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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN 81# meeting, revised WID [1] on NR MIMO was agreed, the detailed objectives are as below:
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· 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)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
In this new submission contribution, we provide our views on DMRS PAPR and power imbalance issues.
1. Discussion on PAPR issue
In NR Rel-15 specification 38.211 [2], identical DMRS sequence is generated for different antenna ports within a symbol. For DMRS configuration type 1, an example of DMRS modulation symbols after resource mapping for different DMRS ports are shown as below.
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For DMRS configuration type 2, an example of DMRS modulation symbols after resource mapping for different DMRS ports are shown as below.
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Based on above DMRS sequence generation and mapping rules, same DMRS modulation symbols shall be mapped to adjacent subcarriers for particular DMRS ports combination and precoders, which will lead to maximum 3dB PAPR for DMRS symbol(s). An example of DMRS antenna ports combination (0, 2) transmission with precoder  after precoding is shown as below, which causes nearly 2dB higher PAPR than data.
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To resolve above DMRS PAPR issue, the following alternatives with advantages and disadvantages are proposed in table 1.
Table1. Comparison of solutions for reducing DMRS PAPR
	Solutions
	Advantages
	Disadvantages

	Alt1: add or change DMRS antenna port mapping entries.
e.g. (0, 2)-(0, 3)
	· No need to change DMRS physical resource mapping formula. 
	· All DMRS antenna ports combination similar as (0, 2) need to be changed or add new entries.
· Antenna port field size in DCI needs to be changed.

	Alt2: subcarrier specific DMRS sequence generation
	· No need to change DMRS antenna port mapping table.
	· DMRS physical resource mapping formulas have to be changed.
· It had been discussed before, more specification effort is needed.

	Alt3: DMRS CDM group specific sequence generation
	· No need to change DMRS antenna port mapping table.
· Only need a few of specification work.
	· DMRS CDM group specific scrambling ID need to be introduced.
· Additional remarks for DMRS physical resource mapping equation have to be added.

	Alt4: UE or gNB implementation
	· No need to change DMRS physical resource mapping formula and DMRS antenna port mapping table.
	· PAPR issue cannot be ignored by some UE or gNB vendor.



Based on above comparison, DMRS CDM group specific sequence generation is preferred. An example of DMRS CDM group specific sequence generation with DMRS port combination (0, 2) transmission and precoder   after precoding is shown as below.
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Furthermore, DMRS configuration type 1 and type 2 PAPR CCDF simulation results among data symbol, R15 DMRS symbol and CDM group specific sequence generation DMRS symbol are depicted in Figure 1. According to the simulation results, almost same PAPR feature is shown between CDM group specific sequence generation DMRS symbol and data symbol. Not only for DMRS, similar solution also can be applied for CSI-RS.
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Figure1. DMRS configuration type 1 and type 2 PAPR CCDF for R15 and enhanced DMRS
Proposal 1:
· DMRS/CSI-RS CDM specific sequence generation is supported to reduce PAPR.
1. Discussion on power imbalance issue
Due to above mentioned DMRS sequence generation rules, zero power DMRS modulation symbols shall be generated for particular DMRS antenna ports combination and precoders, which will cause DMRS antenna ports power imbalance issue. An example of DMRS antenna ports combination (0, 4) transmission with precoder  after precoding is shown as below, which cause DMRS antenna ports 0 and 4 with zero power in DMRS symbol 1 and 2 respectively. 
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To resolve power imbalance issue, the following options can be considered,
· Opt1: add phase rotation factor for different DMRS antenna port sets.
An example of adding a phase rotation factor for DMRS resource mapping equation is depicted as below,




According to above equation, advanced DMRS resource mapping with non-zero power antenna ports transmission for DMRS port combination (0, 4) and precoder   after precoding is shown as below.
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· Opt2: add/change DMRS antenna port mapping table entries, e.g. (0, 4)-(0, 5).
Proposal 2:
· Power imbalance issues should be resolved together with PAPR issues in Rel-16.
1. Conclusion
In this contribution, DMRS/CSI-RS PAPR and power imbalance issues are discussed with the following proposals.
Proposal 1:
· DMRS/CSI-RS CDM specific sequence generation is supported to reduce PAPR.
Proposal 2:
· [bookmark: _GoBack]Power imbalance issues should be resolved together with PAPR issues in Rel-16.
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