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1 Introduction
In last meeting, RAN4 had discussed RAN1 LS [1] on UE behavior on reception of channels or RS in the same OFDM symbol, but there was no consensus. In this contribution, we provide our view on UE behavior related RAN1 questions.
2 Discussion
By RAN1 LS [1], there are two questions for UE behavior in case of FDM among channels or RSs and rate matching issue by scheduling restriction. 
Question #1: RAN1 requests RAN4 to clarify UE behavior, if necessary, when a channel or RS in group 1 overlaps with a channel or RS in group 2 on the same OFDM symbol in the same serving cell or in different serving cells in the case of CA in FR2. 

	Case
	Channels/RS in group 1
	Channels/RS in group 2

	1
	SSB for L3 measurements, SSB for RLM, SSB for BFD, SSB for L1-RSRP measurements
	CSI-RS for RLM, CSI-RS for L3 measurements, CSIRS for BFD, CSI-RS for L1-RSRP

	2
	CSIRS for L3 measurements, CSIRS with repetition=OFF for L1-RSRP measurements
	PDSCH

	3
	CSIRS for L3 measurements, CSIRS with repetition=OFF for L1-RSRP measurements
	PDCCH

	4
	CSI-RS for RLM, CSI-RS for L3 measurements, CSIRS for BFD, CSI-RS for L1-RSRP measurements
	CSI-RS for RLM, CSI-RS for L3 measurements, CSIRS for BFD, CSI-RS for L1-RSRP measurements


Firstly, RAN4 has not defined core requirements for CSI-RS based L3 measurements in Rel-15, so CSI-RS based L3 measurement is precluded in this discussion. 
Case 1 and Case4

For case 1 and 4, RAN4 has general agreements for each RS type as follows:

· For RLM-RS, if SCS for CSI-RS and SSB is different, RLM-RSs based on CSI-RS and SSB shall be TDMed. Otherwise, RLM-RSs based on CSI-RS and SSB can be FDMed or TMDed.
· For BFD-RS, UE is not expected to perform BFD measurements if the SCS for CSI-RS and SSB is different, and the CSI-RS and SSB are FDMed in the same OFDM symbol. Whether UE supporting simultaneousRxDataSSB-DiffNumerology can perform BFD on SSB and CSI-RS simultaneously is FFS.
· For L1-RSRP reporting, what evaluation period would be expected if BM-RS are in the same OFDM symbols with RLM/BFD/CBD-RS, or other BM-Rs is FFS in RAN4 core requirements perspective. 

· L3 measurement (SSB), when any of the RS configured for RLM, BFD, CBD or L1-RSRP for reporting outside measurement gap is fully overlapping with in SMTC, L3 measurement requirements are scaled by Klayer1_measurement.
Based on these agreements, general UE reception behaviour for case 1 and 4 could be derived as follow:

· In L3 measurement (SSB based), UE cannot receiver both RSs in group 1 and group 2 simultaneously within SMTC duration.

· Except for L3 measurement case, UE could receive both RSs in group 1 and group 2 simultaneously if the RSs are QCL-Type D and QCL association is known to the UE when the same SCS for the RSs is used.

Even though RSs in group 1 and group 2 are QCLed, UE might not receive simultaneously both the RSs transmitted in the same OFDM symbol if UE sweeps Rx beams for the RSs as shown Figure 1. To measure CSI-RS and SSB with different periodicity, UE would sweeps Rx beam for each RS. If two RSs are transmitted in the same OFDM symbol for certain time, Rx beam index measured CSI-RS and SSB could be different. In this case, depending on UE implementation, UE might select one RS for measurement process or UE might measure CSI-RS and SSB with Rx beam index at this moment. And for L1-RSRP, CSI-RS and SSB are transmitted in the same OFDM symbol, UE may assume that both RSs are QCLed with Type-D by RAN1 specification [2] .
	TS38.214:

5.1.6.1.2   CSI-RS for L1-RSRP computation
If the UE is configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
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Figure 1 Example of Rx beam sweeping according to CSI-RS and SSB periodicity
Therefore, we propose general UE reception behavior in FR2 
· Proposal 1: For Case 1 and Case 4,
· In L3 measurement (SSB based), UE cannot receiver both RSs in group 1 and group 2 simultaneously within SMTC duration.

· Except for L3 measurement case, UE could receive both RSs in group 1 and group 2 simultaneously if the RSs are QCL-Type D and QCL association is known to the UE when the same SCS for the RSs is used. Otherwise UE could not receive both RSs in group 1 and group 2 simultaneously.
· When UE needs to sweep Rx beam for CSI-RS or SSB (RLM/BFD/CBD/BM-RS), UE may or may not receive FDMed RSs in the same OFDM symbol depending on UE implementation even if the RSs are QCLed.
Case 2 and Case 3

For case 2 and 3, we could generally apply the same principle of UE behavior with as case 1 and 4. If CSI-RS with repetition=OFF for L1-RSRP measurement is QCLed with PDSCH/PDCCH, UE can be allocated and receive both the CSI-RS and PDCCH/PDSCH in the same symbol. Additionally, when UE needs to sweep Rx beam for QCLed source refereeing the CSI-RS, UE may or may not receive PDCCH/PDSCH transmitted in the same OFDM symbol depending on UE implementation.
· Proposal 2: For case 2 and 3, 
· If the TCI of the PDCCH/PDSCH includes at least one of the CSI-RS resource IDs of the CSI-RS resource set and qcl-info of the CSI-RS is configured, UE may be allocated and receive a PDCCH/PDSCH that is overlapping with one or more symbols configured with CSI-RS resource(s) with repetition set to “OFF”. Otherwise, UE is not expected to PDCCH/PDSCH on CSI-RS symbol.
· When UE needs to sweep Rx beam for QCLed source refereeing the CSI-RS, UE may or may not receive PDCCH/PDSCH transmitted in the same OFDM symbol depending on UE implementation even if CSI-RS and PDCCH/PDSCH are QCLed.
Question #2: 
For information, the answer for Question #2 has already agreement in last meeting as follows:
· It is up to RAN1 whether or not to define specific behavior for rate matching around scheduling restricted symbols.

3 Conclusion 
In this contribution, we provide our views on UE behavior on reception of channels or RS in the same OFDM symbol in FR2. For the RAN1 questions, we propose
Question #1:

· Proposal 1: For Case 1 and Case 4,

· In L3 measurement (SSB based), UE cannot receiver both RSs in group 1 and group 2 simultaneously within SMTC duration.

· Except for L3 measurement case, UE could receive both RSs in group 1 and group 2 simultaneously if the RSs are QCL-Type D and QCL association is known to the UE when the same SCS for the RSs is used. Otherwise UE could not receive both RSs in group 1 and group 2 simultaneously.

· When UE needs to sweep Rx beam for CSI-RS or SSB (RLM/BFD/CBD/BM-RS), UE may or may not receive FDMed RSs in the same OFDM symbol depending on UE implementation even if the RSs are QCLed.

· Proposal 2: For case 2 and 3, 

· If the TCI of the PDCCH/PDSCH includes at least one of the CSI-RS resource IDs of the CSI-RS resource set and qcl-info of the CSI-RS is configured, UE may be allocated and receive a PDCCH/PDSCH that is overlapping with one or more symbols configured with CSI-RS resource(s) with repetition set to “OFF”. Otherwise, UE is not expected to PDCCH/PDSCH on CSI-RS symbol.

· When UE needs to sweep Rx beam for QCLed source refereeing the CSI-RS, UE may or may not receive PDCCH/PDSCH transmitted in the same OFDM symbol depending on UE implementation even if CSI-RS and PDCCH/PDSCH are QCLed.
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