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The progress on RS multiplexing has been slow, 
Agreements:
· When one or more of PT-RS RE(s) is overlapped with CSI-RS
· The one or more overlapping PT-RS RE(s) is punctured

In this contribution, we discuss multiplexing of reference signals for downlink and uplink.
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For simplicity of exposition in the following, by FDM we mean FDM within an OFDM symbol within a RB.
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.
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In order to support FDM between CSI-RS and PTRS we propose to make CSI-RS flexible enough to avoid subcarriers where PTRS may be mapped (that we propose are determined by DMRS configuration [3] independent of CSI-RS configuration). See more details in [4]. We also propose a subcarrier mapping for PTRS that is beneficial for FDM with CSI-RS [2] .
Analog and hybrid beamforming will pose restrictions on how many concurrent beams are used. DMRS and data use the same precoder – hence a restriction in the number of concurrent beams is not a limiting factor to decide FDM between DMRS and data. 
However, FDM between CSI-RS and DMRS may be limited by this analog BF restriction. Hence if DMRS is not occupying all RE within symbols that carry DMRS, those RE are better used for data, compared to used for CSI-RS, and thus CSI-RS should be mapped to other OFDM symbols. In addition, the DMRS footprint will be dynamically varying (depending on, e.g., instantaneous rank of data transmission), this makes FDM with CSI-RS (which typically is configured semi-statically) potentially problematic. 
Also, 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:
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Note that this means the UE can potentially be configured with a NZP CSI-RS that overlaps with the DMRS but the gNB cannot schedule data in that slot. 
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 3 symbol TRS. Given the arguments above, a flexible system design would probably require FDM of TRS and CSI-RS. We also note that a comb with repetition factor 4 has been agreed for TRS. This makes FDM with CSI-RS feasible for most CSI-RE pattern configurations. Given that both signals typically are wideband signals and that puncturing would impair channel estimation performance we propose:
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It has previously been agreed that the SS block occupies a set of 12 consecutive PRBs in frequency and four consecutive symbols. If CSI-RS would be punctured to make room for the SS-block, creating a non-uniform CSI-RS footprint across frequency, CSI-reporting accuracy may be degraded which would affect performance in subsequent transmissions. However, for beam management measurements this can still be supported as it relies on RSRP measurements. 
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We note that PTRS is only needed in symbols with data. Hence, as SRS is TDM with PUSCH from UE perspective, we propose:
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We also note that, according to agreement, PTRS is associated with a single DMRS port. This means that DMRS may be used as phase tracking RS in OFDM symbols with DMRS.
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The transmit power of SRS and PUSCH may differ significantly, due, e.g., to differing transmission bandwidth. Such power level changes cause transients, and we therefore propose to avoid scenarios where PUSCH is transmitted after SRS in the same slot.
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We also note that additional DMRS need to be placed before SRS in a slot. Details on UL DMRS placement is given in [3].
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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	A UE is not expected to receive both NZP-CSI-RS and DMRS in the same OFDM symbol
Proposal 4	FDM between CSI-RS and TRS in a RB is supported.
Proposal 5	If a NZP CSI-RS resource used for beam management collides with SSB, then the UE shall not expect that NZP CSI-RS is transmitted in the REs occupied by the SSB
Proposal 6	Transmission of SRS and PTRS in the same OFDM symbol from a UE is not supported
Proposal 7	Transmission of UL DMRS and PTRS in the same OFDM symbol from a UE is not supported
Proposal 8	From a UE perspective, PUSCH is transmitted exclusively before SRS in a slot
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