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And 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 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 



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, we have been proposed that two separate groups of sequence design for even subcarriers  and odd subcarriers . The sequence can use 8PSK or 16PSK based CGS sequence as shown in table 1 and 2.
[bookmark: OLE_LINK3]Table 1.  PAPR for  of length-6 DMRS sequence with 8PSK
	u
	 for 
	
	 for 
	

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

	1
	1     -3     3     1     7     -7
	2.1155
	1     -5     1     3     -3     7
	1.7244

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

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

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

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

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

	7
	1     5     1     -1     3     -7
	2.1070
	1     -1     5     -7     -1     -1
	1.9848

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

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

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

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

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

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

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

	15
	1     5     1     -5     -1     -3
	1.4418
	1     5     1     3     -1     5
	2.0755

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

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

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

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

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

	21
	1     5     1     -3     1     5
	1.5333
	1     -5     1     3     -3     -1
	1.9289

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

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

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

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

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

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

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

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



Table 2.  PAPR for  of length-6 DMRS sequence with 16PSK
	u
	 for 
	
	 for 
	

	0
	1     -5     5     11     -13     11
	1.5266
	1     -7     13     -13     -11     -3
	1.8551

	1
	1     -5     3     13     3     -5
	1.7337
	1     -7     -9     -15     -3     5
	1.8549

	2
	1     -5     5     13     5     11
	1.8202
	1     5     15     -15     5     -3
	1.8895

	3
	1     -9     -5     5     15     11
	1.5718
	1     13     11     1     -3     9
	1.8895

	4
	1     9     -15     11     -13     11
	1.4234
	1     11     3     15     11     5
	1.8709

	5
	1     9     -15     11     3     11
	1.5758
	1     -11     -3     3     -9     -5
	1.7423

	6
	1     11     -11     -9     13     3
	1.8733
	1     -11     -3     3     -9     13
	1.7806

	7
	1     -7     7     15     11     15
	1.8914
	1     -7     3     15     11     5
	1.8514

	8
	1     -9     -1     -5     -15     -7
	1.6919
	1     -3     7     -13     9     5
	1.8332

	9
	1     -13     -9     -15     -5     7
	1.7162
	1     11     7     -13     9     5
	1.8716

	10
	1     -1     7     15     3     11
	1.432
	1     13     -9     1     -9     -15
	1.8763

	11
	1     9     -15     15     -9     11
	1.4795
	1     -9     13     1     1     7
	1.8763

	12
	1     15     7     -5     -11     -9
	1.8878
	1     3     11     -1     -11     -3
	1.8214

	13
	1     11     15     -3     -13     5
	1.8748
	1     3     11     -1     7     -3
	1.7856

	14
	1     9     -15     15     7     15
	1.7096
	1     9     -1     7     9     -3
	1.9068

	15
	1     9     -15     9     7     15
	1.8449
	1     11     -11     13     15     -7
	1.8635

	16
	1     -11     -3     11     -15     13
	1.7534
	1     -7     3     -5     -3     7
	1.5049

	17
	1     11     1     5     -9     -9
	1.839
	1     9     7     -3     5     -5
	1.8634

	18
	1     -3     9     -1     -15     -11
	1.8617
	1     13     15     7     -3     5
	1.8965

	19
	1     15     -13     7     -5     -9
	1.767
	1     -7     3     11     9     -3
	1.8966

	20
	1     11     -3     3     1     -9
	1.9052
	1     13     -7     -5     -15     -7
	1.9074

	21
	1     -11     -13     9     -13     -3
	1.9006
	1     -7     13     15     -3     3
	1.8752

	22
	1     -11     -7     3     13     3
	1.9006
	1     -13     -15     -3     5     -9
	1.8753

	23
	1     -11     11     -11     -7     3
	1.85
	1     15     11     -1     11     7
	1.8943

	24
	1     -11     -15     -9     3     11
	1.8371
	1     -3     11     7     -5     5
	1.8703

	25
	1     15     5     -9     -7     -9
	1.8506
	1     -13     -9     3     -7     -3
	1.8343

	26
	1     11     15     9     -1     -11
	1.8196
	1     7     7     -5     -15     -3
	1.8124

	27
	1     -11     -1     -5     5     11
	1.6235
	1     11     1     11     -11     -9
	1.6131

	28
	1     7     -5     5     15     11
	1.6895
	1     -5     5     -7     -11     9
	1.8519

	29
	1     11     3     13     -13     15
	1.8407
	1     -9     1     3     -3     7
	1.8959



Figure 1 provide the cross-correlation, PAPR and channel estimation comparison of our proposed 8PSK and 16PSK based length-6 sequence, sequence proposed in [2]-[13] and R15 sequence.
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Figure 1 cross-correlation, PAPR and channel estimation performance of length 6 CGS
From Figure 1, we have the following observations:
Observation 1: The PAPR for port 0 and port 2 of  length-6 sequence proposed in [2], [3], [8], [11] cannot fulfil the lower PAPR requirement simultaneously. 
· For port 2, the PAPR is up to 4dB for [2] and [8], 3.8dB for [11] 3.0dB for [3], 2.3dB for [12] and 2.1dB for [13].Note the PAPR for data is 1.9dB.
Observation 2: Our proposed 16PSK based length-6 sequence achieves the similar PAPR as data.

Table 3. Cross-correlation for  of length-6 DMRS sequence

	Cross-correlation for port 2

	[2] 8-psk
	[3] 8-psk
	[3] 16-psk
	Proposed 8-psk

	0.72 | 1
	0.80 | 1 
	0.75 | 1 
	0.71 | 0.93 

	Proposed 16-psk
	[4] bpsk
	[8] bpsk
	[8] 8-psk

	0.71 | 0.92
	0.64 | 1
	0.64 | 1 
	0.66 | 1

	[11] 8-psk
	[12] 8-psk
	[13] 8-psk
	

	0.70 | 1 
	0.69 | 0.98
	0.68 | 1
	



From Table 3, we have the following observations
Observation 3: The length-6 sequence proposed in [2], [3], [4], [8], [11], [13] have cross correlation = 1 and [12] has cross correlation =0.98.
Observation 4: Our proposed 8PSK and 16PSK based length-6 DMRS sequence achieve lowest cross-correlation performance which is same with that in R15.
Conclusions
According to the provided evaluation, we have the following observations:
Observation 1: The PAPR for port 0 and port 2 of  length-6 sequence proposed in [2], [3], [8], [11] cannot fulfil the lower PAPR requirement simultaneously. 
· For port 2, the PAPR is up to 4dB for [2] and [8], 3.8dB for [11] 3.0dB for [3], 2.3dB for [12] and 2.1dB for [13].Note the PAPR for data is 1.9dB.
Observation 2: Our proposed 16PSK based length-6 sequence achieves the similar PAPR as data.
Observation 3: The length-6 sequence proposed in [2], [3], [4], [8], [11], [13] have cross correlation = 1 and [12] has cross correlation =0.98.
Observation 4: Our proposed 8PSK and 16PSK based length-6 DMRS sequence achieve lowest cross-correlation performance which is same with that in R15.
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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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