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1 Introduction
In RAN1#89 meeting, the following working assumption was achieved for time domain multiplexing for front-loaded DMRS [1]:
· For DMRS port multiplexing schemes on 2 adjacent front-loaded DMRS symbols in the time domain:

· Support DMRS configurations with two alternatives

· Time domain OCC (TD-OCC) of antenna ports is supported. In addition, for the other alternative only one of following is supported:

· Option 1A: TDM of antenna ports

· Option 1B: Time domain repetition of all antenna ports

· Notes: 

· This is for both SU-MIMO and MU-MIMO

· If 1B is chosen then whether and/or not pattern shift is used must be decided

In addition, the following working assumption for both time and frequency domain multiplexing for front-loaded DMRS has been made [1]:
· 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)

· 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:

· 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 remaining issues for above working assumptions for front-loaded DMRS will be discussed.
2 Port multiplexing methods for front-loaded DMRS
In RAN1#89 meeting, two time domain multiplexing methods of antenna ports over 2 adjacent front-loaded DMRS symbols were decided as the working assumption where TD-OCC is basically supported and TDM or time domain repetition will be down selected. In addition, two front-loaded DMRS configurations on time and frequency domain multiplexing of antenna ports were decided as the working assumption for UL and DL CP-OFDM. Here, front-loaded DMRS configuration 1 is IFDM based pattern with cyclic shifts and supports up to 8 orthogonal DMRS ports. In contrast, front-loaded DMRS configuration 2 is FD-OCC pattern with adjacent REs in frequency domain and supports up to 12 orthogonal DMRS ports. In each front-loaded DMRS configuration, there will be down selection into one pattern for one symbol front-loaded DMRS and two patterns for two symbol front-loaded DMRS, respectively. Therefore, based on the current working assumption, 6 DMRS patterns can be configured for a UE for CP-OFDM waveform. 
However, we have a concern on current working assumption for supporting multiple methods on front-loaded DMRS port multiplexing. If 6 DMRS patterns are supported in NR according to the current working assumption, we expect that only subset of DMRS patterns will be implemented and used in most of scenarios. Otherwise, we should implement all possible DMRS patterns and it definitely increases UE complexity. Therefore if only subset of DMRS patterns is implemented some problems can be occurred. For example, there may be handover or roaming issues since UE implementation may be different to other network vendor's implementation. In addition, two configurations of front-loaded DMRS pattern could cause restriction on MU scheduling. Moreover, it could also result in complicated signalling design for DMRS configuration and indication. Therefore, we propose:
Proposal1: Too many NR DMRS patterns should be avoided as much as possible.
Based on the current working assumption, UEs in a cell are higher layer configured with 2 DMRS configurations for the front-loaded DMRS for UL/DL CP-OFDM. Specifically, by high layer signalling, a single DMRS pattern can be configured for DL CP-OFDM and another DMRS pattern can be configured for UL CP-OFDM. Therefore, a remaining issue is that according to current working assumption which DMRS pattern will be used before high layer DMRS configuration. In LTE system, CRS was used for PDSCH decoding in initial access procedures. However, in NR system, CRS like wideband “always on” signal is prohibited and DMRS will be used for PDSCH decoding in initial access procedures. In this regard, high density DMRS pattern which provides most robust channel estimation performance should be used in this stage. Within alternatives for front-loaded DMRS pattern in the current working assumption, we can consider the following two alternatives:
· Front-load DMRS Configuration 1: Alt 1

· Front-load DMRS Configuration 2: Alt 3
An example of above alternatives is described in our companion contribution [2] and we show that those patterns provide most good performance in each front-loaded DMRS configuration. Therefore, we propose:
Proposal2: Support robust DMRS pattern as a default pattern before high layer DMRS configuration and following patterns can be considered:
· Front-load DMRS Configuration 1: Alt 1
· Front-load DMRS Configuration 2: Alt 3
1 Conclusions
This contribution discusses remaining issues on DL DMRS and proposes the followings depending on the discussion:
Proposal1: Too many NR DMRS patterns should be avoided as much as possible.

Proposal2: Support robust DMRS pattern as a default pattern before high layer DMRS configuration and following patterns can be considered:

· Front-load DMRS Configuration 1: Alt 1
· Front-load DMRS Configuration 2: Alt 3
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