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In this contribution, we discuss some remaining details for SCell beam failure recovery, specifically multiplexing of MAC CE carrying BFRQ with PUSCH and the related LRR transmission.

Discussion
MAC-CE of SCell BFRQ multiplexed with PUSCH without LRR triggering

As agreed in previous RAN1 meetings [1][2][3], In SCell BFRQ step 2, a MAC CE can be transmitted in a PUSCH without SCell BFR step 1 triggering. It remains to be clarified in which case the MAC CE carrying the information of SCell BFRQ can be transmitted in a PUSCH without LRR triggering. Additionally, in which case LRR should be transmitted as negative even when there is SCell beam failure should be discussed accordingly.
Not all PUSCH can carry the SCell BFRQ MAC CE. When a PUSCH is a retransmission, it cannot carry the MAC CE because the data included in a retransmission need to be the same as the original transmission. Apparently the MAC CE can’t be transmitted in a PUSCH if the resources scheduled for the PUSCH can’t carry the whole the MAC CE. 
In the following discussion, we assume that the two conditions where the MAC CE can be transmitted in a PUSCH mentioned before are satisfied. Besides, we will discuss the time limitation if the MAC CE can be transmitted in a PUSCH without LRR triggering. As shown in Fig 1, if there is a UL DCI transmitted in slot n to schedule a PUSCH transmitted in slot m for a UE, the UE will decode the UL DCI and prepare the data for PUSCH transmission during the time between slot n and slot m. If the UE finds that it has a beam failure in SCell with CC index(es) c, and possibly the corresponding new beam index(es), then the UE will prepare the MAC CE which indicates the failed CC index(es) and the corresponding new beam index(es) to the gNB. Considering the preparing of the MAC CE and the multiplexing of the MAC CE in the PUSCH is both time consuming, sufficient time is required for UE to multiplex the MAC CE in a PUSCH. According to the analysis, there is a time limitation to multiplex the MAC CE in a PUSCH. There is a minimal time interval between the UE detecting the SCell beam failure and the start of a PUSCH where the MAC CE can be multiplexed defined as a t_threshold in Fig 1. The threshold t_threshold is related to the UE process capability which should be further studied. Accordingly, if there is a PUCCH resource configured for LRR during slot n and slot m which is slot n+k in Fig 1, whether to transmit positive or negative LRR is determined by whether the MAC CE can be multiplexed in the PUSCH or not.
In Case 1 of Figure 1, a UE detects a SCell beam failure in time t1, and the start time of the PUSCH is t3. The time_offset1 between t1 and t3 is larger than t_threshold. In this case, the MAC CE carrying the SCell BFRQ information can be multiplexed in the PUSCH since the time is enough to multiplex the MAC CE in the PUSCH. There is no need to request additional PUSCH resource, and the state of LRR should be transmitted as negative in slot n+k. In Case 2, a UE detects a SCell is beam failed in t2 and the start time of the PUSCH is still t3, but the time_offset2 between t2 and t3 is smaller than t_threshold. In this case, the MAC CE carrying the SCell BFRQ information can’t be multiplexed in the PUSCH because the time is not enough for the MAC CE multiplexing in the PUSCH. Accordingly, the state of LRR should be transmitted as positive in slot n+k since it should request PUSCH to transmit the MAC CE. Therefore, we proposal that:
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Figure 1. Multiplexing SCell BFRQ MAC-CE in PUSCH

Proposal 1: SCell BFRQ MAC CE can be multiplexed with a PUSCH not triggered by LRR when the PUSCH has enough payload to carry the MAC CE, and the time interval between the detection of SCell beam failure and the start of the PUSCH is not smaller than a time threshold.
Proposal 2: The time threshold between the SCell beam failure and the PUSCH transmission should be defined as part of UE capability.
Proposal 3: The LRR state is determined by whether the MAC CE carrying SCell BFRQ information can be multiplexed in a PUSCH not triggered by a LRR.
The indicative TP of Proposal 3 is provided below.
	< Start of the text proposal on TS 38.213 v16.0.0>
9.2.4 UE procedure for reporting SR
< Unchanged parts are omitted >
The UE transmits a PUCCH in the PUCCH resource for the corresponding SR configuration only when the UE transmits a positive SR. The state of LRR is positive when UE identifies that there is a beam failure in at least one SCell and the MAC CE for indicating the failed SCell Id(s) and the corresponding new beam(s) are not able to be transmistted in a PUSCH scheduled by a DCI which is received before the PUCCH resource configured for the LRR. For a positive SR transmission using PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining [image: ] as described for HARQ-ACK information in Clause 9.2.3 and by setting [image: ]. For a positive SR transmission using PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting [image: ]. 
< Unchanged parts are omitted >



Multiplexing of LRR with PUSCH 

As we discussed above, whether the MAC CE carrying SCell BFRQ information can be multiplexed in a PUSCH not triggered by LRR trigger depends on whether the time interval between the detection of SCell beam failure and the start of the PUSCH meets a time threshold. Since the detection time of SCell beam failure is only known to the UE, gNB don’t know whether there is MAC CE carrying SCell BFRQ information multiplexed in a PUSCH without LRR triggering in advance. In Release 15, when the PUCCH carrying SR overlaps with a PUSCH, the SR is not transmitted. Though LRR is similar to a normal SR, it has a higher priority because it has a lower latency requirement than normal SR. Therefore, if the PUCCH configured for LRR transmission overlaps with a PUSCH, the LRR state should be reported in the PUSCH to indicate the gNB whether the UE requests UL resource to report the MAC CE. Considering that it is possible the MAC CE can be transmitted in the PUSCH, the state of LRR should depend on whether the corresponding SCell BFRQ MAC CE can be transmitted in the PUSCH. If the SCell BFRQ MAC CE can be multiplexed in the PUSCH, the UE will not need dedicated UL resource to transmit the MAC CE. In this case the LRR state transmitted in the PUSCH should be negative. If the SCell BFRQ MAC CE can’t be multiplexed in the PUSCH, the UE needs other UL resource to transmit the MAC CE. In this case the LRR state transmitted in the PUSCH should be positive. Besides, the LRR state can be transmitted in the PUSCH by rate matching or puncturing. According to the analysis above, we proposal that:
Proposal 4: When LRR resource overlaps with a PUSCH, LRR state should be multiplexed in PUSCH. 
The indicative TP of Proposal 4 is provided below.
	< Start of the text proposal on TS 38.213 v16.0.0>
9.2.5  UE procedure for multiple UCI types
< Unchanged parts are omitted >
For each PUCCH resource in the set [image: ] that satisfies the aforementioned timing conditions, when applicable,
-	the UE transmits a PUCCH using the PUCCH resource if the PUCCH resource does not overlap in time with a PUSCH transmission after multiplexing UCI following the procedures described in Clauses 9.2.5.1 and 9.2.5.2
-	the UE multiplexes HARQ-ACK information and/or CSI reports in a PUSCH if the PUCCH resource overlaps in time with a PUSCH transmission, as described in Clause 9.3, and does not transmit SR except for LRR. In case the PUCCH resource overlaps in time with multiple PUSCH transmissions, the PUSCH for multiplexing HARQ-ACK information and/or CSI is selected as described in Clause 9. If the PUSCH transmission by the UE is not in response to a DCI format detection and the UE multiplexes only CSI reports, the timing conditions are not applicable
-	the UE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple slots if the resource is obtained from a group of resources that do not overlap with the second resource.
< Unchanged parts are omitted >



Conclusion
We have discussed the remaining details of MAC CE transmission for SCell beam failure report and related LRR transmission. Our proposals are summarized as below:

Proposal 1: SCell BFRQ MAC CE can be multiplexed with a PUSCH not triggered by LRR when the PUSCH has enough payload to carry the MAC CE, and the time interval between the detection of SCell beam failure and the start of the PUSCH is not smaller than a time threshold.
Proposal 2: The time threshold between the SCell beam failure and the PUSCH transmission should be defined as part of UE capability.
Proposal 3: The LRR state is determined by whether the MAC CE carrying SCell BFRQ information can be multiplexed in a PUSCH not triggered by a LRR.
Proposal 4: When LRR resource overlaps with a PUSCH, LRR state should be multiplexed in PUSCH. 
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