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1 Introduction

In RAN1#1901, the following agreements were achieved for beam failure recovery (BFR) for SCell [1]:

Agreement

Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure

· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE

· FFS: Whether new beam information should be included

· FFS: Details on triggering for transmitting BFRQ
Agreement

· SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state. 

· Down-select one of the following alternatives in RAN1#96:

· Alt 1: SCell BFD RS is in current CC

· Alt 2: SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration

· Alt 3: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration

· SCell BFD is measured based on hypothetical BLER

Agreement

Down-select at least one of the following alternatives:
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.

· UE reports new beam information by or after BFRQ

· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.

· UE only indicates beam failure happens by BFRQ

· Note: new beam identification can be done by using DL BM procedure

· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure

· UE may report new beam information during BFR procedure 

· FFS: impact of new beam identification threshold

· Note: It is up to UE whether to do beam failure detection and new beam identification in parallel or not

· For Alt1 and Alt3, reference signals for new candidate DL beam(s) are configured, which are based on CSI-RS and/or SSB.

· FFS: whether the CSI-RS and/or SSB can be in another CC

· FFS: signaling details, e.g. RRC and/or MAC CE

Agreement

For SCell BFR

· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2

· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios
In this paper, we present our views on beam failure recovery for SCell. 
2 Beam failure recovery for SCell
2.1 General design principle
In RAN1#95, it was agreed there are 2 scenarios important for SCell BFR [2]. There are in total 4 cases for SCell BFR which are listed as follows: 

1) SCell with downlink only and PCell in FR1

2) SCell with downlink only and PCell in FR2
3) SCell with both uplink and downlink and PCell in FR1

4) SCell with both uplink and downlink and PCell in FR2
For different cases, there can be different design requirements. At the first step, the design principle needs to be established. 
In Rel-15, beam failure recovery (BFR) mechanism includes the following four steps as shown in Figure 1:

1) Beam failure detection 

2) New beam identification

3) Beam failure recovery request (BFRQ)

4) Beam failure recovery response (BFRR)
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Figure 1 Beam failure recovery procedure in Rel-15

To reduce the spec impact and simplify the design for SCell BFR, the BFR mechanism specified in Rel-15 can be reused as much as possible.
For Scenario 1 as shown in Figure 2, UE is configured with downlink-only SCell, which means there is no uplink resource to enable UE to inform gNB about beam failure event. When beam failure happens on SCell, it needs to transmit BFRQ via another carrier, such as PCell. The detailed procedure of BFRQ should also be revisited and cross-carrier BFR should be supported for SCell in Scenario 1. In such case, when PCell is located at different frequency bands, the required beam failure recovery method may be different. 
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Figure 2 Scenario 1: SCell with downlink only

For Scenario 2 as shown in Figure 3, SCell with both uplink and downlink at HF is aggregated with PCell at low frequency (LF) or HF. When beam failure happens on SCell, it can recover via its own uplink. It seems the same beam failure recovery mechanism specified in Rel-15 can be reused for SCell in such case. However, as in Rel-15 RACH transmission on SCell can only be triggered by PDCCH order, Rel-15 BFR mechanism cannot be applied SCell directly. In this case, the detailed procedure of BFRQ should be revisited for SCell in Scenario 2. Otherwise, after the BFR mechanism for Scenario 1 is determined, the same mechanism can be applied to Scenario 2.
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Figure 3 Scenario 2: SCell with both uplink and downlink
Additionally, for both scenarios, RS overhead and recovery latency are the key factors for the design of SCell BFR. Especially, when a UE is configured with multiple SCells, the UL resources configured for enabling BFR functionally for each SCell should be under control. 
Based on the analysis presented above, we have the following proposals:
Proposal 1: The following design principle of SCell BFR should be used:

a) Reuse BFR mechanism specified in Rel-15 as much as possible 
b) Low RS overhead 
c) Low recovery latency
In the following, we provide detailed views on the design of SCell BFR.
2.2 Detailed design in each aspect
2.2.1 Beam failure detection
With Rel-15 beam failure detection mechanism, gNB configures periodic reference signals, which are QCLed with PDCCH, to emulate the quality of control channel reception. When the hypothetical BLER measured from all beam failure detection (BFD) RS during beam failure indication interval fall below the configured threshold, UE PHY layer will provide indications to MAC layer. After receiving N consecutive beam failure instance indications, UE MAC layer declares beam failure. The BFD RS can be configured explicitly by RRC or implicitly by TCI state. In the last meeting, there were discussions about which CC the BFD RS can be located in. Obviously, BFD RS can be in current CC by either explicit configuration or implicit configuration. As the current signaling framework supports cross-carrier TCI indication, implicitly configured BFD RS can be located in another CC. To improve the flexibility and reduce RS overhead, we also consider allowing for explicitly configuring BFD RS in another CC as beneficial. In particular, explicitly configured BFD RS can also be in another CC when the CC being monitored and the other CC share similar spatial domain properties. Thus, we have the following proposal:
Proposal 2: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration. 
2.2.2 New beam identification

As specified in Rel-15, if beam failure happened, the UE needs to identify a new gNB Tx beam with RSRP above a configured threshold from the list of candidate beams configured by RRC and transmit beam failure recovery request to gNB. Then, beam failure recovery response is transmitted on the new gNB Tx beam. With new beam identification and reporting, the reported new beam has been confirmed by UE and can be applied to PDSCH reception and PUCCH transmission, which will increase system reliability and restore normal data transmission in a timely manner. 
As the newly identified beam should be suitable for PDCCH transmission on SCell, it is desirable to have the RS(s) in the candidate beam list transmitted on the corresponding SCell itself when possible. In Rel-15, at most 16 periodic CSI-RS and/or SSB(s) can be configured for identifying new beam, and the DL resource overhead will increase with the number of SCell(s) and some overhead reduction method may be considered. Still, the new candidate beam identification mechanism specified in Rel-15 can be reused as much as possible for the design of SCell BFR in Rel-16. 
Proposal 3: New beam identification and reporting should be supported for SCell BFR.  
2.2.3 Beam failure recovery request

Contention-free PRACH can be configured/used for beam failure recovery request transmission in Rel-15. In this case, each PRACH is associated with a candidate beam described in Section 2.2.2. After a UE detects beam failure and determines a new beam, it will select a PRACH resource associated with the new beam to transmit beam failure recovery request. Thus, when gNB receives the request, it will transmit beam failure recovery response with the new beam associated with the PRACH. 
For SCell BFR, there are 3 alternatives of schemes discussed in the last meeting [1]:

· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.

· UE reports new beam information by or after BFRQ

· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.

· UE only indicates beam failure happens by BFRQ

· Note: new beam identification can be done by using DL BM procedure

· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure

· UE may report new beam information during BFR procedure 

· FFS: impact of new beam identification threshold
For both Alt 1 and Alt 3, new beam information should be reported. The only difference is that BFRQ triggering condition is not based on new beam identification for Alt 3. Considering that beam failure detection and new beam identification can be done in parallel, which can accelerate the BFR process. To reduce specification impact, if no significant benefits observed, the BFRQ triggering condition specified in Rel-15 should be reused. 
For Alt 2, UE only indicates beam failure event, and the new beam identification will be done by NW-triggered regular beam reporting. In this way, beam failure detection and new beam identification will operate separately and the beam pair of PDCCH reception on SCell can only be recovered after TCI reconfiguration by RRC and/or MAC-CE signalling. Such beam failure recovery procedure will incur larger latency includes beam failure detection, NW-triggered beam reporting and TCI reconfiguration by high layer. Before TCI reconfiguration, UE cannot receive any data on SCell, which will impact the system performance. Besides, as indicating the failed CC index during SCell BFR procedure has been agreed, the associated design will be quite complicated if we go with Alt 2. For example, UE may indicate the CC index within BFRQ by an implicit method, where multiple resources are configured for CC index indication and each resource is associated with a CC index. Otherwise, if the UE indicates the CC index by some explicit method, the new beam information can be reported together to speed up the beam failure recovery procedure, which becomes Alt 1.
Observation 1: Alt 2 for BFRQ transmission will incur large recovery latency and introduce complications to the design of failed CC index reporting.
Considering the latency and spec impact, Alt 1 is better. Therefore, we have the following proposal:

Proposal 4: BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam for SCell BFR.
How and when to report new beam information, failed CC index and beam failure event is an essential issue for SCell BFR. There are 3 categories of schemes proposed by companies in the last meeting:

1)
PRACH-based BFR 

2)
PUCCH-based BFR 

3)
MAC-CE-based BFR
To select the most suitable scheme, we list the possible solutions and analyse them from the following aspects: overhead, latency, spec impact.
For MAC-CE based BFR, MAC-CE on PCell is used to indicate beam failure and the new beam. UE can indicate beam failure event by SR, and then report failed CC index and new beam information via MAC-CE. As beam failure is a burst event, using aperiodic resource to carry beam failure recovery request can save overhead. However, UE should inform gNB to configure the uplink resource before MAC-CE transmission for BFR. Current SR procedure is a natural method used for requesting uplink resource. If the SR procedure is reused, MAC-CE based BFR for SCell will introduce large latency, and there will be 5 steps, only for beam failure recovery request transmission as shown in Figure 4:
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Figure 4 SR based MAC-CE transmission for SCell BFR

For the analysis above, we can see that the latency of MAC-CE-based BFR is high. Additionally, before gNB knows the SR is for beam failure recovery, all the following procedure will be treated as normal scheduling request, latency of which is unreliable. For example, if gNB considers the SR as requesting for uplink data transmission, gNB may send UL grant for BSR or PUSCH resource allocation after a long time. Therefore, reusing the existing SR procedure to request PUSCH resource does not meet the design principle of low recovery latency. Going on this line, the procedure of requesting PUSCH resource need be reconsidered according to the requirements of beam failure recovery, such as UE can use one dedicated SR to inform gNB about beam failure, and then gNB can allocate PUSCH resource for new beam reporting. To support such dedicated SR, the spec impact is expected to be huge.
Observation 2: With normal SR procedure, using MAC-CE transmission on PCell to report failed CC ID and new beam on SCell will introduce large latency.
For PUCCH-based BFR, dedicated PUCCH BFR resource is allocated for carrying new beam info. As the resources are dedicatedly reserved for each UE no matter it transmits the beam failure recovery request or not, it will likely lead to high overhead. An enhanced PUCCH-based BFR may be considered, such as reusing certain field/state of PUCCH configured for other functionality (e.g., beam reporting) to carry beam failure recovery request when beam failure happens, which will consume less resources.
For PRACH based BFR, if contention-free PRACH resources on PCell associated with candidate beams on SCell(s) are configured for each SCell, the complexity of UE will increase and the resulting overhead on PCell may be unbearable, especially for the case that a UE is configured with multiple SCells. And, as discussed before, cross-carrier beam failure recovery is necessary for SCell in Scenario 1 (i.e., without uplink). 
To meet the design principle of low overhead and to have a unified solution, an enhanced PRACH-based BFR can be considered. As shown in Figure 5, UE indicates beam failure event via dedicated PRACH on PCell first. Then gNB allocates a PUSCH, and UE can report the failed SCell ID and new beam information via L1-report. By the dedicated PRACH resource and L1-report, UE can indicate beam failure recovery information quickly but low overhead.
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Figure 5 Enhanced RACH based BFRQ for SCell BFR
Considering the overhead, latency and spec impact, enhanced PRACH-based BFR turns to be the best solution. Therefore, we have the following proposal:
Proposal 5: UE indicate beam failure event via dedicated PRACH, and {failed SCell ID and new beam information} via aperiodic L1-report.
2.2.4 Beam failure recovery response
To identify beam failure recovery response, a search space is tagged for this usage in Rel-15. After gNB receives beam failure recovery request, it will transmit a response to the request with the new beam described in Section 2.2.2. After UE transmits beam failure recovery request in slot n, UE will monitor the response on the tagged search space from slot n+4 within a configured window. For beam failure recovery response transmission for SCell, it has been discussed where the search space carrying beam failure recovery response should be placed, i.e., on SCell or PCell. As discussed before, if the UE can receive the beam failure recovery response from gNB, it represents the new beam identified by UE can be used for PDCCH transmission on SCell. For this reason, the beam failure recovery response should be transmitted on the SCell where beam failure happened. Thus, allocating the search space and CORESET on SCell to carry beam failure recovery response seems more appropriate. However, for cross carrier BFR shown in Figure 5, if UE transmits beam failure recovery request on PCell UL, and receives beam failure recovery response on SCell, the starting point for monitoring beam failure recovery response may need be revisited due to different numerology between PCell and SCell.
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Figure 5 Cross carrier BFR

Proposal 6: The numerology difference between PCell and SCell should be considered when designing UE behavior for monitoring gNB response to beam failure recovery request for SCell. 
3 Conclusions
In the contribution, we presented our views on BFR for SCell, and we have the following observations and proposals: 
Observation 1: Alt 2 for BFRQ transmission will incur large recovery latency and introduce complications to the design of failed CC index reporting.
Observation 2: With normal SR procedure, using MAC-CE transmission on PCell to report failed CC ID and new beam on SCell will introduce large latency.
Proposal 1: The following design principle of SCell BFR should be used:

a) Reuse BFR mechanism specified in Rel-15 as much as possible 
b) Low RS overhead 
c) Low recovery latency
Proposal 2: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration. 
Proposal 3: New beam identification and reporting should be supported for SCell BFR.  
Proposal 4: BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam for SCell BFR.
Proposal 5: UE indicate beam failure event via dedicated PRACH, and {failed SCell ID and new beam information} via aperiodic L1-report.
Proposal 6: The numerology difference between PCell and SCell should be considered when designing UE behavior for monitoring gNB response to beam failure recovery request for SCell. 
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