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1. [bookmark: OLE_LINK2]Introduction
The general procedure of the mechanism to recover from beam failure has been discussed thoroughly in previous RAN1 meetings. However, there are still many remaining issues on beam recovery, especially on the interaction between MAC layer and PHY layer in UE side. In last meeting [1], agreements on beam failure detection model, new candidate beam selection model and beam recovery timer were made to response to LS from RAN2, and the detailed agreements are provided in following chapters correspondingly. 
Based on the latest agreements, we would like to further discuss the interaction between high layer, MAC layer and PHY layer in UE side and related UE behaviors during the beam recovery procedure. In last section, we provide our views on beam recovery for SCell.
2. MAC request for new candidate beam information from PHY
At the RAN1 # AH 1801 meeting [1], following agreements have been made to clarify the new candidate beam selection model.
	Agreement:
Change candidate beam selection model to the following alternatives:
· PHY performs L1-RSRP evaluation of each candidate new beam, provides to higher layer the subset of {beam RS index, L1-RSRP measurements} that satisfies the L1-RSRP threshold
· RAN 1 expects higher layer to perform new candidate beam selection based on the subset of {beam RS index, RSRP measurements}
· Note: The mapping between beam RS index(es) to PRACH resource(s)/sequence(s) is done in MAC
· Support for candidate beam selection model is specified in the RAN2 specifications
Include as part of LS to RAN2
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Agreement:
· 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.


It is necessary for MAC to have knowledge of the new candidate beam so as to select the contention-free PRACH resource for beam recovery request. MAC shall request PHY to provide one or more sets of {beam RS index, L1-RSRP measurement} based on the agreements. However, the condition for MAC sending the request and the detailed request format are still not clear. In our understanding, three conditions as follows could be considered to trigger the request transmission.
· [bookmark: _Hlk505613522]Condition A: when the consecutive beam failure instance number equals to the maximum number of consecutive beam failure instance configured by RRC, e.g., NrOfBeamFailureInstance
· Condition B: when no new candidate beam is found in last report from PHY
· Condition C: when no response is received within the window configured by RRC, e.g., ResponseWindowSize-BFR
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(a) [bookmark: OLE_LINK17]Condition A, when counter > max value
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(b) [bookmark: OLE_LINK18]Condition B, when no new beam found
[image: ]
(c) [bookmark: OLE_LINK15]Condition C, when no response received
Figure 1. Conditions for sending request for new candidate beam information
And for different conditions, the time offset for sending the request could be different. For example, when condition A is met, MAC shall send the request intermediately, while for condition B where no new candidate beam is identified, MAC shall ask UE to report the new candidate beam information after a specific time interval before the beam recovery timer expires. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK7][bookmark: OLE_LINK8]When received the request, PHY should know what content to be reported. It was agreed that 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. Therefore, the request should clearly indicate PHY how many sets of the {beam RS index, L1-RSRP measurement} need to be reported. If no dedicated value is predefined or configured, the maximum number of {beam RS index, L1-RSRP measurement} sets could be depending on UE implementation. If there is no beam that satisfies the L1-RSRP threshold, PHY could report a special state, e.g., {0,0} to MAC.
Based on the discussion above, we have following proposals:
Proposal 1: When the consecutive beam failure instance number equals to the maximum number of consecutive beam failure instance configured by RRC, e.g., NrOfBeamFailureInstance, MAC sends request intermediately for new candidate beam information from PHY.
Proposal 2: When no new candidate beam is found in last report from PHY, MAC sends request after a specific time interval for new candidate beam information. 
· FFS the time interval is based on a pre-configured offset or a timer or counter.
Proposal 3: When no response is received within the window configured by RRC, e.g., ResponseWindowSize-BFR, MAC sends request after a specific time interval for new candidate beam information.
· FFS the time interval is based on a pre-configured offset or a timer or counter.
Proposal 4: The maximum set number of {beam RS index, L1-RSRP measurement} to report is based on UE implementation. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 5: Support PHY to report a special state, e.g., {0, 0} to MAC when no beam satisfies the L1-RSRP threshold upon higher layer request.

3. UE behavior during beam recovery
3.1. [bookmark: OLE_LINK26][bookmark: OLE_LINK27], UE behavior upon gNB response reception
At the RAN1 # AH 1801 meeting [1], following agreements have been made for the definition of the beam-failure-recovery-timer. 
	Agreement:
Behavior of Beam-failure-recovery-Timer
· Start Beam-failure-recovery-Timer upon beam failure detection event declared by UE
· Stop Beam-failure-recovery-Timer upon reception of gNB response for beam failure recovery request transmission
Include as part of LS to RAN2



At the RAN1 # 90bis meeting [2], following agreements have been made for the definition of the gNB response monitoring window.
	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).



As the beam recovery timer is maintained in MAC layer, it is necessary for MAC layer to know the state of gNB response reception to terminate the timer timely. As there are no specific RAR response for contention free based beam recovery request, and a specific CORESET-BFR and a time window are defined for monitoring the response from gNB. Once the UE receives DCI scrambled by C-RNTI in this specific CORESET within the window, UE assume that this DCI is the response for beam recovery. However, as MAC does not know where the DCI was decoded, the PHY may need to send indication to MAC of the status of gNB response reception. 
When gNB response is received within the window, MAC shall stop the beam recovery timer, while if gNB response is not received within the window, MAC shall trigger beam recovery request transmission again if the maximum number of beam recovery request transmission is not reached and the beam recovery timer is not expired.
Based on the discussion above, we have following proposals to clarify the MAC behavior upon gNB response reception state:
[bookmark: OLE_LINK28]Proposal 6: Support PHY indicating MAC the gNB response reception status. 
Proposal 7: When gNB response is received within the window, MAC stop the beam recovery timer.
Proposal 8: When gNB response is not received within the window, MAC trigger beam recovery request transmission again if the maximum number of beam recovery request transmission is not reached and the beam recovery timer is not expired.
3.2. [bookmark: OLE_LINK20]UE behavior upon beam recovery failure
At the RAN1 # AH 1801 meeting [1], following agreements have been made for the definition of the beam recovery failure.
	Agreement: 
· From RAN1 perspective, contention-free PRACH-based beam failure recovery is considered unsuccessful when one of the following conditions is met
· Upon expiry of Beam-failure-recovery-Timer 
· Upon reaching max. # of BFRQ transmissions
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At the RAN1 # AH 1706 meeting [3], following agreements have been made for the UE behavior definition in case of beam recovery failure.
	Agreements:
· [bookmark: OLE_LINK31]In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery


Based on the summary in RAN1#AH1801 meeting [4], some companies propose that BFR failure leads to RLF upon some conditions, e.g., when BFRQ transmission times reaching max. # of BFRQ Tx or beam failure recovery timer expiry. However, based on the RAN1 agreements that in case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery, the proposal of BFR failure leading to RLF is kinds of a reverse of previous agreements. Therefore, we propose that in case of unsuccessful recovery from beam failure, UE sends an aperiodic indication to higher layers, and refrains from further beam failure recovery, and higher layers decide the following action.
[bookmark: OLE_LINK29]Proposal 9: In case of unsuccessful recovery from beam failure, UE sends an aperiodic indication to higher layers, and refrains from further beam failure recovery, and higher layers decide the following action.
4. [bookmark: OLE_LINK30]BFR for SCell
[bookmark: OLE_LINK13]Based on the current description in latest version of section 6 of 38. 213 [5], BFR is supported in all serving cells which include SCell. However, the detailed mechanism to support beam recovery for SCell is still not completed. From RAN1’s perspective, if BFR on SCell is supported, RAN1 should provide detailed mechanism to support beam recovery for SCell, e.g., PRACH resource configuration for BFRQ for SCell, or PUSCH/PUCCH based BFRQ transmission mechanism, etc. While, if BFR on SCell is not supported, RAN1 should change the description in 38.213 from “serving cell” to SpCell as following:
	TS 38.213, section 6, Link reconfiguration procedure 



A UE can be configured, for a serving cell SpCell, 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 SpCell.


Based on the discussion above, we propose that RAN1 explicitly clarify whether BFR for SCell is supported or not.

Proposal 10: RAN1 should explicitly clarify whether BFR for SCell is supported or not.
5. Summary
Based on the discussion, we have the following proposals.
Proposal 1: When the consecutive beam failure instance number equals to the maximum number of consecutive beam failure instance configured by RRC, e.g., NrOfBeamFailureInstance, MAC sends request intermediately for new candidate beam information from PHY.
Proposal 2: When no new candidate beam is found in last report from PHY, MAC sends request after a specific time interval for new candidate beam information. 
· FFS the time interval is based on a pre-configured offset or a timer or counter.
Proposal 3: When no response is received within the window configured by RRC, e.g., ResponseWindowSize-BFR, MAC sends request after a specific time interval for new candidate beam information.
· FFS the time interval is based on a pre-configured offset or a timer or counter.
Proposal 4: The maximum set number of {beam RS index, L1-RSRP measurement} to report is based on UE implementation. 
Proposal 5: Support PHY to report a special state, e.g., {0, 0} to MAC when no beam satisfies the L1-RSRP threshold upon higher layer request.
Proposal 6: Support PHY indicating MAC the gNB response reception status. 
Proposal 7: When gNB response is received within the window, MAC stop the beam recovery timer.
Proposal 8: When gNB response is not received within the window, MAC trigger beam recovery request transmission again if the maximum number of beam recovery request transmission is not reached and the beam recovery timer is not expired.
Proposal 9: In case of unsuccessful recovery from beam failure, UE sends an aperiodic indication to higher layers, and refrains from further beam failure recovery, and higher layers decide the following action.
Proposal 10: RAN1 should explicitly clarify whether BFR for SCell is supported or not.
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