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Introduction
In RAN2#108 meeting,  the framework of BFR on SCell was almost finalized. However, as shown below, there are two remaining issues, addressed by several companies, which intend to improve the current BFR performance on both SpCell and SCell. 

BFRQ MAC CE transmission on SpCell
feedback mechanism for MAC CE based BFR procedure on SCell 
In short, for the first issue, the BFRQ MAC CE can provide more accurate beam information to the NW when the BFR procedure is initiated on the SpCell. For the second issue, it can improve the BFRQ performance on SCell with an efficient way and the endless BFR SR procedure can be avoided. The intention of this contribution is to share our views on above two issues in detail.
Discussions
BFRQ MAC CE on SpCell
This issue is raised in [1] and [2]. As described in [1] and [2], the current RACH based BFR procedure on SpCell has the following drawbacks:

The NW is not aware whether the RACH procedure is for BFR or other cases if a CBRA based BFR procedure is raised by UE

The NW is not aware of the case where there is no suitable beam which can be selected when a CBRA based BFR is triggered.

From the NW point view in case 1, if the NW cannot realize the case by which the CBRA is triggered and the selected DL beam is different with the current DL beam, in order to guarantee the DL beam performance, the NW always needs to reconfigure the QCL relationship of PDCCH as well as the QCLed reference signal for beam failure monitoring. The additional signaling overhead for RRC reconfiguration or MAC CE is not necessary if this CBRA is not triggered by beam failure. 

From the NW point view in case 2, since the NW cannot realize none of DL beams can meet the RSRP threshold for beam selection, thus the NW cannot renew a new configuration in time based on this beam situation, and then the UE may continue to trigger BFR procedure until at least one DL beam is suitable or RLF is triggered. For the case that none of DL beams can be above RSRP threshold, the earlier the indication to NW, the better performance the UE can experience.

Observation 1: From the NW point of view, the current BFR procedure on SpCell still have the following drawbacks:

The NW is not aware if the RACH procedure is for BFR or other cases if a CBRA based BFR procedure is triggered by the UE

The NW is not aware of a case where there is no suitable beam which can be selected when a CBRA based BFR is triggered.

To resolve the above two issues, one direct way is to introduce a new signaling that can meet the following requirements:

Whether this CBRA is for BFR or not

Whether the UE is able to select a suitable beam or not. 

Considering it was agreed that the BFRQ MAC CE can carry one indication to indicate whether the selected beam is above RSRP threshold or not, the BFRQ MAC CE is a signaling which can meet above two requirements if BFRQ MAC CE can be sent for BFR on SpCell. Thus we propose that:

Proposal 1: BFRQ MAC CE shall be utilized for BFR procedure on SpCell.

If proposal 1 is agreed, the next key issue is when to trigger the BFRQ MAC CE for SpCell case. Generally, we have the following options for triggering BFRQ MAC CE on SpCell:

Option 1: Once beam failure on SpCell is detected, the BFRQ MAC CE shall be triggered as an independent BFR procedure [1]

Option 2: BFRQ MAC CE shall be generated linked to the RACH based BFR procedure.

For option 1, according to the current running CR, once MAC CE is triggered, it can be included into any UL grants as long as this UL grant size can accommodate the generated BFRQ MAC CE. This principle seems not appropriate for BFRQ MAC CE triggered by BFR on SpCell. One reason is that BFRQ MAC CE and CBRA based BFR would be triggered simultaneously, in such way, the NW may receive the BFRQ MAC CE in advance of the successful reception of Msg.3, as shown in figure.1.
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Fig.1 The illustration of one example for BFR triggered on SpCell

In the case illustrated in fig.1, the transmission of BFRQ MAC CE is mostly like an independent BFR procedure rather than an assistance signaling for CBRA based BFR procedure, and hence, if the MAC CE based procedure is terminated in front of successful termination of RACH, the lack of beam training step (i.e Msg.1 and Msg.2) will lead to select the unstable DL beam, and while RACH is successfully terminated in front of successful transmission of BFRQ MAC CE, above two issues in observation 1 are still remaining. 
For option 2, since the ambiguities described in observation 1 are not present for CFRA case, thus we can only focus on the CBRAbased BFR procedure (including two-step RACH). One direct way is to make the BFRQ MAC CE only include into Msg3. In such way, we need to ensure that Msg3 can accommodate the BFRQ MAC CE alone with the C-RNTI MAC CE. Considering the Msg3 container only has 52 bits to provide the same coverage of LTE, it means the BFRQ MAC CE plus its subheader shall be limited to no more than 28 bits since the C-RNTI MAC CE with subheader requires 24 bits in the container. Furthermore, For guaranteeing no other MAC CE to occupy the container, the BFRQ MAC CE for SpCell shall be allocated to the second highest priority in LCP procedure.

The CONs and PROs of above two options are shown as below table:

	Options
	PROs
	CONs

	Option 1
	the current BFR on SCell procedure can be applied to SpCell directly without any impacts on the RACH procedure.
	There are two parallel BFR procedures for SpCell, it may not provide any help to the current RACH based BFR or lead to the selection of unstable DL beam since lack of beam training procedure

	Option 2
	BFRQ MAC CE can provide useful selected beam information when CBRA is triggered, the redundant BFR procedure can be avoided. 
	Additional impacts on RACH will be introduced
BFRQ MAC CE shall be designed for meeting the requirement of being carried in Msg.3.


In our understanding , the BFRQ MAC CE shall be treated as an assistance information for RACH based BFR instead of an independent procedure , thus option 2 is our preference.
Proposal 2: BFRQ MAC CE shall be generated related to a CBRA based BFR procedure on SpCell, it shall be included in Msg3, and needs to meet the following requirements:

The BFRQ MAC CE for SpCell with subheader shall be NO more than 28 bits

The BFRQ MAC CE for SpCell shall be allocated to the second highest priority class at least, e.g. only lower than C-RNTI MAC CE
For understanding easily, the TP is provided in Annex
Feedback mechanism for the BFR procedure on SCell
In Rel-15, we have the following procedure for BFR/BFD on SpCell

---------------------------------------------- From 38.321 ---------------------------------------------

The MAC entity shall:

1>
if beam failure instance indication has been received from lower layers:

2>
start or restart the beamFailureDetectionTimer;

2>
increment BFI_COUNTER by 1;

2>
if BFI_COUNTER >= beamFailureInstanceMaxCount:

3>
initiate a Random Access procedure (see subclause 5.1) on the SpCell.

1>
if the beamFailureDetectionTimer expires; or

1>
if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection is reconfigured by upper layers:

2>
set BFI_COUNTER to 0.

1>
if the Random Access procedure is successfully completed (see subclause 5.1):

2>
set BFI_COUNTER to 0;
2>
stop the beamFailureRecoveryTimer, if configured;

2>
consider the Beam Failure Recovery procedure successfully completed.

---------------------------------------------- From 38.321------------------------------------------------------

According to above specification, when a BFR procedure is already triggered, the BFI_COUNTER will have the following behavior before the BFR procedure is successfully terminated:

Case 1: BFI_COUNTER can be increased continuously. In this case, a new BFR procedure will be triggered each time the BFI_COUNTER is increased.
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Fig.2: The illustration for case 1

Case 2: The BFI_COUNTER is reset to 0 because of the expiration of beamFailureRecoveryTimer.
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Fig.3 the illustration for case 2

RACH based BFR

For case 1, a new RACH procedure will be triggered even if there is an ongoing RACH procedure currently. In this case, we have a note to specify the UE behavior in case multiple parallel RACH procedures are triggered, as follows:

 NOTE 1:
If a new Random Access procedure is triggered while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure (e.g. for SI request).

Thus the UE can determine by itself the current RACH procedure will not be interrupted by the newly triggered RACH.

For case 2, once the RACH procedure for BFR is initiated, it will be performed until to the completion even if the BFI_COUNTER is reset to 0 during the ongoing RACH procedure.  Thus no matter which case is triggered by the status of BFI_COUNTER, the RACH based BFR procedure will not be impacted. 

Observation 2:  RACH based BFR has a strong robustness to any status of BFI_COUNTER during an ongoing RACH procedure.

MAC CE based BFR

However, for a MAC CE based BFR procedure, each case will cause a different results with RACH based BFR procedure:

For case 1, a new BFRQ MAC CE will be triggered each time the BFI_COUNTER is increased.

For case 2: if a BFRQ MAC CE is triggered but the ACK from the NW is not received yet, the next BFRQ MAC CE will be triggered until the next time the BFI_COUNER reaches beamFailureInstanceMaxCount.
In our understanding, for each case, both overtriggered BFRQ MAC CE and undertriggered BFRQ MAC CE may bring some negative impacts on the performance of BFR of SCell.

Case 1: The UE may trigger BFRQ MAC CE and BFRQ SR frequently if BFR_COUNTER is increased continuously. Considering it is agreed that only one dedicated SR configuration is shared among all active serving cells in one cell group, the SR maybe always pending and easily reach the maximum number in this case. Therefore, CBRA procedure will be triggered frequently.

Case 2: After a BFRQ MAC CE is triggered, the BFR_COUNTER may be reset at an early time because of expiration of beamFailureDetectionTimer. Due to the lack of beam training step, if the current DL beam indicated by BFRQ MAC CE cannot work or the BFRQ MAC CE is lost, or in any other cases where ACK cannot be received, the UE needs to wait for the BFI_COUNTER reaching the maximum number again in order to re-trigger a new BFRQ MAC CE.

Furthermore, from the NW point of view, no matter which case, they will confuse the NW about the situation of the UE. For example, in case 1, the UE may provide different selected DL beams again and again so that the NW has no idea which DL beam is preferred from UE side or whether the current DL beam is fine . As a result, NW shall reconfigure the TCI state or monitoring RS in a frequent way which will deteriorate the NW’s burden.  For case 2, the NW may assume that the DL beam is recovered and continuously schedule the grant or assignment on this serving cell until a new BFRQ MAC CE is received, which may lead to scheduling loss.

Observation 3: In the case of the MAC CE based BFR, different behavior of BFI_COUNTER may lead to over-triggered or under-triggered BFR MAC CE, which may degrade the performance of BFR on SCell and confuse the NW about the current situation of the UE.

From observation 3, to design a more stable BFR procedure on SCell and avoid confusing the NW, it is suggested to introduce a new timer for BFR on SCell[3][4][5][6]. The behavior of this timer can be defined as below:

Start/Restart:  The MAC PDU including BFRQ MAC CE for this serving cell is transmitted.

Stop: The ACK is received from the NW side.

To avoid over-triggered BFRQ MAC CE on a same serving cell and UE keep monitoring PDCCH continuously even during the DRX inactive state for reducing the BFR delay.the UE behavior during the running state of the timer can be designed as below:

Running: During the running period of this timer, UE can not trigger another BFRQ MAC CE for this serving cell and UE shall keep monitoring PDCCH.
To avoid under-triggered BFRQ MAC CE on one serving cell, the UE behavior on the expiration of the timer can be defined as follows:

Option 1: trigger a new BFRQ MAC CE until MAC CE transmission times reaches a pre-configured maximum number.

Option 2: trigger a new BFRQ MAC CE 

Technically, option 2 can be treated as a special case of option 1 whose pre-configured maximum number is set to infinity. Which means the UE shall send BFRQ MAC CE continuously unless the triggering SCell is deactivated. For option 1, an additional mechanism shall be designed when the retransmission times reaches the maximum number.e.g, initiate a RACH procedure for sending the BFRQ MAC CE [4], or introduce a new message to notify NW the current situation of the failed SCell [5]. In our understanding , the key point of MAC CE type BFR procedure is successful transmission of BFRQ MAC CE without any confusing at NW side. Thus the quite simple option 2 is our preference. Moreover, if one UL grant with the same HARQ ID for new transmission cannot be received by UE all the time, it means more serious problem is occurred at UE side.
Thus we propose that:

Proposal 3: One timer shall be introduced for BFR on SCell which is configured per SCell. The timer behavior and UE behavior upon the timer status is shown as below:

Start/Restart:  The MAC PDU including BFRQ MAC CE for this serving cell is transmitted.

Stop: The ACK is received from the NW side.

Running: The running state of this timer is to prevent the UE from triggering another BFRQ MAC CE for this SCell.

Expiration: trigger a new BFRQ MAC CE\
Conclusion 

Based on all the analysis above, for BFR MAC CE on SpCell, we have the following proposals:
Observation 1: From the NW point of view, the current BFR procedure on SpCell still have the following drawbacks:

The NW is not aware if the RACH procedure is for BFR or other cases if a CBRA based BFR procedure is triggered by the UE

The NW is not aware of a case where there is no suitable beam which can be selected when a CBRA based BFR is triggered.

Proposal 1: BFRQ MAC CE shall be utilized for BFR procedure on SpCell.

Proposal 2: BFRQ MAC CE shall be generated related to a CBRA based BFR procedure on SpCell, it shall be included in Msg3, and needs to meet the following requirements:

The BFRQ MAC CE for SpCell with subheader shall be NO more than 28 bits

The BFRQ MAC CE for SpCell shall be allocated to the second highest priority class at least, e.g. only lower than C-RNTI MAC CE
For feedback mechanism of BFRQ on SCell, we have the following proposals:

Observation 2:  RACH based BFR has a strong robustness to any status of BFI_COUNTER during an ongoing RACH procedure.

Observation 3: In the case of the MAC CE based BFR, different behavior of BFI_COUNTER may lead to over-triggered or under-triggered BFR MAC CE, which may degrade the performance of BFR on SCell and confuse the NW about the current situation of the UE.

Proposal 3: One timer shall be introduced for BFR on SCell which is configured per SCell. The timer behavior and UE behavior upon the timer status is shown as below:

Start/Restart:  The MAC PDU including BFRQ MAC CE for this serving cell is transmitted.

Stop: The ACK is received from the NW side.

Running: During the running period of this timer, UE can not trigger another BFRQ MAC CE for this serving cell and UE shall keep monitoring PDCCH..

Expiration: trigger a new BFRQ MAC CE .
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Annex

/*omit for short */

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 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 Serving Cell for the Random Access procedure is SRS-only SCell:
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 this is the first successfully received Random Access Response within this Random Access procedure:
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.
7> if the Random Access Preamble was selected by MAC entity among the contention-based Random Access Preamble(s) for Beam failure recovery, and
8> if the selected DL beam is above rsrp-ThresholdCSI-RS
9> indicate to Multiplexing and assembly entity to include a SpCell BFR confirmation MAC CE, if supported
8>else:

    9> indicate to Multiplexing and assembly entity to include a   SpCell non-Suitble beam selection confirmation MAC CE, if supported
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:
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.
/*omit for short*/
6.1.3.XX
SpCell BFR Confirmation MAC CE
The SpCell BFR Confirmation MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1.

It has a fixed size of zero bits.

/*omit for short*/
6.1.3.XX
SpCell Non-suitable beam Confirmation MAC CE 
The SpCell Non-suitable beam Confirmation MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1.

It has a fixed size of zero bits.

