	1
	-1
	3
	-7
	2.1070
	0.2357
	1
	-1
	5
	-7
	-1
	-1
	1.9848
	0.1803

	8
	1
	5
	1
	-5
	7
	-1
	1.7675
	0.2357
	1
	7
	1
	-5
	-3
	7
	1.9289
	0.2357

	9
	1
	3
	1
	7
	-3
	-7
	2.0214
	0.1804
	1
	-3
	1
	1
	-5
	3
	1.8619
	0.2357

	10
	1
	5
	1
	-1
	3
	-3
	1.7817
	0.0976
	1
	1
	7
	-7
	3
	-1
	1.9849
	0.1803

	11
	1
	-3
	1
	5
	-1
	3
	1.7817
	0.0976
	1
	5
	1
	1
	7
	-1
	1.8619
	0.2357

	12
	1
	-5
	1
	3
	-7
	7
	1.8864
	0.2357
	1
	-5
	1
	7
	5
	-5
	1.9289
	0.2357

	13
	1
	-3
	1
	-7
	7
	-5
	1.9665
	0.2357
	1
	-5
	1
	7
	-3
	-5
	1.9701
	0.2357

	14
	1
	-3
	5
	-7
	-5
	5
	2.0290
	0.2357
	1
	7
	3
	-1
	5
	5
	2.0881
	0.0976

	15
	1
	5
	1
	-5
	-1
	-3
	1.4418
	0.097631
	1
	5
	1
	3
	-1
	5
	2.0755
	0.2357

	16
	1
	7
	5
	-1
	-7
	-5
	1.7657
	0.2357
	1
	-3
	1
	-5
	3
	-7
	1.8619
	0.2357

	17
	1
	-3
	1
	5
	3
	-7
	2.0932
	0.2357
	1
	-7
	5
	-1
	3
	-7
	1.9151
	0.2357

	18
	1
	-5
	5
	3
	-7
	-1
	1.7657
	0.2357
	1
	5
	1
	7
	-1
	-7
	1.8619
	0.2357

	19
	1
	5
	1
	5
	-5
	-7
	1.6489
	0.2357
	1
	5
	1
	-5
	-5
	3
	2.1006
	0.2357

	20
	1
	3
	1
	-5
	5
	-7
	1.9297
	0.1804
	1
	-5
	1
	-1
	5
	-5
	1.7245
	0.2357

	21
	1
	5
	1
	-3
	1
	5
	1.5333
	5.55E-17
	1
	-5
	1
	3
	-3
	-1
	1.9289
	0.2357

	22
	1
	7
	1
	-5
	-7
	-1
	1.8863
	0.2357
	1
	-3
	1
	5
	-1
	-5
	2.0887
	0.2357

	23
	1
	5
	1
	5
	-5
	5
	1.5200
	0.2357
	1
	-3
	1
	-1
	3
	-3
	2.0755
	0.2357

	24
	1
	5
	1
	-5
	-1
	3
	1.8358
	0.097631
	1
	7
	1
	-5
	5
	7
	1.9701
	0.2357

	25
	1
	-1
	1
	-7
	-3
	7
	1.9298
	0.1804
	1
	7
	1
	3
	5
	-1
	1.7715
	0.2357

	26
	1
	-3
	1
	5
	-7
	7
	1.9853
	0.097631
	1
	7
	3
	-1
	-1
	5
	1.8384
	0.0976

	27
	1
	5
	1
	7
	-1
	-3
	2.1115
	0.2357
	1
	7
	1
	7
	5
	3
	1.7714
	0.2357

	28
	1
	-3
	1
	-5
	-1
	5
	1.8003
	0.2357
	1
	5
	1
	-3
	3
	7
	2.0887
	0.2357

	29
	1
	-7
	5
	-1
	-5
	-3
	1.8788
	0.2357
	1
	-5
	3
	7
	-3
	-3
	2.084
	0.2357



[bookmark: OLE_LINK30][bookmark: OLE_LINK28]Observation 6: Our proposed two separate groups of base length-6 sequence in Table 5 can fulfill the low PAPR and auto /cross correlation requirement for both of the two CDM groups. 
· The maximum PAPR is 2.1155dB for sequences in Table 5
· The maximum auto correlation is 0.2357 for sequences in Table 5

Figure 4 illustrates the channel estimation for SU MIMO which is associated with the corresponding auto correlation performance. The auto-correlation for the sequences are also provided in Table 6. Note that the value 0.236 is the worst auto-correlation performance for the proposed sequences.
[image: ]
Figure 4. Channel estimation performance for length-6 sequences 
Table. 6 Auto-correlation of the sequence used in the channel estimation simulation
	
	Proposed Seq#0 for port 1
	Seq#0 for port 0 in [2]
	Seq#2 for port 1 in [2]
	Seq#1 for port 1 in [4]

	Auto-correlation
	0.236
	0.333
	0.933
	0.754



[bookmark: OLE_LINK31]Observation 7: The channel estimation performance is much better than the sequences in [2] and [4]. 
Proposal 2: Two separate groups of length-6 sequences in Table 6 should be defined for  respectively.
Initialization for length ≥30 DMRS sequence
[bookmark: OLE_LINK25]It has been agreed R16 adopts Gold-sequence followed by π/2 BPSK modulation as the new UL low PAPR DMRS sequence for length ≥30. Then, regarding to the initialization for the Gold-sequence, there were two alternatives raised in last meeting. The difference between the two alternatives is that Alt2 allows dynamic sequence switching through 1 bit nSCID indication in the DCI.Alt2 can provide more flexibility to cope with different scenarios, e.g. DPS. Thus, we have the following proposal 
Proposal 3: Alt 2 with 1bit nSCID indication in the DCI is preferred for the initialization for length ≥30 pi/2 BPSK DMRS sequence.
Whether new Rel.16 DMRS sequence is used for Msg3
New Rel.16 DMRS sequence aims to improve the coverage of PUSCH and PUCCH for cell edge UE. It is also beneficial for Msg 3 transmission as it can increase the coverage of Msg 3 transmission and avoid unnecessary retransmission. Therefore, the probability of successful access can be increased and the latency of the initial access can also be greatly reduced.
After RRC establishment, the new Rel.16 DMRS sequence can be configured through UE specific signaling according to UE’s coverage level. But before RRC establishment, UE’s coverage level cannot be acknowledged by gNB and UE specific signaling is also not available. Furthermore, whether UE has the ability to support Rel.16 DMRS can also not be obtained by gNB before RRC establishment. So how to enable new Rel.16 DMRS sequence for Msg3 should be considered. Since the application of Rel.16 DMRS mainly rely on the coverage level, and different coverage level can be indicated through different PRACH resources which has been adopted in MTC. Therefore, Rel.16 DMRS sequence can be associated with a specific PRACH resource set as shown in Figure 5.
[image: ]
Figure 5. Association between PRACH resource set and DMRS sequence for Msg3
Therefore, we have the following proposal 
Proposal 4: New Rel.16 DMRS sequence should be supported for Msg3, and it can be associated with a specific set of PRACH resource.
Power imbalance
In the WID on MIMO enhancements [4], the scope only include CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction. It is obviously power imbalance was not in the scope of WI. In addition, power imbalance issue was already discussed in Rel-15, based on those discussions, it is not considered as a critical issue and there are also some implementation solutions.
Observation 8: The scope in Rel-16 is to enhance the RS to reduce the PAPR, handling power imbalance issue is not in the scope.
Before the discussion of solutions, we should discuss which cases there may be power imbalance issue. The power imbalance between different symbols is mainly due to the signal combination with precoding vector and DMRS OCC for different layers in each RE. Take an example of Type-1 DMRS, the OCC for port 0, 1, 4, 5 in the first CDM group is shown as follows
[image: ]
Figure 6. OCC mapping for DMRS Type-1
If the rank-2 precoding is with , then for the DMRS ports combination (0, 4) and (0, 1), respectively. The DMRS port combination (0, 4) may be power imbalanced for different symbols, but there is no power imbalance for other DMRS port combination.
[image: ]                 [image: ]
DMRS ports (0, 4)                       DMRS ports (0, 1) 
Figure 7. Power imbalance for Port (0,4), but no power imbalance for port (0, 1)
For the downlink cases, the transmission precoding can be adjusted per PRG level, which means the power imbalance for different symbols can be addressed with PRG level precoder adjustment in frequency domain. So, for DL transmission, it is not necessary to discuss the power imbalance issue since it can be addressed by implementation.
Then, for UL transmission, it is well know that only rank-1 transmission is allowed for DFT-S-OFDM in NR, since the typical use case for DFT-S-OFDM is the coverage limited scenarios. For rank-1 transmission, there is no power imbalance issues.
The only remaining case is UL CP-OFDM. If rank-1 transmission, there is no power imbalance issue. If only 1 symbol DMRS is used, there is no power imbalance issue. Then, in the case with non-coherent or partial coherent codebooks in the UL codebooks, there are also no such power imbalance issue. Even in the case of CP-OFDM with full coherent transmission, scheduled with more than rank-1 and with two DMRS symbols, only some combination of DMRS and UL code words in UL codebook may have the power imbalance issue. For example, there may be power balance issue in the case of scheduling DMRS ports (0, 6), and the precoding is . But it is no power imbalance issue for DMRS ports (0, 1) and precoding , also no such power imbalance issues for DMRS ports (2,3), (4,5), (6,7), etc. So, the power imbalance issue can be addressed with gNB scheduling.
So, the power imbalance issue only may happen in the cases with satisfying all of following conditions:
· Only for UL CP-OFDM
· Only for 2-symbol DMRS case
· Only for more than rank 1
· Only for full coherent codebook
· Only for some combination of DMRS and codewords in UL codebook
Satisfying all of the above conditions, the case for power imbalance is limited. 
Observation 9: The cases may be with power imbalance issue is very limited, where all the following conditions are needed to satisfy:
· UL CP-OFDM with more than rank 1 + 2-symbol DMRS case + full coherent codebook
· and only for some combination of DMRS and codewords in UL codebook with the above conditions.
As discussed above, power imbalance only happens in very limited scenarios. Some implementation solutions can address the power imbalance issue.
Alternative 1: gNB scheduling is also an implementation solution to use other DMRS ports combination to instead of the problematic ones in the case of power limited cases, such as the DMRS port combination (0,1), (2,3), (4,5) to instead of rank-2 port combination (0,4), then the power is balanced, which is shown as follows:
[image: ]                       [image: ]
DMRS ports (2, 3)                                         DMRS ports (4, 5) 
Figure 8. No power imbalance for port (0,1)/(2,3)/(4,5)
Alternative 2: There are also some other implementation based solutions to address the power imbalance, such as small delay CDD based solution. Since the power imbalance is due to the combination of precoding vector and OCC for different layers, if there is a small phasing shift between different layers, the power will be balanced: UE implement a small phase shifting on the precoding, such as a small phase shifting  on one of layers for the precoding  per PRB or PRB group. Then, the precoding is equivalently changed to , or   for each PRB or PRB group. With the small delay CDD, the power will be balanced between different symbols for the DMRS combination (0, 4), shown as follows:
[image: ]
Figure 9. The DMRS port combination (0, 4) with small delay CDD
From Figure 9, we can see that there is no zero elements for REs, power is balanced with the implementation solutions.
Observation 10: Even in the limited case with power imbalance issue, the power imbalance also can be addressed with implementation solutions, such as gNB scheduling, or small delay CDD on different layers.
Summary of proposals
The observations and proposals in this paper are summarized as follows. 
Observation 1: For PUSCH/PUCCH with pi/2 BPSK modulation, supporting two orthogonal DMRS ports within one OFDM symbol are sufficient for the typical scenarios.
Observation 2: The introduction of time domain OCC degrades the frequency flatness for length-12/18/24 DMRS sequence and the auto correlation and cross correlation within one CDM group for length-6 DMRS sequence.
Observation 3: Auto correlation with common base DMRS sequences for two CDM groups proposed in [2] differs significantly, it cannot fulfill the low auto correlation requirement for both of the two CDM groups.
· The maximum auto correlation is up to 0.93264 for port 1 and up to 0.666667 for port 3 in [2]. 
· The maximum cross correlation between port2&port3 is up to 0.666667 in [2].
Observation 4: PAPR and cross correlation within one CDM group with common base DMRS sequences for two CDM groups proposed in [3] differs significantly, it cannot fulfill the low PAPR requirement for both of the two CDM groups.
· The max PAPR is 2.65dB for port 2&3.
· The max cross correlation is 0.707 between port0&1 or between port 2&3.
Observation 5: PAPR and auto/cross correlation with common base DMRS sequences for two CDM groups proposed in [4] differs significantly, and it cannot fulfill the low PAPR and auto/cross correlation within one CDM group requirement for both of the two CDM groups.
· The max PAPR is 4.51dB for port 3.
· The max auto correlation is 0.667 for port 3.
· The max cross correlation is 0.9298 between port0&1 and 0.7478 between port 2&3.
Observation 6: Our proposed two separate groups of base length-6 sequence in Table 5 can fulfill the low PAPR and auto /cross correlation requirement for both of the two CDM groups. 
· The maximum PAPR is 2.1155dB for sequences in Table 5 
· The maximum auto correlation is 0.2357 for sequences in Table 5
Observation 7: The channel estimation performance is much better than the sequences in [2] and [4]. 
Observation 8: The scope in Rel-16 is to enhance the RS to reduce the PAPR, handling power imbalance issue is not in the scope.
Observation 9: The cases may be with power imbalance issue is very limited, where all the following conditions are needed to satisfy:
· UL CP-OFDM with more than rank 1 + 2-symbol DMRS case + full coherent codebook
· and only for some combination of DMRS and codewords in UL codebook with the above conditions.
Observation 10: Even in the limited case with power imbalance issue, the power imbalance also can be addressed with implementation solutions, such as gNB scheduling, or small delay CDD on different layers.
Accordingly, we have the following proposals:
Proposal 1: For PUSCH/PUCCH with pi/2 BPSK modulation, NR Rel-16 only supports two orthogonal DMRS ports.
Proposal 2: Two separate groups of length-6 sequences in Table 6 should be defined for  respectively.
Proposal 3: Alt 2 with 1bit nSCID indication in the DCI is preferred for the initialization for length ≥30 pi/2 BPSK DMRS sequence.
Proposal 4: New Rel.16 DMRS sequence should be supported for Msg3, and it can be associated with a specific set of PRACH resource.
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Appendix A
Below cross correlation calculation is adopted in our statistic, and NFFT is the IFFT length with the oversampling factor of 32.
xcorr_coeffs =  NFFT * IFFT(seq1.* conj(seq2), NFFT) / length(seq1)
Appendix B: Simulation assumptions
	System bandwidth
	20 MHz

	Numerology
	30 KHz SCS

	Channel
	CDL-A 1000ns

	Number of Antennas
	UE Tx=1;
gNB Rx =2

	Number of UEs
	1 UE

	PUSCH duration
	12 OFDM symbols with one front loaded DMRS symbol

	# RBs for PUSCH
	1,2,3,4 RBs

	Carrier Frequency
	4 GHz

	Coding rate
	0.2

	UE mobility
	3 Km/h

	Receiver
	Practical Time Domain Channel Estimation
Ideal Noise Estimation
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