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[bookmark: _Ref481749371]Introduction
In previous RAN1 meetings, it has been agreed to support front-loaded DMRS mapped on either 1 or 2 adjacent OFDM symbols and to support up to 12 orthogonal DL DMRS ports. In RAN1#89, the following working assumption was agreed with respect to front-loaded DMRS:
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)
· [bookmark: _Hlk484975751]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:
· [bookmark: _Hlk485211866]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

In this contribution, the above open issues on front-loaded DMRS are addressed with evaluation of DL DMRS patterns in the companion contribution [1]. UL DMRS design and link level evaluations are studied in [2] and [3], where [2] includes a study on Cubic Metric with respect to DMRS mapping in frequency domain.
Discussion
Front-loaded DMRS
The working assumption states that UEs in a cell are higher layer configured with 2 DMRS configurations for front-loaded DMRS for UL/DL CP-OFDM. This sentence could be interpreted such that there would be an intention to support dynamically switching between the two types of front-loaded DMRS configurations, i.e. Configuration 1 and Configuration 2. However, the scenarios where such operations could be beneficial have not been discussed so the logical here is that UEs in a cell are higher layer configured with DMRS from one of these two types of configurations.
Proposal 1: UEs in a cell are on all CCs 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 
The working assumption addressed alternatives to be down selected to aim for at most three configurations within each of the front-loaded DMRS configuration types. Based on evaluations of different alternatives for the front-loaded Configuration type 1, we proposed the following in companion paper [1]:
1. [bookmark: _Hlk485286266]Comb 2 + 2 CS (When one front loaded OFDM symbol is used for DMRS)
2. Comb 4 + 2 CS + TD-OCC ({1 1} and {1 -1}) (When two front loaded symbols are used for DMRS) 
[bookmark: _GoBack]The two front-loaded OFDM symbols configuration indicates that up to 16 DMRS ports could in principle be supported with the DRMS structure, but with current working assumption of up to 8 layers, the structure here represents a compact description of two configurations. The antenna port selection table for DCI signaling will select possible port combinations from this structure.
Hence, the number of layers, and which ports that are used in the transmissions, will be dynamically signaled by a DCI message. Figure 1 shows how up to 8 layers can effectively be signaled by introducing a 12-port description as depicted on the left-hand side of the figure (note that the port 13-16 are listed only for completeness, they are not used, i.e. these combinations of TD-OCC and CS are not utilized). 
In this case, a UE is higher layer configured either with Message Table 1 or Message Table 2 depending whether the 8 layers are to be obtained with TD-OCC or CS per Comb. Typically, the TD-OCC introduces additional channel estimation complexity for mm-wave operations due to phase noise issues. It can be noticed from Message Table 1 that up to 4 layer SU-MIMO transmissions is supported without imposing CS. Such DMRS port combinations should be supported to achieve robustness in scenarios with highly frequency selective channels.
Proposal 2: For DMRS configuration type 1 using two OFDM symbols, up to 4 layer SU-MIMO transmissions without imposing OCC/CDM in neither time or frequency should be supported
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[bookmark: _Ref485307597]Figure 1 Up to 8 layers with repetitions and CS per Comb (no TD-OCC) or with TD-OCC per Comb (no CS)

The working assumption for DMRS configuration type 2 addressed three alternatives for the one ODFM symbol case in which one of the alternatives supported only 2 ports. That alternative seems not to fit into a configuration type that aims for high MU-MIMO capacity. If robustness is sought for low rank transmissions in the case of one OFDM symbol DMRS, then DMRS Configuration type 1 could be used with one DMRS port on each Comb. Hence, a DMRS configuration should at least support up to 4 ports.
Proposal 3: A front-loaded DMRS configuration type 2 should at least support up to 4 ports
The number of DMRS ports that is considered in data transmissions will, evidently, be changing dynamically and when only a subset of the maximum number of DMRS ports (supported by the configuration) is used then there could be alternatives in how to map TDM ports. For example, in the case of a UE configured with two OFDM symbols front-loaded DMRS with 12 ports obtained via TDM at least two principles of mapping DMRS ports can be envision as illustrated in Figure 2. In the lower part of the figure, blocks of up to 2 ports are added first in frequency and then in time whereas in the upper part of the figure the blocks are added first in time and then frequency. Both ways of mapping the 2-RE blocks suffer of power imbalance and which order to map the blocks may not be crucial as in the both cases there would in MU-MIMO be a need to dynamically signal the power offsets between DMRS and associated data. From the lower part of Figure 2 we notice that UEs configured with two OFDM symbols front-loaded DMRS will leave one OFDM symbol blank when up to 6 layers are scheduled. Evidently, the 12 ports TDM configuration introduces unnecessary large overhead in such cases.
Observation 1: TDM of DMRS ports results in unnecessary large overhead when up to 6 layers are scheduled only
One way of reducing this unnecessary large overhead would be to dynamically switch between a one OFDM symbol configuration with 6 ports and the two OFDM symbols TDM configuration for Configuration 2. 
Observation 2: A one OFDM symbol configuration with 6 ports could reduce unnecessary large overhead associated with inefficient TDM port utilization
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[bookmark: _Ref485312137]Figure 2 Two principles of mapping DMRS ports in the case of 12 ports TDM

For any of the front-loaded DMRS configurations, the DMRS mapping on the OFDM symbols carrying DMRS should allocate all REs within an RB when the maximum number of ports of a DMRS configuration is used in transmissions of data. However, frequency multiplexing between DMRS and data can be considered when a subset of the available DMRS ports of the configuration is used in the transmissions of data. One may consider signaling a bit indicating whether the UE can assume data in unused (FDM) ports, which basically presumes SU-MIMO operations as otherwise one would need to signal which of the unused FDM ports carries data. In deployments where not all ports of a DMRS configuration will be needed one could via higher layer signaling configure FDM between DMRS and data.
For the front-loaded DMRS configurations, FDM between DMRS and data is perhaps most interesting for the two OFDM symbol cases. Figure 3 illustrates FDM with data when only up to 4 layer transmissions will considered. 
[bookmark: _Hlk485375211]Proposal 4: Support FDM between front-loaded DMRS and data for at least the two OFDM symbols configurations
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[bookmark: _Ref485371325]Figure 3 FDM with data when configuring a subset of DMRS ports in two OFDM symbols configurations

DMRS pattern before configuration
Transmissions of system information via PDSCH, as SIB1, will not require any front-loaded DMRS as demodulation latency will not be critical. Instead the PDSCH DMRS design for transmissions of system information should be robust to both high Doppler spread and long delay spreads. The same prerequisites hold also in uplink for transmissions of Message 3 as part of the RACH procedure. Furthermore, in these types of transmissions there will be no need to support more than one or two ports depending whether transmit diversity will be considered (spatial multiplexing of SIBs with other transmissions seems unlikely).
Proposal 5: The DMRS for physical data channels carrying SIBs and Message 3 should be:
· Distributed in time within the slot to handle high Doppler spread 
· Sufficiently dense in frequency to handle highly frequency selective channels
· Supporting at most two orthogonal DMRS ports
Conclusion
In this contribution, we discussed DMRS design aspects of front-loaded DMRS and addressed the requested down selection of the alternatives stated in corresponding working assumption from RAN1#89. For the DMRS Configuration type 1 we proposed in the companion paper [1] the following
1. Comb 2 + 2 CS (When one front loaded OFDM symbol is used for DMRS)
2. Comb 4 + 2 CS + TD-OCC ({1 1} and {1 -1}) (When two front loaded symbols are used for DMRS) 
Given this down selection of the IFDM based DMRS alternatives, we demonstrated the DCI signaling of up to the 8 layers for the two OFDM symbols configuration by introducing a 12 ports description that effectively could capture an 8-layer configuration obtained with either TD-OCC or CS.
The following proposals were made:
Proposal 1: UEs in a cell are on all CCs 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
Proposal 2: For DMRS configuration type 1 using two OFDM symbols, up to 4 layer SU-MIMO transmissions without imposing CDM/OCC in neither time or frequency should be supported
Proposal 3: A front-loaded DMRS configuration type 2 should at least support up to 4 ports
Proposal 4: Support FDM between front-loaded DMRS and data for at least the two OFDM symbols configurations
Proposal 5: The DMRS for physical data channels carrying SIBs and Message 3 should be:
· Distributed in time within the slot to handle high Doppler spread 
· Sufficiently dense in frequency to handle highly frequency selective channels
· Supporting at most two orthogonal DMRS ports
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