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1 Introduction

In the previous RAN1 #90bis meeting [1], the following issues have been discussed and additionally agreed related to NR DMRS design
Agreement:

A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with the following signaling method:

· The maximum number is configured with higher-layer signaling and the actual number with DCI using DMRS-table-based indication

Agreement:
At least the following information is included in DCI as part of downlink DMRS port assignment:

· Scheduled downlink DMRS ports

· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching

· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not

· There are no dedicated bits for rate matching around DMRS CDM group(s)

At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:

· Scheduled uplink DMRS ports

· Uplink DMRS CDM groups for rate matching

· There are no dedicated bits for rate matching around DMRS CDM group(s)

Agreement
A UE in MU-MIMO should be scheduled ports first within a specific CDM group, and then across CDM groups from UE perspective 

· The ports within the same CDM group should be QCL-ed 
· The above applies for the case of single TRP
Agreement:
· In Rel. 15, at least for PDSCH, a UE is not expected to assume co-scheduled MU-UE(s) with different DMRS configuration with respect to the followings:

· The actual number of front-loaded DMRS symbol(s)

· The number of additional DMRS

· The DMRS symbol location 

· DMRS configuration type.

In this contribution, we provide our view on remaining DMRS issues.
2 DMRS power boosting
To increase the spectral efficiency, most companies have considered multiplexing DMRS and data REs within DMRS symbols. In the previous meeting, it was agreed that NR supports FDM between DMRS and PDSCH as well as PUSCH in CP-OFDM. From these agreements, empty REs in DMRS symbol can be used for both spectral efficiency increase and power-bossing within a DMRS symbol. If DMRS symbols have empty REs not fully occupied by DMRS REs, there are three options considering data multiplexing and power-boosting with DMRS as follows
· Option 1. DMRS without power boosting irrespective of PDSCH rate matching
· Option 2. DMRS with power boosting depending on PDSCH rate matching
· Option 3. DMRS with power boosting depending on SU-MIMO or MU-MIMO
Among them, option 1 has no chance to transmit DMRS applying power-boosting. It would be a very simply way so that there is no need for additional signalling design and specification efforts for power boosting. 
In option 2, basically the rate of power boosting level follows DMRS RE-to-Empty RE ratio. For example, if the total number of empty REs is the same as that of DMRS REs, the average transmit power of DMRS REs should increase twice compared with normal DMRS RE without power boosting. Actually from the DMRS-related agreements in previous meeting [1], we can check that DCI includes DMRS CDM group information for rate-matching as part of downlink DMRS port assignment. Figure 1 shows the concept of power boosting scenario in Option 2 where target UE has already received the information of scheduled DMRS ports and empty DMRS Groups by DCI. In Figure1, since DMRS CDM Group 1 and Group 2 are not used for DMRS transmission for target UE, DMRS power in CDM Group 0 can be simply boosted as three times compared with normal DMRS transmission.
At last, option 3 needs to consider MIMO mode to apply power boosting. According to MIMO mode, option 3 may need additional signalling for both indicating available REs and port allocation information or whether data can be transmitted in DMRS symbol or not. For example, it may be one practical solution that DMRS power boosting only in SU-MIMO can be permitted by using scheduled CDM group information for rate-matching in DCI. 
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Figure 1 DMRS allocation example using single DMRS CDM group (DMRS Configuration type 2)
As a result, the power boosting method has proved its performance improvement as shown in [2] DMRS-based transmission and so it seems to be beneficial that power boosting method should be introduced to DMRS transmission considering PDSCH rate matching procedure. In addition, there is no need to adopt another signalling method for DMRS power boosting because of aforementioned information about scheduled DMRS ports and CDM group for rate-matching in DCI.
Proposal 1: DMRS power boosting should be adopted in DMRS symbols depending on PDSCH rate matching.

3 Conclusion

In this contribution, we discuss remaining aspects of DMRS design. Our proposals are given as follows:

Proposal 1: DMRS power boosting should be adopted in DMRS symbols depending on PDSCH rate matching.
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