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Introduction
In the WID on enhancements on MIMO [1], one of the objectives is to conclude on the peak-to-average power ratio (PAPR) issue related to the Rel-15 mapping of DMRS for PDSCH/PUSCH in CP-OFDM. 
[bookmark: _Hlk524598129]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)
The CSI-RS PAPR issue is studied in [2] from which it can be concluded that the Rel-15 CSI-RS mapping can increase the PAPR and CM significantly in comparisons to a waveform with Rayleigh distributed amplitude. In this contribution, we discuss Rel-16 enhancements to CSI-RS with respect to
· PAPR and CM as of a waveform with Rayleigh distributed amplitude
· Backward compatibility
· Low complexity and small specification impacts
Discussion on Rel.16 CSI-RS solution
The PAPR issue is a consequence of mapping same CSI-RS sequence to antenna ports across the CDM groups in frequency domain. This results in a repetition of sequence values in the frequency domain which can translate to a higher PAPR than alternative mappings that would have avoided such repetition. According to the WID [1], an enhancement of the CSI-RS should not change the RE mapping specified in Rel-15. Hence, a solution to the PAPR issue shall not change the mapping of CSI-RS ports with respect to subcarrier and symbol indices , respectively.
To solve the PAPR issue, we propose to individually control, for each CDM group, whether the Rel.15 sequence mapping, or a new, Rel.16 sequence mapping should be used. For example, assume in a hypothetical example that the two last CDM groups are transmitted through the same PA while the first CDM group is transmitted through another PA. Then the network can configure a Rel.16 UE, with the Rel.15 type of mapping to the first and second CDM groups, while defining a new sequence () for the third CDM group. Hence, the PAPR issue of the first PA is removed. 
This means that a Rel.15 UE, can in this example be configured a CSI-RS resource of the first and second CDM group while the Rel.16 UE is configured a CSI-RS resource using all three CDM groups. Hence, the antenna ports for the Rel.15 CSI-RS resource is a subset of the antenna ports of the Rel.16 CSI-RS resource, when CDM groups are transmitted through same PA which maximizes the re-use of CSI-RS resources and the minimize the additional overhead.
Note that the possibility to configure CDM groups of Rel.16 UEs with either Rel.15 sequence mapping or Rel.16 sequence mapping is crucial for reducing CSI-RS overhead. If the Rel.16 sequence mapping would imply different sequences per CDM group, then Rel.15 UEs would only be able to share CSI-RS antenna ports from at most one CDM group (if one CDM group of Rel.16 re-use the Rel.15 sequence).
This is illustrated by Figure 1 where the Rel-15 sequence is mapped to subcarriers of CDM group 0 and 1, in which corresponding CSI-RS antenna ports are transmitted through different power amplifiers. The Rel.16 sequence, is mapped to subcarriers of CDM group 2. In this illustration, where and , Rel.15 UEs can be configured to perform measurements on the antenna ports  whereas Rel.16 UEs can be configured to perform measurements on the antenna ports . 
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 Figure 1. Rel.15 sequence mapped to CDM groups with corresponding CSI-RS antenna ports being transmitted through different power amplifiers.
An open issue is how to configure the sequence per CDM group for new terminals. The sequence is defined by the seed, and the identified desired property is the possibility that for a given CDM group, fall back to the default, Rel.15 behaviour.
Hence, the seed of the pseudo-random binary sequence generator that can be configured for new terminals for CDM group  (if we re-use DMRS terminology) is given by
     
Where  is a higher layer configured parameter per CDM group in the CSI-RS resource configuration that take the value “1” if CDM group  should use a new sequence and “0” if CDM group  should use the legacy, Rel.15 sequence. 
A binary representation of the seed  is used to initialize the linear shift-register of a length-31 Gold sequence generator. Figure 2 shows how the components of the seed expression (1) affects different parts of this shift-register when  and  can be represented by 3 bits.
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[bookmark: _Ref527992910]Figure 2. Example of an initialization of a length-31 linear shift-register for generating Rel-16 CSI-RS pseudo-random binary sequences ( 
The parameters  for the configured CDM groups  that maps to the CDM groups indexed by the subcarriers  for the new terminals are included in the RRC configuration message of the CSI-RS. For Rel.15 terminals, all  by definition.

Conclusion
In this contribution, we discussed a Rel-16 CSI-RS solution that reduces the PAPR for CSI-RS to the same level as the data symbols and which also maximizes the re-use of CDM groups between Rel.15 and Rel-16 terminals, to reduce overhead.
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