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1 Introduction

For beam failure recovery mechanism, this paper is to provide text proposals for the agreements that have not captured correctly and also to provide our views on the remaining issues that needs to be addressed. 
2 Summary of agreements incorrectly captured

This section summarizes the incorrectly captured agreements, with suggested text proposals.
2.1 PDSCH QCL assumption and CORESET monitoring
The QCL assumption for PDSCH and timing for monitoring CORESET during beam failure recovery procedure were agreed in the email discussion after RAN1#91 meeting [2].
Agreement:
Upon receiving gNB response for beam failure recovery request transmission, UE shall
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 

· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 
· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation

· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure

· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request

· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.

· Note: this applies to same carrier case.
The timeline regarding UE’s receiving behavior on PDCCH and PDSCH after successfully receiving the PDCCH within the response window is incorrectly captured. From the agreement, after receiving beam failure recovery response, UE should monitor the dedicated CORESET and receive PDCCH and PDSCH with new identified beam until TCI reconfiguration, not only within the response window. The corresponding part if the current spec is unclear. To capture the agreements, the suggested revision is provided as follows:
	Text proposals for TS 38.213 v15.0.0 Section 6

< Unchanged parts are omitted >

A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response- CORESET. 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. After 4 slots from the slot of the PRACH transmission 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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, the UE monitors PDCCH for detection of a DCI format with CRC scrambled by C-RNTI within a window configured by higher layer parameter Beam-failure-recovery-request- window, and in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response- CORESET. For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH. The UE determines the index 
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 based on TBD. After successfully receiving the PDCCH within the window configured by higher layer parameter Beam-failure-recovery-request-window, UE shall continue to monitor the PDCCH and receive PDSCH according to antenna port quasi co-location parameters associated with index 
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 until UE is reconfigured by gNB to another TCI state(s) for control resource sets. 
< Unchanged parts are omitted >


2.2 QCL assumption for beam failure detection RS

In RAN1#91 meeting, it was agreed that the beam failure detection RS should be spatially QCL’ed with PDCCH DMRS. 

Agreement:

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

In the current specification, a set of periodic CSI-RS resource configuration indexes are configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, but the QCL assumption for are not defined. As a consequence, UE has no QCL assumption to perform the link quality measurement on. Therefore, we have the following proposal:

	Text proposals for TS 38.213 v15.0.0 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 Beam-Failure-Detection-RS-ResourceConfig and with a set [image: image5.wmf]1
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 of CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality measurements on the serving cell. The set 
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 of periodic CSI-RS resource configuration has the same QCL assumption with the TCI state applied for control resource sets. If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, 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 that the UE is configured for monitoring PDCCH. If for a control resource set that the UE is configured for monitoring PDCCH, the RS indexes of SS/PBCH blocks or periodic CSI-RS resource configurations in the RS sets indicated by the TCI state for the control resource set do not have same values as indexes for SS/PBCH blocks or periodic CSI-RS resource configurations in the set 
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, the UE determines that the set 
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 includes indexes of SS/PBCH blocks or periodic CSI-RS resource configurations with same values as the ones provided by higher layer parameter TCI-StatesPDCCH for the control resource set.   
< Unchanged parts are omitted >


2.3 Starting point of observation window for gNB response

In RAN1#91 meeting, it was agreed that the starting point of the observation window of gNB response to beam failure recovery request transmission is 4 slots. 

Agreement:

The starting point of the observation window of gNB response to beam failure recovery request transmission is 4 slots

According to the agreement, UE should monitor the response to beam failure recovery request transmission from n+4 slot, if beam failure recovery request transmits at n slot. The current formulation in  TS 38.213 would lead to ambiguity at UE side on when to start monitoring.
The suggested revision is as follows:
	Text proposals for TS 38.213 v15.0.0 Section 6

< Unchanged parts are omitted >

A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. 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. After 4 slots from the slot of the PRACH transmission, With the PRACH transmited in slot n, starting from the slots n+4
, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window configured by higher layer parameter Beam-failure-recovery-request-window, and receives PDSCH according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index 
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 in set 
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, in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. 
< 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 Beam failure detection RS

For the configuration of beam failure detection RS, there are two mechanisms supported in the current spec: explicit configuration and implicit configuration.

For explicit configuration, a set 
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 of periodic CSI-RS resource configuration indexes are indicated by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig for a UE. And for implicit configuration, the UE determines 
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 to include SS/PBCH blocks indexes and periodic CSI-RS indexes with same values as the RS indexes indicated by the TCI states for control resource sets that the UE is configured for monitoring PDCCH.

When beam failure happens, after sending a BFRQ with a new beam (
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), the UE will monitor the new beam identified. However, in case where the set 
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 is explicitly configured, as 
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 is not included in the set 
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 and as the UE shall assess the link quality according to periodic CSI-RS resource configurations that are QCLed with the DM-RS of PDCCH receptions (
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) only, there’s no CSI-RS that the UE is supposed to monitor for beam failure detection after successful beam failure recovery. The simplest solution for this problem is to add 
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 into the set 
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 after successful beam failure recovery.
Proposal 1: If BFD RS set 
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 is explicitly configured, UE should update the set 
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 to include 
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 after receiving the gNB response to BFRQ.
The text proposal corresponding to proposal 1 is provided as follows. 
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3.2 Beam failure instance indication
In previous meetings, regarding beam failure instance indication, the following agreements have been made [3] [4].
Agreement (RAN1 #90bis):

· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number

· (Working assumption) If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance

· Note: Beam failure is determined when all serving beams fail

Agreement (RAN1 AH 1801):

For beam failure detection model, PHY performs detection of beam failure instances, and indicates a flag to higher layer if a beam failure instance is detected

· FFS: When/Whether PHY needs to report candidate beam list and beam failure instance to MAC

· FFS: Whether non-beam failure instance is defined or is needed

Include as part of LS to RAN2
Agreement (RAN1 AH 1801):
· Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS 
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, which is also lower bounded by [10] ms.

· Note: if the evaluation is below beam failure instance BLER threshold, there is no indication to higher layer.

· PHY provides to higher layer one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold upon higher layer request.

Beam failure instance indication was recently introduced to enable UE PHY layer to provide periodic indications to higher layer about the beam failure instance. To complete the design, some further clarifications are needed on this indication scheme.

Firstly, what is a beam failure instance? In our understanding, when the evaluation results of all BFD RSs that UE PHY layer can measure during one indication interval are above a given BLER threshold, it is a beam failure instance and UE PHY layer should send a flag to the MAC layer.

Secondly, what is the lower bound X of the indication interval? On the one hand, [10] ms seems not a good option, since the time consumed before overall beam failure declaration is too much. Considering UE higher layer would only declare beam failure after NrOfBeamFailureInstance N consecutive beam failure instance indication from UE PHY layer, the time needed for beam failure detection is [10*N] ms. A much shorter lower bound is clearly needed, to ensure a fast-enough beam failure recovery in NR. On the other hand, using the shortest RS periodicity or a much shorter/smaller lower bound << [10] ms may lead to the issue that the RS with a larger periodicity can be not evaluated even once before beam failure is declared, which violates the agreements that beam failure is declared when all PDCCH beams fail. 

A proper indication interval should guarantee the evaluation of all PDCCH beams, i.e., BFD RSs in the set 
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 that UE assesses in terms of hypothetical PDCCH BLER before beam failure declaration. In the worst case, UE should have the opportunity to measure and evaluate the RS with the largest periodicity at least once before beam failure declaration. Thus we have the following proposal:
Proposal 2: Support UE to declare beam failure when there have been at least N consecutive beam failure instances reported and all serving beams failed at least once.
3.3 PUCCH resource for BFRQ
Both PUCCH and PRACH have been agreed for beam failure recovery request transmission, and these two different UL channels should target for different beam failure scenarios and being complementary to each other. These beam failure scenarios include DL beam failure only and both DL/UL beam failure. As  PRACH resources is dedicatedly reserved for each UE, no matter it transmits the beam failure recovery request or not, it will lead to an increased overhead if simply relying on PRACH based BFRQ for both of the two scenarios. For instance, in case of non-beam correspondence scenario, the probability of both DL and UL beam fails is lower and it is likely that DL beam failure  happens but the UL beam is still available in which PUCCH can work well to carry the BFRQ. Thus, PUCCH-based BFR should be supported in Rel-15 in addition to PRACH-based. Higher layer signaling should be added to indicate UE PUCCH-based BFRQ is being enabled. 

3.3.1
Full beam failure
As the periodic PUCCH resource for other purposes (e.g., beam reporting) always exist, reusing these PUCCH for transmitting the BFRQ will not consume additional resources. In addition, PUCCH can support larger payload than PRACH, thus it can convey more beam-related information. Among all the PUCCH resources, PUCCH for beam reporting is more suitable to be reused for BFRQ transmission. PUCCH for beam reporting is supposed to carry RS ID(s) (representing beams/QCL) and the related beam quality information. For BFRQ, it is also required to report the identified new beam information, e.g., RS index and corresponding quality information to aid the gNB to schedule with the new beam. Therefore, considering the similarity, it is beneficial to reuse the PUCCH for beam reporting to transmit the new candidate beam information for beam failure recovery request. The standard efforts to design a new PUCCH format for BFRQ can be saved if reusing the same PUCCH format as beam reporting. Additionally, the same payload should be used to avoid more blind detections. It is only required to define different information state to distinguish whether it is a regular beam reporting or a BFRQ. Beam failure recovery request should have a higher priority than beam reporting. UE should report top N beam information, including RS index and beam quality during beam management procedure on PUCCH resource. If beam failure occurs, UE can report the following contents. When the number of beams to be reported is N = 1, UE can report a RS ID (representing the new beam) and a predefined state, e.g., L1-RSRP = 0, to distinguish beam reporting and BFRQ. And when N > 1, UE can repeat the RS ID representing the new and corresponding L1-RSRP in all the CSI reports.

Proposal 3: Support reusing same PUCCH resource/format for beam reporting to carry BFRQ reporting the new identified beam, with dedicated L1-RSRP state defined to distinguish between regular beam reporting and BFRQ.
3.3.2
Partial beam failure
It has been agreed that the case with a subset of serving beams failed should also be handled. As only a subset of serving beam failed, at least one of the serving beam is still active which we can called it partial beam failure. To avoid unnecessary transmission using the failed beam, it is beneficial to inform gNB this partial beam failure. Upon receiving this information, gNB can configure a new available serving beam to replace the failed beam. For this case, the beam for PUCCH is still available and thus PUCCH can be used to carry the partial beam failure information. More specifically, the PUCCH for beam reporting is more suitable for the transmission of partial beam failure information. Partial beam failure information includes which beam failed and/or the new recommended beam, similar to the information carried by beam reporting. Therefore, these two type of information can share the same PUCCH format. However, different state for the PUCCH should be considered to distinguish the conventional beam reporting and partial beam failure. Partial beam failure recovery request should have a higher priority than beam reporting. UE should report top N beam information, including RS index and beam quality during beam management procedure on PUCCH resource. If beam failure occurs, UE can report the following contents. When the number of beams to be reported is N = 1, UE can report an RS ID representing the failed beam and L1-RSRP = -1, to distinguish beam reporting and partial beam failure request. 

Proposal 4: Support reusing the same PUCCH resource/format for beam reporting to carry partial BFRQ reporting the failed beam, with dedicated L1-RSRP state defined to distinguish between beam reporting and partial BFRQ.
3.4 Candidate beam selection threshold

For new beam identification, according to the agreements and current spec, only one Qin,LR, in term of L1-RSRP, is explicitly configured for CSI-RS, provided by the higher layer parameter Beam-failure-candidate-beam-threshold. It is also agreed that UE shall derive another threshold for SS/PBCH block based on the power offset between SS/PBCH block and CSI-RS, provided by the higher layer parameter Pc_SS. However, since different CSI-RS resources in the candidate RS list may have different transmit power, a single Qin,LR cannot serve as a fair threshold for new beam identification.
As a solution to the case where different transmit power are applied for CSI-RS resources, we may follow a similar way for deriving RSRP threshold for SS/PBCH block from that for CSI-RS. That is, UE can derive another threshold based on the configured RSRP threshold and the power offset between the target CSI-RS resource and the reference CSI-RS resource, which corresponds to the explicitly configured RSRP threshold Qin,LR. For example, the reference CSI-RS resource can be explicitly configured or implicitly determined as the one QCLed with the PDCCH.
Proposal 5: Support configuring the RSRP threshold for candidate beam selection based on a reference CSI-RS resource, and support UE to derive the RSRP threshold for other target CSI-RS resources based on configured RSRP threshold and the power offset between target and reference CSI-RS resources. 
3.5 Default QCL after BFR
Beam management procedure has defined several default TCI assumptions to cope with irregular cases. When beam failure occurs and previous TCI states becomes invalid, until reconfiguration of new TCI state, default TCI should be defined for UE to receive PDCCH and PDSCH. On this matter, the following agreement is made in the email discussion after RAN1#91 meeting: 
Agreement:
Upon receiving gNB response for beam failure recovery request transmission, UE shall
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 

· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 
· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation

· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure

· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request

· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.

· Note: this applies to same carrier case.
From this agreement, it can be seen the default QCL for PDSCH is valid before reconfiguration/activation/re-indication of TCI state for PDCCH. After this point, UE should determine its TCI based on the regular mechanism. For instance, UE obtain PDSCH QCL assumption based on the TCI TCI state in the DCI if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset. However, before the TCI states are activated by MAC CE, the indication of TCI by DCI cannot be considered as valid. 

As shown in Figure 1, UE sends beam failure recovery request at T0. After UE receives beam failure recovery response, beam training procedure will be conducted between UE and gNB. Then, if the TCI-PresentinDCI is set as ‘Enabled’, UE may receive the RRC signaling of M TCI state(s) for PDSCH at T1, receives RRC signaling of K TCI state(s) for PDCCH at T2, receives MAC-CE signaling of TCI state(s) for PDCCH if K >1 at T3, receives MAC-CE signaling of TCI state(s) for PDSCH at T4, and receives DCI signaling of TCI state(s) for PDSCH at T5. As aforementioned discussion, for the duration between T3 and T4, current TCI determination mechanism cannot apply as TCI state for PDSCH hasn’t been activated.  Therefore, for the duration between reconfiguration/activation/re-indication of TCI state for PDCCH and reactivation of TCI state for PDSCH, another default TCI state should be specified to address the ambiguity of TCI assumption. Since at T3, the new TCI has been identified and activated for PDCCH, the reliability can be guaranteed if it also applies for PDSCH. 

[image: image26]
Figure 1. Ambiguous period for PDSCH QCL assumption after beam failure recovery
Thus, we have the following proposal:
Proposal 6: After beam failure declaration, UE should assume the DMRS of PDSCH is spatially QCLed with the RS contained in the TCI state of its PDCCH for the duration between reconfiguration/activation/re-indication of TCI state for PDCCH and reactivation of TCI state for PDSCH if the scheduling offset is equal to or greater than a threshold Threshold-Sched-Offset.
3.6 UE behavior if blockage is removed
Dedicated CORESET has been introduced to transmit BFRR for BFRQ during beam failure recovery procedure. UE shall monitor CORESET-BFR within the BFRR window and for the duration between receiving BFRR and TCI reconfiguration for old or new CORESET. However, based on previous agreements, whether UE should monitor old CORESET for the duration between beam failure declaration and receiving BFRR has not been defined. Similar as radio link monitoring mechanism, if blockage if moved and UE decoded old CORESET, beam failure recovery procedure can be stopped. As shown in Figure 2, if UE can decoded PDCCH in old CORESET for the duration between beam failure declaration and first BFRQ transmission, and the quality of old CORESET DMRS is better than new identified DL RS, beam failure recovery procedure can be stopped.
Thus, we have the following proposal:
Proposal 7: If UE can decode PDCCH successfully on old CORESET(s) with a better quality than the new identified DL RS, UE should reset the running BFR timer, stop the ongoing beam failure recovery procedure, and monitor PDCCH on old CORESET.
4 Conclusions

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

Proposal 1: If BFD RS set 
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 is explicitly configured, UE should update the set 
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 to include 
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 after receiving the gNB response to BFRQ.
Proposal 2: Support UE to declare beam failure when there have been at least N consecutive beam failure instances reported and all serving beams failed at least once.

Proposal 3: Support reusing same PUCCH resource/format for beam reporting to carry BFRQ reporting the new identified beam, with dedicated L1-RSRP state defined to distinguish between regular beam reporting and BFRQ.

Proposal 4: Support reusing the same PUCCH resource/format for beam reporting to carry partial BFRQ reporting the failed beam, with dedicated L1-RSRP state defined to distinguish between beam reporting and partial BFRQ.

Proposal 5: Support configuring the RSRP threshold for candidate beam selection based on a reference CSI-RS resource, and support UE to derive the RSRP threshold for other target CSI-RS resources based on configured RSRP threshold and the power offset between target and reference CSI-RS resources. 

Proposal 6: After beam failure declaration, UE should assume the DMRS of PDSCH is spatially QCLed with the RS contained in the TCI state of its PDCCH for the duration between reconfiguration/activation/re-indication of TCI state for PDCCH and reactivation of TCI state for PDSCH if the scheduling offset is equal to or greater than a threshold Threshold-Sched-Offset.

Proposal 7: If UE can decode PDCCH successfully on old CORESET(s) with a better quality than the new identified DL RS, UE should reset the running BFR timer, stop the ongoing beam failure recovery procedure, and monitor PDCCH on old CORESET.
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Text proposals for TS 38.213 v15.0.0 Section 6


< Unchanged parts are omitted >


A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. 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 � REF _Ref491452917 \h � \* MERGEFORMAT �8.1�. After 4 slots from the slot of the PRACH transmission and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index � EMBED Equation.3 ���, the UE monitors PDCCH for detection of a DCI format with CRC scrambled by C-RNTI within a window configured by higher layer parameter Beam-failure-recovery-request-window, and in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH. The UE determines the index � EMBED Equation.3 ��� based on TBD�.


If the set � EMBED Equation.3 ��� is configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE shall update the set � EMBED Equation.3 ��� to include � EMBED Equation.3 ��� after receiving the PDCCH within the window configured by higher layer parameter Beam-failure-recovery-request-window.


< Unchanged parts are omitted >
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