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Introduction
In RAN1#96 meeting, good progress was achieved on low PAPR DMRS enhancement [1]. The remaining issues include length-6 DMRS sequences design for pi/2-BPSK, deterministic sequence hopping, sequence reordering and CSS for enhanced DMRS. 
In this contribution, we provide our views on these remaining issues of low PAPR DMRS enhancements.
Discussion
CGS for length-6
In RAN1#96 meeting, two DMRS ports based on different comb offsets in one OFDM symbol were agreed when Rel-16 DMRS is configured for pi/2 BPSK PUSCH. Based on 8 PSK modulation for length-6 CGS, the searched 30 sequences should have comparable PAPR with data for both comb 0 and comb 1. Meanwhile, low cross correlation, good auto-correlation are also important criteria. 
Based on email discussion after RAN1#96 meeting, several options are provided for port multiplexing. In our view, 30 searched sequences can be based on either Alt.1 or Alt.2 as follows: 
· Alt.1 pre-DFT block-OCC [X -X] and use length N DFT and a single sequence set X
· Property: AC, XC, PAPR different for the two combs  (due to [X X] and [X -X])
· 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.2 Rel-15 Type 1 Mapping with a single sequence set X, i.e., sequence X in time domain gives the 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)
· A single sequence set X may be designed independently of which comb is assumed with respect to XC, AC properties since resulting XC and AC will be the same for each comb
In this section, we provide our searched 30 sequences based on both Alt.1 and Alt.2. The searched sequences for Alt.1 and Alt.2 are shown in Table 2.1-1 and 2.1-2 respectively.
Table 2.1-1 New sequences for Length=6 based on Alt.1
	u
	Length-6 sequence
	PAPR for p0
	PAPR for p2
	u
	Length-6 sequence
	PAPR for p0
	PAPR for p2

	0
	-7
	-3
	-7
	5
	1
	5
	0.7839
	0.4999
	15
	-7
	-5
	-7
	5
	1
	5
	2.2494
	1.7422

	1
	-7
	-3
	-7
	-3
	1
	-3
	1.5333
	0.7536
	16
	-7
	-7
	3
	-1
	7
	-5
	2.2721
	1.8485

	2
	-7
	-5
	-1
	5
	1
	-5
	1.9144
	1.826
	17
	-7
	-7
	-3
	7
	1
	7
	2.2775
	1.6884

	3
	-7
	-5
	1
	-5
	1
	-5
	2.1654
	1.0982
	18
	-7
	-3
	-7
	5
	-1
	5
	2.0434
	1.5515

	4
	-7
	-5
	-1
	5
	1
	-3
	2.1674
	2.0887
	19
	-7
	-3
	-5
	5
	-1
	5
	2.002
	1.7892

	5
	-7
	-5
	7
	3
	-1
	5
	2.1675
	1.9979
	20
	-7
	-3
	1
	7
	1
	-5
	2.002
	1.0042

	6
	-7
	-3
	-5
	5
	-5
	5
	2.2827
	2.0167
	21
	-7
	-3
	1
	7
	1
	-3
	2.0434
	1.9302

	7
	-7
	-3
	-7
	-3
	1
	-1
	1.4624
	1.9605
	22
	-7
	-3
	1
	7
	3
	-1
	1.419
	1.974

	8
	-7
	-3
	-7
	-3
	1
	-5
	1.6342
	1.8824
	23
	-7
	3
	-5
	-1
	-3
	7
	2.3825
	1.7852

	9
	-7
	-3
	-7
	5
	-1
	5
	2.0434
	1.5515
	24
	-7
	-7
	-3
	7
	1
	7
	2.2775
	1.6884

	10
	-7
	-3
	1
	7
	1
	-3
	2.0434
	1.9302
	25
	-7
	-7
	-1
	-7
	3
	7
	2.3871
	1.7124

	11
	-7
	-5
	3
	-1
	-7
	-3
	2.2286
	2.1285
	26
	-7
	-5
	3
	-3
	7
	-5
	2.3789
	1.553

	12
	-7
	-7
	-3
	5
	1
	-5
	2.1947
	1.8877
	27
	-7
	-5
	3
	-3
	7
	-5
	2.3789
	1.553

	13
	-7
	-5
	3
	7
	1
	-5
	1.9298
	1.5208
	28
	-7
	-5
	5
	-5
	1
	-3
	1.8398
	1.8589

	14
	-7
	-5
	-1
	3
	-1
	-5
	2.2495
	2.2432
	29
	-7
	-5
	5
	1
	-7
	-3
	1.8772
	1.9562



Table 2.1-2 New sequences for Length=6 based on Alt.2
	u
	Length-6 sequence
	PAPR for p0
	PAPR for p2
	u
	Length-6 sequence
	PAPR for p0
	PAPR for p2

	0
	-7
	-3
	-7
	-3
	1
	-3
	1.5333
	2.2812
	15
	-7
	-3
	1
	7
	3
	-1
	1.419
	1.873

	1
	-7
	-7
	-1
	1
	-5
	1
	2.1044
	1.8557
	16
	-7
	-5
	5
	3
	7
	-1
	2.3825
	2.333

	2
	-7
	-7
	1
	7
	1
	3
	2.1044
	1.8557
	17
	-7
	-7
	-3
	7
	1
	7
	2.2775
	2.1922

	3
	-7
	-3
	-5
	5
	-5
	5
	2.2827
	2.0054
	18
	-7
	-7
	-1
	-7
	3
	7
	2.3871
	2.329

	4
	-7
	-3
	-7
	-3
	1
	-1
	1.4624
	1.8963
	19
	-7
	-5
	3
	-3
	7
	-5
	2.3789
	1.9735

	5
	-7
	-3
	-7
	-3
	1
	-5
	1.6342
	2.1495
	20
	-7
	-7
	-3
	1
	5
	-1
	2.3762
	1.3247

	6
	-7
	-3
	-7
	5
	-1
	5
	2.0434
	1.7492
	21
	-7
	-5
	-1
	-5
	5
	1
	1.7676
	2.1847

	7
	-7
	-3
	-7
	-3
	-7
	5
	1.5333
	2.2812
	22
	-7
	-5
	3
	-3
	7
	-5
	2.3789
	1.9735

	8
	-7
	-7
	-3
	1
	5
	-1
	2.3762
	1.3247
	23
	-7
	-5
	3
	-1
	-7
	5
	1.7676
	2.1847

	9
	-7
	-7
	-3
	7
	1
	7
	2.2775
	2.1922
	24
	-7
	-5
	5
	-5
	1
	-3
	1.8398
	2.3435

	10
	-7
	-3
	-7
	5
	-1
	5
	2.0434
	1.7492
	25
	-7
	-5
	5
	1
	-7
	-3
	1.8772
	2.3511

	11
	-7
	-3
	-5
	5
	-1
	5
	2.002
	1.5769
	26
	-7
	-5
	7
	-5
	3
	-1
	1.8772
	2.3511

	12
	-7
	-3
	1
	-5
	7
	3
	1.419
	1.873
	27
	-7
	-5
	7
	3
	-7
	-1
	1.8398
	2.3435

	13
	-7
	-3
	1
	7
	1
	-5
	2.002
	1.5769
	28
	-7
	-3
	-5
	-1
	5
	1
	1.5886
	1.8366

	14
	-7
	-3
	1
	7
	1
	-3
	2.0434
	1.7492
	29
	-7
	-3
	-5
	-1
	7
	3
	1.5886
	1.8366



In Table 2.1-3 and Figure 2.1-1, we provide PAPR, auto correlation, cross correlation properties for sequences in Table 2-1 which are based on Alt.1. 
Table 2.1-3 PAPR and Auto-Corr for sequences in table 2-1
	
	PAPR with FDSS
[-0.28,1,-0.28]
	Auto-corr
(+1/-1 CS)
	Cross-corr
(+1/-1 CS)

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

	Min
	0.7839
	0.4999
	0
	0.2357
	0
	0.0528

	Mean
	2.0207
	1.7005
	0.1834
	0.3597
	0.358
	0.4256

	Max
	2.387
	2.2431
	0.2551
	0.5774
	0.8385
	0.9326


[image: ]
Figure 2.1-1 Cross correlation for Alt.1
In Table 2.1-4 and Figure 2.1-2, we provide PAPR, auto correlation, cross correlation properties for sequences in Table 2.1-2 which are based on Alt.2. 
Table 2.1-4 PAPR and Auto-Corr for sequences in table 2-2
	
	PAPR with FDSS
[-0.28,1,-0.28]
	Auto-corr
(+1/-1 CS)
	Cross-corr
(+1/-1 CS)

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

	Min
	1.4188
	1.3242
	0
	0
	0
	0

	Mean
	1.9533
	1.9847
	0.212
	0.212
	0.3675
	0.3675

	Max
	2.387
	2.3508
	0.3333
	0.3333
	0.9326
	0.9326


[image: ]
Figure 2.1-2 Cross correlation for Alt.2
Based on above simulation results, we can see the searched sequences based on Alt.1 or Alt.2 have comparable PAPR with data (possible above 2 dB), and have good correlation property.
Proposal 1: The sequences in Table 2.1-1 for Alt. 1 or 2.1-2 for Alt.2 can be adopted.
Since Alt.2 introduces the same auto-correlation and cross-correlation for both combs, we slightly prefer Alt.2 more.
Additionally, in our companion excel file, we provide comparisons of each companies’ sequences which are provided in email discussion. 
Regarding CGS with length 12, 18 and 24, some concerns were raised for the second comb in the email discussion since those agreed sequences were generated independently with the comb offsets. In other words, those agreed sequences may not have good property. Then it may be needed to revise the agreement. In our view, because CGS with length 12, 18 and 24 are based on pi/2 BPSK with pre-DFT operation, the PAPR on the second port are the same level with PUSCH which are also based on pi/2 BPSK with pre-DFT operation. Consequently, there is no PAPR issue for the second comb if the agreement is not revised. In addition, since above Alt.2 sequence mapping solution introduces the same cross-correlation and auto-correlation for the two comb offsets, there will not be any issues for the second comb if Alt.2 sequence mapping is used. 
Observation: It is not needed to revise the agreed CGS for length 12, 18 and 24.

Deterministic sequence hopping for length <30
Based on the agreements in RAN1#96 meeting, it is still FFS on whether to support deterministic sequence hopping pattern. In our view, since the deterministic sequence hopping can introduce better performance than random hopping pattern which is based on the hopping formula of Rel-15 [2], some deterministic hopping pattern should be supported. 
The major advantage of the deterministic sequence hopping pattern is that for even when individual CGS in one symbol does not have perfect auto-correlation or frequency flatness, the use of deterministic CGS in another symbol can ensure that the combined auto-correlation is perfect or almost perfect. 
Based on the criteria which make the best combined auto-correlation of two CGS, we propose the CGS mapping relationship for length 12, 18 and 24 in Table 2.2-1, 2.2-2 and 2.2-3 respectively.
[bookmark: _Ref960256][bookmark: _Ref960251]Table 2.2-1  Length-12 CGS pairing table
	CGS index on the first DMRS symbol
	CGS index on the second DMRS symbol
	CGS index on the first DMRS symbol
	CGS index on the second DMRS symbol

	0
	4
	15
	22

	1
	18
	16
	27

	2
	0
	17
	21

	3
	19
	18
	1

	4
	16
	19
	3

	5
	6
	20
	15

	6
	8
	21
	17

	7
	10
	22
	5

	8
	7
	23
	25

	9
	26
	24
	29

	10
	12
	25
	20

	11
	14
	26
	28

	12
	9
	27
	2

	13
	23
	28
	24

	14
	11
	29
	13



Table 2.2-2  Length-18 CGS pairing table
	CGS index on the first DMRS symbol
	CGS index on the second DMRS symbol
	CGS index on the first DMRS symbol
	CGS index on the second DMRS symbol

	0
	2
	15
	5

	1
	6
	16
	11

	2
	28
	17
	3

	3
	19
	18
	22

	4
	29
	19
	4

	5
	15
	20
	27

	6
	12
	21
	17

	7
	1
	22
	20

	8
	23
	23
	8

	9
	21
	24
	21

	10
	7
	25
	0

	11
	18
	26
	16

	12
	25
	27
	24

	13
	9
	28
	1

	14
	10
	29
	18



Table 2.2-3  Length-24 CGS pairing table
	CGS index on the first DMRS symbol
	CGS index on the second DMRS symbol
	CGS index on the first DMRS symbol
	CGS index on the second DMRS symbol

	0
	18
	15
	7

	1
	19
	16
	10

	2
	5
	17
	11

	3
	23
	18
	0

	4
	21
	19
	1

	5
	2
	20
	28

	6
	27
	21
	8

	7
	22
	22
	29

	8
	14
	23
	16

	9
	26
	24
	12

	10
	3
	25
	13

	11
	15
	26
	9

	12
	24
	27
	6

	13
	25
	28
	20

	14
	4
	29
	17


In Table 2.2-4, we provide the comparisons of combined auto-correlation between our sequence hopping pattern and random sequence hopping. The better auto-correlation is observed by deterministic hopping pattern.
Table 2.2-4 Comparisons of combined auto-correlation 
	Length
	Lag
	Deterministic hopping
	Random hopping
	1 symbol

	
	
	mean
	max
	mean
	max
	mean
	max

	12
	+/-2
	0.0222
	0.1667
	0.0505
	0.3333
	0.0556
	0.3333

	
	+/-3
	0.0444
	0.1667
	0.1143
	0.3333
	0.1444
	0.3333

	18
	+/-4
	0.0741
	0.1111
	0.1039
	0.3333
	0.1556
	0.3333

	
	+/-5
	0.0593
	0.2222
	0.1052
	0.4444
	0.13
	0.4444

	24
	+/-5
	0.0278
	0.0833
	0.0278
	0.1667
	0.0278
	0.1667

	
	+/-6
	0.0944
	0.2500
	0.1161
	0.5000
	0.1445
	0.5000



When 1 front loaded DMRS symbol is indicated, the CGS in the front loaded DMRS symbol should be based on the formula in Rel-15 in 38.211, i.e. [image: ]. And the CGS in the first additional DMRS symbol should be based on the deterministic mapping in above tables. For simplicity, one deterministic sequence pair can be cyclic if more than 1 additional DMRS are transmitted. It is noted that the CGS should be the same in two adjacent DMRS symbols since TD-OCC is used in this case. 
Proposal 2: The deterministic CGS pairs in Table 2.2-1, 2.2-2 and 2.2-3 are adopted.
· For a given sequence pair in a slot, the first one of the pair is used in even DMRS symbol or symbol pair, and the second one is used on odd DMRS symbol or symbol pair. One symbol pair refers to two adjacent DMRS symbols.

Others 
As for sequence reordering and using enhanced DMRS on CSS, the benefit is not justified. Considering limited time budget and much standard effort, we propose:
Proposal 3: Do NOT support sequence reordering, and CSS for enhanced DMRS.

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views on the remaining issues on enhancement of PAPR reduction on DMRS.
Proposal 1: The sequences in Table 2.1-1 for Alt. 1 or 2.1-2 for Alt.2 can be adopted.
Proposal 2: The deterministic CGS pairs in Table 2.2-1, 2.2-2 and 2.2-3 are adopted.
· For a given sequence pair in a slot, the first one of the pair is used in even DMRS symbol or symbol pair, and the second one is used on odd DMRS symbol or symbol pair. One symbol pair refers to two adjacent DMRS symbols.
[bookmark: _GoBack]Proposal 3: Do NOT support sequence reordering, and CSS for enhanced DMRS.
Observation: It is not needed to revise the agreed CGS for length 12, 18 and 24.
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