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	Agreement
For CP-OFDM and for both DMRS type 1 and 2, the following cinit for CDM group λ is used for Rel-16 DMRS sequence generation
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and where nSCID is provided by DCI. Lambda is absolute CDM group index.
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 


And for DFT-s-OFDM, it has been agreed in [1] 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 sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 
· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 


On power imbalance issue, the working assumption from RAN1#95 on low PAPR RS for Rel-16 NR was confirmed as an agreement in [1]
	Agreement
The working assumption from RAN1#95 on low PAPR RS for Rel-16 NR is confirmed as an agreement 
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Carefully consider channel estimation performance and cross correlation performance
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 
· Whether is it in scope of WI and if so, whether to specify a solution


In this paper, we will discuss the remaining issues on both CP-OFDM DMRS and DFT-s-OFDM DMRS enhancement for PAPR reduction in R16.
DM-RS for CP-OFDM
Based on the agreement in [1], new design of the DMRS sequence is introduced in R16. To reduce PAPR due to the sequence repetition in the frequency domain, each CDM group of Rel-16 DMRS was designed with different. As a consequence, the sequences of R15 and R16 will be different if multiple DMRS CDM groups are occupied. 
Specifically, for CDM group 0 and CDM group 1 in Rel-16, the two cinit (configured by nSCID=0,1, respectively) are used for port(s) in each of the two CDM groups, respectively. Thus for MU paring between Rel-15 and Rel-16,  and  in the two CDM groups need to be carefully configured to realize the orthogonal DMRS ports. For CDM group 2, the sequences in this CDM group is generated with a new  in Rel-16, which is different from Rel-15 DMRS CDM 2 sequence. As a result, DMRS ports in CDM group 2, i.e., {4, 5, 10, 11}, may not be concurrently assigned to UEs from different releases in some cases, such as ports scheduling for Rel-15 and Rel-16 UEs with {(4), (5), (4, 5), (3-5), (10), (11), (10-11), (4, 5, 10)}. Otherwise, the MU performance will be influenced by the backward compatibility issue in the following aspects:
Firstly, the orthogonality of the de-spreading between CDM-ed ports for Rel-15 and Rel-16 UEs will be impacted due to the different sequence, i.e., different. Secondly, interference measurement and suppression between these UEs may be complicated since a given UE cannot know the UEs sequence of the other release. If using scheduling restriction to avoid the interference from different sequences, the number of pairing layers may also be impacted.
To eliminate the above adverse effects, some candidate solutions have be considered in [1]
· 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
Based on the above analysis, some scheduling restrictions should be made in MU paring between different releases with Alt.1, such as the DMRS ports in a CDM group may not be co-scheduled for different users from different releases. Considering the configuration flexibility, a better solution of dynamically switching sequence types for Rel-16 UE should be supported. For example, when UEs from different releases are co-scheduled, R16 UEs should fall back to use R15 sequences for better MU performance. In addition, UE can make better interference assumption based on the dynamic sequence switching to improve performance of interference measurement and suppression.
Proposal 1: Dynamically switching sequence type between R15 and R16 sequences, i.e., Alt.2 RRC+DCI, is preferred.
DM-RS for Pi/2-BPSK DFT-S-OFDM
In last meeting, the design of long sequence were agreed with gold sequence with pi/2 BPSK modulation. In the part, we discuss the detailed design for length 6, 12, 18, 24 CGS-based DMRS sequences for pi/2-BPSK DFT-S-OFDM waveform.
The sequence generation for length 12, 18 and 24 CGS-based DMRS sequences are illustrated as follows: 
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Figure 1. Flow chart for length-12/18/24 CGS-based DMRS sequence
Length-12 DM-RS sequence: 
Table 1 shows our proposed length-12 CGS sequences and the corresponding PAPR.
· Table 1. PAPR for length-12 CGS sequences 
	Group ID
	Sequence
	PAPR(dB) with  

	0
	1, 0, 1, 1, 0, 1, 1, 0, 1, 0, 0, 0
	1.32301

	1
	1, 0, 1, 0, 0, 1, 1, 1, 0, 0, 1, 0
	1.03083

	2
	1, 0, 1, 0, 1, 1, 0, 1, 1, 0, 1, 0
	1.36099

	3
	1, 0, 1, 1, 0, 0, 0, 1, 1, 0, 1, 1
	1.03928

	4
	1, 0, 1, 0, 0, 1, 0, 0, 1, 0, 1, 0
	1.36099

	5
	1, 0, 1, 1, 0, 0, 1, 0, 1, 0, 0, 1
	1.20599

	6
	1, 0, 1, 1, 0, 0, 0, 1, 0, 0, 0, 1
	1.03928

	7
	1, 0, 1, 1, 0, 1, 1, 1, 0, 1, 1, 0
	1.15831

	8
	1, 0, 1, 1, 0, 1, 0, 1, 1, 0, 1, 1
	1.15832

	9
	1, 0, 1, 1, 0, 1, 0, 0, 0, 1, 0, 1
	1.32299

	10
	1, 0, 1, 0, 1, 0, 1, 1, 0, 0, 0, 1
	1.03083

	11
	1, 0, 1, 0, 1, 1, 0, 0, 1, 0, 0, 1
	1.20599

	12
	1, 0, 1, 0, 0, 0, 1, 0, 0, 0, 0, 0
	1.51707

	13
	1, 1, 1, 1, 0, 1, 1, 1, 0, 1, 0, 1
	1.32447

	14
	1, 0, 1, 1, 0, 1, 0, 1, 1, 1, 0, 1
	1.15496

	15
	1, 0, 1, 0, 1, 1, 1, 0, 1, 1, 0, 1
	1.19169

	16
	1, 0, 1, 0, 0, 1, 0, 0, 1, 0, 0, 0
	1.19169

	17
	1, 0, 1, 0, 1, 1, 0, 1, 1, 0, 1, 1
	1.15495

	18
	1, 0, 1, 0, 0, 1, 0, 1, 0, 0, 1, 1
	0.75327

	19
	1, 0, 1, 0, 0, 1, 0, 1, 1, 1, 0, 0
	0.75327

	20
	1, 0, 1, 1, 0, 1, 0, 1, 1, 0, 0, 0
	0.75327

	21
	1, 0, 1, 0, 1, 1, 0, 1, 0, 0, 0, 1
	0.75328

	22
	1, 0, 1, 0, 1, 1, 0, 1, 1, 0, 0, 0
	1.38737

	23
	1, 0, 1, 1, 0, 1, 0, 1, 0, 0, 0, 1
	1.38737

	24
	1, 0, 1, 0, 0, 1, 0, 0, 1, 1, 1, 0
	0.98191

	25
	1, 0, 1, 0, 1, 0, 0, 0, 1, 1, 0, 1
	0.98191

	26
	1, 0, 1, 1, 0, 0, 1, 1, 1, 0, 0, 0
	1.34262

	27
	1, 0, 1, 1, 0, 1, 1, 0, 0, 1, 1, 1
	0.97738

	28
	1, 0, 1, 1, 0, 0, 1, 1, 1, 1, 0, 1
	1.34262

	29
	1, 0, 1, 1, 0, 1, 1, 1, 1, 0, 0, 1
	0.97739



Figure 2 shows the performance of PAPR of our proposed length-12 sequence and R15 CGS sequence. The detailed simulation results including the channel estimation, cross-correlation performance and also the performance comparison between different proposals can be found in our companion contribution [2]
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Figure 2. PAPR of length-12 sequences 

Length-18 DM-RS sequence 
Table 2 provides our proposed length-18 CGS sequence and corresponding PAPR.
Table 2. PAPR for length-18 CGS sequences
	Group ID
	Sequence  
	PAPR(dB) with 

	0
	1,0,0,0,1,0,1,0,1,0,0,0,1,1,0,1,0,1
	1.18977

	1
	1,0,1,1,1,0,0,1,0,1,0,0,1,1,1,0,1,0
	   1.19002

	2
	1,1,1,1,0,0,0,1,1,0,1,1,1,0,1,0,0,0
	   1.18180

	3
	1,0,0,1,1,1,0,0,0,0,1,1,1,0,1,0,0,0
	   1.18180

	4
	1,0,0,0,0,1,1,1,0,0,1,0,0,0,1,0,1,1
	   1.23463

	5
	1,0,0,0,0,1,1,1,0,1,0,0,0,1,0,0,1,1
	   1.23428

	6
	1,1,0,1,1,0,1,1,1,0,1,1,1,1,1,0,0,0
	   1.23395

	7
	1,0,1,0,1,1,1,0,1,1,1,0,0,0,1,1,0,1
	   1.23394

	8
	1,1,1,0,0,1,0,1,1,1,1,0,1,1,0,0,1,0
	   1.22954

	9
	1,0,1,1,0,0,1,0,0,0,0,1,0,1,1,0,0,0
	   1.22968

	10
	1,0,1,1,1,0,1,1,1,0,0,1,0,1,1,1,0,0
	   1.24222

	11
	1,1,0,1,1,0,0,0,0,0,1,1,0,0,0,0,0,1
	   1.00986

	12
	1,1,0,0,0,1,0,0,1,0,1,0,0,1,1,0,1,0
	   1.11076

	13
	1,0,1,1,1,1,0,0,1,0,0,0,0,1,1,0,1,1
	   1.24242

	14
	1,1,0,0,1,1,1,1,1,0,0,1,0,0,0,1,1,1
	   1.00992

	15
	1,1,0,1,0,1,1,0,0,1,0,1,0,0,1,0,0,0
	   1.11077

	16
	1,0,1,1,0,0,1,0,1,0,1,0,0,1,0,0,0,1
	   0.82261

	17
	1,0,1,1,0,1,1,0,0,0,1,1,0,1,1,0,1,0
	   1.00817

	18
	1,0,0,1,0,1,0,1,0,0,1,1,1,1,1,0,0,0
	   0.69658

	19
	1,1,1,1,0,0,0,1,1,0,1,1,0,0,0,0,0,1
	   0.73366

	20
	1,0,0,1,1,1,0,0,0,0,0,1,1,1,1,1,0,0
	   0.73366

	21
	1,0,1,0,0,1,1,1,1,1,0,0,0,0,0,1,0,0
	   0.76881

	22
	1,0,1,1,0,0,1,0,1,0,0,1,1,1,1,0,0,0
	   1.21661

	23
	1,0,1,0,0,1,1,1,1,1,0,0,1,1,1,1,0,1
	   1.21671

	24
	1,0,1,1,0,0,0,1,1,0,1,1,1,1,0,1,1,0
	   1.11011

	25
	1,1,1,0,0,1,0,0,1,1,1,1,0,1,0,1,1,0
	   1.22314

	26
	1,0,0,0,0,0,1,0,1,1,0,0,0,1,1,0,1,1
	   1.22289

	27
	1,0,1,0,0,1,0,0,0,0,1,0,0,1,1,1,0,0
	   1.11001

	28
	1,1,0,0,1,1,1,1,1,0,1,0,0,1,1,0,1,0
	   1.17611

	29
	1,1,1,1,0,0,1,1,0,1,0,1,1,0,0,1,0,1
	   1.17602



Figure 3 shows the performance of PAPR of our proposed length-18 sequence and R15 CGS sequence. The detailed simulation results including the channel estimation, cross-correlation performance and also the performance comparison between different proposals can be found in our companion contribution [2]
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Figure 3. PAPR of length-18 sequences 
Length-24 DM-RS sequence 
Table 3 provides our proposed length-24 CGS sequence and corresponding PAPR.

Table 3 Length-24 CGS sequences
	Group ID
	Sequence  
	PAPR(dB) with 

	0
	1, 0, 1, 0, 0, 0, 1, 1, 1, 0, 1, 1, 0, 1, 0, 1, 1, 0, 1, 1, 1, 0, 0, 0
	1.0205

	1
	1, 0, 1, 0, 1, 1, 1, 0, 0, 0, 1, 0, 0, 1, 0, 1, 0, 0, 1, 0, 0, 0, 1, 1
	   1.0205

	2
	1, 1, 1, 1, 0, 0, 1, 0, 0, 0, 1, 1, 1, 1, 1, 0, 0, 1, 1, 1, 0, 1, 0, 1
	1.2694

	3
	1, 0, 1, 1, 0, 1, 1, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 1, 0, 1, 1, 1, 0
	1.5966

	4
	1, 1, 1, 1, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 1, 1, 0
	   1.01202

	5
	1, 1, 1, 1, 1, 1, 0, 0, 0, 1, 0, 0, 0, 1, 1, 0, 0, 0, 0, 1, 0, 1, 0, 0
	   1.31348

	6
	1, 0, 1, 0, 0, 0, 1, 1, 0, 1, 1, 1, 0, 1, 0, 0, 0, 1, 1, 1, 0, 1, 0, 1
	   1.21667

	7
	1, 0, 1, 0, 0, 1, 1, 1, 1, 1, 1, 0, 0, 0, 1, 0, 0, 0, 1, 1, 0, 0, 0, 0
	   1.45036

	8
	1, 0, 1, 0, 1, 1, 0, 0, 0, 1, 0, 0, 1, 0, 1, 1, 1, 0, 1, 0, 1, 0, 0, 1
	   1.52323

	9
	1, 1, 1, 1, 1, 0, 0, 1, 0, 0, 0, 1, 1, 1, 1, 0, 1, 1, 1, 1, 1, 1, 0, 0
	   1.31464

	10
	1, 0, 1, 0, 0, 1, 1, 0, 1, 0, 1, 0, 0, 0, 1, 0, 1, 1, 0, 1, 1, 1, 0, 0
	   1.52323

	11
	1, 0, 1, 0, 0, 1, 1, 0, 1, 1, 0, 1, 1, 1, 0, 0, 0, 0, 1, 1, 1, 1, 1, 0
	   0.88391

	12
	1, 1, 1, 1, 0, 0, 1, 0, 1, 0, 1, 1, 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 0, 1
	   1.30165

	13
	1, 1, 1, 1, 0, 0, 1, 0, 1, 0, 0, 0, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 1, 1
	   1.30172

	14
	1, 0, 1, 0, 0, 0, 0, 0, 1, 1, 1, 1, 0, 0, 0, 1, 0, 0, 1, 0, 0, 1, 1, 0
	   0.88386

	15
	1, 0, 1, 0, 1, 1, 1, 0, 0, 1, 0, 1, 1, 1, 0, 0, 1, 0, 1, 1, 0, 1, 1, 0
	   1.37272

	16
	1, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 0, 1, 1, 1, 1, 0, 0, 0, 1, 0, 0, 1
	   1.31464

	17
	1, 0, 1, 0, 0, 1, 1, 1, 0, 1, 0, 1, 0, 1, 1, 0, 1, 1, 0, 1, 0, 0, 1, 1
	   1.37268

	18
	1, 0, 1, 0, 0, 0, 1, 1, 0, 1, 0, 0, 0, 1, 1, 0, 1, 0, 0, 1, 0, 0, 1, 0
	   0.92387

	19
	1, 0, 1, 0, 0, 1, 1, 1, 0, 1, 0, 0, 1, 1, 1, 0, 1, 0, 1, 0, 1, 1, 0, 1
	   0.92386

	20
	1, 0, 1, 0, 0, 1, 0, 0, 0, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 0, 1, 0, 1
	   1.21167

	21
	1, 0, 1, 0, 1, 1, 1, 1, 1, 1, 0, 0, 1, 1, 1, 0, 0, 0, 1, 0, 0, 1, 0, 1
	   1.21166

	22
	1, 0, 1, 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 0, 1, 1, 0, 1, 0, 1, 0, 1, 0, 0
	   1.47071

	23
	1, 1, 1, 1, 0, 1, 0, 0, 1, 1, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 1
	   1.12587

	24
	1, 0, 1, 1, 0, 1, 1, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 1, 1, 0
	   1.37872

	25
	1, 1, 1, 1, 0, 1, 0, 1, 1, 0, 1, 0, 1, 0, 1, 0, 0, 1, 1, 0, 1, 1, 0, 0
	   1.12587

	26
	1, 0, 1, 0, 0, 0, 1, 0, 0, 1, 1, 1, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0, 1, 1
	   1.37867

	27
	1, 0, 1, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 1, 1, 1, 0, 0, 1
	   1.47071

	28
	1, 0, 1, 0, 0, 1, 0, 0, 0, 0, 0, 1, 1, 1, 0, 0, 1, 0, 0, 0, 1, 0, 1, 1
	   1.18821

	29
	1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 1, 0, 0, 1, 0, 1, 0, 0, 0, 1, 1, 1, 1, 0
	   1.18818



In Figure 4, we show the performance of PAPR of our proposed length-24 sequence and R15 CGS sequence. The detailed simulation results including the channel estimation, cross-correlation performance and also the performance comparison between different proposals can be found in our companion contribution [2]
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Figure 4. PAPR of length-24 sequences 

From above discussion and evaluation results (including the simulation results in [2]), we can see the proposed CGS for length-12/18/24 are good performance in PAPR (the same PAPR with data), channel estimation and cross-correlation, etc. 
Proposal 2: Adopt Table-1, 2, 3 CGS sequences for pi/2 BPSK based length-12, 18 and 24 DMRS sequence.

Length-6 DM-RS sequence design 
[image: ]
Figure 5. Flow chart for length-6 CGS-based DMRS sequence 
Length-6 DM-RS sequence is applied for 1 RB resource allocation. For length-6 sequence, there are not sufficient pi/2 BPSK sequences to form 30 DMRS sequences. Therefore, we consider larger constellation with 8PSK or 16PSK with the following equation to generate the length-6 sequence
or
In [3], it has provided the length-6 DMRS sequence with 8PSK.In this design, it adopts the follow structure as shown in Figure 5.
=[]  and =[]  
It should be noted in [3],  share the same group of computer searched 30 sequences. However, our evaluation results show that the same group of sequence cannot fulfill the PAPR requirement for  simultaneously. As illustrated in Table 4, the PAPR for  for the same group of sequence are evaluated and given. For , the PAPR of the sequences can be reduced to below 2dB, whereas, the PAPR of increases to nearly 4dB which obviously exceeds the PAPR of data.
Table 4.  PAPR for  of length-6 DMRS sequence with 8PSK in [3]
	u
	
	
	

	0
	    -7     5    -7    -3    -5     5
	1.4610
	1.4479

	1
	    -7    -3    -7    -3     7     5
	1.4610
	1.5786

	2
	    -7    -3     3     7     3    -3
	1.5421
	1.7852

	3
	    -7     5    -7    -3     7     5
	1.6373
	2.1837

	4
	    -7    -3    -7    -3    -5     5
	1.6373
	2.2430

	5
	    -7     1    -1     5    -7     5
	1.6492
	2.3795

	6
	    -7     5    -1     1    -3     1
	1.8773
	2.3797

	7
	    -7    -3    -7    -5     5     1
	1.8773
	2.3797

	8
	    -7    -5     3     7     5    -1
	1.9518
	2.3822

	9
	    -7     3    -3    -5    -1     7
	1.9518
	2.3905

	10
	    -7     1    -3     1     7     5
	1.9574
	2.3905

	11
	    -7    -3    -3    -1    -7     5
	1.9661
	2.3905

	12
	    -7    -7    -3     1    -3     7
	1.9661
	2.4530

	13
	    -7     5    -5    -1    -3     5
	1.9682
	2.4702

	14
	    -7    -1     5     7     5    -1
	1.9911
	2.5254

	15
	    -7     3    -3    -5    -3     3
	1.9911
	2.5254

	16
	    -7    -3     3    -1    -7    -5
	1.9939
	2.6289

	17
	    -7    -3    -5    -3     7     3
	1.9939
	2.6671

	18
	    -7    -1    -3    -1     7     3
	2.0232
	2.6671

	19
	    -7     5     7    -1    -3     3
	2.0314
	2.9176

	20
	    -7    -1    -3     5     7     3
	2.0314
	3.0113

	21
	    -7    -1     3     7     3    -1
	2.0425
	3.4406

	22
	    -7     3    -1    -5    -1     3
	2.0425
	3.4408

	23
	    -7     3     3     7    -5     7
	2.0490
	3.4847

	24
	    -7     5    -7    -3    -3     7
	2.0491
	3.5402

	25
	    -7    -5     3     7     3    -3
	2.0927
	3.6761

	26
	    -7     3    -1     3    -5    -3
	2.0928
	3.7384

	27
	    -7     1    -3     5     7     5
	2.1111
	3.7385

	28
	    -7     5    -3     1     1    -1
	2.1966
	4.0684

	29
	    -7     7     7    -5     3    -1
	2.1966
	4.0686



Observation 1: The PAPR for andof the length-6 sequence proposed in [3] differs significantly, where up to 4dB for and it cannot fulfill the low PAPR requirement.
Therefore, it is more reasonable to search and optimize the group of sequence for s respectively. In Table 5, the two separate groups of sequence design for are provided in which 8PSK based CGS sequence is used.
Table 5.  PAPR for  of length-6 DMRS sequence with 8PSK
	u
	 for 
	
	 for 
	

	[bookmark: _Hlk535012751]0
	1     3     1     -5     1     7
	2.0792
	1     5     1     -5     3     3
	2.1005

	1
	1     -3     3     1     7     -7
	   2.1155
	1     -5     1     3     -3     7
	1.7244

	2
	1     -5     5     5     -5     1
	   2.0359
	1     7     1     7     -3     -5
	1.7714

	3
	1     7     1     -1     1     -5
	   2.0793
	1     5     5     -5     3     -1
	2.0083

	4
	1     7     1     -1     -7     -1
	   1.8853
	1     7     1     1     -3     5
	1.8877

	5
	1     5     1     -7     -3     -5
	   1.9572
	1     7     1     -1     5     -5
	1.7244

	6
	1     7     1     -5     -3     3
	   1.7901
	1     7     1     -5     -3     -1
	1.7715

	7
	1     5     1     -1     3     -7
	   2.1070
	1     -1     5     -7     -1     -1
	1.9848

	8
	1     5     1     -5     7     -1
	   1.7675
	1     7     1     -5     -3     7
	1.9289

	9
	1     3     1     7     -3     -7
	   2.0214
	1     -3     1     1     -5     3
	1.8619

	10
	1     5     1     -1     3     -3
	   1.7817
	1     1     7     -7     3     -1
	1.9849

	11
	1     -3     1     5     -1     3
	   1.7817
	1     5     1     1     7     -1
	1.8619

	12
	1     -5     1     3     -7     7
	   1.8864
	1     -5     1     7     5     -5
	1.9289

	13
	1     -3     1     -7     7     -5
	   1.9665
	1     -5     1     7     -3     -5
	1.9701

	14
	1     -3     5     -7     -5     5
	   2.0290
	1     7     3     -1     5     5
	2.0881

	15
	1     5     1     -5     -1     -3
	   1.4418
	1     5     1     3     -1     5
	2.0755

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

	17
	1     -3     1     5     3     -7
	   2.0932
	1     -7     5     -1     3     -7
	1.9151

	18
	1     -5     5     3     -7     -1
	   1.7657
	1     5     1     7     -1     -7
	1.8619

	19
	1     5     1     5     -5     -7
	   1.6489
	1     5     1     -5     -5     3
	2.1006

	20
	1     3     1     -5     5     -7
	   1.9297
	1     -5     1     -1     5     -5
	1.7245

	21
	1     5     1     -3     1     5
	   1.5333
	1     -5     1     3     -3     -1
	1.9289

	22
	1     7     1     -5     -7     -1
	   1.8863
	1     -3     1     5     -1     -5
	2.0887

	23
	1     5     1     5     -5     5
	   1.5200
	1     -3     1     -1     3     -3
	2.0755

	24
	1     5     1     -5     -1     3
	   1.8358
	1     7     1     -5     5     7
	1.9701

	25
	1     -1     1     -7     -3     7
	   1.9298
	1     7     1     3     5     -1
	1.7715

	26
	1     -3     1     5     -7     7
	   1.9853
	1     7     3     -1     -1     5
	1.8384

	27
	1     5     1     7     -1     -3
	   2.1115
	1     7     1     7     5     3
	1.7714

	28
	1     -3     1     -5     -1     5
	   1.8003
	1     5     1     -3     3     7
	2.0887

	29
	1     -7     5     -1     -5     -3
	   1.8788
	1     -5     3     7     -3     -3
	2.084



In addition to 8PSK based CGS sequence, 16PSK with larger constellation based CGS sequence design is also provided in Table 6.
Table 6.  PAPR for  of length-6 DMRS sequence with 16PSK
	u
	 for 
	
	 for 
	

	0
	1     -5     5     11     -13     11
	1.5266
	1     -7     13     -13     -11     -3
	1.8551

	1
	1     -5     3     13     3     -5
	1.7337
	1     -7     -9     -15     -3     5
	1.8549

	2
	1     -5     5     13     5     11
	1.8202
	1     5     15     -15     5     -3
	1.8895

	3
	1     -9     -5     5     15     11
	1.5718
	1     13     11     1     -3     9
	1.8895

	4
	1     9     -15     11     -13     11
	1.4234
	1     11     3     15     11     5
	1.8709

	5
	1     9     -15     11     3     11
	1.5758
	1     -11     -3     3     -9     -5
	1.7423

	6
	1     11     -11     -9     13     3
	1.8733
	1     -11     -3     3     -9     13
	1.7806

	7
	1     -7     7     15     11     15
	1.8914
	1     -7     3     15     11     5
	1.8514

	8
	1     -9     -1     -5     -15     -7
	1.6919
	1     -3     7     -13     9     5
	1.8332

	9
	1     -13     -9     -15     -5     7
	1.7162
	1     11     7     -13     9     5
	1.8716

	10
	1     -1     7     15     3     11
	1.432
	1     13     -9     1     -9     -15
	1.8763

	11
	1     9     -15     15     -9     11
	1.4795
	1     -9     13     1     1     7
	1.8763

	12
	1     15     7     -5     -11     -9
	1.8878
	1     3     11     -1     -11     -3
	1.8214

	13
	1     11     15     -3     -13     5
	1.8748
	1     3     11     -1     7     -3
	1.7856

	14
	1     9     -15     15     7     15
	1.7096
	1     9     -1     7     9     -3
	1.9068

	15
	1     9     -15     9     7     15
	1.8449
	1     11     -11     13     15     -7
	1.8635

	16
	1     -11     -3     11     -15     13
	1.7534
	1     -7     3     -5     -3     7
	1.5049

	17
	1     11     1     5     -9     -9
	1.839
	1     9     7     -3     5     -5
	1.8634

	18
	1     -3     9     -1     -15     -11
	1.8617
	1     13     15     7     -3     5
	1.8965

	19
	1     15     -13     7     -5     -9
	1.767
	1     -7     3     11     9     -3
	1.8966

	20
	1     11     -3     3     1     -9
	1.9052
	1     13     -7     -5     -15     -7
	1.9074

	21
	1     -11     -13     9     -13     -3
	1.9006
	1     -7     13     15     -3     3
	1.8752

	22
	1     -11     -7     3     13     3
	1.9006
	1     -13     -15     -3     5     -9
	1.8753

	23
	1     -11     11     -11     -7     3
	1.85
	1     15     11     -1     11     7
	1.8943

	24
	1     -11     -15     -9     3     11
	1.8371
	1     -3     11     7     -5     5
	1.8703

	25
	1     15     5     -9     -7     -9
	1.8506
	1     -13     -9     3     -7     -3
	1.8343

	26
	1     11     15     9     -1     -11
	1.8196
	1     7     7     -5     -15     -3
	1.8124

	27
	1     -11     -1     -5     5     11
	1.6235
	1     11     1     11     -11     -9
	1.6131

	28
	1     7     -5     5     15     11
	1.6895
	1     -5     5     -7     -11     9
	1.8519

	29
	1     11     3     13     -13     15
	1.8407
	1     -9     1     3     -3     7
	1.8959



Figure 5 provide the PAPR comparison of our proposed 8PSK and 16PSK based length-6 sequence, sequence proposed in [3] and R15 sequence.
[image: ]
Figure 5. PAPR of length-6 sequences 
Observation 2: Two separate groups of length-6 sequence for achieve similar PAPR and both can be reduced to the same level as data.
Observation 3: 16PSK based length-6 sequence has lower PAPR than 8PSK based sequence.
Proposal 3: Two groups of length-6 sequence should be defined for  respectively.
It is known that the auto correlation and frequency flatness of the sequences will impact the channel estimation performance. Figure 6 provides the channel estimation performance comparison of our proposed 8PSK and 16PSK based length-6 sequence, sequence proposed in [3] and R15 sequence to verify the auto correlation and frequency flatness of the sequences. It is noted that time domain channel estimation algorithm is assumed.
     
[image: cid:image001.png@01D4A9F7.EA1BE560]
Figure 6. Channel estimation performance of length-6 sequences
Observation 4: Our proposed 16PSK based length-6 DMRS sequence achieve similar channel estimation performance with that proposed in [3].
Figure 7 provides the cross correlation comparison of our proposed 8PSK and 16PSK based length-6 sequence, sequence proposed in [3] and R15 sequence. 
[image: cid:image002.jpg@01D4A9F8.C75C3740]
Figure 7. Cross correlation of length-6 sequences
Observation 5: Our proposed 8PSK and 16PSK based length-6 DMRS sequence achieve similar cross correlation performance , and both has lower cross correlation than that proposed in [3].
Proposal 4: 16PSK based length-6 DMRS sequence shown in Table 6 should be supported, where the performance is better than 8PSK sequences.

Orthogonal DMRS ports
For DFT-S-OFDM waveform, DMRS configuration type 1 is used, which has a comb-2 structure in the frequency domain. In R16, the new DMRS design should also support comb-2 structure in the frequency domain. In our proposed design, DMRS sequence is generated in time domain as data, to achieve the comb- 2 mapping in the frequency domain, it is equivalent to repeat the same time domain sequence two times and then apply an OCC [+1, +1] and [+1, -1]. To be specific, to generate a sequence of length N with comb- 2 structure in the frequency domain, we can take a sequence  and perform a repetition in time domain and apply two different OCCs before DFT operation as follows:
=[]  and =[]  .



Figure 8. Frequency mapping of  
As shown in Figure 8, after the DFT operation, will occupy even subcarriers and odd subcarriers in frequency domain respectively. With the structure, two orthogonal ports can be used for DMRS.
As the sequence with constant amplitude is generated in time domain, it leads to the non-constant amplitude when the time domain sequence is transformed into frequency domain. The frequency domain orthogonality will be broken if cyclic shift is applied for each comb. To support the same four orthogonal DMRS ports in one OFDM symbol as R15, it proposed to further introduce time domain OCC [+1, +1] and [+1, -1] for each comb as shown in Table 7 [3]. However, we found that the introduction of time domain OCC will degrade the PAPR for length 6 sequence and frequency flatness for length 12/18/24 sequence.
[bookmark: OLE_LINK17]Table 7. Orthogonal DMRS ports generated with time domain OCC   
	DMRS port
	CDM group
	Sequence in Time domain

	0
	0
	

	1
	
	

	2
	1
	

	3
	
	[bookmark: OLE_LINK16]


As shown in Table 8, with the introduction of time domain OCC for each comb, the PAPR for and  degrades significantly and it reaches up to 5dB which can hardly fulfill the PAPR requirement.
Table 8. PAPR for length 6 sequence with time domain OCC
	u
	PAPR of 
	PAPR of 
	PAPR of 
	

	0
	2.0792
	3.11261
	2.1005
	1.60973

	1
	2.1155
	2.56417
	1.7244
	1.85102

	2
	2.0359
	0.82699
	1.7714
	1.66931

	3
	2.0793
	3.21300
	2.0083
	1.62548

	4
	1.8853
	2.91414
	1.8877
	1.6011

	5
	1.9572
	3.78755
	1.7244
	2.3151

	6
	1.6125
	2.20562
	1.7715
	3.21463

	7
	1.9572
	1.80024
	1.9848
	2.0887

	8
	1.7675
	1.78392
	1.9289
	3.29723

	9
	2.048
	1.71385
	1.8619
	0.85452

	10
	1.7901
	4.08775
	1.9849
	2.27111

	11
	1.7817
	2.04171
	1.8619
	2.14168

	12
	1.8864
	3.97819
	1.9289
	3.29389

	13
	2.0214
	2.47884
	1.9701
	1.60801

	14
	2.0479
	1.48409
	2.0881
	2.35117

	15
	1.8788
	1.90204
	2.0755
	1.46994

	16
	2.0214
	2.86897
	1.8619
	2.83702

	17
	1.9507
	2.3106
	1.9151
	2.69087

	18
	1.6341
	2.60791
	1.8619
	2.32554

	19
	1.6341
	2.4203
	2.1006
	2.57707

	20
	1.9665
	4.71356
	1.7245
	3.12334

	21
	1.9852
	1.61465
	1.9289
	2.28743

	22
	1.9507
	2.06032
	2.0887
	1.78825

	23
	1.8359
	3.89301
	2.0755
	2.15225

	24
	2.1115
	3.60927
	1.9701
	2.1522

	25
	1.8358
	1.59312
	1.7715
	2.63655

	26
	1.9919
	2.66584
	1.8384
	3.52716

	27
	1.9919
	5.28677
	1.7714
	3.30313

	28
	1.6489
	2.56228
	2.0887
	5.20987

	29
	1.8771
	3.77858
	2.084
	5.20965



[bookmark: OLE_LINK18]Observation 6: The introduction of time domain OCC degrades the PAPR for length-6 DMRS sequence.
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Figure 9.Frequency flatness degradation with time domain OCC for length-12 sequence

The left and right figure of Figure 9 illustrate the frequency flatness for an original sequence and the sequence with time domain OCC respectively. It can be observed that the frequency fluctuation becomes worse when the time domain OCC is applied.
Observation 7: The introduction of time domain OCC degrades the frequency flatness for length-12/18/24 DMRS sequence.
Based on the above observations, we can see that enlarging the orthogonal DMRS ports through the introduction of time domain OCC does not actually work. In our opinion, as pi/2 BPSK with DFT-S-OFDM waveform primarily targets for improving the coverage for cell edge UE, and MU paring to increase the capacity is not the typical scenario for this type of waveform. Therefore, we have the following proposal
[bookmark: OLE_LINK4]Proposal 5: For PUSCH with pi/2 BPSK modulation, NR Rel-16 only supports two orthogonal DMRS ports.
Power imbalance
In the WID on MIMO enhancements [4], the scope for PAPR reduction issue only include CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers. It is obviously power imbalance was not in the scope of WI. In addition, power imbalance issue was already discussed in Rel-15, based on those discussions, it is not considered as a critical issue and there are also some implementation solutions. 
In a word, considering the scope of R16 MIMO WID, we do not suggest introduce solutions for power imbalance at the current stage.
Proposal 6: Power imbalance is out of scope for Rel-16 MIMO WID.
Summary of proposals
The observations and proposals in this paper are summarized as follows. 
Observation 1: The PAPR for andof the length-6 sequence proposed in [3] differs significantly, where up to 4dB for and it cannot fulfill the low PAPR requirement.
Observation 2: Two separate groups of length-6 sequence for achieve similar PAPR and both can be reduced to the same level as data.
Observation 3: 16PSK based length-6 sequence has lower PAPR than 8PSK based sequence.
Observation 4: Our proposed 16PSK based length-6 DMRS sequence achieve similar channel estimation performance with that proposed in [3].
Observation 5: Our proposed 8PSK and 16PSK based length-6 DMRS sequence achieve similar cross correlation performance , and both has lower cross correlation than that proposed in [3].
Observation 6: The introduction of time domain OCC degrades the PAPR for length-6 DMRS sequence.
[bookmark: _GoBack]Observation 7: The introduction of time domain OCC degrades the frequency flatness for length-12/18/24 DMRS sequence.

Proposal 1: Dynamically switching sequence type between R15 and R16 sequences, i.e., Alt.2 RRC+DCI, is preferred.
Proposal 2: Adopt Table-1, 2, 3 CGS sequences for pi/2 BPSK based length-12, 18 and 24 DMRS sequence.
Proposal 3: Two groups of length-6 sequence should be defined for  respectively.
Proposal 4: 16PSK based length-6 DMRS sequence shown in Table 6 should be supported, where the performance is better than 8PSK sequences.
Proposal 5: For PUSCH with pi/2 BPSK modulation, NR Rel-16 only supports two orthogonal DMRS ports.
Proposal 6: Power imbalance is out of scope for Rel-16 MIMO WID.
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Appendix
Below cross correlation calculation is adopted in our statistic, and NFFT is the IFFT length with the oversampling factor of 32.
xcorr_coeffs =  NFFT * IFFT(seq1.* conj(seq2), NFFT) / length(seq1)
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