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Introduction
In 3GPP RAN1 #90 meeting, following agreements were made related to multiplexing of different types of RSs [1].
	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
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 further discuss the multiplexing issue between different types of RSs based on the agreement in the previous meeting.
Multiplexing of different types of RS
CSI-RS
In 3GPP #90 meeting, the agreement regarding multiplexing of CSI-RS and CORESET was made as follows: “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.” Also, in 3GPP NR Ad-hoc #2 meeting, it was agreed to down-select among following options as:
Agreements [2]:
· 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)
Discussions on multiplexing between CSI-RS and DMRS are captured below [3]:
· Multiplexing between CSI-RS and DMRS
· Option 3-1: From a UE perspective, CSI-RS is not multiplexed on all potential DMRS OFDM symbol(s) at least for slot with 7/14 OFDM symbols.
· Option 3-2: From a UE perspective in the slot with scheduled PDSCH, CSI-RS can be transmitted on the potential additional DMRS OFDM symbol(s), when the additional DMRS does not exist in the OFDM symbol(s).
· Note: In Option 3-2, CSI-RS is not multiplexed on the potential front-loaded DMRS OFDM symbol(s)
· Option 3-3: From a UE perspective, CSI-RS can be multiplexed on all potential DMRS OFDM symbol(s).
Comparing different options for multiplexing of CSI-RS and SS block, the first options of two down-selection issues could be beneficial from a UE implementation complexity point of view, and these options fundamentally would not cause signal collision problem between CSI-RS REs and REs occupied by other signals. On the other hand, CSI-RS capacity would be limited in those options. If CSI-RS multiplexing with other signals needs to be unavoidably allowed, it should be limited to a case of RB-level multiplexing due to the high complexity of handling RE-level multiplexing and collision avoidance in the implementation. In other words, CSI-RS can be FDMed with SS block in different PRB set but not in the same PRB set. For RB-level multiplexing, handling of subband CSI would be an issue. If an unexpected and/or expected collision event between aperiodic/semi-persistent CSI-RS and SS block is occurred on SS block symbol(s), the configured CSI-RS REs can be punctured or omitted according to predefined priority rules. Then, it would result in the lack of CSI measurement in a certain subband. Thus, multiplexing of CSI-RS and SS block should be limited to a particular type of CSI-RS not requiring subband CSI reporting such as CSI-RS for beam management or CSI-RS for wideband CSI reporting. Alternatively, we may consider defining a UE behavior for the overlapped subband such as excluding the overlapped subband for subband CSI reporting and so forth. 
For similar reasons, multiplexing of CSI-RS and DMRS should be carefully allowed with some restrictions. Depending on the location of additional DMRS symbol, we may need to consider RE-level multiplexing of CSI-RS and DMRS. In that case, CSI-RS type including time-domain behavior, number of ports, and/or RE pattern allowed to be RRC configured in those potential symbol set for DMRS needs to be specified by considering different RE patterns according to different DMRS types.
Proposal 1: Regarding multiplexing between CSI-RS and SS block, RB-level FDM can be considered, with some restrictions on applicable CSI-RS types and wideband/subband reporting.
Proposal 2: Regarding multiplexing between CSI-RS and DMRS, RE-level multiplexing can be considered, with some restrictions on applicable CSI-RS types including time-domain behavior and DMRS types. 
SRS
Whether or not to allow FDM of SRS and UL DMRS depends on the possible symbol locations of SRS. Current agreement states that a X-port SRS resource can span 1, 2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource. For UL beam management, it can be considered to use more than 4 symbols in a slot. In our view, 4 symbols in a slot would be sufficient for UL beam management purpose as well as UL CSI acquisition purpose. In this regard, UL DMRS may not have a chance to be collided with SRS unless additional DMRS is located at symbols later than 10th symbol in a slot.
Proposal 3: TDM of SRS and UL DMRS would be sufficient. 
Conclusion
In this contribution, the multiplexing issue between CSI-RS and SS block/DL DMRS is addressed, and multiplexing of SRS and UL DMRS is discussed. Based on the discussion, following proposals are given:
Proposal 1: Regarding multiplexing between CSI-RS and SS block, RB-level FDM can be considered, with some restrictions on applicable CSI-RS types and wideband/subband reporting.
Proposal 2: Regarding multiplexing between CSI-RS and DMRS, RE-level multiplexing can be considered, with some restrictions on applicable CSI-RS types including time-domain behavior and DMRS types. 
Proposal 3: TDM of SRS and UL DMRS would be sufficient. 
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