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Introduction
In RAN1 AH-1901 meeting, the following agreements and conclusion on DMRS and CSI-RS sequence were made [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



This contribution provides Samsung’s views on the following topics.
· Remaining details on signalling for DMRS sequence
· Power imbalance
Remaining details on DMRS with π/2-BPSK
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A set of procedures to indicate use of DFT-s-OFDM and/or π/2-BPSK to a UE, which has been supported from Rel-15, could be a good starting point for applicability of the new DMRS sequence with π/2-BPSK. For instance, the same (or at least similar) level of flexibility on UE capability and gNB configuration should be considered for DMRS with π/2-BPSK as well as PUSCH/PUCCH with π/2-BPSK. Analogous to PUSCH/PUCCH with π/2-BPSK, it would be reasonable to make DMRS π/2-BPSK as an optional UE feature in Rel-16, which can be separately configured for PUSCH and PUCCH. In addition, since the PAPR of UL transmission can only be minimized when the following three conditions, i.e. “DFT-s-OFDM”, “PUSCH/PUCCH with π/2-BPSK”, and “PUSCH/PUCCH DMRS with π/2-BPSK”, are all configured and utilized, a tight relationship between those features need to be considered carefully. For instance, the UE may not assume to be configured with “PUSCH/PUCCH DMRS with π/2-BPSK” only, where “DFT-s-OFDM” and “PUSCH/PUCCH with π/2-BPSK” are not configured/utilized.
Regarding the detailed use cases of DMRS with π/2-BPSK, it is preferred to consider UE to apply DMRS with π/2-BPSK only when the corresponding higher layer signalling is available. In this regard, it would be beneficial to use Rel-15 DMRS sequence for initial access purpose before establish RRC configuration and/or UE capability signalling. On the other hands, Msg3 for RACH triggered by PDCCH order for RRC-connected UEs can have a chance to enhance the coverage by DMRS with π/2-BPSK.
The same logic can also be applied for UL grant related issues. To reduce any potential ambiguity at gNB side we prefer to use a single DMRS sequence, i.e. Rel-15 DMRS, for UL transmission allocated/associated with fallback DCI (DCI format 0_0). In case of UL transmission allocated/associated with DCI format 0_1 the use of DMRS with π/2-BPSK can be appropriately determined by the conditions aforementioned.
Proposal 1: Support higher layer signalling on PUSCH/PUCCH DMRS with π/2-BPSK analogous to those for PUSCH/PUCCH with π/2-BPSK.
· Msg3 for RACH triggered by PDCCH order can be transmitted with DMRS with π/2-BPSK at least for for RRC-connected UEs.
· UL transmission allocated/associated with DCI format 0_1 can be transmitted with DMRS with π/2-BPSK.
Regarding the number of orthogonal DMRS ports for one OFDM symbol DMRS and for PUSCH with π/2-BPSK, we believe “Alt.1: One DMRS port per comb is supported (in total 2 ports)” is a proper solution for Rel-16 since 1) gNB still have the choice to multiplex up to 4 UEs by using Rel-15 sequence mapping, and 2) performing UL MU-MIMO transmission with 3 or 4 cell-edge UEs seems a corner case. 
Proposal 2: Support one DMRS port per comb for one OFDM symbol DMRS and for PUSCH with π/2-BPSK.
Power imbalance
It had been reported that UE may suffer from different power level across UL DMRS ports when the TPMI indicates a specific UL precoding [2]. Considering that the Rel-16 DMRS sequence design had been stabilized so far and this issue was caused by UL precoder design, which can be potentially enhanced for full TX power UL transmission, we prefer to address the issue via revise the UL codebook, if needed.
Proposal 3: Consider UL codebook enhancement to address UL TX power imbalance.
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Conclusions
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In this contribution, Samsung’s view on remaining issues on RS PAPR is presented. Consequently, the following observations are made:
Proposal 1: Support higher layer signalling on PUSCH/PUCCH DMRS with π/2-BPSK analogous to those for PUSCH/PUCCH with π/2-BPSK.
· [bookmark: _GoBack]Msg3 for RACH triggered by PDCCH order can be transmitted with DMRS with π/2-BPSK at least for for RRC-connected UEs.
· UL transmission allocated/associated with DCI format 0_1 can be transmitted with DMRS with π/2-BPSK.
Proposal 2: Support one DMRS port per comb for one OFDM symbol DMRS and for PUSCH with π/2-BPSK.
Proposal 3: Consider UL codebook enhancement to address UL TX power imbalance.
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