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1
Introduction
NR DM-RS and CSI-RS are using the same sequence for different antenna ports, and when additional coherent precoding is applied, the same sequence is repeated in frequency domain. This results in PAPR increase of the input of the power amp. Several discussions have been made in release 15, however, finally no further change was agreed. 

In RAN#80, it is agreed that

· 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). [1]

Based on the agreement, we should make the final conclusion in RAN1 #94bis, as much as possible. 
In this contribution, we are provding the evaluation results on the PAPR performance of Rel-15 CSI-RS and DM-RS, and also provide our view on the necessity of the potential performance improvement. 

2
Peak Power Analysis on NR CSI-RS
In TRP side, the transmit power of downlink signal is not dynamically changed, and the consideration of PAPR aspect is different from uplink signal. PAPR is one important aspect of the performance, however, various channels are transmitted with one reference power level, so it is more important to see how much additional increase in peak power is expected for the worst case (e.g. all downlink resources are used.)
In general, the peak power transmission is occurred when all PRBs and all REs in the PRBs are being used for downlink transmission. We have performed evaluation to see the excessive peak power over the peak power of PDSCH transmission with whole BW allocation.
In NR, upto 32 CSI-RS ports can be configured, and maximum 8 CSI-RS ports can be transmitted in one OFDM symbol. Because CSI-RS is only using upto 8REs in a PRB, 4 remaining REs in a PRB can be used for data transmission or can be empty. If the REs are empty, the power level of total CSI-RS compared to the data PRB (with whole RE allocation) is 66.7%, and peak power is also scaled by 2/3. If CSI-RS is multiplexed with data, the repetition pattern removed, and PAPR reduced. We have evaluated PAPR when 8 CSI-RS ports are transmitted in a slot (Row #8 with 4 CDM groups of FD-CDM2 in table 7.4.1.5.3.1-1), and 3dB power boosting is assumed for CSI-RS. Figure 1 shows the result of the peak power of CSI-RS and OFDM data w.r.t. the average power of OFDM signal. OFDM data symbols when 256QAM is used for data modulation. Left figure shows the peak power when 4REs are empty, while right figure is showing PAPR when 4REs are being used for data.
From the evaluation, we can conclude that no further optimization is required for NR release-15 CSI-RS. 
Observation 1: NR Release-15 CSI-RS has similar or low peak power when comparing with normal CP-OFDM data symbols.

Proposal 1: No further specification work is necessary for reducing PAPR of NR CSI-RS
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(a) CSI-RS only without FDM with data






   (b) CSI-RS is FDMed with data

Figure 1. Peak power comparison w.r.t. the DL average signal power of the regular OFDM data (8 ports CSI-RS and 3dB power boosting)
3
PAPR for NR DM-RS

Regarding to NR DM-RS, due to the repetition in frequency domain, we have observed PAPR increase when more than one CDM groups are scheduled. We have evaluated the PAPR of DM-RS compared to the PDSCH/PUSCH . Figure 2 shows the PAPR of DMRS and OFDM Data when BW is 50 PRBs. Around 2 dB of PAPR increase observed, and if we use clipping at DFE, performance degradation is expected. This is critical in TRP by limiting operating range of the power amplifier. Especially in DL, scheduling with larger BW and more than two antenna ports is a common scenario, which is influenced by PAPR increase. 

Observation 2: around 1.8-2.5dB PAPR increase is observed for DM-RS over PDSCH/ PUSCH.
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(a) DM-RS type 1 (4 DM-RS ports)







(b) DM-RS type 2 (6 DM-RS ports)


Figure 2. comparison of PAPR of NR DM-RS and PDSCH/PUSCH
There are several implementation techniques to mitigate PAPR especially in DL, which are “precoder cycling”, small delay CDD and sub-band precoding. Figure 3 shows ther PAPR comparison when small delay CDD or precoder cycling are applied. 

However, such implementation schemes have limitations with some scenarios. 

Small delay CDD introduce additional delay and the delay is inversely increase when BW decrease. If we use one sample delay with 15 kHz SCS and 5MHz BW, and 130ns of additional delay is given to the channel, so mis-alignement with the RS QCLed but not applying CDD(e.g. TRS) cause performance degradation.
For precoder cycling, the cycling resolution may be limited by the size of PRG, and hard to utilize PRG of whole allocation. In addition, since we don’t define uplink PRB bundling and only considering wideband precoding, it cannot be used for uplink DM-RS.
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(a) One sample CDD









(b) Precoder cycling with various

 
cycling resolutions (1,2,4 and 8 PRBs)
Figure 3. Comparison of PAPR when different implementation schemes are used. (DM-RS type 1)
Observation 3: Implementation-based solutions such as small delay CDD and precoder cycling can mitigate PAPR increase, however, limitations exist in some scenarios. (e.g. Uplink, small BW etc).
There are several solutions can be used for mitigating DM-RS PAPR increase, and following 3 options are discussed.
· Option 1: Resource-specific sequence

· Option 2: CDM group-specific sequence: use different sequence for each CDM group
· Option 3: CDM group-specific OCC-code.: Use different OCC code for each CDM group
Figure 4 shows the PAPR of DM-RS when applying different options, and all the options equally mitigate the PAPR mitigation to the same level as data PAPR. And, the table 1 shows the comparison of each options.

Though implementation techniques are providing acceptable PAPR reduction, specification update such as option 2 and option 3 are more efficient because relatively low implementation cost, and applicable to uplink DM-RS as well.
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(a) DM-RS type 1 (4 DM-RS ports)







(b) DM-RS type 2 (6 DM-RS ports)


Figure 4. comparison of PAPR when different options are used.
Table 1. Comparison of different options considered for PAPR reduction
	
	Pros
	Cons

	Option 1
	No additional sequence is required.
	Non-backward compatible to Rel-15

	Option 2
	Small specification impact
	Rel-15 and Rel-16 UE cannot be multiplexed in a CDM group.
Need additional sequence set for different CDM

	Option 3
	Backward compatible to Rel-15
	Slight additional complexity

	Small delay CDD
	No specification impact
	Implementation complexity, and additional delay to channel
QCL-misalignment when delay spread increases

	Precoder cycling
	No specification impact
	Implementation complexity, and limited by PRG size.
Not applicable to uplink DM-RS


Observation 4: CDM-group specific sequence or OCC-code can be used with full or partial backward compatibility to release 15. 
Proposal 2: Consider one of following alternatives for Relase 16 DM-RS sequence.

· Alterative 1 : CDM group-specific sequence for release-16 NR DM-RS 

· not allowing multiplexing of release-15 and release-16 DM-RS in a CDM group.

· Consider also release 15 change, to avoid differentiation in each release.

· Alternative 2 :new OCC code for release-16 NR DM-RS, which is orthogonal to release-15 DM-RS.

Proposal 3: Support higher-layer configuration to turn-on/off new release-16 sequence design.  

3
Conclusion

Observation 1: NR Release-15 CSI-RS has similar or low peak power when comparing with normal CP-OFDM data symbols.

Proposal 1: No further specification work is necessary for reducing PAPR of NR CSI-RS

Observation 2: around 1.8-2.5dB PAPR increase is observed for DM-RS over PDSCH/ PUSCH.

Observation 3: Implementation-based solutions such as small delay CDD and precoder cycling can mitigate PAPR increase, however, limitations exist in some scenarios (e.g. Uplink, small BW etc). 
Observation 4: CDM-group specific sequence or OCC-code can be used with full or partial backward compatibility to release-15. 
Proposal 2: Consider one of following alternatives for release-16 DM-RS sequence.

· Alterative 1 : CDM group-specific sequence for release-16 NR DM-RS 

· not allowing multiplexing of release-15 and release-16 DM-RS in a CDM group.

· Consider also release-15 change, to avoid differentiation in each release.

· Alternative 2 :new OCC code for release-16 NR DM-RS, which is orthogonal to release-15 DM-RS.

Proposal 3: Support higher-layer configuration to turn-on the new release-16 sequence design.  
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