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1 Introduction

The following were agreed at the previous meetings [1]:
	Agreement (RAN1-91):
· A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
· Above applies for the case where SS block and CSI-RS are spatially QCL-ed 
· 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
· Above applies for the cases: CSI-RS only used for beam management


2 Multiplexing between CSI-RS and SS/PBCH block
Based on the previous discussion for multiplexing between CSI-RS and SS/PBCH blocks, making a restriction to only allow multiplexing CSI-RS for beam management is not necessary and will have an adverse impact on the system performance. During the discussion on CSI-RS symbol location, numerous companies wanted to make sure that CSI-RS transmission would be a flexible as possible in order to handle various cases of interference management, enable fast CSI measurement and feedback, and enable fast beam sweeping.

However, with the above restriction introduced, CSI-RS when multiplexed on SS/PBCH block symbols cannot be used for CSI acquisition. Since the SS/PBCH blocks may occupy 8 symbols in a slot at FR1, i.e., symbols 2 to 5 and symbols 8 to 11, possible symbol locations for CSI-RS for CSI acquisition may be severely constrained. Therefore, in synchrony with the views of a majority of companies [2], we propose to lift the constraint in order for the NR system to enjoy the benefits of a flexible CSI-RS configuration for CSI acquisition. 
Proposal 1: Remove the constraint that allowing to multiplex QCL’ed CSI-RS and SS/PBCH blocks on the same OFDM symbol is limited to CSI-RS for beam management.
If the above proposal is not accepted in this meeting, there will be a need to further discuss how the CSI-RS for beam management is distinguished. In the most recent draft CR, the condition is captured as highlighted below.
	Change Request for TS 38.214 v15.1.0, Section 5.1.6.1.2 [3]
5.1.6.1.2
CSI-RS for L1-RSRP computation

<…>
If the UE is configured with a CSI-ReportConfig with reportQuantity set to "cri-RSRP", or "none" and if the CSI-ResourceConfig for channel measurement (higher layer parameter resourcesForChannelMeasurement) contains a NZP-CSI-RS-ResourceSet that is configured with the higher layer parameter repetition set to ‘on’ and configured without the higher layer parameter trs-Info, the UE can only be configured with 1 or 2 ports with the higher layer parameter nrofPorts for all CSI-RS resources within the set, and then the UE may be configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, and the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
<…>


Based on the above, the current interpretation is that a CSI-RS is configured for beam management if all of the following conditions are satisfied:

1. Higher layer parameter trs-Info is not configured
2. Higher layer parameter repetition is configured (and set to “on”!)
3. Higher layer parameter reportQuantity is set to “cri-RSRP” or “none”
Among the above, conditions 1 and 2 are related to the CSI-RS resource configuration itself. However, condition 3 seems to relate the definition of a resource to reportings associated with it. There are considerations that are worth a discussion. One consideration is that this interpretation connects the definition of a resource to configurations that may be possibly changing dynamically through RRC updates. In particular, according to the current interpretation, it is possible for a CSI-RS resource setting to change “purpose” (CSI acquisition vs. beam management) based on configuration updates on reporting configurations. This by itself adds seemingly unnecessary complication as it affects all the NW and UE behavior connected to the purpose.
Another issue is that the recent change adding the constraint of the higher layer parameter repetition set to ‘on’ is incorrect because CSI-RS with repetition set to ‘off’ may also be used for beam management as also implied in the following agreement [4].
	Agreement
A CSI-RS resource set should not be configured with TRS-info and CSI-RS-ResourceRep simultaneously.


Therefore, the condition “with the higher layer parameter repetition set to ‘on’” should be updated to “with the higher layer parameter repetition”.
In order to address the above, a way forward to limit the definition of the “purpose” of a CSI-RS to its own configuration, namely the existence of the configuration parameters trs-Info and repetition.

Text Proposal 1:

	Change Request for TS 38.214 v15.1.0, Section 5.1.6.1.2 [3]
5.1.6.1.2
CSI-RS for L1-RSRP computation

<Unchanged text omitted>
If the UE is configured with a CSI-ReportConfig with reportQuantity set to "cri-RSRP", or "none" and if the CSI-ResourceConfig for channel measurement (higher layer parameter resourcesForChannelMeasurement) contains containing a NZP-CSI-RS-ResourceSet that is configured with the higher layer parameter repetition set to ‘on’ and configured without the higher layer parameter trs-Info, the UE can only be configured with 1 or 2 ports with the higher layer parameter nrofPorts for all CSI-RS resources within the set, and then the UE may be configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, and the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
<Unchanged text omitted>


3 Multiplexing between CSI-RS and CORESET

An issue raised in the previous meeting [2] was that limiting CSI-RS configuration to only outside of CORESET PRBs from a UE perspective can severely limit the configuration of CSI-RS for mobility as the overhead of CSI-RS for mobility is large. However, as mentioned in the discussions, there seems no need to make an exception based on the purpose of a CSI-RS resource. The CSI-RS resource for mobility is configured with only one port for each resource and with a long periodicity, so the overhead seems not a big problem. Furthermore, the impact of interference from CSI-RS on CORESET can be severe and should be avoided. We prefer that the UE will not be expected to be configured with CSI-RS at least in the PRBs that overlap with those of the CORESET in the same cell. However, in the case that RAN1 agrees they can overlap, puncturing should not be allowed on either of the CSI-RS or the CORESET.
4 Multiplexing between CSI-RS and DMRS
In last meetings, there was a discussion for multiplexing CSI-RS and DMRS on the same OFDM symbol. Three alternatives are summarized as follows:
· Alt-1: UE is not expected to be configured CSI-RS and DMRS on the same symbol.

· Alt-2: UE shall assume CSI-RS and DMRS transmitted on the same symbol are spatially QCL’ed where applicable.

· Alt-3: UE shall receive the symbol with the spatial reception parameter based on the TCI state for DMRS.

Among the above options, Alt-3 does not seem to show an immediate benefit and can be eliminated. Compared to Alt-2, Alt-1 simplifies UE design because the UE does not need to handle the possible interference for CSI-RS or DMRS from different UEs. Indeed, in order to simplify the UE implementation for reception of CSI-RS and DMRS, there agreements were already reached in the previous meetings. One agreement is that the UE is not expected to receive CSI-RS and DMRS in the same REs. Another agreement is that CSI-RS is not transmitted on the same CDM groups with the potential co-scheduled DMRS ports. Hence, for the case of potential interference for CSI-RS and DMRS from different UEs, UE still needs to avoid the interference especially in the case that CSI-RS is power-boosted.
Proposal 2: Support Alt-1 – UE is not expected to be configured CSI-RS and DMRS on the same OFDM symbol.
5 Conclusions

Based on the discussions, we propose the following:
Proposal 1: Remove the constraint that allowing to multiplex QCL’ed CSI-RS and SS/PBCH blocks on the same OFDM symbol is limited to CSI-RS for beam management.

Proposal 2: Support Alt-1 – UE is not expected to be configured CSI-RS and DMRS on the same OFDM symbol.

Text Proposal 1:

	Change Request for TS 38.214 v15.1.0, Section 5.1.6.1.2 [3]
5.1.6.1.2
CSI-RS for L1-RSRP computation

<Unchanged text omitted>
If the UE is configured with a CSI-ReportConfig with reportQuantity set to "cri-RSRP", or "none" and if the CSI-ResourceConfig for channel measurement (higher layer parameter resourcesForChannelMeasurement) contains containing a NZP-CSI-RS-ResourceSet that is configured with the higher layer parameter repetition set to ‘on’ and configured without the higher layer parameter trs-Info, the UE can only be configured with 1 or 2 ports with the higher layer parameter nrofPorts for all CSI-RS resources within the set, and then the UE may be configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, and the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
<Unchanged text omitted>
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