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1 Introduction

For CP-OFDM DMRS pattern, at the previous meeting (Ad Hoc Meeting in Qingdao) [1], the following agreements were made:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:

· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:

· Configuration type 1:

· One symbol:

· Comb 2 + 2 CS, up to 4 ports

· Two symbols:

· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.

· Configuration type 2:

· One symbol:

· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports

· Two symbols:

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.

· From UE perspective, frequency domain CDMed DMRS ports are QCLed.

· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.

· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed

For DFT-s-OFDM DMRS pattern, at the previous meeting, the following agreements were made:
· For DFT-S-OFDM based PUSCH DMRS

· DMRS are mapped to resource elements using a comb structure (IFDMA). 

· DMRS and associated PUSCH are multiplexed in time domain

· At least the following (repetition factor, CS) combinations is supported

·  (2, 2)
For multiplexing between DMRS and data, the following agreements were been made at last meeting.

· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.

· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)
Also we have the agreements for study for grant-free power control as below

· At least an UL transmission scheme without grant is supported for URLLC

· Further study on:

· Power control for grant free PUSCH if supported

This contribution discusses the power boosting scheme for UL DMRS based on the characteristics of UL DMRS pattern in NR. 
2 Discussion
2.1 UL DMRS pattern
The agreements reached at the previous meeting (Ad Hoc Meeting in Qingdao) given the UL DMRS patterns used in NR for both CP-OFDM waveform and DFT-s-OFDM waveform. In the agreements for CP-OFDM DMRS pattern, the patterns from the front-load DMRS configuration1 adopt “Comb” (An example is shown as Figure 1-a) and “FD-OCC across adjacent REs” is used in the patterns in front-load configuration2 (An example is shown as Figure 1-b). Both “Comb” and “FD-OCC across adjacent REs” belong to “FDM”. In the agreements for DFT-s-OFDM DMRS pattern, “Comb2” is adopted. So in NR, FDM is used in all DMRS patterns for CP-OFDM and DFT-s-OFDM.
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Figure 1. Examples of DMRS pattern for CP-OFDM

Observation 1: FDM is used in all NR DMRS patterns. 

2.2 Power boosting scheme
When using FDM between different DMRS ports for multiple UEs in MU-MIMO, for each UE, it is beneficial to muting its PUSCH REs that are used for DMRS transmission of other paired UEs. For example, the UL DMRS ports of UE0 and UE1 are FDM. UE0’s UL DMRS occupies red REs and UE1 occupies yellow REs in Fig. 1-a. When UE0 and UE1 are paired for MU-MIMO, the UE0 can’t use the yellow REs that occupied by the UL DMRS of UE1, also the UE1 can’t use the red REs. Because if the yellow REs are used for the PUSCH of UE0, the DMRS of UE1 and the PUSCH of UE0 will interfere with each other at the gNB side.   
In the above example, there are some unavailable REs in the DMRS OFDM symbol. Considering every RE has the same power, the power of DMRS OFDM symbol will be smaller than the power of PUSCH OFDM symbol. In order to improve the precision of channel estimation, we can shift the energy of these unavailable REs to the REs occupied by DMRS through power boosting and keep the same power between DMRS OFDM symbol and data OFDM symbol. Taking UE0 for an example, the energy of yellow REs can be shifted to the red REs. This power boosting scheme could provide 3dB gain to the UL DMRS of UE0 while ensuring DMRS symbol and PUSCH symbol have the same power.
Note that in the case of PUSCH and DMRS FDMed in the same OFDM symbol with some REs muted, the power of those muted REs should be given to DMRS REs and not to PUSCH REs.
The power boosting scheme should be used as basic scheme for UL DMRS, which keeps the same power between DMRS OFDM symbol and data OFDM symbol. Considering the requirements of different scenarios in NR, some scenarios may need to further increase the power of UL DMRS. Other power boosting schemes can be considered based on the power boosting scheme mentioned in this section.
Proposal 1: Power boosting scheme that keeps the same power between DMRS OFDM symbol and data OFDM symbol should be supported for UL DMRS. 

3 Conclusions
In this contribution, a power boosting schemes for UL DMRS has been discussed. Based on these discussions, we have the following observation and proposal:
Observation 1: FDM is used in all NR DMRS patterns. 

Proposal 1: Power boosting scheme that keeps the same power between DMRS OFDM symbol and data OFDM symbol should be supported for UL DMRS.
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