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1. Introduction
In the 3GPP RAN1 #93 meeting, following conclusion was made on DL/UL channels/RSs simultaneous transmisison and reception[1]: 
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

In this contribution, simultaneous transmission and reception of DL/UL physical channels and RSs related aspects are discussed. This contribution is revised from R1-1806047.
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. SSB+PDSCH multiplexing

If RAN4 agreement is extended to the case of SSB+PDSCH multiplexing for both CA and non-CA without PDSCH associated with SI-RNTI, P-RNTI, i.e. the UE is not expected to receive PDSCH on SSB symbols, it will lead to bandwidth resource wastage (especially for the system with large bandwidth) and impact peak throughput. 
If gNB can explicitly configure/activate the TCI state for CORESET #0 after initial access procedure and SSB is assigned as source RS for configuration of the TCI state for CORESET #0 by RRC signaling, then unicast PDSCH and unicast PDCCH in CORESET #0 can be multiplexed on the same symbols as the SSB associated with CORESET #0. For other SSB for beam management/RLM which is not associated with CORESET #0, the same behavior regarding multiplexing as specified in RAN4 for SSB can be adopted. For other normal SSB, it is decided that whether PDSCH is multiplexed on the SSB symbol based on the spatial QCL assumption indicated by gNB.
Proposal 2:
· For a specific SSB (no matter configured for beam management/RLM or not), if it is explicitly configured (through dedicated signaling) to associate with CORESET #0, unicast PDSCH and PDCCH in CORESET #0 can be multiplexed on the same symbol as the SSB.
· For other SSB for beam management/RLM, same behavior regarding multiplexing as specified in RAN4 for SSB within SMTC is adopted.
· For other normal SSB, it is decided that whether PDSCH is multiplexed on the SSB symbol based on the spatial QCL assumption indicated by gNB.
2.3. Analysis on different channels/RSs multiplexing

According to the conclusion in RAN1 #92 meeting the related aspects of different channels/RSs simultaneous reception are given as follows:
· DL physical channels and reference signals for the simultaneous reception
	Channels/RS in same OFDM symbol
	Same CC / BWP

	SSB + PDSCH
	· See proposal 2


	CSI-RS + PDSCH 
	For CSI-RS for BM with repetition ON

· No multiplexing

· P-CSI-RS/SP-CSI-RS + PDSCH
· Before threshold: the UE receives CSI-RS. 

· After threshold: skip CSI-RS and receive PDSCH (with rate matching). 

· AP-CSI-RS + PDSCH (allow CSI-RS transmission before threshold)

· Both before thresholds: AP-CSI-RS is QCL-ed with default QCL assumption for PDSCH.
· Both after thresholds: receive PDSCH (with or without rate matching) and skip CSI-RS.
· Only one after threshold: the effective QCL assumption is adopted.
· AP-CSI-RS + PDSCH (not allow CSI-RS transmission before threshold)

· Both before thresholds: only PDSCH with default QCL is transmitted.
· Both after thresholds: receive PDSCH (with or without rate matching) and skip CSI-RS.
· Only one after threshold: the effective QCL assumption is adopted.
For CSI-RS for BM with repetition OFF

· P-CSI-RS/SP-CSI-RS + PDSCH

· Multiplexing
· Before threshold: PDSCH is QCL-ed with CSI-RS.
· After threshold: CSI-RS is QCL-ed with PDSCH. Or receive PDSCH and skip CSI-RS.
· AP-CSI-RS + PDSCH 

· Multiplexing (allow CSI-RS transmission before threshold)

· Both before thresholds: AP-CSI-RS is QCL-ed with default QCL assumption for PDSCH. 
· Both after thresholds: CSI-RS is QCL-ed with PDSCH. Or receive PDSCH and skip CSI-RS.
· Only one after threshold: the effective QCL assumption is adopted.
· Multiplexing (not allow CSI-RS transmission before threshold)

· Both before thresholds: only PDSCH with default QCL is transmitted.
· Both after thresholds: CSI-RS is QCL-ed with PDSCH. Or receive PDSCH and skip CSI-RS.

· Only one after threshold: the effective QCL assumption is adopted.

For NZP-CSI-RS/CSI-IM for CSI, the scheme is the same as that for CSI-RS for BM with repetition OFF.
For CSI-RS for tracking

· Multiplexing

· Before threshold: PDSCH is QCLed with TRS. 

· After threshold: PDSCH is QCLed with TRS. Or skip TRS and receive PDSCH. 



	PDCCH / CORESET+ PDSCH
	· Before threshold: 

· If multiplexing, default QCL assumption for PDSCH is the same as CORESET. 

· If not multiplexing, PDSCH is QCL-ed with the lowest CORESET.
· After threshold: 

· No such scheduling.
· If multiplexing, PDSCH is QCL-ed with CORESET.

· If not multiplexing, skip CORESET and receive PDSCH.


	CSI-RS + PDCCH / CORESET


	For CSI-RS for BM with repetition ON 

· P-CSI-RS/SP-CSI-RS + PDCCH/CORESET
· No multiplexing.
· AP-CSI-RS + PDCCH/CORESET (allow CSI-RS transmission before threshold)
· Before threshold for CSI-RS: no multiplexing.
· After threshold for CSI-RS: receive AP-CSI-RS and skip PDCCH/CORESET.
· AP-CSI-RS + PDCCH/CORESET (not allow CSI-RS transmission before threshold)

· Receive AP-CSI-RS and skip PDCCH/CORESET.
For CSI-RS for BM with repetition OFF 

· P-CSI-RS/SP-CSI-RS + PDCCH/CORESET 

· If multiplexing, CSI-RS is QCL-ed with PDCCH/CORESET.
· AP-CSI-RS + PDCCH/CORESET (allow CSI-RS transmission before threshold)
· Before threshold for CSI-RS: CSI-RS is QCL-ed with PDCCH/CORESET.
· After threshold for CSI-RS: CSI-RS is QCL-ed with PDCCH/CORESET. Or receive AP-CSI-RS and skip PDCCH/CORESET.
·  AP-CSI-RS + PDCCH/CORESET (not allow CSI-RS transmission before threshold)

· CSI-RS is QCL-ed with PDCCH/CORESET. Or receive AP-CSI-RS and skip PDCCH/CORESET.

For NZP-CSI-RS/CSI-IM for CSI, the scheme is the same as that for CSI-RS for BM with repetition OFF.
For CSI-RS for tracking
· If multiplexing, CSI-RS is QCL-ed with PDCCH/CORESET.



	PDCCH / CORESET + PDCCH / CORESET
	· No such configuration.

· If multiplexing, two PDCCH/CORESET are QCL-ed.



	CSI-RS + SSB 
	For CSI-RS for BM with repetition ON 

· P-CSI-RS/SP-CSI-RS + SSB

· No multiplexing.

· AP-CSI-RS + SSB (allow CSI-RS transmission before threshold)

· Before threshold for CSI-RS: no multiplexing.

· After threshold for CSI-RS: receive AP-CSI-RS and skip SSB.
· AP-CSI-RS + SSB (not allow CSI-RS transmission before threshold)

· Receive AP-CSI-RS and skip SSB.

For CSI-RS-BM with repetition OFF 

· P-CSI-RS/SP-CSI-RS + SSB 

· If multiplexing, CSI-RS is QCL-ed with SSB.

· AP-CSI-RS + SSB (allow CSI-RS transmission before threshold)

· Before threshold for CSI-RS: CSI-RS is QCL-ed with SSB

· After threshold for CSI-RS: CSI-RS is QCL-ed with SSB. Or receive AP-CSI-RS and skip SSB.

·  AP-CSI-RS + SSB (not allow CSI-RS transmission before threshold)

· CSI-RS is QCL-ed with SSB. Or receive AP-CSI-RS and skip SSB.

For NZP-CSI-RS/CSI-IM for CSI, the scheme is the same as that for CSI-RS for BM with repetition OFF.
For CSI-RS for tracking

· CSI-RS is QCL-ed with SSB.


	CSI-RS + CSI-RS
	· P-CSI-RS/SP-CSI-RS + P-CSI-RS/SP-CSI-RS
· Similar to P-CSI-RS/SP-CSI-RS and SSB.
· For both CSI-RSs with repetition ON, the same parameters are configured.

· P-CSI-RS/SP-CSI-RS + AP-CSI-RS

· For AP-CSI-RS with repetition OFF, similar to P-CSI-RS/SP-CSI-RS + PDSCH 

· For AP-CSI-RS with repetition ON, the same parameters are configured, or no multiplexing with any other signal.
· AP-CSI-RS + AP-CSI-RS

· For one AP-CSI-RS with repetition OFF, similar to AP-CSI-RS + PDSCH; except for the case of both after thresholds, the latest one is effective.
· For both CSI-RSs with repetition ON, the same parameters are configured.


	PDSCH + PDSCH with different RNTIs
	· Both before thresholds: both are QCL-ed with the default TCI state.
· Both after thresholds: if multiplexing, both are QCL-ed with the indication by TCI state.
· Only one after threshold: the effective QCL assumption is adopted.


	SSB + SSB
	N/A

	PDSCH + PDSCH (C-RNTI + C-RNTI)
	· Multiplexing

· Both before thresholds: both are QCL-ed with the default TCI state.
· Both after thresholds: both are QCL-ed with the indication by TCI state.
· Only one after threshold: the effective QCL assumption is adopted.
· No multiplexing

· E.g. single slot PDSCH + multi-slot PDSCH.


	SSB /CSI-RS for RRM + other channel/RS
	Similar to SSB + other channel/RS


Note: PDSCH can refer to single slot PDSCH, multi-slot PDSCH, mini-slot PDSCH.
	Channels/RS in same OFDM symbol 
	different CCs

	Different channels/RSs
	Similar to that on same CC/BWP. In addition, periodic/semi-persistent channels/RSs on PCell > periodic/semi-persistent channels/RSs on SCell.



· UL physical channels and reference signals for the simultaneous reception
	Channels/RS in same OFDM symbol
	Same CC
	Different CCs

	PUCCH + PUCCH
	N/A
	If multiplexing, two PUCCHs (at most) are QCL-ed. 

Else only one PUCCH is transmitted.



	PUSCH + PUSCH
	N/A
	Similar to DL channels/RS in same OFDM symbol on different CCs.

	SRS + SRS
	N/A
	


3. Conclusion

In this contribution, the mechanism for simultaneous transmission and reception of DL/UL physical channels and RSs are discussed, and the following proposals are given:
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:
· For a specific SSB (no matter configured for beam management/RLM or not), if it is explicitly configured (through dedicated signaling) to associate with CORESET #0, unicast PDSCH and PDCCH in CORESET #0 can be multiplexed on the same symbol as the SSB.
· For other SSB for beam management/RLM, same behavior regarding multiplexing as specified in RAN4 for SSB within SMTC is adopted.
· For other normal SSB, it is decided that whether PDSCH is multiplexed on the SSB symbol based on the spatial QCL assumption indicated by gNB.
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