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1. Introduction
In RAN1 NR Ad-Hoc#2, the following was agreed with respect to multiplexing of different types RSs [1]:
Agreements:

· Down-select among the following two options in the next meeting

· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)

· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
Agreements:

· Down-select among the following two options in the next meeting:

· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 

· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 

· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.

· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot

Agreements:

· Study further how to handle DM-RS and SS block collision (if any)

· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.

Agreements:

· Study further how to handle PT-RS collision with CSI-RS
According other company’s view [2-4] and last meeting agreement, in this contribution, we provide our views on multiplexing of different types of RSs [5-7].
2. Discussion
Based on the discussion in last RAN1 meeting, the following rules for multiplexing different types of DL RSs/channels can be considered.
· For multiplexing between CSI-RS and other DL RSs/Channels,
· Collision between DMRS and CSI-RS should be avoided by higher layer configuration.
· In the case of collision between PTRS and CSI-RS, PTRS will be punctured. Additionally, PTRS port mapping should avoid collision with CSI-RS.
· TRS and CSI-RS can be multiplexed, as TRS may reuse CSI-RS.
· CSI-RS can be multiplexed on SS block symbols by FDM.
· NR PDCCH and CSI-RS will be never collided for slot structure design. 
· CSI-RS will be punctured or shifted when colliding with mini-slot.
· For multiplexing between DMRS and other DL RSs/Channels,
· PTRS and DMRS can be multiplexed by PTRS phase shifting.

· For multiplexing between TRS and DMRS, following CSI-RS.
· DMRS can be multiplexed on SS block symbols by FDM. 
· NR PDCCH and DMRS will be never collided for slot structure design. 

· DMRS will be punctured or reused or shifted when colliding with mini-slot.
· For multiplexing between PTRS and other DL RSs/Channels,
· For multiplexing between TRS and PTRS, following CSI-RS.
· In the case of collision between SS block and PTRS,  PTRS will be shifted or punctured.

· For multiplexing between NR PDCCH and PTRS, following DMRS.

· PTRS will be punctured or reused or shifted when colliding with mini-slot..
· For multiplexing between TRS and other DL RSs/Channels,
· For multiplexing between TRS and other RSs/Channels, following CSI-RS.
· For multiplexing between SS block and other DL RSs/Channels,
· SS block and NR PDCCH will be never collided for slot structure design. 
· SS block and mini-slot will be never collided for slot structure design.
While the following rules for multiplexing different types of UL RSs/channels can be considered for CP-OFDM.
· For multiplexing between SRS and other UL RSs/Channels,
· Collision between DMRS and SRS should be avoided by higher layer configuration.
· In the case of collision between PTRS and SRS, PTRS will be punctured. Additionally, PTRS port mapping should avoid collision with SRS.

· NR PUCCH and SRS will be never collided for slot structure design.
· For multiplexing between UL DMRS and other UL RSs/Channels,
· PTRS and DMRS can be multiplexed by PTRS phase shifting.

· NR PUCCH and DMRS will be never collided for slot structure design.
· For multiplexing between UL PTRS and other UL RSs/Channels,
· NR PUCCH and PTRS will be never collided for slot structure design.

Consequently, DL and UL multiplexing different types of RSs and channels can be summarized in Table 1 and Table 2 separately. 
Table 1: Multiplexing between different types of DL RSs and channels
(Note: -: not exist, √: can multiplex, ×: cannot multiplex)
	RS/Channel
	CSI-RS
	DMRS
	PTRS
	TRS
	SS blocks
	NR PDCCH
	mini-slot

	CSI-RS
	-
	-
	×
	√
	√
	-
	FFS

	DMRS
	-
	-
	√
	-
	√
	-
	FFS

	PTRS
	×
	√
	-
	×
	×
	-
	FFS

	TRS
	√
	-
	×
	-
	√
	-
	FFS

	SS blocks
	√
	√
	×
	√
	-
	-
	-


Table 2: Multiplexing between different types of UL RSs and channels
(Note: -: not exist, √: can multiplex, ×: cannot multiplex)

	RS/Channel
	SRS
	DMRS
	PTRS
	NR PUCCH

	SRS
	-
	-
	×
	-

	DMRS
	-
	-
	√
	-

	PTRS
	×
	√
	-
	-


3. Conclusion

In this contribution, DL and UL multiplexing different types of RSs and channels are discussed with the following proposals:
Proposal 1:
· The following Table 1 and Table 2 should be considered for DL and UL multiplexing different types of RSs and channels.

Table 1: Multiplexing between different types of DL RSs and channels

(Note: -: not exist, √: can multiplex, ×: cannot multiplex)

	RS/Channel
	CSI-RS
	DMRS
	PTRS
	TRS
	SS blocks
	NR PDCCH
	mini-slot

	CSI-RS
	-
	-
	×
	√
	√
	-
	FFS

	DMRS
	-
	-
	√
	-
	√
	-
	FFS

	PTRS
	×
	√
	-
	×
	×
	-
	FFS

	TRS
	√
	-
	×
	-
	√
	-
	FFS

	SS blocks
	√
	√
	×
	√
	-
	-
	-


Table 2: Multiplexing between different types of UL RSs and channels

(Note: -: not exist, √: can multiplex, ×: cannot multiplex)

	RS/Channel
	SRS
	DMRS
	PTRS
	NR PUCCH

	SRS
	-
	-
	×
	-

	DMRS
	-
	-
	√
	-

	PTRS
	×
	√
	-
	-
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