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Introduction
In the RAN1 #97 meeting, RAN1 LS [1] was sent to ask whether RAN2 has any input regarding to the RAN1 discussion on SCell BFR from RAN2 point of view. 
In the RAN1 #98 meeting, RAN1 reply LS [3] was sent back in response to RAN2’ request LS, which clarified a number of issues related to SCell BFR. 
In this paper, based on the agreements provided these two RAN1 LSes, we discuss MAC layer procedures and MAC CE design needed to support BFR for SCell. 
Discussion
Procedure
One of the open issues in the RAN1/RAN2 discussions on SCell BFR is related to related PUCCH resourced configured for SCell BFR. In the initial RAN1 agreement cited in [1], RAN1 requested a dedicated SR-like PUCCH resource for BFR over PCell or PSCell, i.e.
Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only

From the above RAN1 agreements, we can see that the end goal of Step 1 and Step 2 is for UE to send a beam failure report, which is carried by a MAC CE, to network so that network can take appropriate actions accordingly (e.g. reconfigure serving and candidate beams on the failed SCell(s)). As long as this MAC CE can be sent to network in a reliable and timely way, how UE obtains a UL grant to send the MAC CE is not as important. We therefore have the following observation:
Observation 1. As long as UE can get a UL grant to send a MAC CE to report failed beams on SCell(s) in a reliable and timely way, the beam failure can be recovered. It is not as important how UE obtains a UL grant to send the MAC CE.
Based on this observation, we see the following options to get UL grant for that MAC CE:
Option 1. Having a dedicated PUCCH resource, as agreed by RAN1.
Having a dedicated SR-like PUCCH resource clearly has a benefit – resource is always available for UE to trigger a PUCCH transmission when beams have failed on a SCell(s), which then allows network to know directly and beam failure on a SCell(s) has happened and hence it can respond more appropriately (e.g. expedite allocation of a UL grant for the UE to send the reporting MAC CE). 
From MAC layer’s perspective, beam failure detection (BFD) on a SCell(s) triggers a SCell BFR request. This pending request triggers a PUCCH transmission over the dedicated resources for SCell BFR. In addition, a pending request can be handled by the same way as pending SRs are handled, e.g. how prohibit timer, maximum transmission counters, etc are configured and used. After UE receives a UL grant that UE can use to send its BFR MAC CE, then the pending request is canceled.  
Proposal 1. Network has the option to configure dedicated PUCCH resources for SCell BFR. 
During RAN2 discussion in the last meeting, an issue was raised that whether there is any case that the SR-like dedicated PUCCH resource for SCell BFR is not configured. We think this is a valid question, as RAN2 typically do not mandate network to configure a particular type of resources. And PUCCH resources may be expensive and network may not always configure them for a UE. We think there are at least three alternatives to having dedicated PUCCH resource:
Option 2. PUCCH resources for SCell BFR is shared with SR resources for logical channels. 
When beam failure detection (BFD) on a SCell(s) is triggered, it triggers a pending BFR request, which in turn triggers a SR transmission over the shared SR resources. Since this pending BFR request shares PUCCH resources with logical channel, it has to follow the same SR procedures as regular SRs triggered by new data. Although network cannot distinguish between UE’s BFR and SR requests with this configuration, in either case network will provide UE with an UL grant. When this UL grant is received, it can used to send the BFR MAC CE and data (if any), and it also cancels the pending BFR request and any pending SR(s). 
However, one enhancement that we think is needed in this case that given the latency requirement of BFR, this shared SR configuration should have the highest priority, i.e. it is associated with the logical channel with the highest priority configured for the UE.
Proposal 2. Network has the option to configure BFR requests to share a SR configuration with logical channels. This SR configuration is always associated with the logical channel(s) of the highest priority configured for the UE.
As we can see, UE behavior in Option 1 and 2 share very similar behaviors and hence can be considered jointly. 
Proposal 3. If UE is configured with either dedicated or shared PUCCH resources for SCell BFR, a pending SCell BFR request is handled in the same way as pending SRs, e.g. subject to prohibit timer and maximum transmission counter, etc. A pending SCell BFR request is canceled after UE receives a UL grant usable by UE to send its BFR MAC CE.
Option 3. There are UL-SCH resources available to use. 
If there is a UL-SCH resources available when SCell BFR request is triggered, then UE should be allowed to use it to send the SCell BFR MAC CE, as long as this inclusion is allowed by LCP. This follows the same principle by which how a UL-SCH can be used to include BSR and cancel a pending SR. 
However, we think one enhancement is needed here, given the latency requirement of BFR, i.e. the UL-SCH resources (which can be either a dynamic or configured grant) should be available soon. This “soon” can be made more quantitative by defining a “look-ahead” duration, i.e. it has to be within N slots from the slot in which SCell BFR is triggered.
Proposal 4. UE can use an available UL-SCH resource to send a SCell BFR MAC CE, if the resource is available within N slots when SCell BFR request is triggered and is allowed by LCP. 
Option 4. No PUCCH is configured and no UL-SCH resource is immediately available. 
By the same arguments for Observation 1, we think it is feasible for network not to configure dedicated or shared PUCCH resources for BFR request. If no UL-SCH resources are immediately available, then in that case, a SCell BFR request can trigger a RACH procedure, in the same way as how a UE without any PUCCH resource triggers a RACH procedure instead of SR to request UL grants. 
However, one enhancement that we think is needed here is that given the latency requirement of BFR, this RACH procedure triggered by SCell BFR request should have high priority, just like in Rel-15 CBRA BFR triggered on SpCell has higher priority. 
Proposal 5. 	If UE neither is configured with any PUCCH resources for SCell BFR nor has any usable UL-SCH resources, UE can trigger a RACH procedure to request UL grant for the SCell BFR MAC CE. This RACH procedure has high priority.
Once UE acquires the UL Grant from network, the SCell BFR MAC CE should be given a high priority, because of the low latency requirement of BFR request. This high priority ensures that during LCP procedure a SCell BFR MAC CE get to use a PUSCH resource first, before other MAC CEs and data. 
Among all types of MAC CEs, we think only C-RNTI MAC CE and data from UL-CCCH should have higher priority than SCell BFR MAC CE, because C-RNTI MAC CE has to be included in the msg3 of CBRA before SCell BFR MAC CE does. And data from UL-CCCH should be included in UL grant before SCell BFR MAC CE.  
Proposal 6. 	SCell BFR MAC CE has an LCP priority higher than Configured Grant Confirmation MAC CE but lower than C-RNTI MAC CE or data from UL-CCCH.
MAC CE design
According to the RAN1 LS, the SCell BFR MAC CE should include the failed SCell index(s) on which beam failure was triggered, as well as the index of new preferred beam information for the SCell (if present). In addition, whether the MAC CE should carry information for multiple SCells is up to RAN2.
	· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2
· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs



In our view, UE should have the flexibility in deciding how many failed SCells to report, for example, based on the size of the available UL grant. There is no reason to hold up a SCell BFR report if a UL grant is not big enough to report all failed SCells. 
Proposal 7. It is up to UE implementation how many failed SCells to include in a SCell BFR MAC CE.
As to the format of the SCell BFR MAC CE, we think it should include a Serving Cell ID field for indicating the failed SCell ID with 5 bits, and a Resource ID field contains the identifier of the new preferred beam information. The beam information can be present by NZP CSI-RS resource or SSB resource. Since the maximum number of NZP CSI-RS resources is 192, the NZP CSI-RS ID is 8-bit. The maximum number of SSB resource is 64, the SSB index is 6-bit.


Figure 1 MAC CE to report SCell BFR information
In Fig.1, The C field indicates whether the following Resource ID is present or not. If this field is set to 1, the following Resource ID is present, otherwise it is not present. The T field indicates which type of resources is used in the following Resource ID field. if T is set to 1, the following Resource ID is for NZP CSI-RS with 8 bits. If T is set 0, the following Resource ID is for SSB index with 6 bits and 2 reserve bits in front of the Octet. If C filed is 0, the value on T field can be ignored. 
The MAC CE should be a variable size MAC CE to support multiple failed SCell(s) information and beam information indication.
Proposal 8. RAN2 adopts the proposed MAC CE format.
We believe such MAC CE containing the failed SCell(s) information and UE preferred new beam can be beneficial in addition to SCell BFR scenario. For example, during RACH procedure triggered by BFR, UE can transmit this new MAC CE for indicating preferred beam in either msgA or msg3 to help reduce the overall latency of BFR procedure [2]. Another example can be that when the new MAC CE is included in msgA, this enables UE to choose the suitable beam to perform RACH which can be available much earlier than RACH occasion tied to the target beam, which can further reduce the overall latency of two-step RACH procedure.
Given that this new MAC CE potentially used in various scenarios, we propose to name this new MAC CE beam index indication MAC CE. 
Observation 2. The new MAC CE can be used scenarios in addition to SCell BFR to indicate UE’s preferred beams.  
Proposal 9. Name this new MAC CE by Beam Index Indication MAC CE.
Conclusion
Based on the above analysis, we make the following observations and proposals:
Observation 1. As long as UE can get a UL grant to send a MAC CE to report failed beams on SCell(s) in a reliable and timely way, the beam failure can be recovered. It is not as important how UE obtains a UL grant to send the MAC CE.
Observation 2. The new MAC CE can be used scenarios in addition to SCell BFR to indicate UE’s preferred beams.  

Proposal 1. Network has the option to configure dedicated PUCCH resources for SCell BFR. 
Proposal 2. Network has the option to configure BFR requests to share a SR configuration with logical channels. This SR configuration is always associated with the logical channel(s) of the highest priority configured for the UE.
Proposal 3. If UE is configured with either dedicated or shared PUCCH resources for SCell BFR, a pending SCell BFR request is handled in the same way as pending SRs, e.g. subject to prohibit timer and maximum transmission counter, etc. A pending SCell BFR request is canceled after UE receives a UL grant usable by UE to send its BFR MAC CE.
Proposal 4. 	UE can use an available UL-SCH resource to send a SCell BFR MAC CE, if the resource is available within N slots when SCell BFR request is triggered and is allowed by LCP. 
Proposal 5. 	If UE neither is configured with any PUCCH resources for SCell BFR nor has any usable UL-SCH resources, UE can trigger a RACH procedure to request UL grant for the SCell BFR MAC CE. This RACH procedure has high priority.
Proposal 6. 	SCell BFR MAC CE has an LCP priority higher than Configured Grant Confirmation MAC CE but lower than C-RNTI MAC CE or data from UL-CCCH.
Proposal 7. It is up to UE implementation how many failed SCells to include in a SCell BFR MAC CE.
Proposal 8. 	RAN2 adopts the proposed MAC CE format.
Proposal 9. 	Name this new MAC CE by Beam Index Indication MAC CE.
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