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Introduction
In RAN1#94bis meeting, the following working assumption on DMRS and CSI-RS sequence was made [1]:
	Working Assumption
· 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


This contribution provides Samsung’s views on the following topics.
· Remaining details on DMRS sequence design
· CDM group index indication for type 2 DMRS
· Simultaneous use of dynamic TRP (or MU-MIMO pairing) and CDM group specific cinit
· CSI-RS PAPR reduction
· Power imbalance
Remaining details on DMRS sequence design
As per the WA above, simultaneous use of dynamic TRP (or MU-MIMO pairing) and CDM group specific cinit is supported. Figure 1 depicts an example of VCID mapping for (a) Rel-15 DMRS and (b) Rel-16 DMRS (type 1). Given that the two cinit configured for Rel-15 DMRS should be used at once for Rel-16 type 1 DMRS containing up to two CDM groups, the order of cinit mapping for DMRS CDM group can be indicated by DCI.
Proposal 1: For Rel-16 type 1 DMRS, the order of cinit mapping for DMRS CDM group can be indicated by DCI.
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[bookmark: _Ref528782338]Figure 1. VCID mapping for (a) Rel-15 DMRS and (b) Rel-16 DMRS (type 1)
On the other hand, up to six VCID may need to be configured for a UE to support simultaneous use of dynamic TRP (or MU-MIMO pairing) and CDM group specific cinit in case of type 2 DMRS, which includes 3 DMRS CDM groups. In an example, the first two CDM groups of type 2 DMRS can share the same VCID mapping rule for type 1 DMRS for consistency. In this case, two additional VCIDs can be configured for the third CDM group. In another example, total three VCID (two VCID configured for Rel-15 DMRS + one additional VCID) can be cyclically mapped to each DMRS CDM group according to the DCI signalling.
Proposal 2: For Rel-16 type 2 DMRS, down-select one option among the three alternatives as follows:
· Option #1: gNB configures 6 VCIDs; the first three or the last three VCIDs are mapped to each CDM group according to the DCI indication
· Option #2: In addition to the 2 VCIDs configured for Rel-15 DMRS, gNB configures two additional VCIDs; the first two CDM groups of type 2 DMRS follow the same VCID mapping rule for type 1 DMRS and one the two additional VCIDs is mapped to the third CDM group according to the DCI indication
· Option #3: In addition to the 2 VCIDs configured for Rel-15 DMRS, gNB configures one additional VCID; the three VCIDs are cyclically mapped to each DMRS CDM group according to the DCI signalling.
CSI-RS PAPR reduction
It has been reported that OFDM symbol with Rel-15 CSI-RS has significantly higher PAPR than that with PDSCH/PUSCH only [2]-[4]. Although some amounts of degradations (larger than 2dB for both CSI-RS and DMRS over PDSCH with QPSK data symbols) were observed in [2]-[3], we believe that more aspects including possible implementation based solutions and practical power boosting/control on RS REs should be considered first rather than making a conclusion based on the PAPR evaluation results itself, which could be too much pessimistic. 
Firstly, we should note that there are at least two alternatives to reduce PAPR of OFDM symbols with RS by gNB implementations such as adopting subband precoding and/or small delay CDD on that OFDM symbols. One may argue that each implementation based solution has its own drawbacks; e.g. subband precoding precludes wideband channel estimation and small delay CDD affects estimating delay spread, etc.. While such argument can be valid, the scenarios where the PAPR issue becomes prevalent should first be understood. Figure 1 depicts that with, e.g. spec transparent small delay CDD across CSI-RS ports, the degradation in PAPR/CM is still less than 1dB, which seems negligible for most cases. In Figure 1, 4-port CSI-RS (row 4 or Table 7.4.1.5.3-1 in TS38.211) FDMed with data over 106 PRBs was assumed.
Practical limit of CSI-RS power boosting is another point to be considered. For instance, since a single higher layer parameter Pc for the EPRE ratio of CSI-RS REs and data REs is signalled per CSI-RS resource, the maximum transmission power of CSI-RS should be determined under the assumption of FDM with data, if gNB considers allocating data REs on some of the CSI-RS OFDM symbols. Therefore, assuming the same transmission power for both OFDM symbol with CSI-RS only and OFDM symbol with both CSI-RS and data is impractical. For this reason, PAPR degradation in the OFDM symbol without data should have less priority than that FDMed with data. 
Based on the discussions above, the following observation is made:
Observation 1: Rel-15 CSI-RS PAPR can be handled by gNB implementation.
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[bookmark: _Ref525818737]Figure 2. CCDF plots of PAPR and CM
Power imbalance
As shown in the WID objective below, power imbalance is not in the scope of this WID. Furthermore, it had been well studied that the solutions in the current working assumption provide same level of PAPR for both DMRS symbols and data symbols. Taking into account that this power imbalance issue may occurs in some specific implementations and also can be resolved by several spec transparent solutions such as subband precoding/scheduling, etc., we suggest to confirm the working assumption for further progress.

	· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)



Observation 2: Study/work on power imbalance is not in the scope of the WID.
Proposal 3: Confirm the working assumption on DMRS sequence from RAN1#94bis.
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In this contribution, Samsung’s view on remaining issues on RS PAPR is presented. Consequently, the following observations are made:
Observation 1: Rel-15 CSI-RS PAPR can be handled by gNB implementation.
Observation 2: Study/work on power imbalance is not in the scope of the WID.
Proposal 1: For Rel-16 type 1 DMRS, the order of cinit mapping for DMRS CDM group can be indicated by DCI.
Proposal 2: For Rel-16 type 2 DMRS, down-select one option among the three alternatives as follows:
· Option #1: gNB configures 6 VCIDs; the first three or the last three VCIDs are mapped to each CDM group according to the DCI indication
· Option #2: In addition to the 2 VCIDs configured for Rel-15 DMRS, gNB configures two additional VCIDs; the first two CDM groups of type 2 DMRS follow the same VCID mapping rule for type 1 DMRS and one the two additional VCIDs is mapped to the third CDM group according to the DCI indication
· Option #3: In addition to the 2 VCIDs configured for Rel-15 DMRS, gNB configures one additional VCID; the three VCIDs are cyclically mapped to each DMRS CDM group according to the DCI signalling.
Proposal 3: Confirm the working assumption on DMRS sequence from RAN1#94bis.
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