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Introduction
In this contribution, we follow up on the conclusions of RAN1#93 and RAN4#87 on this topic. 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 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 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 and CSIRS-BM.
· 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
FDM mux possibility
	Different CCs 

FDM mux possibility

	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

FDM mux possibility
	Different CCs

FDM mux possibility

	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


SSB + PDSCH/PDCCH multiplexing
RAN4#87 agreements state that RAN4 will define requirements regarding scheduling availability during SSB based L3 measurements, SSB based RLM, SSB based L1-RSRP measurement and SSB based beam failure detection. 

Specification text applying scheduling restriction for the cases of SSB-RLM and SSB-BFD is already present in 38.133. RAN4#87 agreements apply scheduling restriction for the cases of SSB based L1-RSRP measurements. Based on discussions in RAN4, it is clear that UE behaviour for SSB based L3 measurements will be clarified in RAN4. 
In view of the above, we think there is no immediate need in RAN1 to discuss the cases that were resolved by RAN4#87 or the cases that are in scope of the RAN4#87 agreements. These include the following combinations:
SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP + PDSCH/PDCCH
One aspect that is unclear is the definition of SSB-BM – roughly it is a terminology used in RAN1 to indicate SSB indices that the UE is required to measure for beam-management. Clearly SSB indices that are configured for L1-RSRP reporting is included. In our view, SSB indices associated with activated TCI States (but may not be configured with L1-RSRP reporting) should also be included. 

Given the RAN4 agreements, we believe UE behaviour can be defined by the “scheduling restriction” principle introduced in 38.133 in cases where it differs from RAN1 specifications. However, it is better to reflect the “scheduling restriction” principle in RAN1 specifications for clarity. This may, in any case, be inevitable if RAN1 specifications are modified due to such scheduling restrictions. 
Note that RAN4#87 agreements apply scheduling restriction at a symbol level to SSB symbols. To enable better spectrum utilization (also for intra-band CA) symbol-level rate matching of PDSCH around SSB may be considered.
Proposal:
· There is no immediate need in RAN1 to discuss the cases that were resolved by RAN4#87 or the cases that are in scope of the RAN4#87 agreements. It includes the following combinations: SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP + PDSCH/PDCCH

· Extend the scheduling restriction principle to SSB indices associated with activated TCI States (although may not be configured with L1-RSRP reporting)
· Reflect the scheduling restriction principle in RAN1 specifications for clarity.
· Symbol-level rate matching of PDSCH around SSB may be considered.
SSB + CSIRS multiplexing

Although this is related to measurements, to the best of our understanding this case is not under discussion in RAN4 so far. For CSI-RS resources configured with ‘repetition’ intended for BM, where a UE may perform Rx beam sweeping, they can be FDM-ed with SSB if NW can ensure spatial QCL. For all other CSI-RS resources where a UE is not expected to perform Rx beam sweeping, they should not be FDM-ed with SSB (even if spatial QCL-ed).  

Proposal:
· UE is expected to receive CSIRS resources sets configured with ‘repetition’ that overlaps with SSBs if they are spatial QCL-ed with the overlapping SSB (previous RAN1 agreement)
· In all other cases UE is not expected to receive CSIRS resources that overlaps with SSB 

CSIRS + PDSCH/PDCCH 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

Based on the above observation we make the following proposals:

Proposal:

· Scheduling restriction applies to PDSCH/PDCCH when CSI-RS for RLM, CSI-RS for BFD or CSI-RS configured with repetition=ON is transmitted (already agreed in RAN4)

· Symbol-level PDSCH rate matching of PDSCH around CSI-RS may be considered for cases when scheduling restriction applies
· For all other CSI-RS FDM with PDSCH/PDCCH, NW configuration should ensure spatial QCL. If spatial QCL is not ensured it is treated as an error event 
CSIRS + CSIRS multiplexing
Various combinations are possible in this case considering CSI-RS resources enabling different functions – RRM, RLM, BFD, BM with repetition=ON or OFF, tracking, CSI. It is also possible to consider different time-domain behaviour into the mix – aperiodic, semi-persistent and periodic. In the interest of minimizing discussions and minimizing specification changes a simple principle is to let the NW ensure spatial QCL whenever two CSI-RSs are scheduled in the same symbol. One case requiring special attention is when a CSI-RS resource set is scheduled with repetition=ON providing a beam sweeping opportunity to the UE in which case multiplexing with other categories of CSI-RS resource is not expected.

Proposal:

· CSI-RS resource set configured with repetition=ON is not scheduled in a FDM manner with other scheduled CSI-RS resources

· In all other cases, NW ensures spatial QCL for multiple CSI-RS resources that are scheduled in a FDM manner.
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

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
PDSCH + PDSCH multiplexing

For the case of different RNTI case, the following categories of solutions can be considered
1. Prioritization based on RNTI type

2. NW configuration ensures the same spatial QCL

3. Solutions depending on scheduling offset
For the case of C-RNTI/CS-RNTI in CA-case

1. NW configuration ensures the same spatial QCL 

2. Prioritization based on CC index

3. Solutions depending on scheduling offset 

Proposal:

· In the cases of FDM multiplexing of PDSCH associated with different RNTIs, a prioritization principle based RNTIs can be used

· In the cases of FDM multiplexing of PDSCH associated with C-RNTI/CS-RNTI in CA case, a prioritization principle based on CC index can be used

· A joint session with DL control can be considered

PDCCH + PDCCH multiplexing
The following categories of solutions can be considered

1. UESS is prioritized

2. NW configuration ensures spatial QCL

3. Prioritization based on CC index for CA case

Proposal:

· A joint session with DL control can be considered

Conclusions

	Cases
	Proposals

	SSB+PDCCH/PDSCH
	· There is no immediate need in RAN1 to discuss the cases that were resolved by RAN4#87 or the cases that are in scope of the RAN4#87 agreements. It includes the following combinations: SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP + PDSCH/PDCCH

· Extend the scheduling restriction principle to SSB indices associated with activated TCI States (although may not be configured with L1-RSRP reporting)
· Reflect the scheduling restriction principle in RAN1 specifications for clarity.
· Symbol-level rate matching of PDSCH around SSB may be considered.

	SSB+CSIRS
	· UE is expected to receive CSIRS resources sets configured with ‘repetition’ that overlaps with SSBs if they are spatial QCL-ed with the overlapping SSB (previous RAN1 agreement)
· In all other cases UE is not expected to receive CSIRS resources that overlaps with SSB 

	CSIRS+PDCCH/PDSCH
	· Scheduling restriction applies to PDSCH/PDCCH when CSI-RS for RLM, CSI-RS for BFD or CSI-RS configured with repetition=ON is transmitted (already agreed in RAN4)
· Symbol-level PDSCH rate matching of PDSCH around CSI-RS may be considered for cases when scheduling restriction applies
· For all other CSI-RS FDM with PDSCH/PDCCH, NW configuration should ensure spatial QCL. If spatial QCL is not ensured it is treated as an error event 

	CSIRS+CSIRS
	· CSI-RS resource set configured with repetition=ON is not scheduled in a FDM manner with other scheduled CSI-RS resources

· In all other cases, NW ensures spatial QCL for multiple CSI-RS resources that are scheduled in a FDM manner.

	PDCCH+PDSCH
	· 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

	PDSCH+PDSCH
	· In the cases of FDM multiplexing of PDSCH associated with different RNTIs, a prioritization principle based RNTIs can be used

· In the cases of FDM multiplexing of PDSCH associated with C-RNTI/CS-RNTI in CA case, a prioritization principle based on CC index can be used

· A joint session with DL control can be considered

	PDCCH+PDCCH
	· A joint session with DL control can be considered


Appendix: Previous RAN1/RAN4 agreements

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#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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