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1	Introduction
In this contribution we discuss on the remaining details on beam recovery after RAN1 AH#1801 and the incoming RAN2 LS on beam recovery [3].

2	Discussion 

2.1 RAN2 LS on Beam Failure Recovery
RAN2 provided an LS document [] with three questions regarding recovery trigger, procedure and support of beam failure recovery in Carrier Aggregation.

Beam failure recovery trigger

Question 1: RAN2 asks RAN1 to clarify the principles of “beam-failure instance” counter maintenance, as well as the associated expected parameters and information/events received from the physical layer. 

Answer 1: As per RAN1 agreement, no indication is sent when the evaluation of beam failure detection RS set q0 is not considered to be in failure condition. It should be noted that in order to indicate beam failure instance to higher layer, it requires that all the BFD RS in set q0 are in failure condition. Also RAN1 has decided that the evaluation is periodic and periodicity is determined by the shortest periodicity of BFD q0. Based on these decisions RAN 1 sees that the option 2 is aligned with current agreements as option 1 requires the definition of no beam failure instance and relevant thresholds/criteria.

RAN1 AH1801:
Agreement: 
· 
Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS  , 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 recovery procedure:

Question 2: Can RAN1 clarify the exact role and usage of the beamFailureRecoveryTimer?

Answer 2: As RAN2 specified the use of contention based RACH for beam failure recovery to complement contention-free approach, and since the beam recovery request is modelled as part of RACH procedure, the maximum number of RACH attempts without gNB response (using Contention free or contention based approach) can be used to determine unsuccessful beam failure recovery.
Thus the beamFailureRecoveryTimer can be removed as it is not needed to supervise the beam failure recovery procedure.

Carrier aggregation
Question 3: RAN2 would like to know promptly from RAN1 if and how they envision supporting BFR in CA.

Answer 3: BFR is supported only on Pcell at least in Phase1/Rel15.

We propose to adopt the above discussed answers in the RAN1 response to RAN2 LS on beam recovery. Answers are provided in the draft LS R1-18xxxx 
[bookmark: _Ref506374207]Proposal 1: adopt the above answers 1-3 as a RAN1 response to RAN2 LS on beam recovery

2.3. Resource set for detection of beam failure

Currently in 38.213 v15.0.1 the chapter 6 for link reconfiguration procedures reads: 

If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines  to include SS/PBCH blocks and periodic CSI-RS configurations with same values for higher layer parameter TCI-StatesPDCCH as for control resource sets that the UE is configured for monitoring PDCCH as described in Subclause 10.1.  

Although it can be understood that “monitoring PDCCH” refers to TCI states that UE is currently configured for PDCCH reception hence, considered as active TCI states, it would be preferred if this is indicated more clearly in the text. 
[bookmark: _Ref506374209]Proposal 2: Adopt the text proposal to link reconfiguration procedures in annex A.

2.2. CORESET for Monitoring gNB Response for BFRQ
[bookmark: _Ref494722260]
Agreements: Upon receiving gNB response for beam failure recovery request transmission,
· 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

As per RAN1 agreement, for beam failure recovery request using dedicated resources UE monitors dedicated Beam-failure-Recovery-Response-CORESET (CORESET-BFR) for gNB response until reconfigured with new/another TCI state. Beam failure detection is done on the active TCI state(s) associated with configured CORESET for PDCCH reception (or multiple CORESETs). 
[bookmark: _Ref506374217]Observation 1: Beam failure detection is performed on active TCI states configured for CORESET for PDCCH reception  
When declaring beam and selecting new candidate beam, UE may be able to indicate another TCI state of the same CORESET which has a signal quality above candidate beam threshold. In this case it would not be optimal to switch the monitoring to CORESET-BFR for receiving gNB response as UE already has a configuration for CORESET that has still TCI states above candidate beam quality threshold. 
If UE switches the monitoring to CORESET-BFR, it means in turn that network has to transmit the BFRQ (beam failure recovery request) response using the CORESET-BFR although the response to recovery request could be transmitted using the CORESET that is associated to the indicated TCI state.
[bookmark: _Ref506374218]Observation 2: When beam failure has been declared and UE indicates inactive TCI state (CSI-RS / SS/PBCH Block) of a current CORESET (for PDCCH) as new candidate, it is not beneficial switch the monitoring to alternative CORESET(-BFR) when monitoring gNB response. 
We propose a small change to the current beam failure recovery procedure which would speed up the recovery and reduce the signaling overhead in cases where a candidate beam is an inactive TCI configured for CORESET currently monitored for PDCCH reception. 
If multiple candidate beams that can be indicated using dedicated resources are above the configured candidate beam threshold it has been agreed that the selection is up to UE but considering the potential benefits of not having to switch monitoring to CORESET-BFR and obtain new TCI configurations, UE should if not prioritize, prefer the recovery on inactive TCI states when determined to have adequate signal quality.  


[bookmark: _Ref506374210]Proposal 3: Adopt the text proposal on link reconfiguration in annex B.

2.3. Partial Beam Failure
Agreements:
· 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

As per agreement the failure of subset of serving control channels is not considered as beam failure. UE still has alternative link which could be used e.g. for PUCCH based reporting. When UE has been configured with multiple control channels, it should have means to indicate when a subset of channels fail.
As a straightforward option the UE could generate beam report and report as configured by network i.e. UE reports N beams with highest signal level or utilizes the configured beam group reporting. Beam report can indicate to the NW the current state of the PDCCH links implicitly i.e. if alternative beam is better than the current configured PDCCH beam or the current PDCCH beam is not reported since it cannot be detected. 
Also, the beam reporting with N-highest enables the NW to configure new PDCCH beam out of the reported set if new candidates are found. The beam report can be sent using reporting mechanisms on working link. 
[bookmark: _Ref506374219]Observation 3: When subset of control channels fail the UE can indicate network reporting highest quality beams according to network configuration. Network can use the reported information to indicate new PDCCH beam configuration.
[bookmark: _Ref506374211]Proposal 4: When subset of control channels fail, UE reports the N-highest quality beams according to network configuration. 
This proposal would not require any modification to current specification.

3	Conclusions
RAN1 Response to RAN2 LS on beam failure recovery:
Proposal 1: adopt the above answers 1-3 as a RAN1 response to RAN2 LS on beam recovery

On the resource set configuration for beam failure detection:
Proposal 2: Adopt the text proposal to link reconfiguration procedures in annex A.

On the CORESET monitoring for gNB response:
Observation 1: Beam failure detection is performed on active TCI states configured for CORESET for PDCCH reception
Observation 2: When beam failure has been declared and UE indicates inactive TCI state (CSI-RS / SS/PBCH Block) of a current CORESET (for PDCCH) as new candidate, it is not beneficial switch the monitoring to alternative CORESET(-BFR) when monitoring gNB response.
Proposal 3: Adopt the text proposal on link reconfiguration in annex B.

On the partial beam failure:
Observation 3: When subset of control channels fail the UE can indicate network reporting highest quality beams according to network configuration. Network can use the reported information to indicate new PDCCH beam configuration.
Proposal 4: When subset of control channels fail, UE reports the N-highest quality beams according to network configuration.
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Annex A. Text Proposal for 38.213 on Link Reconfiguration Procedure

[bookmark: _Toc505333636][bookmark: _Ref500595654][bookmark: _Toc415085423]=== Text Proposal Starts 38.213 v15.0.1 === 

6 Link reconfiguration procedures



A UE can be configured, for a serving cell, with a set  of periodic CSI-RS resource configuration indexes by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set  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. If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines  to include SS/PBCH blocks and periodic CSI-RS configurations with same values for higher layer parameter TCI-StatesPDCCH and active TCI states as for control resource sets that the UE is configured for monitoring PDCCH as described in Subclause 10.1.   
  
=== Text Proposal Ends 38.213 v15.0.1 ===

Annex B. Text Proposal for 38.213 on Link Reconfiguration Procedure

=== Text Proposal Starts === 
6 Link reconfiguration procedures
--- parts that are not affected 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 an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index  in set , the UE monitors PDCCH for detection of a DCI format 1_0 or a DCI format 1_1 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. If periodic CSI-RS configuration or SS/PBCH block with index  is included in the TCI-StatesPDCCH UE monitors PDCCH on CORESET associated with index.

The UE determines the index  based on a mapping between the PRACH preamble index and the SS/PBCH block index provided by higher layer parameter SSB-PRACH-CFRA-association or based on a mapping between the PRACH preamble index and a periodic CSI-RS configuration index provided by higher layer parameter CSI-RS-PRACH-association.
--- parts that are not affected are omitted ---
 
=== Text Proposal Ends ===
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