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1. Introduction
In this contribution, we discuss motivations for follow up RAN1 maintenance work in Rel-16 to address unresolved issues from Rel-15 related to simultaneous reception/transmission of channels/RS in FR2.
2. Discussion 
The issue of simultaneous transmission and reception was extensively discussed in RAN1 and RAN4 during Rel-15 timeframe (see LS/reply-LS in [1], [2]). The issue occurs in FR2, due to a single analog Rx beamforming capability at the UE allowing reception using one Rx beam at a time across intra-band CA. With such constraint simultaneous processing of the different physical channels or reference signals scheduled with different QCL assumptions (targeting different and conflicting Rx beamforming at the UE) on the same or different CCs is not feasible. The issue of simultaneous processing of reference signal used for RRM and BM measurements with physical channels or reference signal configured for other purpose is addressed in RAN4 through scheduling restrictions and prioritization of the measurements (with some cases already specified [2]). 
Simultaneous processing for some combinations was also addressed in RAN1 (see table below)
	Group-1
	Group-2
	UE behavior

	PDSCH scheduled before timeDurationForQCL
	PDCCH (CORESET)
	38.214: Prioritize reception of PDCCH (CORESET) if QCL Type D is different but PDSCH behavior not specified. Also applies to intra-band CA

	CSI-RS with repetition=ON
	PDCCH (CORESET)
	38.214: Scheduling not allowed. Also applies to intra-band CA

	All other CSI-RS without repetition=ON (includes TRS, CSI and repetition=OFF)
	PDCCH (CORESET)
	38.214: UE may assume same QCL-Type-D. Also applies to intra-band CA [NW ensures same QCL]

	CSI-RS for L1-RSRP
	SSB
	38.214: UE may assume same QCL-Type-D

	A-CSI-RS for CSI (without trs-Info and without repetition) scheduled before beamSwitchTiming
	PDSCH scheduled after timeDurationForQCL, A-CSI scheduled after beamSwitchTiming
	38.214: UE applies QCL-Type-D of Group-2 to receive

	PDCCH (CORESET)
	PDCCH (CORESET)
	38.213: Select monitoring search spaces in the cell with lowest index, then select CSS over USS, then lowest search space id. Only search spaces with same QCL-Type-D required to be monitored 

	PDSCH (DM-RS)
	SSB
	38.214: UE may assume same QCL-Type-D for DM-RS and SSB


However, several remaining combinations identified by RAN1 for specification [3], [4] were not finalized due to lack of time and late stage of Rel-15 work
· PSDSCH+PDSCH: This is an important case to consider in CA scenario for a UE capable of supporting multiple active TCI states for PDSCH. We provide two examples below:
· Consider a BS intending to schedule PDSCH to a UE on a single CC using a DCI-indicated transmission beam change (dynamic). This beam change conflicts with the default PDSCH beam in other CCs where a UE is not scheduled.
· Consider a BS employing wide beams for PDCCH, PDSCH associated with CSS and narrow beams for PDCCH, PDSCH associated with USS. According to Rel-15 if search spaces across different serving cells overlap in time (intra-band CA) a UE is able to resolve the conflict and receive PDCCH based on a set of prioritization rules (the lowest cell index is prioritized, then CSS is prioritized, then the lowest search space set index is prioritized). However, following the reception of PDCCH, there is no guarantee of proper reception of the scheduled PDSCH since the specified set of prioritization rules applies only to PDCCH reception but not to the scheduled PDSCHs (if there is conflict in PDSCH reception)
· PDSCH scheduled after timeDurationForQCL + PDCCH: This case should be resolved in order to fully support dynamic change of PDSCH transmission beam using DCI. Without resolving this case, a BS cannot be sure that dynamic change of PDSCH transmission beam would occur if such PDSCH overlaps with PDCCH in same or other CCs. This case is relevant for both same CC and intra-band CA.
· A-CSI-RS scheduled after beamSwitchTiming or periodic, semi-persistent CSI-RS + PDSCH scheduled before timeDurationForQCL: This case should be resolved for proper functioning of CSI-RS. This conflict case may occur frequently because the default beam for PDSCH is used at the UE even when PDSCH is not scheduled/received. This case is relevant for both same CC and intra-band CA.
· SRS+SRS and PUSCH+PUSCH (intra-band CA): According to Rel-15 specifications a UE may be scheduled with TCI states that are conflicting for these cases.  
Although in the first wave of Rel-15 systems, simultaneous transmission and reception of the physical channels and reference signals may not occur due to use of a single transmit beamforming at gNB and support of single active TCI state for PDSCH at the UE, the issue is likely to become a real life in the future NR deployments supporting multiple Tx beamforming capability at time at the gNB and support of multiple TCI states for PDSCH at the UE. Having UE behavior undefined in RAN1 specification for the remaining cases could create scheduling restrictions leading to inefficiencies due to different assumptions at gNB and UE regarding processing priorities in the above combinations. 
3. Conclusions
In this contribution, we discuss motivations for follow up RAN1 maintenance work in Rel-16 to address unresolved issues from Rel-15 related to simultaneous reception/transmission of channels/RS in FR2 and make the following proposal:
Proposal:
· Consider follow up maintenance work for NR in RAN1 as part of Rel-16 TEI to resolve issues related to simultaneous transmission and receptions for two groups of RS / physical channels
· UE assumption for processing of the following combinations PSDSCH+PDSCH, PDSCH+PDCCH, CSI-RS+PDSCH, SRS+SRS (including SRS of different types), PUSCH+PUSCH
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Previous agreements in RAN1
	RAN1#95
For next meeting
Companies to check QCL prioritization rules for scenarios of partial overlap across channels:
In case two PDSCHs overlap in at least one symbol (for the case of intra-band CA) and they are associated with different QCL Type D assumptions, UE behaviour is specified as follows: 
· In case, PDSCH before threshold overlaps with PDSCH after threshold, the QCL Type D assumption associated with the PDSCH after threshold is prioritized
· In case, PDSCH before threshold overlaps with PDSCH before threshold, the QCL Type D assumption associated with the PDSCH scheduled on the serving cell with the lowest index is prioritized
In case, PDSCH after threshold overlaps with PDSCH after threshold, the QCL Type D assumption associated with the PDSCH scheduled on the serving cell with the lowest index is prioritized
RAN1#94b
Agreement 
[bookmark: _GoBack]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).
Editor can further make refinements for clarification
RAN1#94
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?
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