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1	Introduction
Already in RAN1 #90b, the following agreement was made:
Agreement #1 (RLM session, RAN1 #92bis):
· Further clarification of RAN2 agreement (will require additional physical layer text proposals):
· Working assumption: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM
· FFS on the UE behavior when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking

Agreement #2 (RAN1#90b):
For a UE, only periodic CSI-RS or SSB which is spatially QCL’ed with PDCCH DMRS is used for beam failure detection
Support explicit configuration for the periodic CSI-RS for beam failure detection
If this configuration is not made, the default mode is the following:
UE expects at least one of periodic CSI-RS or SSB is spatially QCL’ed to PDCCH DMRS
Conclusion (RLM session, RAN1 #91):
· RAN1 re-confirms “UE assumes same antenna port between hypothetical PDCCH and RLM-RS”

In this contribution, we address remaining issues on beam recovery.
[bookmark: _Ref178064866]2	Discussion
2.1	Beam failure detection

Agreement #2 describes the beam failure detection RSs, whereas [1] introduces the set . Agreement #2 explains that the set of beam failure detection RSs can be determined in two ways:
· By explicit configuration of a periodic CSI-RS
· By implicit configuration derived from the QCL properties of the PDCCH DMRS

The same two options for determining are described in the first paragraph of section 6 in [1]. From agreement #2, we can also note that only in the default mode, the UE may expect that at least one periodic CSI-RS or SSB is spatially QCL with the PDCCH DMRS. When the set of beam failure detection RSs is explicitly configured, the UE cannot make that assumption, but will still be required to perform beam failure detection based on the beam failure detection RSs. The background for the lack of such a spatial QCL assumption is to allow for beam management where the TCI state includes an aperiodic CSI-RS. 

In our understanding, in [1] is identical to the set of beam failure detection RSs.
According to agreements, beam failure occurs when the UE detects that the quality estimated from all beam failure detection RSs fall below a certain threshold. However, the current text in [1] describes a somewhat different condition:
Extract from section 6 in [1]:

For the set , the UE assesses the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions monitored by the UE.

The extract describes that the monitoring is only performed on a subset of the RSs in .  This is not consistent with the agreement that beam failure is triggered based on the quality of all beam failure detection RSs. We propose that this is clarified in [1]:

[bookmark: _Ref503508243][bookmark: _Toc503533863][bookmark: _Toc506534283][bookmark: _Toc510814784][bookmark: _Toc513796777]Clarify that the UE evaluates the radio quality for all elements in the set .

To accurately predict the control channel quality, the UE should apply the QCL assumptions of the PDCCH DMRS when evaluating the quality of the elements in the set :

[bookmark: _Toc513796774]The UE shall apply the QCL assumptions of the PDCCH DMRS when it assesses the radio quality of the elements in the set .


This is now somewhat unclear in the specification. Now, since the UE may monitor PDCCH with one or two CORESETs, the set may have one or two members, the standard must specify which CORESET is used for each of the two elements in . Here we propose the simple solution to rely on controlResourceSetId and NZP-CSI-RS-ResourceId:
[bookmark: _Ref513554761][bookmark: _Toc513796778]When NZP CSI-RS resources are explicitly configured as failureDetectionResources, the UE shall assess the radio link quality using the QCL assumptions of the activated TCI states of the monitored search spaces. The UE uses the TCI state of the CORESET with the lowest controlResourceSetId for the NZP CSI-RS resource with the lowest NZP-CSI-RS-ResourceId and the TCI state of the CORESET with the highest controlResourceSetId for the NZP CSI-RS resource with the highest NZP-CSI-RS-ResourceId.
We note that Proposal 2 also handles the cases where the NW configured different number of CORESETs and failureDetectionResources.


In the case where is not explicitly configured, the UE would rely on the QCL properties of the PDCCH DMRS, given by the activated state in tci-StatesPDCCH. It is quite likely that one of the RSs in the activated TCI state is a TRS, since TRS is required to demodulate the PDSCH, and the same TCI state is often reused for PDCCH. However, only an SSB or a CSI-RS resource can be used to assess the radio link quality. To use implicit configuration of , we would have to use different TCI states for PDCCH and PDSCH, which would mandate the use of the option tci-PresentInDCI, i.e., ‘PDSCH follows PDCCH’ would not be possible.
Fortunately, a TRS is nothing but a CSI-RS resource set, with the additional property that the CSI-RS transmitted in all the CSI-RS resources in the set are transmitted over the same antenna port. Hence, the UE may use any of the CSI-RS resources in the TRS to perform beam level monitoring, and there is no additional functionality required in the UE to perform this monitoring. Hence, we propose
[bookmark: _Toc513796779]If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for beam failure detection.
We note that for RLM, there is already a working assumption with the same meaning (agreement #1).
The issue that one TCI state may contain two RSs was also discussed in RAN1 #92bis. Two RSs are present in FR2, where one of the RSs is typically used with QCL Type D, although the standard does not mandate that one of the RSs is associated with QCL Type. 
[bookmark: _Toc513198528][bookmark: _Toc513796775]The standard does not mandate that a TCI state for FR2 includes an RS associated with QCL Type D.
Since QCL Type D is not mandatory, the safest solution would be to require that the UE would monitor the RSs in the TCI state independently. However, a TCI state without QCL Type D for FR2 is considered a corner case: in practice, the network would configure an RS with a QCL type D association. In case the network for some reason chooses not to configure QCL Type D, the UE would imply not perform beam failure detection. Hence, we propose:
[bookmark: _Toc513198532][bookmark: _Toc513796780]When a TCI state contains two RSs, the UE would use the RS associated with QCL Type D for beam failure detection.
In general, the UE may use signals received in any RE to perform beam failure detection. As an example, for the case when the TCI state contains two RSs, the UE may estimate interference in all REs where the two RSs are transmitted. 
So far, RAN1 has not described how the UE would derive the performance of the hypothetical PDCCH based on the beam failure detection RS. The fact that they are QCL is not enough. For RLM, a much stronger assumption has been made: the UE may assume that the hypothetical PDCCH is transmitted over the same antenna port as the RLM-RS, as indicated by a conclusion in RAN1 #91. To facilitate RAN4 implementation of a test, we propose to apply a similar assumption also for beam failure detection:
[bookmark: _Toc513796781]UE assumes same antenna port between hypothetical PDCCH and beam failure detection RS. Send an LS to RAN4 to inform about this conclusion.
2.2	Issues on beam recovery request response reception
Monitoring of DL control channel is described in section 10 of [1]. The UE is configured to monitor a set of PDCCH candidates, defined in terms of PDCCH search space sets. Each PDCCH search space is described by a set of parameters. One of the parameters describing the search space is the control resource set (CORESET). The framework for control channel monitoring provides large flexibility in configuring and defining search spaces, to avoid control channel limitations that are known to exist in LTE.
In NR, a maximum of 3 CORESETs can be defined per BWP per cell across all search spaces. Also, the minimum UE capability is CORESET #0 and one additional UE-specific CORESET. Clearly, the number of CORESETs is a very limited resource. The flexibility of the control channel configurations is to a large extent limited by the number of CORESETs. Hence, it is vital not to introduce limitation in control channel definitions or forbid certain parameter settings. 
Multiple CORESETs are also complicated for the UE: in particular, each CORESET may have a different pdcch-DMRS-ScramblingId, i.e., the UE will have to perform separate PDCCH channel estimation for different CORESETs. 
Both these facts point to that it is crucial to be able to use the CORESETs as efficiently as possible. However, the latest endorsed version of 38.213 [2], two such limitations have been introduced:
Excerpt from [2], section 6:
A UE is provided with a control resource set by higher layer parameter recoveryControlResourceSetId and with an associated search space set provided by higher layer parameter recoverySearchSpaceId, as described in Subclause 10.1, for monitoring PDCCH in the control resource set. The UE does not expect to be provided another search space set for monitoring PDCCH in the control resource set provided by recoveryControlResourceSetId.

The last sentence in the excerpt states that the recoveryControlResourceSetId cannot be used in another search space definition. This limitation was originally introduced to make it possible for the UE to identify a search space for the beam recovery request response from a configured CORESET. Now, this restriction is unnecessary, since the RRC specification includes the search space of the response as an explicit parameter. The only thing that the text in the excerpt does is to introduce a restriction in the control channel configuration, which is now completely unnecessary. Hence, we propose
[bookmark: _Ref513556071][bookmark: _Toc513796782]Remove the sentence “The UE does not expect to be provided another search space set for monitoring PDCCH in the control resource set provided by recoveryControlResourceSetId.” from 38.213.
Furthermore, the last sentence in section 6 of [2] states
Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the control resource set provided by recoveryControlResourceSetId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state.

This sentence implies that the UE will not monitor search spaces associated with recoveryControlResourceSetId, even if the NW configured the UE to do so. Hence, the specification of beam recovery leads to restrictions in how the NW configures control channels. In general, restricting network operation and configuration is avoided in the specification. In this particular case, the restriction is also on a very scarce resource. Hence, we propose
[bookmark: _Ref513556073][bookmark: _Toc513796783]Remove the sentence “Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the control resource set provided by recoveryControlResourceSetId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state.” from 38.213.
A text proposal implementing Proposal 6 and Proposal 7 are provided in section 3.2.
[bookmark: _Ref189046994]3	Text Proposals
3.1	Text proposal from Proposal 2


[bookmark: _Hlk513556610]The physical layer in the UE assesses the radio link quality according to the set  of resource configurations against the threshold Qout,LR [10, TS 38.133]. For the set , the UE assesses the radio link quality using the QCL assumptions of the activated TCI states of the PDCCH DMRSs. When failureDetectionResources are provided by higher layers, the UE uses the TCI state of the CORESET with the lowest controlResourceSetId for the NZP CSI-RS resource with the lowest NZP-CSI-RS-ResourceId and the TCI state of the CORESET with the highest controlResourceSetId for the NZP CSI-RS resource with the highest NZP-CSI-RS-ResourceId only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions monitored by the UE. The UE applies the Qin,LR threshold to the L1-RSRP measurement obtained from a SS/PBCH block. The UE applies the Qin,LR threshold to the L1-RSRP measurement obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with a value provided by higher layer parameter powerControlOffsetSS. 


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. 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 of periodic CSI-RS configurations or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and 2 msec. 
3.2	Text proposal from Proposal 6 and Proposal 7




A UE is provided with a control resource set by higher layer parameter recoveryControlResourceSetId and with an associated search space set provided by higher layer parameter recoverySearchSpaceId, as described in Subclause 10.1, for monitoring PDCCH in the control resource set. The UE does not expect to be provided another search space set for monitoring PDCCH in the control resource set provided by recoveryControlResourceSetId. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot  and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index  provided by higher layers [5, TS 38.321], the UE monitors PDCCH in the control resource set and with the associated search space for detection of a DCI format with CRC scrambled by C-RNTI starting from slot  within a window configured by higher layer parameter Beam-failure-recovery-request-window. For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters with index  until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the control resource set provided by recoveryControlResourceSetId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state. 

Conclusion
In the previous sections we made the following observations: 

Observation 1	The UE shall apply the QCL assumptions of the PDCCH DMRS when it assesses the radio quality of the elements in the set .
Observation 2	The standard does not mandate that a TCI state for FR2 includes an RS associated with QCL Type D.

Based on the discussion in the previous sections we propose the following:

Proposal 1	Clarify that the UE evaluates the radio quality for all elements in the set .
Proposal 2	When NZP CSI-RS resources are explicitly configured as failureDetectionResources, the UE shall assess the radio link quality using the QCL assumptions of the activated TCI states of the monitored search spaces. The UE uses the TCI state of the CORESET with the lowest controlResourceSetId for the NZP CSI-RS resource with the lowest NZP-CSI-RS-ResourceId and the TCI state of the CORESET with the highest controlResourceSetId for the NZP CSI-RS resource with the highest NZP-CSI-RS-ResourceId.
Proposal 3	If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for beam failure detection.
Proposal 4	When a TCI state contains two RSs, the UE would use the RS associated with QCL Type D for beam failure detection.
Proposal 5	UE assumes same antenna port between hypothetical PDCCH and beam failure detection RS. Send an LS to RAN4 to inform about this conclusion.
Proposal 6	Remove the sentence “The UE does not expect to be provided another search space set for monitoring PDCCH in the control resource set provided by recoveryControlResourceSetId.” from 38.213.
Proposal 7	Remove the sentence “Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the control resource set provided by recoveryControlResourceSetId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state.” from 38.213.
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