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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN1 #96 meeting, the following agreements were achieved on low PAPR RS configuration,
Agreement
For the case of CGS sequence in case of two adjacent symbol DMRS, the same CGS sets are used for both single and two symbol DMRS for pi/2 BPSK modulation.
· FFS: Whether or not to support deterministic sequence hopping pattern 

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

In this contribution, we present our views on CGS-6 design for Rel-16 DMRS enhancement based on [1][2].
1. On NR Rel-16 CGS for DMRS
For PAPR reduction for DMRS for PI/2 BPSK modulation, it was agreed Gold-sequence shall be used when DMRS sequence length is larger than or equal to 30. For DMRS sequence length equal to 12, 18 and 24, it was agreed PI/2 BPSK CGS shall be used. For DMRS sequence length equal to 6, it was agreed 8PSK CGS shall be used, but the details of CGS has not determined yet. During the email discussion after RAN1 96# meeting, the following alternatives were proposed for length 6 CGS design:
· 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 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
· However, the single sequence set X may be designed to take into account PAPR for mapping to any of the two combs since PAPR will differ between the two combs assuming same FDSS filter
· Alt.3 With two different sequence sets X1 and X2 to be used use for first and second comb respectively, further categorized into 
· Alt.3-a: As in Alt.1 where instead two sequence sets X1 and X2 are designed for use as [X1 X2] or [X2 -X2] for the two combs respectively in order to optimize XC,AC and PAPR per comb
· Alt.3-b: As in Alt.2 where instead two sequence sets X1 and X2 are designed for each of the two combs respectively in order to optimize XC,AC and PAPR per comb
· Alt.4 Pre-DFT symbol level OCC and use length N DFT (e.g. [++++…], [+-+-+-+-]) 
· See R1-1901792[3]
For Alt.1, since pre-DFT block-OCC [X, X] and [X, -X] shall be applied for the 1st comb and 2nd comb respectively, AC, XC and PAPR property shall be different for the two combs. That means length 6 CGS design should take different pre-DFT block-OCC and FDSS filter coefficients into account. Based on Alt.1, a single set of length 6 CGS is picked out as depicted in Table1 and the link level evaluation assumptions is shown in Annex I. Besides, if this solution is specified, DMRS resource mapping formula may need to be modified, which is not aligned with the scope of WI. However, if the UE applies pre-DFT block-OCC by implementation, there is no difference between Alt.1 and Alt.2.
Table1.  Alt.1 CGSs for DMRS sequence length equal to 6
	Index
	CGS-6
	PAPR(dB)

	
	
	Comb0
	Comb1

	0
	7
	3
	-1
	-5
	-1
	3
	0.78
	0.78

	1
	5
	-7
	5
	-7
	-3
	-7
	1.53
	0.75

	2
	3
	1
	5
	1
	5
	-7
	1.63
	1.74

	3
	7
	-5
	3
	5
	-1
	-7
	1.95
	1.41

	4
	-3
	7
	-5
	-1
	-5
	-1
	1.63
	1.88

	5
	5
	-1
	-3
	-1
	5
	-5
	1.99
	2.67

	6
	7
	1
	7
	-3
	-1
	-3
	1.99
	2.86

	7
	7
	1
	-5
	-7
	-5
	1
	1.99
	2.67

	8
	-5
	5
	-1
	-3
	-1
	5
	1.99
	2.67

	9
	5
	7
	-3
	-5
	5
	-5
	2.34
	2.83

	10
	-1
	1
	5
	-5
	7
	3
	2.17
	2.09

	11
	3
	5
	-1
	5
	-1
	-3
	2.34
	2.86

	12
	7
	-7
	5
	1
	-3
	3
	2.17
	2.00

	13
	7
	-1
	-3
	5
	-7
	5
	2.37
	1.95

	14
	7
	5
	-7
	1
	-3
	7
	2.27
	1.95

	15
	-1
	-3
	3
	5
	-1
	5
	2.34
	2.83

	16
	-3
	-5
	-5
	5
	1
	-7
	2.27
	2.72

	17
	3
	-7
	-3
	-1
	-5
	7
	2.17
	2.68

	18
	-7
	5
	7
	-5
	1
	-3
	2.17
	2.38

	19
	-1
	3
	7
	7
	3
	-1
	2.50
	2.49

	20
	5
	7
	-5
	5
	-7
	5
	2.59
	2.40

	21
	-1
	-7
	-3
	-1
	7
	3
	2.11
	2.40

	22
	7
	3
	-1
	-1
	3
	7
	2.50
	2.49

	23
	7
	7
	3
	-1
	7
	-5
	2.91
	2.49

	24
	-5
	7
	-3
	3
	7
	5
	2.14
	2.98

	25
	5
	-7
	3
	-3
	-7
	-5
	2.14
	2.98

	26
	7
	1
	-5
	-1
	1
	3
	2.26
	2.98

	27
	7
	-3
	3
	-1
	-3
	-5
	2.66
	2.98

	28
	7
	-7
	-5
	-1
	-5
	5
	2.40
	2.83

	29
	7
	-5
	-3
	-1
	-7
	3
	2.66
	2.83


For Alt.2, since different FDSS filter coefficients shall be applied, there may be significant PAPR property difference for the two different combs. Different FDSS filter coefficients should be considered for length 6 CGS design. In contrary to Alt.1, less specification work is needed. For DFT-s-OFDM waveform based PUSCH or PUCCH transmission with PI/2 BPSK modulation, when DMRS sequence length is equal to 6, the DMRS sequence shall be generated by length 6 CGS followed by 8PSK modulation followed by DFT modulation. The DMRS symbols can be mapped to the 1st comb or the 2nd comb according to ‘antenna port’ indication by the way of post-DFT mapping. Based on Alt.2, a single set of length 6 CGS is picked out as depicted in Table2.
Table2.  Alt.2 CGSs for DMRS sequence length equal to 6
	Index
	CGS-6
	PAPR(dB)

	
	
	Comb0
	Comb1

	0
	7
	-5
	7
	-5
	7
	3
	1.53
	2.28

	1
	7
	-5
	3
	5
	-1
	-7
	1.95
	2.42

	2
	5
	-7
	5
	-7
	-3
	-7
	1.53
	2.28

	3
	3
	1
	5
	1
	5
	-7
	1.63
	2.15

	4
	1
	5
	-7
	7
	1
	5
	1.46
	1.90

	5
	3
	-1
	3
	-3
	-5
	-1
	1.46
	1.90

	6
	5
	-7
	7
	1
	5
	1
	1.46
	1.90

	7
	-3
	7
	-5
	-1
	-5
	-1
	1.63
	2.15

	8
	5
	-1
	-3
	-1
	5
	-5
	1.99
	2.65

	9
	7
	-7
	1
	5
	3
	-3
	1.95
	2.42

	10
	7
	1
	7
	-3
	-1
	-3
	1.99
	2.65

	11
	7
	1
	-5
	-7
	-5
	1
	1.99
	2.65

	12
	-5
	5
	-1
	-3
	-1
	5
	1.99
	2.65

	13
	-5
	-1
	-7
	7
	-5
	-1
	1.46
	1.90

	14
	5
	7
	-3
	-5
	5
	-5
	2.34
	2.25

	15
	3
	5
	-1
	5
	-1
	-3
	2.34
	2.25

	16
	7
	-1
	-3
	5
	-7
	5
	2.37
	2.38

	17
	-1
	-3
	3
	5
	-1
	5
	2.34
	2.25

	18
	-1
	1
	5
	-5
	7
	3
	2.17
	2.77

	19
	7
	-7
	5
	1
	-3
	3
	2.17
	2.77

	20
	-1
	1
	-7
	-3
	-5
	5
	1.95
	2.42

	21
	7
	-7
	-3
	5
	-1
	-7
	2.54
	2.22

	22
	7
	-5
	-1
	3
	-3
	-7
	2.61
	2.11

	23
	-3
	-7
	-3
	1
	-3
	-7
	1.53
	2.28

	24
	7
	-7
	3
	-7
	3
	1
	2.34
	2.25

	25
	3
	5
	1
	5
	-3
	-5
	2.37
	2.38

	26
	7
	-5
	-1
	3
	1
	-3
	2.61
	2.11

	27
	7
	1
	3
	-7
	7
	1
	2.34
	2.25

	28
	5
	-1
	-7
	7
	-7
	-3
	2.54
	2.22

	29
	5
	5
	-7
	1
	-5
	-5
	2.77
	2.49


For Alt.3, the main difference is two sets of length 6 CGS shall be designed for the two combs respectively. For each set of length 6 CGS, it shall be optimized based on the FDSS filter coefficients and pre-DFT block-OCC of the corresponding comb, no need to consider the other comb. The reason for proposing Alt.3 is that it is hard to find a set of length 6 CGS to satisfy AC, XC and PAPR property for both combs. Therefore, Alt.3 is an optimization solution. If a set of length 6 CGS can be found for Alt.1 or Alt.2, there is no need to additionally introduce this solution. For Alt.3-a and Alt.3-b, different subsets of length 6 CGS in Table1 and Table2 can be used for different combs respectively. 
For Alt.4, since pre-DFT symbol level OCC is used, AC, XC and PAPR property shall be affected. Similar to Alt.1, different pre-DFT symbol level OCCs and FDSS filter coefficients should be taken into account for length 6 CGS design. Based on Alt.4, a single set of length 6 CGS is picked out as depicted in Table3.
Table3.  Alt.3 CGSs for DMRS sequence length equal to 6
	Index
	CGS-6
	PAPR(dB)

	
	
	Comb0
	Comb1

	0
	7
	-5
	3
	5
	-1
	-7
	1.95
	2.42

	1
	7
	-5
	7
	-5
	7
	3
	1.53
	2.28

	2
	5
	-7
	5
	-7
	-3
	-7
	1.53
	2.28

	3
	3
	1
	5
	1
	5
	-7
	1.63
	2.15

	4
	1
	5
	-7
	7
	1
	5
	1.46
	1.90

	5
	3
	-1
	3
	-3
	-5
	-1
	1.46
	1.90

	6
	5
	-7
	7
	1
	5
	1
	1.46
	1.90

	7
	-3
	7
	-5
	-1
	-5
	-1
	1.63
	2.15

	8
	5
	-1
	-3
	-1
	5
	-5
	1.99
	2.65

	9
	7
	-7
	1
	5
	3
	-3
	1.95
	2.42

	10
	7
	1
	7
	-3
	-1
	-3
	1.99
	2.65

	11
	7
	1
	-5
	-7
	-5
	1
	1.99
	2.65

	12
	-5
	5
	-1
	-3
	-1
	5
	1.99
	2.65

	13
	-5
	-1
	-7
	7
	-5
	-1
	1.46
	1.90

	14
	5
	7
	-3
	-5
	5
	-5
	2.34
	2.25

	15
	3
	5
	-1
	5
	-1
	-3
	2.34
	2.25

	16
	7
	-1
	-3
	5
	-7
	5
	2.37
	2.38

	17
	5
	-7
	7
	1
	5
	1
	1.46
	1.90

	18
	7
	1
	-5
	-7
	-5
	1
	1.99
	2.65

	19
	-5
	-1
	-7
	7
	-5
	-1
	1.46
	1.90

	20
	7
	-5
	-1
	-5
	7
	-5
	1.53
	2.28

	21
	1
	-5
	-3
	5
	-7
	7
	1.95
	2.42

	22
	7
	-5
	-1
	3
	-3
	-7
	2.61
	2.11

	23
	-5
	-3
	1
	-7
	3
	-3
	2.54
	2.22

	24
	5
	-7
	5
	-7
	5
	1
	1.53
	2.28

	25
	7
	-7
	5
	-7
	1
	-1
	2.37
	2.38

	26
	7
	-3
	-1
	-7
	-1
	-7
	2.34
	2.25

	27
	1
	5
	-7
	-3
	-5
	7
	2.61
	2.11

	28
	7
	1
	3
	-7
	7
	1
	2.34
	2.25

	29
	7
	3
	-1
	3
	-1
	3
	1.53
	2.28



In summary, as less specification work is required, and a set of compromising length 6 CGS can be pick out which takes AC, XC, PAPR property into account, Alt.2 is more preferred. In addition, since length 12, 18 and 24 CGSs for DMRS for PI/2 BPSK modulation have been agreed, the influence of PAPR property of different combs is small, a unified DMRS mapping scheme for different lengths of CGS should be supported to reduce UE implementation complexity. 
Proposal 1:
· For DFT-s-OFDM waveform based PUSCH or PUCCH transmission with PI/2 BPSK modulation, when DMRS sequence length is equal to 6,
· Alt.2 is supported, the DMRS sequence shall be generated by length 6 CGS followed by 8PSK modulation followed by DFT modulation followed by post-DFT mapping according to ‘antenna port’ indication.
· The length 6 CGS(s) as depicted in above Table2 is supported.
1. Conclusion
[bookmark: _GoBack]In this contribution, for Rel-16 DMRS enhancement, length 6 CGS for DMRS for PI/2 BPSK PUSCH, PUCCH design is discussed with the following proposal.
Proposal 1:
· For DFT-s-OFDM waveform based PUSCH or PUCCH transmission with PI/2 BPSK modulation, when DMRS sequence length is equal to 6,
· Alt.2 is supported, the DMRS sequence shall be generated by length 6 CGS followed by 8PSK modulation followed by DFT modulation followed by post-DFT mapping according to ‘antenna port’ indication.
· The length 6 CGS(s) as depicted in above Table2 is supported.
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Annex I: CGS generation evaluation assumptions
Table 4.CGS generation link-level evaluation assumptions
	Parameter
	Value

	System bandwidth
	20 MHz

	Numerology
	30 KHz SCS

	Channel
	TDL-C 300ns

	Number of Antennas
	UE Tx=1, gNB Rx =4

	PUSCH duration
	11 OFDM symbols, with one front-loaded DMRS symbols symbol

	Number of UEs
	1 UE

	# RBs for PUSCH
	1 RB

	Carrier Frequency
	4 GHz

	Coding rate
	0.25

	Coding
	NR LDPC + CRC

	UE Speed
	12 km/h

	Receiver
	Time-domain Channel Estimation and Ideal Noise Estimation



