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1. Introduction
[bookmark: Proposal_Pattern_Length]In last meeting, RAN2 made several agreements to make the baseline of SCell BFR procedure.
RAN2 #108 Agreements
1. beamFailureDetectionTimer and beamFailureInstanceMaxCount are configured cell specifically per each DL BWP configured.
2. Upon reconfiguration of beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection by upper layers, BFI_COUNTER is set to 0 for the given Serving Cell.
3. When SCell BFR SR resource is not configured and SCell BFR MAC CE transmission triggers SCell BFR SR, Random Access procedure on SpCell is triggered to request UL resources to transmit the SCell BFR MAC CE (similarly to Rel-15 behaviour on SR). 
4. when SCell BFR SR is triggered and the UE has an overlapping SR PUCCH resource with the SCell BFR SR PUCCH resource, the UE shall select the SCell BFR SR PUCCH resource for transmission.
5. Pending SR for SCell beam failure recovery triggered prior to the MAC PDU assembly shall be cancelled when the MAC PDU is transmitted and this PDU includes a SCell BFR MAC CE.
6. SCell BFR MAC CE can carry information of multiple failed SCells, ie., multiple entry format for SCell BFR MAC CE is defined.
7. For each SCell, the SCell BFR MAC CE indicates the following information:
           -  information about the failed SCell index;
           -  indication if a new candidate beam RS is detected or not;
           -  new candidate beam RS index (if available).
8.   SCell BFR MAC CE has higher priority at least than “data from any Logical Channel, except data from UL-CCCH” and LBT MAC CE, higher priority is FFS.
However, so far, we only know what the success of BFR response reception is. We haven't discussed how to determine the failure of BFR response reception and how to reattempt the BFRQ transmission. In SCell BFR procedure, the BFR response is modelled as a new transmission on the same HARQ process of the BFR MAC CE. It is noted that there is no restriction on time for the NW to transmit the "ACK", so it may cause the delay or endless termination of BFR procedure.
In this contribution, we propose a timer-based solution to avoid an endless waiting for BFR response, and it could also increase the robustness and the performance of SCell BFR procedure.
1. Discussion
R-15 BFR procedure for SpCell
In R-15, a response window (i.e., ra-ResponseWindow) is configured for the UE to monitor BFR response. After the UE transmits the BFRQ (i.e., via RA preamble), the UE will start the ra-ResponseWindow. While the ra-ResponseWindow is running, the UE should continuously monitor PDCCH for the BFR response. If the UE receives the BFR response during the ra-ResponseWindow, the UE considers the RA procedure and BFR procedure successfully completed. However, if the ra-ResponseWindow expires and the UE has not received the BFR response, the UE could retransmit the BFRQ with higher power and with another candidate beam. In a nutshell, there are two objectives for the ra-ResponseWindow.  The first objective is to control the delay of BFR response. When the NW receives the BFRQ, the NW should provide the BFR response during the ra-ResponseWindow. Otherwise, the UE will consider that the NW does not receive the BFRQ and then reattempts the BFRQ transmission. The second purpose is to ensure the UE continuously monitors PDCCH during the ra-ResponseWindow to avoid missing the possible BFR response.
	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.



Observation 1: In R-15 BFR procedure for SpCell, ra-ResponseWindow is used to control the delay of BFR response and ensure the UE continuously monitors PDCCH to avoid missing the possible BFR response.

2.2	R-16 SCell BFR procedure
In R-16, a SCell BFR procedure is introduced. One of the differences from R-15 BFR procedure is that the BFRQ is not transmitted via RA preamble, but rather transmitted via two steps of BFRQ. The first step of BFRQ is to transmit the BFR-SR (via PUCCH) to request for an UL grant for the second step of BFRQ. The second step of BFRQ is to transmit the SCell BFR MAC CE (via PUSCH) to carry the failed SCell(s) ID and candidate beam information. It is noted that the BFR-SR transmission is not mandatory, but rather depends on whether there is an available UL grant for SCell BFR MAC CE transmission.
On the other hand, the modelling of BFR response in R-16 is also distinct. In R-15, the BFR response is modelled as a signal transmitted on a recovery search space via a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI. Nonetheless, no dedicated search spaced would be applied in R-16 SCell BFR procedure. The BFR response for SCell BFR procedure is modelled as a normal uplink grant to schedule a new transmission for the same HARQ process as the PUSCH carrying the SCell BFR MAC CE, which is the same as normal “ACK” for PUSCH. 
In current mechanism, there is no restriction on timeline for the NW to schedule an “ACK” for PUSCH. Hence, the NW may schedule a new transmission with the same HARQ process as the PUSCH carrying the SCell BFR MAC CE only when it is needed, e.g., when there is incoming DL/UL data.  In other words, it is possible that the transmission of BFR response is deferred, which then prolongs the whole SCell BFR procedure indefinitely. Furthermore, after transmitting the SCell BFR MAC CE, the UE may not always keep in Active Time to monitor PDCCH. For example, if the SCell BFR MAC CE is transmitted via configured grant, the drx-InactivityTimer will not be (re-)started. In light of this, the UE will lose some opportunities for PDCCH monitoring, hence an expected delay for the termination of SCell BFR procedure is inevitable, which also degrades the reliability for BFR response reception. 
Observation 2: In R-16 SCell BFR procedure, currently there is no restriction to control the delay of BFR response, and the UE may not always keep in Active Time to monitor the BFR response, which will cause a delay for the termination of SCell BFR procedure and degrade the reliability for BFR response reception.

In order to avoid the unnecessary delay of SCell BFR procedure, inheriting the approach of RAR window from R-15 would be a favorable way. It can be noted that the BFRQ for SCell BFR procedure is divided into two steps. One alternative is to start a response timer when transmitting the BFR-SR, and another alternative is to start the response timer when transmitting the SCell BFR MAC CE. It is noted that if the UE already has an UL grant which could accommodate the SCell BFR MAC CE, the UE is not required to signal the BFR-SR. In addition, the BFR response would be transmitted after the UE transmits the SCell BFR MAC CE, so the UE only needs to monitor the BFR response after that. According to the above reasons, to start the response timer upon transmitting the SCell BFR MAC CE is a more reasonable choice. 
An illustration is shown in Figure 1, the UE starts the response timer upon transmitting the SCell BFR MAC CE. While the response timer is running, the UE monitors PDCCH to receive the BFR response. Additionally, in current running CR, if the BFR procedure determines that at least one BFR MAC CE has been triggered and not cancelled, the UE will generate SCell BFR MAC CE if UL-SCH resources are available for a new transmission and the UL-SCH resources can accommodate the SCell BFR MAC CE plus its subheader as a result of logical channel prioritization. In this sense, the UE may generate and transmit more than one SCell BFR MAC CEs before receiving the BFR response if there are more than one available UL resources. 
Observation 3: Based on current running CR, after transmitting SCell BFR MAC CE, the UE may generate and transmit more than one SCell BFR MAC CEs before receiving the BFR response if there are more than one available UL resources.

Therefore, the UE should not generate (new) SCell BFR MAC CE while the response timer is running to avoid generating multiple SCell BFR MAC CEs with same information. If the response timer expires, and the UE could not receive the BFR response, the UE considers the BFR response reception not successful. If the BFR response is not successfully received, the UE should re-try the step 2 BFRQ transmission, i.e., the UE should generate a new SCell BFR MAC CE to transmit on a new PUSCH resource. With such response timer, the overall latency of SCell BFR procedure can be controlled and the performance of SCell BFR procedure is improved as well.
[image: ]
Figure 1: SCell BFR procedure with a response timer

Proposal 1: A response timer should be introduced to increase the robustness of SCell BFR procedure. 
· The response timer is started upon the transmission of SCell BFR MAC CE. 
· While the response timer is running, the UE monitors PDCCH (for BFR response) and not generates SCell BFR MAC CE
· If the response timer expires and the BFR response has not been received, the UE generates a new SCell BFR MAC CE and transmits it via a new PUSCH resource. 
Conclusion
Based on the analysis shown aforementioned, we have the following observations and proposal.
Observation 1: In R-15 BFR procedure for SpCell, ra-ResponseWindow is used to control the delay of BFR response and ensure the UE continuously monitors PDCCH to avoid missing the possible BFR response.
Observation 2: In R-16 SCell BFR procedure, currently there is no restriction to control the delay of BFR response, and the UE may not always keep in Active Time to monitor the BFR response, which will cause a delay for the termination of SCell BFR procedure and degrade the reliability for BFR response reception.
Observation 3: Based on current running CR, after transmitting SCell BFR MAC CE, the UE may generate and transmit more than one SCell BFR MAC CEs before receiving the BFR response if there are more than one available UL resources.
Proposal 1: A response timer should be introduced to increase the robustness of SCell BFR procedure. 
· The response timer is started upon the transmission of SCell BFR MAC CE. 
· While the response timer is running, the UE monitors PDCCH (for BFR response) and not generates SCell BFR MAC CE
· If the response timer expires and the BFR response has not been received, the UE generates a new SCell BFR MAC CE and transmits it via a new PUSCH resource. 
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