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1 Introduction

The following were agreed at the previous meetings [1]:
	Agreement (RAN1-90bis):
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 (RAN1-90bis):

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


This paper discusses the remaining issues on multiplexing reference signals.
2 Multiplexing between CSI-RS and CORESET
Based on the agreement on multiplexing between CSI-RS and CORESET, there is an FFS item for QCL assumption for multi-panel UEs.
Spatial QCL information indicated by the network determines the analog beamforming performed by one or more antennas (panels) on the UE side. As a result, in order to ensure that a UE can receive multiple signals through a panel successfully, the signals should be spatially QCL’ed.
For a one-panel UE, the above means that signals not spatially QCL’ed should not be expected to be received at the UE simultaneously. For multiple-panel UEs, non-spatially-QCL’ed signals may be expected to be received providing that the number of signals will not be larger than the number of UE panels.
It was agreed in the previous meeting to allow frequency-division multiplexing of CSI-RS with CORESET provided that the CSI-RS is spatially QCL’ed with the CORESET. Allowing to multiplex aims at reusing time resources and reducing overhead, for example, for beam management processes, and the purpose of spatial QCL restriction by the specification is to ensure that a UE will be able to receive the CORESET through the right receive beam(s) without restrictions coming from CSI-RS measurements. However, as mentioned above, a UE with multiple panels may be capable of performing the multiple tasks simultaneously. This capability depends on the number of panels that a UE possesses, the number of panels it deems sufficient for receiving CORESET (in the sense of coverage), etc. The UE capability can be communicated to the network during the RRC connection.
As a result, from the viewpoint of an RRC connected UE, signals that are not spatially QCL’ed with CORESET can still be allowed to be FDM’ed with the CORESET provided that the UE has communicated the capability to the network. In particular, the multiplexed signals can be CSI-RS for beam management. The alternatives for UE capability can be subject to further study. This may include, for example, an indication by the UE that it is capable to search for synchronization signals as long as the number of ports configured for receiving signals (control, data, reference signals, etc.) still allows a nonempty set of panels to perform the search.
Therefore, in order to support the cases with no spatial QCL between CSI-RS and CORESET, we have the following text proposal:
	3GPP TS 38.214 v15.0.1, Section 5.1.6.1
<Unchanged parts are omitted>
5.1.6.1
CSI-RS reception procedure

The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation and L1-RSRP computation.

The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located, unless the UE has indicated that it is capable of receiving signals that are not spatially quasi-collocated on the same OFDM symbol, and PRBs associated with CSI-RS are the outside of the PRBs configured for CORESET.
<Unchanged parts are omitted>


3 Multiplexing between DMRS and SS/PBCH block

As discussed in the last meeting, the following agreement from RAN1-90bis for multiplexing between DMRS and SS/PBCH block has not yet been captured in TS 38.214:

	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


The following text proposal should be captured in TS 38.214:
	3GPP TS 38.214 v15.0.1, Section 5.1.6.2
The UE may be scheduled to receive PDSCH such that the same OFDM symbol is used for the DM-RS and SS/PBCH block provided that the DM-RS and the SS/PBCH block are spatially quasi co-located (when applicable), resource elements associated with DM-RS are outside of the PRBs configured for SS/PBCH block, and the same subcarrier spacing is used for the PDSCH and the SS/PBCH block.


4 Multiplexing between CSI-RS and SS/PBCH block
There was a discussion in the last meeting on whether the related CSI-RS should be restricted only for beam management when CSI-RS and SS/PBCH block are multiplexed on the same symbol. In the cases of multiplexing CSI-RS and CORESET on the same symbol, the CSI-RS can be for both beam management and CSI acquisition, which means even with partial band CSI-RS, the accuracy of CSI measurement is not an issue. Therefore, in our understanding, the restriction on the CSI-RS only for beam management is not necessary, which means no change is needed on this issue in the current specification.

Another issue is that spatial quasi co-location is not always configured and whether or not it is used depends on the scenario and network decision. Therefore, a restriction on spatial quasi co-location should be added as the following similar to other parts in TS38.214:

	3GPP TS 38.214 v15.0.1, Section 5.1.6.1.2
5.1.6.1.2
CSI-RS for L1-RSRP computation
The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located (when spatial QCL is configured) and PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.


5 Conclusions

Based on the discussions, we have the following Text proposals:
	3GPP TS 38.214 v15.0.1, Section 5.1.6.1
<Unchanged parts are omitted>
5.1.6.1
CSI-RS reception procedure

The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation and L1-RSRP computation.

The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located, unless the UE has indicated that it is capable of receiving signals that are not spatially quasi-collocated on the same OFDM symbol, and PRBs associated with CSI-RS are the outside of the PRBs configured for CORESET.
<Unchanged parts are omitted>


	3GPP TS 38.214 v15.0.1, Section 5.1.6.2
The UE may be scheduled to receive PDSCH such that the same OFDM symbol is used for the DM-RS and SS/PBCH block provided that the DM-RS and the SS/PBCH block are spatially quasi co-located (when applicable), resource elements associated with DM-RS are outside of the PRBs configured for SS/PBCH block, and the same subcarrier spacing is used for the PDSCH and the SS/PBCH block.


	3GPP TS 38.214 v15.0.1, Section 5.1.6.1.2
5.1.6.1.2
CSI-RS for L1-RSRP computation
The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located (when spatial QCL is configured) and PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.
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