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1 Introduction

This contribution is to provide text proposals for the agreements that have not been captured correctly in the current TS [1] and also to provide our views on the remaining issues that need to be addressed on beam failure recovery. 
2 Summary of agreements incorrectly captured

This section summarizes the incorrectly captured agreements, with suggested text proposals.
2.1 QCL assumption for BFD RS
In RAN1#91 meeting, it was agreed that the beam failure detection RS should be spatially QCL’ed with PDCCH DMRS [2]. Additionally, in RAN1#90 meeting, it was agreed that the beam failure declares when all serving beam fail [3].
Agreement (RAN1 #91):

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

Agreement (RAN1 #90)
Beam failure is declared only when all serving control channels fail.

When a subset of serving control channels fail, this event should also be handled


Details FFS
According to the agreements, all the beam failure detection RS should be QCLed with DMRS of PDCCH, configured by explicit or implicit way. When the quality of all the beam failure detection RS that one-to-one mapped to a control resource set fall below threshold, UE declares beam failure. In the current specification, the set 
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 representing beam failure detection RS are configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, and UE will assess the RS QCLed with the DMRS of PDCCH. The current description only present that UE will assess beam failure event based on the established QCL relation between CSI-RS and DMRS of PDCCH. However, this QCL relationship between explicitly configured CSI-RS and DMRS of PDCCH is not clearly defined which leads to ambiguity for UE measurement behavior. In this case, explicitly configured RS may be not QCLed with DMRS of PDCCH, or only partially QCLed with DMRS of PDCCH. If UE only assess part of configured RS which is QCLed with DMRS of PDCCH or none of them, beam failure will never happen based on the current definition. Therefore, to avoid this issue, the activated TCI state of CORESET should be applied to the set q0.
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Figure 1. Beam failure detection RS and CORESET with one-to-one mapped relationship
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Figure 2. Beam failure detection RS and CORESET without one-to-one mapped relationship

Additionally, as shown in Figure 1, the one-to-one mapped relationship with increasing ID between each CSI-RS resource in set 
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 and each control resource set with a TCI state should be set up to assess beam failure event, and each CSI-RS has the same spatial QCL assumption with the TCI state of corresponding CORESET. If not, it is unclear for UE when to provide beam failure instance to higher layer. As an example which may lead to specification ambiguity or wrong UE monitor behavior shown in Figure 2, if a UE is configured with two CORESET and two periodic CSI-RS in set 
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 where gNB transmits BFD RS1 with TCI1 and BFD RS2 with TCI2, UE may receive BFD RS1 with TCI2 and BFD RS2 with TCI1 without predefined one-to-one mapped relationship. To clarify UE behavior, the mapping relationship of activated TCI states of configured CORESETs in an increasing order of controlResourceSetId to CSI-RS resources in an increasing order of NZP-CSI-RS-ResourceId should be defined to ensure UE to adopt correct TCI state for each CSI-RS resource for assessing radio link quality. Therefore, we have the following proposal:

Proposal 1: When q0 is explicitly configured, the mapping relationship of activated TCI states of configured CORESETs in an increasing order of controlResourceSetId to CSI-RS resources in an increasing order of NZP-CSI-RS-ResourceId should be captured.

	Text proposals for TS 38.213 v15.1.0 Section 6

< Unchanged parts are omitted > 

The physical layer in the UE assesses the radio link quality according to the set 
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 of resource configurations against the threshold Qout,LR [10, TS 38.133]. For the set 
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, 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 applies activated TCI states of configured CORESETs in an increasing order of controlResourceSetId to CSI-RS resources in an increasing order of NZP-CSI-RS-ResourceId in the active DL BWP. 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. 
< Unchanged parts are omitted >


2.2 Search space and CORESET for BFR
In RAN1#92, it was agreed that the CORESET for BFR has a one-to-one mapped Search-Space [5]. 

Agreement (RRC parameter update RAN1 #92): 

UE expects a dedicated SearchSpace configuration that is one-to-one mapped to CORESET-BFR (RRC parameter CORESET-BFR remains)

In the current specification of 38.331 [4], a CORESET-BFR and its corresponding search space are configured with ControlResourceSetId and SearchSpaceId. One CORESET-BFR may have multiple search spaces which violates the agreed one-to-one mapping between the CORESET-BFR and its dedicated search space. TS 38.213 should capture this agreed one-to-one mapping relationship. Thus, we have the following proposal:

Proposal 2: The agreed one-to-one mapping between search space for BFR and CORESET for BFR should be captured.

	Text proposals for TS 38.213 v15.1.0 Section 6

< Unchanged parts are omitted >

A UE is provided with a control resource set by higher layer parameter recoveryControlResourceSetId and with an associated search space provided by higher layer parameter recoverySearchSpaceId, as described in Subclause 10.1, for monitoring PDCCH in the control resource set which is dedicatedly mapped to recoverySearchSpaceId. 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 
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 and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index 
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 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 
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 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 
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 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. 
< Unchanged parts are omitted >


3 Remaining issues for Rel-15
This section summarizes the remaining issues that should be addressed in Rel-15.
3.1 BFR with CORESET#0

In the last RAN1 meeting, beam indication and beam failure recovery for CORESET#0 were discussed. Whether CORESET#0 should be included in q0 is listed as one of the remaining issues. The following preliminary agreements were made [6]:
Agreements (RAN1 #92bis):
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH

· Solutions FFS

· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes

· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0
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Figure 3. CORESET#0 and associated search space sets
From above agreement and discussion, it can be seen that beam indication by explicit or implicit method and beam failure recovery mechanism is needed at least for CORESET#0 associated with non-broadcast PDCCH. As multiple CORESET#0s which are QCLed with different SSBs can be used for broadcast PDCCHs transmission, UE can switch beams automatically. There is no need to inform gNB whether current CORESET#0 can’t be used for PDCCH reception. However, since only one CORESET#0 can be used for non-broadcast PDCCH transmission, UE needs the beam indication from gNB to guide its reception behavior. 
As shown in Figure 3, there is one case that CORESET#0 can be used for non-broadcast PDCCH transmission. When CORESET#0 is associated Type 3-PDCCH common search space, it will be used for transmitting DCI to a group of UEs. Especially, when Type3-PDCCH CSS is configured for DCI with CRC scrambled by SFI-RNTI or INT-RNTI. This DCI provides slot format information or pre-emption information to UE, and the group of UEs interpret the detected DCI according to a dedicated configurations (e.g. for SFI, UE has to interpret the DCI based on a dedicated slot-format table). If UE cannot obtain any SFI/pre-emption indication from gNB due to beam failure, RRC configured UL/DL transmissions occurred within ‘flexible symbols’ (i.e. the flexible symbol can be either UL or DL symbol) will be cancelled due to lack of SFI, and PDSCH receiving would fail due to lack of pre-emption indication. Therefore, it’s necessary to assess the quality of CORESET#0 associated with Type 3-PDCCH common search space. However, if CORESET#0 is only used for broadcast PDCCH transmission, such as associated with Type-0 PDCCH common search space, beam failure detection for CORESET#0 is no needed.
To clarify that, when CORESET#0 is associated with Type 3-PDCCH common search space, the RS used for spatial QCL indication for CORESET#0 should be added into beam failure detection resource set q0. We have the following proposal:
Proposal 3:  When CORESET#0 is associated with Type 3-PDCCH common search space, the RS used for spatial QCL indication for CORESET#0 should be included in beam failure detection resource set.

	Text proposals for TS 38.213 v15.1.0 Section 6

< Unchanged parts are omitted >

A UE can be configured, for a serving cell, with a set 
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 of periodic CSI-RS resource configuration indexes by higher layer parameter failureDetectionResources and with a set 
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 of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set 
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 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 exclude control resource set of index 0 that the UE uses for monitoring PDCCH. If control resource set of index 0 is in the active DL BWP and associates with Type 3-PDCCH common search space, the UE determines the set 
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 to include the RS QCLed with control resource set of index 0 with respect to spatial Rx parameter. The UE expects single port RS in the set 
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. 
< Unchanged parts are omitted >


3.2 DCI format for gNB response
The BFR mechanism in the current NR specification does not support wireless Virtual Reality (VR)/Augmented Reality (AR) applications, due to excessive link outage time (larger than the maximum allowed VR/AR delay of 20 ms) that arises when both UL and DL are simultaneously obstructed. This is because of the fact that in current NR specification, the UL and DL beam failures are treated separately by the UE-initiated BFR mechanism and UL beam management function, respectively. Specifically, the UE-initiated BFR enables the DL beam failure to be recovered even if the UL beam fails (e.g., by allowing BFR request transmission via PRACH); while the UL BFR based on UL beam management needs to assume that the current PDCCH doesn’t fail, such that the gNB can indicate the UE about SRI configuration and new UL beam index via the existing PDCCH. Therefore, when both UL and DL beams fail simultaneously, the DL and UL BFR procedures have to be done sequentially, i.e., the UL BFR procedure can be in effect only after the DL BFR has finished successfully. However, under the lowest-latency configuration for UE-initiated BFR, the latency involved in DL BFR could amounts to at least 20 ms, including 10 ms for beam failure detection and 10 ms for BFR request transmission via PRACH. Hence the DL BFR latency is already on the edge of VR/AR delay requirement, and there is no sufficient time to further perform UL BFR. Hence such sequential DL and UL beam failure recoveries may cause significant time delays, and there is a crucial need to reduce the delay of current BFR mechanism to support key vertical industries of 5G including VR and AR applications.
To resolve this issue, simultaneous recoveries of both the DL and UL beam failures should be enabled when they are obstructed at the same time. Specifically, after detecting the UL beam failure, the gNB should be able to identify a new UL candidate beam. Afterwards, the gNB should be able to indicate the UE about the new UL Tx beam index through the gNB response transmission directly, instead of waiting for DL BFR to succeed. This new UL beam can be identified based on the reception of either SRS or BFR request. Hence the indication of the new UL beam in the gNB response can be done by indicating, either explicitly or implicitly, the index of SRS or PRACH attempt for transmitting the BFR request associated to the used UL beam. Therefore, the content/format of gNB response should at least enable the indication of UL transmission configuration, e.g. by using DCI format 0_1. Thus we have the following proposal.

Proposal 4: The content/format of gNB response should enable the indication of UL transmission configuration.
The text proposal corresponding to proposal 5 is provided as follows.

	Text proposals for TS 38.213 v15.1.0 Section 6

< Unchanged parts are omitted >

A UE is provided with a control resource set by higher layer parameter recoveryControlResourceSetId and with an associated search space provided by higher layer parameter recoverySearchSpaceId, as described in Subclause 10.1, for monitoring PDCCH in the control resource set. 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 
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 and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index 
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 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 that enables the UL transmission configuration with CRC scrambled by C-RNTI starting from slot 
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 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 
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 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.
< Unchanged parts are omitted >


4 Conclusions

This contribution discusses remaining issues for beam failure recovery and we have the following proposals:

Proposal 1: When q0 is explicitly configured, the mapping relationship of activated TCI states of configured CORESETs in an increasing order of controlResourceSetId to CSI-RS resources in an increasing order of NZP-CSI-RS-ResourceId should be captured.
Proposal 2: The agreed one-to-one mapping between search space for BFR and CORESET for BFR should be captured.

Proposal 3:  When CORESET#0 is associated with Type 3-PDCCH common search space, the RS used for spatial QCL indication for CORESET#0 should be included in beam failure detection resource set.

Proposal 4: The content/format of gNB response should enable the indication of UL transmission configuration.
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