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1
Introduction
In RAN#80, a new work item on NR MIMO enhancements was approved [1] and further updated in RAN#81 [2]. Following objective related to low PAPR RS is included: 

· 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 RAN1#94b, following working assumption related to this agenda item was made [3]:

Working Assumption

· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212

· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively

· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?

· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported

· The following solution categories are precluded 
· Modification of OCC 

· Modification to PN sequence generation, such as subsampling a longer sequence

· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue

· Carefully consider backward compatibility issues and the total number of cinit configured per UE

· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols

· Carefully consider channel estimation performance and cross correlation performance

· For the next meeting:

· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211

· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 

· Whether is it in scope of WI and if so, whether to specify a solution

In this document, we present our views related to the issues and solutions described in the working assumption from last meeting.
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Discussion
DL channels or UL channels
In DL channels, generally the needs of improved PAPR is less as multiple simultaneous transmission already has large PAPR. On the other hand, the reduced PAPR in DL channel would have merits in the base station with analogue beam forming and/or small cells where no or small number of FDM operation. We propose to focus UL channel but the similar design principles could be applied to DL channels as well.
PAPR issue for PDSCH/PUSCH DMRS
Since common design is used for both PUSCH and PDSCH CP-OFDM, the enhancement for reducing PAPR can be applicable for both DL and UL.

When more than one CDM group is used for mapping layers to DMRS ports, a repetitive symbol structure is transmitted due to same RS sequence, and when each CDM group is passed through the same power amplifier, consequently high PAPR is seen in comparison to data symbols. This can lead to considerable high PAPR for DMRS subcarrier and it should be resolved in Rel. 16. So basically as the number of DMRS ports are increasing and multiple CDM groups are used, the issue becomes more severe. Due to this reason, new enhancements are needed, but at the same time minimum specification effort is recommended. For this purpose, a straightforward solution has been proposed in the working assumption to use different initialization for sequences of each CDM group. This prevents forming a repetitive-like symbol structure on DMRS resources in case of multiple CDM groups and ensures relatively lower PAPR.
PAPR issue for pi/2 modulation
As pi/2 is applicable only for UL, the design will naturally be applied to UL channel.

Currently for PUSCH/PUCCH DMRS for DFT-s-OFDM, ZC sequences are used for all modulation orders. In [4], it is pointed out and shown that the PAPR of DMRS symbols is quite high compared to data symbols when ZC sequences are used for pi/2 modulation. It is shown that the PAPR with ZC sequences is larger than 1.6dB in comparison to the modulated data. Therefore, new sequences might be needed for pi/2 modulation in order to have comparable PAPR with data symbols.
PAPR issue for CSI-RS

Similar to the high PAPR for DMRS with multiple CDM groups, CSI-RS also has high PAPR issue. As CSI-RS subcarriers are precoded and multiple CDM groups are used in the same symbol, and they are passed through the same power amplifier, high PAPR is experienced by the CSI-RS resources in comparison to data resources. Therefore, possible enhancements in Rel. 16 might be needed to reduce the PAPR issue for CSI-RS transmission. 
As CSI-RS is only for DL signal, CSI-RS specific optimization should be avoided. If CDM specific sequence initialization is agreed for DMRS, we propose to use similar enhancement for CSI-RS as well. 

In view of the above issues related to the PAPR issue, at least the following points from the working assumption that has been made in RAN1#94b should be agreed.

Proposal 1:

· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212

· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively

· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?

· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported

· Carefully consider backward compatibility issues and the total number of cinit configured per UE

· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols

· Carefully consider channel estimation performance and cross correlation performance
· For a CSI-RS resource with multiple CDM groups, similar enhancements as for DMRS PAPR issue should be considered in Rel.16
· New enhancements should be precluded.
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Conclusion 
Here we summarize the observations and proposals that have been presented in the sections above:
Proposal 1:

· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212

· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively

· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?

· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported

· Carefully consider backward compatibility issues and the total number of cinit configured per UE

· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols

· Carefully consider channel estimation performance and cross correlation performance
· For a CSI-RS resource with multiple CDM groups, similar enhancements as for DMRS PAPR issue should be considered in Rel.16
· New enhancements should be precluded.
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