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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]For the WID on MIMO enhancements [1], it is expected to conclude on the PAPR increasing due to CSI-RS/DMRS for PDSCH/PUSCH with CP-OFDM in R15. 
	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).


In this paper, we analyze the origin of PAPR increase and discuss the necessity of CSI-RS and DMRS enhancement for PAPR reduction in R16. In addition, we also provide some analysis of the influence on MU pairing if changing the design.
CSI-RS Related
In this section we discuss the necessity of CSI-RS enhancement for PAPR reduction in R16. As specified in TS 38.211 [2], NR CSI-RS sequence is generated and mapped according to the number of the RE actually being occupied, depending on port density and CDM type. 
Some companies mentioned that the CSI-RS sequence mapping may increase PAPR in some cases [3]. To cope with the PAPR increases result from the repetition of sequence values in the frequency domain, they proposed resource specific sequence design and CDM-group based sequence design methods. As discussed in their contributions, the PAPR increases may occur at least satisfying the following conditions simultaneously:
· CSI-RS should be precoded in digital precoding way. There is no PAPR issue for the non-precoded CSI-RS. Since each CSI-RS port is mapped to a single physical antenna, which means each physical antenna/Power Amplitude (PA) is only with one port CSI-RS sequence in a symbol. Only for the case that multiple CSI-RS ports are transmitted by a linear combination through the same antennas with precoding, the PAPR may increase if the same sequence is mapped across more than one CDM groups. 
· Multiple CDM groups in a symbol are occupied by the precoded CSI-RS. Normally, the CSI-RS will be multiplexed with data in the same OFDM symbol or antenna ports are distributed in multiple symbols, where PAPR seems not to be an issue. The only extreme cases are 8 ports and FD-CDM2 in a symbol (row 6 in TS 38.211) or 12 ports and only FD-CDM2 (row 9) with the same precoding across such 8/12 ports in a symbol.   
Actually, for the extreme two cases mentioned above, the PAPR increase can be avoided by configuration at gNB side. If in the coverage limited scenarios, gNB may configure Row 7/8 and Row 10 instead for 8 and 12 ports CSI-RS, respectively. Furthermore, for the combined precoded CSI-RS and multiple CDM groups in a symbol, the coverage for the CSI-RS also seems not a big problem due to the beamforming gain on the precoded CSI-RS.
In addition, the backwards compatibility should be taken into account when determining whether to enhance CSI-RS for PAPR reduction in R16. If different sequences including sequence generation and cover codes are applied in R15 and R16, the same CSI-RS resource cannot be shared between R15 and R16 UEs, which will lead to significantly increased CSI-RS overhead.
To sum up, the PAPR increase appears only in few cases, and it can be solved by some implementation solutions, such as configuration at gNB. Additionally, CSI-RS enhancement for PAPR reduction in R16, e.g. change sequence design or mapping, will introduce backward compatibility issues as discussed above. So, we do not think it is necessary to enhance the CSI-RS sequence for PAPR reduction in R16.
Proposal 1: CSI-RS enhancement for PAPR reduction is not necessary in Rel-16.
DM-RS related
Some company have pointed out that the current DM-RS design on CP-OFDM and DFT-s-OFDM may have a higher PAPR in some cases as discussed in [4] and [5]. In the following, we analyze the necessity of DM-RS enhancement for PAPR reduction in R16. 
One example mentioned for the PAPR increasing is UE configured with DMRS ports (0, 2) simultaneously as shown in Figure 1 below. 
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[bookmark: _Ref525907979]Figure 1 an example of sequence mapping for ports (0, 2) in R15
For such cases, the UE is scheduled with two CDM groups in a symbol, the mapping may increase PAPR when the DMRS ports with same OCC and spatially multiplexed in a way that ports are sharing same PA’s. For example, this PAPR increase occurs in UL when scheduling two layers using the ports {0, 2} and then applying precoding with mapping of the layers to same TX antennas. In such extreme cases, there are some implementation based solutions to alleviate the PAPR. 
For DL DMRS, NR supports PRG-level precoding for both data and DMRS. For example, PRG size 2, 4 have been supported in R15. With the subband precoding, the above PAPR increases can be relieved. Some simulation results are provided in Table 1 to reveal the PAPR reduction in the following.
[bookmark: _Ref525908024]Table 1 PAPR increase with and w/o PRG precoding (PRG size=2)
	
	Case
	PAPR (dB)
	Gap between DMRS and data (dB)

	
	
	PAPR at 1% point
	PAPR at 0.01% point
	Gap at 1% point
	Gap at 0.01% point

	20MHz
(15KHz)
	Data
	9.75
	10.72
	-
	-

	
	Port (0, 2), 
type = 1 DMRS with Symbol = 1 
	12.08
	12.60
	2.33
	1.88

	
	PRG=2 precoding with Port (0, 2),
type = 1 DMRS with Symbol = 1
	10.96
	12.14
	1.21
	1.42

	
	Port (0, 1, 2, 3), 
type = 1 DMRS with Symbol = 1
	11.29
	13.15
	1.54
	2.43

	
	PRG=2 precoding with Port (0, 1, 2, 3), 
type = 1 DMRS with Symbol = 1
	10.04
	11.93
	0.29
	1.21


From Table 1, we can observe that with PRG-level precoding, PAPR can be reduced. For example, about 0.5dB reduction is observed for the case with scheduling DMRS ports (0, 2), and for the case with scheduling DMRS ports (0, 1, 2, 3), PAPR can be reduced by 1.2dB. In addition, in the simulations, the target UE is based on wideband scheduling. Actually if multiple UE share the whole bandwidth, the PAPR of the abovementioned UE will be much lower. 
Observation1: For DL DMRS, the PAPR increases in the extreme cases can be alleviated with PRG-level precoding.
For UL DMRS, since no frequency selective precoding is supported in NR, the PAPR cannot be reduced in this way.  But there are still some other implementation-based solutions to address the above issue. One simple solution is to make some configuration constriction to avoid scheduling the problematic port combinations. For example, for the case with coverage limited, rank-2 transmission with DMRS ports (0, 2) in UL DMRS can be replaced by ports (0, 1).
For both DL DMRS and UL DMRS, if introduced new design of the DMRS in R16 for PAPR reduction, such as different sequence/OCC for CDM group, the following issues at least should be discussed and addressed first. 
· Backward compatibility with Rel-15 UEs. Rel-15 UEs are already deployed with Rel-15 DMRS, and have no idea about the changes of DMRS in Rel-16 UEs. If they are co-scheduled, Rel-15 UE have the problems on channel/interference estimation on the paired UEs. 
· Scheduling limitation. In some solutions, the different DMRS sequences for DMRS ports are not orthogonal in a CDM group any more. If co-scheduled together for Rel-15 and Rel-16 UEs, the MU interference will be increase. If Rel-15 and Rel-16 UEs are avoid to MU paired in the same CDM group, the additional scheduling restriction need to be introduced.
Proposal 2: The issues for backward compatibility and scheduling restriction should be carefully considered if introduce DMRS enhancement in R16.
Summary of proposals
The observations and proposals in this paper are summarized as follows. 
Observation1: For DL DMRS, the PAPR increases in the extreme cases can be alleviated with PRG-level precoding.
Proposal 1: CSI-RS enhancement for PAPR reduction is not necessary in Rel-16.
Proposal 2: The issues for backward compatibility and scheduling restriction should be carefully considered if introduce DMRS enhancement in R16.
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