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Introduction
In NR DL, there are several types of RSs, i.e. CSI-RS, DMRS, PT-RS and TRS. Considering the flexible configuration, different types of RSs may collide during transmission. In RAN1#90 meeting, the following agreements on CSI-RS, DMRS, PT-RS and TRS were made:
Agreements:
· Support following CSI-RS RE patterns for CSI acquisition.
	X
	Density [RE/RB/port]
	N
	(Y, Z)
	CDM

	1
	>1, 1, 1/2
	1
	N.A.
	No CDM

	2
	1, 1/2
	1
	(2,1)
	FD-CDM2

	4
	1
	1
	(4,1)
	FD-CDM2

	8
	1
	1
	(2,1)
	FD-CDM2

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	12
	1
	1
	(2,1)
	FD-CDM2

	12
	1
	2
	(2,2)
	CDM4 (FD2,TD2)

	16
	1, 1/2
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	24
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4) 



Agreements:
· For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol.

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

Agreements: 
· Consider further supporting the bandwidth of TRS to be configured up to the bandwidth of the BWP in addition to ~24, ~50 RBs, and make decision in next meeting
· Sf=4 
· Y>=160ms is not supported. Consider further down-selection on other values agreed in RAN1AdHoc2 

In addition, till RAN1#90, with respect to the multiplexing of CSI-RS with SS block and PDCCH, the following agreements have been agreed:
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:
· For UE’s perspective,
· For REs that is configured as a CORESET,
· NZP CSI-RS is not multiplexed.
· For REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 
· FFS: Whether NZP CSI-RS can be multiplexed or not
In this contribution, we provide our views on the multiplexing of CSI-RS with DMRS, SS block, PDCCH and TRS.
Discussion
· CSI-RS and DMRS multiplexing
In NR, 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, one or two 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
To simplify CSI-RS design and specification, Alt-1 precludes all the potential DMRS symbols for CSI-RS mapping whether there are DMRS transmission or not. According to the above agreement for the 1-symbol front-load DMRS, the potential DMRS symbols are 2\3\7\9\11 as shown in Figure 1. With the restriction on CSI-RS mapping, 32 port CSI-RS with CDM-8 is impossible to be applied since there are no 4 adjacent OFDM symbols for CSI-RS. Considering more CSI-RS reuse factors, we prefer to support Alt-2 in NR. However, CSI-RS may collide with DMRS for Alt-2. There are two possible solutions 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. From scheduling perspective, since CSI-RS is semi-statically configured, DMRS symbols should not carry CSI-RS. Those REs not occupied by DMRS of the DMRS symbols could be used for data transmission. Then, within the UE scheduled bandwidth, CSI-RS is not allowed to be multiplexed on DMRS symbols for actual CSI-RS transmission. 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. But puncturing CSI-RS will impact the channel estimation accuracy of the other UEs, since it may not be known to the UE. Therefore, Alt-2-1 with TDM multiplexing is preferred.

[image: ]
Figure 1: CSI-RS and DMRS multiplexing
Proposals:
· CSI-RS is allowed to be mapped on the potential DMRS symbols.
· A UE is not expected to be configured with overlapped DMRS and CSI-RS.
· Within the UE scheduled bandwidth, CSI-RS is not multiplexed on DMRS symbols.
· CSI-RS and SS block multiplexing
The SS block has been agreed to occupy 24 PRBs in frequency domain and 4 consecutive OFDM symbols. If CSI-RS is allowed to be multiplexed on the SS block symbols, for wideband CSI-RS, it has to be punctured to guarantee the SS block transmission. Puncturing will either degrade the CSI reporting accuracy or the RSRP accuracy for CSI acquisition and beam management, respectively. In addition, for beam management, the RSRP comparison among different beams becomes problematic when CSI-RS of certain beams are punctured while the others are not. On the other hand, with CSI-RS multiplexed on the SS block symbols, the transmission power of SS block is reduced, which results in cell coverage loss. Therefore, CSI-RS should not be allowed to be multiplexed on SS block OFDM symbols.
Proposal:
· From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s).

· CSI-RS and PDCCH multiplexing
PDCCH could be configured with multiple OFDM symbols within a slot. From UE perspective, if these potential OFDM symbols are not allowed for CSI-RS mapping, the REs available for CSI-RS would be rather limited. Therefore, CSI-RS should be allowed on the potential PDCCH symbols. On the other hand, in NR, it is possible to use different analog beams for PDCCH and PDSCH. Since PDSCH may be mapped on the PDCCH symbols, for accurate CSI acquisition, CSI-RS should be multiplexed on these PDCCH configured OFDM symbols. According to the above agreement, CSI-RS could be multiplexed on those REs outside of the CORESET. 
Proposal:
· From UE’s perspective, NZP CSI-RS can be multiplexed on those REs in the same OFDM symbol of configured CORESET but outside of the CORESET.

· CSI-RS and TRS multiplexing
Only 1 port is supported for TRS in NR. In the last meeting, a comb=4 TRS pattern has been agreed, which is similar to 1 port CSI-RS with density larger than 1 RE/port/PRB. Therefore, there are 9 REs left per PRB on the TRS symbol, which is possible to carry CSI-RS. On the other hand, to provide sufficient Doppler spread estimation performance, more than 1 OFDM symbols may be used to carry TRS within a slot. Considering the CSI-RS reuse factor and flexible configuration, CSI-RS is also desirable to be multiplexed on the TRS symbol. 
Proposal:
· CSI-RS FDMed with TRS is supported. 
Conclusions
In this contribution, we provide our views on the multiplexing of CSI-RS with DMRS, SS block, PDCCH and TRS. Considering the flexibility and the impact on system performance, we have the following proposals:

Proposal 1: CSI-RS is allowed to be mapped on the potential DMRS symbols.
Proposal 2: A UE is not expected to be configured with overlapped DMRS and CSI-RS.
Proposal 3: Within the UE scheduled bandwidth, CSI-RS is not multiplexed on DMRS symbols.
Proposal 4: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s).
Proposal 5: From UE’s perspective, NZP CSI-RS can be multiplexed on those REs in the same OFDM symbol of configured CORESET but outside of the CORESET.
Proposal 6: CSI-RS FDMed with TRS is supported. 
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