Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 Meeting #94-bis	R1-1811543
Chengdu, China, 8th -12th October 2018

Source:	Ericsson
Title:	On specification-based solutions to the CSI-RS PAPR issue
Agenda Item:	7.2.8.6
Document for:	Discussion and Decision
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
PAPR and CM as of waveform with Rayleigh distributed amplitude
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, one need to break the excessive repetitions of sequence values in the frequency domain that follow by mapping same CSI-RS sequence to all CDM groups in frequency domain. One way to break these repetitions, and by then solve the PAPR issue, is to introduce subcarrier-specific CSI-RS sequences [3][4], either with a common PRBS initialization for these groups or alternatively with a group specific initialization. In the former alternative, the sequences mapped to the groups refer to up to six subsets of a long sequence whereas the latter may impose up to 6 different scrambling IDs in one CSI-RS resource configuration case (see Row 9 in Table 7.4.1.5.3-1 in TS38.211, which required 6 CDM groups in the same OFDM symbol, i.e. ).
An alternative to subcarrier-specific CSI-RS is to modify the Rel-15 CSI-RS sequence as shown in Figure 1. Instead of scrambling the CDM groups differently, periodical patterns of +1 and -1 are here applied to the Rel-15 CSI-RS sequence for the groups , whereas the sequence mapped to CSI-RS ports associated with  is unchanged with respect to Rel-15. As shown in Figure 2, such extension to Rel-15 sequences solves the PAPR issue. 
In Figure 2, the CCDFs of the power-to-average power ratios refer to scenarios with 6 and 12 ports being multiplexed to same antennas when a UE has been configured with Row 9 in Table 7.4.1.5.3-1 in TS38.211 (6 ports per antenna polarization in a cross polarized array or 12 ports in a linear array if we use co-polarized antennas) where the comparisons are with and without the Rel-15 CSI-RS extension. We observe that with the extension of Rel-15 CSI-RS in Figure 1, both PAPR and CM are now matching the corresponding PAPR/CM of a waveform with Rayleigh distributed amplitude, which is the desired property. (The PAPR values shown in the plot legend refer to the  probability that the power will be  dB above the average power.) 
Modifying Rel-15 CSI-RS sequences as in Figure 1 solves the PAPR issue.
It can be noticed that the mapping of CSI-RS ports to the physical antennas as well as the considered antenna configuration may affect the required number of group-specific CSI-RS sequences. For example, if ports associated with the frequency parameters  are transmitted on one antenna polarization whereas ports associated with   are transmitted on the other antenna polarization, then only three different sequences would be needed (although the mapping of ports to polarizations is an implementation issue).
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[bookmark: _Ref525054507]Figure 1. Extensions of Rel-15 CSI-RS sequence to solve the PAPR issue where the FD parameter indicates the CDM group
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[bookmark: _Ref525053289]Figure 2. CM and PAPR comparisons between Rel-15 and extended Rel-15 CSI-RS sequences.
Backward compatibility
In the case of CSI-RS, the backward compatibility aspect refers to configuring CSI-RS ports from which any UE can perform relevant measurements on. Evidently, a Rel-15 UE would not be able to perform useful measurements on ports in CDM groups for which new Rel-16 CSI-RS sequences have been configured. One consequence of introducing new sequences in Rel-16 is thus that the CSI-RS overhead may increase somewhat as both Rel-15 and Rel-16 UEs may need to be served simultaneously in the cell.
However, overhead is mainly relevant for periodic CSI-RS and typically 20 ms is used for CSI-RS periodicity of a CSI-RS resource of many ports (shared by multiple UEs). Calculating the additional overhead of configuring a Rel-16 CSI-RS in addition to a Rel-15 CSI-RS is bounded by 0.4% which is negligible.  
[bookmark: _GoBack]Adding the configuration of Rel-16 CSI-RS resource have negligible overhead increase
As mentioned above, the need for new CSI-RS sequences depends on how CSI-RS ports are mapped on physical antenna ports. For example, if we consider cross-polarized antennas and eight CSI-RS ports with locations within a slot corresponding to Row 7 in Table 7.4.1.5.3-1 [TS38.211], and where ports associated with the frequency domain parameter  are mapped on one antenna polarization whereas ports associated with  are mapped on the other antenna polarization, then there would not be a need for new CSI-RS sequences to avoid high PAPR. 
Low complexity
It is desirable that a specification-based solution to the PAPR issue does not increase the complexity significantly with respect to Rel-15. In the case of introducing subcarrier-specific CSI-RS with a common scrambling ID, the additional complexity comes by generating a six times longer pseudo-random sequences, whereas with frequency group  specific scrambling IDs the additional complexity comes from generating up to five additional pseudo-random sequences per OFDM symbol with CSI-RS. This may not be a dramatic increase of the complexity but in comparisons to modifying the Rel-15 CSI-RS sequence as in Figure 1 the complexity will be higher.
Modifying Rel-15 CSI-RS sequences as in Figure 1 has low complexity.
Specification impact to TS38.211
In case of subcarrier-specific CSI-RS with a common scrambling ID, the Rel-15 formula for  can be unchanged and the mapping to physical resources can readily be expressed as
.
In case of introducing specific scrambling IDs for CSI-RS sequences associated with CDM groups , the Rel-15 formula for  would need to be revised. One example of a revised formula is
,
where  for  and  for , from which we observe that the seed for  is the same as in Rel-15. The CSI-RS dependency to  can explicitly be indicated in the expression for mapping to resources as 
.
In the case of extending the Rel-15 CSI-RS sequences as in Figure 1, the sequence  can be expressed as

where the values for  are given in Table 1 below.
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Conclusion
In this contribution, we discussed Rel-16 enhancements to CSI-RS with respect to
· PAPR and CM as of data
· Backward compatibility
· Low complexity
· Minimal specification impacts
We observed that the following specification change to the Rel-15 DMRS sequence ,
,
where  associates with CDM groups  and is defined by Table 1, solves the CSI-RS PAPR issue, will be backward compatible with CDM group 0, , has low complexity and small specification impact.
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