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[bookmark: _Toc485404341][bookmark: _Toc485404411][bookmark: _Toc485407916]Introduction
This is related to the agreement from (RAN1#89):
[bookmark: _GoBack]Support non-overlapping between PTRS and CSI-RS
•       FFS whether PTRS or CSI-RS should be punctured or shifted on overlapping part if PTRS and CSI-RS are collided 

In this contribution, we discuss multiplexing of reference signals for downlink.
[bookmark: _Ref178064866][bookmark: _Toc485404342][bookmark: _Toc485404412][bookmark: _Toc485407917]Discussion
For simplicity of exposition in the following, by FDM we mean FDM within a PRB.
[bookmark: _Toc485407918]DMRS and PTRS are required for demodulating data. Reducing density of DMRS, or puncturing to make room for another RS will lead to reduced spectral efficiency of the associated data transmission, provided DMRS density is already matched to the scenario.
[bookmark: _Toc485367949][bookmark: _Toc485368002][bookmark: _Toc485404413]DMRS should have precedence over all other RS.
[bookmark: _Toc485367950][bookmark: _Toc485368003][bookmark: _Toc485404414]DMRS and PTRS are TDM. PTRS can be FDM with any other RS that is also FDM with data, such as CSI-RS.
Analog and hybrid beamforming will pose restrictions on how many concurrent beams are used. It is clear that DMRS and data will use the same precoder – hence a restriction in the number of concurrent beams is not limiting FDM between DMRS and data. However, FDM between CSI-RS and DMRS may be limited by this restriction. Hence if DMRS is not occupying all RE within symbols that carry DMRS, those REs are better used for data, compared to CSI-RS, and CSI-RS should be mapped to other OFDM symbols.
[bookmark: _Toc485407919]If symbols with DMRS have a partial overlap with symbols mapped to CSI-RS, a CSI-RS design including time domain OCC will need to blank all subcarriers mapped to DMRS across all symbols.
Noting that the discussed CSI-RS designs include time domain OCC, and that the DMRS pattern may be quite dense, we propose:
[bookmark: _Toc485367951][bookmark: _Toc485368004][bookmark: _Toc485404415]Strive to have TDM only between DMRS and CSI-RS
There are many different scenarios for multiplexing of RS in a slot, and also different number of DL symbols in a slot. Assume, as an example, a situation with 3 symbol PDCCH, 4 symbol DMRS, 4 symbol CSI-RS and 4 symbol TRS. Given the arguments above, this would require FDM of TRS and CSI-RS. Given that both signals typically are wideband signals and that puncturing would impair channel estimation performance we propose:
[bookmark: _Toc485367952][bookmark: _Toc485368005][bookmark: _Toc485404416]Design CSI-RS to allow for FDM with TRS.
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In this contribution we made the following observations:

Observation 1	DMRS and PTRS are required for demodulating data. Reducing density of DMRS, or puncturing to make room for another RS will lead to reduced spectral efficiency of the associated data transmission, provided DMRS density is already matched to the scenario.
Observation 2	If symbols with DMRS have a partial overlap with symbols mapped to CSI-RS, a CSI-RS design including time domain OCC will need to blank all subcarriers mapped to DMRS across all symbols.

Based on the discussion in this contribution we propose the following:
Proposal 1	DMRS should have precedence over all other RS.
Proposal 2	DMRS and PTRS are TDM. PTRS can be FDM with any other RS that is also FDM with data, such as CSI-RS.
Proposal 3	Strive to have TDM only between DMRS and CSI-RS
Proposal 4	Design CSI-RS to allow for FDM with TRS.
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