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In 3GPP RAN1 #95 meeting, the following agreement was captured [1].
	
Agreement
The working assumption from RAN1#95 on low PAPR RS for Rel-16 NR is confirmed as an agreement 
· 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
Agreement
Metrics to consider for new sequence design for the pi/2 BPSK DMRS are the gNB receiver complexity, PAPR relative to data and link level throughput/BLER performance considering frequency domain flatness and autocorrelation properties, interference considering cross correlation properties and when applicable (e.g. PUCCH), orthogonality of sequences
Agreement
For CP-OFDM and for both DMRS type 1 and 2, the following cinit for CDM group λ is used for Rel-16 DMRS sequence generation
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and where nSCID is provided by DCI. Lambda is absolute CDM group index.

Agreement
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 
· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 

Agreement 
Support PUCCH DMRS enhancements for PUCCH format 3 and 4



Based on the agreement, this contribution describes our views on the remaining issues on the low PAPR RS.
Discussion
Power imbalance issue
Firstly, one of the remaining issues is whether and how to address the power imbalance issue. In 3GPP RAN1 #95 meeting, even though this issue was actively discussed, Alt.1 or Alt.2 captured below [2] was not agreed. 
	Offline agreement:
· Decide in this meeting
· Alt.1 Power imbalance enhancements across OFDM symbols is out of scope of the current WID
· Alt.2 Power imbalance enhancements across OFDM symbols is in scope of the current WID discuss further a solution and whether or not something needs to be specified
There has been further offline effort to elaborate more on alternative 2 which can be considered:       
· Alt.2 Power imbalance enhancements across OFDM symbols is in scope of the current WID discuss further a solution and whether or not something needs to be specified, down select a solution from the options below:
· Option1: For uplink double-symbol DMRS, when UE is scheduled with certain DMRS ports indices replace the [18] precoding matrices which potentially cause power imbalance for PUSCH with new precoding matrices that avoids the problem
· by adding a phase rotation factor
· Option2: For uplink double-symbol DMRS, the current OCC mapping patterns are modified to address power imbalance problem.


More specifically, when the DMRS ports are multiplexed using time domain OCC, transmission power of the two DMRS OFDM symbols can be different each other. Figure 1 shows this power imbalance problem when four DMRS ports are multiplexed in the same comb, in case of DMRS configuration type 1. When OCC mapping pattern in Figure 1 is used to multiplex port 0, 1, 4, and 5, the average transmission power of each OFDM symbol can be different in the worst case where, for example, the precoding weights of all transmit layers at the n-th transmit antenna are the same.
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[bookmark: _Ref534929669]Figure 1. DMRS transmit power imbalance


To address this power imbalance issue, we propose a modified OCC mapping pattern shown in Figure 2, in which time domain OCC mapping of  and  is alternatively applied. As a result, it ensures peak power randomization over 2 RBs for type 1 and 1 RB for type 2, even in the case where the precoding weights of all transmit layers at the n-th transmit antenna are the same.
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[bookmark: _Ref534929900]Figure 2. An illustrative example of the modified OCC mapping pattern to address power imbalance issue

Proposal 1: Rel-16 NR should introduce a modified time domain OCC mapping pattern to address the power imbalance issue.
· 

E.g.,  and  can be alternatively applied shown in Figure 2

CDM-group specific sequence

According to the CDM-group specific sequence initialization for Rel-16, there exist two different behaviours in case of Rel-16 UEs when they use the 2nd or 3rd group, i.e., Rel-16 UEs can use both of Rel-15 and Rel-16 sequences. To address this issue, two possible options are considered as follows [1]. 
· Alt.1. RRC signalling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group
· Alt.2. RRC + DCI signalling to switch between R.15 or R.16 sequence for 2nd and 3rd CDM group
· DCI code points or explicit (new) bit can be used
In our view, only RRC signalling could be enough. CDM-group specific sequence is introduced in Rel-16 to reduce the high PAPR problem of the gNB and UEs. It seems that there is no clear reason supporting dynamic switching for Rel-16 UE(s) to use Rel-15 and Rel-16 sequence through DCI even if Rel.15 sequence leads to high PAPR problem.
Proposal 2: Support Alt.1
· RRC signalling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group.
In case of DMRS, the CDM group specific sequence generation was finally agreed as described in Section 1 to address the PAPR problem according to the same sequence mapping between different CDM groups. Regarding the PAPR problem of CSI-RS, the main reason is the same, and hence the PAPR problem could be simply addressed by introducing the CDM group specific sequence for the CSI-RS.
Proposal 3: Similar to PDSCH/PUSCH DMRS, Rel.16 NR introduces CDM-group specific sequence generation and mapping for CSI-RS to address the PAPR problem of CSI-RS.

Conclusion
We summarize our proposal as follows:
Proposal 1: Rel-16 NR should adopt a modified time domain OCC mapping pattern to address the power imbalance issue.
· 

E.g.,  and  can be alternatively applied shown in Figure 2
Proposal 2: Support Alt.1
· RRC signalling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group.
Proposal 3: Similar to PDSCH/PUSCH DMRS, Rel.16 NR introduces CDM-group specific sequence generation and mapping for CSI-RS to address the PAPR problem of CSI-RS.
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