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1. Introduction

The new WID [1] for NR MIMO was agreed in RAN #80 meeting. One of the scopes is to study whether it is needed to introduce CSI-RS and DMRS enhancement for PAPR reduction as below:
· 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 contribution, we analyze the PAPR issue for CSI-RS and DMRS as well as the necessity for enhancement in Rel-16.
2. Discussion
2.1. On CSI-RS enhancement for PAPR reduction
In NR, CSI-RS can be transmitted in different mechanisms for different functionality, e.g., CSI measurement, beam management, mobility measurement, phase tracking, etc. With different transmission schemes, the corresponding PAPR may be different.
· If the number of CSI-RS ports is smaller than the number of physical antenna elements, analog beamforming (or TXRU virtualization) can be performed for port to antenna mapping. To save the cost and reduce the PAPR, the CSI-RS ports are usually mapped in sub-array manner, where one CSI-RS port is mapped to part of antenna elements (N = the number of elements/the number of ports). Then two CSI-RS ports would not be transmitted in the same antenna, and not PAPR issue would occur.
· For non-precoded CSI-RS, e.g. CSI-RS for beam management, mobility measurement or PMI based CSI feedback, no precoding would be applied to CSI-RS port, and not PAPR issue would occur.
· For precoded CSI-RS for non-PMI based CSI feedback, each CSI-RS port is precoded and mapped to the same antenna elements. If more than 2 CSI-RS ports are configured, there may be multiple CDM groups FDMed in the same symbol (no FDM issue for 1/2 ports), leading to higher PAPR for CSI-RS. This is the interested scenario for the study in Rel-16 for possible CSI-RS enhancement.
Observation 1: Only 4/8 ports precoded CSI-RS for non-PMI based transmission needs to be considered for PAPR issue of CSI-RS.
For 4 ports precoded CSI-RS, the two CDM groups (each with two CSI-RS ports) can be FDMed or TDMed by RRC signaling based on Table 7.4.1.5.3-1 in 38.211 as below. Only the FDM case (Row 4) may lead to higher PAPR. For 8 ports precoded CSI-RS, 2 CDM groups (CDM4) or 4 CDM groups (CDM2) can be configured by RRC. For 2 CDM groups (Row 8) or 4 CDM groups occupying 2 OFDM symbols (Row 7), the PAPR is similar to the case of Row 4 for 4 ports CSI-RS. If 4 CDM groups are multiplexed in the same symbol (Row 6), the PAPR may be significantly increased if they are transmitted in the same antenna. 
Table 7.4.1.5.3-1: CSI-RS locations within a slot.

	Row
	Ports[image: image1.wmf]X


	Density [image: image2.wmf]r


	cdm-Type
	[image: image3.wmf](

)

l

k

,


	CDM group index [image: image4.wmf]j


	[image: image5.wmf]k

¢


	[image: image6.wmf]l

¢



	4
	4
	1
	FD-CDM2
	[image: image8.png](kg, o)



,[image: image10.png](ko+ 2,1p)




	0,1
	0, 1
	0

	5
	4
	1
	FD-CDM2
	[image: image12.png](kg, o)



,[image: image14.png](kg lg+ 1)




	0,1
	0, 1
	0

	6
	8
	1
	FD-CDM2
	[image: image16.png](kg, o)



, [image: image18.png](kq, 1p)



, [image: image20.png](kq,10)



, [image: image22.png](ka,1o)




	0,1,2,3
	0, 1
	0

	7
	8
	1
	FD-CDM2
	[image: image24.png](kg, o)



, [image: image26.png](kq, 1p)



,[image: image28.png](kg lg+ 1)



, [image: image30.png](ky, lp+1)




	0,1,2,3
	0, 1
	0

	8
	8
	1
	CDM4 (FD2,TD2)
	 [image: image32.png](kg, o)



, [image: image34.png](kq, 1p)




	0,1
	0, 1
	0, 1


Here we evaluate the PAPR and cubic metric (CM) in one antenna based on different CSI-RS resource configurations for 4/8 ports CSI-RS. Each CSI-RS port is precoded by a random precoder and then mapped to the same symbol and antenna. It should be noticed that the PAPR/CM is similar with CSI-RS configurations of Row 4, 7, 8, which is different from that of Row 6. The result for PAPR is shown in Fig.1 and the CM can be found in Table 1.
Table 1: CM for different CSI-RS configurations
	Configuration
	CSI-RS Row 4/7/8
(2 CDM groups)
	CSI-RS Row 6
(4 CDM groups)
	Reference
 (Random QPSK)

	CM
	4.362 dB
	5.344 dB
	3.986 dB
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Figure 1: PAPR for different CSI-RS configurations
It can be found that if only two CDM groups are FDMed, the PAPR is only slightly higher than random QPSK signal. If four CDM groups are FDMed, the PAPR would be much higher. However, for 8 CSI-RS ports, gNB can use Row 7 and 8 instead of Row 6 to avoid the high PAPR when the CSI-RS is precoded for non-PMI based CSI feedback. This would not introduce much scheduling restriction since only very few UEs could support 8 layer non-PMI based transmission and need 8 ports precoded CSI-RS. Considering the limited time in Rel-16 for MIMO and the PAPR in gNB is not an essential issue, it is not recommended to introduce any enhancement on CSI-RS for PAPR reduction.
Observation 2: For 4 ports precoded CSI-RS with 2 FDMed CDM groups, the PAPR is comparable to random QPSK signal.
Observation 3: For 8 ports precoded CSI-RS with 4 FDMed CDM groups, the PAPR is much higher than random QPSK signal, but it is a relatively corner case and can be avoided via using other CSI-RS configurations.
Proposal: Enhancement on PAPR reduction for CSI-RS is not considered in Rel-16.
2.2. On DMRS enhancement for PAPR reduction
PAPR is an important factor for UL DMRS design in both LTE and NR. Low PAPR is an essential metric for DMRS sequence design and DMRS resource allocation in uplink. PAPR is more important for cell edge UEs, but those UEs usually can only support rank 1 transmission, and no PAPR issue would occur. For higher rank, e.g. rank 2-4 UL transmission, the PAPR may be higher if DMRS ports from two CDM groups are allocated simultaneously, e.g. port {0,2}. However, the DMRS port configurations crossing multiple CDM groups are mainly designed for multiple TRP/panel transmission, where one CDM group can be assigned for one TRP/panel. Then the PAPR issue can be avoided via configuration of DMRS ports from the same CDM group, e.g. {0,1},{2,3},{4,5}. No scheduling flexibility would be lost by this restriction since only single panel transmission is supported in uplink. On the other hand, PAPR is not an essential issue for cell central UE with high rank.
Observation 4: PAPR is not an issue for UL DMRS.

For downlink, subband precoding can be used to relieve the PAPR issue for DMRS. For PDSCH with a small transmission bandwidth, frequency selective precoding based on subband PMI feedback may be difficult. In this case, the PAPR issue can be respectively considered for different ranks:
· For rank 2/3/4, two types of DMRS port set can be configured: DMRS ports from the same CDM group and DMRS ports from multiple CDM groups. As mentioned above, the latter is designed for multiple TRPs/panels transmission where each CDM group can be allocated to each TRP/panel. Then for both cases, there is not PAPR issue if only DMRS port from single CDM group is transmitted in one TRP/panel by gNB scheduling. 
· For rank>4, the DMRS ports always come from multiple CDM groups and the PAPR could be much higher than random QPSK signal. However, the probability of rank>4 transmission would be very low considering most UEs are not expected be equipped with more than 4 TXRUs. Furthermore, this issue can still be avoided via subband precoding.
According to our evaluation results in [2], it can be found that the PAPR can be very low if DMRS ports from the same CDM groups are assigned to UE for rank 2/3/4, and only one DMRS configuration would lead to high PAPR for each rank. For rank>4 case, at least two CDM groups would be FDMed in the same symbol, and the PAPR can be much higher. 
Observation 5: Only DL DMRS with more than 4 ports would suffer from PAPR issue, but it is a relatively corner case and can be avoided via frequency selective precoding.

Based on the above discussion, PAPR may be an issue for DL DMRS with more than 4 ports and wideband precoding, but it is just a corner scenario. It is not justified to spend time on this topic considering the PAPR in gNB is not as essential as that at UE.

Proposal: Enhancement on PAPR reduction for DMRS is not considered in Rel-16.
3. Conclusion

In this contribution, we analyze the application scenarios and configuration of CSI-RS/DMRS which may have PAPR issue. Based on the analysis and evaluation, we have the following observations:
Observation 1: Only 4/8 ports precoded CSI-RS for non-PMI based transmission needs to be considered for PAPR issue of CSI-RS.

Observation 2: For 4 ports precoded CSI-RS with 2 FDMed CDM groups, the PAPR is comparable to random QPSK signal.

Observation 3: For 8 ports precoded CSI-RS with 4 FDMed CDM groups, the PAPR is much higher than random QPSK signal, but it is a relatively corner case and can be avoided via using other CSI-RS configurations. 
Observation 4: PAPR is not an issue for UL DMRS.

Observation 5: Only DL DMRS with more than 4 ports would suffer from PAPR issue, but it is a relatively corner case and can be avoided via frequency selective precoding.

According to the above observations, we recommend in Rel-16 that:
Proposal: Enhancement on PAPR reduction for CSI-RS and DMRS is not considered in Rel-16.
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