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1. Introduction

At the RAN4#86bis meeting, RAN4 discussed on the remaining details regarding scheduling availability during SSB-based RRM measurement and corresponding CR was agreed [1, 2].

At the RAN1#92bis meeting, RAN1 discussed on scheduling availability during SSB based RLM and SSB based beam management, and RAN1 made following conclusion [3].
	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.


In this contribution, we discuss on scheduling availability during SSB based or CSI-RS based L1 measurement such as L1-RSRP measurement and beam failure detection for beam management. The scheduling availability during SSB based or CSI-RS based RLM is discussed in our companion contribution [4].
2. Discussion
Scheduling availability of UE performing beam failure detection
As specified in Section 5 and 6 in [5], beam failure detection procedure for link recovery is quite similar to RLM procedure, especially in terms of following aspects.
· SSB or CSI-RS is used as RS for beam failure detection and RLM.

· When no RSs are explicitly configured for beam failure detection or RLM, UE performs beam failure detection or RLM based on SSB or CSI-RS which is QCLed with active TCI-state of PDCCH.

Therefore, same scheduling availability principle can be applied between RLM and beam failure detection.
However, since following is described in [5], even when RSs are explicitly configured for beam failure detection, we can assume no scheduling restriction due to analogue RX beamforming aspect.

	· For the set 
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, the UE assesses the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions monitored by the UE.


Observation 1: Beam failure detection procedure for link reconfiguration is quite similar to RLM procedure, especially in terms of following aspects.

· SSB or CSI-RS is used as RS for beam failure detection and RLM.

· When no RSs are explicitly configured for beam failure detection or RLM, UE performs beam failure detection or RLM based on SSB or CSI-RS which is QCLed with active TCI-state of PDCCH.

Observation 2: Since BFD RSs are QCLed with DMRS of PDCCH for the UE, there is no scheduling restriction due to analogue RX beamforming aspect.
Proposal 1: Scheduling availability of UE performing beam failure detection on FR1 serving cell is defined as follows.

· There are no scheduling restrictions due to SSB based and CSI-RS based beam failure detection performed with a same subcarrier spacing as PDSCH/PDCCH on FR1 serving cell.
· The following scheduling restriction applies due to SSB based and CSI-RS based beam failure detection performed with different subcarrier spacing from that of PDSCH/PDCCH on FR1 serving cell
· The UE which does not support simultaneousRxDataSSB-DiffNumerology is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB for beam failure detection.
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS for beam failure detection.
· When intra-band carrier aggregation is performed in FR1, the scheduling restrictions due to SSB-based and CSI-RS based beam failure detection on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to SSB-based and CSI-RS based beam failure detection performed on FR1 serving cell in different band.

Proposal 2: Scheduling availability of UE performing SSB based and CSI-RS based beam failure detection on FR2 serving cell is defined as follows.

· There are no scheduling restrictions due to SSB based and CSI-RS based beam failure detection performed with a same subcarrier spacing as PDSCH/PDCCH on FR2 serving cell.
· The following scheduling restriction applies due to SSB based and CSI-RS based beam failure detection performed with different subcarrier spacing from that of PDSCH/PDCCH on FR2 serving cell
· The UE which does not support simultaneousRxDataSSB-DiffNumerology is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB for beam failure detection.
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS for beam failure detection.
· When intra-band carrier aggregation is performed in FR2, the scheduling restrictions due to SSB-based and CSI-RS based beam failure detection on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR2 serving cell(s) in the bands due to SSB-based and CSI-RS based beam failure detection performed on FR2 serving cell in different band.

Proposal 3: Scheduling availability of UE performing SSB-based and CSI-RS based beam failure detection on FR1 or FR2 in case of FR1-FR2 inter-band CA is defined as follows.

· There are no scheduling restrictions on FR1 serving cell(s) due to SSB-based and CSI-RS based beam failure detection performed on FR2 serving cell.

· There are no scheduling restrictions on FR2 serving cell(s) due to SSB-based and CSI-RS based beam failure detection performed on FR1 serving cell.
Scheduling availability of UE performing L1-RSRP measurement
L1-RSRP measurement for beam management is also similar to RLM and beam failure detection in terms of following aspects.
· SSB or CSI-RS is used as RS for L1-RSRP measurement.

· Different from L3 measurement, only SSB and/or CSI-RS from serving cell are measured.

· NW can configure SSB and/or CSI-RS for L1-RSRP measurement, and configured RS for L1 measurement may or may not be QCLed with active TCI-state for PDCCH/PDSCH.

Therefore, scheduling availability of UE performing L1-RSRP measurement can be defined in the same way with that for RLM and beam failure detection.

Observation 3: L1-RSRP measurement for beam management is similar to RLM and beam failure detection in terms of following aspects.

· SSB or CSI-RS is used as RS for L1-RSRP measurement.

· Different from L3 measurement, only SSB and/or CSI-RS from serving cell are measured.

· NW can configure SSB and/or CSI-RS for L1-RSRP measurement, and configured RS for L1 measurement may or may not be QCLed with active TCI-state for PDCCH/PDSCH.
Proposal 4: Scheduling availability of UE performing L1-RSRP measurement on FR1 serving cell is defined as follows.

· There are no scheduling restrictions due to SSB based and CSI-RS based L1-RSRP measurement performed with a same subcarrier spacing as PDSCH/PDCCH on FR1 serving cell.
· The following scheduling restriction applies due to SSB based and CSI-RS based L1-RSRP measurement performed with different subcarrier spacing from that of PDSCH/PDCCH on FR1 serving cell
· The UE which does not support simultaneousRxDataSSB-DiffNumerology is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB for L1-RSRP measurement.
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS for L1-RSRP measurement.
· When intra-band carrier aggregation is performed in FR1, the scheduling restrictions due to SSB-based and CSI-RS based L1-RSRP measurement on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to SSB-based and CSI-RS based L1-RSRP measurement performed on FR1 serving cell in different band.

Proposal 5: Scheduling availability of UE performing SSB based and CSI-RS based L1-RSRP measurement on FR2 serving cell is defined as follows.
· For SSB and CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH, scheduling availability of UE performing the SSB and CSI-RS for L1-RSRP measurement is defined as below
· There are no scheduling restrictions due to SSB based and CSI-RS based L1-RSRP measurement performed with a same subcarrier spacing as PDSCH/PDCCH on FR2 serving cell.
· The following scheduling restriction applies due to SSB based and CSI-RS based L1-RSRP measurement performed with different subcarrier spacing from that of PDSCH/PDCCH on FR2 serving cell
· The UE which does not support simultaneousRxDataSSB-DiffNumerology is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB for L1-RSRP measurement.
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS for L1-RSRP measurement.
· When intra-band carrier aggregation is performed in FR2, the scheduling restrictions due to SSB-based and CSI-RS based L1-RSRP measurement on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR2 serving cell(s) in the bands due to SSB-based and CSI-RS based L1-RSRP measurement performed on FR2 serving cell in different band.
· For SSB and CSI-RS which is not QCLed with active TCI state for PDCCH/PDSCH, scheduling availability of UE performing the SSB and CSI-RS for L1-RSRP measurement is defined as below
· The following scheduling restriction applies due to SSB based and CSI-RS based L1-RSRP measurement performed on FR2 serving cell
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB and CSI-RS for L1-RSRP measurement.

· When intra-band carrier aggregation is performed in FR2, the scheduling restrictions due to SSB-based and CSI-RS based L1-RSRP measurement on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, the scheduling restrictions due to SSB-based and CSI-RS based L1-RSRP measurement on FR2 serving cell on the band apply to all other FR2 serving cell(s) on the different band(s).
Proposal 6: Scheduling availability of UE performing SSB-based and CSI-RS based L1-RSRP measurement on FR1 or FR2 in case of FR1-FR2 inter-band CA is defined as follows.

· There are no scheduling restrictions on FR1 serving cell(s) due to SSB-based and CSI-RS based L1-RSRP measurement performed on FR2 serving cell.

· There are no scheduling restrictions on FR2 serving cell(s) due to SSB-based and CSI-RS based L1-RSRP measurement performed on FR1 serving cell.
3. Conclusion 

In this contribution, we discussed on scheduling availability during SSB based and CSI-RS based L1 measurement such as beam failure detection and L1-RSRP measurement. Based on the discussion, we made following observations and proposals. 
Observation 1: Beam failure detection procedure for link reconfiguration is quite similar to RLM procedure, especially in terms of following aspects.

· SSB or CSI-RS is used as RS for beam failure detection and RLM.

· When no RSs are explicitly configured for beam failure detection or RLM, UE performs beam failure detection or RLM based on SSB or CSI-RS which is QCLed with active TCI-state of PDCCH.

Observation 2: Since BFD RSs are QCLed with DMRS of PDCCH for the UE, there is no scheduling restriction due to analogue RX beamforming aspect.
Proposal 1: Scheduling availability of UE performing beam failure detection on FR1 serving cell is defined as follows.

· There are no scheduling restrictions due to SSB based and CSI-RS based beam failure detection performed with a same subcarrier spacing as PDSCH/PDCCH on FR1 serving cell.
· The following scheduling restriction applies due to SSB based and CSI-RS based beam failure detection performed with different subcarrier spacing from that of PDSCH/PDCCH on FR1 serving cell
· The UE which does not support simultaneousRxDataSSB-DiffNumerology is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB for beam failure detection.
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS for beam failure detection.
· When intra-band carrier aggregation is performed in FR1, the scheduling restrictions due to SSB-based and CSI-RS based beam failure detection on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to SSB-based and CSI-RS based beam failure detection performed on FR1 serving cell in different band.

Proposal 2: Scheduling availability of UE performing SSB based and CSI-RS based beam failure detection on FR2 serving cell is defined as follows.

· There are no scheduling restrictions due to SSB based and CSI-RS based beam failure detection performed with a same subcarrier spacing as PDSCH/PDCCH on FR2 serving cell.
· The following scheduling restriction applies due to SSB based and CSI-RS based beam failure detection performed with different subcarrier spacing from that of PDSCH/PDCCH on FR2 serving cell
· The UE which does not support simultaneousRxDataSSB-DiffNumerology is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB for beam failure detection.
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS for beam failure detection.
· When intra-band carrier aggregation is performed in FR2, the scheduling restrictions due to SSB-based and CSI-RS based beam failure detection on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR2 serving cell(s) in the bands due to SSB-based and CSI-RS based beam failure detection performed on FR2 serving cell in different band.

Proposal 3: Scheduling availability of UE performing SSB-based and CSI-RS based beam failure detection on FR1 or FR2 in case of FR1-FR2 inter-band CA is defined as follows.

· There are no scheduling restrictions on FR1 serving cell(s) due to SSB-based and CSI-RS based beam failure detection performed on FR2 serving cell.

· There are no scheduling restrictions on FR2 serving cell(s) due to SSB-based and CSI-RS based beam failure detection performed on FR1 serving cell.
Observation 3: L1-RSRP measurement for beam management is similar to RLM and beam failure detection in terms of following aspects.

· SSB or CSI-RS is used as RS for L1-RSRP measurement.

· Different from L3 measurement, only SSB and/or CSI-RS from serving cell are measured.

· NW can configure SSB and/or CSI-RS for L1-RSRP measurement, and configured RS for L1 measurement may or may not be QCLed with active TCI-state for PDCCH/PDSCH.
Proposal 4: Scheduling availability of UE performing L1-RSRP measurement on FR1 serving cell is defined as follows.

· There are no scheduling restrictions due to SSB based and CSI-RS based L1-RSRP measurement performed with a same subcarrier spacing as PDSCH/PDCCH on FR1 serving cell.
· The following scheduling restriction applies due to SSB based and CSI-RS based L1-RSRP measurement performed with different subcarrier spacing from that of PDSCH/PDCCH on FR1 serving cell
· The UE which does not support simultaneousRxDataSSB-DiffNumerology is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB for L1-RSRP measurement.
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS for L1-RSRP measurement.
· When intra-band carrier aggregation is performed in FR1, the scheduling restrictions due to SSB-based and CSI-RS based L1-RSRP measurement on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to SSB-based and CSI-RS based L1-RSRP measurement performed on FR1 serving cell in different band.

Proposal 5: Scheduling availability of UE performing SSB based and CSI-RS based L1-RSRP measurement on FR2 serving cell is defined as follows.
· For SSB and CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH, scheduling availability of UE performing the SSB and CSI-RS for L1-RSRP measurement is defined as below
· There are no scheduling restrictions due to SSB based and CSI-RS based L1-RSRP measurement performed with a same subcarrier spacing as PDSCH/PDCCH on FR2 serving cell.
· The following scheduling restriction applies due to SSB based and CSI-RS based L1-RSRP measurement performed with different subcarrier spacing from that of PDSCH/PDCCH on FR2 serving cell
· The UE which does not support simultaneousRxDataSSB-DiffNumerology is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB for L1-RSRP measurement.
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS for L1-RSRP measurement.
· When intra-band carrier aggregation is performed in FR2, the scheduling restrictions due to SSB-based and CSI-RS based L1-RSRP measurement on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR2 serving cell(s) in the bands due to SSB-based and CSI-RS based L1-RSRP measurement performed on FR2 serving cell in different band.
· For SSB and CSI-RS which is not QCLed with active TCI state for PDCCH/PDSCH, scheduling availability of UE performing the SSB and CSI-RS for L1-RSRP measurement is defined as below
· The following scheduling restriction applies due to SSB based and CSI-RS based L1-RSRP measurement performed on FR2 serving cell
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying SSB and CSI-RS for L1-RSRP measurement.

· When intra-band carrier aggregation is performed in FR2, the scheduling restrictions due to SSB-based and CSI-RS based L1-RSRP measurement on serving cell apply to all other serving cell(s) on the band. 

· When inter-band carrier aggregation within FR1 is performed, the scheduling restrictions due to SSB-based and CSI-RS based L1-RSRP measurement on FR2 serving cell on the band apply to all other FR2 serving cell(s) on the different band(s).
Proposal 6: Scheduling availability of UE performing SSB-based and CSI-RS based L1-RSRP measurement on FR1 or FR2 in case of FR1-FR2 inter-band CA is defined as follows.

· There are no scheduling restrictions on FR1 serving cell(s) due to SSB-based and CSI-RS based L1-RSRP measurement performed on FR2 serving cell.

· There are no scheduling restrictions on FR2 serving cell(s) due to SSB-based and CSI-RS based L1-RSRP measurement performed on FR1 serving cell.
References
[1] 3GPP RAN4#86bis, Chairman’s note, April. 2018.
[2] 3GPP, R4-1805963, NTT DOCOMO, INC., “[draft] CR on scheduling availability during intra-frequency measurement,” Feb. 2018.
[3] 3GPP RAN1#92bis, Chairman’s note, April. 2018.
[4] 3GPP, R4-18xxxxx, NTT DOCOMO, INC., “Scheduling availability during RLM,” May 2018.
[5] 3GPP TS38.213 v15.1.0, March 2018.
