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1. Introduction
In the RAN4#110 meeting, there were not much discussions on core part for multi-Rx due to the emphasis was on performance part. The main discussions on core part were about UE capability. Progress was made but it is not finalized yet. The agreements and open issues were captured in the WF [1]. 
	<Core maintenance>
Issue 1-4: Prerequisite features for FG 30-1
· 16-2c, 23-5-1, at least one of 16-2a, 16-2b-1, 16-2b-2 and 16-2b-3
Issue 1-5: UE feature list
· UE feature for Rel-18 FR2 multi-Rx DL reception is as in Table 1.
· FFS UE capability as in Issue 1-2.
Issue 1-8: Applicable scenarios of Rel-18 multi-Rx feature
· RAN4 Rel-18 multi-Rx related requirements are applicable to PCell, PSCell, or SCell, provided the cell is the only serving cell in the single FR2-1 band and UE is configured with one FR2-1 band.
Issue 1-10: RLM requirements for m-DCI of multi-Rx operation
· For m-DCI scenario, reuse RLM requirements in section 8.1 of TS 38.133, without any clarification of multi-TRP operation on whether the RLM-RS is originated from two TRPs or not.
Issue 1-13: Overlapping condition for scheduling restriction
Agreement: Agree the following and no further discussion on other proposals. 
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s), or the CSI-RS and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
· Further check for mDCI case.
Issue 1-2-2: measurement period for CSI-RS based L1-RSRP
· For CSI-RS based L1-RSRP measurements in FR2, it is suggested to use the same Table for defining the measurement period requirements, i.e., to remove the newly added table.
Issue 3-1-1: How to capture RTD applicability conditions in multi-RX WI
· As baseline, capture RTD requirements for multi-rx in section 7.6.8. 


In this contribution, we further provide our views on remaining open issues for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 General aspects
Issue 1-1: Conditions for fast beam sweeping
	· FFS following options
· Option 1: 
· Fast beam sweeping is activated only when the UE is in multi-RX operation.
· Option 2: 
· Fast beam sweeping due to multi-Rx is always activated.
· Option 3:
· The following two conditions are needed when applying faster beam sweeping:
· UE supports the multi-Rx capability
· UE does not report the preference indication on one panel via UAI


There were extensive discussions on conditions for fast beam sweeping. There could be different UE implementations on how the fast beam sweeping can be achieved. Some UE implementations may not use multi-panel to achieve fast beam sweeping. It is obvious in such case fast beam sweeping should always be activated if the UE supports the capability. There are also views that fast beam sweeping could be based on multi-panel. If the feature is always activated, there could be concerns on UE power consumption. It is better to give UE flexibility to indicate whether this feature should be activated or not.
[bookmark: _Hlk163481098]To make progress, we propose fast beam sweeping is always activated if UE reports supporting of the UE capability. As the feature does not need to be known by the network, it is up to UE implementation how to handle it in some special cases, e.g., when there is overheating or when there is need for power saving.
Proposal 1: Fast beam sweeping is always activated if UE reports supporting of the UE capability.
Issue 1-2: UE capability for multiRx-FR2-Preference-r18
	· FFS following options
· Option 1: 
· Add a feature group (30-3) to indicate whether the UE supports providing multi-Rx operation preference for FR2, as already captured in RAN2.


In TS 38.306, a UE capability regarding indication of whether the UE supports providing multi-Rx operation preference was introduced. 
	multiRx-FR2-Preference-r18
Indicates whether the UE supports providing multi-Rx operation preference (i.e. not supporting simultaneous reception with different QCL-typeD) for FR2, as defined in TS 38.331 [9].
	UE
	No
	No
	FR2 only


In order to provide a complete UE feature list for multi-Rx, it is proposed to add this UE capability in the UE feature list though there would be no further RAN2 work being needed for this UE capability.
Proposal 2: Fast beam sweeping is always activated if UE reports supporting of the UE capability.
With proposal 1 and 2, the UE feature list for multi-Rx can be finalized in Table 1.
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Table 1:
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	30. NR_FR2_multiRX_DL
	30-1
	Supports scheduling restriction relaxation and measurement restriction relaxation
	· Supports simultaneous reception of CSI-RS for layer 1 measurement and PDSCH with different QCL Type-D on overlapping OFDM symbols.
· Supports Simultaneous layer 1 measurement of CSI-RS overlapping with another CSI-RS with different QCL Type-D on overlapping OFDM symbol(s).
	16-2c, 23-5-1, at least one of 16-2a, 16-2b-1, 16-2b-2 and 16-2b-3
	Yes
	N/A
	
	Per FSPC
	TDD only
	FR2-1 only
	
	Note: It is only supported for power class 3.
	Optional with capability signalling

	30. NR_FR2_multiRX_DL
	30-2
	Fast beam sweeping for layer-1 measurement
	Supports beam sweeping factor reduction for SSB-based layer-1 measurement.
	
	No
	N/A
	
	Per band
	TDD only
	FR2-1 only
	
	Candidate values for Component 2: {2,4,6} for FR2-1

Note: It is only supported for power class 3.
	Optional with capability signalling

	30. NR_FR2_multiRX_DL
	30-3
	Supports Indication of multi-Rx operation preference
	Indicates whether the UE supports providing multi-Rx operation preference for FR2
	
	Yes
	N/A
	
	Per UE
	TDD only
	FR2-1 only
	
	Note: It is only supported for power class 3.
	Optional with capability signalling
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Issue 1-6: Indication of multi-Rx operation preference
	· FFS following options
· Option 1: 
· In the follow-up LS to RAN2, RAN4 can share RAN4-specified UE capabilities with RAN2, while asking RAN1 to share RAN1-specified UE capabilities that depend on multi-RX operation at UE side.
· Option 2:
· UE requirements and behaviour (single-Rx v.s. multi-Rx) to be dependent on network configuration (single TCI, dual TCI etc.) not UE indication of single panel preference.


Our view is that it is not necessary to explicitly list what functionalities are multi-Rx relevant. It should already be known to NW when the features/capabilities are implemented. It would be common understanding that multi-TRP based operations require multi-Rx at UE side. 
Proposal 3: No need to list all multi-Rx operation related features explicitly in the spec.

Issue 1-7: UE behaviour after UAI reporting to NW
	· FFS following options
· Option 1: 
· No specific behavior is expected after UE reporting UAI, and it is up for the network to decide how to configure the UE to accommodate that request.
· Option 2: 
· Need to define the UE behavior when a condition becomes violated. After the UAI of multiRx-PreferenceFR2 reporting to NW, two alternatives for UE behavior if no single mode scheduling/RRC reconfiguration indicated to UE:
· Alternative 1: Continue the on-going PDCCH/PDSCH/RS receiving, if necessary, simultaneous reception still can be performed
· Alternative 2: Apply some rule to determine single reception between the overlapping PDCCH/PDSCH/RS receiving


The general principle is that UE should follow NW configuration. RAN2 has already specified procedures after UE reports UAI for multi-Rx preference. There is no need to specify additional UE behavior.
Proposal 4: No need to specify additional UE behavior after UAI reporting.

Issue 1-9: Whether and how to capture multi-Rx operation is activated
	· FFS following options
· Option 1:
· No need to capture in RAN4 RRM requirements whether Multi Rx is activated.
· Option 2:
· The UE is activated with multi-Rx operation when the following conditions are met: 
· The simultaneousReceptionDiffTypeD-r16 is configured as ‘supported’ if separate PDSCHs are transmitted from different TRPs, or
· UE is requested by gNB to report its preference for multi-Rx operation in FR2 via RRC signalling and the multiRx-PreferenceFR2 is NOT included in the UEAssistanceInformation, and 
· The CSI-RS/SSB resources are partially or fully overlapped with the PDSCH or other CSI-RS/SSB resources in time domain for simultaneous reception, and 
· The TCI states for CSI-RS/SSB resources or PDSCH reception are configured with different QCL Type-D. 
· The requirements that UE is activated with multi-Rx operation can be captured in Clause 3.6 in TS 38.133 as applicability requirements for multi-Rx requirements.
· Option 3: 
· A UE is in multi-RX operation or activated with multi-RX operation if the following conditions are met:
· The UE reports it support capabilities 16-2c(simultaneousReceptionDiffTypeD-r16) and 23-5-1 (mTRP-GroupBasedL1-RSRP-r17), and
· UE has most recently indicated to the network its preference of multi-RX operation while in RRC_CONNECTED mode, or
· UE has not indicated it prefers single-RX operation while in RRC_CONNECTED mode.


In scheduling restriction requirements, there is condition below.
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s), or the CSI-RS and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
It should already indicate implicitly that the UE is in multi-Rx operation. Thus, no additional condition for UE is activated with multi-Rx operation is needed.
For measurement restriction and TRP specific BFD, similar observation as for scheduling restriction could be made.
Proposal 5:No need to capture the condition of whether multi-Rx is activated in multi-Rx related RRM requirements.

2.2 RLM and BFD/CBD requirements

Issue 1-12: Overlapping condition for TRP specific BFD requirements enhancement for multi-Rx
	· FFS following options
· Option 1:
· The two CSI-RS resources in the two sets q ̅_0,0 and q ̅_0,1 for beam failure detection [and both PDSCHs] are overlapped on the same OFDM symbol. 
· Option 2: 
· The two CSI-RS resources in the two sets q ̅_0,0 and q ̅_0,1 for beam failure detection and both of the PDSCHs are on the same OFDM symbol(s), or either one of the CSI-RS resources in the two sets q ̅_0,0 or q ̅_0,1 and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
· Option 3: 
· The condition is not needed that CSI-RS has to be QCLed to the same beam as PDSCH.


With the agreements in the last meeting on scheduling restriction requirements below, similar overlapping condition can be used for TRP specific BFD requirements
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s), or the CSI-RS and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
Proposal 6: Overlapping condition for PTRP=1 for CSI-RS based TRP specific BFD requirements for multi-Rx operation is
· The two CSI-RS resources in the two sets q ̅_0,0 and q ̅_0,1 for beam failure detection and both PDSCHs are on the same OFDM symbol(s), or the two CSI-RS resources in the two sets q ̅_0,0 or q ̅_0,1 and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.

2.3 Scheduling/measurement restrictions
Issue 1-14: Overlapping condition for measurement restriction
	· FFS following options
· Option 1: 
· Remove the following condition of measurement restriction relaxation for CSI-RS based L1 measurements.
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].
· Option 1a: 
· Multi Rx enhancements for L1 measurement restrictions do not depend on PDSCH overlapping with CSI-RS resources.
· Additionally, remove the condition from measurement restrictions:
· One CSI-RS has same QCL source as the active TCI state of one PDSCH, and the other CSI-RS has same QCL source as the active TCI state of the other PDSCH
· Option 2: 
· The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol.
· Option 3: 
· The CSI-RSs and both of the PDSCHs are on the same OFDM symbol(s), or one of the CSI-RSs and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
· Option 4: 
· For sDCI, the two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol.
· For mDCI, two CSI-RS resources and any one of the PDSCH are overlapped on the same OFDM symbol.



The overlapping condition for measurement restriction can be similar to scheduling restriction.
Proposal 7: Overlapping condition for measurement restriction is
· The CSI-RSs and both PDSCHs are on the same OFDM symbol(s), or the CSI-RSs and one of the PDSCHs are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.

Issue 1-15: Whether to remove “CBD” from scheduling restriction and measurement restriction relaxation of other L1 measurements
	· FFS following options
· Option 1:
· Remove CBD from the applicable resources for measurement/scheduling restriction relaxation 


Since Rx beam sweeping is always assumed for CBD, scheduling restriction and measurement restriction relaxation are not possible. Thus, the relaxation should be removed from CBD requirements. 
Proposal 8: The scheduling restriction and measurement restriction relaxation due to multi-Rx should be removed from CBD requirements

2.4 TCI state switching

Issue 2-1-1: DCI based dual TCI state switch delay for mDCI:
[image: A diagram of a computer program

Description automatically generated with medium confidence]
	· Companies may bring further analysis on following
· If TCI 1 and TCI 2 are a beam pair.
· UE to receive on TCI 1 and TCI 2 between C and D. After D, to receive on TCI 2 and TCI 4
· If TCI 1 and TCI 2 are not a beam pair.
· No requirements till point D. i.e., UE is not expected to receive on TCI 2 till point D.


If TCI 1 and TCI 2 are a beam pair, it is feasible for UE to receive PDSCH0 and PDSCH1 simultaneously between C and D. After D, UE can receive PDSCH0 and PDSCH1 with TCI 2 and TCI 4 simultaneously if they are also a beam pair. Current requirements do not preclude this. It seems not necessary to define specific requirements for this.
If TCI 1 and TCI 2 are not a beam pair, simultaneous reception with TCI 1 and TCI 2 between C and D is not possible. 
Proposal 9: No additional requirements are needed for DCI based dual TCI state switch delay for m-DCI.

Issue 2-3-1: Definition of known condition
	· FFS following proposals
· Proposal 1: No additional conditions are needed for known TCI dual TCI states and legacy known conditions is reused for m-DCI. 
· Proposal 2: Clarify the Dual TCI states are following. 
· Two TCI states in single MAC CE based TCI activation command for sDCI, or
· Two TCI states in two separate MAC CE based TCI activation commands for mDCI
· Proposal 3: Update the known dual TCI state conditions with: In m-DCI, when the UE receives a TCI state switch command for one CORESETPoolIndex while the TCI state for the other CORESETPoolIndex is not switched, the target TCI state shall be QCL-ed with type D to a RS of a resource pair within one group of which the other RS has a QCL type D relation to the TCI state not being switched


It was concerned that the known conditions are only applicable for s-DCI but not for m-DCI. Simultaneous reception of PDCCH with different QCL-type D is only supported from Rel-18. It was agreed in the last meeting that for MAC CE based PDCCH TCI state switch for m-DCI scenario, no RRM requirement is defined for simultaneous PDCCH reception with different QCL typeD in Rel-18 multi-Rx WI. Thus, it would not be necessary to consider simultaneous dual TCI states for m-DCI case in this release. For m-DCI, the known condition for legacy active TCI state switch delay can be reused. 
Clarification of proposal 2 seems fine. But it seems not relevant to known/unknown condition. It may be introduced in other places, e.g., introduction section.
Proposal 10: No additional conditions are needed for known TCI dual TCI states and legacy known conditions is reused for m-DCI.

3. Summary
In this contribution, we further provided views on general aspects for NR FR2 multi-Rx chain DL reception WI. Following proposals and observations are present.
Proposal 1: Fast beam sweeping is always activated if UE reports supporting of the UE capability.
Proposal 2: Fast beam sweeping is always activated if UE reports supporting of the UE capability.
Proposal 3: No need to list all multi-Rx operation related features explicitly in the spec.
Proposal 4: No need to specify additional UE behavior after UAI reporting.
Proposal 5:No need to capture the condition of whether multi-Rx is activated in multi-Rx related RRM requirements.
Proposal 6: Overlapping condition for PTRP=1 for CSI-RS based TRP specific BFD requirements for multi-Rx operation is
· The two CSI-RS resources in the two sets q ̅_0,0 and q ̅_0,1 for beam failure detection and both PDSCHs are on the same OFDM symbol(s), or the two CSI-RS resources in the two sets q ̅_0,0 or q ̅_0,1 and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
Proposal 7: Overlapping condition for measurement restriction is
· The CSI-RSs and both PDSCHs are on the same OFDM symbol(s), or the CSI-RSs and one of the PDSCHs are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
Proposal 8: The scheduling restriction and measurement restriction relaxation due to multi-Rx should be removed from CBD requirements
Proposal 9: No additional requirements are needed for DCI based dual TCI state switch delay for m-DCI.
Proposal 10: No additional conditions are needed for known TCI dual TCI states and legacy known conditions is reused for m-DCI.
Proposal 11: The updated UE feature list is in Table 1.
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Table 1:
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	30. NR_FR2_multiRX_DL
	30-1
	Supports scheduling restriction relaxation and measurement restriction relaxation
	· Supports simultaneous reception of CSI-RS for layer 1 measurement and PDSCH with different QCL Type-D on overlapping OFDM symbols.
· Supports Simultaneous layer 1 measurement of CSI-RS overlapping with another CSI-RS with different QCL Type-D on overlapping OFDM symbol(s).
	16-2c, 23-5-1, at least one of 16-2a, 16-2b-1, 16-2b-2 and 16-2b-3
	Yes
	N/A
	
	Per FSPC
	TDD only
	FR2-1 only
	
	Note: It is only supported for power class 3.
	Optional with capability signalling

	30. NR_FR2_multiRX_DL
	30-2
	Fast beam sweeping for layer-1 measurement
	Supports beam sweeping factor reduction for SSB-based layer-1 measurement.
	
	No
	N/A
	
	Per band
	TDD only
	FR2-1 only
	
	Candidate values for Component 2: {2,4,6} for FR2-1

Note: It is only supported for power class 3.
	Optional with capability signalling

	30. NR_FR2_multiRX_DL
	30-3
	Supports Indication of multi-Rx operation preference
	Indicates whether the UE supports providing multi-Rx operation preference for FR2
	
	Yes
	N/A
	
	Per UE
	TDD only
	FR2-1 only
	
	Note: It is only supported for power class 3.
	Optional with capability signalling
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