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Introduction
In this contribution, we share our views on the remaining issues of beam failure recovery mechanism.
Discussions
[bookmark: _Ref497206228][bookmark: OLE_LINK1]Impact of PDCCH detection on beam failure recovery procedure
In RAN1#90 the following was agreed,
Agreements:
· Beam failure is declared only when all serving control channels fail.
And in RAN1#90bis it was further agreed that
Agreement:
· 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
Although beam failure is defined as failure of all serving control channels, determination of beam failure is not based on measurement of the actual control channels but on measurement of DL RS. Therefore, it cannot be fully guaranteed that occurrence of one or more “consecutive beam failure instances” necessarily means no DCI can be successfully detected on the serving control channels. By definition, once a DCI is successfully detected, the UE shall assume that at least one control beam is OK and thus reset the counter for “consecutive detected beam failure instances”. Furthermore, any pending BFRQ (re)transmission should be cancelled.
Proposal 1: Upon reception of a DCI, the UE shall
· Cancel any pending BFRQ (re)transmission.
· Reset the number of consecutive detected beam failure instances.
PRACH preamble for BFRQ, SR, and PDCCH order
In RAN1#90 the following was agreed,
Agreement:
· For gNB to uniquely identify UE identity from a beam failure recovery request transmission
· A PRACH sequence is configured to UE
Working Assumption:
· At least the following parameters should be configured for dedicated PRACH resources for beam failure recovery
· Per UE parameters
· Preamble sequence related parameters
· E.g., root sequence, cyclic shift, and preamble index
· Maximum number of transmissions
· Maximum number of power rampings
· Target received power
· Retransmission Tx power ramping step size
· Beam failure recovery timer 
· Per dedicated PRACH resource parameters
· Frequency location information
· Time location, if it is only a subset of all RACH symbols (e.g., PRACH mask)
· Associated SSB or CSI-RS information
· Note: as a starting point, use initial access preamble transmission mechanism and parameters. If any issue is identified, new mechanism can be introduced.
· No further RRC signalling for above UE parameters is required if reusing the same parameter as initial access  
According to the RAN1 agreements, a dedicated PRACH preamble sequence may be configured for a UE during the whole RRC connection, just for the purpose of BFRQ transmission which is not expected to happen frequently for any given UE. Furthermore, the sequence was agreed to uniquely identify a UE. As the number of UEs in RRC connected mode increases, the number of dedicated PRACH preamble sequences becomes a real concern, especially when considering that most PRACH preamble sequences should be reserved for contention based random access. It is proposed to allow allocation of the same PRACH preamble sequence to different UEs as long as the frequency and/or time location for these UEs are different.
Proposal 2: The combination of PRACH preamble sequence, frequency location and time location uniquely identify a UE.
Furthermore, since the reception of any DCI will reset the counter for “consecutive detected beam failure instances”, see section 2.1, transmissions of BFRQ and “PRACH in response to PDCCH order” are mutually exclusive. Therefore, the PRACH preamble sequence (and possibly also the frequency and time locations) configured for BFRQ transmission can also be used for transmission of “PRACH in response to PDCCH order”. In fact, the dedicated PRACH resources allocated to the UE should be seen as sufficient for contention-free PRACH transmissions for different purposes, e.g. including SR.
Proposal 3: The dedicated preamble configured to the UE for transmission of BFRQ is also used for the following:
· SR
· PRACH in response to PDCCH order.
Channel of beam recovery request transmission
In RAN1#90, how to use PUCCH or non-contention based PRACH for beam recovery request transmission is discussed and the following options are considered [5].
1.	Configured with either PUCCH or PRACH
2.	Configured with both, and they are used whenever PUCCH resource or PRACH resource are available
3.	Configured with both but up to UE implementation on using which one.
In the option 1, from a UE perspective, since either PUCCH or non-contention based PRACH is configured, the UE behavior is simple and the amount of reserved resources can be minimum. In the option 2, a UE are configured with both PUCCH and non-contention based PRACH resources, and the UE can select PUCCH or non-contention based PRACH. The advantage of this scheme can minimize the delay of beam recovery transmission. In the option 3, it has similar benefit to the option 2 and the UE complexity may be reduced because UE can select which one. Our view is that the option 2 and option 3 should reserve both resources in a dedicated manner and there is no clear benefit to configure both resources. Therefore, our preference is option 1.
Proposal 4: UE is configured with either PUCCH or PRACH for beam recovery request transmission

Transmission of gNB response to BFRQ
In RAN1#90bis the following was agreed,
Agreement:
gNB response is transmitted via a PDCCH addressed to C-RNTI
FFS: DCI format for gNB response
Dedicated CORESET(s) is applied for monitoring gNB response for BFRQ. The CORESET is down-selected from the following two alternatives:
Alt 1: the same CORESET (s) as before beam failure
Alt 2: dedicatedly configured CORESET for beam failure recovery.
And the following was agreed during post RAN1#90bis email discussions,
Agreements:
Support RRC configuration of a time duration for a time window and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.
· UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.
· FFS: multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration
· Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC  configurable time duration starting from the fixed time offset. 
· FFS the value of fixed time offset k (slots).
Once the BFRQ is transmitted, the UE shall switch to monitor the CORESET dedicatedly configured for monitoring gNB response for BFRQ, and the UE shall assume that the PDCCH containing the gNB response is spatial QCL’ed with DL RS associated with the PRACH T/F resource used for that BFRQ transmission. It is proposed that the UE shall stay monitoring this CORESET for future DCIs once the gNB response for BFRQ is received.
It is possible that there is already a DCI pending for transmission in the gNB when receiving the BFRQ. Furthermore, in case of BFRQ retransmission, it is possible that a DCI was transmitted using the serving control beam/CORESET after the first transmission of BFRQ but before the successful reception of the (retransmitted) BFRQ. In such cases it is desirable to transmit the pending DCI as soon as possible, e.g. in the same slot. There are a few alternatives,
Alt-1: The UE monitors the “normal” DCIs as well as the “response to BFRQ”. Successful detection of any DCI automatically acknowledges the BFRQ (i.e. no further “response to BFRQ” is necessary). This is applicable for the case where there is a pending DCI and no information needs to be conveyed in the “response to BFRQ”.
Alt-2: The “response to BFRQ” contains a field that indicates the presence of another DCI in the same slot. With this the UE only needs to monitor “response to BFRQ”, significantly reducing the blind decoding effort.
It is proposed to support Alt-2 in order to achieve low blind decoding complexity during beam failure recovery while not deferring the delivery of pending DCIs.
Proposal 5: The “response to BFRQ” contains a field that indicates the presence of another DCI in the same slot.
Furthermore, the gNB should be able to reject the BFRQ e.g. due to some scheduling considerations, e.g. this would increase the interference to other UEs in the cell. 
Proposal 6: The “response to BFRQ” contains a field on whether to confirm or reject the BFRQ.
Update of TCI state for PDCCH
In RAN1#90 the following was agreed,
Agreement:
The QCL configuration for PDCCH contains the information which provides a reference to a TCI state
· Alt 1: The QCL configuration/indication is on a per CORESET basis
· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.
· Alt 2: The QCL configuration/indication is on a per search space basis
· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.
· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)
Note: The above options are provided as input to the control channel agenda item discussion
With the response from the gNB, the serving control beam is switched to the new one, so the TCI state for PDCCH should be updated to reference the new QCL configuration which is determined by the DL RS associated with the PRACH resource for transmission of the BFRQ.
Proposal 7: Upon reception of the gNB response for a BFRQ that confirms the beam selected by the UE, the UE shall update the TCI state to the one corresponding to the RS set containing the DL RS associated with the PRACH resource for transmission of the BFRQ.
Conclusion
In this contribution, we share our views on the remaining issues of beam failure recovery mechanism and make the following proposals:

Proposal 1: Upon reception of a DCI, the UE shall
· Cancel any pending BFRQ (re)transmission.
· Reset the number of consecutive detected beam failure instances.
Proposal 2: The combination of PRACH preamble sequence, frequency location and time location uniquely identify a UE.
Proposal 3: The dedicated preamble configured to the UE for transmission of BFRQ is also used for the following:
· SR
· PRACH in response to PDCCH order.
Proposal 4: UE is configured with either PUCCH or PRACH for beam recovery request transmission.
Proposal 5: The “response to BFRQ” contains a field that indicates the presence of another DCI in the same slot.
Proposal 6: The “response to BFRQ” contains a field on whether to confirm or reject the BFRQ.
Proposal 7: Upon reception of the gNB response for a BFRQ that confirms the beam selected by the UE, the UE shall update the TCI state to the one corresponding to the RS set containing the DL RS associated with the PRACH resource for transmission of the BFRQ.
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