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1 Introduction

For CP-OFDM DMRS pattern, in RAN1 #89 meeting [1], the following working assumption was reached.

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

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

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

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

· FFS: DMRS pattern before configuration, e.g., SIB1
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 working assumption reached in RAN1 #89 meeting listed all possible candidate UL DMRS patterns of CP-OFDM. And NR will down select the DMRS pattern from the candidate patterns. In the work assumption, the entire five candidate 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 all of the five candidate patterns in front-load configuration2 (An example is shown as Figure 1-b). Both “Comb” and “FD-OCC across adjacent REs” belong to “FDM”. So in NR, FDM is almost certain to be used in DMRS pattern of CP-OFDM.
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Figure 1. Examples of DMRS pattern for CP-OFDM

Observation 1: FDM is adopted in all candidate DMRS patterns that mentioned in RAN1 # 89 meeting. 

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 the power of muted REs should be given to DMRS REs and not to the REs used in other ways. For example, 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 keeping the same power between DMRS OFDM symbol and data OFDM symbol should be supported as the necessary and basic scheme for UL DMRS. 

As discussion above, some scenarios need further power boosting based on the power boosting scheme in proposal 1, such as in URLLC with grant-free [2] case wherein DMRS will be possibly used to identify UE’s grant-free transmission in addition to legacy function for channel estimation. In order to meet the reliability requirement of URLLC, the requirement for DMRS for UL grant-free transmission becomes more crucial. One possibly straightforward solution is to boost the power for DMRS. Moreover this mechanism can be operated even the DMRS OFDM symbol and data OFDM symbol already has the same power.
Proposal 2: Further power boosting of DMRS should be considered for grant-free PUSCH transmission.
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 adopted in all candidate DMRS patterns that mentioned in RAN1 # 89 meeting. 

Proposal 1: Power boosting scheme keeping the same power between DMRS OFDM symbol and data OFDM symbol should be supported as the necessary and basic scheme for UL DMRS.
Proposal 2: Further power boosting of DMRS should be considered for grant-free PUSCH transmission.
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