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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN #AH1901 meeting, the following agreements and conclusion are achieved on low PAPR RS [1].
Agreement
The RRC parameters DMRS-DownlinkConfig and DMRS-UplinkConfig are extended to configure the alternative use of Rel. 16 sequence selection and behavior for the 2nd and 3rd CDM group for PDSCH and PUSCH respectively and for CP-OFDM only. DCI is not used to select between Rel.15 and Rel.16 behaviour.

Agreement
For length 12,18, and 24 respectively, NR Rel-16 supports the binary CGS in the Table C1, C2, and C3 respectively followed by pi/2 BPSK modulation followed by DFT as DMRS sequence for π/2 BPSK modulation for both PUSCH and PUCCH.
· The above is applicable to single-symbol DMRS configuration
· FFS: CGS for two-symbol DMRS configuration
Table C1, C2, and C3 can be found in R1-1901362

Agreement
· For pi/2 BPSK Rel.16 sequence design for PUSCH DMRS of length ≥30
· Cell ID default scrambling parameter(s) unless configured otherwise
· Use c_init formula from Rel.15 CP-OFDM DMRS and reuse Rel-15 Gold sequence generator
· Open issues for further study:
· Whether new Rel.16 DMRS sequence is used for Msg3 
· For which DCI formats, search spaces and RNTIs the new Rel.16 DMRS sequence configuration is applicable
· Configuration of Rel.16 sequence for pi/2 BPSK PUSCH DMRS
· Alt.A One configuration of Rel.16 sequence applies to all lengths
· Alt.B Independent configuration of Rel.16 sequence for sequence length ≥30  and <30 
· Down-select between Alt.1 and Alt.2 in RAN1#96
· Alt.1  Follow DFT-S-OFDM approach 
· nIDnSCID  is defined as nPUSCH-Identity  
· Only nSCID=0 is applicable
· No change to DCI, only RRC is used to configure 
· Alt.2 Follow CP-OFDM approach 
· nIDnSCID   parameters are configured by RRC as for CP-OFDM DMRS
· DCI is used to indicate nSCID as for CP-OFDM
· 1 bit always present in DCI when Rel.16 DMRS is configured 
· FFS on how to interpret 1 bit in DCI for length<30 
· Possible benefit: gNB can dynamically select sequence to reduce probability of a bad sequence choice (e.g. nulls in PSD)

Agreement:
For length 6 CGS; 8-PSK is used
Decide the associated sequences in the next RAN1 meeting	

Conclusion
Multiple companies in RAN1 have identified a power imbalance issue due to the some combinations of Rel.15 DMRS and some MIMO precoding matrices
· For example, it may occur for some cases of two symbol DMRS and two or four layer MIMO for a UE 
· Some companies claim this can be avoided by implementation based solutions for PDSCH and PUSCH

Agreement
For one OFDM symbol DMRS and for PUSCH with pi/2 BPSK modulation, down select among the following alternatives
· Alt.0: Only a single DMRS port is supported (one comb is used)
· Alt.1: One DMRS port per comb is supported (in total 2 ports)
· Alt.2: Support two DMRS ports per comb (in total 4 ports) 
· Study may take UL timing misalignment into account

In this contribution, we present our views on CGS for DMRS, DMRS configuration, and power imbalance issues for Rel-16 DMRS enhancement.
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 equal to 30 or larger. 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 detail of CGS has not determined yet. 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. According to previous RAN1 meeting agreements, the metric of CGS search should consider the following aspects,
· Autocorrelation shift property
· PAPR based on FDSS filter
· Cross correlation property
· SINR to BLER and frequency domain flatness
Based on above metrics and link level simulation assumptions in Appendix I, new length 6 CGSs are searched and evaluation results for them are depicted in following Table 1.
Table 1. Proposed CGSs for DMRS sequence length equal to 6
	Index
	CGS-6
	Mean auto 
shift correlation
 (-5 to 5)
	PAPR
(dB)
	Mean cross 
correlation
	BLER(%)
(SINR=-5dB)

	0
	7
	3
	-1
	-5
	-1
	3
	0.13
	0.78
	0.33
	3.80

	1
	7
	-5
	7
	-5
	7
	3
	0.13
	1.53
	0.34
	3.40

	2
	5
	-7
	5
	-7
	-3
	-7
	0.13
	1.53
	0.28
	3.40

	3
	3
	1
	5
	1
	5
	-7
	0.18
	1.63
	0.34
	2.20

	4
	1
	5
	-7
	7
	1
	5
	0.18
	1.46
	0.29
	3.00

	5
	7
	-5
	3
	5
	-1
	-7
	0.17
	1.95
	0.37
	2.20

	6
	3
	-1
	3
	-3
	-5
	-1
	0.18
	1.46
	0.30
	3.40

	7
	5
	-7
	7
	1
	5
	1
	0.18
	1.46
	0.36
	3.20

	8
	-3
	7
	-5
	-1
	-5
	-1
	0.18
	1.63
	0.32
	3.00

	9
	5
	-1
	-3
	-1
	5
	-5
	0.14
	1.99
	0.30
	2.20

	10
	7
	-7
	1
	5
	3
	-3
	0.17
	1.95
	0.37
	3.60

	11
	7
	1
	7
	-3
	-1
	-3
	0.14
	1.99
	0.32
	1.80

	12
	7
	1
	-5
	-7
	-5
	1
	0.14
	1.99
	0.40
	2.00

	13
	-5
	5
	-1
	-3
	-1
	5
	0.14
	1.99
	0.40
	2.40

	14
	-5
	-1
	-7
	7
	-5
	-1
	0.18
	1.46
	0.42
	3.00

	15
	5
	7
	-3
	-5
	5
	-5
	0.14
	2.34
	0.29
	3.00

	16
	-1
	1
	5
	-5
	7
	3
	0.17
	2.17
	0.32
	3.80

	17
	3
	5
	-1
	5
	-1
	-3
	0.14
	2.34
	0.27
	2.80

	18
	7
	-7
	5
	1
	-3
	3
	0.17
	2.17
	0.33
	4.20

	19
	7
	-1
	-3
	5
	-7
	5
	0.18
	2.37
	0.32
	2.40

	20
	7
	5
	-7
	1
	-3
	7
	0.16
	2.27
	0.34
	3.00

	21
	-1
	-3
	3
	5
	-1
	5
	0.14
	2.34
	0.33
	2.40

	22
	7
	-1
	3
	1
	1
	-5
	0.16
	2.27
	0.35
	3.40

	23
	-3
	-5
	-5
	5
	1
	-7
	0.16
	2.27
	0.34
	3.40

	24
	5
	-7
	7
	1
	5
	1
	0.18
	1.46
	0.36
	3.20

	25
	3
	-7
	-3
	-1
	-5
	7
	0.17
	2.17
	0.35
	4.00

	26
	7
	1
	-5
	-7
	-5
	1
	0.14
	1.99
	0.40
	2.00

	27
	-7
	5
	7
	-5
	1
	-3
	0.17
	2.17
	0.33
	4.40

	28
	-5
	5
	-1
	-3
	-1
	5
	0.14
	1.99
	0.40
	2.40

	29
	-5
	-1
	-7
	7
	-5
	-1
	0.18
	1.46
	0.42
	3.00


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, the proposed CGSs listed as above are supported.
·  The DMRS sequence shall be generated by length 6 CGS followed by 8PSK modulation followed by DFT modulation.
1. On NR Rel-16 DMRS configuration
In NR Rel-15, the typical use case of UL DFT-s-OFDM waveform is for coverage. However, DFT-s-OFDM waveform also can be applied to reduce PAPR for mMTC service and other scenarios. When UL DFT-s-OFDM waveform is enabled, only single antenna port transmission is supported by the UE. Therefore, there is no need to configure more than one DMRS scrambling ID for single antenna port transmission, as network can always configure different DMRS scrambling ID for different UE to prevent inter-UE interference. In addition, the probability of UL MU-MIMO transmission with same resource allocation and same DMRS scrambling ID is very low. Even for that case, network can still schedule different UEs with orthogonal antenna ports to prevent inter-UE interference. In summary, it seems one PUSCH scrambling ID is sufficient for single port transmission.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2:
· For pi/2 BPSK Rel-16 sequence design for PUSCH DMRS of length ≥30, nPUSCH-Identity is supported for c_init formula.
For Msg3 PUSCH transmission, since network may not acquired UE capability information, it is not feasible to configure Rel-16 DMRS sequence for the UE. Consequently, only Rel-15 DMRS sequence is supported for such case. 
Generally, fallback DCI is used for RRC reconfiguration scenario. If multiple DMRS sequences were supported for fallback DCI, it might increase the complexity of UE blind decoding. In addition, in Rel-15, default DMRS parameters are predefined for the UE scheduled by fallback DCI, which is regardless of CSS or USS. Therefore, there is no need to over optimization for such case in Rel-16, too.
It was agreed that only support RRC configuration to choose whether use Rel-15 or Rel-16 DMRS sequence in previous RAN1 meeting, and DCI is not used for selection. Network always can indicate UE to use Rel-15 or Rel-16 DMRS sequence by RRC reconfiguration. Furthermore, to avoid RRC reconfiguration latency, network also can dynamically switch to use Rel-15 or Rel-16 DMRS sequence through switching DCI format.
Proposal 3:
· Rel-16 DMRS sequence is not used for Msg3 PUSCH.
· Rel-16 DMRS sequence is not used for PUSCH or PDSCH which is scheduled by fallback DCI. 
· Only one RRC configuration for all lengths of Rel-16 DMRS sequence is supported.
Since different cells schedule individually, same length of sequences with different cyclic shift or different length of sequences may be colliding, which may lead to severe inter-cell interference. Besides interference between same types of CGSs, as new CGS shall be introduced in NR Rel-16, interference between different types of CGS also should be investigated. CGS re-ordering for DFT-s-OFDM to reduce interference was discussed in NR Rel-15, the final specified CGSs are reordered based on cross correlation. Consequently, CGS re-ordering to reduce interference can be further studied.
 Proposal 4:
· Further study CGS re-ordering for DMRS for PI/2 BPSK modulation to reduce interference.
1. On power imbalance
In previous RAN1 meeting, it was agreed power imbalance issue is existing for some combinations of DMRS ports and some MIMO precoding matrices. This issue shall cause power ramping and phase discontinuity problem, which also lead to power boosting problem and degrade DMRS demodulation performance. Some companies argue that this issue can be avoided by implementation. However, from the perspective of RAN4 testing, if those DMRS ports combination and precoding matrices are selected for testing, some metrics may have risk to fulfill. Thus, we prefer to solve this issue by specification way. As discussed in [4], at least for uplink double-symbols DMRS case, adding a phase rotation diagonal matrices to those precoding matrices to avoid power imbalance issue is supported.
Proposal 5:
· Support to specify precoding matrices enhancement to solve power imbalance issue.
1. Conclusion
In this contribution, for Rel-16 DMRS enhancement, CGS for DMRS, DMRS configuration, and power imbalance issues are discussed with the following proposals.
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, the proposed CGSs listed as above are supported.
·  The DMRS sequence shall be generated by length 6 CGS followed by 8PSK modulation followed by DFT modulation.
Proposal 2:
· For pi/2 BPSK Rel-16 sequence design for PUSCH DMRS of length ≥30, nPUSCH-Identity is supported for c_init formula.
Proposal 3:
· Rel-16 DMRS sequence is not used for Msg3 PUSCH.
· Rel-16 DMRS sequence is not used for PUSCH or PDSCH which is scheduled by fallback DCI. 
· Only one RRC configuration for all lengths of Rel-16 DMRS sequence is supported.
Proposal 5:
· Support to specify precoding matrices enhancement to solve power imbalance issue.
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Appendix I: CGS generation simulation assumptions
Table 4.CGS generation link-level simulation assumptions
	Parameter
	Value

	System bandwidth
	[bookmark: _GoBack]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 RBs

	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



