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1 Introduction

In RAN#80 meeting, the updated NR specifications after RAN1#93 meeting were endorsed. It has been agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications in RAN1#94 meeting. In RAN1#92[1], it has been concluded for RAN1 to discuss at least some combinations of DL/UL physical channels and reference signals for simultaneous transmission/reception assuming FR2 operation. The potential solutions are listed as follows:

o
Skipping transmission of reference signal / physical channel, e.g. QCL assumptions are not the same

o
Overriding QCL assumptions

o
Prioritization of the processing of one physical channel /signal over another 

o
NW configuration should ensure the same QCL assumption for the physical channel /signal

o
Other solutions are not precluded

In this contribution, the remaining details in this aspect are discussed and proposed solutions have been provided for different combinations of channels and reference signals.   
2 Simultaneous transmission and reception in DL
In Rel-15, only one Tx beam is used for DL transmission for the perspective of gNB, and multi-beam and multi-TRP cases are not considered, which means that all DL RSs and channel should keep the same spatial Rx QCL assumption at one time instance if they are transmitted simultaneously. 

· Taking into account the latency of DCI decoding, ap-CSI-RS and PDSCH should be assumed as the same QCL assumption as the COERSET with lowest CORESET ID in the latest slot if the duration between DCI field and its corresponding PDSCH is less than the threshold k. Buffering of received signals based on this default spatial QCL assumption should be done at the UE side for potential reception of candidate ap-CSI-RS and PDSCH.
· Therefore, in this contribution, this kind of ap-CSI-RS and PDSCH based on the default beam of PDSCH is named as candidate ap-CSI-RS and candidate PDSCH, respectively, of which the first symbol is from the last symbol (symbol X) of its corresponding DCI field of CORESET with at least one search space configured, , to the symbol {X+ k}, where the threshold k depends on UE capability. Otherwise, the ap-CSI-RS and PDSCH based on the its indicated TCI state are called as ap-CSI-RS and PDSCH, respectively, in this contribution for the case that scheduling time offset is no less than the threshold k.
· If the portion of symbols of candidate PDSCH transmission is not less than threshold, the PDSCH part which is no less than threshold should be assumed the same priority as PDSCH. 
· In order to guarantee the same spatial-domain filter used for one candidate PDSCH transmission, UE may expect that any of CORESETs simultaneously received with the candidate PDSCH should be spatial QCLed with the CORESET with lowest ID in the slot of the candidate PDSCH.
The most complicated case would be multiplexing of CSI-RS and PDSCH. The following QCL overriding rule is applied if collision happens. 

· First, PDSCH scheduled with indicated TCI state should have the highest priority as it is often more important to receive PDSCH than to perform measurement on CSI-RS.

· AP-CSI-RS with indicated TCI state should have the 2nd priority.  

· P/SP-CSI-RS which has the TCI state provided by higher layer should have the 3rd priority.  
· Potential reception of candidate PDSCH and AP-CSI-RS based on the default spatial Rx QCL assumption according to the default CORESET should have the lowest priority.

· Any candidate PDSCH should rate-match around the CSI-RS symbol(s) if the default spatial Rx QCL assumption is different from that. 

Considering gNB and UE capability, the approach for the different CC is the same as the case of same CC/BWP generally. 
· But, for PDSCH + PDSCH (C-RNTI + C-RNTI), it should be allowed in the different CC case, where, similarly, spatial Rx QCL assumption between PDSCH-CC1 and PDSCH-CC2 should be ensured by the NW configuration.

· For multiple CC case, UE assumes the default QCL assumption for candidate PDSCH as CORESET with the lowest CORESET ID with at least one search space configured in the CC with the lowest CC ID in the latest slot if the duration between DCI field and its corresponding PDSCH is less than the threshold k.
· If PDSCH-CC1 is collided with candidate PDSCH-CC2, the spatial Rx QCL assumption of any candidate  PDSCH-CC2 reception should be overridden by that of PDSCH-CC1 which is based on the indicated TCI state.

Therefore, we have the following proposals for DL physical channels and reference signals combinations for the simultaneous transmission in FR2 operation, where N/A means that the corresponding case is NOT supported in Rel-15.
Table-1 DL physical channels and reference signals combinations for the simultaneous transmission
	Channels/RS in same OFDM symbol
	Same CC / BWP
	Different CCs

	SSB + PDSCH
	Proposals: Spatial Rx QCL between SSB and PDSCH should be ensured by the NW configuration
· UE assumes the same QCL assumption between SSB and candidate  PDSCH
	Proposals: Same as the case of same CC/BWP

	CSI-RS + PDSCH (including DM-RS/PT-RS)

· A-CSI-RS (below and above threshold), P CSI-RS, SP CSI-RS

· BM CSI-RS, CSI-RS for CSI, CSI-RS for tracking

· CSI-RS Repetition ‘ON’, ‘OFF’

· CSI-IM
	Proposals: If collision happens, QCL-overriding rule is applied according to the following priority, where spatial QCL is configure for CSI-RS: 
· PDSCH > ap-CSI-RS > sp-CSI-RS/p-CSI-RS# > candidate  PDSCH# = candidate ap-CSI-RS

· Notes#: UE assumes that  candidate PDSCH should rate-match around the CSI-RS symbol(s) if the default spatial Rx QCL assumption is different from CSI-RS.
· Notes: if the portion of symbols of candidate PDSCH transmission is not less than threshold, the PDSCH part which is no less than threshold should be assumed the same priority as PDSCH
· Notes: The same rule is applied to any type of CSI-RS and CSI-IM.
	Proposals: Same as the case of same CC/BWP

	PDCCH / CORESET+ PDSCH

· Default CORESET (CORESET with lowest ID which is used for obtaining default QCL assumption)

· Non default CORESET
	Proposals: If collision happens, PDSCH is prioritized depending on scheduling offset

· Before threshold, CORESET is prioritized,
· After threshold, PDSCH is prioritized
· Notes: UE assumes that one CORESET  simultaneously received with the candidate PDSCH is spatial QCLed with the CORESET with lowest ID in the slot of the candidate PDSCH.
· Notes: if the portion of symbols of candidate PDSCH transmission is not less than threshold, the PDSCH part which is no less than threshold should be assumed the same priority as PDSCH
	Proposals: Same as the case of same CC/BWP with additional assumption that the default CORESET is common to all CCs in FR2 i.e. the lowest CORESET ID with at least one search space configured in the CC with the lowest CC ID in the latest slot

	CSI-RS + PDCCH / CORESET


	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.

	
	Proposals: 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

	PDCCH / CORESET + PDCCH / CORESET
	Proposals: Spatial Rx QCL should be ensured by the NW configuration
	Proposals: Same as the case of same CC/BWP

	CSI-RS + SSB 
	Spatial Rx QCL should be ensured by the NW configuration*
	Proposals: Same as the case of same CC/BWP

	CSI-RS + CSI-RS
	Proposals: If collision happens, QCL-overriding rule is applied according to the following priority: ap-CSI-RS > sp-CSI-RS/p-CSI-RS >  candidate  ap-CSI-RS.
· ap-CSI-RS (scheduled by earlier DCI) is skipped if the ap-CSI-RS (earlier) is collided with ap-CSI-RS (scheduled by later DCI).
	Proposals: Same as the case of same CC/BWP

	PDSCH + PDSCH with different RNTIs
	TBD
	TBD

	SSB + SSB
	N/A
	N/A

	PDSCH + PDSCH (C-RNTI + C-RNTI)
	N/A
	Proposals: If collision happens, QCL-overriding rule is applied according to the following priority: PDSCH-CC1 > candidate PDSCH-CC2
· Notes: Spatial Rx QCL assumption between PDSCH-CC1 and PDSCH-CC2 should be ensured by the NW configuration
· Note: UE assumes the default QCL assumption for candidate PDSCH as CORESET with the lowest CORESET ID with at least one search space configured in the CC with the lowest CC ID in the latest slot if the duration between DCI field and its corresponding PDSCH is less than the threshold k.


*Note: Already agreed in the previous meetings
**Note: Spatial Rx QCL of RS or channel in same priority level should be ensured by the NW configuration.
3 Simultaneous transmission and reception in UL

In NR Rel-15, the multi-beam and multi-TRP case for UL transmission is supported for the perspective of UE side, especially for SRS transmission for beam management through configuring of multiple SRS resource sets. Meanwhile, we have the following agreement for SRS simultaneous transmission.
	Agreement:

For non-codebook based UL transmission, the UE can only be configured for one SRS resource set with the following details:

· The UE can be configured to simultaneously transmit up to X SRS resources

· X is part of UE capability signalling

· The SRS resources transmitted simultaneously occupy the same RBs 


The UE can simultaneously transmit aperiodic PUSCH by dynamic UL grant and semi-persistent (SPS) PUSCH, where the spatial relation is determined according to the SRS associated with each of the PUSCH transmission, for the different CC cases. Taking into account that aperiodic PUSCH transmission is based on dynamic spatial relation info by dynamically selecting SRI but semi-persistent PUSCH transmission is based on semi-static spatial relation info, the aperiodic PUSCH should be prioritized over the semi-persistent PUSCH transmission. This is also beneficial to URLLC traffic where the demand of higher priority traffic happens more dynamically.  
When one SRS transmission without configured spatialRelationInfo is collided with one with configured spatialRelationInfo, these two SRS transmission shall use the same spatial-domain filter as that for the SRS resource with spatialRelationInfo. UE may expect that, if two SRS resources configured with spatialRelationInfo are simultaneously transmitted, these two SRS resources should be transmitted with using one same spatial-domain filter, i.e., ensured by NW configuration.
Therefore, we have the following proposals for UL physical channels and reference signals combinations for the simultaneous transmission in FR2 operation, where N/A means that the corresponding case is NOT supported in Rel-15.
Table-2 UL physical channels and reference signals combinations for the simultaneous transmission
	Channels/RS in same OFDM symbol
	Same CC
	Different CCs

	PUCCH + PUCCH
	N/A
	N/A

	PUSCH + PUSCH
	N/A
	Proposals: If collision happens, spatial relation overriding rule is applied according to the following priority: ap-PUSCH > sp-PUSCH.
· Note: Spatial relation of PUSCH + PUSCH in same priority level should be ensured by the NW configuration.

	SRS + SRS
	Proposals: The number of different spatialRelationInfo configurations for all SRS+SRS should be no more than the maximum number of  SRS resources transmitted simultaneously in UE capability .
· For the case of simultaneous transmission of one SRS resource with spatialRelationInfo and one SRS resource without spatialRelationInfo, UE shall use the spatial-domain filter as that for the SRS resource with spatialRelationInfo.
· Note that spatial relation of SRS+SRS if configured should be ensured by the NW configuration
	 Proposals: Same as the case of same CC/BWP

	PUCCH + PUSCH
	N/A
	N/A

	PUCCH + SRS
	N/A
	N/A

	PUSCH + SRS
	N/A
	N/A


4 Conclusion

In this contribution, we provide the proposals for simultaneous transmission and reception of different channels and reference signals in Table-1 and Table-2.
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