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1. Introduction
In RAN1 90bis# meeting, the following were agreed with respect to multiplexing of different types RSs [1]:

Agreement:
A CSI-RS resource can be configured on RBs outside CORESET in CORESET symbols from UE perspective.

· Above applies at least for the case where PDCCH and CSI-RS are spatially QCL-ed, and FFS for multi-panel UEs

· FFS: Use case when the above is applicable (ex: CSI reporting for wideband and partial band)

· Note: CSI-RS BW discussion should be taken into account

· Above at least applies for non-slot based cases

· Above feature is supported for slot-based transmissions as well

Agreement:

A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
· Above applies at least for the case where SS block and CSI-RS are spatially QCL-ed, FFS for multi-panel UEs. 

· FFS: If non-QCLed, study UE’s behavior

· Note: CSI-RS BW discussion should be taken into account. If beam management is agreed, the requirement on minimum BW for CSI acquisition and beam management may be different. 

· Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS

· Down select following alternatives:

· Alt.1 Above applies for the cases: CSI-RS used for beam management and CSI acquisition

· Alt.2 Above applies for the cases: CSI-RS only used for CSI acquisition

· Alt.3 Above applies for the cases: CSI-RS only used for beam management

Agreement:

When SS block and PDSCH are scheduled in the same symbols, DMRS and SS block can be in a same symbol.

· Above applies at least for the case where DMRS and SS block are not overlapping in the frequency domain

· Above applies at least for the case where SS block and DMRS are spatially QCL-ed

· Above applies at least for the case where the same subcarrier spacing is used for SS block and DMRS

Agreement:

Multiplexing schemes for TRS with DMRS/PDSCH/PDCCH/SS block follow the multiplexing schemes for CSI-RS with DMRS/PDSCH/PDCCH/SS block.

This contribution is revised from R1-1717475. In this contribution, we provide our views on multiplexing of different types of RSs.

2. Discussion

2.1. DL
Based on agreements in previous RAN1 meetings, from a UE perspective for slot based scheduling and for multiplexing of different types of DL RSs/channels, the following rules in table 1 are supported.

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

	RS/channel type
	DMRS
	CSI-RS/TRS
	PTRS

	DMRS
	-
	FFS: FDM (CSI-RS/TRS can be mapped to DMRS position if DMRS is not presence.)
	TDM (For 1CW, PTRS is mapped to the lowest port index among the DMRS port group. For 2CWs, PTRS is mapped to the lowest port index among the DMRS port group of the CW with higher MCS. PTRS is started from the last symbol of each adjacent symbol(s).)

	CSI-RS/TRS
	*
	-
	TDM (The overlapping PTRS RE is punctured.)

	PTRS
	*
	*
	-

	PDSCH
	TDM/FDM
	PDSCH rate matching
	PDSCH rate matching

	SS block
	FDM (DMRS can be mapped to SS block symbols, but outside SS block resource. DMRS and SS block are QCL-ed and with same SCS.)
	FDM (CSI-RS/TRS can be mapped to SS block symbols, but outside SS block resource.)
FFS: CSI acquisition and/or beam management, SCS restriction.
	Same as DMRS

	CORSET
	TDM
	FDM (CSI-RS/TRS can be mapped to CORSET symbols, but outside CORSET. CSI-RS and PDCCH are QCL-ed.)
	TDM


Note:  “-” means same type of RS.

          “*” means same as symmetric RS multiplex. 

For multiplexing between CSI-RS and DMRS, it was agreed CSI-RS can be mapped to the 1st, 2nd, 3rd, 6th, 7th, 8th, 9th, 10th, 11th, 13th or 14th symbol. However, if DMRS is not mapped to the 4th, 5th or 12th symbol, CSI-RS can also map to these symbols carefully. A few of issues should be considered for multiplexing between DMRS and CSI-RS. Firstly, for multiplexing between DMRS and CSI-RS for beam management, it is hard to always multiplex due to analog beam switching restriction. Secondly, both DMRS and CSI-RS may not perform power boosting.

Proposal 1:

· From a UE perspective, for multiplexing between CSI-RS and DMRS, CSI-RS can be mapped to any symbols within a slot.

For multiplexing between CSI-RS and SS block, it was agreed CSI-RS can be mapped to SS block symbols but outside SS block resources. However, for multiplexing CSI-RS for beam management and SS block, if same analog beam can be guaranteed for them, multiplexing also can be achieved. There is no reason to restrict only CSI-RS for CSI acquisition or only CSI-RS for beam management can multiplex with SS block.

Proposal 2:

· From a UE perspective, for multiplexing between CSI-RS and SS block, both CSI-RS for CSI acquisition and CSI-RS for beam management are supported.

2.2. UL
From a UE perspective for slot based scheduling and for multiplexing of different types of UL RSs/channels, the following rules in table 2 and table 3 are supported.
Table 2: Multiplexing of different types of UL RSs and channels

	RS/channel type
	DMRS
	SRS
	PTRS

	DMRS
	-
	TDM
	TDM

	SRS
	*
	-
	TDM

	PTRS
	*
	*
	-

	PUSCH
	For CP-OFDM, similar to PDSCH and DMRS.

For DFT-s-OFDM, TDM.
	TDM
	Similar to PDSCH and PTRS.

	Short PUCCH
	TDM
	Dropping rules for SRS and short PUCCH collision in table 3
	TDM

	Long PUCCH
	TDM
	TDM
	TDM


Note:  “-” means same type of RS.

          “*” means same as symmetric RS multiplex. 

Proposal 3:

· From a UE perspective, for multiplexing between SRS and long PUCCH, at least TDM are supported.

Table 3: Multiplexing between short PUCCH and SRS

	sPUCCH/SRS
	Aperiodic SRS
	Semi-persistent SRS
	periodic SRS

	sPUCCH with aperiodic CSI report only
	No rule**
	sPUCCH
	sPUCCH

	sPUCCH with semi persistent CSI report only
	SRS
	sPUCCH
	sPUCCH

	sPUCCH with periodic CSI report only
	SRS
	sPUCCH
	sPUCCH

	sPUCCH with beam failure recover request*
	sPUCCH
	sPUCCH
	sPUCCH


As non-slot based scheduling is supported in NR, multiplexing between non-slot based scheduling resources and slot based scheduling resources also should be considered. In order to simplify system design, a quick approach is non-slot based scheduling resources have higher priority when collided with slot based scheduling resources.

Proposal 4:

· From a UE perspective, for multiplexing between non-slot based scheduling resources and slot based scheduling resources, non-slot based scheduling with higher priority.

3. Conclusion

In this contribution, multiplexing of different types of RSs and channels are discussed with the following proposals:

Proposal 1:

· From a UE perspective, for multiplexing between CSI-RS and DMRS, CSI-RS can be mapped to any symbols within a slot.

Proposal 2:

· From a UE perspective, for multiplexing between CSI-RS and SS block, both CSI-RS for CSI acquisition and CSI-RS for beam management are supported.

Proposal 3:

· From a UE perspective, for multiplexing between SRS and long PUCCH, at least TDM are supported.

Proposal 4:

· From a UE perspective, for multiplexing between non-slot based scheduling resources and slot based scheduling resources, non-slot based scheduling resources with higher priority.
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