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Discussion and Decision
1
Introduction
The following agreements are achieved at RAN1#90bis for the beam failure recovery:
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.
Note: It should be noted that after the post meeting email discussion in RAN1, Alt 2 is selected.
Agreement:
Specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification

· The above case is configured by gNB

· Note: a dedicated PRACH resource is configured to either an SSB or a CSI-RS resource

· Following two scenarios are supported when a UE is configured with CSI-RS + SSB

· Scenario 1: PRACHs are associated to SSBs only

· In this scenario, CSI-RS resources for new beam identification can be found from the QCL association to SSB(s).

· Scenario 2: Each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource 
· FFS: multiple SSB can be associated with the same uplink resource. 

CATT has concerns on the above agreement that it may not be an essential feature for beam failure recovery
Working Assumption:
Beam failure detection is determined based on the following quality measure:

· Hypothetical PDCCH BLER

Proposal (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

· The candidate beam can be identified when metric X of candidate beam is higher than a threshold 
· FFS: metric X

· 1 or 2 threshold values are introduced

· If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS

· One of the following alternatives will be down-selected in RAN1#91

· Alt-1: Fixed value

· Alt-2: Configurable value by RRC signaling

· RAN2 should specify the RRC signaling to configuration of the threshold

· Note: for beam failure detection, the UE should aware the transmission power offset between CSI-RS and DMRS of PDCCH

· FFS other details.

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 ramping
· 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  

Email discussion to discuss the remaining beam failure recovery issues in slides 8, 9, 10 of R1-1719174
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And after the email discussion of [90b-NR-18] in RAN1, the following agreement are further achieved:

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).

In this contribution, impact on the RAN2 specification to support the beam failure recovery procedure will be discussed.
2
Discussion
According to the agreements from RAN1#90bis, it can be seen that when beam failure is detected, a random access can be triggered to send the beam failure request (BFRQ). And per RAN1 discussion, when beam failure is detected in physical layer, the physical layer will send an indication (called as link reconfiguration indication in[1]) to high layer. And in response to the indication, higher layer will initiate a random access procedure to send the BFRQ [1]:

In response to the indication for link reconfiguration to higher layers, the UE may receive from higher layers a configuration for a PRACH transmission as described in Subclause 8.1. After [X slots] from the slot of the PRACH transmission, the UE monitors PDCCH, within a window configured by higher layer parameter [LR-RAR-Window], in the control resource set[(s)] corresponding to the indicated quasi-collocation configuration.
In other words, high layer should initiate the random access in case a beam failure indication (i.e. link reconfiguration indication in [1]) is received from the physical layer. However, it should be noted that up to now, the random access procedure discussed in RAN2 does not consider this case at all. For instance, neither the discussion of running MAC TS in UP (e.g. [99bis#12][NR UP/MAC] Running TS 38.321 (Samsung)) nor the discussion of TP on beam selection during random access in CP (e.g. [99bis#23][NR] TP on beam selection (Ericsson)) considers the random access triggered by beam failure. RAN1 doesn't discuss the detail of to which high layer the beam failure indication should be indicated. From our opinion, the beam recovery procedure is much more a L1/2 function and it's better to be transparent to higher layers, e.g. RRC layer. So, from this point of view, the beam failure indication (i.e. link reconfiguration indication in[1]) should be indicated to the MAC. With the reception of the beam failure indication, MAC can initiate the random access. Given this, RAN2 should discuss and incorporate the random access triggered by beam failure into the running TS 38.321[2].
Proposal 1: RAN2 should discuss and incorporate the random access triggered by beam failure into the running TS 38.321.

Per agreements in RAN1, CFRA is initiated if beam failure occurs. For the purpose of beam failure recovery, dedicated PRACH resources are configured to UE. A dedicated PRACH resource is configured to either an SSB or a CSI-RS resource. Meanwhile, RAN1 also discuss the possibility of reusing the initial access preamble transmission mechanism and UE parameters (e.g. preamble sequence related parameters, Maximum number of transmissions, Maximum number of power ramping, Target received power, Retransmission Tx power ramping step size, Beam failure recovery timer etc.). If reusing the same parameters as for initial access, RAN1 agrees that no further RRC signalling is needed for the above indicated UE parameters. So, from this point of view, it is straightforward to incorporate the random access triggered by beam failure into the traditional random access procedure which is initiated by a PDCCH order, by the MAC entity itself, or by RRC for the events in accordance with TS 38.300. In this way, there's no need to duplicate the "Random Access procedure initialization, Random Access Resource selection, Random Access Preamble transmission" procedures specified today for the traditional random access[4] twice. In other word, the random access triggered by beam failure should be incorporated into the random access procedure that we have specified now in TS 38.321[2], instead of create a total new section.
Proposal 2: Incorporate the random access triggered by beam failure into the traditional random access procedure that we have specified now in TS 38.321, instead of create a total new section.

However, it should be noted that there are two essential differences for the random access triggered by beam failure:
Difference 1: The gNB response for the random access preamble is transmitted via a PDCCH addressed to C-RNTI.
Per RAN1 agreement, the gNB response for the random access preamble is transmitted via a PDCCH addressed to C-RNTI instead of the traditional RAR which is transmitted via PDSCH and scheduled by PDCCH addressed to the RA-RNTI. The transmission of the gNB response via a PDCCH addressed to C-RNTI can speed up the beam failure recovery procedure. The reception of a PDCCH scrambled by C-RNTI would mean that the selected beam pair link is established and the subsequent information exchange can simply use the newly established beam pair link.  From this perspective, the random access based beam failure recovery procedure basically reuses the PRACH preamble transmission only. So, when incorporating the random access triggered by beam failure into the traditional random access procedure, the text description of the gNB response should be different from the RAR reception. The reception of the gNB response should be based on the monitoring of a PDCCH addressed to C-RNTI. And per RAN1 agreement during the post meeting email discussion [90b-NR-18], a time duration is agreed to be configured by RRC for the UE to monitoring the gNB response for the BFRQ. In other words, the reception of the gNB response should be based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC. 
Observation 1: One essential difference for the beam failure triggered random access procedure is that the gNB response is transmitted via a PDCCH addressed to C-RNTI.
Proposal 3: When incorporating the random access triggered by beam failure into the traditional random access procedure, the reception of the gNB response should be based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC.

Difference 2:  Each of the multiple dedicated PRACH resources is associated to either an SSB or a CSI-RS resource.
Per RAN1 agreements, specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification. And when configuring dedicated PRACH resources for the purpose of PRACH-based beam failure recovery, the scenario that each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource should be supported. Note that this is different from the dedicated PRACH resource configuration for the purpose of random access during handover, which is configured to be associated to only one RS type (Agreement from RAN2#99: Simultaneously including in the mobilityControlInfo a dedicated RACH configuration associated with SS-Block and a dedicated RACH configuration associated with CSI-RS is not supported). 
The discussion of the beam selection during random access up to now is conducted based on this basic principle [3]. And the draft TP [4] provided now for random access allows the selection of beam with dedicated PRACH resources associated to only one RS type. So, when incorporating the random access triggered by beam failure into the traditional random access procedure, it should be allowed to select a beam with dedicated PRACH resources either associated with an SSB or CSI-RS resource.

Observation 2: Another essential difference for the beam failure triggered random access procedure is that each of the multiple dedicated PRACH resources is associated to either an SSB or a CSI-RS resource.
Proposal 4: When incorporating the random access triggered by beam failure into the traditional random access procedure, it should be allowed to select a beam with dedicated PRACH resources either associated with an SSB or CSI-RS resource.
For the traditional random access procedure, if there's no dedicated RACH resources fulfilling the quality threshold, the UE is not forbidden from attempting to access using common RACH resources. However, for the case of random access triggered by beam failure, the initiation of the random access is for the recovery the beam pair link. Per RAN1 agreements, the beam failure recovery is initiated only if candidate beams are identified (i.e. when metric X of candidate beam is higher than a threshold). The random access preamble should be transmitted only on the PRACH resources corresponding to these candidate beams. If random access attempt fails corresponding to these candidate beams, the beam failure recovery should be considered as failed. So, form this point of view, there's no need to fall back to the common RACH resources at all.
Observation 3: If random access attempt fails corresponding to the candidate beams, the beam failure recovery should be considered as failed.

Proposal 5: When incorporating the random access triggered by beam failure into the traditional random access procedure, only the CFRA procedure should be used. There's no need to fall back to the common RACH resources.
3
Conclusion
Impact on the RAN2 specification to support the beam failure recovery procedure is discussed in this contribution with following observations and proposals:
Proposal 1: RAN2 should discuss and incorporate the random access triggered by beam failure into the running TS 38.321.

Proposal 2: Incorporate the random access triggered by beam failure into the traditional random access procedure that we have specified now in TS 38.321, instead of create a total new section.

Observation 1: One essential difference for the beam failure triggered random access procedure is that the gNB response is transmitted via a PDCCH addressed to C-RNTI.
Proposal 3: When incorporating the random access triggered by beam failure into the traditional random access procedure, the reception of the gNB response should be based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC.

Observation 2: Another essential difference for the beam failure triggered random access procedure is that each of the multiple dedicated PRACH resources is associated to either an SSB or a CSI-RS resource.
Proposal 4: When incorporating the random access triggered by beam failure into the traditional random access procedure, it should be allowed to select a beam with dedicated PRACH resources either associated with an SSB or CSI-RS resource.
Observation 3: If random access attempt fails corresponding to the candidate beams, the beam failure recovery should be considered as failed.

Proposal 5: When incorporating the random access triggered by beam failure into the traditional random access procedure, only the CFRA procedure should be used. There's no need to fall back to the common RACH resources.
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