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[bookmark: _Toc528745557]Introduction
In RAN1#94bis, the following agreements were made in control and MIMO sections for issues of overlapped search spaces associated with various CORESETs and default PDSCH beam.
	Agreements in RAN1#94b
· For a UE monitors multiple search spaces associated with different CORESETs, for single cell operation or for operation with carrier aggregation in a same frequency band,
· If the monitoring occasions of the search space are overlapped in time and the search spaces are associated with different CORESETs having different QCL-TypeD properties, the UE monitors search spaces associated with a given CORESET containing a CSS in the active DL BWP in the serving cell with the lowest serving cell index and any other CORESET associated with the same QCL-TypeD properties as the given CORESET
· If two or more CORESETs are respectively containing CSS, the UE selects the CORESET containing the search space having the lowest ID in the monitoring occasions in the active DL BWP in the serving cell with the lowest serving cell index.
· Any overlapped search space(s) associated with CORESET(s) having the same QCL-TypeD are monitored.
· If none of the CORESETs contains CSS, the UE selects the CORESET containing the search space having the lowest ID in the monitoring occasions in the active DL BWP in the serving cell with the lowest serving cell index.
· Any overlapped search space(s) associated with CORESET(s) having the same QCL-TypeD are monitored.
· For this purpose, QCL TypeD with respect to a SSB and QCL TypeD with respect to a CSI-RS (or TRS) are considered as different QCL TypeD, even if the CSI-RS is sourced from the same SSB.
Agreement in RAN1#94b 
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 aim for clarifying the following questions:
1) whether a non-selected CORESET can be used for beam indication;
2) whether a deprioritized PDSCH can be used for beam indication;
3) UE behavior for beam failure detection in C-DRX.
[bookmark: _Toc528745558]The activated TCI state on a non-selected CORESET
In RAN1#94b, it was agreed that when CORESETs are overlapped in time, UE prioritizes and monitors the CORESET based on common search space (SS) and lowest SS ID. This results in a case that a CORESET is configured to a UE, but the UE does not select it. We name this CORESET as a non-selected CORESET, meaning a specific CORESET that is associated with non-selected search space sets due to QCL-TypeD conflicts. However, it is unclear that the TCI states of the non-selected CORESET is valid or not. 
If the activated TCI state is valid for the non-selected CORESET, then UE can skip monitoring this CORESET, but still needs to prepare the RX beam for this CORESET, in case that this beam is used as a default beam. An illustration is given in Fig. 1, where CORESET#1 and CORESET#2 are overlapped in time with different QCL-TypeD, and only CORESET#2 is monitored due to containing CSS or lowest SS ID. Meanwhile, PDSCH uses the CORESET#1 beam as a default beam due to a short scheduling delay which is less than the Threshold-Sched-Offset and CORESET#1 with lowest CORESET ID in the latest slot. In this case, UE is forced to change the RX beam to fit a non-selected CORESET. This beam switching is non-necessary.    
[image: ]
Figure 1. An unfavourable RX beam switch when the PDSCH beam is provided by a non-selected CORESET.
From our point of view, non-selected CORESETs in a monitoring occasion will be dropped by UE and the configured QCL-D will be invalid for corresponding beam indication for PDSCH scheduled by PDCCH detected in the monitoring occasion. It is because this empty CORESET may result in different UE behaviours when it overlaps with another channel such as PDCCH or PDSCH. Thus, to be simple, this type of CORESETs shall be invalid for beam management.
Based on the above observation, we then propose:
[bookmark: _Toc528251600][bookmark: _Toc528745484][bookmark: _Toc528745559][bookmark: _Toc528745635][bookmark: _Toc528936678]If the monitoring occasions of the search space are overlapped in time and the search spaces are associated with different CORESETs being not monitored, UE is not expected to use the non-selected CORESETs for TCI-State indication. 
[bookmark: _Toc528745560]The activated TCI state on deprioritized PDSCH
It was agreed that if there is only PDSCH transmitted in the same symbols as the AP CSI-RS which the scheduling delay is shorter than the threshold, the default sQCL (spatial QCL) assumption of AP CSI-RS follows the sQCL assumption of the PDSCH. However, UE behaviour is unclear when PDSCH is overlapped with CORESETs and the reception of PDSCH is deprioritized. 
An illustration is shown in Fig. 2. The sQCL assumption of this AP CSI-RS follows the sQCL of the PDSCH, but PDSCH is deprioritized because of being overlapped with the CORESET#2 at least one OFDM symbol yet which is not overlapped with the AP CSI-RS. In this case, UE behaviour is unclear that the QCL assumption of the AP CSI-RS should follow the PDSCH, CORESET#2, or CORESET#1. Note that this AP CSI-RS is not overlapped with CORESET#2 in time.
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Figure 2. UE behaviour ambiguity on AP CSI-RS beam when PDSCH is overlapped with CORESETs
Based on the above observation, we then propose:
[bookmark: _Toc528251602][bookmark: _Toc528745486][bookmark: _Toc528745562][bookmark: _Toc528745637][bookmark: _Toc528936679]If PDSCH is deprioritized because of being overlapped with CORESETs at least one OFDM symbol, UE is not expected to use the QCL assumption of the PDSCH for TCI-State indication. 
[bookmark: _Toc528745563]	Beam failure detection in C-DRX


Currently, the description in RAN1 specification [38.213, sec 6] makes no difference for physical layer indication for the radio link quality for all corresponding resource configurations in the set  between beam failure detection in non-DRX and DRX modes. This means that the UE would have to assess the quality of all the signals with a period equal to the period of the beam failure detection RS also during the non-active periods of DRX. However, regarding to minimum requirement for L1 indication defined in RAN4 specification [38.133, sec 8], the beam failure instance evaluation for the configured RS resources in a set  shall be separated by at least TIndication_interval_BFD which has different values between DRX and non-DRX operation. 
Excerpt from 38.133, section 8.5.4	Minimum requirement for L1 indication
<unrelated part omitted>


The beam failure instance evaluation for the configured RS resources in a set  shall be performed as specified in section 6 in [3]. Two successive indications from Layer 1 shall be separated by at least TIndication_interval_BFD.



When DRX is not used, TIndication_interval_BFD is max(2ms, TBFD-RS,M), where TBFD-RS,M is the shortest periodicity of all configured RS resources in set  for the accessed cell, which corresponds to TSSB specified in section 8.5.2 if an RS resource in the set  is SSB, or TCSI-RS specified in section 8.5.3 if an RS resource in the set  is CSI-RS.
When DRX is used, TIndication_interval_BFD is max(1.5*DRX_cycle_length, 1.5*TBFD-RS,M) if DRX cycle_length is less than or equal to 320ms, and TIndication_interval is DRX_cycle_length if DRX cycle_length is greater than 320ms.

<unrelated part omitted>
During the last meeting, some companies have proposed to modify RAN1 specification to align with RAN4 specification, but some companies proposed that change in RAN1 specification is not needed. From our perspective, RAN1 specification should be modified to have to consist UE behaviour description between radio link monitoring (RLM) and link recovery monitoring (BFR). RLM description in RAN1 specification [38.213, sec 5] is as below:
Excerpt from 38.213, section 5 Radio link monitoring
<unrelated part omitted>
In non-DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality, evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qout and Qin) configured by rlmInSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality, evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qout and Qin) provided by rlmInSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and the DRX period.
<unrelated part omitted>
the above description which has different behaviour for RLM in DRX and non-DRX operation aligns with the description in RAN4 specification for RLM [38.133, sec 8]:
Excerpt from 38.133, section 8.1.6 Minimum requirement for L1 indication
<unrelated part omitted>
The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as specified in clause 5 in TS 38.213 [3]. Two successive indications from Layer 1 shall be separated by at least TIndication_interval.
When DRX is not used TIndication_interval is max(10ms, TRLM-RS,M), where TRLM,M is the shortest periodicity of all configured RLM-RS resources for the monitored cell, which corresponds to TSSB specified in section 8.1.2 if the RLM-RS resource is SSB, or TCSI-RS specified in section 8.1.3 if the RLM-RS resource is CSI-RS.
In case DRX is used, TIndication_interval is max(10ms, 1.5*DRX_cycle_length, 1.5*TRLM-RS,M) if DRX cycle_length is less than or equal to 320ms, and TIndication_interval is DRX_cycle_length if DRX cycle_length is greater than 320ms. Upon start of T310 timer as specified in TS 38.331 [2], the UE shall monitor the configured RLM-RS resources for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer.
<unrelated part omitted>
Therefore, RAN1 should modify RAN1 specification for link recovery monitoring to ensure consist UE behaviour between RAN1 specification and RAN4 specification. Otherwise, UE cannot know which value to be applied for Layer 1 indication interval of link recovery monitoring. 
[bookmark: _Toc528745564][bookmark: _Toc528745638][bookmark: _Toc528936680]If RAN1 decides to change UE behavior for link recovery monitoring during DRX operation, RAN1 adopts the following TP for 38.213.
[bookmark: _Toc525657916][bookmark: _Ref500595654][bookmark: _Toc528745565]6	Link recovery procedures
<unchanged part omitted>


The physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. In non-DRX mode operation, Tthe physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the periodic CSI-RS configurations and/or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and 2 msec. 

In DRX mode operation, the physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the periodic CSI-RS configurations and/or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and the DRX period.
<unchanged part omitted>
On the other hand, if RAN1 decides not to modify RAN1 specification for link recovery monitoring during DRX operation, RAN1 needs to prepare and send a LS to inform RAN4 about RAN1’s decision that RAN1 will not design different behaviour for UE to perform link recovery monitoring during DRX operation to ensure consist UE behaviour between RAN1 specification and RAN4 specification. Otherwise, UE cannot know which value to be applied for Layer 1 indication interval of link recovery monitoring. 
[bookmark: _Toc528936681]If RAN1 decides not to change UE behavior for link recovery monitoring during DRX operation, RAN1 needs to send a LS to RAN4 to inform our decision. 
[bookmark: _Toc528745566]Conclusion
Based on the discussion, we then propose
Proposal 1	If the monitoring occasions of the search space are overlapped in time and the search spaces are associated with different CORESETs being not monitored, UE is not expected to use the non-selected CORESETs for TCI-State indication. 
Proposal 2	If PDSCH is deprioritized because of being overlapped with CORESETs at least one OFDM symbol, UE is not expected to use the QCL assumption of the PDSCH for TCI-State indication.
Proposal 3	If RAN1 decides to change UE behavior for link recovery monitoring during DRX operation, RAN1 adopts the following TP for 38.213.
Proposal 4	If RAN1 decides not to change UE behavior for link recovery monitoring during DRX operation, RAN1 needs to send a LS to RAN4 to inform our decision.
6	Link recovery procedures
<unchanged part omitted>


The physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. In non-DRX mode operation, Tthe physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the periodic CSI-RS configurations and/or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and 2 msec. 

In DRX mode operation, the physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the periodic CSI-RS configurations and/or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and the DRX period.
<unchanged part omitted>
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