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Introduction
This contribution aims at highlighting some inconsistency between RAN1 and RAN2 specifications regarding the criterion for considering that a beam failure recovery request is successfully terminated. We further provide a simple solution to fix the issue.
Discussion
1.1. [bookmark: _Ref510173852]Description of the issue
In their LS [1], RAN1 described the principle of gNB response to a beam failure recovery request as follows:
	Related to gNB response for UE beam failure recovery request: 
Agreements: gNB response is transmitted via a PDCCH addressed to C-RNTI
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
· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request
· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.
· Note: this applies to same carrier case.



So far, RAN2 only implemented the first agreement and did not pay much attention to the second agreement. Note this second agreement can be considered as unclear since using “upon” can leave the impression that the following text applies once the UE has received the gNB response. However, it is obvious from the way the above agreement is captured in the PHY specification that “upon” should be interpreted as “for” and the following text actually describes what UE needs to do to receive the gNB response. This leaves no ambiguity in the latest LS received at this meeting [2] showing the latest capturing of the above in the PHY specification (TS38.213):
	Agreement:
Agree to the following text change for TS38.213 section 6




A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET and with an associated search space provided by higher layer parameter search-space-config, as described in subcaluse 10.1, for monitoring PDCCH in the control resource set. 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. For PRACH transmission in slot  and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index  provided by higher layer [5, TS 38.321], the UE monitors PDCCH for detection of a DCI format with CRC scrambled by C-RNTI starting from slot  within a window configured by higher layer parameter Beam-failure-recovery-request-window, and . For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. The UE determines the index  based on TBD.



From the above descriptions, it is clear that the purpose of the beam failure recovery request is to:
1)  let a UE indicate a preferred beam (qnew) from a configured candidate set of beams different from the current serving beam used for monitoring the serving PDCCH; and
2) let gNB, upon receiving such request, re-configure the serving beam accordingly.
In other words, from PHY perspective, until the serving beam for receiving PDCCH is not re-configured, the DL reception is in weak condition.
Observation 1: From physical layer perspective, the beam failure is not recovered until the UE receives a re-configuration of the serving beam for receiving PDCCH. 
The next question is how is this beam reconfiguration expected to happen?
Given the serving CORESET is shared by several UEs, the role of the CORESET-BFR is specifically to use temporarily the beam selected by the UE in the BFR for receiving properly the gNB response (since the serving beam/CORESET/PDCCH became weak). The specifics of this CORESET-BFR are that its beam (aka TCI state) is implicitly configured to match qnew requested by the UE, hence UE can monitor it right away after preamble transmission without any further TCI configuration. 
Observation 2: Once beam failure request has been initiated, UE expects receiving the gNB response on a specific and temporary CORESET-BFR implicitly tuned to the UE-requested beam.
From the above, it is clear that from physical layer perspective, UE monitors the CORESET-BFR until the beam failure request is considered successfully completed, which is captured in the above first RAN1 LS [1] extract as follows:
· 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

The corresponding text in the PHY specification is the above yellow highlighted text. With these further details, we can fine-tune observation 1 as:
Observation 3: From physical layer perspective, the beam failure is not recovered until the UE receives either of:
· an RRC reconfiguration of a new CORESET for receiving PDCCH with associated activation by MAC CE of the TCI state, if the configured CORESET has K>1 configured TCI states; or
· a MAC CE (re)-configuring the TCI state(s) of the serving CORESET(s) in use before the beam failure request initiation. 
Finally, it can be further noted that until gNB successfully receives the beam failure request, it is not aware of the problem and continues providing DL assignments and UL grants on the serving CORESETs in use before the beam failure request initiation. And there is no mention anywhere in any RAN1 LS or specification text that UE stops monitoring the serving CORESETs while the BFR procedure is on-going. Hence the UL/DL activity scheduled on the serving PDCCHs keeps going. 
Observation 4: UE keeps on monitoring the serving PDCCH(s) in use before the beam failure request initiation while the BFR procedure is on-going.
However, in the current MAC specification the BFR is considered successfully completed as soon as the MAC receives a PDCCH to C-RNTI, irrespective of the content of the scheduled DL assignment and the CORESET on which it is received (i.e., serving CORESET or CORESET-BFR). As a result, it is clear that any regular DL assignment, not indicating any beam re-configuration, will erroneously terminate the BFR procedure, and the UE will never be reconfigured with new serving beam, unless triggering again a new BFR.
Observation 5: 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.
Proposal 1: Fix the condition for successful BFR termination in the MAC specification.
1.2. Fixing the issue
From the above discussion, we need to distinguish between receiving PDCCH to C-RNTI on CORESET-BFR or on another CORESET. Indeed, any PDCCH to C-RNTI received on CORESET-BFR is expected to schedule either of an RRC reconfiguration of a new CORESET or a MAC CE (re)-configuring the TCI state(s) of the serving CORESET(s), which indeed successfully terminates the BFR. And receiving PDCCH to C-RNTI on any other CORESET is certainly unrelated to the BFR, hence should be ignored. In summary, the MAC condition for BFR termination should be augmented with the condition that PDCCH to C-RNTI is received on CORESET-BFR. Note though that the last RRC specification [3] no longer specifies an explicit CORESET-BFR (used to be recoveryControlResourceSetId) in beamFailureRecoveryConfig I.E, since it can be implicitly derived by the associated search space, recoverySearchSpaceId:
BeamFailureRecoveryConfig information element
-- ASN1START
-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-START

BeamFailureRecoveryConfig ::= 		SEQUENCE {
	rootSequenceIndex-BFR				INTEGER (0..137)							OPTIONAL,	-- Need M
	rach-ConfigBFR						RACH-ConfigGeneric						OPTIONAL,	-- Need M
	candidateBeamThreshold				RSRP-Range								OPTIONAL,	-- Need M
	candidateBeamRSList					SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR		OPTIONAL,	-- Need M
	ssb-perRACH-Occasion				ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen} 	OPTIONAL,	-- Need M
	ra-ssb-OccasionMaskIndex			INTEGER (0..15)																OPTIONAL, 	-- Need M
	recoveryControlResourceSetId		ControlResourceSetId					OPTIONAL	,	-- Need S
	recoverySearchSpaceId				SearchSpaceId							OPTIONAL,	-- Need S
	...
}

Therefore, although the above change is not yet reflected in the PHY specification, we suggest implementing the fix, aligned with the RRC specification:
Proposal 2: The MAC condition for BFR termination should be augmented with the condition that PDCCH to C-RNTI is received in the search space with index recoverySearchSpaceId.
A small change is therefore needed on the RAR reception procedure:
	[bookmark: _Toc510431862]5.1.4	Random Access Response reception
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:
[…]
1>	if notification of a reception of a PDCCH transmission in the search space with index recoverySearchSpaceId is received from lower layers; and
1>	if PDCCH transmission is addressed to the C-RNTI; and
1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	consider the Random Access procedure successfully completed.
1>	else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
[…]



We provide an associated 38.321 CR in [4].
Proposal 3: Agree the CR in [4].
Conclusion
This contribution aims at fixing an inconsistency between PHY and MAC specifications regarding the condition for successful BFR termination. The resulting observations and proposals are as follows and an associated MAC CR is provided in [4].
Observation 1: From physical layer perspective, the beam failure is not recovered until the UE receives a re-configuration of the serving beam for receiving PDCCH. 
Observation 2: Once beam failure request has been initiated, UE expects receiving the gNB response on a specific and temporary CORESET-BFR implicitly tuned to the UE-requested beam.
Observation 3: From physical layer perspective, the beam failure is not recovered until the UE receives either of:
· an RRC reconfiguration of a new CORESET for receiving PDCCH with associated activation by MAC CE of the TCI state, if the configured CORESET has K>1 configured TCI states; or
· a MAC CE (re)-configuring the TCI state(s) of the serving CORESET(s) in use before the beam failure request initiation 
[bookmark: _GoBack]Observation 4: UE keeps on monitoring the serving PDCCH(s) in use before the beam failure request initiation while the BFR procedure is on-going.
Observation 5: 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.
Proposal 1: Fix the condition for successful BFR termination in the MAC specification.
Proposal 2: The MAC condition for BFR termination should be augmented with the condition that PDCCH to C-RNTI is received in the search space with index recoverySearchSpaceId.
Proposal 3: Agree the CR in [4].
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