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Introduction
In RAN#81 meeting, it was agreed to have the following objectives regarding to the RS PAPR issue from Rel-15 [1]:
	· 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)


This contribution provides Samsung’s views on each topic above.
Evaluation results and Discussions
It has been reported that OFDM symbol with Rel-15 CSI-RS and DMRS 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]-[4], 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.
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[bookmark: _Ref525818737]Figure 1. CCDF plots of PAPR and CM
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.

In case of DMRS, the PAPR issue only happens when gNB allocates full band SU/MU multi-layer scheduling. Given that gNB scheduling is sufficiently flexible to resolve this issue in high/Med loading cases, it seems that we need to focus on low traffic loading scenarios where SU MIMO will be mainly used. However, the current specification already supports all the major cases, which are free from PAPR issue, to support full band SU MIMO scheduling up to rank 4 in low loading cases, e.g. DMRS port pair {0,1}, {0,1,4}, {0,1,4,5} for dmrs-Type=1 and maxLengh=2 and DMRS port pair {0,1}, {0,1,6}, {0,1,6,7} for dmrs-Type=2 and maxLengh=2.
Based on the discussions above, the following observation is made:
Observation 2: DMRS PAPR may result in a practical issue with a subset of supported DMRS pairs for full band SU MIMO scheduling in low loading cases. However, the current specification also supports co-scheduled DMRS pairs without PAPR issue for this case.
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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:
Observation 1: Rel-15 CSI-RS PAPR can be handled by gNB implementation.
[bookmark: _GoBack]Observation 2: DMRS PAPR may result in a practical issue with a subset of supported DMRS pairs for full band SU MIMO scheduling in low loading cases. However, the current specification also supports co-scheduled DMRS pairs without PAPR issue for this case.
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