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1 Introduction

In the previous RAN1 NR #3 meeting [1], the following issues have been discussed and additionally agreed related to NR DMRS design
Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transmissions

· The above applies for PDSCH and PUSCH without hopping

· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 

· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols

Agreement:
Frequency-domain staggering of additional DMRS with respect to the front-load DMRS inside a DL slot is not supported in Rel-15.
Agreement:
For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.

· further discuss next meeting the support of the case of two 2-symbol additional DMRS.

· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.

DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource specific w.r.t to a wideband CC from network perspective.

Agreement:
NR supports up to 4 ports per-UE in MU-MIMO

· Study further the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the 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. However, the option 2 may require some additional RE mapping rule and additional signalling for PDSCH rate matching in DMRS symbol.
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. 

Since the power boosting method has proved its performance improvement as shown in [2] DMRS-based transmission, power boosting method should be introduced to DMRS transmission considering PDSCH rate matching procedure. As a resul, it seems that it could be further discussed to adopt which signalling method is best for DMRS transmission considering DMRS power boosting.
Proposal 1: DMRS power boosting should be adopted in DMRS symbols depending on PDSCH rate matching.

3 Indication for PDSCH rate matching in DMRS symbol
To increase the system spectral efficiency, MU-MIMO scheme seems to be efficient options under the limited time-frequency resource. Unlike as LTE, in NR, dynamic paring based on transparent way may not be kept as major design aspects of MU-MIMO scheme any more. This is because it was agreed that NR supports signalling for PDSCH rate matching in DMRS symbols in previous meeting. Under the both DMRS Configuration 1 and 2, it is possible that source gNB could signal to target UEs about DMRS port allocation and PDSH rate matching information. In other words, 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. 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.

Regardless of MU-MIMO paring, it is preferable that the scheduler notifies the target UE which Comb groups or CDM groups are occupied with data or other co-scheduled UEs. Since there are two Comb groups(=CDM groups) in DMRS symbol in case of DMRS configuration 1, the maximum 1 bit is enough for additional information. In case of DMRS configuration 2, the maximum 2 bits are enough for additional information. This kind of additional information should be transmitted by dynamic signaling(e.g. DCI) because PDSCH rate matching and MU paring are dynamically operated based on slot-level
Proposal 2: To minimize the signalling overhead, the information of occupied CDM groups are signalled to the UE for PDSCH rate matching in DMRS symbol(s).
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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: DMRS power boosting should be adopted in DMRS symbols depending on PDSCH rate matching.
Proposal 2: To minimize the signalling overhead, the information of occupied CDM groups are signalled to the UE for PDSCH rate matching in DMRS symbol(s).
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