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The following was concluded in RAN1#92:

· RAN1 to discuss at least the following combinations of DL physical channels and reference signals for the simultaneous reception assuming FR2 operation:

	Channels/RS in same OFDM symbol
	Same CC / BWP
	Different CCs

	SSB + PDSCH
	
	

	CSI-RS + PDSCH (including DM-RS/PT-RS)

· A-CSI-RS (below and above threshold), P CSI-RS, SP CSI-RS

· BM CSI-RS, CSI-RS for CSI, CSI-RS for tracking

· CSI-RS Repetition ‘ON’, ‘OFF’

· CSI-IM
	
	

	PDCCH / CORESET+ PDSCH

· Default CORESET (CORESET with lowest ID which is used for obtaining default QCL assumption)

· Non default CORESET
	
	

	CSI-RS + PDCCH / CORESET


	Rx spatial QCL should be ensured by the NW configuration*
	

	PDCCH / CORESET + PDCCH / CORESET
	[N/A]
	

	CSI-RS + SSB 
	Rx spatial QCL should be ensured by the NW configuration*
	

	CSI-RS + CSI-RS
	
	

	PDSCH + PDSCH with different RNTIs
	TBD
	

	SSB + SSB
	N/A
	

	PDSCH + PDSCH (C-RNTI + C-RNTI)
	N/A
	


*Note: Already agreed in the previous meetings

· RAN1 to discuss at least the following combinations of UL physical channels and reference signals combinations for the simultaneous transmission assuming FR2 operation:

	Channels/RS in same OFDM symbol
	Same CC
	Different CCs

	PUCCH + PUCCH
	N/A
	

	PUSCH + PUSCH
	N/A
	

	SRS + SRS
	
	


· RAN1 to consider at least the following solutions:

· Skipping transmission of reference signal / physical channel, e.g. QCL assumptions are not the same

· Overriding QCL assumptions

· Prioritization of the processing of one physical channel /signal over another 

· NW configuration should ensure the same QCL assumption for the physical channel /signal

· Other solutions are not precluded

In this contribution, we follow up on the conclusion of RAN1#92. The scope of this contribution is clarified below:
· Related UE capability/signaling to form a single Tx/Rx beam across all CCs is not addressed here. In the following it is assumed that a UE is capable of forming a single Tx/Rx beam within and across all CCs.
· Multiplexing issues related to support of mixed numerology is not addressed here.
· SSB-RLM, SSB-RRM related multiplexing discussion is not addressed here and may be coordinated with RAN4. RAN4 already has some related agreements on multiplexing of SSB and PDSCH/PDCCH with respect to multiplexing as noted in the Appendix 

· CSI-RS-RLM, CSI-RS-RRM related multiplexing discussion may be coordinated with RAN1-initial access session  
 Summary conclusion

For the purposes of structuring the discussion, the multiplexing cases are categorized into two cases:

· Type 1 multiplexing 
· Definition: Multiplexing is expected to degrade UE function/performance (even if QCL Type D can be ensured and the same Tx beam is used by the gNB)

· UE is expected to perform Rx-beam switching (refinement) with respect to a RS that is multiplexed (a BM RS or RRM RS is multiplexed here) or when QCL indication is not possible (SSB multiplexing across CCs)
· Whether/how to allow multiplexing by the gNB?

· If multiplexed in a particular instance, UE behavior 
· Option 1: Skipping transmission of RS/channel

· Option 2: Overriding QCL assumptions

· Option 3: Prioritization of processing of one RS/channel over another

· Option 4: left to UE implementation 
· Type 2 multiplexing
· Definition: Multiplexing is not expected to degrade UE function/performance if QCL Type D can be ensured by the gNB 

· UE is not expected to perform Rx-beam switching (refinement) for any of the RS multiplexed here or Rx-beam switching (refinement) is applicable to all multiplexed RS that are QCL-ed.
· Note that using the same Tx beam at the NW during multiplexing may not be sufficient to ensure QCL Type D  (e.g. PDSCH is multiplexed with CORESET, PDSCH is QCL with CSI-RS, and CORESET is QCL with SSB, UE is not aware that CSI-RS and SSB is QCL)
· Whether to allow multiplexing by the gNB?

· FDM multiplexing can be allowed if QCL Type D is ensured by the gNB
· If multiplexed but QCL Type D is not ensured by the NW
· Option 1: Skipping transmission of RS/channel

· Option 2: Overriding QCL assumptions

· Option 3: Prioritization of processing of one RS/channel over another

· Option 4: left to UE implementation

· Option 5: Error condition (multiplexing not allowed) 
	
	Channels/RS in same OFDM symbol
	Proposal-1

	SSB+PDSCH
	SSB-RLM, RRM + PDSCH
	RAN4

	
	SSB-BFD + PDSCH
	Type 2

	
	SSB-BM + PDSCH
	Type 1 (e.g. prioritize PDSCH)

	SSB+CSIRS*
	SSB-RLM,RRM + CSIRS-RLM,RRM
	RAN4

	
	SSB-RLM,RRM + CSI-RS-BFD, Trk, CSI, IM
	RAN4 

	
	SSB-RLM,RRM + CSI-RS-BM
	RAN4

	
	SSB-BFD + CSI-RS-RLM,RRM
	RAN1-IA

	
	SSB-BFD + CSI-RS-BFD, Trk, CSI, IM
	Type 2

	
	SSB-BFD + CSI-RS-BM
	Type 1

	
	SSB-BM + CSI-RS-RLM,RRM
	RAN1-IA

	
	SSB-BM + CSI-RS-BFD, Trk, CSI, IM
	Type 1

	
	SSB-BM + CSI-RS-BM
	Type 2

	CSIRS+PDSCH
	CSI-RS-RLM, RRM+ PDSCH 
	RAN1-IA

	
	CSI-RS- BFD, Trk, CSI, IM + PDSCH
	Type 2

	
	CSI-RS-BM + PDSCH
	Type 1 (e.g. prioritize PDSCH)

	CORESET+PDSCH
	CORESET+ PDSCH
	Type 2

	CSIRS+CORESET*
	CSI-RS-BM + CORESET
	Type 1

	
	CSI-RS-RLM, RRM + CORESET
	RAN1-IA 

	
	CSI-RS-BFD, Trk, CSI, IM + CORESET
	Type 2

	CORESET+CORESET**
	CORESET + CORESET
	Type 2

	CSIRS + CSIRS
	CSI-RS-RLM,RRM + CSI-RS-RLM,RRM
	RAN1-IA

	
	CSI-RS-RLM,RRM + CSI-RS-BFD, Trk, CSI, IM
	RAN1-IA

	
	CSI-RS-RLM,RRM + CSI-RS-BM
	RAN1-IA

	
	CSI-RS-BFD, Trk, CSI, IM + CSI-RS-BFD, Trk, CSI, IM
	Type 2

	
	CSI-RS-BFD, Trk, CSI, IM + CSI-RS-BM
	Type 1

	
	CSI-RS-BM + CSI-RS-BM
	Type 2

	PDSCH + PDSCH
	PDSCH + PDSCH with same/different RNTIs
	Type 2

	SSB + SSB (CA case)
	SSB-RLM, RRM + SSB-BFD
	RAN4

	
	SSB-RLM, RRM + SSB-BM
	RAN4

	
	SSB-BFD + SSB-BFD
	Type 1

	
	SSB-BFD + SSB-BM
	Type 1


Note-1*: agreement in previous RAN1 meetings ( Rx spatial QCL should be ensured by NW configuration.
Note-2: A particular multiplexing case may be categorized as both Type 1 and Type 2 (e.g. SSB-BFD and SSB-BM may share the same physical resource). These cases to be handled after some progress is made.

Note-3: A particular multiplexing case may involve more than 2 types of RS/channels e.g. SSB+PDSCH+CSI-RS. These cases to be handled after some progress is made.

Note-4: Channel/RS type can be also categorized as AP/SP/P which is not considered here. 

Note-5**: Some discussion needed to resolve conflict between CSS Type 1 with CSS Type 0/0A/2.

	Channels/RS in same OFDM symbol
	Same CC/BWP
	Different CCs
	Proposal

	PUCCH + PUCCH
	N/A
	[possible across groups]
	Type 2

	PUSCH + PUSCH
	N/A
	[possible]
	Type 2

	SRS + SRS
	N/A
	[possible]
	Type 2

	PUCCH + PUSCH
	N/A
	[possible across groups]
	Type 2

	PUCCH + SRS
	N/A
	[possible]
	Type 2

	PUSCH + SRS
	N/A
	[possible]
	Type 2

	PUSCH + PRACH
	N/A
	?
	RAN1-IA

	PUCCH + PRACH
	N/A
	?
	RAN1-IA


SSB + PDSCH (including DMRS, PTRS) multiplexing
	#
	SSB Type
	Same BWP/CC
	Different CC
	Consideration

	1
	SSB-RLM (configured for Pcell)
	
	
	(RAN4)

	2
	SSB-RRM 
	
	
	(RAN4)

	3
	SSB-BFD (Pcell + Scell) 


	May FDM with PDSCH
	May FDM with PDSCH
	UE is able to decode PDCCH ( BFD measurement may be skipped if non-QCL exception


	4
	SSB-BM
	May FDM with PDSCH
	May FDM with PDSCH
	Multiplexing limits UE beam measurement or refinement even if QCL is ensured ( PDSCH may be prioritized if multiplexing occurs as an exception 


CSIRS + PDSCH (including DMRS, PTRS) multiplexing

	#
	SSB Type
	Same BWP/CC
	Different CC
	Consideration

	1
	CSI-RS-RLM (Pcell) 
	
	
	(RAN1-IA)

	2
	CSI-RS-RRM 
	
	
	

	3
	CSI-RS-BM (rep ON, OFF)
	May FDM with PDSCH
	May FDM with PDSCH
	Multiplexing limits UE beam measurement or refinement even if QCL is ensured ( PDSCH may be prioritized if multiplexing occurs as an exception

	4
	CSI-RS BFD

CSI-RS-Tracking

CSI-RS-CSI

CSI-RS-IM
	May FDM with PDSCH
	May FDM with PDSCH
	UE is able to decode PDCCH ( measurement not critical, ( PDSCH may be prioritized if non-QCL multiplexing occurs as an exception


CORESET + CORESET multiplexing
	#
	Seach space type
	Same BWP/CC
	Different CC
	Consideration

	1
	-Type 0 CSS – system information (SI-RNTI) Pcell
-Type 0A CSS – RMSI (SI-RNTI) – Pcell
- Type 2 CSS – paging (P-RNTI) – Pcell
	 May FDM with other CORESETs 
	May FDM with other CORESETs
	

	2
	- Type 1 CSS – random access (RA-RNTI, TC-RNTI, C-RNTI) – Pcell
	 May FDM with other CORESETs 
	May FDM with other CORESETs
	

	3
	Type 3 CSS – group common (INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI) – all cells
	 May FDM with other CORESETs 
	May FDM with other CORESETs
	

	4
	UESS – C-RNTI, CS-RNTI, SP-CSI-RNTI – all cells 
	May FDM with other CORESETs
	May FDM with other CORESETs
	


Discussion: It may be simpler to introduce scheduler restriction – (UE not expected to be configured such that spatial QCL conflict occurs either within BWP/CC or across CC). Prioritization may require much more discussion for example:
· UE not expected to be configured with Type 0, 0A, 2 CORESETs with different spatial QCL

· Prioritize Type 0/0A/2 > Type 3 > UESS

· Prioritize Type 1 > Type 0/0A/2
CORESET + PDSCH (including DMRS, PTRS) multiplexing

	#
	Seach space type
	Same BWP/CC
	Different CC
	Consideration

	1
	-Type 0 CSS – system information (SI-RNTI) Pcell

-Type 0A CSS – RMSI (SI-RNTI) – Pcell

- Type 2 CSS – paging (P-RNTI) – Pcell
	 May FDM with PDSCH 
	May FDM with PDSCH
	

	2
	- Type 1 CSS – random access (RA-RNTI, TC-RNTI, C-RNTI) – Pcell,
	 May FDM with PDSCH 
	May FDM with PDSCH
	

	3
	Type 3 CSS – group common (INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI) – all cells
	 May FDM with PDSCH 
	May FDM with PDSCH
	

	4
	UESS – C-RNTI, CS-RNTI, SP-CSI-RNTI – all cells – QCL provided by TCI states
	 May FDM with PDSCH 
	May FDM with PDSCH
	


Discussion: It may be simpler to introduce scheduler restriction – (UE not expected to be configured such that spatial QCL conflict occurs either within BWP/CC or across CC).
CSIRS + CORESET multiplexing
	#
	CSIRS Type
	Same BWP/CC
	Different CC
	Consideration

	1
	CSI-RS-RLM (Pcell) 
	May FDM with CORESET
	May FDM with CORESET
	

	2
	CSI-RS-RRM 
	May FDM with CORESET
	May FDM with CORESET
	 

	3
	CSI-RS-BM (rep ON, OFF)
	May FDM with CORESET
	May FDM with CORESET
	

	4
	CSI-RS-BFD (Pcell + Scell)

CSI-RS-Tracking

CSI-RS-CSI

CSI-RS-IM
	May FDM with CORESET
	May FDM with CORESET
	


CSIRS + SSB multiplexing

	#
	CSIRS Type
	SSB Type
	Same BWP/CC
	Different CC
	Consideration

	1
	CSI-RS-RLM (Pcell) 
	SSB-RLM, SSB-RRM, SSB-BFD, SSB-BM, SSB-other
	May FDM with SSB
	May FDM with SSB
	

	2
	CSI-RS-RRM 
	SSB-RLM, SSB-RRM, SSB-BFD, SSB-BM, SSB-other
	May FDM with SSB
	May FDM with SSB
	

	3
	CSI-RS-BFD (Pcell + Scell)

CSI-RS-BM
	SSB-RLM, SSB-RRM, SSB-BFD, SSB-BM, SSB-other
	May FDM with SSB
	May FDM with SSB
	

	4
	CSI-RS-Tracking

CSI-RS-CSI

CSI-RS-IM
	SSB-RLM, SSB-RRM, SSB-BFD, SSB-BM, SSB-other
	May FDM with SSB
	May FDM with SSB
	


CSIRS + CSIRS multiplexing

	#
	CSIRS Type
	Same BWP/CC
	Different CC
	Consideration

	1
	CSI-RS-RLM (Pcell) 
	May FDM with CSI-RS
	May FDM with CSI-RS
	

	2
	CSI-RS-RRM 
	May FDM with CSI-RS
	May FDM with CSI-RS
	

	3
	CSI-RS-BM
	May FDM with CSI-RS
	May FDM with CSI-RS
	

	4
	CSI-RS-BFD (Pcell + Scell)

CSI-RS-Tracking

CSI-RS-CSI

CSI-RS-IM
	May FDM with CSI-RS
	May FDM with CSI-RS
	


PDSCH + PDSCH (including DMRS, PTRS) multiplexing

	#
	PDSCH type
	Same BWP/CC
	Different CC
	Consideration

	1
	-Type 0 CSS – system information (SI-RNTI) Pcell

-Type 0A CSS – RMSI (SI-RNTI) – Pcell

- Type 2 CSS – paging (P-RNTI) – Pcell
	 May FDM with PDSCH 
	May FDM with PDSCH
	

	2
	- Type 1 CSS – random access (RA-RNTI, TC-RNTI, C-RNTI) – Pcell,
	 May FDM with PDSCH 
	May FDM with PDSCH
	

	3
	Type 3 CSS – group common (INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI) – all cells
	 May FDM with PDSCH 
	May FDM with PDSCH
	

	4
	UESS – C-RNTI, CS-RNTI, SP-CSI-RNTI – all cells – QCL provided by TCI states
	May FDM with PDSCH
	May FDM with PDSCH
	


SSB + SSB multiplexing

	#
	SSB Type
	Same BWP/CC
	Different CC
	Consideration

	1
	SSB-RLM, RRM + SSB-BFD
	N/A
	
	(RAN4)

	2
	SSB-RLM, RRM + SSB-BM
	N/A
	
	(RAN4)

	3
	SSB-BFD + SSB-BFD
	N/A
	May FDM with SSB
	Prioritizing Pcell is a possible option

	4
	SSB-BFD + SSB-BM
	N/A
	May FDM with SSB
	Prioritizing Pcell is a possible option


Related RAN1/RAN4 agreements

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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