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Introduction
In RAN1#96 meeting, the following agreements on DMRS sequence were made [1]:
	Agreement
When Rel-16 sequence for pi/2 BPSK PUSCH DMRS is configured, the Rel-16 sequence is used for all sequence lengths.

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
For CP-OFDM, if Rel.16 DMRS is configured by RRC, it only applies when scheduled by DCI formats 0_1 and 1_1 or with a PUSCH transmission with configured grant.
· Note: It is up to the editor whether/how to capture this agreement

Agreement
If Rel-16 DMRS is configured by RRC for PUSCH with pi/2 BPSK modulation, the Rel-16 DMRS applies when scheduled by DCI formats 0_1 and 0_0 and using at least C-RNTI, CS-RNTI, SP-CSI-RNTI and MCS-C-RNTI, when applicable or PUSCH transmission with configured grant
· Search space for DCI format 0_0: Rel-16 DMRS for at least USS is supported



This contribution provides Samsung’s views on the following topics.
· Deterministic sequence hopping pattern for π/2-BPSK DMRS
· π/2-BPSK DMRS with CSS
· [bookmark: _GoBack]Power imbalance
Remaining details on DMRS with π/2-BPSK
1 
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Deterministic sequence hopping pattern for π/2-BPSK DMRS
In RAN1#96 meeting, it was discussed whether or not to support deterministic sequence hopping pattern for π/2-BPSK DMRS. In our view, main motivation of this agenda, i.e. to have the same PAPR of DMRS symbols with that of data symbols was already addressed. Also, it is not so clear how much actual coverage gain would be achieved by additional enhancements including sequence hopping optimization for two symbol DMRS case only.
Observation 1: The objective of this agenda, i.e. to have the same PAPR of DMRS symbols with that of data symbols, was already achieved. Further optimization is not preferred in Rel-16.
π/2-BPSK DMRS with CSS
In RAN1#96 meeting details on DCI formats to allocate π/2-BPSK PUSCH DMRS were agreed with one remaining issue on whether to apply π/2-BPSK PUSCH DMRS when scheduled by DCI format 0_0, which is detected in CSS or not. Since π/2-BPSK PUSCH DMRS is configurable feature, key discussion point for this issue will be which pairs of CORESETs and search spaces can be the “fallback mode” for π/2-BPSK PUSCH DMRS. Although it is not easy to simply define “fallback” mode in NR, few guidelines from Rel-15 are worth to be reviewed. For instance, Rel-15 TD-RA has one default mode (Default A) and two-level configurations; first level from pusch-ConfigCommon via SIB1 and second level from pusch-Config via RRC. On top of the signalling structure above, TD-RA configuration can be changed even for RRC-INACTIVE or RRC-IDLE mode UEs. TD-RA configuration from pusch-Config is applied if and only if the following two conditions are met: 1) the corresponding search space is any CSS not associated with CORESET 0 or USS, and 2) TimeDomainAllocationList in pusch-Config is configured. It seems that the existing mechanism for TD-RA to handle potential ambiguity of RRC signalling works well for the same issue from π/2-BPSK PUSCH DMRS. Consequently, the following updates on the previous agreements could be considered:
· If Rel-16 DMRS is configured by RRC for PUSCH with pi/2 BPSK modulation, the Rel-16 DMRS applies when scheduled by DCI formats 0_1 and 0_0 and using at least C-RNTI, CS-RNTI, SP-CSI-RNTI and MCS-C-RNTI, when applicable or PUSCH transmission with configured grant
· Search space for DCI format 0_0: Rel-16 DMRS for at least any CSS not associated with CORESET 0 or USS is supported
Proposal 1. Update the agreements in RAN1#96 as follows:
· If Rel-16 DMRS is configured by RRC for PUSCH with pi/2 BPSK modulation, the Rel-16 DMRS applies when scheduled by DCI formats 0_1 and 0_0 and using at least C-RNTI, CS-RNTI, SP-CSI-RNTI and MCS-C-RNTI, when applicable or PUSCH transmission with configured grant
· Search space for DCI format 0_0: Rel-16 DMRS for at least any CSS not associated with CORESET 0 or USS is supported
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. For instance, a simple phase rotation matrix or row permutation matrix can be added in front of the current UL codebook.
Proposal 2: Consider UL codebook enhancement to address UL TX power imbalance.
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Conclusions
9 
In this contribution, Samsung’s view on remaining issues on RS PAPR is presented. Consequently, the following observations are made:
Observation 1: The objective of this agenda, i.e. to have the same PAPR of DMRS symbols with that of data symbols, was already achieved. Further optimization is not preferred in Rel-16.
Proposal 1. Update the agreements in RAN1#96 as follows:
· If Rel-16 DMRS is configured by RRC for PUSCH with pi/2 BPSK modulation, the Rel-16 DMRS applies when scheduled by DCI formats 0_1 and 0_0 and using at least C-RNTI, CS-RNTI, SP-CSI-RNTI and MCS-C-RNTI, when applicable or PUSCH transmission with configured grant
· Search space for DCI format 0_0: Rel-16 DMRS for at least any CSS not associated with CORESET 0 or USS is supported
Proposal 2: Consider UL codebook enhancement to address UL TX power imbalance.
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