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Introduction
In the WID on enhancements on MIMO [1], one of the objectives is to conclude on the PAPR issue related to the Rel-15 mapping of CSI-RS for slots containing PDSCH/PUSCH in CP-OFDM. 
[bookmark: _GoBack]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)
Hence, RAN1 need to make a conclusion in the next meeting whether or not DMRS and CSI-RS should be changed in specification. 
In this contribution, we post some questions to address for making these conclusions on enhancement on CSI-RS for PAPR reduction. In [1], we discuss similar questions for DMRS. 
Discussion on PAPR for CSI-RS symbols
The peak-to-average power ratio (PAPR) of a waveform can be determined from the CCDF of the power-to-average power ratio, which represents a stochastic time-varying variable taking values in the range . A more general discussion on PAPR for CP-OFDM can be found in our accompanying paper [2].
What is the problem, when does it occur?
The PAPR issue for CSI-RS is a consequence of mapping same CSI-RS sequence to antenna ports across the CDM groups which occurs for most of the CSI-RS resource configuration. 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. Thus, the PAPR issue introduces a restriction on the maximum number of antenna ports for a CSI-RS resource since more CSI-RS configurations with more than two CSI-RS ports per resource creates PAPR issue.
In more detail, the problem occurs when at least two CSI-RS antenna ports belonging to different CDM groups are precoded with a non-diagonal precoding matrix, hence these CSI-RS antenna ports are transmitted by a linear combination through the same antenna and thus through the same power amplifier.
This is illustrated in Figure 1 for an arbitrary antenna index X for a CSI-RS configuration with 8 ports and 4 FD-CDM2 groups. This corresponds to row 7 in Table 7.4.1.5.3-1 in 38.211. In this diagram the precoder values pi correspond to the Xth row of a non-diagonal precoding matrix. Depending on the precoder values, the repetition of the CSI-RS sequence values r(0) and r(1) across CDM groups in the frequency domain can cause a constructive combination in the time domain resulting a degradation in power to average power ratio (PAPR). Numerical results corresponding to this example are shown in the Appendix where a 1.2 dB degradation in cubic metric and 1.9 dB in PAPR at the commonly used RAN4 threshold of 0.01%, is observed. 
[image: ]
[bookmark: _Ref521426132]Figure 1: Regular repetition of CSI-RS sequence values r() in the frequency domain for the example of 8 ports and 4 FD-CDM2 groups (row 7 in Table 7.4.1.5.3-1 in 38.211).
We note that for the case of a fully diagonal precoder (one-to-one mapping between CSI-RS antenna ports and PA) no PAPR issue occurs with the current CSI-RS structure. In Figure 1, this would correspond to pi = 0 for i = 2,3,…,7. This may very well be the case, e.g., for 32 port CSI-RS, in early deployments without any cell shaping, i.e. precoding of CSI-RS resources. However, in case SON or cell shaping are used for NR, or if beamformed CSI-RS is used, then the current CSI-RS sequence mapping limits the ability to operate the network with such techniques.
The Rel-15 CSI-RS sequence mapping design restricts the use of beamformed CSI-RS, cell shaping and advanced SON features. 
Hence to summarize the issues,
· The single port CSI-RS configurations do not have a PAPR issue (naturally)
· The two port CSI-RS configuration does not have a PAPR issue since there is only one FD-CDM2 group, and thus no sequence repetition in the frequency domain 
· The four port CSI-RS configuration that uses FDM (row 4 in Table 7.4.1.5.3-1 in 38.211) can have a PAPR issue since there are two FD-CDM2 groups, resulting in sequence repetition in the frequency domain 
· The CSI-RS configurations with more than four ports (rows 6-18) all have PAPR issue
This means that we can perform beamformed CSI-RS and cell shaping with single and two port CSI-RS resources but for four ports we are restricted to one of the configurations (row 5). Performing beamforming or cell shaping with more than four CSI-RS ports is not possible with the Rel.15 CSI-RS design. 
Only for single or two port CSI-RS configurations, the Rel-15 CSI-RS sequence mapping design does not create a PAPR issue. In other cases, the Rel-15 CSI-RS design imposes restrictions on the use of precoding/beamforming/cell shaping. 
Cell shaping and beamforming is not possible using CSI-RS resources with 8 ports or more in NR
These restrictions may have serious implications on future creative deployments of NR and unless this problem is resolved in Rel.16 the issue will remain for the whole lifespan of 5G.
Is this really a problem for CP-OFDM waveform?
Yes, the PAPR is important for the transmission of any waveform, and especially for base stations which handle higher power, have more strict requirements than UEs, and have to make the tradeoff between clipping and PA efficiency. See our paper “Why is PAPR important for CP-OFDM” [2] for more discussion.
Isn’t the problem already existing in LTE?
A similar PAPR issue for CSI-RS also exists in LTE DL due to the CSI-RS resource mapping where CDM groups containing up to 4 CSI-RS ports each are FDM:ed. In addition, in LTE, the same complex modulation symbol (QPSK) is used for all CSI-RS RE in a PRB pair, hence there is a large risk of sequence repetition in the frequency domain which leads to the PAPR issue.  But as LTE deployment have only a few CSI-RS antenna ports, the problem for LTE CSI-RS transmissions doesn’t exist in real deployments today. 
Can’t the problem be solved by implementation solutions?
Although FDM of CSI-RS with PDSCH can reduce the PAPR slightly, this is not a complete solution and would still introduce clipping of OFDM symbols containing CSI-RS leading to performance degradation. 
No generic implementation based solution has been proposed that eliminates the PAPR problem for CSI-RS
Possible specification-based solutions for Rel-16
It seems the possible solution is to change the CSI-RS sequence mapping to become resource specific (across CDM groups) is the simple and straightforward method to make the PAPR statistics equal between CSI-RS symbols and PDSCH symbols. 
To be studied to make conclusion in RAN1#94-bis
· Investigate whether there are implementation-based solutions, and if so, their complexity on baseband implementation, their generality (e.g. does such solution work for small CSI-RS resource bandwidths and for arbitrary number of CSI-RS ports?)
· Proposal for Rel-16 specification to resolve the PAPR issue
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Appendix
Figure 2 illustrates the PAPR for the Rel-15 CSI-RS sequence mapping for the 8-port, 4 CDM group CSI-RS configuration shown in Figure 1 for the case of a wideband, non-diagonal, randomly selected precoder with QPSK alphabet. The CSI-RS bandwidth is 50 PRBs. For the 4 REs/PRB not mapped to CSI-RS, it is assumed that PDSCH carrying QPSK data symbols is frequency division multiplexed.
For reference, two additional curves are shown: (1) non-precoded CSI-RS (solid black line) and (2) precoded CSI-RS with an alternative CSI-RS sequence mapping in which the CSI-RS sequence values are not repeated in the frequency domain (dashed red line). Clearly, the sequence value repetition in the frequency domain causes a degradation in PAPR and at 0.01% threshold the increase is almost 2 dB. The corresponding cubic metric for these scenarios is 5.2 dB for the Rel-15 CSI-RS case and 4.0 dB for the reference cases, i.e., a degradation of 1.2 dB which is significant. This will have serious impact on PA design and clipping as discussed further in [2]. 

[image: ]Non-precoded CSI-RS (Rel-15 CSI-RS sequence mapping) 
Precoded CSI-RS (Rel-15 CSI-RS sequence mapping)
Precoded CSI-RS with alternative sequence mapping avoiding repetition

[bookmark: _Ref521427228]Figure 2: PAPR degradation corresponding to CSI-RS configuration shown in Figure 1 for the case of wideband, non-diagonal, random QPSK precoder. The corresponding cubic metric degradation is 1.2 dB.
	2/2	
image1.png
Ant. X (v« Pt )(l(v s ><l(v —ps )(l('je —p; )r(D)




image2.png
CCDF

10° T " .
Random QPSK
— — — Other companies
— — — Proposed
10F
102}
-3
10 \
\
\
\
104 By
10°° -
4 2 4 8 10

dB

12




