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Introduction
In this contribution, we follow up on the conclusions of RAN1#94bis and RAN4#88 on this topic (captured in the Appendix). Just to recall, the discussion here assumes that a UE is capable of forming a single Tx/Rx beam within and across all intra-band CCs which is the typical assumption in NR-Rel-15. Also note that FDM multiplexing issues related to support of mixed numerology is not addressed here. The following two tables (for DL and UL) summarizes the multiplexing cases discussed here. We focus on CONNECTED mode since in other modes similar issues are absent or relatively minor and can be handled by UE implementation

	DL channels/RS in same OFDM symbol
	Detailed combinations
	Comments

	CSIRS+PDCCH/PDSCH
	(CSIRS TRS, CSIRS-CSI, CSI-IM) + PDCCH/PDSCH
	RAN4 to clarify other combinations

	PDCCH+PDSCH
	
	


	UL channels/RS in same OFDM symbol
	Detailed combinations
	Comments

	SRS +SRS
	
	


CSIRS (TRS, CSI, IM) + PDSCH multiplexing

According to RAN4#87 conclusion, scheduling restriction on the CSI-RS symbols is applied for the following cases:
· RLM measurements based on CSI-RS

· BFD measurements based on CSI-RS

· L1-RSRP measurements based on CSI-RS configured with repetition=ON

Therefore in this section, we focus on CSI-RS for CSI/IM and TRS related issues. Also note the following agreement from RAN1#94bis:
Agreement
The default QCL assumption the UE applies in case the scheduling delay is smaller than a threshold: 

· After successful decoding of DCI scheduling the PDSCH, if there is only PDSCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP CSI-RS follows the QCL assumption of the PDSCH. 

· Note: Scheduling offset of the PDSCH is larger than or equal to the threshold in this case

· If there is no PDSCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP CSI-RS is derived from CORESET with lowest CORESET Id.

· FFS: When there is other downlink signal in the same symbols as the CSI-RS

We analyse the following different cases and then summarize in our proposal:

Case-1: P/SP CSI-RS (TRS, CSI, IM) multiplexed with PDSCH with scheduling offset before Threshold-Sched-Offset: In this case there may be no actual PDSCH transmitted but the conflict at the UE may arise with the beam used for buffering a potential PDSCH transmission – this situation is very common and occurs in most slots. This case is similar to the case of PDCCH+PDSCH (before threshold) and a similar solution can be applied. In this case we should prioritize the reception of P/SP CSI-RS otherwise a significant number of CSI-RS transmission opportunities will be unreliable.

Case-2: P/SP CSI-RS (TRS, CSI, IM) multiplexed with PDSCH with scheduling offset after Threshold-Sched-Offset: In this case either PDSCH or CSI-RS can be prioritized and we have no strong opinion – in the aid of simplicity we propose to extend the solution above to this case as well – CSI-RS should be prioritized.
Case-3: AP CSI-RS (CSI, IM) scheduled before threshold multiplexed with PDSCH scheduled after threshold: This case is agreed in RAN1#94bis and PDSCH should be prioritized (incorrectly captured in 38.214) 

Case-4: AP CSI-RS (CSI, IM) scheduled before threshold multiplexed with PDSCH scheduled before threshold: This case is agreed in RAN1#94bis and both the PDSCH default beam and CSI-RS default beam is aligned

Case-5: AP CSI-RS (CSI, IM) scheduled after threshold multiplexed with PDSCH scheduled before threshold: Same argument as in Case-1 and CSI-RS should be prioritized

Case-6: AP CSI-RS (CSI, IM) scheduled after threshold multiplexed with PDSCH scheduled after threshold: Same argument as in Case-2 and CSI-RS could be prioritized.

Therefore in summary we have,
Proposal:

· For CSI-RS (TRS, CSI, IM) FDM with PDSCH, CSI-RS reception should be prioritized except when AP CSI-RS (TRS, CSI, IM) scheduled before threshold multiplexed with PDSCH scheduled after threshold: This case is partially agreed in RAN1#94bis and PDSCH should be prioritized (incorrectly captured in 38.214) 
Text proposal (section 5.2.1.5.1 – AP CSI-RS CSI/IM collision with PDSCH):

-
For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of qcl-info which contains a list of references to TCI-State's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP. 
-
If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition is smaller than the UE reported threshold in FG 2-28 when the reported value is one of the values of {14, 28, 48}, the UE may assume that the CSI-RS resources are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE.

-  if there is only PDSCH transmitted in the same symbols as the CSI-RS, and the scheduling offset for the PDSCH is larger than or equal to Threshold-Sched-Offset, the UE applies the QCL Type-D assumption of the DM-RS of the PDSCH as the QCL Type-D assumption for the aperiodic CSI-RS resources, if QCL Type D is applicable as the QCL assumption used for the DM-RS of the PDSCH.
-
If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is equal to or greater than the UE reported threshold in FG 2-28 when the reported value is one of the values of {14,28,48}, the UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.
-  if there is PDSCH transmitted in the same symbols as the CSI-RS, the UE applies the QCL Type D assumption for the aperiodic CSI-RS as the QCL Type D assumption used for the DM-RS of the PDSCH, if QCL Type D is applicable.
Text proposal for 38.214 section 5.1.5: (P/SP CSIRS CSI/IM collision with PDSCH)
If the ‘QCL-TypeD’ of the PDSCH DM-RS is different from that of a periodic or semi-persistent CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition, the CSI-RS resource with which it overlaps in at least one symbol, the UE is expected to prioritize the reception of the CSI-RS resource. This also applies to the intra-band CA case (when PDSCH and the CSI-RS are in different component carriers).

Text proposal for 38.214 section 5.1.5: (TRS collision with PDSCH)

If the ‘QCL-TypeD’ of the PDSCH DM-RS is different from that of a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info the CSI-RS resource with which it overlaps in at least one symbol, the UE is expected to prioritize the reception of the CSI-RS resource. This also applies to the intra-band CA case (when PDSCH and the CSI-RS are in different component carriers).

PDCCH + PDSCH multiplexing

In RAN1#93 the following was concluded:
For further study until the next meeting:

For the case of PDSCH+PDCCH simultaneous RX in case spatial RX is configured and is different between the two channels
· Alt1: CORESET is prioritized 

· spatial QCL associated with CORESET is applied to the PDSCH 

· FFS: PDSCH slot aggregation case

· Alt2: PDSCH is prioritized depending on scheduling offset

· Before threshold, CORESET is prioritized

· After threshold, PDSCH is prioritized

In RAN1#94bis the following was concluded:

Agreement 
Text proposal for TS38.214:

If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE. In this case, if the QCL type D of the PDSCH DMRS is different from those of the PDCCH DMRS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (PDSCH and CORESET are in different CCs).
Editor can further make refinements for clarification.
Discussion for Alt1: The main motivation for this solution is that it is simple, works for all cases and easy to specify. To clarify, the scope of PDCCH+PDSCH multiplexing discussion here applies only to the symbols where CORESET is FDM with PDSCH – on some other symbols of CORESET/PDSCH there may be no conflict of spatial QCL and no specification is required. This implies that the UE is free to choose a different Rx beam for a fraction of a PDSCH allocation. This prioritization rule applies also to slot aggregation case – this implies that the UE is free to select a different Rx beam for the same TB with a different RV.  
Discussion for Alt2: The main motivation for this solution is to offer a flexibility where NW can override a pre-existing CORESET spatial QCL (which is semi-statically configured via RRC or MAC-CE) with a DCI indicated spatial QCL associated with a PDSCH. Let us assume that no TCI configuration is applicable for CORESET0. Then the following cases needs to be discussed further as to how this solution applies:
PDSCH scheduled by PDCCH in CORESET0 FDM with non-CORESET0
PDSCH scheduled by PDCCH in CORESET0 FDM with CORESET0 
It seems that this solution can apply in a straightforward way for the following cases:

PDSCH scheduled by PDCCH in non-CORESET0 FDM with CORESET0 and, 

PDSCH scheduled by PDCCH in non-CORESET0 FDM with non-CORESET0.
Based on the above discussion we have the following proposal:

Proposal:

· Alt1: In case PDSCH is expected to be received in a FDM manner with PDCCH, the spatial QCL assumption for the monitored CORESET is prioritized
Text proposal (38.214 section 5.1.5):

If the tci-PresentInDCI is set as 'enabled', the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP and when the PDSCH is scheduled by DCI format 1_1, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is based on reported UE capability [12, TS 38.331]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH

For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE. In this case, if the ‘QCL-TypeD’ of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).If none of configured TCI states contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.

If the ‘QCL-TypeD’ of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).
SRS + SRS multiplexing

1. Prioritization based on AP/SP/P SRS SRS

Text proposal for 38.214 section 6.2.1:
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'periodic':

-
if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS. If the SRS resource overlaps in at least one symbol with another SRS resource in a different serving cell (in intra-band CA) with resourceType set to ‘periodic’ and configured with spatialRelationInfo that is not identical, the UE prioritizes the SRS transmission on the serving cell with the lowest index.
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'semi-persistent':
· if an SRS resource in the activated resource set is configured with the higher layer parameter spatialRelationInfo and if the SRS resource overlaps in at least one symbol with another SRS resource in a different serving cell (in intra-band CA) with resourceType set to ‘periodic’ or ‘semi-persistent’ and configured with spatialRelationInfo that is not identical, the UE prioritizes the semi-persistent SRS transmission on the serving cell with the lowest index.
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
· if the UE is configured with the higher layer parameter spatialRelationInfo and if the SRS resource overlaps in at least one symbol with another SRS resource in a different serving cell (in intra-band CA) with resourceType set to ‘aperiodic’, ‘periodic’ or ‘semi-persistent’ and configured with spatialRelationInfo that is not identical, the UE prioritizes the aperiodic SRS transmission on the serving cell with the lowest index.
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Appendix: Previous RAN1/RAN4 agreements

RAN1#94bis agreements:
Text proposal for TS38.214:

If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE. In this case, if the QCL type D of the PDSCH DMRS is different from those of the PDCCH DMRS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (PDSCH and CORESET are in different CCs).
Editor can further make refinements for clarification

· For a UE monitors multiple search spaces associated with different CORESETs, for single cell operation or for operation with carrier aggregation in a same frequency band,

· If the monitoring occasions of the search space are overlapped in time and the search spaces are associated with different CORESETs having different QCL-TypeD properties, the UE monitors search spaces associated with a given CORESET containing a CSS in the active DL BWP in the serving cell with the lowest serving cell index and any other CORESET associated with the same QCL-TypeD properties as the given CORESET

· If two or more CORESETs are respectively containing CSS, the UE selects the CORESET containing the search space having the lowest ID in the monitoring occasions in the active DL BWP in the serving cell with the lowest serving cell index.

· Any overlapped search space(s) associated with CORESET(s) having the same QCL-TypeD are monitored.

· If none of the CORESETs contains CSS, the UE selects the CORESET containing the search space having the lowest ID in the monitoring occasions in the active DL BWP in the serving cell with the lowest serving cell index.

· Any overlapped search space(s) associated with CORESET(s) having the same QCL-TypeD are monitored.

· For this purpose, QCL TypeD with respect to a SSB and QCL TypeD with respect to a CSI-RS (or TRS) are considered as different QCL TypeD, even if the CSI-RS is sourced from the same SSB.

· BD/CCE counting should be based on before search space dropping due to QCL TypeD conflicts.

· The number of configured active TCI states of CORESET should be upper bounded by the UE capability without considering the dropping due to QCL TypeD conflicts.

· Non-selected search spaces due to QCL TypeD conflicts is considered to be dropped, not punctured.

RAN1#94 agreements:
Agreement

RAN1 expects that UE behavior for receiving the following combinations will be clarified in RAN4

· SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP in combination with PDSCH/PDCCH

· (CSI-RS RLM, CSI-RS RRM, CSIRS-BFD) in combination with (SSB SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP)

· (CSIRS-RRM, CSIRS-L1-RSRP-Rep-OFF) in combination with PDSCH

· Immediate RAN1 actions are not needed. RAN1 may discuss if needed following RAN4 decisions.

Send an LS to RAN4 (Bishwarup to draft LS)

R1-1809881
draft LS on UE behaviour on reception of channels or RS in the same OFDM symbol
Intel

Agreement

Send an LS to RAN4 with the following questions (LS is endorsed in R1-1809890):
Question #1:

RAN1 requests RAN4 to clarify UE behaviour, if necessary, when a channel or RS in group 1 overlaps with a channel or RS in group 2 on the same OFDM symbol in the same serving cell or in different serving cells in the case of CA in FR2. 

	Case
	Channels/RS in group 1
	Channels/RS in group 2

	1
	SSB for L3 measurements, SSB for RLM, SSB for BFD, SSB for L1-RSRP measurements
	CSI-RS for RLM, CSI-RS for L3 measurements, CSIRS for BFD, CSI-RS for L1-RSRP

	2
	CSIRS for L3 measurements, CSIRS with repetition=OFF for L1-RSRP measurements
	PDSCH

	3
	CSIRS for L3 measurements, CSIRS with repetition=OFF for L1-RSRP measurements
	PDCCH

	4
	CSI-RS for RLM, CSI-RS for L3 measurements, CSIRS for BFD, CSI-RS for L1-RSRP measurements
	CSI-RS for RLM, CSI-RS for L3 measurements, CSIRS for BFD, CSI-RS for L1-RSRP measurements


Question #2:

If scheduling restriction due to Rx beamforming is applied on certain symbols, is the NW allowed to schedule PDSCH that spans a time duration containing these symbols but with configured rate matching resources used for protecting the symbols such that the UE does not receive PDSCH on symbols with scheduling restriction applied? 

RAN1#93 agreements:
Agreement

For the case of CSIRS+PDCCH on the same OFDM symbols where spatial QCL is configured for CSI-RS
1. NW configuration should ensure spatial QCL

a. UE is not expected to be configured with CSI-RS with repetition=ON in the symbols UE is configured to monitor the CORESET

Above agreement applies to both same BWP as well as intra-band CA if spatial QCL is applicable.

For further study until the next meeting

Alt 1: For the case of CSIRS+PDCCH on the same OFDM symbols, if CSI-RS is not configured with spatial QCL, the UE follows the spatial QCL associated with the PDCCH

Alt 2: No need for further definition of UE behavior for the case of CSIRS not configured with spatial QCL overlapping with PDCCH on an OFDM symbol

For further study until the next meeting

For the case of CSIRS+PDSCH on the same OFDM symbols where spatial QCL is configured for CSI-RS
1. NW configuration should ensure spatial QCL

a. UE is required to decode PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition=ON

b. Note: The UE is not expected to perform Rx beam refinement on CSIRS symbols configured with CSI-RS with repetition=ON

2. NW configuration should ensure spatial QCL

a. UE is expected to symbol level rate-match PDSCH that is overlapping with one or more symbols on the symbols configured with CSI-RS with repetition=ON

i. DMRS should not be affected by rate matching

3. NW configuration should ensure spatial QCL

a. UE is not expected to receive PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition=ON

i. DMRS should not be affected by rate matching

For further study until the next meeting

For the case of PDSCH+PDCCH simultaneous RX in case spatial RX is configured and is different between the two channels
· Alt1: CORESET is prioritized 

· spatial QCL associated with CORESET is applied to the PDSCH 

· FFS: PDSCH slot aggregation case

· Alt2: PDSCH is prioritized depending on scheduling offset

· Before threshold, CORESET is prioritized

· After threshold, PDSCH is prioritized

RAN1#92bis agreements:
For further discussion in RAN1#93

· RAN4 agreement exists for SSB-RRM + PDSCH multiplexing for non-CA and CA cases

· Consider at least the following alternatives. At least for cases outside SMTC window (SSB-RLM+PDSCH, SSB-BM+PDSCH) including CA:
· Alt 1: (multiplexing restriction) Extend the RAN4 agreement to the case of SSB+PDSCH multiplexing for both CA and non-CA without PDSCH associated with SI-RNTI, P-RNTI. This means that the UE is not expected to receive PDSCH on SSB symbols (for same numerology in FR2)

· Alt 2: gNB will ensure at least spatial QCL

· Alt 3: The UE is not expected to perform Rx beam refinement on SSB locations (Rx beam refinement may be associated with BM, RLM, BFD)

Note: The above applies to the case with same numerology for SSB and PDSCH. The case with different numerologies for SSB and PDSCH is to be addressed.
RAN1#92 agreements:
Agreements:

· The UE is not expected to receive both C-RNTI PDSCH and CS-RNTI PDSCH from the primary cell if they are overlapped with at least one symbol. 

· If both RA-RNTI PDSCH and C-RNTI (or CS-RNTI) PDSCH for a given UE from the primary cell are overlapped with at least one symbol, the UE may skip decoding C-RNTI (or CS-RNTI) PDSCH 
· P-RNTI PDSCH is not required to be decoded by UE in RRC_CONNECTED mode

· Note: P-RNTI PDCCH may not schedule a P-RNTI PDSCH but rather carries the message by itself, which may be used for e.g. systemInfoModification, cmas-Indication, and etws-Indication
Working assumption:

· While UE acquires SI upon being triggered by Paging DCI

· UE is not required to decode C-RNTI PDSCH if the SI-RNTI PDSCH is overlapped with at least one symbol 

· In case UE autonomously monitors SI-RNTI PDCCH while monitoring C-RNTI PDCCH, and both SI-RNTI PDSCH and C-RNTI PDSCH are overlapped with at least one symbol, the UE is not required to decode SI-RNTI PDSCH 

Agreement:

· Which of the J>=1 multi-CSI PUCCH resources are used to transmit the colliding CSI reports is determined as follows:
· Choose the multi-CSI PUCCH resource with the smallest capacity but such that the CSI payload of all colliding CSI reports is not larger than the capacity
· If no such resource is configured, choose the largest multi-CSI PUCCH resource and apply dropping rules 

Agreement:

· When multiple PUCCH-based CSI reports collide with HARQ-ACK/SR

· The colliding CSI reports are first managed according to the CSI only collision mechanism, (potentially multiplexing CSI reports on a multi-CSI PUCCH resource and applying associated dropping rules) outputting a single PUCCH resource carrying one or more CSI reports

· In the second step, collision between the CSI PUCCH resource and HARQ-ACK/SR collision is managed and CSI dropping/omission rules for PUSCH is applied

RAN4#88 agreements:
R4-1810240
CR for scheduling availability on FR2 for Link Recovery Procedures - agreed
RAN4#87 agreements:
· RAN4 defines requirements regarding scheduling availability during SSB based L3 measurement, SSB based RLM, CSI-RS based RLM, SSB based L1-RSRP measurement, CSI-RS based L1-RSRP measurement, SSB based beam failure detection and CSI-RS based beam failure detection in Rel-15.

· RAN4 also defines requirements regarding scheduling availability during CSI-RS based L3 measurement if RRM requirements for CSI-RS based L3 measurement are defined in Rel-15.

· For requirements regarding scheduling availability during SSB based RLM, CSI-RS based RLM, SSB based L1-RSRP measurement, CSI-RS based L1-RSRP measurement, SSB based beam failure detection and CSI-RS based beam failure detection, scheduling restriction due to those procedures is not applied to any other symbols than RS symbols to be monitored.

· Scheduling restriction due to different numerology aspect is applied during SSB based RLM, BFD and L1-RSRP measurement as well as SSB based L3 measurement, i.e., for UE not supporting simultaneousRxDataSSB-DiffNumerology capability.

· Scheduling restriction due to Rx beamforming aspect is applied during CSI-RS based L1-RSRP measurement on FR2 serving cell when repetition of CSI-RS resource set is on.

· When UE performs RLM, BFD and/or L1-RSRP measurement on FR1 serving cell, same scheduling restriction applies to all serving cells in the same band and no scheduling restriction applies to all serving cells in the different band in FR1 and FR2.

· When UE performs RLM, BFD and/or L1-RSRP measurement on FR2 serving cell, same scheduling restriction applies to all serving cells in the same band and no scheduling restriction applies to all serving cells in FR1.

· When UE performs SSB based L1-RSRP measurement in FR2, 

· scheduling restriction applies to RS symbols to be monitored

· Scheduling restriction due to different numerology aspect does not need to be defined for CSI-RS based RLM, BFD and L1-RSRP measurement since CSI-RS resources for RLM, BFD and/or L1-RSRP measurement are configured per BWP and SCS of CSI-RS resources is the SCS of corresponding BWP.

· When UE performs SSB based RLM, CSI-RS based RLM, SSB-based BFD or CSI-RS based BFD in FR2, 

· scheduling restriction applies to RS symbols to be monitored, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to receive by RRC_connected state.
FFS whether or not scheduling restriction applies to other serving cells in the same band in case of intra-band CA
RAN4#86bis agreements:
Within a SMTC window which is not overlapped with measurement gap in non-CA case:

•       In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement:

–      For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and [1] symbol after each consecutive SSB symbols within SMTC window duration if useServingCellTimingForSync is enabled

–      For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration if useServingCellTimingForSync is not enabled

•       In FR2 intra-frequency SS-RSRP/SINR measurement:

–      UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)

•       In FR2 intra-frequency SS-RSRQ measurement:

–      UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, X symbol(s) before each consecutive SSB/RSSI symbols and X symbol(s) after each consecutive SSB/RSSI symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)

•       Note: whether or not to define specific behavior for rate matching around above symbols is up to RAN1

•       Note: RAN4 needs to check if cell synchronization accuracy complies with cell phase synchronization requirement in TS 38.133 when useServingCellTimingForSync is enabled

•       Regarding the value of “X”,

–      Option 1: X = [1]

–      Option 2: Companies are encouraged to investigate the value of X. If it is identified that X needs to be large value e.g., more than 4, following alternative solutions should be considered

•       SMTC-based solution, i.e., all symbols within SMTC window are not available for data transmission/reception

•       SSB-slot-based solution, i.e., all symbols within slot(s) containing SSB are not available for data transmission/reception

Within a SMTC window which is not overlapped with measurement gap in CA case:

•       In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement for intra-band CA without UE capability on simultaneous reception of SSB and data with mixed numerologies,

–      in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol(s) before each consecutive SSB symbols and [1] symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements if the SSB to be measured has different SCS from that for serving cell data and useServingCellTimingForSync is enabled

–      in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration for any one of intra-frequency measurements if the SSB to be measured has different SCS from that for serving cell data and useServingCellTimingForSync is not enabled

•       In FR2 intra-frequency SS-RSRP/SINR measurement for intra-band CA,

–      in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements

•       In FR2 intra-frequency SS-RSRQ measurement for intra-band CA,

–      in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, X symbol(s) before each consecutive SSB/RSSI symbols and X symbol(s) after each consecutive SSB/RSSI symbols within SMTC window duration for any one of intra-frequency measurements (assuming that  useServingCellTimingForSync is always enabled for FR2)

NR supports to configure enabling/disabling intra-frequency measurement on each NR SCell frequency layer

•       When there is at least one serving cell with intra-frequency measurement within serving cells for intra-band CA, disabling intra-frequency measurement on other serving cell(s) is possible

–      FFS: whether additional condition(s) for disabling intra-frequency measurement on NR Scell is/are defined or not

•       Detailed signaling design is up to RAN2 
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