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Introduction
This contribution addresses the remaining details on low PAPR RS. There are two issues left for decision:
· Configuration of sequences for CP-OFDM DMRS
· Low PAPR sequence sets for π/2 BPSK for PUCCH and PUSCH
Configuration of DMRS sequence for CP-OFDM
Previous meeting the Rel.16 sequence initialization for DMRS was defined. The remaining issue to discuss is the following:
For further study:
When 2nd or 3rd CDM group is used, there are two behaviors for a Rel.16 UE: Rel.15 or Rel.16 sequences
· Alt.1 RRC signaling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group
· Alt.2 RRC + DCI signaling to switch between R.15 or R.16 sequence for 2nd and 3rd CDM group
· DCI code points or explicit (new) bit can be used
More analysis of potential benefits needed, downselect next meeting between Alt. 1 and 2 
It is clear that RRC will configure the UE to use Rel.16 sequence instead of Rel.15 but the open issue is whether DCI can switch between those. An argued benefit would be in MU pairing between different releases since MU paired UEs must use the same seed if they use DMRS in the same CDM group. 
However, a Rel.15 UE will be configured with seeds A and B corresponding to n_SCID and a Rel-16 UE will also be configured with A and B depending on n_SCID depending on the CDM group. So, for a given single CDM group, it is always possible to select the same seed for a Rel.15 and a Rel.16 UE to maintain DMRS orthogonality. 
An issue occurs if the DMRS ports for each MU-MIMO user spans across more than one CDM group, then it will not be possible to co-schedule a Rel.15 and a Rel.16 UE in MU-MIMO since firs UE use {A,A} and second UE use {A,B} across the two CDM groups.. But in this case, the PAPR issue appears for the Rel.15 UE  ({A,A}) so scheduling a Rel.15 UE with DMRS in two CDM groups will not be used by the network anyway.
[bookmark: _Toc534918669]Support Alt.1, RRC signalling only to configure the UE to use Rel.16 sequence for PDSCH and PUSCH independently



Sequence sets for π/2 BPSK RS
Proposed sets of computer generated binary sequences (CGS), for pi/2-BPSK modulated RS, are depicted in Table 1, Table 2 and Table 3, respectively, for the binary sequence lengths 12, 18 and 24. The criteria for the design are:
1. PAPR on par with PUSCH pi/2-BPSK.
2. Minimized autocorrelation for each sequence for shifts up until ±2, ±3 and ±5 for length 12,18 and 24, respectively.
3. Minimized average cross-correlation between sequences in the set for shifts up until ±2, ±3 and ±5 for length 12,18 and 24, respectively, under the constraints of lowest maximum value.
The corresponding PAPR and correlation properties of these sets are evaluated in Appendix, in which comparisons are made towards the joint proposal from RAN1#95 [2]. From this Appendix, the following can be concluded on the CGS properties in Table 1, Table 2 and Table 3:
· Similar PAPR properties as the proposal in [2].
· Significantly better auto-correlation properties than the proposal in [2].
· Similar or better cross-correlation properties than the proposal [2].
In [3], the joint proposal [2] and its constituent sequence sets are further analysed, and it is concluded that for each sequence length, the set of sequences consists of a mix of sequences from different optimized set of sequences. This “mix and match” is negative to the cross-correlation properties among the sequences in the set. In addition, it seems that the selected sequences of [2] have poor auto-correlation properties, in particular for sequences of length 12. Since CGS design involves cross-correlation, a set of sequences should be taken from one single computer optimization. 
Hence, it is proposed:
[bookmark: _Toc534918670]For each sequence length, select an optimized CGS set (i.e. by a single company) 
Furthermore, based on the evaluations shown in the Appendix, the following is proposed:
[bookmark: _Toc534918671]For pi/2-BPSK DMRS, adopt the CGS sets shown in Table 1, Table 2 and Table 3.

[bookmark: _Ref534548906]Table 1. Binary CGS of length-12 for pi/2-BPSK DMRS
	Index
	
	Index
	

	0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
	    '1  0  0  1  0  0  0  1  0  0  1  0'
    '0  0  0  1  0  0  0  1  1  1  0  0'
    '1  1  1  0  0  1  0  0  1  1  1  1'
    '1  1  0  1  1  1  1  1  0  0  0  1'
    '0  0  0  1  1  1  0  0  0  1  0  0'
    '1  0  1  0  1  0  0  0  1  1  0  1'
    '1  0  1  1  1  0  0  1  0  0  1  0'
    '0  1  1  1  0  1  0  0  1  0  0  1'
    '0  0  0  0  0  0  1  1  1  0  0  1'
    '1  0  0  1  0  0  0  1  0  1  0  0'
    '1  1  1  0  0  0  1  1  1  1  1  0'
    '1  0  0  1  0  0  1  1  1  0  1  0'
    '1  0  0  0  0  0  0  1  1  1  0  0'
    '1  0  1  0  1  1  0  1  1  1  0  1'
    '1  0  1  0  1  1  0  1  1  0  1  1'
	15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
	    '1  1  0  1  1  0  1  0  1  0  0  0'
    '1  1  1  1  0  1  1  1  1  0  0  0'
    '0  1  0  0  1  1  1  0  0  1  0  1'
    '1  1  1  0  0  0  1  1  1  1  0  1'
    '1  1  1  0  1  0  0  1  0  0  1  0'
    '1  0  0  0  0  1  0  0  0  0  1  1'
    '0  0  1  1  1  0  1  1  1  0  0  0'
    '0  0  1  0  0  0  1  0  1  0  0  1'
    '0  1  0  0  0  1  0  0  1  0  0  1'
    '0  1  1  0  0  0  1  0  1  0  1  1'
    '1  1  1  0  0  1  0  1  0  1  0  0'
    '0  1  0  0  1  0  1  0  0  1  0  0'
    '0  1  0  1  0  0  1  1  1  1  1  0'
    '1  0  1  0  0  1  1  1  1  1  0  0'
    '1  1  1  1  1  1  1  0  0  1  0  0'




[bookmark: _Ref534549528]Table 2. Binary CGS of length-18 for pi/2-BPSK DMRS
	Index
	
	Index
	

	0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
	    '1  0  1  1  0  1  1  1  1  1  1  1  0  0  1  0  0  1'
    '1  1  0  1  1  0  0  0  0  0  1  0  1  0  0  0  0  0'
    '1  0  1  0  0  1  1  1  0  0  1  1  1  0  0  0  1  0'
    '0  0  1  0  0  0  1  1  1  1  1  0  0  0  1  0  0  0'
    '0  1  0  0  0  1  0  0  0  0  1  1  1  1  1  0  0  0'
    '1  0  0  1  0  1  0  1  0  0  1  1  1  1  0  1  1  1'
    '0  1  0  0  1  0  0  1  0  1  0  0  1  0  0  0  1  0'
    '1  0  1  0  1  1  0  0  0  1  1  0  0  0  1  1  1  0'
    '1  1  1  0  0  0  1  0  1  0  1  0  0  1  1  1  0  0'
    '1  0  0  1  0  1  0  0  1  0  1  1  1  0  1  1  1  0'
    '0  1  0  0  0  0  0  1  0  0  0  1  1  1  1  1  0  0'
    '0  0  1  1  0  1  1  0  0  0  0  0  0  0  1  0  0  1'
    '1  1  1  0  0  1  0  1  1  1  0  1  1  1  0  1  0  0'
    '0  1  0  0  1  1  1  0  1  1  1  0  0  1  0  1  1  1'
    '1  0  0  0  1  1  0  0  0  1  1  1  0  1  0  1  0  1'
	15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
	    '1  0  0  0  1  1  1  1  0  0  0  1  1  0  1  0  1  0'
    '1  0  0  0  0  0  1  1  0  0  1  0  1  0  1  0  0  1'
    '0  1  1  1  1  0  0  0  1  0  1  0  1  0  1  1  0  0'
    '1  0  0  0  1  1  1  1  1  0  0  0  1  1  1  0  0  0'
    '1  1  1  1  1  0  0  0  1  1  1  0  0  0  1  0  0  0'
    '0  0  1  0  1  0  1  0  0  1  1  1  0  0  1  1  1  0'
    '1  0  1  1  0  1  1  0  0  1  0  0  1  1  1  1  1  1'
    '1  0  1  0  1  0  0  0  1  1  1  1  0  0  0  1  1  0'
    '1  0  1  0  1  0  0  1  1  1  0  0  0  0  1  1  1  0'
    '0  0  1  1  0  1  0  1  0  1  0  0  0  1  1  1  1  0'
    '1  1  0  1  0  1  0  1  1  0  0  1  1  1  1  1  0  0'
    '0  0  1  1  1  0  1  0  1  0  1  0  0  1  1  1  0  0'
    '1  1  1  0  1  1  1  0  0  0  1  1  1  0  0  0  0  0'
    '0  0  0  0  0  0  1  0  0  1  0  0  1  1  0  1  1  0'
    '0  0  0  1  1  1  1  1  0  0  0  1  0  0  0  0  0  1'







[bookmark: _Ref534550067]Table 3. Binary CGS of length-24 for pi/2-BPSK DMRS
	Index
	

	0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
	    '0  1  1  1  0  0  1  0  1  1  1  0  1  0  0  0  1  1  1  1  1  1  1  0'
    '0  1  0  1  0  0  0  0  1  0  0  1  0  1  1  1  0  1  1  1  0  0  1  0'
    '0  1  1  1  0  1  1  0  0  0  0  0  0  0  1  0  1  1  0  0  1  0  0  0'
    '1  1  0  0  0  0  0  0  0  1  0  0  1  1  1  1  0  1  1  0  0  1  0  1'
    '1  1  0  0  0  0  1  1  1  1  1  0  1  1  1  0  1  1  1  0  1  0  0  1'
    '0  1  1  1  1  0  0  0  0  0  1  0  0  1  0  0  0  0  1  0  0  0  1  1'
    '1  0  1  1  0  0  1  0  1  1  1  0  0  0  0  0  0  1  1  0  1  0  1  1'
    '0  1  1  1  1  1  0  0  1  0  0  0  1  0  1  1  1  0  1  1  1  0  0  0'
    '0  1  0  1  0  0  1  0  0  1  1  1  0  1  1  1  1  0  1  1  1  1  0  0'
    '1  0  1  1  0  0  0  0  1  1  1  0  1  0  1  0  1  1  1  0  0  1  1  1'
    '0  0  1  0  1  1  0  1  1  1  1  0  1  0  1  1  0  1  1  0  0  0  1  0'
    '1  0  0  0  1  0  1  0  1  0  0  1  0  0  0  0  1  1  0  0  0  1  1  0'
    '1  0  0  0  0  0  0  0  1  1  1  0  1  0  0  1  1  0  1  1  1  1  0  0'
    '0  1  1  1  1  0  1  1  0  1  0  1  0  0  0  1  1  1  0  0  0  1  1  1'
    '0  0  1  0  0  1  1  1  0  1  1  1  1  0  1  1  0  1  1  1  1  1  0  0'
    '0  0  1  0  1  0  0  0  1  0  0  1  1  0  1  0  0  0  1  1  1  1  1  1'
    '0  1  0  1  0  1  0  0  0  0  1  1  1  0  0  1  1  1  0  0  1  0  0  0'
    '1  1  0  1  1  1  0  0  0  1  1  1  1  1  1  1  1  0  0  1  0  0  0  0'
    '1  0  1  0  1  1  0  0  1  0  0  1  1  1  0  1  1  0  1  0  0  0  0  0'
    '0  0  1  0  1  0  1  0  0  0  1  1  1  1  0  0  1  0  0  0  0  1  1  0'
    '1  0  1  0  0  1  1  1  0  0  1  1  1  1  0  1  1  1  1  0  0  0  1  0'
    '1  1  0  1  0  0  1  0  1  0  0  1  1  1  0  1  1  1  1  0  1  1  1  0'
    '0  1  1  0  1  0  0  0  0  0  0  0  1  1  0  0  1  0  1  1  1  1  1  0'
    '1  0  0  0  1  0  1  1  1  1  1  0  1  0  0  0  1  1  0  0  0  0  0  1'
    '1  0  1  0  0  0  1  0  0  1  1  1  0  0  1  1  1  1  1  0  0  0  0  0'
    '0  0  0  1  0  0  1  0  1  0  0  1  0  0  0  1  1  1  0  1  0  1  1  1'
    '0  1  0  0  1  0  0  0  0  1  0  0  0  1  0  0  0  1  1  0  1  0  1  1'
    '0  1  0  0  0  1  0  0  0  1  0  1  1  1  0  0  0  0  1  1  1  1  1  0'
    '0  1  0  1  1  0  1  0  1  1  1  0  1  1  1  1  0  0  1  1  1  0  0  1'
    '0  0  1  0  0  0  1  0  0  1  1  1  1  1  1  1  0  0  1  0  1  0  0  1'



Conclusion
Based on the discussion in this contribution we make these proposals:

Proposal 1	Support Alt.1, RRC signalling only to configure the UE to use Rel.16 sequence for PDSCH and PUSCH independently
Proposal 2	For each sequence length, select an optimized CGS set (i.e. by a single company)
Proposal 3	For pi/2-BPSK DMRS, adopt the CGS sets shown in Table 1, Table 2 and Table 3.
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[bookmark: _Ref534620529]Appendix
[bookmark: _Hlk534543343]In RAN1#95, a joint proposal on computer generated sequences for DFT-spread pi/2-BPSK DMRS was offered for sequence lengths of 12, 18 and 24 [2]. These sets were selected to provide low PAPR, good auto- and cross-correlations for circular sequence shifts within the range -2 to 2, for sequences of length-12, within the range -3 to 3, for sequences of length-18 and within the range -5 to 5, for sequences of length-24.
In the tables and figures below, we compare the proposed metrics for length 12,18 and 24 sequence sets. 
Table 4. CGS of length-12; Mean | Max values on PAPR and correlations.
	Cyclic shift
	Auto-correlation
	Cross-correlation
	PAPR

	
	JP [2]
	Table 1
	JP [2]
	Table 1
	JP [2]
	Table 1

	0
-1,1
-2,2
	-
0.07 | 0.33
 0.10 | 0.33 
	-
0 | 0
0 | 0 
	0.21 | 0.83 
0.22 | 0.83
 0.23 | 0.83 
	0.21 | 0.67
0.21 | 0.67 
0.20 | 0.67 
	1.10 | 1.51
	1.14 | 1.38



[image: ]
Figure 1. Correlation CDFs including circular shifts from -2 to 2. 

Table 5. CGS of length-18; Mean | Max values on PAPR and correlations.
	Cyclic shift
	Auto-correlation
	Cross-correlation
	PAPR

	
	JP [2]
	Table 2
	JP [2]
	Table 2
	JP [2] 
	Table 2

	0
-1,1
-2,2
-3,3
	-
0.02 | 0.22 
0.11 | 0.11
 0.04 | 0.22
	-
0 | 0
0.11 | 0.11
0 | 0
	0.19 | 0.67 
0.18 | 0.67
 0.18 | 0.67 
0.19 | 0.89 
	0.18 | 0.56
0.16 | 0.67
0.19 | 0.78
0.16 | 0.78 
	1.09 | 1.34
	1.19 | 1.39



[image: ]
Figure 2. Correlation CDFs including circular shifts from -3 to 3.


[bookmark: _Ref534550075]Table 6. CGS of length-24; Mean | Max values on PAPR and correlations.
	Cyclic shift
	Auto-correlation
	Cross-correlation
	PAPR

	
	JP [2]
	Table 3
	JP [2]
	Table 3
	JP [2]
	Table 3

	0
-1,1
-2,2
-3,3
-4,4
-5,5
	-
0.01 | 0.17
0.04 | 0.33
0.02 | 0.17
0.02 | 0.33
0.02 | 0.17
	-
0 | 0
0 | 0
0 | 0
0 | 0
0 | 0
	0.17 | 0.67
0.16 | 0.67
0.16 | 0.67
 0.15 | 0.67
 0.15 | 0.83
 0.15 | 0.67
	0.16 | 0.50
0.17 | 0.58
0.16 | 0.58
0.15 | 0.58
0.16 | 0.58
0.16 | 0.58 
	1.07 | 1.59
	1.29 | 1.66



[image: ]
Figure 3. Correlation CDFs including circular shifts from -5 to 5.
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