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Introduction
In NR, there are several types of RSs, i.e. CSI-RS, SRS, DMRS, PT-RS and TRS. Considering the flexible configuration, these different types of RSs may be collided during transmission. In RAN1#89 meeting, the following agreements on PT-RS have been achieved:
Agreements:
· The RBs containing PTRS can be derived from the scheduled RBs and the associated frequency density
· For a given RB, if present, one PTRS port should be mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group
· FFS: to support different subcarriers by complementary option  
· 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
· Support non-overlapping between PTRS and SRS
· FFS whether PTRS or SRS should be punctured or shifted on overlapping part if PTRS and SRS are collided
· FFS: Support non-overlapping between PTRS and SS block
· FFS whether PTRS or SS block should be punctured or shifted on overlapping part if PTRS and SS block are collided

The agreements propose the possible candidates to deal with the collision of PT-RS and other RSs. In this contribution, we provide our views on the multiplexing of CSI-RS, DMRS and PT-RS.
Discussion
· CSI-RS and DMRS multiplexing
According to the agreements of the last meeting, there are two configurations for the front-loaded DMRS [1]. For each configuration, the front-loaded DMRS occupies either one or two OFDM symbols. Moreover, an additional DMRS may be further required to deal with the high speed scenario. Considering the flexible DMRS design, there are two alternatives for CSI-RS and DMRS multiplexing:
· Alt-1: CSI-RS is not allowed to be mapped on the potential DMRS symbols
· Alt-2: CSI-RS is allowed to be mapped on the potential DMRS symbols
Alt-1 means that all the potential DMRS symbols are precluded for CSI-RS mapping whether there are DMRS transmission or not. Such scheme avoids the collision between CSI-RS and DMRS, and may save effort on CSI-RS specification. However, the restriction on CSI-RS mapping results in less CSI-RS reuse factor, which limits the system performance. One the contrary, there are possible collisions between CSI-RS and DMRS for Alt-2. We propose the following two schemes when collision happens:
· Alt-2-1: A UE is not expected to be configured with overlapped DMRS and CSI-RS
· Alt-2-2: A UE could be configured with overlapped DMRS and CSI-RS
Alt-2-1 restricts the gNB implementation. It could be applied where there is small DMRS port number for a UE or there is no PDSCH transmission in a slot. Taking Figure 1 as an example, for the two DMRS ports case, an 8 port CSI-RS could be mapped on those REs which are not occupied by DMRS. For Alt-2-2, it is more flexible for CSI-RS configuration. When the configured CSI-RS is overlapped with DMRS, CSI-RS should to be punctured to guarantee the UE data demodulation. Considering more CSI-RS reuse factor number, we prefer to support Alt-2 in NR, and either Alt-2-1 or Alt-2-2 could be specified.
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Figure 1: CSI-RS and DMRS multiplexing
Proposal:
· CSI-RS is allowed to be mapped on the potential DMRS symbols.
· CSI-RS and PT-RS multiplexing
According to the above agreement, when CSI-RS collides with PT-RS, one of them will be punctured or be shifted. Depending on different scenarios, both schemes should be supported from our perspective. For example, if a UE is configured with 12 ports CSI-RS with density d=1, then there is no PDSCH on the CSI-RS symbol. In this way, PT-RS could be punctured without any impact on data demodulation. Figure 2 shows another example, where there is data transmission on the CSI-RS symbol. The PT-RS is associated with DMRS port 1, which collides with the 8 port CSI-RS. To guarantee the data demodulation of the CSI-RS symbol, the PT-RS RE could be shifted to the subcarrier where the same associated DMRS port is mapped. 
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Figure 2: CSI-RS and PT-RS multiplexing
Proposal:
· Depending on different scenarios, PT-RS would be either punctured or shifted.
· DMRS and PT-RS multiplexing
When there is additional DMRS, it may collide with PT-RS. As PT-RS is an extension of DMRS, the additional DMRS could be directly used as PT-RS instead. Namely, in the additional DMRS symbols, the PT-RS is punctured and the DMRS port associated with the PT-RS is used to estimate the phase noise of this symbol. 

Proposal:
· PT-RS should be punctured when it collides with DMRS.
Conclusions
	In this contribution, we provide our views on the multiplexing of CSI-RS, DMRS and PT-RS. Considering the flexibility and the impact on system performance, we have the following proposals:

Proposals:
· CSI-RS is allowed to be mapped on the potential DMRS symbols.
· Depending on different scenarios, PT-RS would be either punctured or shifted.
· PT-RS should be punctured when it collides with DMRS.
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