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Introduction
In this contribution, we follow up on the conclusions of RAN1#92 and RAN1#92bis on this topic. In the following it is assumed that a UE is capable of forming a single Tx/Rx beam within and across all CCs. Related UE capability/signaling to form a single Tx/Rx beam across all CCs is not addressed here. Multiplexing issues related to support of mixed numerology is not addressed here. The following two tables (for DL and UL) summarizes the multiplexing cases where potential conflict in spatial QCL can occur according to the current version of the specifications. In the rest of the contribution, we focus on selected 5 cases from the downlink table. We emphasize the following points:

· We focus on CONNECTED mode since in other modes similar issues are absent or relatively minor and can be handled by UE implementation

· We believe that in order to successfully perform beam management operation in L1/L2, Rx beam sweeping at symbol-level is important for SSB-BM, SSB-RRM, CSIRS-RRM, CSIRS-BM (same motivation in RAN4 agreement on SSB-RRM within SMTC window for FR2).
· In general, the necessity of measurement on a particular RS instance should be determined by a UE and can depend on its implementation, motion, rotation etc. A gNB generally does not have enough information to make this determination on a UE’s behalf.   
	DL channels/RS in same OFDM symbol
	Same CC/BWP
	Different CCs

	SSB+PDSCH
	possible
	possible

	SSB+PDCCH
	possible
	possible

	SSB+CSIRS
	possible
	Possible

	CSIRS+PDSCH
	possible
	possible

	CSIRS+PDCCH
	possible
	possible

	CSIRS+CSIRS
	possible
	possible

	PDCCH+PDSCH
	possible
	possible

	PDCCH+PDCCH
	possible
	possible

	PDSCH + PDSCH
	possible
	possible

	SSB + SSB 
	N/A
	possible


	UL channels/RS in same OFDM symbol
	Same CC/BWP
	Different CCs

	PUCCH + PUCCH
	N/A
	[possible across groups]

	PUSCH + PUSCH
	N/A
	[possible]

	SRS + SRS
	N/A
	[possible]

	PUCCH + PUSCH
	N/A
	[possible across groups]

	PUCCH + SRS
	N/A
	[possible]

	PUSCH + SRS
	N/A
	[possible]

	PUSCH + PRACH
	N/A
	N/A for intra-band CA

FFS for inter-band CA

	PUCCH + PRACH
	N/A
	N/A for intra-band CA

FFS for inter-band CA


 Conclusions
	
	Proposals

	SSB+PDSCH
	· UE is not required to decode PDSCH-C-RNTI or PDSCH-CS-RNTI that overlaps fully or partially with SSB symbols configured for SSB-BM

· UE is expected to receive PDSCH-C-RNTI or PDSCH-CS-RNTI that overlaps fully or partially with SSB configured as SSB-BFD or SSB-RLM (but not configured as SSB-BM) if the PDSCH is spatial QCL-ed with the overlapping SSB.



	SSB+PDCCH
	· UE is not required to decode PDCCH associated with CORESETs that overlaps fully or partially with SSB symbols configured for SSB-BM 

· UE is expected to receive PDCCH associated with CORESETs that overlaps fully or partially with SSBs configured for SSB-BFD or SSB-RLM (but not configured as SSB-BM) that is spatial QCL-ed with the overlapping SSB.


	SSB+CSIRS
	· UE is not expected to receive CSIRS-CSI/update CSI and CSIRS-TRS that overlaps fully or partially with SSB-RRM or SSB-BM 

· UE is expected to receive CSIRS in all other cases that overlaps fully or partially with SSBs if they are spatial QCL-ed with the overlapping SSB (previous RAN1 agreement)

	CSIRS+PDSCH
	· UE is not required to decode PDSCH C/CS-RNTI that overlaps with CSI-RS-RRM, CSI-RS-BM

· UE is expected to receive PDSCH C/CS-RNTI that overlaps fully or partially with CSIRS-CSI, CSIRS-TRS, CSIRS-BFD, CSIRS-RLM if the PDSCH is spatial QCL-ed with the CSIRS

	CSIRS+PDCCH
	· UE is not required to decode PDCCH associated with CORESETs that overlaps fully or partially with CSIRS-RRM or CSIRS-BM 

· UE is expected to receive PDCCH associated with CORESETs that overlaps fully or partially with CSIRS configured for RLM, BFD, TRS, CSI (but not configured as RRM or BM) that is spatial QCL-ed with the overlapping CSIRS.


SSB + PDSCH multiplexing
· In this section SSB outside SMTC window is considered (SSB inside SMTC window including SSB-RRM is covered by RAN4 agreement)

	
	SI-RNTI
	P-RNTI
	RA-RNTI
	TC-RNTI
	C-RNTI
	CS-RNTI

	SSB-BM
	SI-RNTI priority
	SSB-BM priority
	RA-RNTI priority
	TC-RNTI priority
	SSB-BM priority
	SSB-BM priority

	SSB-BFD
	SI-RNTI priority
	SSB-BFD priority
	RA-RNTI priority
	TC-RNTI priority
	QCL required
	QCL required

	SSB-RLM
	SI-RNTI priority
	SSB-RLM priority
	RA-RNTI priority
	TC-RNTI priority
	QCL required
	QCL required

	
	
	
	
	
	
	


· In the table above:
· SSB-BM priority: means that measurement is prioritized over PDSCH. UE is not required to decode such PDSCH even if it is QCL-ed with the multiplexed SSB
· QCL required: means that UE is expected to receive PDSCH if it is QCL-ed with SSB.

· Note that SI-RNTI as in the above table is triggered by Paging DCI (not UE autonomous monitoring). It is infrequent and could be assigned a high priority. Similarly PDSCH associated with RA or TC RNTI is infrequent and can be assigned high priority
· Note that UE is not required to decode P-RNTI PDSCH in CONNECTED mode (RAN1 agreement)

· Note that it is likely that SSB-BM, SSB-BFD, SSB-RLM is configured with a common physical resource in the same CC. In that case from UE perspective, an implementation specific time-sharing is performed for measurements associated to SSB-BM, SSB-BFD and SSB-RLM. Possibly there is no RAN1 specification impact due to time-sharing although RAN4 may consider this for setting requirements.
In term of specification impact, we have the following proposal:
Proposal:

· UE is not required to decode PDSCH-C-RNTI or PDSCH-CS-RNTI that overlaps fully or partially with SSB symbols configured for SSB-BM
· UE is expected to receive PDSCH-C-RNTI or PDSCH-CS-RNTI that overlaps fully or partially with SSB configured as SSB-BFD or SSB-RLM (but not configured as SSB-BM) if the PDSCH is spatial QCL-ed with the overlapping SSB.

SSB + PDCCH multiplexing

· In this section SSB outside SMTC window is considered (SSB inside SMTC window including SSB-RRM is covered by RAN4 agreement)

	
	CORESET#0
	Other CORESETs

	SSB-BM
	SSB-BM priority
	SSB-BM priority

	SSB-BFD
	QCL required
	QCL required

	SSB-RLM
	QCL required
	QCL required

	
	
	


· In the table above 

· SSB-BM priority means that SSB measurement is prioritized over PDCCH. UE is not required to decode PDCCH even if it is QCL-ed with the multiplexed SSB

· QCL required means that UE is expected to receive PDCCH if it is QCL-ed with SSB 
· Note that CSS associated with CORESET#0 configured by RMSI is critical for receiving broadcast information. At the same time SSB-BM measurements including beam sweeping is also important for the UE to maintain connectivity. We believe that a gNB is able to choose a multiplexing pattern for CORESET#0 that can avoid collisions with SSBs. 
In term of specification impact, we have the following proposal:

Proposal:

· UE is not required to decode PDCCH associated with CORESETs that overlaps fully or partially with SSB symbols configured for SSB-BM 

· UE is expected to receive PDCCH associated with CORESETs that overlaps fully or partially with SSBs configured for SSB-BFD or SSB-RLM (but not configured as SSB-BM) that is spatial QCL-ed with the overlapping SSB.
SSB + CSIRS multiplexing

	
	CSIRS-RRM 
	CSIRS-RLM 
	CSIRS-BM-Rep-ON 
	CSIRS-BM-Rep-OFF 
	CSIRS-BFD
	CSIRS-TRS 
	CSIRS-CSI



	SSB-RRM
	QCL required
	QCL required
	QCL required
	QCL required
	QCL required
	SSB-RRM priority
	SSB-RRM priority

	SSB-BM
	QCL required
	QCL required
	QCL required
	QCL required
	QCL required
	SSB-BM priority
	SSB-BM priority

	SSB-BFD
	QCL required
	QCL required
	QCL required
	QCL required
	QCL required
	QCL required
	QCL required

	SSB-RLM
	QCL required
	QCL required
	QCL required
	QCL required
	QCL required
	QCL required
	QCL required

	
	
	
	
	
	
	
	


· In the table above:

· SSB-BM priority or SSB-RRM priority means that SSB measurement is prioritized over CSIRS. UE is not required to update CSI/perform tracking even if CSIRS-CSI is QCL-ed with the multiplexed SSB

· QCL required means that UE is expected to receive CSIRS fully or partially overlapping with SSB if it is QCL-ed with the overlapping SSB.

· Note that CSIRS-RRM, CSIRS-RLM, CSIRS-BM-Rep-ON, CSIRS-BM-Rep-OFF, CSIRS-TRS each overlap with SSB over 1 symbol for a given resource but multiple CSIRS resources can occur in consecutive symbols

· Note that CSI-RLM, CSIRS-RRM, CSIRS-BM, CSI-RS-BFD can coincide on the same physical resource. UE will use implementation specific time-sharing for measurement purposes in this case. Possibly there is no RAN1 specification impact due to time-sharing although RAN4 may consider this for setting requirements.

In term of specification impact, we have the following proposal:

Proposal:

· UE is not expected to receive CSIRS-CSI/update CSI and CSIRS-TRS that overlaps fully or partially with SSB-RRM or SSB-BM 

· UE is expected to receive CSIRS in all other cases that overlaps fully or partially with SSBs if they are spatial QCL-ed with the overlapping SSB (previous RAN1 agreement)
CSIRS + PDSCH multiplexing

	
	CSIRS-RRM 
	CSIRS-RLM 
	CSIRS-BM-Rep-ON 
	CSIRS-BM-Rep-OFF 
	CSIRS-BFD
	CSIRS-TRS 
	CSIRS-CSI



	SI-RNTI
	SI-RNTI priority
	SI-RNTI priority
	SI-RNTI priority
	SI-RNTI priority
	SI-RNTI priority
	SI-RNTI priority
	SI-RNTI priority

	P-RNTI
	CSIRS-RRM priority
	CSIRS-RLM priority
	CSIRS-BM-Rep-ON priority
	CSIRS-BM-Rep-OFF priority
	CSIRS-BFD priority
	CSIRS-TRS priority
	CSIRS-CSI priority

	RA-RNTI
	RA-RNTI priority
	RA-RNTI priority
	RA-RNTI priority
	RA-RNTI priority
	RA-RNTI priority
	RA-RNTI priority
	RA-RNTI priority

	TC-RNTI
	TC-RNTI priority
	TC-RNTI priority
	TC-RNTI priority
	TC-RNTI priority
	TC-RNTI priority
	TC-RNTI priority
	TC-RNTI priority

	C/CS-RNTI
	CSIRS-RRM priority
	QCL required
	CSIRS-BM-Rep-ON priority
	CSIRS-BM-Rep-OFF priority
	QCL required
	QCL required
	QCL required


· Note that UE is not required to decode P-RNTI PDSCH in CONNECTED mode (RAN1 agreement)

· Note that SI-RNTI as in the above table is triggered by Paging DCI (not UE autonomous monitoring). It is infrequent and could be assigned a high priority. Similarly PDSCH associated with RA or TC RNTI is infrequent and can be assigned high priority

In term of specification impact, the following is our proposal:
Proposal:

· UE is not required to decode PDSCH C/CS-RNTI that overlaps with CSI-RS-RRM, CSI-RS-BM

· UE is expected to receive PDSCH C/CS-RNTI that overlaps fully or partially with CSIRS-CSI, CSIRS-TRS, CSIRS-BFD, CSIRS-RLM if the PDSCH is spatial QCL-ed with the CSIRS
CSIRS + PDCCH multiplexing
	
	CSIRS-RRM 
	CSIRS-RLM 
	CSIRS-BM-Rep-ON 
	CSIRS-BM-Rep-OFF 
	CSIRS-BFD
	CSIRS-TRS 
	CSIRS-CSI



	CORESET#0
	CSIRS-RRM priority
	QCL required
	CSIRS-BM-Rep-ON priority
	CSIRS-BM-Rep-OFF priority
	QCL required
	QCL required
	QCL required

	Other CORESETs
	CSIRS-RRM priority
	QCL required
	CSIRS-BM-Rep-ON priority
	CSIRS-BM-Rep-OFF priority
	QCL required
	QCL required
	QCL required

	
	
	
	
	
	
	
	


· In the table above 

· CSIRS priority means that CSIRS measurement is prioritized over PDCCH decoding. UE is not required to decode such PDCCH even if it is QCL-ed with the multiplexed CSIRS

· QCL required means that UE is expected to receive PDCCH if it is QCL-ed with CSIRS 

· Note that CSS associated with CORESET#0 configured by RMSI is critical for receiving broadcast information. At the same time CSIRS-RRM, CSIRS-BM measurements including beam sweeping is also important for the UE to maintain connectivity. We believe that a gNB is able to choose a multiplexing pattern for CSIRS that can avoid collisions with CORESET#0.
In term of specification impact, we have the following proposal:

Proposal:

· UE is not required to decode PDCCH associated with CORESETs that overlaps fully or partially with CSIRS-RRM or CSIRS-BM 

· UE is expected to receive PDCCH associated with CORESETs that overlaps fully or partially with CSIRS configured for RLM, BFD, TRS, CSI (but not configured as RRM or BM) that is spatial QCL-ed with the overlapping CSIRS.
Appendix: Related RAN1/RAN4 agreements

Related agreements from RAN1#92bis:
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.
Related agreements from RAN1#92:

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

RAN#4 agreement:

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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