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Introduction
In RAN2#102 meeting, the issue was raised that RAN1 and RAN2 specifications have inconsistent BFR termination criterions [1].The discussion revealed different understandings of such criterion and no conclusion was reached. The document was noted with chairman still leaving the discussion open: “can think about it”.
In the meantime, RAN1 made some progress in clarifying the physical layer procedure related to the monitoring of the gNB response to BFR. In this contribution, we discuss the various interpretations expressed in last meeting online regarding the BFR termination criterion in light of the latest TS38.213 specification and conclude a fix is indeed needed to the MAC specification to align with the PHY specification.
Discussion
1.1. [bookmark: _Ref510173852]Description of the issue
The issue raised in [1] can be summarized as follows:
The beam failure recovery request procedure aims at indicating to the gNB, via the random access procedure, a selected DL beam (aka TCI state) from a set of candidate beams different from the current serving beams experiencing beam failure. Therefore, from physical layer perspective, the beam failure is not recovered until the UE receives a re-configuration of the serving beam for receiving PDCCH. As a result, in the physical layer procedure, once beam failure request has been initiated, UE expects receiving the gNB response on a specific and temporary recovery search space (recoverySearchSpaceId in beamFailureRecoveryConfig I.E.) implicitly tuned to the UE-requested beam. However, until the gNB is aware of the triggered BFR, it will continue providing grants to the MAC entity via the serving search space(s), and the UE will continue monitoring those while the BFR procedure is on-going.
On the other hand, MAC specification considers the beam failure recovery request procedure to be successfully completed as soon as the MAC entity receives any PDCCH to C-RNTI. Hence, with current MAC, any received UL grant or DL assignment, scheduled by any PDCCH to C-RNTI, although not indicating any beam re-configuration, will erroneously terminate the BFR procedure.
As a result, [1] and the corresponding CR [2] suggested that the current MAC criterion regarding the BFR termination is limited to receiving a PDCCH to C-RNTI from the recovery search space (identified by  recoverySearchSpaceId) only.
1.2. Other interpretations of the BFR termination
In a first interpretation, it is assumed that the MAC entity cannot monitor both the serving search space(s) and the recovery search space (and corresponding CORESET(s)) concurrently. In which case there is no ambiguity regarding which search space the PDCCH to C-RNTI is received from: during the random access procedure triggered by BFR, it can only be from the recovery search space; hence the current MAC specification is fine. However, there is no mention anywhere in the latest TS38.213 CR [3] approved at RAN#80 that upon monitoring recoverySearchSpaceId the UE shall stop monitoring any other configured search space. For example, assuming a UE is configured with both of a regular search space configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific to monitor UL grants / DL assignments, and a recovery search space configured by recoverySearchSpaceId in beamFailureRecoveryConfig for monitoring the gNB response to BFR, no text captures in [3] Section 6 (copied in Section 2.3 below) that the UE shall stop monitoring SearchSpace when initiating a BFR. 
Observation 1: The PHY specification interpretation that the MAC entity does not monitor concurrently both the serving search space(s) and the recovery search space upon BFR trigger is not valid.
Another interpretation was that UE indeed monitors both the serving and recovery search spaces, but since the BFR was triggered because the serving PDCCH is “down”, any successful reception on this PDCCH means the connection has resumed and the BFR can be terminated right away. This interpretation assumes an ON/OFF status of the PDCCH channel. However, as for any other physical channel, the PDCCH experiences a certain BLER. The reliability requirements of the PDCCH are quite stringent, e.g. 1% BLER, so that the criterions for triggering the BFR can typically be when the PDCCH BLER degrades beyond 10% BLER. However, at this error rate the UE can still successfully decode 9 PDCCHs out of 10, thus cannot be considered as in complete outage – although requires a recovery. Hence we believe the degradation of the PDCCH channel, even in high frequency beam forming, still follows a BLER variation (even steep) rather than a pure ON/OFF model. It results that the successful reception of any single PDCCH instance on the serving beam(s) cannot, alone, be interpreted as the serving beams are back to normal operation thus reflecting a successful recovery. 
Observation 2: The successful reception of any single PDCCH instance on the serving beam(s) cannot, alone, be interpreted as the serving beams are back to normal operation.
1.3. [bookmark: _Ref517279862]Latest PHY specification
In the latest update of 38.213 [3] approved at RAN#80 the BFR section has been further improved and clarified (copied below without track changes, for clarity). Clearly the yellow-highlighted additions now clarify gNB response to BFR is only expected from recoverySearchSpaceID thus removing any leftover ambiguity.
	A UE may be provided with a control resource set through a link to a search space set provided by higher layer parameter recoverySearchSpaceId, as described in Subclause 10.1, for monitoring PDCCH in the control resource set. If the UE is provided higher layer parameter recoverySearchSpaceId, the UE does not expect to be provided another search space set for monitoring PDCCH in the control resource set associated with the search space set provided by recoverySearchSpaceId.   
The UE may receive by higher layer parameter PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI starting from slot [image: ] within a window configured by higher layer parameter BeamFailureRecoveryConfig. For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters with index [image: ] until the UE receives by higher layers an activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList. After the UE detects a DCI format with CRC scrambled by C-RNTI in the search space provided by recoverySearchSpaceId, the UE monitors PDCCH candidates in the search space provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state or higher layer parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList.



Observation 3: PHY specification now captures explicitly that the gNB response to a BFR request only comes from the search space provided by recoverySearchSpaceId.
[bookmark: _GoBack]This further confirms that, upon BFR trigger, receiving a PDCCH to C-RNTI from any other search space but the recovery search space should not be considered as valid criterion for BFR termination.
Proposal: Restrict the condition for successful BFR termination upon receiving a PDCCH to C-RNTI only if it is received from the recovery search space (recoverySearchSpaceId).
Conclusion
This contribution continues the discussion initiated in [1] aiming at fixing an inconsistency between PHY and MAC specifications regarding the condition for successful BFR termination. The resulting observations and proposal are as follows and an associated new MAC CR is provided in [4].
Observation 1: The PHY specification interpretation that the MAC entity does not monitor concurrently both the serving search space(s) and the recovery search space upon BFR trigger is not valid.
Observation 2: The successful reception of any single PDCCH instance on the serving beam(s) cannot, alone, be interpreted as the serving beams are back to normal operation.
Observation 3: PHY specification now captures explicitly that the gNB response to a BFR request only comes from the search space provided by recoverySearchSpaceId.
Proposal: Restrict the condition for successful BFR termination upon receiving a PDCCH to C-RNTI only if it is received from the recovery search space (recoverySearchSpaceId).
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