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1. Introduction
In the last meeting, it was discussed in [1] - [3] whether front-load DMRS and data can be FDMed, i.e., whether the REs not occupied by DMRS can be allocated for data in OFDM symbol(s) containing front-load DMRS. The following agreement was reached:
· 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)

In this contribution, we discuss whether front-load DMRS and data can be FDMed for CP-OFDM.

2. Discussion

Multiplexing between front-load DMRS and data for CP-OFDM
Firstly, we summarize the pros and cons for multiplexing or not multiplexing front-load DMRS and data in frequency domain.
Alt 1: DMRS and data can be FDMed
· Pros:
· Data can be transmitted in OFDM symbol(s) not fully occupied by DMRS, and thus more REs can be allocated for data.

· Cons:
· a) Additional signaling on DMRS configuration for co-scheduled UEs is needed for MU-MIMO:

· If predefined DMRS port index assignment will be introduced, the total number of the allocated DMRS ports for the co-scheduled UEs in the current slot needs to be known by UE.

· If predefined DMRS port index assignment will not be introduced, besides the total number of the allocated DM-RS ports, additional information such as the assignment of DMRS ports for each co-scheduled UE in the current slot needs to be known by UE.
· b) DMRS power boosting may not be well supported.

Alt 2: DMRS and data cannot be FDMed

· Pros:
· a) No additional signaling on DMRS configuration for co-scheduled UEs.
· b) DMRS power boosting can be supported when there are some unused REs in OFDM symbol(s) containing DMRS.
· Cons:
· The REs not occupied by DMRS cannot be used by data.

Secondly, we analyze the potential scenarios where the OFDM symbol(s) are not fully occupied by DMRS.
It is obvious that when the total number of transmission layers is small, the OFDM symbol(s) are not fully occupied by DMRS. Meanwhile, the small total number of layers, e.g., 1 or 2 layers, means that the UE(s) are located in low SINR region and their performance is constrained by limited power rather than limited resources. Therefore, in these scenarios, it is expected that DMRS power boosting is more beneficial for improving the performance of demodulation, compared to allocating more REs for data. Furthermore, considering the merit of no additional signaling overhead, it is reasonable not to multiplex front-load DMRS and data in frequency domain for 14 OFDM slot with CP-OFDM.

Proposal 1: For 14 OFDM slot with CP-OFDM, front-load DMRS and data cannot be FDMed, and DMRS power boosting is supported.
Signaling for DMRS power boosting
Assuming that DMRS/data cannot be FDMed and DMRS power boosting is supported, we will discuss the ratio of data EPRE to DMRS EPRE as well as the corresponding signaling. Since front-load DMRS and data are not carried in the same OFDM symbol, hence single EPRE can be applied to all the OFDM symbols for data transmission.
As known, DMRS power boosting with fixed EPRE ratio is introduced for LTE transmission mode 9/10, and it is stated in section 5.2 of TS 36.213 [5] that:
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For NR front-load DMRS, considering that the transmission power on different OFDM symbols in the same slot is constant, the ratio of data EPRE to DMRS EPRE for one UE only depends on the ratio of REs occupied by its DMRS. For example:
· For a UE with layer 1 transmission, with 1 symbol DMRS in configuration type 1, 1/2 of the REs in the symbol are occupied by the UE’s DMRS, thus the ratio of data EPRE to DMRS EPRE is fixed as 1/2 and 3 dB DMRS power boosting is supported.

· For a UE with layer 1 transmission, with 1 symbol DMRS in configuration type 2, 1/3 of the REs in the symbol are occupied by the UE’s DMRS, thus the ratio of data EPRE to DMRS EPRE is fixed as 1/3 and 4.77 dB DMRS power boosting is supported.

Thus, no additional signaling is needed to indicate the ratio of data EPRE to DMRS EPRE for DMRS power boosting.

Proposal 2: For one UE, the ratio of data EPRE to DMRS EPRE depends on the ratio of REs occupied by its DMRS, and no additional signaling is needed to indicate the ratio.
3. Conclusion
This contribution discussed the multiplexing between front-load DMRS and data for CP-OFDM, with the following proposals:
Proposal 1: For 14 OFDM slot with CP-OFDM, front-load DMRS and data cannot be FDMed, and DMRS power boosting is supported.
Proposal 2: For one UE, the ratio of data EPRE to DMRS EPRE depends on the ratio of REs occupied by its DMRS, and no additional signaling is needed to indicate the ratio.
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For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise. 
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