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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
Agreement
The PUSCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUSCH is up to two ports for one OFDM symbol, four ports (TD-OCC across OFDM symbols) for two OFDM symbols.
Note: Qualcomm showed strong concern on the benefits of pi/2 BPSK due to this agreement
Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port
Note: Qualcomm showed strong concern on the benefits of pi/2 BPSK due to this agreement



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, in the last meeting, several orthogonal methods are provided in the email discussion:
· Alt.1 pre-DFT block-OCC [X -X] and use length N DFT
· Property: AC,XC,PAPR different for the two combs  (due to [X X] and [X -X])
· Alt.1-a: A single sequence set X design may take into account AC,XC and PAPR for both the XX and the X -X mapping, i.e. for mapping to any of the two combs
· Alt.1-b: Two sequence sets X1 and X2 are designed for first and second comb respectively in order to optimize XC,AC and PAPR per comb
· Alt.2 Rel-15 Type 1 Mapping i.e., sequence X in time domain gives same frequency domain sequence on both combs
· Property: AC,XC same on both combs, PAPR different for the two combs
· Mapping to 2nd  comb can be implemented either pre-DFT (by applying exp(j*2*pi*n/N))  or post-DFT (direct mapping to 2nd comb)
· Alt.2-a: A single sequence set X for XC,AC may be designed independently of which comb is used, and a single sequence set X for PAPR may be designed to take into account PAPR for mapping to any of the two combs
· Alt.2-b: Two sequence sets X1 and X2 are designed for first and second comb respectively in order to optimize XC,AC and PAPR per comb
· Alt.3 Pre-DFT symbol level OCC and use length N DFT (e.g. [++++…], [+-+-+-+-])
Based on the constellation, length-6 low PAPR DMRS sequence has been proposed in [2][3][4][5][6] for port 0 and port 2 within different CDM groups. In [2][6], the block-wise OCC (Alt.1-a) is used to construct DMRS port 2, while, in [3][4][6], frequency domain CS (Alt.2-a) is used to construct DMRS port 2, and in [5], pre-DFT symbol level OCC (Alt.3) is used. It should be noted in [2][3][4][5][6], 2 CDM groups share the same group of computer searched 30 sequences. 
However, the evaluation results provided in Table 1 and Figure 1 show that the same group of sequence cannot simultaneously fulfill low PAPR, auto-correlation and cross-correlation. That is to say, same group of sequence cannot fulfill lower cross correlation performance among 30 sequences with proper auto-correlation and PAPR for both port 0 and port 2. The cross-correlation metric can be found in our companion contribution [1].
Table 1. PAPR, auto-correlation and cross-correlation of the sequences proposed in [2][3][4][5][6]
	
	CGS in [2] with Alt.2-a
	CGS in [2] with Alt.1-a
	CGS in [3] with Alt.2-a
	CGS in [5] with Alt.3

	
	Port 0
	Port 2
	Port 0
	Port 2
	Port 0
	Port 2
	Port 0
	Port 2

	Ave-AC
	0.17
	0.17
	0.25
	0.28
	0.21
	0.21
	0.09
	0.28

	Max-AC
	0.236
	0.236
	0.33
	0.33
	0.312
	0.312
	0.18
	0.41

	Ave-PAPR
	1.61
	1.91
	1.68
	1.62
	1.72
	1.86
	1.75
	2.21

	Max-PAPR
	1.89
	2.02
	2.03
	1.99
	2.11
	2.28
	2.02
	3.56

	Max-Corr
	0.981
	0.963
	1
	0.972

	
	CGS in [6] with Alt.1-a
	CGS in [6] with Alt.2-a
	CGS in [4] with Alt.2-a

	
	Port 0
	Port 2
	Port 0
	Port 2
	Port 0
	Port 2

	Ave-AC
	0.18
	0.36
	0.176
	0.176
	0.176
	0.176

	Max-AC
	0.255
	0.577
	0.236
	0.236
	0.236
	0.236

	Ave-PAPR
	2.02
	1.70
	1.68
	1.96
	1.68
	1.96

	Max-PAPR
	2.39
	2.24
	2.07
	2.09
	2.07
	2.09

	Max-Corr
	1
	1
	0.986
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Figure 1. Cross-correlation of the proposed sequences
Observation 1: There is high cross-correlation for the sequences in [2][3][4][5][6].
Therefore, according to the above observations, it can be seen that using same sequence for even subcarrier  and odd subcarrier  cannot guarantee the performance of PAPR, auto-correlation and cross-correlation at the same time, 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.
In Table 2 and 3, two separate groups of sequence design for 2 CDM groups are provided for Alt.1-b and Alt.2-b separately. The performance of the proposed sequences can be found in Table 4, Figure 1 and 2. Due to that separate sequences can be used for different CDM groups, low PAPR, auto-correlation as well as cross-correlation can be achieved.
Table 2.  Proposed sequences and corresponding performance with Alt.1-b
	u
	Sequence for Port 0
	PAPR
	AC
	Sequence for Port 2
	PAPR
	AC

	0
	1
	3
	1
	-5
	5
	-7
	1.9297
	0.1804
	1
	5
	1
	7
	-1
	-7
	1.8619
	0.2357

	1
	1
	-5
	1
	3
	-7
	7
	1.8864
	0.2357
	1
	-7
	-1
	-1
	-5
	-1
	1.8619
	0.2357

	2
	1
	-3
	1
	5
	-1
	3
	1.7817
	0.097631
	1
	-3
	-3
	3
	7
	-3
	1.8384
	0.097631

	3
	1
	5
	1
	5
	3
	-3
	1.6341
	0.097631
	1
	7
	5
	-1
	-3
	3
	1.8061
	0.2357

	4
	1
	5
	1
	-5
	-1
	-3
	1.4418
	0.097631
	1
	-7
	3
	7
	3
	3
	1.8619
	0.2357

	5
	1
	-3
	1
	7
	-5
	5
	1.6284
	0.2357
	1
	7
	-5
	1
	-3
	-7
	1.8382
	0.097631

	6
	1
	5
	1
	-1
	3
	7
	1.6126
	0.097631
	1
	7
	7
	-5
	3
	-1
	1.8877
	0.2357

	7
	1
	7
	1
	-5
	-3
	3
	1.7901
	0.2357
	1
	7
	3
	-1
	-1
	5
	1.8384
	0.097631

	8
	1
	7
	1
	-1
	-7
	-1
	1.8853
	0.2357
	1
	-5
	-5
	-1
	-5
	1
	1.8619
	0.2357

	9
	1
	5
	3
	7
	-1
	-5
	1.5886
	0.2357
	1
	7
	1
	7
	-3
	-5
	1.7714
	0.2357

	10
	1
	5
	1
	5
	3
	7
	1.7821
	0.097631
	1
	-5
	-3
	3
	5
	-1
	1.8061
	0.2357

	11
	1
	-1
	1
	5
	-5
	7
	1.9143
	4.72E-17
	1
	-5
	7
	-1
	3
	-7
	1.8485
	0.2357

	12
	1
	-7
	5
	-1
	-5
	-3
	1.8788
	0.2357
	1
	-7
	-1
	-5
	-1
	-1
	1.8619
	0.2357

	13
	1
	5
	1
	5
	-1
	3
	1.7821
	0.097631
	1
	7
	3
	3
	-1
	5
	1.6616
	0.097631

	14
	1
	-3
	5
	-7
	-5
	7
	1.8789
	0.2357
	1
	5
	-7
	-7
	3
	-1
	1.8382
	0.097631

	15
	1
	7
	1
	3
	-3
	-5
	1.7437
	0.2357
	1
	-5
	-3
	7
	-7
	3
	1.8684
	0.2357

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

	17
	1
	5
	1
	-1
	3
	-3
	1.7817
	0.097631
	1
	-7
	5
	-1
	5
	5
	1.8877
	0.2357

	18
	1
	7
	5
	-1
	-7
	-5
	1.7657
	0.2357
	1
	-5
	-1
	-1
	3
	-3
	1.6616
	0.097631

	19
	1
	5
	1
	5
	-5
	-7
	1.6489
	0.2357
	1
	1
	-3
	3
	7
	-3
	1.6616
	0.097631

	20
	1
	5
	1
	-3
	1
	5
	1.5333
	5.55E-17
	1
	5
	5
	-1
	-5
	5
	1.8384
	0.097631

	21
	1
	-3
	1
	5
	3
	7
	1.4418
	0.097631
	1
	7
	-1
	-7
	-3
	-7
	1.8619
	0.2357

	22
	1
	7
	1
	-5
	-7
	-1
	1.8863
	0.2357
	1
	7
	3
	7
	7
	1
	1.8619
	0.2357

	23
	1
	5
	1
	5
	-7
	5
	1.5331
	0
	1
	-5
	1
	-1
	-3
	3
	1.7715
	0.2357

	24
	1
	5
	1
	-5
	7
	-3
	1.309
	0.2357
	1
	1
	-5
	7
	1
	5
	1.8384
	0.097631

	25
	1
	-3
	1
	-5
	-1
	3
	1.6125
	0.097631
	1
	3
	-3
	7
	-7
	3
	1.7245
	0.2357

	26
	1
	5
	1
	5
	-1
	-3
	1.4623
	0.097631
	1
	7
	-5
	1
	1
	-3
	1.8382
	0.097631

	27
	1
	-5
	1
	7
	5
	-1
	1.7437
	0.2357
	1
	-5
	5
	-1
	1
	7
	1.8061
	0.2357

	28
	1
	5
	1
	-5
	-1
	3
	1.8358
	0.097631
	1
	5
	1
	1
	7
	-1
	1.8619
	0.2357

	29
	1
	-5
	1
	-1
	5
	7
	1.7901
	0.2357
	1
	-5
	3
	-7
	5
	-7
	1.8619
	0.2357



Table 3.  Proposed sequences and corresponding performance with Alt.2-b
	u
	Sequence for Port 0
	PAPR
	AC
	Sequence for Port 2
	PAPR
	AC

	0
	1
	3
	1
	-5
	5
	-7
	1.9297
	0.1804
	1
	3
	1
	-5
	5
	7
	1.896
	0.2357

	1
	1
	-5
	1
	3
	-7
	7
	1.8864
	0.2357
	1
	-3
	1
	5
	-5
	-7
	1.9179
	0.2357

	2
	1
	-3
	1
	5
	-1
	3
	1.7817
	0.097631
	1
	7
	1
	-5
	-3
	-3
	1.9554
	0.1804

	3
	1
	5
	1
	5
	3
	-3
	1.6341
	0.097631
	1
	3
	3
	7
	-1
	-7
	1.6817
	0.2357

	4
	1
	5
	1
	-5
	-1
	-3
	1.4418
	0.097631
	1
	7
	1
	1
	-5
	-3
	1.9273
	0.1804

	5
	1
	-3
	1
	7
	-5
	5
	1.6284
	0.2357
	1
	-3
	1
	-5
	-1
	3
	1.9149
	0.097631

	6
	1
	5
	1
	-1
	3
	7
	1.6126
	0.097631
	1
	5
	3
	-7
	5
	-3
	1.9542
	0.2357

	7
	1
	7
	1
	-5
	-3
	3
	1.7901
	0.2357
	1
	-5
	3
	5
	-7
	3
	1.941
	0.1804

	8
	1
	7
	1
	-1
	-7
	-1
	1.8853
	0.2357
	1
	5
	1
	-1
	3
	7
	1.9149
	0.097631

	9
	1
	5
	3
	7
	-1
	-5
	1.5886
	0.2357
	1
	-1
	1
	-5
	-3
	7
	1.896
	0.2357

	10
	1
	5
	1
	5
	3
	7
	1.7821
	0.097631
	1
	5
	1
	-3
	7
	-3
	1.7492
	0.2357

	11
	1
	-1
	1
	5
	-5
	7
	1.9143
	4.72E-17
	1
	-5
	1
	5
	7
	1
	1.9273
	0.1804

	12
	1
	-7
	5
	-1
	-5
	-3
	1.8788
	0.2357
	1
	5
	3
	7
	-3
	-7
	1.8365
	0.2357

	13
	1
	5
	1
	5
	-1
	3
	1.7821
	0.097631
	1
	-7
	3
	-3
	-5
	-1
	1.8263
	0.1804

	14
	1
	-3
	5
	-7
	-5
	7
	1.8789
	0.2357
	1
	1
	3
	-5
	-1
	-7
	1.912
	0.2357

	15
	1
	7
	1
	3
	-3
	-5
	1.7437
	0.2357
	1
	-7
	3
	5
	-3
	-3
	1.8671
	0.2357

	16
	1
	-5
	5
	3
	-7
	-1
	1.7657
	0.2357
	1
	-3
	3
	7
	-5
	5
	1.873
	0.2357

	17
	1
	5
	1
	-1
	3
	-3
	1.7817
	0.097631
	1
	3
	3
	-5
	5
	-3
	1.7485
	0.2357

	18
	1
	7
	5
	-1
	-7
	-5
	1.7657
	0.2357
	1
	-7
	1
	1
	3
	-3
	1.9334
	0.2357

	19
	1
	5
	1
	5
	-5
	-7
	1.6489
	0.2357
	1
	-7
	1
	5
	-1
	1
	1.9335
	0.2357

	20
	1
	5
	1
	-3
	1
	5
	1.5333
	5.55E-17
	1
	5
	1
	-5
	-5
	-1
	1.9398
	0.2357

	21
	1
	-3
	1
	5
	3
	7
	1.4418
	0.097631
	1
	5
	1
	-7
	7
	-3
	1.9179
	0.2357

	22
	1
	7
	1
	-5
	-7
	-1
	1.8863
	0.2357
	1
	5
	1
	5
	-5
	5
	1.8701
	0.2357

	23
	1
	5
	1
	5
	-7
	5
	1.5331
	0
	1
	-7
	3
	1
	-5
	-1
	1.9409
	0.1804

	24
	1
	5
	1
	-5
	7
	-3
	1.309
	0.2357
	1
	-5
	3
	7
	7
	-1
	1.8671
	0.2357

	25
	1
	-3
	1
	-5
	-1
	3
	1.6125
	0.097631
	1
	3
	3
	-5
	5
	-7
	1.912
	0.2357

	26
	1
	5
	1
	5
	-1
	-3
	1.4623
	0.097631
	1
	-7
	3
	-5
	-3
	1
	1.5981
	0.2357

	27
	1
	-5
	1
	7
	5
	-1
	1.7437
	0.2357
	1
	5
	1
	5
	-1
	-3
	1.8962
	0.097631

	28
	1
	5
	1
	-5
	-1
	3
	1.8358
	0.097631
	1
	5
	1
	-5
	1
	5
	1.8701
	0.2357

	29
	1
	-5
	1
	-1
	5
	7
	1.7901
	0.2357
	1
	-3
	1
	3
	7
	7
	1.9397
	0.2357



Table 4.  Auto-correlation, PAPR and cross-correlation of the proposed sequences
	　
	Proposed CGS with Alt.1-b
	Proposed CGS with Alt.2-b

	　
	Port 0
	Port 2
	Port 0
	Port 2

	Ave-AC
	0.16
	0.19
	0.16
	0.21

	Max-AC
	0.236
	0.236
	0.236
	0.236

	Ave-PAPR
	1.71
	1.82
	1.71
	1.88

	Max-PAPR
	1.93
	1.89
	1.93
	1.96

	Max-Corr
	0.933
	0.928
	0.933
	0.935



[image: ]
Figure 2. BLER of proposed sequences
From the above performance compared with different sequences, we have the following observations
Observation 2: The proposed sequences achieve the low PAPR, auto correlation and cross-correlation at the same time.
Observation 3: The proposed sequences have similar performance on BLER as Rel-15 sequences.
Conclusions
According to the provided evaluation, we have the following observations:
Observation 1: There is high cross-correlation for the sequences in [2][3][4][5][6].
Observation 2: The proposed sequences achieve the low PAPR, auto correlation and cross-correlation at the same time.
[bookmark: _GoBack]Observation 3: The proposed sequences have similar performance on BLER as Rel-15 sequences.
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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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