3GPP TSG-RAN WG2 e-Meeting #109ebis                           R2-2003589                                         
Agenda item:
6.16.3
Source:
ZTE , Sanechips
Title:
Discussion on Beam Failure Recovery on SCell
Document for:
Discussion and Decision
Introduction
In RAN2#109 meeting,  the framework of BFR on SCell was almost finalized. However, as shown below, there are one remaining issues, addressed by several companies, which intend to improve the current BFR performance on SCell. 

feedback mechanism for MAC CE based BFR procedure on SCell 
In short, it can improve the BFRQ performance on SCell in an efficient way and the endless BFR SR procedure can be avoided. The intention of this contribution is to share our views on this issues in detail.
Discussions
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.
[image: image2.png]BFR procedure

BFI_COUNTER=MIXIMUM VALUE BFL_COUNTER i reset





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 1:  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 2: 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 1: 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 

For feedback mechanism of BFRQ on SCell, we have the following proposals:

Observation 1:  RACH based BFR has a strong robustness to any status of BFI_COUNTER during an ongoing RACH procedure.

Observation 2: 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 1: 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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