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1. Introduction
In the previous RAN 2 meetings, the following agreements have been achieved:
	RAN2#100(Main Session)
· The reception of the gNB response to beam recovery request sent on RACH is based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC.

· Beam recovery can take place on a candidate beam (e.g. beams above threshold) with dedicated PRACH resources either associated with an SSB or CSI-RS resource.

· When more than one beam is a valid candidate, it is up to UE implementation to select the beam.

· For beam recovery purposes RRC signalling allows the case of configuring both SSB + CSI-RS (i.e. simultaneously) for new candidate beam identification. The case where only one of SSB or CSI-RS resource is configured is also covered – i.e. this is network configuration.

· When more than one beam is a valid candidate, it is up to UE implementation to select either the SSB based resource or the CSI-RS based resource.

RAN2#100(UP session)

· 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.    

· Beam selection is specified in the MAC similar to the HO case

· The UE uses contention free when there is a beam associated to a dedicated “preamble/resource” and the beam is above a threshold.  Otherwise use contention based.  
RAN2#AH1801
· For contention based random access for beam failure recovery, contention resolution is successful if UE receives a PDCCH transmission addressed to its C-RNTI
· ResponseWindowSize-BFR is applied only for contention free BFRR preamble (as already captured in MAC specification).

· PreambleInitialReceivedTargetPower-BFR and powerRampingStep-BFR are applied only for contention free BFRR preamble. FFS how to capture it.  
· Maximum power applied to common RACH is dictated by the ra-PreambleTx-Max.

· PreambleTransMax-BFR is applied only for contention free BFRR preamble. FFS how to capture it.  


In this contribution, we intend to address the remaining issues for BFR and itrs triggered realted RA procedure.
2. Discussion
2.1 Switching between the contention-based and contention-free RA for BFR

In the current MAC specification, the resource selection for BFR-triggered RA procedure is as follows:

	1>
if the Random Access procedure was initiated by a beam failure indication from lower layer; and
1>
if the contention free PRACH resources for beam failure recovery request associated with any of the SS blocks and/or CSI-RSs have been explicitly provided by RRC; and
1>
if at least one of the SS blocks with SS-RSRP above rsrp-ThresholdSSB amongst the associated SS blocks or the CSI-RSs with CSI-RSRP above csirs-dedicatedRACH-Threshold amongst the associated CSI-RSs is available:
2>
select an SS block with SS-RSRP above rsrp-ThresholdSSB amongst the associated SS blocks or a CSI-RS with CSI-RSRP above csirs-dedicatedRACH-Threshold amongst the associated CSI-RSs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SS block or CSI-RS from the set of Random Access Preambles for beam failure recovery request;
……

1>
if an SS block is selected above and an association between PRACH occasions and SS blocks is configured:

2>
determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SS block;

1>
else if a CSI-RS is selected above and an association between PRACH occasions and CSI-RSs is configured:
2>
determine the next available PRACH occasion from the PRACH occasions corresponding to the selected CSI-RS;

1>
else:

2>
determine the next available PRACH occasion;

1>
perform the Random Access Preamble transmission procedure (see subclause 5.1.3).


Based on the above specification, it can be observed that for preamble retransmission, the RA resource is selected again, which can result in CBRA or CFRA, regardless of whether it is CBRA or CFRA in the initial transmission. 
Observation 1: The current RA specification allows the switching between CBRA and CFRA for beam failure recovery for preamble (re-)transmissions.
We think that for the previous RAN 2 meeting, there is no agreement confirming on this and RAN 2 should re-affirm on this. 

Proposal 1: RAN 2 should further confirm that for preamble retransmission, the RA procedure can switch between contention-based and contention-free RA.

2.2 Preamble transmission for BFR

In the previous RAN 2 meeting, we have made the agreement that 

	· PreambleInitialReceivedTargetPower-BFR and powerRampingStep-BFR are applied only for contention free BFRR preamble. FFS how to capture it.  


However, this still has not been captured in the running CR. We propose the following correction for these two parameters as follows

	Start of 1st change


5.1.3
Random Access Preamble transmission

The MAC entity shall, for each Random Access Preamble:

1>
if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and

1>
if the notification of suspending power ramping counter has not been received from lower layers; and

1>
if SS block selected is not changed (i.e. same as the previous Random Access Preamble transmission): 
2>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1> if the RA procedure is triggered by beam failure recovery request and contention-free Random Access resource is selected for Random Access Preamble transmission:

2> set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower-BFR + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep-BFR.
1> else:
2>
set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep;

1>
except for contention-free Randon Access Preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;
1>
instruct the physical layer to transmit the Random Access Preamble using the selected PRACH, corresponding RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × X × f_id + 14 × X × Y × ul_carrier_id

where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < X), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < Y), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for normal carrier, and 1 for SUL carrier). The values X and Y are specified in TS 38.213 [6].
	Start of 1st change


2.3 Procedure for unsuccessful beam failure recovery

	Agreement: 

· From RAN1 perspective, contention-free PRACH-based beam failure recovery is considered unsuccessful when one of the following conditions is met

· Upon expiry of Beam-failure-recovery-Timer 

· Upon reaching max. # of BFRQ transmissions

Include as part of LS to RAN2


Basde on the current specifictionfor BFR, if the BeamFailureRecoveryTimer expires and there is an on-going BFR-triggered RA procedure, the MAC entity will send a beam failure recovery failure problem to the upper layer and a RLF will be triggered. In this way, the ongoing RA procedure will be naturally aborted in RLF and there will be no problem.

However, when the BFR-triggered RA procedure reaches the maximum preamble retransmission, the specification is still incomplete that the maximum number of preamble reantramission for BFR is not captured. 

In the current specification for BFR-triggered BFR, the MAC procedure when the maximum number of preamble retransmission is reached is as follows:

	1>
if ra-ResponseWindow expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received; or:

1>
if ra-ResponseWindowBFR expires and if the PDCCH addressed to the C-RNTI has not been received:

2>
consider the Random Access Response reception not successful;
2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 1:

3>
if the Random Access Preamble is transmitted on the SpCell:

4>
indicate a Random Access problem to upper layers.

3>
else if the Random Access Preamble is transmitted on a SCell:

4>
consider the Random Access procedure unsuccessfully completed.


Hence, BFR-triggered RA and other RAs are treated with the same manner: (a) when RA preamble transmitted on the SpCell, indicate a RA problem to the upper layer; (b) when RA preamble transmitted on SCell, consider the RA procedure unsuccessful.

However, according to the above agreement from RAN 1, BFR will be considered as un-successful when the maximum number of preamble retransmission is reached. Hence, when preambleTxMax is reached, MAC should also indicate a beam failure recovery failure to the upper layer

Under both cases, MAC entity should indicate a beam failure recovery problem to the upper layer when one of the following conditions is met

Proposal 2: When the PremableTransMax-bfr is reached for preamble retrsnmission, the MAC entity should send an indication of beam failure recovery problem to the upper layer.

Based on the above discusssions, and also based on the agreement in the previous meeting on various variables and parameters on BFR, the correction for the current MAC procedure can be as follows:

2.4 Beam failure detection

In the previous RAN 1 meeting, the following agreement has been made:

	Agreement: 

· Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS 
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, which is also lower bounded by [10] ms.

· Note: if the evaluation is below beam failure instance BLER threshold, there is no indication to higher layer.

·  PHY provides to higher layer one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold upon higher layer request.


In the previous meeting, RAN 2 has discussed whether beam failure detection should be done at the MAC or PHY, while no agreement was made. According to the above agreement from RAN 1, PHY indicates to the MAC layer the beam failure instance and the MAC maintains the counter. When the coutner reaches a certain threshold, beam failure is detected.
Proposal 3: MAC layer maintains the counter for counting the number of consecutive beam failure instance indicated from the lower layer.

Proposal 4: When the counter exceeds a certain configured threshold for max number of beam failure instance, beam failure is detected.
Furthermore, in the offline discussion R2-1801558, there are two options proposed and most of the companies support option 2
Option 1: PHY delivers two types of notifications to MAC, namely “beam failure instance” and “no beam failure instance”. The former would e.g. result in MAC incrementing the counter and the latter in MAC decrementing the counter. This requires RAN1 to design a “no beam failure” criteria and notification. 

Option 2: PHY delivers to MAC “beam failure instance” notifications only and MAC would maintain a timer for resetting the counter: e.g. upon receiving a first “beam-failure instance” MAC starts incrementing the counter and starts a timer. The timer is re-started upon every new reception of “beam-failure”. If no new “beam-failure instance” is received for a while, the timer expires and the counter is reset. This also requires RAN1 to provide RAN2 with an indication of the period of the beam failure “checks” in PHY so that RAN2 can design the timer accordingly.

Based on the above agreement from RAN 1, we think that RAN 2 can further confirm on option 2 as the choice for beam failure detection. 
Proposal 5: A new timer in the MAC layer should be adopted, whose behaviour is as follows:

(1) The timer starts or restarts upon every new reception of beam failure instance from the lower layer;

(2) When the timer expires, the counter is reseted. 
2.5 Candidate beam indication and selection

When beam failure is detected in the MAC layer, according to the above agreement in RAN 1 and above proposals, MAC layer should send a request to PHY to indicate the candidate beam for initiating the BFR-triggered RA procedure. 

Proposal 6: When beam failure is detected in MAC layer, MAC layer sends a request to the PHY to request the candidate beam. 
After the request from higher layer, as agreed by RAN 1, PHY layer will send one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold to the upper layer. In this case, there is no need for the MAC layer to compare with the RSRP of the RSs with the thresholds again. Also, we think when more than one set of {beam RS index, L1-RSRP measurement} are sent to the MAC layer, it should be up to the implementation of the UE to select which beam RS index for RA procedure.
Proposal 7: If there are multiple sets of {beam RS index, L1-RSRP measurement}, it is up to the implementation of the UE to choose the RS for both CBRA and CFRA.
3. Conclusion
In this contribution, we discuss the remaining issues with beam failure recovery and we have the following proposals have been made on different aspects of BFR:

Switching between CBRA and CFRA

Proposal 1: RAN 2 should further confirm that for preamble retransmission, the RA procedure can switch between contention-based and contention-free RA.

Procedure for unsuccessful beam failure recovery

Proposal 2: When the PremableTransMax-bfr is reached for preamble retrsnmission, the MAC entity should send an indication of beam failure recovery problem to the upper layer.
Beam failure detection
Proposal 3: MAC layer maintains the counter for counting the number of consecutive beam failure instances indicated from the lower layer.

Proposal 4: When the counter exceeds a certain configured threshold for max number of beam failure instance, beam failure is detected.
Proposal 5: A new timer in the MAC layer should be adopted, whose behaviour is as follows:

(1) The timer starts or restarts upon every reception of beam failure instance from the lower layer;
(2) When the timer expires, the counter is reseted. 
Candidate beam indication and selection
Proposal 6: When beam failure is detected in MAC layer, MAC layer sends a request to the PHY for the candidate RSs. 
Proposal 7: If there are multiple sets of {beam RS index, L1-RSRP measurement}, it is up to the implementation of the UE to choose the RS for both CBRA and CFRA.
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