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For the DMRS sequence for DFT-s-OFDM, it has been agreed that:
	Agreement
For length-6 CGS, specify the sequences given by the following table. FFS whether comb#2 use alternative sequence. The details on comb#2 should be finalized this week.
· Table 1 is in appendix.



The sequences for comb-1 are already agreed during the meeting, but FFS whether the sequences can be used for comb-2. In the following, we provide the performance evaluation and the observations, then, we propose a new joint sequence design for Pi/2 BPSK for Comb-2.
Simulation results on Comb-2 for the agreed sequences
In the following, we provided the evaluation of BLER for the agreed sequences for Comb-2:
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Figure-1. BLER for the agreed sequences for Comb-2
As we can see that there is a big problem on the BLER for the agreed sequences used for comb-2 with Rel-15 mapping solution, i.e., frequency domain shift.
Observation 1: There is performance degradation on BLER for the agreed sequences in Comb-2, e.g., 3dB loss.
Proposed new DMRS sequences with length-6 for Comb-2
In the following, we provided the sequences for length-6 DMRS sequences for Comb-2. The related performance of AC, PAPR and XC are also provided.
Table. 2 DMRS sequences design for length-6 for Comb-2
	Index
	Merged sequence for port 2
	Company
	AC
	PAPR
	MAX-XC

	0
	-3
	7
	-5
	-1
	-5
	-1
	vivo
	0.097631
	2.149344
	0.938
　
　
　
　

	1
	5
	7
	-3
	-5
	5
	-5
	vivo
	0.235702
	2.252445
	

	2
	-1
	-3
	3
	5
	-1
	5
	vivo
	0.235702
	2.252445
	

	3
	-7
	-3
	-7
	3
	-7
	5
	Interdigital
	0.235702
	2.074434
	

	4
	-7
	-3
	-7
	7
	-5
	-1
	Interdigital
	0.097631
	1.914867
	

	5
	-7
	-3
	-7
	-1
	-7
	5
	Interdigital
	0.235702
	2.074434
	

	6
	-7
	-5
	1
	-5
	-7
	3
	Interdigital
	0.235702
	1.868661
	

	7
	-7
	3
	1
	-5
	1
	3
	LGE
	0.235702
	1.868609
	

	8
	-7
	3
	1
	5
	-1
	3
	LGE
	0.255122
	1.914534
	

	9
	-7
	5
	-7
	-3
	3
	-1
	LGE
	0.235702
	1.85521
	

	10
	1
	-3
	1
	-3
	1
	-3
	MTK
	4.63E-18
	2.092927
	

	11
	1
	-1
	3
	7
	1
	-3
	MTK
	0.097631
	2.131547
	

	12
	1
	-1
	3
	7
	3
	7
	MTK
	0.097631
	1.89617
	

	13
	1
	-1
	3
	-3
	1
	-3
	MTK
	0.097631
	2.022763
	

	14
	-7
	-3
	-7
	-3
	1
	-3
	ZTE
	8.28E-17
	2.281237
	

	15
	-7
	-3
	-7
	5
	-1
	5
	ZTE
	0.235702
	1.749187
	

	16
	-7
	-7
	-3
	1
	5
	-1
	ZTE
	0.273165
	1.324744
	

	17
	-7
	-3
	1
	-5
	-5
	5
	Intel
	0.273165
	1.59029
	

	18
	-7
	-3
	7
	-5
	5
	-7
	Intel
	0.273165
	1.474511
	

	19
	-3
	1
	1
	5
	-1
	-7
	Intel
	0.273165
	1.431652
	

	20
	7
	-3
	7
	3
	7
	-5
	Ericsson
	0.235702
	2.074317
	

	21
	5
	-1
	-7
	-1
	1
	7
	Ericsson
	0.235702
	2.008922
	

	22
	5
	-5
	5
	1
	-3
	1
	Ericsson
	0.235702
	1.749162
	

	23
	-7
	3
	1
	7
	-7
	-1
	Qualcomm
	0.235702
	2.009037
	

	24
	-7
	-3
	5
	1
	7
	-5
	Qualcomm
	0.235702
	1.836584
	

	25
	-7
	3
	-7
	-5
	1
	-5
	Qualcomm
	0.235702
	1.868661
	

	26
	-7
	5
	-7
	3
	7
	-5
	Qualcomm
	0.097631
	1.914871
	

	27
	1
	3
	1
	-5
	5
	7
	Huawei
	0.235702
	1.896024
	

	28
	1
	7
	1
	-5
	-3
	-3
	Huawei
	0.180399
	1.955439
	

	29
	1
	7
	1
	1
	-5
	-3
	Huawei
	0.180399
	1.92729
	



From the Table 1, we can see that the performance of the proposed sequence is very good for the performance of AC, XC and PAPR. Then, in the following, we also provided the evaluation results for BLER in Figure-2:
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Figure-2: BLER performance of the proposed DMRS sequences

Observation 2: The performance of AC, XC and PAPR are very good, the max value are 0.2731, 2.28 and 0.938, respectively.
Observation 3: The BLER performance is much better than the agreed sequence for comb-1, where the BLER gain is about 2 dB.

Proposal 1: At least adopt the merged sequence in Table-2 for comb-2.
Conclusions
According to the provided evaluation, we have the following observations:
Observation 1: There is performance degradation on BLER for the agreed sequences in Comb-2, e.g., 3dB loss.
Observation 2: The performance of AC, XC and PAPR are very good, the max value are 0.2731, 2.28 and 0.938, respectively.
Observation 3: The BLER performance is much better than the agreed sequence for comb-1, where the BLER gain is about 2 dB.

Proposal 1: At least adopt the merged sequence in Table-2 for comb-2.
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Appendix: Sequences agreed
[bookmark: _Ref5346621]Table 1 Length 6 CGS
	u
	


	
	

	0
	    -1    -7    -3    -5    -1     3

	1
	    -1     3     7    -3     7     3

	2
	    -1     3     1     5    -1    -5

	3
	    -7    -3    -7     5    -7    -3

	4
	     7     5    -1    -7    -3     1

	5
	     3    -3     1     5    -1    -1

	6
	    -7    -3    -7    -3     7    -5

	7
	    -7    -3     1    -5    -1    -5

	8
	    -7    -3     3    -3    -7    -3

	9
	    -7    -7    -1     1    -5     1

	10
	    -7    -3    -7     5    -1     5

	11
	    -7    -7    -3     1     5    -1

	12
	     5     7    -3    -5     5    -5

	13
	    -3     7    -5    -1    -5    -1

	14
	     5    -7     7     1     5     1

	15
	    -7     3     1     5    -1     3

	16
	    -7    -5    -1    -7    -5     5

	17
	    -7     1    -3     3     7     5

	18
	    -7    -7     3     5     1     5

	19
	    -7    -3     3    -1     3    -5

	20
	    -7    -5     5     3    -7    -1

	21
	     1     5     1     5     3     7

	22
	     1    -3     1    -5    -1     3

	23
	     1     7     1    -5    -7    -1

	24
	     1    -1     3    -1    -7    -3

	25
	     1    -1    -5    -1     3    -3

	26
	     1    -1     3    -1     3     7

	27
	    -5     3     7     5     3     7

	28
	    -7     1    -3     1     5     1

	29
	     1     5     3    -7     5    -3



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



Appendix: Simulation results for the agreed sequences for Comb-1
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