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1 Introduction
In this contribution we discuss some issues/corrections for beam failure recovery.
2 Discussion
2.1 Handling sr-ProhibitTimer for SCell BFR 
According to endorsed MAC CR for eMIMO [1], section 5.4.4: 

· Pending SR triggered prior to the MAC PDU assembly for beam failure recovery of an SCell shall be cancelled when the MAC PDU is transmitted and this PDU includes an BFR MAC CE or Truncated BFR MAC CE which contains beam failure recovery information of that SCell.

· If all the SR(s) triggered for SCell beam failure recovery are cancelled the MAC entity shall stop sr-ProhibitTimer of corresponding SR configuration.

It is possible that one or more SRs triggered for SCell beam failure recovery remains pending upon trasmission of BFR MAC CE or Truncated BFR MAC CE. 
· For example, SR(s) for BFR which were triggered after initiation of MAC PDU assembly. 
If there is at least one pending SR of corresponding SR configuration the sr-ProhibitTimer  is not stopped. As a result, SR transmission and hence BFR can be delayed for SCell whose BFR was triggered after initiation of MAC PDU assembly. 
To overcome this, we propose that, for a pending SR triggered prior to the MAC PDU assembly for beam failure recovery of an SCell sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes an BFR MAC CE or Truncated BFR MAC CE which contains beam failure recovery information of that SCell.
Proposal 1: For a pending SR triggered prior to the MAC PDU assembly for beam failure recovery of an SCell sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes an BFR MAC CE or Truncated BFR MAC CE which contains beam failure recovery information of that SCell.
Proposal 2: Adopt the TP in annexure 1.
2.2 Handling reconfiguration of BeamFailureRecoverySCellConfig
In R15 it was discussed that beamFailureRecoveryConfig can be reconfigured during the ongoing Random Access procedure for SpCell's beam failure recovery. It was agreed that if beamFailureRecoveryConfig is reconfigured by upper layers during an ongoing Random Access procedure for SpCell's beam failure recovery, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure using the new configuration.
Similar to reconfiguration of beamFailureRecoveryConfig, BeamFailureRecoverySCellConfig can be reconfigured while BFR for SCell is ongoing. 
The reconfiguration of BeamFailureRecoverySCellConfig results in an updated candidateBeamRSSCellList. If the BFR MAC CE or truncated BFR MAC CE including beam failure recovery information of SCell is generated before the reconfiguration of that SCell's BeamFailureRecoverySCellConfig and the MAC PDU including this generated BFR MAC CE or truncated BFR MAC CE is transmitted after the reconfiguration, the candidate beam determined by gNB based on candidate RS ID in received MAC CE will be incorrect (For example, UE may report candidate RS ID X in MAC CE; entry X in the candidate beam RS list before and after the configuration can be different). This can occur if BFR MAC CE or truncated BFR MAC CE is included in MSGA or Msg3 during an RA attempt, actual MsgA/Msg3 is transmitted later after several RA attempts and reconfiguration occurs in between. 

In order to resolve the issue following can be considered:

· If the BeamFailureRecoverySCellConfig is reconfigured for a SCell and if the BFR MAC CE or truncated BFR MAC CE including beam failure recovery information of that SCell is included in MAC PDU in MsgA or Msg3 buffer of an ongoing random access procedure:

· Option 1: Flush the MsgA/Msg3 buffer. Re-trigger BFR (if not pending) for all the SCells whose beam failure recovery information was included in BFR MAC CE or truncated BFR MAC CE in flushed MsgA or Msg3 buffer. In the subsequent RA attempt, generate MsgA/Msg3 MAC PDU again. The TP for implementing this option is provided in annexure 2.
· Option 2: Stop the ongoing RA procedure, re-trigger BFR (if not pending) for all the SCells whose beam failure recovery information was included in BFR MAC CE or truncated BFR MAC CE in flushed MsgA or Msg3 buffer and initiate a random access procedure if SpCell BFR is ongoing. The TP for implementing this option is provided in annexure 3.
Proposal 3: Discuss and agree on one of the following options:
· If the BeamFailureRecoverySCellConfig is reconfigured for a SCell and if the BFR MAC CE or truncated BFR MAC CE including beam failure recovery information of that SCell is included in MAC PDU in MsgA or Msg3 buffer of an ongoing random access procedure:

·    Option 1: Flush the MsgA/Msg3 buffer. Re-trigger BFR (if not pending) for all the SCells            whose beam failure recovery information was included in BFR MAC CE or truncated BFR MAC CE in flushed MsgA or Msg3 buffer. In the subsequent RA attempt, generate MsgA/Msg3 MAC PDU again.

·    Option 2: Stop the ongoing RA procedure, re-trigger BFR (if not pending) for all the SCells whose beam failure recovery information was included in BFR MAC CE or truncated BFR MAC CE in flushed MsgA or Msg3 buffer and initiate a random access procedure if SpCell BFR is ongoing.
2.3 Handling RA Cancellation upon SCell deactivation
According to endorsed MAC CR for eMIMO [1], section 5.4.4: 

· Upon deactivation of SCell (as specified in clause 5.9) configured with beam failure detection the ongoing Random Access procedure due to a pending SR for BFR which has no valid PUCCH resources configured may be stopped if all triggered BFRs for SCells are cancelled.
During the email discussion it was pointed out that if the ongoing Random Access procedure is cancelled after the Msg3 transmission, the network may keep re-scheduling the Msg3 retransmission, which may cause lots of resource waste. So it was proposed to not cancel the Random Access procedure in this case.

In our view, even if the Msg3 is transmitted during the ongoing RA attempt, contention resolution may or may not be successful. If contention resolution is not successful, UE will continue subsequent RA attempts which would also leads to resource wastage. So we prefer to not change the agreement made in last meeting. 

If majority of companies think that there is an issue and it needs to be fixed, our proposal is to not cancel the random access procedure while contention resolution timer is running. This ensures that RA procedure is stopped if contention resolution is not successful.

Proposal 4: Upon deactivation of SCell (as specified in clause 5.9) configured with beam failure detection, the ongoing Random Access procedure due to a pending SR for BFR which has no valid PUCCH resources configured may be stopped, when all triggered BFRs for SCells are cancelled and when the contention resolution timer (if running) is expired .
2.4 Handling Prioritisation of UL grant for BFR MAC CE

According to IIOT CR [2],

" For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels with data available that are multiplexed or can be multiplexed in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. The priority of an uplink grant for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than the priority of an uplink grant for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU"
The consequence is that when UL grants are not overlapping, BFR MAC CE is transmitted earlier than data from LCHs as shown in Figure 1. However when UL grants are overlapping, BFR MAC CE transmission is delayed. This is not consistent with the behaviour agreed in MIMO session according to which SCell BFR MAC CE has higher priority than LCHs. 
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Figure 1
To be consistent with the previous agreement and to expedite BFR, we propose that

Proposal 5: The priority of an uplink grant for which BFR MAC CE or truncated BFR MAC CE is multiplexed or can be multiplexed in the MAC PDU is higher than the priority of an uplink grant for which BFR MAC CE or truncated BFR MAC CE is not multiplexed or can not be multiplexed in the MAC PDU.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: For a pending SR triggered prior to the MAC PDU assembly for beam failure recovery of an SCell sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes an BFR MAC CE or Truncated BFR MAC CE which contains beam failure recovery information of that SCell.
Proposal 2: Adopt the TP in annexure 1

Proposal 3: Discuss and agree on one of the following options:

· If the BeamFailureRecoverySCellConfig is reconfigured for a SCell and if the BFR MAC CE or truncated BFR MAC CE including beam failure recovery information of that SCell is included in MAC PDU in MsgA or Msg3 buffer of an ongoing random access procedure:

·    Option 1: Flush the MsgA/Msg3 buffer. Re-trigger BFR (if not pending) for all the SCells            whose beam failure recovery information was included in BFR MAC CE or truncated BFR MAC CE in flushed MsgA or Msg3 buffer. In the subsequent RA attempt, generate MsgA/Msg3 MAC PDU again.

·    Option 2: Stop the ongoing RA procedure, re-trigger BFR (if not pending) for all the SCells whose beam failure recovery information was included in BFR MAC CE or truncated BFR MAC CE in flushed MsgA or Msg3 buffer and initiate a random access procedure if SpCell BFR is ongoing.
Proposal 4: Upon deactivation of SCell (as specified in clause 5.9) configured with beam failure detection, the ongoing Random Access procedure due to a pending SR for BFR which has no valid PUCCH resources configured may be stopped, when all triggered BFRs for SCells are cancelled and when the contention resolution timer (if running) is expired .
Proposal 5: The priority of an uplink grant for which BFR MAC CE or truncated BFR MAC CE is multiplexed or can be multiplexed in the MAC PDU is higher than the priority of an uplink grant for which BFR MAC CE or truncated BFR MAC CE is not multiplexed or can not be multiplexed in the MAC PDU.
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5.4.4
Scheduling Request

The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.

The MAC entity may be configured with zero, one, or more SR configurations. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. For a logical channel or for SCell beam failure recovery (see clause 5.17) and for consistent LBT failure (see clause 5.21), at most one PUCCH resource for SR is configured per BWP.

Each SR configuration corresponds to one or more logical channels and/or to SCell beam failure recovery and/or to consistent LBT failure. Each logical channel, SCell beam failure recovery, and consistent LBT failure, may be mapped to zero or one SR configuration, which is configured by RRC. The SR configuration of the logical channel that triggered a BSR other than Pre-emptive BSR (clause 5.4.5) or the SCell beam failure recovery or the consistent LBT failure (clause 5.21) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR. Any SR configuration may be used for an SR triggered by Pre-emptive BSR (clause 5.4.5).

RRC configures the following parameters for the scheduling request procedure:

-
sr-ProhibitTimer (per SR configuration);

-
sr-TransMax (per SR configuration).

The following UE variables are used for the scheduling request procedure:

-
SR_COUNTER (per SR configuration).

If an SR is triggered and there are no other SRs pending corresponding to the same SR configuration, the MAC entity shall set the SR_COUNTER of the corresponding SR configuration to 0.
When an SR is triggered, it shall be considered as pending until it is cancelled.
Except for SCell beam failure recovery, all pending SR(s) for BSR triggered according to the BSR procedure (clause 5.4.5) prior to the MAC PDU assembly shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted, regardless of LBT failure indication from lower layers, and this PDU includes a Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see clause 5.4.5) prior to the MAC PDU assembly. Except for SCell beam failure recovery, all pending SR(s) for BSR triggered according to the BSR procedure (clause 5.4.5) shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the UL grant(s) can accommodate all pending data available for transmission. Pending SR triggered prior to the MAC PDU assembly for beam failure recovery of an SCell shall be cancelled and respective sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes an BFR MAC CE or Truncated BFR MAC CE which contains beam failure recovery information of that SCell. Pending SR triggered for beam failure recovery of a SCell shall be cancelled upon deactivation of that SCell (as defined in clause 5.9). 
The MAC entity shall for each pending SR triggered by consistent LBT failure:

1>
if a MAC PDU is transmitted, regardless of LBT failure indication from lower layers, and the MAC PDU includes an LBT failure MAC CE that indicates consistent LBT failure for the Serving Cell that triggered this SR; or

1>
if the corresponding consistent LBT failure is cancelled (see clause 5.21):

2>
cancel the pending SR and stop the corresponding sr-ProhibitTimer.
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5.1.3a MSGA transmission

The MAC entity shall, for each MSGA:
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 LBT failure indication was not received from lower layers for the last MSGA Random Access Preamble transmission; and

1>
if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:

2>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1.

1>
select the value of DELTA_PREAMBLE according to clause 7.3;

1>
set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP;

1>
if MSGA buffer is empty:

2>
if the transmission is not being made for the CCCH logical channel:

3>
indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.

2> if the Random Access procedure was initiated for SpCell beam failure recovery:

3> indicate to the Multiplexing and assembly entity to include a BFR MAC CE or a Truncated BFR MAC CE in the subsequent uplink transmission.

2>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the MSGA buffer.

1>
compute the MSGB-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;

1>
instruct the physical layer to transmit the MSGA using the selected PRACH occasion and the associated PUSCH resource, using the corresponding RA-RNTI, MSGB-RNTI, PREAMBLE_INDEX, PREAMBLE_RECEIVED_TARGET_POWER, preambleReceivedTargetPower, and the amount of power ramping applied to the latest MSGA preamble transmission (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);

1>
if LBT failure indication is received from lower layers for the transmission of this MSGA Random Access Preamble:

2>
instruct the physical layer to cancel the transmission of the MSGA payload on the associated PUSCH resource;
2>
perform the Random Access Resource selection procedure for 2-step RA type (see clause 5.1.2a).

NOTE:
The MSGA transmission includes the transmission of the PRACH Preamble as well as the contents of the MSGA buffer in the PUSCH resource corresponding to the selected PRACH occasion and PREAMBLE_INDEX (see TS 38.213 [6])

The MSGB-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:

MSGB-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2

where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8], f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier). The RA-RNTI is calculated as specified in clause 5.1.3.

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 the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:

2>
start the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2>
monitor for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while ra-ResponseWindow is running.

1>
else:

2>
start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.

1>
if notification of a reception of a PDCCH transmission on the search space indicated by recoverySearchSpaceId is received from lower layers on the Serving Cell where the preamble was transmitted; 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 valid (as specified in TS 38.213 [6]) downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:

2>
if the Random Access Response contains a MAC subPDU with Backoff Indicator:

3>
set the PREAMBLE_BACKOFF to value of the BI field of the MAC subPDU using Table 7.2-1, multiplied with SCALING_FACTOR_BI.

2>
else:

3>
set the PREAMBLE_BACKOFF to 0 ms.

2>
if the Random Access Response contains a MAC subPDU with Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see clause 5.1.3):

3>
consider this Random Access Response reception successful.

2>
if the Random Access Response reception is considered successful:

3>
if the Random Access Response includes a MAC subPDU with RAPID only:

4>
consider this Random Access procedure successfully completed;

4>
indicate the reception of an acknowledgement for SI request to upper layers.

3>
else:

4>
apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:

5>
process the received Timing Advance Command (see clause 5.2);

5>
indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);

5>
if the Random Access procedure for an SCell is performed on uplink carrier where pusch-Config is not configured:

6>
ignore the received UL grant.

5>
else:

6>
process the received UL grant value and indicate it to the lower layers.

4>
if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble(s):

5>
consider the Random Access procedure successfully completed.

4>
else:

5>
set the TEMPORARY_C-RNTI to the value received in the Random Access Response;

5>
if Msg3 buffer is empty:

6>
if the transmission is not being made for the CCCH logical channel:

7>
indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.

6> if the Random Access procedure was initiated for SpCell beam failure recovery:

7> indicate to the Multiplexing and assembly entity to include a BFR MAC CE or a Truncated BFR MAC CE in the subsequent uplink transmission.

6>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.

NOTE:
If within a Random Access procedure, an uplink grant provided in the Random Access Response for the same group of contention-based Random Access Preambles has a different size than the first uplink grant allocated during that Random Access procedure, the UE behavior is not defined.

1>
if ra-ResponseWindow configured in BeamFailureRecoveryConfig expires and if a PDCCH transmission on the search space indicated by recoverySearchSpaceId addressed to the C-RNTI has not been received on the Serving Cell where the preamble was transmitted; or

1>
if ra-ResponseWindow configured in RACH-ConfigCommon expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX 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 = preambleTransMax + 1:

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

4>
indicate a Random Access problem to upper layers;

4>
if this Random Access procedure was triggered for SI request:

5>
consider the Random Access procedure unsuccessfully completed.

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

4>
consider the Random Access procedure unsuccessfully completed.

2>
if the Random Access procedure is not completed:

3>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

3>
if the criteria (as defined in clause 5.1.2) to select contention-free Random Access Resources is met during the backoff time:

4>
perform the Random Access Resource selection procedure (see clause 5.1.2);

3>
else if the Random Access procedure for an SCell is performed on uplink carrier where pusch-Config is not configured:

4>
delay the subsequent Random Access transmission until the Random Access Procedure is triggered by a PDCCH order with the same ra-PreambleIndex, ra-ssb-OccasionMaskIndex and UL/SUL indicator TS 38.212 [9].

3>
else:

4>
perform the Random Access Resource selection procedure (see clause 5.1.2) after the backoff time.

The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.

HARQ operation is not applicable to the Random Access Response reception.

5.17
Beam Failure Detection and Recovery procedure

The MAC entity may be configured by RRC per Serving Cell with a beam failure recovery procedure which is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Beam failure is detected by counting beam failure instance indication from the lower layers to the MAC entity. If beamFailureRecoveryConfig is reconfigured by upper layers during an ongoing Random Access procedure for beam failure recovery for SpCell, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure using the new configuration. If the BeamFailureRecoverySCellConfig is reconfigured for a SCell and if the BFR MAC CE or truncated BFR MAC CE including beam failure recovery information of that SCell is included in MAC PDU in MsgA or Msg3 buffer of an ongoing random access procedure, flush the MsgA or Msg3 buffer respectively and re-trigger BFR (if not pending) for all the SCells whose beam failure recovery information was included in BFR MAC CE or truncated BFR MAC CE in flushed MsgA or Msg3 buffer. 
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5.17
Beam Failure Detection and Recovery procedure

The MAC entity may be configured by RRC per Serving Cell with a beam failure recovery procedure which is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Beam failure is detected by counting beam failure instance indication from the lower layers to the MAC entity. If beamFailureRecoveryConfig is reconfigured by upper layers during an ongoing Random Access procedure for beam failure recovery for SpCell, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure using the new configuration. If the BeamFailureRecoverySCellConfig is reconfigured for a SCell and if the BFR MAC CE or truncated BFR MAC CE including beam failure recovery information of that SCell is included in MAC PDU in MsgA or Msg3 buffer of an ongoing random access procedure, stop the ongoing RA procedure, re-trigger BFR (if not pending) for all the SCells whose beam failure recovery information was included in BFR MAC CE or truncated BFR MAC CE in flushed MsgA or Msg3 buffer and initiate a random access procedure if SpCell BFR is ongoing. 
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