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1. Introduction
In the 3GPP RAN1 #94&#94bis meetings, following conclusion was made on DL/UL channels/RSs simultaneous transmisison and reception[1,2]: 
Agreement
RAN1 expects that UE behavior for receiving the following combinations will be clarified in RAN4

· SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP in combination with PDSCH/PDCCH

· (CSI-RS RLM, CSI-RS RRM, CSIRS-BFD) in combination with (SSB SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP)

· (CSIRS-RRM, CSIRS-L1-RSRP-Rep-OFF) in combination with PDSCH

· Immediate RAN1 actions are not needed. RAN1 may discuss if needed following RAN4 decisions.

Send an LS to RAN4 (Bishwarup to draft LS)

Agreement

Send an LS to RAN4 with the following questions (LS is endorsed in R1-1809890):

Question #1:

RAN1 requests RAN4 to clarify UE behaviour, 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


Question #2:

If scheduling restriction due to Rx beamforming is applied on certain symbols, is the NW allowed to schedule PDSCH that spans a time duration containing these symbols but with configured rate matching resources used for protecting the symbols such that the UE does not receive PDSCH on symbols with scheduling restriction applied? 

Agreement 

Text proposal for TS38.214:

If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE. In this case, if the QCL type D of the PDSCH DMRS is different from those of the PDCCH DMRS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (PDSCH and CORESET are in different CCs).
In this contribution, we discuss several remaining issues on simultaneous transmission and reception of DL/UL physical channels and RSs, with an accompanying draft CR, which is zipped together with this contribution.
2. Discussion
2.1. Rules of different channels/RSs multiplexing
When different channels/RSs are transmitted in FR2, the rules for multiplexing and QCL assumption should be considered, e.g. different time domain behavior, before or after scheduling offset and so on. According to these rules, NW configuration can ensure that whether the different channels/RSs can be simultaneous received by the UE or gNB.

From the perspective of a UE reception, if the QCL assumptions of the different channels/RSs are same, these channels/RSs can be multiplexed on same OFDM symbols. If the QCL assumptions of these channels/RSs are different, the channel/RS with higher priority is transmitted and received, and the channel/RS with lower priority is dropped. The priority rules as below can be applied sequentially. According to these rules, the QCL assumption (at least for QCL type D) of the channels/RSs can be determined.
In the following description, ‘before scheduling offset threshold’ means that the time offset between the reception of the DL DCI and the corresponding PDSCH/aperiodic RS is less than a threshold timeDurationForQCL; ‘after scheduling offset threshold’ means that the time offset between the reception of the DL DCI and the corresponding PDSCH/aperiodic RS is equal to or greater than a threshold timeDurationForQCL.
· Rule 1: aperiodic channels/RSs after scheduling offset threshold > periodic/semi-persistent channels/RSs > aperiodic channels/RSs before scheduling offset threshold.

· Rule 2: if both aperiodic channels/RSs are after scheduling offset threshold, aperiodic channels/RSs with the latest effective QCL assumptions have the higher priority.

· Rule 3: channels/RSs on PCell > channels/RSs on SCell.

Note:  CSI-RS with repetition ON cannot be multiplexed with other channels/RSs (Exceptional rule).

Note: The aperiodic channels/RSs mentioned above may include aperiodic CSI-RS, aperiodic SRS, dynamically scheduled PDSCH, and dynamically scheduled PUSCH etc. The periodic/semi-persistent channels/RSs may include SSB, periodic/semi-persistent CSI-RS, periodic/semi-persistent SRS, PDCCH, PUCCH, semi-persistent scheduled PDSCH, and semi-persistent scheduled PUSCH etc.
Proposal 1:
· From the perspective of a UE reception, if the spatial QCL assumptions of the different channels/RSs are same, these channels/RSs can be multiplexed on same OFDM symbols. If the spatial QCL assumptions of these channels/RSs are different, the channel/RS with higher priority is transmitted and received, and the channel/RS with lower priority is dropped. The priority rules as below are applied sequentially.
· Rule 1: aperiodic channels/RSs after scheduling offset threshold > periodic/semi-persistent channels/RSs > aperiodic channels/RSs before scheduling offset threshold
· Rule 2: if both aperiodic channels/RSs are after scheduling offset threshold, aperiodic channels/RSs with the latest effective QCL assumptions have the higher priority
· Rule 3: channels/RSs on PCell > channels/RSs on SCell

Note: 

· CSI-RS with repetition ON cannot be multiplexed with other channels/RSs (Exceptional rule).

· Aperiodic channels/RSs mentioned above may include aperiodic CSI-RS, aperiodic SRS, dynamically scheduled PDSCH, and dynamically scheduled PUSCH etc.

· Periodic/semi-persistent channels/RSs mentioned above may include SSB, periodic/semi-persistent CSI-RS, periodic/semi-persistent SRS, PDCCH, PUCCH, semi-persistent scheduled PDSCH, and semi-persistent scheduled PUSCH etc.
2.2. PDSCH + PDCCH
From the RAN1 #94bis agreement, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, if the QCL type D of the PDSCH DMRS is different from those of the PDCCH DMRS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. 
Furthermore, if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, there are some solutions as follows:

· Alt1: Same solution as before threshold case
· Alt 2: PDSCH is prioritized if QCL-Type D assumptions are not the same.
· UE is not expected to receive PDCCH overlapping with PDSCH if QCL Type D assumption is not the same between the CORESET and the PDSCH

· QCL-type D associated with the PDSCH is applied to a CORESET that overlaps

We support alt2, i.e. PDSCH is prioritized if QCL-Type D assumptions are not the same, e.g. receive PDSCH and skip PDCCH.

Proposal 2:
· When the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than the threshold Threshold-Sched-Offset, if the QCL type D of the PDSCH DMRS is different from those of the PDCCH DMRS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDSCH and skip PDCCH. This applies to the intra-band CA case (PDSCH and CORESET are in different CCs).
2.3. PDSCH + PDSCH

When two PDSCHs are scheduled in the intra-band CA case (PDSCHs are in different CCs), and the QCL type D of one PDSCH DMRS in one CC is different from the other PDSCH DMRS in another CC with which they overlap in at least one symbol, the QCL type D is determined depending on scheduling offset. 
· Before both PDSCHs scheduling offsets: the UE is expected to be configured with the same default QCL assumption is used for both PDSCHs.
· After both PDSCHs scheduling offsets: the UE is expected to be indicated the same QCL assumption by TCI state for both PDSCHs.
· Only before one PDSCH scheduling offset: the PDSCH with effective QCL assumption is prioritized.
· UE is only expected to receive PDSCH with effective QCL assumption.
· The effective QCL type D associated with the PDSCH is used for all PDSCHs reception.
Proposal 3:
· For intra-band CA case, when the QCL type D of one PDSCH DMRS in one CC is different from the other PDSCH DMRS in another CC with which they overlap in at least one symbol, the QCL type D is determined depending on scheduling offset. 

· Before both PDSCHs scheduling offsets: the UE is expected to be configured with the same default QCL assumption for both PDSCHs.

· After both PDSCHs scheduling offsets: the UE is expected to be indicated the same QCL assumption by TCI state for both PDSCHs.

· Only before one PDSCH scheduling offset: the effective QCL type D is used for all PDSCHs reception.
2.4. CSI-RS + PDCCH

From the RAN1 #93 agreement, for the case of CSI-RS + PDCCH on the same OFDM symbols where spatial QCL is configured for CSI-RS, NW configuration should ensure spatial QCL. UE is not expected to be configured with CSI-RS with repetition=ON in the symbols UE is configured to monitor the CORESET.
For the case of AP-CSI-RS + PDCCH, if there is PDCCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP-CSI-RS follows the QCL assumption of PDCCH.

Proposal 4:

· If there is PDCCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP-CSI-RS follows the QCL assumption of PDCCH.
3. Conclusion

In this contribution, the mechanism for simultaneous transmission and reception of DL/UL physical channels and RSs are discussed. Based on the discussion and the given proposals, we draft the related CR zipped together.
Proposal 1:
· From the perspective of a UE reception, if the spatial QCL assumptions of the different channels/RSs are same, these channels/RSs can be multiplexed on same OFDM symbols. If the spatial QCL assumptions of these channels/RSs are different, the channel/RS with higher priority is transmitted and received, and the channel/RS with lower priority is dropped. The priority rules as below are applied sequentially.
· Rule 1: aperiodic channels/RSs after scheduling offset threshold > periodic/semi-persistent channels/RSs > aperiodic channels/RSs before scheduling offset threshold
· Rule 2: if both aperiodic channels/RSs are after scheduling offset threshold, aperiodic channels/RSs with the latest effective QCL assumptions have the higher priority
· Rule 3: channels/RSs on PCell > channels/RSs on SCell

Note: 

· CSI-RS with repetition ON cannot be multiplexed with other channels/RSs (Exceptional rule).

· Aperiodic channels/RSs mentioned above may include aperiodic CSI-RS, aperiodic SRS, dynamically scheduled PDSCH, and dynamically scheduled PUSCH etc.

· Periodic/semi-persistent channels/RSs mentioned above may include SSB, periodic/semi-persistent CSI-RS, periodic/semi-persistent SRS, PDCCH, PUCCH, semi-persistent scheduled PDSCH, and semi-persistent scheduled PUSCH etc.
Proposal 2:
· When the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than the threshold Threshold-Sched-Offset, if the QCL type D of the PDSCH DMRS is different from those of the PDCCH DMRS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDSCH and skip PDCCH. This applies to the intra-band CA case (PDSCH and CORESET are in different CCs).
Proposal 3:
· For intra-band CA case, when the QCL type D of one PDSCH DMRS in one CC is different from the other PDSCH DMRS in another CC with which they overlap in at least one symbol, the QCL type D is determined depending on scheduling offset. 

· Before both PDSCHs scheduling offsets: the UE is expected to be configured with the same default QCL assumption for both PDSCHs.

· After both PDSCHs scheduling offsets: the UE is expected to be indicated the same QCL assumption by TCI state for both PDSCHs.

· Only before one PDSCH scheduling offset: the effective QCL type D is used for all PDSCHs reception.
Proposal 4:

· If there is PDCCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP-CSI-RS follows the QCL assumption of PDCCH.
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