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1 Introduction

In the previous RAN1 NR Ad-Hoc#2 meeting [1], the following issues have been discussed and agreed related to NR DMRS design
Agreements:

· 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

In this contribution, we provide our view on remaining DMRS issues.
2 DMRS multiplexing with data channel
To increase the spectral efficiency, some companies may consider multiplexing DMRS and data REs within DMRS symbols. If DMRS symbols have empty REs not fully occupied by DMRS REs, there are three options considering data multiplexing with DMRS as follows
· Option 1. Only DMRS is transmitted in DMRS symbol without data mapping.
· Option 2. Only DMRS with power boosting is transmitted in DMRS symbol without data mapping.
· Option 3. Both DMRS and data are multiplexed and transmitted in DMRS symbol.
Among them, option 1 and options 2 have no chance to transmit data which is some part of the corresponding PDSCH. Applying power boosting or not is main difference between option 1 and 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. Also the option 1 and 2 do not require additional RE mapping rule and additional signalling for PDSCH transmission in DMRS symbol.
However, option 3 needs additional data RE mapping procedure for empty REs not occupied by DMRS. Since option 3 needs additional signalling for indicating available REs or whether data can be transmitted in DMRS symbol or not, it could induce the additional signalling procedure and overhead. Moreover, in [2] we can check that only DMRS transmission with power boosting performs better than DMRS multiplexed with data.
Of course, it seems that it’s rather premature to conclude which options is best for DMRS transmission, but only DMRS transmission with power boosting seems to be favourable considering simple structure and signalling overhead for DMRS and data allocation. 

Proposal 1: No data transmission and DMRS power boosting should be adopted in DMRS symbols.
3 MU-MIMO pairing based on transparent way 

To increase the system spectral efficiency, MU-MIMO scheme seems to be efficient options under the limited time-frequency resource. Like as LTE, in NR, dynamic paring based on transparent way should be kept as major design aspects of MU-MIMO scheme. Under the both DMRS Configuration 1 and 2, it is possible that target UE could be transparently paired and multiplexed with other UEs by allocating orthogonal DMRS ports. 

However, it needs additional information which is total number of layer or DMRS ports for co-scheduled UEs. One possible way is to deliver a message about DMRS port allocation to all the co-scheduled UEs with same time-frequency resource. This could break the basic rule of MU-MIMO concept which is based on transparent way and cause additional signaling overhead. Except the information of DMRS port allocation to co-scheduled UEs, one another information should also include empty REs configuration in order to multiplex DMRS and data. As a result, if MU-MIMO paring is adopted in some slot, all the co-scheduled UE can get the configuration information of DMRS port and available REs for data transmission as shown Fig. 1.

So considering MU-MIMO paring and rate matching around DMRS, it makes big signaling overhead and violates the transparent concept for MU-MIMO paring. To support full flexibility of MU-MIMO in transparent way and prevent additional signaling overhead, only DMRS transmission in DMRS symbol seems to be favourable and simple procedure.
Proposal 2: To support transparent MU-MIMO paring, only DMRS should be allocated within DMRS symbol region.
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Figure 1 DMRS allocation example considering MU-MIMO pairing (DMRS Configuration 2)
4 Conclusion

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

Proposal 1: No data transmission and DMRS power boosting should be adopted in DMRS symbols.
Proposal 2: To support transparent MU-MIMO paring, only DMRS should be allocated within DMRS symbol region.
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