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RAN1 sent an LS [1] about beam failure recovery (BFR) and provided below issues for further study in RAN2. We discuss the highlighted part and some other remaining issues about RA procedure and parameters for BFR in this contribution. 

	ACTION: 
RAN1 respectfully asks RAN WG2 to consider the following for future work:
· Beam failure detection including counting the number of consecutive detected beam failure instance, and consequent trigger mechanism for beam failure recovery request transmission
· Mechanism for supervising beam failure recovery procedure based on Beam-failure-recovery-Timer and based on PreambleTransMax-BFR
· Resources for beam failure recovery request transmission by non-contention based channel based on PRACH
· gNB response for UE beam failure recovery request through a dedicated CORESET, i.e. Beam-Failure-Recovery-Response-CORESET



[bookmark: OLE_LINK5][bookmark: OLE_LINK6]RAN1 LS related:
· Issue 1: The procedure and specification impacts of the beam failure detection and BFR trigger mechanism
· Issue 2: Mechanism for supervising beam failure recovery procedure based on Beam-failure-recovery-Timer and based on PreambleTransMax-BFR
· Issue 3: The parameters in Msg2: bfr-ResponseWindow vs. ra-ResponseWindow; PreambleTransMax-BFR vs. ra-PreambleTx-Max
Remaining issues in MAC:
· Issue 4: The cell for BFR procedure (in SpCell only?)
· Issue 5: The backoff mechanism for BFR using contention based RACH
Discussion
RAN1 LS related

· Issue 1: The procedure and specification impacts of the beam failure detection and BFR trigger mechanism
RAN2 agreed in RAN2#100 that PHY layer is responsible to detect the beam failure and transmit the BFR indication to MAC. The agreement is now captured in TS38.321.
Agreements
1. Beam failure recovery using a dedicated PRACH preamble is specified in the MAC and triggered upon indication from Physical layer.  RAN2 assumes that the PHY layer does the detection of beam failure.    

However, in RAN1 LS and RAN1 specification, beam recovery request is decided by “the number of consecutive detected beam failure instances exceeding a configured maximum number”, and PHY layer provides every “detected beam failure instance” to higher layer.  
	RAN1 LS[1]:
Agreements: A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number
· 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

TS 38.213[3]:
The physical layer in the UE shall, in slots where the radio link quality according to the set [image: cid:image001.png@01D3896F.C88F5C50] is assessed, provide an indication to higher layers when the radio link quality for all corresponding resource configurations in the set [image: cid:image001.png@01D3896F.C88F5C50] that the UE uses to assess the radio link quality is worse than the threshold Qout,LR.



To implement the beam failure detection and BFR trigger mechanism, there are 3 options:
Option 1: Revise RAN1 specification to process the consecutive number of beam failure instances and provide the resulting BFR indication instead of each beam failure instance to higher layer. 
This would lead to the least RAN2 impact and align to RAN2 previous agreement. But from the RAN1 LS, RAN1 has already finished the work and consider the BFR trigger mechanism as a RAN2 issue. Then if RAN2 prefer option 1, RAN2 should send feedback LS to RAN1 about the work assumption in RAN2 although we sent RAN2 agreements on BFR in [4] to RAN1 in last meeting.
 
Option 2: MAC or RRC evaluates BFR trigger and RAN1 introduces ‘no-beam-failure’ indication
If MAC or RRC maintains the count of the number of consecutive detected beam failure instances, some further inputs are required from RAN1 regarding when to reset the counter, e.g. upon receiving some “no-beam-failure” indication if the link quality is restored after one or few consecutive beam failure instances. Meaning RAN1 needs to do some work anyway to introduce the ‘no-beam-failure’ indication. A lot of questions may arise in RAN1, such as what is the criterion of ‘no-beam-failure’ etc. RAN2 needs to implement a counter for beam failure detection based on two indications from RAN1: ‘beam-failure’ and ‘no-beam-failure’ similar to the RLF evaluation based on “in-sync” and “out-of-sync” from PHY layer.
There are two sub branches:
· If the evaluation of BFR trigger is performed in MAC, MAC should introduce the evaluation procedure and change the agreement that “RA for BFR is triggered upon indication from Physical layer”;
· If the evaluation of BFR trigger is performed in RRC, RRC specification should introduce the evaluation procedure and MAC should change the beam recovery request as triggered by RRC instead of PHY layer.
Option 3: MAC or RRC evaluates BFR trigger based on “beam-failure” indication only and introduces a new timer to assess the “consecutive” indications
The usage of the new timer is as follows: start/restart the timer when UE receives a “beam-failure” instance indication; when the timer expires, reset the counter. Thus, if next “beam-failure” instance indication is received while the timer is running, UE consider the two “beam-failure” instances as consecutive and increment the counter. Otherwise, UE restarts the count for isolated “beam-failure” indications. 
Option 3 has the least RAN1 impact but introduce more work in RAN2.
Comparing the 3 options, it is simplest to change RAN1 specification that beam recovery request indication is received from PHY layer directly, i.e., option 1.
Proposal 1: Feedback RAN1 that RAN2 assume beam failure detection is performed by L1 and MAC receives the BFR indication from RAN1 instead of “beam-failure” instance in order to minimize the cross-layer interaction and specification impacts on both RAN1 and RAN2.

· Issue 2: Mechanism for supervising beam failure recovery procedure based on Beam-failure-recovery-Timer and based on PreambleTransMax-BFR
For BFR, there are two parameters related to the RA procedure failure: Beam-failure-recovery-Timer (beamFailureRecoveryTimer in TS38.321) and PreambleTransMax-BFR (ra-PreambleTx-Max in TS38.321). In TS38.321, the regulation of ra-PreambleTx-Max is captured in the RACH section (5.1) and the regulation of beamFailureRecoveryTimer is captured in the beam failure recovery request procedure section (5.17). Currently, it is unclear how to consider these two parameters simultaneously. There are two possible ways to deal with the two parameters:
Option 1: the UE only considers beamFailureRecoveryTimer for the BFR using RA procedure
Option 2: the UE considers the two parameters simultaneously, and considers BFR failure when any condition is met:  the ra-PreambleTx-Max is reached or the beamFailureRecoveryTimer expires.
We have no preference regarding the two options. However, since the two parameters are captured in the MAC specification now, we can keep them both and select option 2.
Proposal 2: Clarify that UE should consider the BFR as failed when any of the two conditions is met: the ra-PreambleTx-Max is reached or the beamFailureRecoveryTimer expires. 

· Issue 3: The parameters in Msg2: bfr-ResponseWindow vs. ra-ResponseWindow; PreambleTransMax-BFR vs. ra-PreambleTx-Max
· bfr-ResponseWindow vs. ra-ResponseWindow
The ra-ResponseWindow is used for monitoring Msg2, it should be set as that there is no RA-RNTI ambiguity associated to the PRACH resource periodicity and resource location.
The UE performing BFR using CFRA should monitor PDCCH with C-RNTI during the bfr-ResponseWindow after a fixed duration of X symbols from the end of the preamble transmission. There is no limitation for the length of bfr-ResponseWindow because it is configured for the CFRA. 
These two parameters have different names and different usage scenarios. Although these two parameters can be set as the same value, it is not necessary to limit that these two parameters should be the same.
Proposal 3: Configure the values of bfr-ResponseWindow and ra-ResponseWindow independently.

· PreambleTransMax-BFR vs. ra-PreambleTx-Max
In current TS38.321, we use ra-PreambleTx-Max as the upper bound of RA attempts for all types of RA procedure. However, RAN1 considers an independent parameter PreambleTransMax-BFR for BFR in their LS. RAN2 should capture PreambleTransMax-BFR in MAC specification or send a feedback LS to RAN1 that RAN2 think one parameter for the maximum number of RA attempts is enough. Since the usages of PreambleTransMax-BFR and ra-PreambleTx-Max are the same, we prefer not to change the MAC specification and feedback we prefer only one parameter in the feedback LS. 
Proposal 4: Feedback RAN1 that RAN2 think ra-PreambleTx-Max could be used in BFR procedure and there is no need to introduce a new parameter PreambleTransMax-BFR.

Remaining issues in MAC
Except for the issues triggered by RAN1, there are some remaining issues in MAC specification itself.
· Issue 4: The cell for BFR procedure (in SpCell only?)
We didn’t discuss in which cell UE can perform BFR so far. But in current MAC specification, it seems UE can perform BFR only in SpCell (PCell or PSCell). As we know, the BFR is mainly useful in the cell with high frequency. In CA case, the gNB can configure the UE with a low frequency cell as PCell and high frequency cell as SCell. Because of the different frequency characteristics (such as beamwidth and beam numbers) and the deployment of different cells (such as the CA deployment scenario in Table 1 abstracted from the CA deployments in 36.300), the beam correspondence in the SpCell could not reflect the beam correspondence in other cells in some cases.
[bookmark: _Ref503453543]Table 1 The example of CA Deployment Scenario (F2 > F1)
	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	




Therefore, it is unreasonable for the UE to perform BFR procedure in the SpCell always when beam failure was detected in the SCell.
Proposal 5: UE can perform BFR using RA procedure in a cell configured with RACH resources when the beam failure is detected in that cell.
· CFRA in SCell can be triggered by BFR indication besides PDCCH order;
· CBRA in SCell for BFR is possible only if RACH resources are configured in the cell. 

· Issue 5: The backoff mechanism for BFR using contention based RACH
Backoff mechanism is used for CBRA for alleviating the RACH overload in the network. However, there is the restriction of the beamFailureRecoveryTimer for the BFR procedure. If a large backoff value is applied when one RA attempt failed, it is possible for the UE no chance to initiated another RA attempt due to the beamFailureRecoveryTimer expired.
Proposal 6: Due to the restriction of beamFailureRecoveryTimer, the UE performing BFR using CBRA should set backoff to 0 regardless any backoff value received in Msg2.
Conclusion 
In this contribution, we discuss the RA procedure and parameters for BFR and provide below proposals. Moreover, we provide a draft reply LS to RAN1 about the proposal1, 2, and 4 [5].
RAN1 LS related:
Proposal 1: Feedback RAN1 that RAN2 assume beam failure detection is performed by L1 and MAC receives the BFR indication from RAN1 instead of “beam-failure” instance in order to minimize the cross-layer interaction and specification impacts on both RAN1 and RAN2.
Proposal 2: Clarify that UE should consider the BFR as failed when any of the two conditions is met: the ra-PreambleTx-Max is reached or the beamFailureRecoveryTimer expires. 
Proposal 3: Configure the values of bfr-ResponseWindow and ra-ResponseWindow independently.
Proposal 4: Feedback RAN1 that RAN2 think ra-PreambleTx-Max could be used in BFR procedure and there is no need to introduce a new parameter PreambleTransMax-BFR.

Remaining issues in MAC:
Proposal 5: UE can perform BFR using RA procedure in the cell with RACH resource configuration when the beam failure detected in the cell.
· CFRA in SCell can be triggered by BFR indication besides PDCCH order;
· CBRA in SCell for BFR is possible only if RACH resources are configured in the cell. 
Proposal 6: Due to the restriction of beamFailureRecoveryTimer, the UE performing BFR using CBRA should set backoff to 0 regardless any backoff value received in Msg2.
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