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1. Introduction
In this contribution, we would like to discuss the following issues:
· The BFD/BFR procedure in sidelink.
· Beam failure detection/recovery and RLF.
2. Discussion
2.1 BFD/BFR on TX or RX UE based manner
 In RAN2 #121bis-e meeting, it was agreed that[1]:
Agreement:
For beam failure detection, reuse Uu design of timer + counter based mechanism as baseline, and R2 further study how SL beam failure is detected. FFS on Tx or Rx UE based manner. 
It is still not clear whether/how TX and RX UE based beam failure detection is supported. We would like to discuss the details.
The Uu BFD/BFR procedure and possible sidelink BFD/BFR procedure (reuse Uu mechanism as much as possible) are summarised as follows:
	Uu
	Sidelink

	Step 1: receive BFI from PHY
	Step 1: receive BFI from PHY. 
Based on RAN1 #113 agreement:
RAN1 can study the following two schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on PSFCH carrying sidelink HARQ feedback
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD


	Step 2: (re)start the beamFailureDetectionTimer

	Step 2: (re)start a similar timer (e.g. sl-beamFailureDetectionTimer)

	Step 3: increment BFI_COUNTER by 1 and if BFI_COUNTER >= beamFailureInstanceMaxCount, trigger BFR (for SCell) or Random Access procedure (for SpCell)
If the beamFailureDetectionTimer expires, set BFI_COUNTER to 0

	Step 3: increment a similar counter by 1 and if it>=threshold, RX UE trigger BFRQ (sidelink BFR request)
Also, the counter is set to 0 when sl-beamFailureDetectionTimer expires
Considering there is no Random Access procedure on sidelink so the recovery should base on BFRQ and BFRR.
RAN2 #112bis agreement:
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism at least for the scheme where SL BFI is triggered based on the measurement of reference signal for BFD (if supported), including
· candidate beam(s) identification
· FFS details on reference signals for candidate beam identification, including structure, procedure, timing.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicability to the scheme where SL BFI is triggered based on SL HARQ feedback (if supported).


	Step 4: if Random Access procedure is successfully completed, consider Beam Failure Recovery procedure successful
	Step 4: TX UE receives BFRQ and it will send BFRR (sidelink BFR response). During the procedure, the TX UE and RX UE may decide the new beam.
This could be the most complex step (combined with step 3), e.g. which signalling to send BFRQ/BFRR, how to decide the beam for BFRQ/BFRR and how to switch to new beam after the recovery. The issues have been discussed in RAN1 and details can be FFS in both RAN1/RAN2.


As mentioned in the above table, RAN1 agreed to study both scheme 1 and scheme 2, so we can wait for more progress from RAN1. From RAN2’s point of view, how the BFI is triggered can be left to RAN1 decision and we can just focus on the part of timer/counter.
[bookmark: _Ref142575473]Observation 1: RAN1 agree to study both TX and RX based manner for BFD, which refers to scheme 1 and scheme 2：
· Scheme 1: Sidelink BFI is triggered based on PSFCH carrying sidelink HARQ feedback
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
[bookmark: _Ref142575475]Proposal 1: Whether the BFD is Tx or Rx UE based manner can be left to RAN1, as it is about how BFI is triggered in PHY.
With BFI from PHY, we understand the BFD procedure can almost work based on reusing Uu design of timer + counter based mechanism.
For BFR, however, as mentioned in step 3 and step 4 in above table, there is no Random Access procedure, how to recover beams can be a totally new mechanism. We understand we can wait for more RAN1 progress on this part.
[bookmark: _Ref142575476]Proposal 2: For BFR in sidelink, wait for more RAN1 progress on e.g. how to decide new beams.
2.2 Relationship between BFD/BFR and RLF 
In RAN2 #121bis-e meeting, it was agreed:
Agreement: 
Upon beam failure is detection, support BFR signaling exchange between peer UEs, and further study e.g., RLF declaration due to beam failure.
[bookmark: _GoBack]In Uu, RLF is declared when the BFR procedure fails (i.e., failure of random access procedure on SpCell). In PC5, as there is no RACH procedure, it is questionable whether/how RLF should be triggered due to beam failure. To answer the question, it should be first discussed whether the beam failure detection is per link, because the RLF is per destination[2]:
2>	consider sidelink radio link failure to be detected for this destination;


Figure 1. Various beams in multiple link scenario
In our understanding, as the UE is only identified by L2 ID in AS layer even since the Rel-16 design, it seems the beam training/selection in sidelink can only be performed between two L2 IDs. Also, on a single sidelink BWP, there can be various links and various directions, it is reasonable to perform BFD/BFR in a per destination manner. As illustrated in above figure, there can be 4 different beams between the four UEs. Therefore, we propose:
[bookmark: _Ref134550365]Proposal 3: RAN2 to confirm the BFD/BFR is performed per destination.
And if it is confirmed that the BFD/BFR is per destination, then the RLF triggering can follow the same idea as in Uu, i.e. when the BFR procedure fails, the RLF would be triggered. 
[bookmark: _Ref134550368]Proposal 4: RLF would be triggered for a destination when BFR procedure for that destination fails.
3. Conclusion
[bookmark: _Hlk110351495]In this contribution, we discussed the following two issues:
· The BFD/BFR in sidelink.
· Beam failure detection/recovery and RLF
And we have the following observations and proposals: 
Observation 1: RAN1 agree to study both TX and RX based manner for BFD, which refers to scheme 1 and scheme 2：
· Scheme 1: Sidelink BFI is triggered based on PSFCH carrying sidelink HARQ feedback
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
Proposal 1: Whether the BFD is Tx or Rx UE based manner can be left to RAN1, as it is about how BFI is triggered in PHY.
Proposal 2: For BFR in sidelink, wait for more RAN1 progress on e.g. how to decide new beams.
Proposal 3: RAN2 to confirm the BFD/BFR is performed per destination.
Proposal 4: RLF would be triggered for a destination when BFR procedure for that destination fails.
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