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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#94bis meeting [1], working assumption on low PAPR RS design was achieved as
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
In this contribution, we provided our views on the design of low PAPR RS.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
As described in [2], the PAPR issue results from mapping same DMRS sequence to antenna ports across the CDM groups. Companies proposed to use different sequences for different CDM groups to reduce the PAPR. And the two cinit (configured by nSCID=0,1, respectively) are reused for DMRS type 1 as only up to 2 CDM groups are supported for DMRS type 1. Reusing the existing nSCID can reduce spec impact and maintain backward compatibility as much as possible. And in R15, the dynamic indication of nSCID can achieve dynamic TRP selection, quasi-orthogonal MU pairing and etc. The formula for initialization of DMRS sequence in Rel-15 is shown as follows:
        (1)
Considering the backward compatibility and flexible scheduling, the two cinit configured by different nSCID should also maintain the dynamic property. For example, when nSCID=0, sequence on DMRS CDM group 0 is generated with cinit configured by nSCID=0, and sequence on DMRS CDM group 1 is generated with cinit configured by nSCID=1; and when nSCID=1, the sequences are swapped, as shown in Figure 1. 


Figure 1. Sequence of DMRS type 1 for legacy and enhanced UE
As the DMRS ports in the same CDM group are multiplexed with CDM in time or frequency domain, the orthogonality requires the sequences for different DMRS ports in the same CDM group should be same. And from Figure 1, we can see for Rel-16 UE with enhanced DMRS sequence generation, both CDM group 0 and group 1 can apply sequence with cinit configured by nSCID=0 and 1 dynamically, which provides the opportunity for Rel-16 UE co-scheduled with Rel-15 UE with orthogonal DMRS ports in a same CDM group, and also the flexibility for dynamic TRP switching can be obtained.
For example, the dynamic configuration of two cinit configured by nSCID=0 and 1 for two CDM groups (as shown in Figure 1) can be achieved by slightly modification of the initialization formula (1) in Rel-15.
          (2)
where,  and  is the index of CDM group.
Proposal 1: Support dynamic configuration of cinit configured by nSCID=0 and 1 for CDM group 0 and group 1 of DMRS type 1.
While for DMRS type 2, as up to 3 CDM groups are supported, the two nSCID seem not enough to support the CDM group specific sequence design. But the situations are different for uplink and downlink. For uplink, as the DMRS are transmitted from each UE, so PAPR issue should be considered per UE perspective. And for downlink, the DMRS ports are transmitted from network, even DMRS ports for a given UE are from same CDM group, there may be other DMRS ports in a different CDM group for other UEs. So PAPR issue should be considered for all the co-scheduled UEs from network perspective. Considering the different perspectives, the backward compatibility, flexibility, and little spec impact, different schemes can be applied for uplink and downlink.
As we mentioned above, for uplink transmission, consideration of PAPR reduction for a single UE is enough. And based on current spec, even for DMRS type 2, up to 2 CDM groups can be configured for a single UE at a time. So we do not need to introduce 3 cinit for each CDM group, the schemes for DMRS type 1 can be reused for uplink DMRS type 2 to reduce the PAPR, that is the two cinit (configured by nSCID=0,1, respectively) with dynamic indications are reused for the up to 2 CDM groups for a given UE. 
For example, the modified formula (2) can be reused for uplink DMRS type 2, and based on this, the cinit for different CDM groups are shown in Figure 2.


Figure 2. Sequence of uplink DMRS type 2 for legacy and enhanced UE
Proposal 2: For both uplink DMRS type 1 and type 2, if scheduled DMRS ports are from 2 CDM groups, the two cinit (configured by nSCID=0,1, respectively) are reused for the 2 CDM groups.
In addition, if the DMRS ports scheduled for a given UE are from same CDM group, there is no PAPR issue for uplink. In these cases, no need of enhancement and Rel-15 DMRS sequence generation can be reused.
Proposal 3: For uplink DMRS, no need of sequence enhancement when scheduled DMRS ports are from same CDM group.
For downlink DMRS type 2, as the PAPR should be considered from network perspective, CDM group specific DMRS sequence should be used to reduce PAPR. Referring to the DMRS indication table, in most cases, CDM group 0 and CDM group 1 are used. Considering on these typical cases, the scheme for DMRS type 1 can also be reused, i.e. the two cinit (configured by nSCID=0,1, respectively) with dynamic indications are reused for CDM group 0 and CDM group 1. And when CDM group 2 is scheduled, it is assumed that both CDM group 0 and CDM group 1 are used, so in this case, as long as CDM group 2 is scheduled, another different sequence should be designed. A straightforward way is to introduce a new ID configured in RRC (e.g. ) without additional overhead for nSCID, as shown in Figure 3.


Figure 3. Sequence of downlink DMRS type 2 for legacy and enhanced UE
From Figure 3, we can see for Rel-16 UE with enhanced DMRS sequence generation, both CDM group 0 and group 1 can apply sequence with cinit configured by nSCID=0 and 1 dynamically, which provides the opportunity for Rel-16 UE co-scheduled with Rel-15 UE with orthogonal DMRS ports in a same CDM group, and also the flexibility for dynamic TRP switching can be obtained. 
Furthermore, as there is one default scrambling identity  for DMRS sequence generation. If both  and  are configured different from the default value of . Then,  can be used for sequence generation for one of the CDM group, in this case, there is no overhead increased for introduction of new scrambling identity.
Proposal 4: For downlink DMRS type 2, the two cinit (configured by nSCID=0,1, respectively) are reused for CDM group 0 and CDM group 1; And new  configured in RRC or default  can be introduced for sequence of CDM group 2.
In addition, considering backward compatibility, if co-scheduled with Rel-15 UE, legacy DMRS sequence on CDM group 2 should also be supported for Rel-16 UEs, especially in the first state, Rel-15 UEs are majority, that is either  or  should be supported for CDM group 2. Based on this, the dynamic indication of DMRS sequence initialization can also be used to indicate the cinit on CDM group 2. 
3 Conclusion
In this contribution, we provided our views on the design of low PAPR RS, and we proposed that:
Proposal 1: Support dynamic configuration of cinit configured by nSCID=0 and 1 for CDM group 0 and group 1 of DMRS type 1.
Proposal 2: For both uplink DMRS type 1 and type 2, if indicated DMRS ports are from 2 CDM groups, the two cinit (configured by nSCID=0,1, respectively) are reused for the 2 CDM groups.
Proposal 3: For uplink DMRS, no need of sequence enhancement when indicated DMRS ports are from same CDM group.
Proposal 4: For downlink DMRS type 2, the two cinit (configured by nSCID=0,1, respectively) are reused for CDM group 0 and CDM group 1; And new  configured in RRC or default  can be introduced for sequence of CDM group 2.
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