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Introduction
In RAN1#92 the following conclusion was reached with respect to simultaneous reception of PHY channels and RS in FR2:
Conclusion:
· 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
	

	[bookmark: _Hlk510610703]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

Introduction
As a general principle of designing these collision rules, it should be clear that a UE in Rel-15 is not expected to receive or transmit with more than one analog beam inside a CC or across CCs on the same OFDM symbol. Following this general principle, we make the following proposals on how to ensure that this is guaranteed while introducing a good system performance for FR2. 
DL PHY Channels 
Same BWP in a single CC
SSB + PDSCH
The following conclusion was made regarding this topic:
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.
We start with a quick background on the status of this open item. First, PDSCH which is scheduled by PDCCH with SI-RNTI, RA-RNTI, P-RNTI has been agreed that can be FDMed with SSB on the specific scenario of 120 KHz for PDSCH and 120 for SSB. 
Second, RAN4 has made an agreement that for both inter/intra frequency measurement, the UE will be RRC-configured in both connected and idle mode with SMTC window, inside which no PDSCH/PDCCH cannot be FDMed, so that the UE can perform Rx beam sweeping, and that no RRM measurement is expected to be done by the UE on SSBs outside SMTC window.

Agreements:
· For intra frequency measurements, SMTC window duration, timing offset and SMTC periodicity are signalled in either RMSI or OSI for IDLE mode, and RRC for CONNECTED mode
· For IDLE mode, RAN2 will decide the signalling container between RMSI and OSI
· For inter frequency measurements, SMTC window duration, timing offset and SMTC periodicity are signalled per frequency, in either RMSI or OSI by the serving cell for IDLE mode, and RRC for CONNECTED mode
· For IDLE mode, RAN2 will decide the signalling container between RMSI and OSI
· SMTC window duration:
· Both for inter-/intra- frequency measurements, the candidate values are {1,2,3,4,5} msec
· SMTC window timing offset:
· SMTC window timing reference for the timing offset is SFN#0 of the corresponding serving cell.
· Note: For IDLE mode, the serving cell here implies the cell UE is camped on.
· For intra-frequency measurements, the candidate values are {0, 1, …, SMTC periodicity -1} ms
· For inter-frequency measurements, the candidate values are {0, 1, …, SMTC periodicity -1} ms.
· SMTC periodicity:
· Both for inter-/intra-frequency measurements, the candidate values are {5, 10, 20, 40, 80, 160} msec
Agreements:
· The network can indicate a set of SS blocks to be measured within the SMTC measurement duration (connected mode only) 
· The indication is per frequency layer
· The UE is not required to measure SS blocks not indicated as transmitted
· If there is no indication, the default value is that all SS blocks within the SMTC measurement duration 
· The signaling method is applicable to both intra- and inter-frequency measurements
· For connected mode:
· The signaling is via RRC and a full bitmap with length L 
· For idle mode
· No indication from gNB
· Note: this means that all SS blocks within the SMTC measurement duration 

Third, the UE is RRC configured with SSB indeces which can be used for, RLM measurement, BM (serving cell L1-RSPR) measurement, BFD measurements. Please see 331 for details. Note also, that for RLM purposes, if the UE is not configured with any RLM-RS, then no SSB will be used for that purpose:
Agreements:
• RLM-RS is undefined until explicitly/implicitly configured.
– Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM

In light of the discussion of previous meeting and the above background, in order to enable the gNB to trade-off overhead and scheduling flexibility without tampering with the Rx-beam UE measurements we make the following proposal:

[bookmark: _Hlk513715693]Proposal 1: In FR2, for SSB outside SMTC window, and for PDSCH not scheduled by PDCCH with SI/P/RA-RNTI, for both CA and non-CA,
· the UE performs symbol-level PDSCH rate matching around SSB symbols for the SSB blocks which are RRC-configured for RLM, BM (serving-cell L1-RSPR reporting), and BFD measurements. 
· UE is not expected to perform RLM, BM, BFD measurements in any other SSB except those configured for such measurements. 
· Note: For any other SSB outside SMTC except the SSB-RLM/BM/BFD and for PDSCH scheduled by PDCCH with SI/P/RA-RNTI, the UE may receive PDSCH FDMed with SSB. The UE applies in the PDSCH reception the configured spatial Rx and rate matches around the SSB block.

The proposal above is in general closer to Alt. 1 with a few clarifications on the associated UE behavior. The fundamental reasons behind the above proposal are:
· For the SSB-RLM/BM/BFD, the UE is expected to perform Rx Beam sweeping, so scheduling PDSCH does not make sense since the UE performs Rx beam sweeping and the gNB cannot know which beam is used by the UE. Even if the gNB tries to send a PDSCH, it is likely that it will not be successful because the UE is performing a measurement/searching/sampling Rx beam directions. Note that the same reasoning led to RAN4 agreement related to SSB-RRM measurement 
· For all remaining SSBs which do not have a functionality for this UE, the UE may receive PDSCH on these symbols, since the UE is not expected to perform any Rx beam sweeping in those, and the UE may disregard the SSB. It can just rate match around the SSB block.
· gNB has the option to RRC-configure fewer SSB blocks for RLM/BM/BFD purposes (and it can RRC configure the periodicity of SMTC window) in order to tradeoff quality of the measurement/Rx-beam-sweeping and SSB-overhead, and schedule PDSCH as needed in the remaining SSBs. 

With such a proposal we achieve the main gain/goal of each of the three alternatives:
· Important RLM/BM/BFD measurements are not disrupted, and it is clearly configured to the UE which SSB are used and for which purposes (clearly an SSB can be used for multiple purposes). This was the main intention of Alt. 1 and we can achieve this with the above proposal.
· On the SSB blocks which are outside SMTC and not used for RLM/BF/BFD, the gNB can schedule a PDSCH independent of whether this PDSCH is sQCLed or not with the SSB. The UE will just steer towards the PDSCH and disregard the SSB. This may free up (depending on configuration) even more resources for data than agreeing that “SSB and PDSCH are required to be sQCLed”, and therefore it should be preferred over Alt. 2, which was supported by several companies due to the smaller overhead. 
· SSB overhead dedicated for RLM/BM/BFD can be controlled by the gNB through RRC-configuration of the SMTC window, RLM/BM/BFD resources. Note also that it is up to the gNB to schedule RLM/BM SSBs inside the SMTC window, if gNB wants to do so and avoid additional overhead. Therefore, the above proposal provides additional scheduling flexibility compared to Alt. 3 which says that always RLM/BM need to happen inside the SMTC window. 

CSI-RS + PDSCH
For the scenario of CSI-RS and PDSCH, there needs to be a different consideration for a CSI-RS resource set with CSI-RS Repetition ‘ON’ and ‘OFF’ because in the former case, the UE is expected to perform spatial Rx measurement (P3 procedure), and therefore it will not be able to receive PDSCH on a constant beam independent of whether Type D is the same or different between the CSI-RS resource of PDSCH. Therefore, we make the following proposals:
Proposal 2: In FR2, for any NZP CSI-RS resource set with CSI-RS Repetition ‘ON’, if there is a symbol-level overlap of a scheduled PDSCH with any symbol of a CSI-RS resource in the set, PDSCH is symbol-level rate-matched on the overlapping OFDM symbols.
· Note: UE is not expected to be configured with a PDSCH which results in collision between the symbols carrying DMRS and this CSI-RS resource.
· Note: PTRS is symbol-level punctured on the OFDM symbols transmitting this CSI-RS resource. 

Proposal 3: In FR2, for a NZP CSI-RS resource set with CSI-RS-Repetition ‘OFF’, or when CSI-RS-Repetition is not configured, if QCL type D is different between a scheduled PDSCH and a CSI-RS resource in the set, then PDSCH is symbol-level rate-matched on the overlapping OFDM symbols, otherwise PDSCH is RE-level rate-matched.
· Note: UE does not expect to be configured with a PDSCH which results in any DMRS to occupy the same OFDM symbol with a CSI-RS resource with different QCL Type D.
· Note: PTRS is symbol-level punctured on the OFDM symbols transmitting with a CSI-RS resource with different QCL Type D
PDSCH + CORESET
When it comes to CORESET + PDSCH simultaneous reception, PDSCH should have higher priority over the CORESET with a different QCL Type D, since PDSCH can be scheduled dynamically compared to the CORESET. So, if the network chooses to schedule the PDSCH on the same symbol with a CORESET using a different QCL Type D, it should be given higher priority. 
Proposal 4: In FR2, when a UE is scheduled a PDSCH on an OFDM symbol in which the UE is also configured to monitor CORESET which has a different QCL Type D than the PDSCH, the UE is expected to prioritize the reception/processing of PDSCH over the monitoring of the specific CORESET.
CORESET + CORESET
CORESETs are configured in RRC level and their QCL Type D is activated by MAC CE. In order to avoid collision, the simplest is to ensure that the network configures them by using the same beam, therefore we make the following proposal:
[bookmark: _Hlk510713899]Proposal 5: In FR2, a UE is not expected to be configured with two CORESETs on the same OFDM symbol unless they have the same QCL Type D.
CSI-RS + CSI+RS
For two or more CSI-RS resources, if all of them are not for P3 measurement (aka CSI-RS Repetition set to ‘OFF’ or not configured), then the network should ensure that the same QCL type D is configured. However, if at least one QCL Type D is for P3 measurement, then even if the same QCL Type D is configured across different CSI-RS resources, the UE would require to perform a beam sweep.  

[bookmark: _Hlk510713937]Proposal 6: In FR2, if all CSI-RS resources are configured with CSI-RS Repetition set to ‘OFF’ or not configured, the UE is not expected to be scheduled with  CSI-RS + CSI-RS on the same OFDM symbol unless QCL Type D is the same. If at least one CSI-RS resource has CSI-RS Repetition set to ‘ON’, the UE is not expected to be configured with another CSI-RS resource on the same OFDM symbols.
PDSCH + PDSCH with different RNTIs
[bookmark: _Hlk510713945]Proposal 7: In FR2, the UE is not expected to be scheduled with  PDSCH + PDSCH with different RNTIs on the same OFDM symbol unless QCL Type D is the same. 
Intra-Band CA scenarios
Simultaneous reception combinations applicable to single CC and multi-CC scenario
All the considerations and rules that have been made above for the case of single CC, can be extended to the case of multi-CC, since the same limitation of having “single beam” in each OFDM symbol occurs. Therefore, we make the following proposal:
[bookmark: _Hlk510713956]Proposal 8: In FR2, for PHY simultaneous reception combinations which are permitted in single CC,Rel-15 follows the same rules with respect to simultaneous reception of PHY channels and RS for the case of different CCs as to the case of single CC.
Simultaneous reception combinations only applicable to multi-CC scenario
The following PHY channel combinations are not permitted to be received on the same OFDM symbol in single CC: SSB+SSB, and PDSCH + PDSCH (C-RNTI + C-RNTI), but it may still occur if they are transmitted in different CC. We propose that the network ensures that these channels are received with the same QCL Type B: 
[bookmark: _Hlk510713962]Proposal 9: In FR2, for SSB + SSB, and PDSCH + PDSCH (C-RNTI + C-RNTI) in a multi-CC scenario, the UE is not expected to be configured with different QCL Type D.
Summary Table for DL PHY Channels
	Channels/RS in same OFDM symbol
	Same CC / BWP
	Different CCs

	SSB + PDSCH
	Proposal 1
	Proposal 8

	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
	Proposal 2
Proposal 3
	

	PDCCH / CORESET+ PDSCH
· Default CORESET (CORESET with lowest ID which is used for obtaining default QCL assumption)
· Non default CORESET
	Proposal 4
	

	CSI-RS + PDCCH / CORESET

	Rx spatial QCL should be ensured by the NW configuration
	

	PDCCH / CORESET + PDCCH / CORESET
	Proposal 5
	

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

	CSI-RS + CSI-RS
	Proposal 6
	

	PDSCH + PDSCH with different RNTIs
	Proposal 7
	

	SSB + SSB
	N/A
	Proposal 9

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



UL PHY Channels 
For the UL channels, when it comes to different CC, separate consideration is needed when it comes to difference CC of the same PUCCH group in intra-band CA, or different CC in different PUCCH group. In the table below we summarize the categorization that is needed using as a starting point the table showed in the related conclusion. Note that in that table the option of SRS + (PUCCH/PUSCH) was missed for the scenario of different CC. 

	Channels/RS in same OFDM symbol
	Same CC
	Different CCs in intra-band CA

	PUCCH + PUCCH
	N/A
	N/A

	PUSCH + PUSCH
	N/A
	Proposal 10

	PRACH + Any PHY channel (SRS, PUCCH, PUSCH)
	N/A
	NA

	SRS + (PUCCH or PUSCH)
	N/A
	Proposal 11

	SRS + SRS
	Proposal 12


[bookmark: _Hlk510713972]
Proposal 10: In FR2, the UE is not expected to be configured to transmit on the same OFDM symbol PUSCH + PUSCH in different CCs in intra-band CA, unless the same spatial QCL is configured to all.

[bookmark: _Hlk510713983]Proposal 11: The UE is not expected to be configured to transmit on the same OFDM symbol with an SRS resource and a PUCCH/PUSCH across different CCs in intra-band CA unless the following conditions are satisfied:
· the same spatial QCL is configured,
· the SRS resource is fully overlapped in time with the PUCCH/PUSCH.

[bookmark: _Hlk510713988]Proposal 12: In FR2, UE is not expected to be configured on the same OFDM symbol with more than one SRS resource on the same or different CC in intra-band CA unless the same spatial QCL is configured to all resources.
Conclusions 
Proposal 1: In FR2, for SSB outside SMTC window, and for PDSCH not scheduled by PDCCH with SI/P/RA-RNTI, for both CA and non-CA,
· the UE performs symbol-level PDSCH rate matching around SSB symbols for the SSB blocks which are RRC-configured for RLM, BM (serving-cell L1-RSPR reporting), and BFD measurements. 
· UE is not expected to perform RLM, BM, BFD measurements in any other SSB except those configured for such measurements. 
· Note: For any other SSB outside SMTC except the SSB-RLM/BM/BFD and for PDSCH scheduled by PDCCH with SI/P/RA-RNTI, the UE may receive PDSCH FDMed with SSB. The UE applies in the PDSCH reception the configured spatial Rx and rate matches around the SSB block.

Proposal 2: In FR2, for any NZP CSI-RS resource set with CSI-RS Repetition ‘ON’, if there is a symbol-level overlap of a scheduled PDSCH with any symbol of a CSI-RS resource in the set, PDSCH is symbol-level rate-matched on the overlapping OFDM symbols.
· Note: UE is not expected to be configured with a PDSCH which results in collision between the symbols carrying DMRS and this CSI-RS resource.
· Note: PTRS is symbol-level punctured on the OFDM symbols transmitting this CSI-RS resource. 

Proposal 3: In FR2, for a NZP CSI-RS resource set with CSI-RS-Repetition ‘OFF’, or when CSI-RS-Repetition is not configured, if QCL type D is different between a scheduled PDSCH and a CSI-RS resource in the set, then PDSCH is symbol-level rate-matched on the overlapping OFDM symbols, otherwise PDSCH is RE-level rate-matched.
· Note: UE does not expect to be configured with a PDSCH which results in any DMRS to occupy the same OFDM symbol with a CSI-RS resource with different QCL Type D.
· Note: PTRS is symbol-level punctured on the OFDM symbols transmitting with a CSI-RS resource with different QCL Type D

Proposal 4: In FR2, when a UE is scheduled a PDSCH on an OFDM symbol in which the UE is also configured to monitor CORESET which has a different QCL Type D than the PDSCH, the UE is expected to prioritize the reception/processing of PDSCH over the monitoring of the specific CORESET.

Proposal 5: In FR2, a UE is not expected to be configured with two CORESETs on the same OFDM symbol unless they have the same QCL Type D.
Proposal 6: In FR2, if all CSI-RS resources are configured with CSI-RS Repetition set to ‘OFF’ or not configured, the UE is not expected to be scheduled with  CSI-RS + CSI-RS on the same OFDM symbol unless QCL Type D is the same. If at least one CSI-RS resource has CSI-RS Repetition set to ‘ON’, the UE is not expected to be configured with another CSI-RS resource on the same OFDM symbols.
Proposal 7: In FR2, the UE is not expected to be scheduled with  PDSCH + PDSCH with different RNTIs on the same OFDM symbol unless QCL Type D is the same. 
Proposal 8: In FR2, for PHY simultaneous reception combinations which are permitted in single CC,Rel-15 follows the same rules with respect to simultaneous reception of PHY channels and RS for the case of different CCs as to the case of single CC.
Proposal 9: In FR2, for SSB + SSB, and PDSCH + PDSCH (C-RNTI + C-RNTI) in a multi-CC scenario, the UE is not expected to be configured with different QCL Type D.
Proposal 10: In FR2, the UE is not expected to be configured to transmit on the same OFDM symbol PUSCH + PUSCH in different CCs in intra-band CA, unless the same spatial QCL is configured to all.

Proposal 11: The UE is not expected to be configured to transmit on the same OFDM symbol with an SRS resource and a PUCCH/PUSCH across different CCs in intra-band CA unless the following conditions are satisfied:
· the same spatial QCL is configured,
· the SRS resource is fully overlapped in time with the PUCCH/PUSCH.

Proposal 12: In FR2, UE is not expected to be configured on the same OFDM symbol with more than one SRS resource on the same or different CC in intra-band CA unless the same spatial QCL is configured to all resources.
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