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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 CSI-RS based RRM measurement and made following conclusion [3].
	Conclusion:

· It is up to RAN4 to define associated UE behavior in context of reception of PUSCH/PDSCH during measurements of CSI-RS resource with same/different numerology with PUSCH/PDSCH.


In this contribution, we discuss on scheduling availability during CSI-RS based L3 measurement with considering same/different numerology between CSI-RS and PDSCH/PDCCH.

2. Discussion
Scheduling availability of UE performing SSB-based L3 measurement

Scheduling restriction during SSB-based L3 measurement is summarized in Table I.
Table I: Summary of scheduling restriction during SSB-based L3 measurement

	
	SCS between SSB and PDSCH/PDCCH
	NW synchronization
	SS-RSRP/SS-SINR
	SS-RSRQ

	FR1 serving cell
	Same
	Sync
	No scheduling restriction
	No scheduling restriction

	
	
	Async
	No scheduling restriction
	No scheduling restriction

	
	Different
	Sync
	For UE which do not support simultaneousRxDataSSB-DiffNumerology, the UE is not expected to receive PDCCH/PDSCH on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration
	For UE which do not support simultaneousRxDataSSB-DiffNumerology, the UE is not expected to receive PDCCH/PDSCH on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration

	
	
	Async
	For UE which do not support simultaneousRxDataSSB-DiffNumerology, the UE is not expected to receive PDCCH/PDSCH on all symbols within SMTC window duration
	For UE which do not support simultaneousRxDataSSB-DiffNumerology, the UE is not expected to receive PDCCH/PDSCH on all symbols within SMTC window duration

	FR1 intra-band CA
	Same/Different
	Sync/Async
	Same scheduling restrictions as single cell operation case apply to all serving cells within the band
	Same scheduling restrictions as single cell operation case apply to all serving cells within the band

	FR1-FR1 inter-band CA
	Same/Different
	Sync/Async
	No scheduling restriction
	No scheduling restriction

	FR2 serving cell
	Same/Different
	Sync
	UE is not expected to receive PDCCH/PDSCH on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration
	UE is not expected to receive PDCCH/PDSCH on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB/RSSI symbols and 1 data symbol after each consecutive SSB/RSSI symbols within SMTC window duration

	FR2 intra-band CA
	Same/Different
	Sync
	Same scheduling restrictions as single cell operation case apply to all serving cells within the band
	Same scheduling restrictions as single cell operation case apply to all serving cells within the band

	FR2-FR2 inter-band CA
	Same/Different
	Sync
	Same scheduling restrictions as single cell operation case apply to all serving cells between the bands
	Same scheduling restrictions as single cell operation case apply to all serving cells between the bands

	FR1-FR2 inter-band CA
	Same/Different
	Sync/Async
	No scheduling restriction
	No scheduling restriction


Scheduling availability of UE performing CSI-RS-based L3 measurement on FR2
For the case of CSI-RS based L3 measurement, scheduling restriction due to analogue RX beam in FR2 should be same with the case of SSB-based L3 measurement. Therefore, during the CSI-RS based L3 measurement on FR2 serving cell, scheduling restriction should be defined as below.
· The following scheduling restriction applies due to CSI-RSRP, CSI-RSRQ or CSI-SINR measurement on an FR2 intra-frequency cell

· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS to be measured, 1 symbol before each consecutive CSI-RS symbols and 1 data symbol after each consecutive CSI-RS symbols.

· When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions apply to all serving cells on the band. 

· When inter-band carrier aggregation within FR2 is performed, the scheduling restrictions apply to all serving cells on the bands.

Observation 1: Scheduling restriction due to analogue RX beam in FR2 is same between SSB-based and CSI-RS based L3 measurement.

Proposal 1: Scheduling availability of UE performing CSI-RS based L3 measurement on FR2 serving cell is defined as follows.

· The following scheduling restriction applies due to CSI-RSRP, CSI-RSRQ or CSI-SINR measurement on an FR2 intra-frequency cell

· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS to be measured, 1 symbol before each consecutive CSI-RS symbols and 1 data symbol after each consecutive CSI-RS symbols.

· When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions apply to all serving cells on the band. 

· When inter-band carrier aggregation within FR2 is performed, the scheduling restrictions apply to all serving cells on the bands.

Scheduling availability of UE performing CSI-RS-based L3 measurement on FR1
For the case of CSI-RS based L3 measurement on FR1 serving cell, we should consider the case with same/different SCS between CSI-RS and PDSCH/PDCCH. Although SSB for L3 measurement is separately processed from PDSCH/PDCCH at UE cell searcher, CSI-RS even for L3 measurement may be processed together with PDSCH/PDCCH at UE. Assuming that, UE will not be able to receive CSI-RS and PDSCH/PDCCH with different SCS simultaneously since Rel-15 NR does not support simultaneous reception of PDSCH/PDCCH with different SCS on the same cell. Therefore, scheduling restriction in case of different SCS between CSI-RS and PDSCH/PDCCH should be defined as below.
· The following scheduling restriction applies due to CSI-RSRP, CSI-RSRQ or CSI-SINR measurement on an FR1 intra-frequency cell with different SCS between CSI-RS and PDSCH/PDCCH
· When NW is synchronized, the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS to be measured, 1 symbol before each consecutive CSI-RS symbols and 1 data symbol after each consecutive CSI-RS symbols
When NW is not synchronized, associated SSB for each CSI-RS resource for L3 measurement needs to be configured according to the following RAN1 agreements. 
	Agreements:

· For each CSI-RS resource, at most one associated SSB can be configured 

· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer

· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer

· In this case, UE may assume that the carrier is synchronized with the serving cell.

· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected


In async NW case, UE will try to detect associated SSBs first, and then for detected SSBs, associated CSI-RS will be measured according to the timing for each detected neighbor cell. Therefore, it is reasonable to utilize SMTC window even for CSI-RS based measurement in async NW in order to limit search time duration for associated SSB detection. In addition, it is also reasonable to limit CSI-RS time resource location within SMTC window. Then, scheduling restriction in case of different SCS between CSI-RS and PDSCH/PDCCH in async NW should be defined as below.

· The following scheduling restriction applies due to CSI-RSRP, CSI-RSRQ or CSI-SINR measurement on an FR1 intra-frequency cell with different SCS between CSI-RS and PDSCH/PDCCH
· When NW is not synchronized, the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration.
Observation 2: When NW is not synchronized, associated SSB for each CSI-RS resource for L3 measurement needs to be configured.

Proposal 2: Even for CSI-RS based intra-frequency L3 measurement, SMTC window should be configured in case of asynchronous NW.
· UE is required to search associated SSB for CSI-RS resources within the SMTC window, and UE is not required to measure CSI-RS resource outside SMTC window.
Proposal 3: Scheduling availability of UE performing CSI-RS based L3 measurement on FR1 serving cell is defined as follows.

· There are no scheduling restrictions due to CSI-RS based measurements performed with a same subcarrier spacing as PDSCH/PDCCH on an FR1 intra-frequency cell.
· The following scheduling restriction applies due to CSI-RSRP, CSI-RSRQ or CSI-SINR measurement performed with different subcarrier spacing from that of PDSCH/PDCCH on an FR1 intra-frequency cell

· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS to be measured, 1 symbol before each consecutive CSI-RS symbols and 1 data symbol after each consecutive CSI-RS symbols.

· When intra-band carrier aggregation in FR1 is performed, the scheduling restrictions apply to all serving cells 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 measurements performed on FR1 serving cell frequency layer in different bands.

Proposal 4: Scheduling availability of UE performing measurements 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 measurements performed on FR2 serving cell frequency layer.

· There are no scheduling restrictions on FR2 serving cell(s) due to measurements performed on FR1 serving cell frequency layer.
3. Conclusion 

In this contribution, we discussed on scheduling availability during CSI-RS based L3 measurement with considering same/different numerology between CSI-RS and PDSCH/PDCCH. Based on the discussion, we made following observations and proposals. 
Observation 1: Scheduling restriction due to analogue RX beam in FR2 is same between SSB-based and CSI-RS based L3 measurement.

Proposal 1: Scheduling availability of UE performing CSI-RS based L3 measurement on FR2 serving cell is defined as follows.

· The following scheduling restriction applies due to CSI-RSRP, CSI-RSRQ or CSI-SINR measurement on an FR2 intra-frequency cell

· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS to be measured, 1 symbol before each consecutive CSI-RS symbols and 1 data symbol after each consecutive CSI-RS symbols.

· When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions apply to all serving cells on the band. 

· When inter-band carrier aggregation within FR2 is performed, the scheduling restrictions apply to all serving cells on the bands.

Observation 2: When NW is not synchronized, associated SSB for each CSI-RS resource for L3 measurement needs to be configured.

Proposal 2: Even for CSI-RS based intra-frequency L3 measurement, SMTC window should be configured in case of asynchronous NW.

· UE is required to search associated SSB for CSI-RS resources within the SMTC window, and UE is not required to measure CSI-RS resource outside SMTC window.

Proposal 3: Scheduling availability of UE performing CSI-RS based L3 measurement on FR1 serving cell is defined as follows.

· There are no scheduling restrictions due to CSI-RS based measurements performed with a same subcarrier spacing as PDSCH/PDCCH on an FR1 intra-frequency cell.
· The following scheduling restriction applies due to CSI-RSRP, CSI-RSRQ or CSI-SINR measurement performed with different subcarrier spacing from that of PDSCH/PDCCH on an FR1 intra-frequency cell

· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on OFDM symbols carrying CSI-RS to be measured, 1 symbol before each consecutive CSI-RS symbols and 1 data symbol after each consecutive CSI-RS symbols.

· When intra-band carrier aggregation in FR1 is performed, the scheduling restrictions apply to all serving cells 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 measurements performed on FR1 serving cell frequency layer in different bands.

Proposal 4: Scheduling availability of UE performing measurements 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 measurements performed on FR2 serving cell frequency layer.

· There are no scheduling restrictions on FR2 serving cell(s) due to measurements performed on FR1 serving cell frequency layer.
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