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Introduction
In 3GPP RAN1 90bis meeting, following agreements were made regarding multiplexing of different types of RSs [1].
	
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
[bookmark: _Hlk495360026]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.

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




In this contribution, we further discuss the multiplexing issue between different types of RSs based on the above agreement.
Multiplexing of different types of RS
CSI-RS
[bookmark: _GoBack]Allowing only time-domain multiplexing of CSI-RS and DM-RS might be an appropriate option in terms of implementation simplicity. In consideration of many possible cases of the additional DM-RS configuration, however, TDM only would highly limit CSI-RS capacity. Therefore, frequency-domain multiplexing of CSI-RS and DM-RS should be allowed but some restrictions need to be considered. Depending on the location of additional DMRS symbol, we need to consider RE-level multiplexing of CSI-RS and DM-RS. As a simple example based on the agreements about possible locations of CSI-RS and DM-RS, Figure 1Figure 1 can be considered where 8-port CSI-RS and 4-port type II DM-RS are multiplexed on the 6th OFDM symbol in frequency domain. For RE-level multiplexing, 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 DM-RS needs to be specified by considering different RE patterns according to different DM-RS types.
[image: D:\work_NR\90bis_CSIRS_and_RSMUX\Figure_3.png]
[bookmark: _Ref494722922]Figure 1. An example of RE pattern for 8-port CSI-RS with two 1-symbol additional 4-port DM-RS
Proposal 1: Regarding multiplexing between CSI-RS and DM-RS, RE-level multiplexing can be considered, with some restrictions on applicable CSI-RS types including time-domain behavior and DM-RS types. 
In RAN1 NR Ad-Hoc #3 meeting, for 24/32-port CSI-RS, support of the uniform RE mapping across four symbols was agreed, and support of non-uniform case is still FFS. In consideration of various potential slot formats in which a single slot can be composed of multiple OFDM symbols for both uplink and downlink transmission, there are two obvious reasons why we should allow different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols.
 Firstly, in case of a slot containing one or more symbols for uplink transmission, we cannot find a feasible uniform RE pattern where 32-port CSI-RS for CSI acquisition and one-port CSI-RS resource(s) for fine time-frequency tracking can be configured within the same slot. (It was agreed in RAN1 #90bis meeting that TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters given in [1].) If we should be aware of signaling overhead or UE complexity, some possible restrictions can be carefully considered. For example, an alternative is to confine the maximum number of component CSI-RS RE patterns in each pair while maintaining the uniform RE pattern as much as possible. If it is set to 5, then 5 component CSI-RS RE patterns can be located in one pair and remaining 3 component CSI-RS RE patterns can be located in another pair, and 6 component CSI-RS RE patterns maintain the uniform RE mapping pattern as shown in Figure 2.
Secondly, in consideration of possible configurations of the additional DM-RS, there are several cases where the uniform RE mapping pattern cannot be supported for RE-level multiplexing between 24/32-port CSI-RS and DM-RS. As an illustrative example, Figure 3 shows RE-level multiplexing between CSI-RS and one of the agreed additional DM-RS pattern.

[image: ] [image: ]
[bookmark: _Ref498539420]Figure 2. An illustrative example of RE pattern for 32-port CSI-RS resource for CSI acquisition and one-port CSI-RS resources for time-frequency tracking
[image: C:\Users\admin\Desktop\그림3.png]
[bookmark: _Ref494381151]Figure 3. An illustrative example of RE pattern for 24-port CSI-RS resource with one 2-symbol additional 4-port DM-RS
Proposal 2: In consideration of multiplexing of 24/32-port CSI-RS and other RSs, NR should support different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols.

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 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 DM-RS, RE-level multiplexing can be considered, with some restrictions on applicable CSI-RS types including time-domain behavior and DM-RS types. 
Proposal 2: In consideration of multiplexing of 24/32-port CSI-RS and other RSs, NR should support different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols.
Proposal 3: TDM of SRS and UL DMRS would be sufficient. 
Reference
[1] RAN1 Chairman’s Notes of 3GPP TSG RAN WG1 Meeting 90bis.
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