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1. Introduction
In this contribution, we discuss the remaining issues on simultaneous transmission and reception of different channels and reference signals. Regarding this issue, the following agreements were made from RAN4 #87 meeting [1].
	Agreements:
1. RAN4 defines requirements regarding scheduling availability during SSB based L3 measurement, SSB based RLM, CSI-RS based RLM, SSB based L1-RSRP measurement, CSI-RS based L1-RSRP measurement, SSB based beam failure detection and CSI-RS based beam failure detection in Rel-15.
0. RAN4 also defines requirements regarding scheduling availability during CSI-RS based L3 measurement if RRM requirements for CSI-RS based L3 measurement are defined in Rel-15.
1. For requirements regarding scheduling availability during SSB based RLM, CSI-RS based RLM, SSB based L1-RSRP measurement, CSI-RS based L1-RSRP measurement, SSB based beam failure detection and CSI-RS based beam failure detection, scheduling restriction due to those procedures is not applied to any other symbols than RS symbols to be monitored.
1. Scheduling restriction due to different numerology aspect is applied during SSB based RLM, BFD and L1-RSRP measurement as well as SSB based L3 measurement, i.e., for UE not supporting simultaneousRxDataSSB-DiffNumerology capability.
1. Scheduling restriction due to Rx beamforming aspect is applied during CSI-RS based L1-RSRP measurement on FR2 serving cell when repetition of CSI-RS resource set is on.
1. When UE performs RLM, BFD and/or L1-RSRP measurement on FR1 serving cell, same scheduling restriction applies to all serving cells in the same band and no scheduling restriction applies to all serving cells in the different band in FR1 and FR2.
1. When UE performs RLM, BFD and/or L1-RSRP measurement on FR2 serving cell, same scheduling restriction applies to all serving cells in the same band and no scheduling restriction applies to all serving cells in FR1.
1. When UE performs SSB based L1-RSRP measurement in FR2, 
6. scheduling restriction applies to RS symbols to be monitored
1. Scheduling restriction due to different numerology aspect does not need to be defined for CSI-RS based RLM, BFD and L1-RSRP measurement since CSI-RS resources for RLM, BFD and/or L1-RSRP measurement are configured per BWP and SCS of CSI-RS resources is the SCS of corresponding BWP.
1. When UE performs SSB based RLM, CSI-RS based RLM, SSB-based BFD or CSI-RS based BFD in FR2, 
8. scheduling restriction applies to RS symbols to be monitored, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to receive by RRC_connected state.
8. FFS whether or not scheduling restriction applies to other serving cells in the same band in case of intra-band CA


In 3GPP RAN1 #93 [2], the following agreements were made.
	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.



2. Discussions on simultaneous transmission and reception
2.1. SSB + PDSCH/PDCCH
Base on the agreements made by RAN1 and RAN4, we can summarize the confirmed rules for simultaneous transmission and reception of SSB + PDSCH/PDCCH for FR2, as follows.
	
	SSB-RRM
	SSB-RLM
	SSB-BFD
	SSB-BM

	PDSCH
	scheduling restriction (no rate matching)
	scheduling restriction
	scheduling restriction / QCL-D (CA)
	scheduling restriction

	PDCCH
	Scheduling restriction
(no rate matching)
	scheduling restriction
	scheduling restriction / QCL-D (CA)
	scheduling restriction


· Note:
· QCL-D (CA) means that the scheduling restriction is not applied to SSB-BFD symbols when SSB-BFD and PDSCH/PDCCH are configured with the same spatial QCL in case of carrier aggregation, which can be inferred from 8.5.7.3 of TS 38.133 [3].
In RAN4 2018 Ad-Hoc#1 meeting [4], it was agreed that the scheduling restriction is applied to within a SMTC window and RAN4 left a note with the agreement that “whether or not to define specific behavior for rate matching around above symbols is up to RAN1”. RAN1 in initial access concluded that “RAN1 will not define any additional rate matching behavior in Rel-15” in RAN1 #93 meeting, which means that it is open for the outside of SMTC window. In the previous meeting, RAN4 agreed for the outside of SMTC window that scheduling restriction is applied to symbols on SS/PBCH blocks when a UE performs SSB based RLM, SSB based BFD, and SSB based L1-RSRP measurement. For now, it is time to discuss and decide whether or not to define specific behaviour for rate matching around SSB-RLM, SSB-BFD, and SSB-BM symbols. 
Compared to PDCCH, the PDSCH symbols can be dynamically scheduled by DCI so that they are not partially or fully overlapped with symbols on SS/PBCH block within a slot. However, PDCCH is inherently configured semi-statically, so the network could be difficult to always guarantee PDCCH to be configured without overlapping at least one or more symbols with SS/PBCH block within a slot. In case of the overlapping, the UE would not decode PDCCH according to the current agreement and, as a consequence, this could result in the inefficient resource utilization and the PDSCH scheduling opportunity to be lost. In case of PDCCH, therefore, we suggest that PDCCH REs are not mapped on the symbols in which SS/PBCH blocks are configured for RLM and L1-RSRP measurement. There can be many alternative ways to handle this collision case, and it should be decided by control session (e.g. resizing CORESET/SS, dropping CORESET/SS, PDCCH rate matching).
Proposal 1: For SS/PBCH block outside SMTC window for FR2, PDCCH REs are not mapped on the symbols in which SS/PBCH blocks are configured for RLM and L1-RSRP measurement. 
· Detailed design is to be decided by control session.
Proposal 2: For SS/PBCH block outside SMTC window for FR2, RAN1 will not define any additional rate matching behaviour for PDSCH.

2.2. CSI-RS + PDSCH/PDCCH
In 3GPP RAN1 #93 [2], the following further study issues were captured.
	1) 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

2) 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

3) 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 consideration of the agreements made by RAN1 and RAN4 until now, the confirmed rules for simultaneous transmission and reception of CSI-RS + PDSCH/PDCCH for FR2 can be summarized, as follows.
	
	CSIRS-BM
(repetition “on”)
	CSIRS-BM
(repetition “off”)
	CSIRS-CSI
	CSIRS-tracking

	PDSCH
	scheduling restriction(details are FFS)
	FFS
	FFS
	FFS

	PDCCH
	Not configured
	QCL-D
	QCL-D
	QCL-D


For the first further study issue (CSI-RS + PDCCH), our preference is Alt 2. In NR Ad-Hoc #1801 meeting, it was already agreed that “the UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located”. If a CSI-RS resource does not have any spatial QCL reference, it means that UE can freely choose its Rx beam for the CSI-RS resource. If we go with Alt1, the two Rx beams for the CSI-RS and the PDCCH would be different and conflict each other. In order to simplify UE behaviour, it is strongly desirable to support FDM between CSI-RS and PDCCH only when ensuring those are spatially QCLed. Therefore, no need to introduce additional mechanism for the spatial QCL assumption at the UE side for receiving PDCCH and/or CSI-RS, which would increase UE complexity seriously. 
Proposal 3: Support FDMing of a CSI-RS and PDCCH only when the explicitly indicated spatial QCL reference for the PDCCH is the CSI-RS or the same as the spatial QCL reference of the CSI-RS.
Regarding the second further study issue (CSI-RS with the repetition set to “on”+ PDSCH), RAN4 from #87 meeting agreed that “scheduling restriction due to Rx beamforming aspect is applied during CSI-RS based L1-RSRP measurement on FR2 serving cell when repetition of CSI-RS resource set is on”, which is captured in the fourth bullet of the agreement summary in Section 1. According to this agreement, the first option among the listed three options can be excluded from our further discussions.
Similar to our view on multiplexing of SSB+PDSCH, the PDSCH symbols can be dynamically scheduled by DCI, so that the network can schedule the PDSCH symbols which could not be overlapped with the symbols configured for CSI-RS resources of a CSI-RS resource set configured with the repetition set to “on”. It is difficult to find proper reasons for introducing the symbol-level PDSCH rate matching while taking the increase of UE complexity. Thus, for this further study issue, the third option seems to be more reasonable such that “UE is not expected to receive PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition=ON".
For multiplexing of PDSCH and CSI-RS with repetition “off”, it would be reasonable that allow FDMing of PDSCH and CSI-RS resource(s) because UE may typically maintain a single Rx beam within a slot in case of repetition set to “OFF”. In order to ensure the Rx beam for CSI-RS which is the same as that for the PDSCH, at least one of the CSI-RS resource IDs among the CSI-RS resource set should be indicated as a TCI state for the PDSCH.
Proposal 4: 
· UE is not expected to receive PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition set to “ON”
· UE may be allocated with a PDSCH that is overlapping with one or more symbols configured with CSI-RS resource(s) with repetition set to “OFF”, where the TCI of the PDSCH includes at least one of the CSI-RS resource IDs of the CSI-RS resource set.

3. Conclusion
Based on the discussion in Section 2, we summarize our proposals as follows:
Proposal 1: For SS/PBCH block outside SMTC window for FR2, PDCCH REs are not mapped on the symbols in which SS/PBCH blocks are configured for RLM and L1-RSRP measurement. 
· Detailed design is to be decided by control session.
Proposal 2: For SS/PBCH block outside SMTC window for FR2, RAN1 will not define any additional rate matching behaviour for PDSCH.
Proposal 3: Support FDMing of a CSI-RS and PDCCH only when the explicitly indicated spatial QCL reference for the PDCCH is the CSI-RS or the same as the spatial QCL reference of the CSI-RS.
Proposal 4: 
· UE is not expected to receive PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition set to “ON”
· [bookmark: _GoBack]UE may be allocated with a PDSCH that is overlapping with one or more symbols configured with CSI-RS resource(s) with repetition set to “OFF”, where the TCI of the PDSCH includes at least one of the CSI-RS resource IDs of the CSI-RS resource set.
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