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Introduction
In this contribution, we propose corrections on beam failure recovery procedure described in TS 38.213 [1], mainly in respect to recent progress on CORESET and search space in NR DL control session.

Discussion
Beam failure condition
In NR DL control session, the following agreements were made in RAN1 Ad-Hoc #1801 [2]:
Agreements:
· For each search space configuration configured by UE-specific RRC signaling, the UE is informed whether the search space configuration is CSS or USS, together with the following information, as part of the search space configuration:
· Which DCI format(s) to monitor
· For a CSS,
· DCI format 0_0 and DCI format 1_0
· In which case, the UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI
· DCI format 2_0
· In which case, the UE monitors the DCI format with CRC scrambled by SFI-RNTI, and the SFI-related parameters SFI-PDCCH is provided as part of the search space configuration
· FFS: how to select one or two decoding candidates if the configured PDCCH candidates are larger than the value
· DCI format 2_1
· In which case, the UE monitors the DCI format with CRC scrambled by INT-RNTI, and the PI-related parameters Preemp-DL is provided as part of the search space configuration
· DCI format 2_2
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI
· DCI format 2_3
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-SRS-RNTI
· Monitoring of multiple DCI formats can be configured for one CSS
· For USS,
· A UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)
· Further discussion offline the association of the RNTIs with DCI formats 
· Monitoring of multiple DCI formats can be configured for one USS

According to the agreements, UE is configured with DCI format(s) and corresponding RNTI type(s) to monitor as a part of search space configuration. This is reflected in TS 38.213 Section 10.1 as follows:
· 
if the search space set  is for a common search space, an indication by higher layer parameter RNTI-monitoring to monitor PDCCH for one or more of DCI format 0_0 and DCI format 1_0 with CRC scrambled by a RNTI from RNTIs described in [5, TS 36.212], DCI format 2_0, DCI format 2_1, DCI format 2_2, and DCI format 2_3; 
Therefore, the current specification allows UE not to monitor C-RNTI in some CORESET. For example, UE can be configured to monitor DCI with C-RNTI (either in CSS or USS) in CORESET 0 but to monitor TPC-related DCI only in CORESET 1. Different beamforming and different QCL can be applied to each CORESET since one is for UE-specific information and the other is for UE group information.
On the other hand, the link reconfiguration procedure in the latest TS 38.213 says the following:

For the set , the UE shall assess 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 DM-RS monitored by the UE. (…)


The physical layer in the UE shall, in slots where the radio link quality according to the set  is assessed, provide 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 the above example, let’s consider a situation that the hypothetical PDCCH BLER of CORESET 0 is assessed as worse than the threshold Qout,LR but that of CORESET 1 is still within the normal range. Then, according to the current specification, the UE does not declare a beam failure instance since not all the control channel links have been failed. However, at the same time, the UE cannot receive the PDSCH based on C-RNTI since the CORESET 0 was broken, which is definitely not a desirable condition. What UE can do to escape this status is to initial the random access which takes a long time relative to the beam failure recovery procedure. The gNB can also declare the RLF by max RLC retransmission failure, but it causes even larger delay than the UE-triggered one.
Therefore, we think that the availability of reception of C-RNTI-based PDSCH should be taken into account in the beam failure recovery procedure. One simple solution could be to exclude CORESETs not configured to monitor the C-RNTI in UE’s beam failure instance decision.
Proposal 1: Consider a CORESET where UE does not monitor C-RNTI in the beam failure condition, and refine the specification if needed.

Clarification on set q0
The current TS 38.213 includes the following statements:

If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines the set  to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE is configured for monitoring PDCCH. 

In the absence of explicit signaling about the set q0, the q0 is determined as the RS indices corresponding to all TCI states for CORESETs (in the active DL BWP). However, this statement does not hold for the case of CORESET 0. Strictly, the SS/PBCH block which is QCL-ed with the DMRS of CORESET 0 is not indicated by TCI state but UE autonomously finds and updates it. Thus, it is proposed to refine the current wording to cover the CORESET 0 case as well.
Proposal 2: Update the specification about determination of set q0 when UE is not explicitly configured with beam failure detection RS taking into account the case of CORESET 0.
· The following is an example text proposal:
======== Start ========

If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines the set  to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE is configured for monitoring PDCCH, where the RS sets are determined as the DM-RS associated with SS/PBCH block reception by the UE for control resource set with index 0, and are indicated by the TCI states otherwise. 
======== End ========

Next, regarding the UE behaviour on measurement for the beam failure detection, the TS 38.213 says the following:

For the set , the UE shall assess 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 DM-RS monitored by the UE. 

According to this, UE measures the radio link quality in the set q0 only for the RSs correspond to CORESETs it monitors. On the other hand, in RAN1 #92, BD and CCE overbooking/dropping mechanism was introduced for DL control channel monitoring. The following is the relevant agreements [3]:
Agreements:
· Specify PDCCH candidate mapping rules. 
· PDCCH candidates are mapped to search-space-sets until either or both limit(s) of (number of blind decodes, CCEs for channel estimation) is/are met at least with the following rule
· SS type order, e.g. CSS  before USS 
· FFS: further rule within a search space set/type
Agreements:
· Confirm the following working assumption, with updates:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for following numbers of 48 CCEs for a given slot per scheduled cell
· 56 CCEs for SCS = 15kHz and 30kHz
· 48 CCEs for SCS = 60kHz
· 32 CCEs for SCS = 120kHz
· FFS: cross-carrier scheduling
· FFS: wideband RS
· FFS: overbooking and/or nested structure
· FFS: exceptional case of CCE counting
· FFS: for case 2

The BD and CCE limits apply in each slot. Therefore, it may happen that a certain PDCCH candidate of a certain CORESET is monitored in some slots and not monitored in other slots. Furthermore, according to a certain CORESET and search space configuration, all PDCCH candidates for a CORESET can be entirely dropped in some slots, which means some CORESET can only be monitored in a part of slots. Then it is unclear whether the not-always-monitored CORESET is included or not in the actual measurement set of q0 based on the current specification. Some clarification may be needed on this.
Proposal 3: Clarify the meaning of “PDCCH receptions monitored by the UE” in TS 38.213 considering the BD and CCE dropping mechanism.

Beam failure recovery response CORESET
The same section in TS 38.213 describes how to configure the BFRR-CORESET to UE as follows:
A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET and with an associated search space provided by higher layer parameter search-space-config, as described in subcaluse 10.1, for monitoring PDCCH in the control resource set 

Whether the BFRR-CORESET configuration is per-cell or per-BWP seems not yet decided. It should be per-BWP in our understanding. If not, additional considerations are required to handle the case of no BFRR-CORESET in the current active DL BWP. For simpler and even reliable beam recovery operation, it is proposed to guarantee that at least UE does not expect the absence of the BFRR-CORESET in the active DL BWP.
Proposal 4: UE does not expect the absence of BFRR-CORESET in the active DL BWP.

Given that the BFRR-CORESET configuration is per BWP, a question is the necessity of the BFRR-CORESET when UE is in a DL BWP including CORESET 0, for example, when UE is in the initial active DL BWP. Because the UE continues to manage the link quality of CORESET 0 based on the periodic SS/PBCH block reception, the CORESET 0 can be reused as the BFRR-CORESET with acceptable PDCCH reception reliability. In our understanding, the time scale for beam recovery procedure is tens or hundreds of ms in general. Thus even assuming the largest SS/PBCH block periodicity (80 ms), the link quality of CORESET 0 can be considered as reliable during the beam recovery process.
Proposal 5: UE can monitor the beam failure recovery response in CORESET 0 if configured in the active DL BWP.

Conclusion
In this contribution, the following corrections are proposed on beam failure recovery procedure regarding the DL control channel related issues.
Proposal 1: Consider a CORESET where UE does not monitor C-RNTI in the beam failure condition, and refine the specification if needed.
Proposal 2: Update the specification about determination of set q0 when UE is not explicitly configured with beam failure detection RS taking into account the case of CORESET 0.
· The following is an example text proposal:
======== Start ========

If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines the set  to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE is configured for monitoring PDCCH, where the RS sets are determined as the DM-RS associated with SS/PBCH block reception by the UE for control resource set with index 0, and are indicated by the TCI states otherwise. 
======== End ========

Proposal 3: Clarify the meaning of “PDCCH receptions monitored by the UE” in TS 38.213 considering the BD and CCE dropping mechanism.
Proposal 4: UE does not expect the absence of BFRR-CORESET in the active DL BWP.
Proposal 5: UE can monitor the beam failure recovery response in CORESET 0 if configured in the active DL BWP.
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