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For the DMRS sequence for DFT-s-OFDM, it has been agreed that:
	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 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



Based on the agreed metrics and principles, we provided proposed sequence and related simulation results in this contribution.
Simulation results on DM-RS sequence for Pi/2-BPSK DFT-S-OFDM
For length 6, due to one sequence set for the different combs is difficult to guarantee the performance of PAPR, auto-correlation and cross-correlation as discussed in our companion contribution, so we proposed that two separate groups of sequence design for port 0 occupying even subcarrier  and port 2 occupying odd subcarrier , so that the sequences can be optimized by each comb.Table 1 is the sequences and related performance of the sequences. Table 2 to 4 are the sequences and related performance with the common sequences for different comb proposed in [2] to [4]. 
[bookmark: OLE_LINK3]Table 1.  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
	0.235702

	1
	1
	-3
	3
	1
	7
	-7
	2.1155
	0.1804
	1
	-5
	1
	3
	-3
	7
	1.7244
	0.235702

	2
	1
	-5
	5
	5
	-5
	1
	2.0359
	0.13807
	1
	7
	1
	7
	-3
	-5
	1.7714
	0.235702

	3
	1
	7
	1
	-1
	1
	-5
	2.0793
	0.2357
	1
	5
	5
	-5
	3
	-1
	2.0083
	0.235702

	4
	1
	7
	1
	-1
	-7
	-1
	1.8853
	0.2357
	1
	7
	1
	1
	-3
	5
	1.8877
	0.235702

	5
	1
	5
	1
	-7
	-3
	-5
	1.9572
	0.2357
	1
	7
	1
	-1
	5
	-5
	1.7244
	0.235702

	6
	1
	7
	1
	-5
	-3
	3
	1.7901
	0.2357
	1
	7
	1
	-5
	-3
	-1
	1.7715
	0.235702

	7
	1
	5
	1
	-1
	3
	-7
	2.1070
	0.2357
	1
	-1
	5
	-7
	-1
	-1
	1.9848
	0.180399

	8
	1
	5
	1
	-5
	7
	-1
	1.7675
	0.2357
	1
	7
	1
	-5
	-3
	7
	1.9289
	0.235702

	9
	1
	3
	1
	7
	-3
	-7
	2.0214
	0.1804
	1
	-3
	1
	1
	-5
	3
	1.8619
	0.235702

	10
	1
	5
	1
	-1
	3
	-3
	1.7817
	0.097631
	1
	1
	7
	-7
	3
	-1
	1.9849
	0.180399

	11
	1
	-3
	1
	5
	-1
	3
	1.7817
	0.097631
	1
	5
	1
	1
	7
	-1
	1.8619
	0.235702

	12
	1
	-5
	1
	3
	-7
	7
	1.8864
	0.2357
	1
	-5
	1
	7
	5
	-5
	1.9289
	0.235702

	13
	1
	-3
	1
	-7
	7
	-5
	1.9665
	0.2357
	1
	-5
	1
	7
	-3
	-5
	1.9701
	0.235702

	14
	1
	-3
	5
	-7
	-5
	5
	2.0290
	0.2357
	1
	7
	3
	-1
	5
	5
	2.0881
	0.097631

	15
	1
	5
	1
	-5
	-1
	-3
	1.4418
	0.097631
	1
	5
	1
	3
	-1
	5
	2.0755
	0.235702

	16
	1
	7
	5
	-1
	-7
	-5
	1.7657
	0.2357
	1
	-3
	1
	-5
	3
	-7
	1.8619
	0.235702

	17
	1
	-3
	1
	5
	3
	-7
	2.0932
	0.2357
	1
	-7
	5
	-1
	3
	-7
	1.9151
	0.235702

	18
	1
	-5
	5
	3
	-7
	-1
	1.7657
	0.2357
	1
	5
	1
	7
	-1
	-7
	1.8619
	0.235702

	19
	1
	5
	1
	5
	-5
	-7
	1.6489
	0.2357
	1
	5
	1
	-5
	-5
	3
	2.1006
	0.235702

	20
	1
	3
	1
	-5
	5
	-7
	1.9297
	0.1804
	1
	-5
	1
	-1
	5
	-5
	1.7245
	0.235702

	21
	1
	5
	1
	-3
	1
	5
	1.5333
	5.55E-17
	1
	-5
	1
	3
	-3
	-1
	1.9289
	0.235702

	22
	1
	7
	1
	-5
	-7
	-1
	1.8863
	0.2357
	1
	-3
	1
	5
	-1
	-5
	2.0887
	0.235702

	23
	1
	5
	1
	5
	-5
	5
	1.5200
	0.2357
	1
	-3
	1
	-1
	3
	-3
	2.0755
	0.235702

	24
	1
	5
	1
	-5
	-1
	3
	1.8358
	0.097631
	1
	7
	1
	-5
	5
	7
	1.9701
	0.235702

	25
	1
	-1
	1
	-7
	-3
	7
	1.9298
	0.1804
	1
	7
	1
	3
	5
	-1
	1.7715
	0.235702

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

	27
	1
	5
	1
	7
	-1
	-3
	2.1115
	0.2357
	1
	7
	1
	7
	5
	3
	1.7714
	0.235702

	28
	1
	-3
	1
	-5
	-1
	5
	1.8003
	0.2357
	1
	5
	1
	-3
	3
	7
	2.0887
	0.235702

	29
	1
	-7
	5
	-1
	-5
	-3
	1.8788
	0.2357
	1
	-5
	3
	7
	-3
	-3
	2.084
	0.235702



Table 2. Length 6 sequences proposed 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]0.93264
	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
	0.93264
	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
	0.93264
	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
	0.93264
	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
	0.93264
	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
	0.74536
	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
	0.74536
	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
	0.333333
	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
	0.333333
	0.34386
	0.2531

	19
	-7
	3
	7
	5
	-1
	5
	1.8315
	1.38001
	1.85724
	1.13712
	0.25512
	0.4714
	0.333333
	0.57735
	0.34386
	0.2551

	20
	-7
	-1
	-7
	7
	-5
	5
	1.8315
	1.37992
	1.85725
	1.13703
	0.25512
	0.4714
	0.333333
	0.57735
	0.34386
	0.2531

	21
	-7
	-3
	7
	-5
	1
	-5
	1.8315
	1.37992
	1.13703
	1.85725
	0.25512
	0.4714
	0.57735
	0.333333
	0.34386
	0.2551

	22
	-7
	-1
	-7
	7
	1
	7
	1.8853
	0.90086
	1.0982
	1.0982
	0.2357
	0.70711
	0.527046
	0.527046
	0.2357
	0.2357

	23
	-7
	3
	-7
	-5
	1
	-5
	1.8853
	0.90086
	1.0982
	1.0982
	0.2357
	0.70711
	0.527046
	0.527046
	0.2357
	0.2357

	24
	-7
	-1
	3
	-1
	-7
	-3
	1.9665
	0.85409
	1.57855
	1.3698
	0.2357
	0.70711
	0.408248
	0.408248
	0.2357
	0.5626

	25
	-7
	3
	7
	3
	-7
	-3
	1.9665
	0.85409
	1.3698
	1.57855
	0.2357
	0.70711
	0.408248
	0.408248
	0.2357
	0.5690

	26
	-7
	-3
	7
	3
	7
	-3
	1.9666
	0.854
	1.57855
	1.36967
	0.2357
	0.70711
	0.408248
	0.408248
	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



Table 3. Length 6 sequences proposed 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



Table 4. Length 6 sequences proposed 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
	2.12958
	1.8823
	2.7257
	0.097631
	0.235702
	0.40825
	0.471405
	0.43311
	0.24117

	1
	5
	-3
	-1
	-5
	1
	7
	2.0315
	1.51547
	1.8296
	2.4001
	0.1804
	0.754344
	0.50474
	0.471405
	0.29614
	0.50474

	2
	7
	1
	-5
	-1
	-3
	5
	2.2559
	2.09132
	1.8297
	2.4002
	0.1804
	0.754344
	0.50474
	0.61592
	0.31246
	0.49116

	3
	-1
	5
	5
	-7
	3
	-3
	2.209
	2.00131
	1.7166
	2.5835
	0.1804
	0.504743
	0.31246
	0.666667
	0.49863
	0.75434

	4
	7
	1
	-5
	-1
	-1
	5
	2.2089
	2.00146
	1.7166
	2.5835
	0.1804
	0.504743
	0.31246
	0.097631
	0.50474
	0.74358

	5
	1
	5
	-3
	-1
	-7
	3
	1.9506
	0.69723
	1.4085
	1.7852
	0.1804
	0.641795
	0.43552
	0.481408
	0.64179
	0.50474

	6
	5
	1
	5
	-7
	-1
	-7
	2.0434
	2.55953
	1.5515
	1.5515
	0.2357
	0.235702
	0.40825
	0.333333
	0.40825
	0.32759

	7
	-1
	-5
	-7
	5
	-7
	-5
	2.2435
	2.06293
	1.8695
	1.8695
	0.2357
	0.235702
	0.40825
	0.333333
	0.92751
	0.67597

	8
	-7
	3
	-1
	7
	-5
	-7
	2.2721
	3.05002
	1.9462
	4.5145
	0.2357
	0.235702
	0.40825
	0.333333
	0.70444
	0.44256

	9
	5
	-5
	1
	-5
	5
	3
	1.9919
	1.99322
	1.1292
	2.6671
	0.2357
	0.235702
	0.52705
	0.255122
	0.69476
	0.52705

	10
	-3
	5
	3
	-7
	-3
	-7
	1.6489
	4.16245
	2.1837
	3.4622
	0.2357
	0.408248
	0.2357
	0.255122
	0.33617
	0.39839

	11
	-1
	-3
	1
	5
	1
	5
	1.4624
	2.66941
	1.9606
	2.7257
	0.097631
	0.235702
	0.40825
	0.61592
	0.40825
	0.26149

	12
	1
	-7
	5
	-1
	3
	-1
	2.2285
	2.96668
	1.3545
	3.6871
	0.2357
	0.235702
	0.56904
	0.666667
	0.56904
	0.23765

	13
	3
	7
	3
	7
	-5
	5
	1.6341
	2.12944
	1.8824
	2.7257
	0.097631
	0.235702
	0.40825
	0.666667
	0.43311
	0.24117

	14
	1
	-5
	-3
	-7
	-3
	1
	2.0481
	2.78126
	2.1408
	3.0748
	0.2357
	0.527046
	0.2357
	0.61592
	0.52705
	0.58162

	15
	-3
	7
	3
	-7
	-3
	-5
	1.9943
	3.27711
	1.7276
	3.5402
	7.40E-17
	0.471405
	0.33333
	0.471405
	0.66195
	0.61298

	16
	-5
	-7
	-3
	5
	1
	-5
	2.2721
	3.04996
	1.9462
	4.5143
	0.2357
	0.235702
	0.40825
	0.471405
	0.70444
	0.44256

	17
	5
	1
	-3
	1
	5
	7
	2.2493
	2.41905
	2.243
	1.896
	0.2357
	0.097631
	0.2357
	0.333333
	0.92983
	0.74788

	18
	-1
	-5
	5
	-5
	-1
	3
	2.0434
	1.98531
	1.9301
	2.3795
	0.2357
	0.097631
	0.40825
	0.333333
	0.8978
	0.71135

	19
	-7
	-5
	5
	1
	-7
	-3
	1.8771
	1.76324
	1.9562
	2.6898
	0.2357
	0.527046
	0.2357
	0.57735
	0.31961
	0.52705

	20
	1
	5
	-7
	5
	1
	-1
	2.2493
	2.37637
	2.243
	1.896
	0.2357
	0.097631
	0.2357
	0.57735
	0.90297
	0.74788

	21
	7
	5
	-7
	1
	-3
	5
	2.1101
	3.97415
	1.9716
	4.3685
	0.097631
	0.235702
	0.40825
	0.333333
	0.66206
	0.40825

	22
	5
	-1
	-7
	-5
	3
	7
	1.9507
	0.69723
	1.4083
	1.7852
	0.1804
	0.641795
	0.43552
	0.527046
	0.62739
	0.49231

	23
	-1
	-5
	-1
	5
	3
	-5
	1.6488
	4.16278
	2.1837
	3.4621
	0.2357
	0.408248
	0.2357
	0.527046
	0.33617
	0.40825

	24
	1
	-7
	7
	-5
	5
	-1
	2.256
	2.09135
	1.8296
	2.4001
	0.1804
	0.754344
	0.50474
	0.408248
	0.30025
	0.50474

	25
	-7
	1
	-3
	5
	-7
	7
	2.1099
	3.97401
	1.9717
	4.3682
	0.097631
	0.235702
	0.40825
	0.408248
	0.66206
	0.39843

	26
	3
	-7
	-3
	-7
	1
	5
	1.9572
	1.14805
	1.6835
	2.3256
	0.2357
	0.838546
	0.56904
	0.408248
	0.23207
	0.40025

	27
	-5
	-7
	-3
	3
	-1
	-7
	1.9942
	3.27731
	1.7278
	3.5404
	4.62E-17
	0.471405
	0.33333
	0.408248
	0.66195
	0.61592

	28
	-1
	7
	3
	-7
	-1
	-3
	2.0214
	3.29481
	1.5018
	3.4847
	0.1804
	0.435521
	0.43552
	0.61592
	0.43552
	0.42742

	29
	1
	-5
	-1
	3
	-1
	3
	1.6341
	2.12958
	1.8823
	2.7257
	0.097631
	0.235702
	0.40825
	0.471405
	0.43311
	0.24117



Figure 1 provide the PAPR performance of the sequence proposed in [3] for port 2/3 and the sequence proposed in [4] for port 1/3. We can see that the sequences for port 1 and 3 from [4] has worse PAPR property, even worse than Rel-15 CGS sequences, and the proposed sequences have better PAPR performance than the sequences proposed in [3] and [4].
[image: ]
Figure 1. PAPR of some sequences proposed in [3] and [4]
Figure 2 provide the cross-correlation in different sequences, where port 0 is used in the evaluation of the sequences in [2], [3] and [4].  We can see that the cross-correlation is problematic in the sequences from [2] and [3], and the proposed sequences are better than other proposed ones.  
[image: ]
Figure 2. Cross-correlation of 30 sequences in different proposals
Figure 3 provides the BLER when using the proposed sequences discussed above, where the BLER is averaged from different ports and all 30 sequences. As shown in the figure, the proposed sequences are with better performance in BLER than the sequences proposed in [2], [3], and [4]. 
[image: ]
Figure 3. Average BLER for all ports and sequences in each of the proposed sequence sets
From the above performance compared with different sequences, we have the following observations
Observation 1: The maximum auto correlation is up to 0.93264 for port 1 and up to 0.666667 for port 3, and the maximum cross correlation between port2&port3 is up to 0.666667 in [2]. 
Observation 2: PAPR proposed in [3] and [4] cannot fulfill the low PAPR requirement for both of the two CDM groups.
Observation 3: PAPR and auto correlation proposed in [4] cannot fulfill the low PAPR and auto correlation requirement for both of the two CDM groups.
Observation 4: Our proposed sequences with low auto-correlation achieve better channel estimation performance than the sequences proposed in [2], [3] and [4].

Conclusions
According to the provided evaluation, we have the following observations:
Observation 1: The maximum auto correlation is up to 0.93264 for port 1 and up to 0.666667 for port 3, and the maximum cross correlation between port2&port3 is up to 0.666667 in [2]. 
Observation 2: PAPR proposed in [3] and [4] cannot fulfill the low PAPR requirement for both of the two CDM groups.
Observation 3: PAPR and auto correlation proposed in [4] cannot fulfill the low PAPR and auto correlation requirement for both of the two CDM groups.
Observation 4: Our proposed sequences with low auto-correlation achieve better channel estimation performance than the sequences proposed in [2], [3] and [4].
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Appendix: 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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