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Introduction
It’s agreed in RAN1#84 [1] to study massive MIMO schemes based on digital/analog/hybrid beamforming architectures. In 3GPP RAN 1#87, the following agreements have been reached [2]:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern
In this contribution, we present our considerations on DMRS designs for DL in NR. 
Discussion on DMRS design for NR MIMO 
General considerations
The supported MIMO dimension in both SU and MU operations certainly have direct impact on the DMRS design. As agreed in RAN1 #86 that at least 8 orthogonal DMRS ports is supported for SU as well as MU-MIMO[4]. However, it seems that there’s no strong demand on extension of SU-MIMO dimension [5]. On the other hand, with more and more antennas and users involved in NR MIMO, it’s rational to increase the number of orthogonal DMRS port for MU-MIMO. In addition, the transparency in MU-MIMO also influences the DMRS and relevant control signaling designs. 
Observation 1: it seems that there’s no strong demand on extension of SU-MIMO dimension.
Observation 2: it’s rational to increase the number of orthogonal DMRS port for MU-MIMO.
DMRS design
DMRS for demodulation 
It’s agreed that, DMRS is the reference signal with main functionalities of data and control demodulation. In addition, it’s also agreed to study the design of DMRS for broadcast channel. As one of the attractive alternatives to ensure coverage, beam sweeping can be used for broadcast and common control channels. However, blind sweeping raises inevitable increase of overhead and delay in repeated transmission of beams. To address this issue, symbol duration shorter than data and dedicated control channel can be considered for beam sweeping procedure. Furthermore, the Tx beams used for consecutive symbols might not be the same. In the most extreme case, the beam can be swept in symbol-by-symbol manner. For user-specific control information, it’s also possible to be embedded in locally swept beams in beam refinement procedure. Therefore, similar situation applies to dedicated control channel too, if the information is to be transmitted with beam sweeping.
Observation 3: in order to demodulate information transmitted in swept beams, the design for DMRS should take the following facts into account
· Numerology, i.e., symbol duration, sub-carrier spacing, etc.
·  beams used for consecutive symbols might not be the same, which implies 
· inter-symbol interpolation for DMRS based channel estimation might be impossible, and 
· rather than PRB-level, symbol-level pattern design can be considered for DMRS transmitted in swept beams 
With channel knowledge available through beam management and possible subsequent feedback in digital domain, more efficient unicast can be used for data and dedicated control information transmissions. However, even though the same set of beam pairs maintained in beam management procedure can be utilized for data as well as dedicated control information, the distinct requirements on spectral efficiency and robustness might suggest individual optimizations for their transmission scheme designs. For instance, to achieve higher spectral efficiency, more layers and codewords could be used for data transmission. Meanwhile, the transmission schemes with higher reliability are more relevant to dedicated control information. Therefore, low-rank beamforming or combination of beamforming and open-loop transmission schemes described above could be better choices for dedicated control information. Therefore, if individual designs for data and dedicated control information transmissions is to be employed, the configuration of DMRS, e.g., port allocation, scramble initialization identity, etc., for data and dedicated control channel could be different. 
Observation 4: if individual designs for data and dedicated control information transmissions are to be designed, the configuration of DMRS, e.g., port allocation, scrambling initialization identity, etc., for data and dedicated control channel could be different. 
DMRS for CSI acquisition & beam management  
In legacy LTE systems, DMRS exists only in scheduled TTIs and allocated PRBs for the UEs currently being scheduled. Although more accurate CSI is available with DMRS based measurement, especially for non-codebook based transmission, it’s generally considered to be not suitable for CSI reporting. Alternatively, wideband transmitted and always-on reference signals, such as CRS and CSI-RS, are used for CSI measurement and reporting. In NR, on the other hand, such always-on signals would be kept to the minimum or even totally removed. What’s more, with large number of antennas in NR MIMO, the mismatch between CSI reporting based on measurement RS and actual undergoing channel quality for scheduled UE would be even larger. Therefore, we may need to consider  capitalizing on DMRS for CSI measurement and reporting too. Two potential solutions are 
· Alt-1:as a supplementary measure, provide incremental CSI to CSI-RS based measurement and reporting
· Alt-2: independent CSI feedback based only on DMRS
DMRS based CSI feedback would be of great value for MU-MIMO, which is much more sensitive to CSI accuracy. In MU-MIMO operation, the following use cases can be considered:
· Alt-1: pre-schedule of DMRS, possibly with overhead-reduced pattern, for MU CSI feedback 
· Alt-2: estimate DMRS on resources being scheduled for other UEs’ PDSCH transmission and measure interference from potential co-scheduled UEs
DMRS patterns
With more than one choice available, the system may benefit from the introducing of configurable DMRS pattern. Depending on the deployment scenario and requirement on demodulation performance, the system can be configured to transmit data and control channel with more suitable DMRS pattern. To cope with different properties with respect to selectivity of channel in both time and frequency domains, in the last meeting it’s agreed to support DMRS patterns with configurable time and or frequency density. 
To this end, we propose to generate DMRS patterns for multiple deployment scenarios based on extensions of the so-called base pattern. The base patterns presented in Figure 1 define the REs occupied for DMRS transmission in one or two adjacent symbols. For each number of DMRS ports, two alternatives with different densities in frequency domain are given. Based on base patterns of up to 8 orthogonal DMRS ports, the DMRS patterns in slots with 7 and 14 symbols are depicted in Figure 2 and 3 respectively. According to the transmission rank, category of service, mobility and deployment scenarios, DMRS patterns are configurable in terms of density in both time and frequency domains as well as RE distribution. In addition, frontloaded DMRS is supported for each slot structure.  
Due to the potential loss in power amplifier efficiency, purely FDM of DMRS ports is not preferred. Considering the possibility of scheduling with much shorter time unit, CDM-T should also be avoided. In the example patterns shown in Figure 2 and 3 for 7-symbol and 14-symbol slots respectively, CDM-F is used for multiplexing of up to 4 DMRS ports. For more than 4 DMRS ports, CDM-F+TDM can be used. It’s also noted that, the DMRS patterns can easily be extended to support more than 8 orthogonal DMRS ports. As detailed designs of other physical signals and channels are not determined yet, the DMRS patterns can be further refined. 
As the selection of DMRS configuration is largely correlated to details in implementation of channel estimation at UE side, it’s reasonable of allowing UE to make recommendation on DMRS configuration for the upcoming scheduling. Correspondingly, suggestion on transmission scheme and prediction of resultant channel quality could be reported to the network to facilitate transmission optimization. 
Proposal 1: for DMRS pattern design, introduce base pattern as basic unit, based on which DMRS patterns with configurable densities in time and frequency domains and flexible time-domain location are achievable.   
Proposal 2: study the mechanism of UE-assisted DMRS configuration. 
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Figure.1 DMRS base patterns
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Figure.2 DMRS patterns for 7-symbol slot
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Figure.3 DMRS patterns for 14-symbol slot
Conclusions
This contribution provides our considerations on DL DMRS design for NR MIMO. Based on the discussion above, we have the following observations and proposal:
Observation 1: it seems that there’s no strong demand on extension of SU-MIMO dimension.
Observation 2: it’s rational to increase the number of orthogonal DMRS port for MU-MIMO.
Observation 3: in order to demodulate information transmitted in swept beams, the design for DMRS should take the following facts into account
· Numerology, i.e., symbol duration, sub-carrier spacing, etc.
·  beams used for consecutive symbols might not be the same, which implies 
· inter-symbol interpolation for DMRS based channel estimation might be impossible, and 
· rather than PRB-level, symbol-level pattern design can be considered for DMRS transmitted in swept beams 
Observation 4: if individual designs for data and dedicated control information transmissions are to be employed, the configuration of DMRS, e.g., port allocation, scrambling initialization identity, etc., for data and dedicated control channel could be different. 
Proposal 1: for DMRS pattern design, introduce base pattern as basic unit, based on which DMRS patterns with configurable densities in time and frequency domains and flexible time-domain location are achievable.   
Proposal 2: study the mechanism of UE-assisted DMRS configuration. 
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