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Introduction
This contribution is to progress on the following email discussion:
[108#70][NR eMIMO] BFR MAC CE (Samsung)
· Intended outcome: BFR MAC CE Design
Discussion
RAN2 has discussed BFR MAC CE contents in RAN2 #108 and following agreements [1] were made:
· SCell BFR MAC CE can carry information of multiple failed SCells, i.e., multiple entry format for SCell BFR MAC CE is defined.
· 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).
Issue 1: Information about the failed SCell index
Various options proposed to indicate the information about the failed SCell index are as follows:
Option 1: In [2][3][4][5], it is proposed to include a bitmap to indicate failed SCell indices. Each bit in the bitmap corresponds to an SCell. The bit corresponding to failed SCell is set to '1'. Otherwise the bit is set to '0'. Figure 1 and Figure 2 in appendix illustrates this option.

Option 2: In [6], it is proposed to include a 5 bit Serving Cell ID field for indicating the failed SCell. Figure 3 in appendix illustrates this option.

Question 1: What are companies views on which option should be selected to indicate failed SCells?
	Company
	Preference
	Comments

	OPPO
	Option 1
	Option 1 is the straightforward way to carry information of multiple failed SCells. And the signalling overhead can be reduced if the MAC CE carries multiple failed SCells’ info.

	Nokia, Nokia Shanghai Bell
	Option 1
	Following the other MAC CEs with multiple entry format.

	Apple
	Option 1
	It should follow the same design for the other MAC CE with multiple entry forma

	LG
	Option 1
	RAN1 identified that beam failure on multiple SCells can occur simultaneously, and expects RAN2 to consider the simultaneous multiple SCell failure cases for designing the SCell BFR procedure in MAC as shown below: 
	Conclusion in RAN1#98
· 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

	Agreement in RAN1#98bis
· For SCell BFR, reuse beam failure detection procedure specified in Rel-15, where the beam failure detection is performed per SCell.
· The “beam failure detection procedure specified in Rel-15” includes the procedure on beam failure detection for each beam failure instance, interval for beam failure instance and corresponding parameter, i.e. beamFailureInstanceMaxCount.
· The parameters related to BFD are configured per BWP per cell
· Note: BFRQ transmission timing and condition will be decided by RAN2 for simultaneous multiple SCells failure cases


Given the RAN1 agreement and conclusion above, indicating SCell indices is not a good approach, because it may cause a huge amount of resource waste in cases of simultaneous BFD of multiple SCells.

	Qualcomm
	Option 2
	Explicit failed SCell index is much simpler and more flexible to indicate the multiple failed SCell cases. Option 2 can support to indicate one or more failed SCell cases. The exact number of SCells reported in this MAC CE can be determined by either UE implementation or available resources in the UL grant.
We do not expect large number of SCells with different QCL fail at the same time or within a same short period of time. Therefore, the bitmap-based method (i.e. option 1) may cause large overhead in the case that only one (or small number of) failed SCell should be reported but if 4 bytes bitmap is configured. The new beam availability indication bits will take another several octets if option 1 is selected, while option 2 can use the bits in the same octet of the SCell index and make the new beam field to be optionally present, which can largely reduce the overhead.

	DOCOMO
	Option 1
	Same view as already commented to follow the existing MAC CE related to SCell operations.

	CATT
	Option 1
	This is the most straightforward approach.

	Intel
	Option 1
	Regarding the size concern from Qualcomm, option 3 from Q2 can try to mitigate this?

	ZTE
	Option 1
	Option 1 is a direct way to indicate multiple serving cells those are failed.

	Samsung
	Option 1
	

	Ericsson
	Option 2
	We think the bitmap format creates overhead in case the number of reported SCells is small. Additionally, if support for more SCells are added in the future, the design of the CE must be updated as the bitmap must be changed. A list of SCells is more future-proof and more efficient for small number of SCells.

	vivo
	Option 1
	We think that we can follow the bitmap as used for the SCell activation/deactivation MAC CE for indicating the failed SCell.

	Lenovo
	Option 1
	

	Futurewei
	Option 1
	Unless there’d be large saving in MAC CE size, a consistent format for multiple entries of SCellIndex is preferred. 



Summary: 
12 companies prefer to include a bitmap to indicate failed SCell indices. 2 companies prefer to include a include a 5 bit Serving Cell ID field for indicating the failed SCell. Based on majority view following is proposed:
Proposal 1: A bitmap is included in SCell BFR MAC CE to indicate failed SCell indices. 

In case bitmap is used to indicate failed SCell indexes, the length of the bitmap can be determined as follows:
· Option 1: The length of bitmap is equal to maximum number of SCells that can be configured per cell group [2][3][4]. 

· Option 2: The length of bitmap is equal to the actual number of configured SCells [2].

· Option 3: The length of the bitmap is either 1 or 4 bytes and is determined based on the number of SCells configured with BFD.

Question 2: What are companies views on which option should be selected to determine the length of bitmap, if bitmap approach is used to indicate failed SCell(s)?
	Company
	Preference
	Comments

	OPPO
	Option 1
	As defined in 38.331, the max number of secondary serving cells per cell group is 31.  We wondering why the given example only have 2 bytes bitmap for SCell index indication?

	Nokia, Nokia Shanghai Bell
	Option 3
	Similarly to PHR and SCell activation MAC CEs.

	Apple
	Option 3
	It’d better to follow the same design as PHR MAC CE. 

	LG
	Option 3
	Same view as Nokia.

	DOCOMO
	Option 3
	Agree with Nokia

	CATT
	Option 1
	This is a straightforward approach and simplifies specification/implementation.

	Intel
	Option 3
	

	ZTE
	Option 1
	For option 3, in DC mode,  Our concern is that the SCG may have no idea how many SCells with BFD configuration in MCG so that SCG cannot parse the MAC CE correctly. Hence  the option 1 is a more clear way to indicate which SCell is failed

	Samsung
	Option 1
	Option 1 seems simpler.
Option 3: 
· The proponents intend to follow PHR MAC CE design. So my understanding is that two LCIDs (separate for 1 octet bitmap and 4 octet bitmap) as in PHR MAC CE are needed.
· Instead of determining whether to use 1 octet or 4 octet based on the number of SCells configured with BFD, isn't it better that if servingCellIndex of failed SCell for which UE intends to send BFR MAC CE is less than 8, UE uses MAC CE with bitmap of one octet. Otherwise UE uses MAC CE with bitmap of 4 octet .

	Ericsson
	Option 2
	Option 2 creates the shortest bitmap with the least amount of overhead.

	Lenovo
	Option 3
	Same view as Nokia

	Futurewei
	Option 3
	It has low overhead for more likely scenarios, and it can also accommodate more extreme cases.



Summary: 
Option 1 is supported by 4 companies. Option 2 is supported by 1 company. Option 3 is supported by 7 companies. Based on majority view following is proposed.
Proposal 2: The length of the bitmap is either 1 or 4 octets. A single octet bitmap is used when the highest ServCellIndex of the MAC entity's SCell configured with beam failure detection is less than 8, otherwise four octets are used.

Issue 2: New candidate beam availability indication
One bit is needed to indicate whether candidate beam is available or not for failed SCell. 
Option 1: In [4] it is proposed to add a bitmap to indicate whether candidate beam is available or not. The length of this bitmap is same as the bitmap for indicating failed SCell indexes. Each bit in the bitmap corresponds to an SCell. If a new candidate beam is available for a failed SCell, the bit corresponding to that failed SCell is set to ‘1’. Otherwise the bit is set to ‘0’. Figure 1 in appendix illustrates this option.
Option 2: In [3][6] it is proposed to have a one bit field to indicate whether candidate beam is available or not. This field is included only for failed SCell. Figure 2 and Figure 3 in appendix illustrates this option.
Option 3: In [5] it is proposed to add a bitmap to indicate whether candidate beam is available or not for each failed SCells. The difference from Option 1 is that the length of this bitmap is same as the number of failed SCells, i.e. the number of bits set to ‘1’ in the first bitmap for indicating failed SCell indexes. Each bit in this bitmap corresponds to a failed SCell. If a new candidate beam is available for a failed SCell, the bit corresponding to that failed SCell is set to ‘1’. Otherwise the bit is set to ‘0’.
Question 3: What are companies views on which option should be selected for new candidate beam availability indication?
	Company
	Preference
	Comments

	OPPO
	Option 2
	One bit indication for only failed SCells has the advantage to reduce the signalling overheads.

	Nokia, Nokia Shanghai Bell
	Option 1
	With Option 2 the additional byte may be wasted if there is no candidate beam available.

	Apple
	Option 2
	Option 2 can reduce signaling overhead more than Option 1 especially when UE can provide the candidate beam information for all failed SCells. 

	LG
	Option 3
	In our understanding, Option 2 includes the candidate RS ID field even for the failed SCells without available candidate beam, and this may cause resource waste. 
On the other hand, in Option 1, the bitmap includes a bit for a SCell index which is not failed. However, the new candidate beam index is needed only for failed SCells, and, thus, we propose Option 3.

	Qualcomm
	Option 2
	It quite wastes the resource to have a bitmap-based candidate beam availability indication, especially when the number of failed SCell is small.
Option 2 can largely reduce the signalling overhead. This one-bit field can be located in the same octet of the failed SCell to indicate the associate candidate beam is available or not. If this bit is ‘1’, the candidate beam in the following octet can be present. If this bit is ‘0’, the candidate beam is not present (to save the signalling).

	DOCOMO
	Option 2
	If there is no available beam, the 3rd octet and onwards can be omitted and so there is no wasted resourece.

	CATT
	Option 1
	We think the bitlength should be a fixed value to make specification/implementation simpler.  

	Intel
	Option 1
	

	ZTE
	Option 2
	Agree with apple.

	Samsung
	Option 2
	

	Ericsson
	Depends on the outcome of Question 1.
	This question very much depends on the outcome of the previous question. 
If explicit SCellIndex is signalled, then we prefer signalling presence of a new candidate beam using one bit in the same octet as the SCellIndex. The overhead of this is virtually zero as that bit would be an R-bit otherwise.
If a bitmap is used to signal SCellIndex, then a bitmap makes sense for this indication too. In that case we would prefer a bitmap indexing the failed SCells to reduce the size as much as possible. This corresponds to Option 3.

	vivo
	Option 2
	Agree with QC.

	Lenovo
	Option 2
	Agree with Apple

	Futurewei
	Option 2 or Option 3
	Agree with Ericsson.
Option 2, if SCellIndex of failed SCell is explicitly signaled; option 3, if SCellIndex of failed SCell is implicitly signaled by bitmap.



Summary: 
Option 1 is supported by 3 companies. Option 2 is supported by 7 companies. Option 3 is supported by 3 companies. Since the conclusion of Q1 is to indicate SCellIndex of failed SCell implicitly using bitmap, Ericsson's and Futurewei's support is counted for option 3.
Based on majority view following is proposed:
Proposal 3:One bit field is included in SCell BFR MAC CE to indicate whether candidate beam is available or not. This field is included only for failed SCell.

Issue 3: Information to identify new candidate beam
Option 1: As per RAN1 agreement, up to 64 candidate RSes can be configured for the UE for each DL BWP. In [2][3][4][5], it is proposed to include a 6 bit candidate RS index field for failed SCell. The field is set to index of candidate RS in candidate RS list. The field is included only if new candidate beam is available for failed SCell. Figure 1, Figure 2 and Figure 3 in appendix illustrates this option.

Option 2: In [6], it is proposed to include a 8 bit Resource ID field.  The Resource ID field consists of 8 bit NZP CSI-RS ID if candidate beam is based on CSI-RS. The Resource ID field consists of 2 reserved bit and 6 bit SSB ID if candidate beam is based on SSB.

Question 4: What are companies views on which option should be selected for indicating new candidate beam index?
	Company
	Preference
	Comments

	OPPO
	Option 1
	

	Nokia, Nokia Shanghai Bell
	Option 1
	

	Apple 
	Option 1
	

	LG
	Option 1
	Based on the RAN1 agreement, 6 bits are enough for the candidate RS index field as in Option 1.

	Qualcomm
	Option 2
	Our view is that we can extend to use the full set SSB/CSI-RS as the UE candidate beam indication with one additional bit to indicate the type of RS (i.e. SSB or CSI-RS). The reason is that we do observe the benefit to use this MAC CE in other cases in addition to SCell BFR.
For example, during RACH procedure triggered by BFR, UE can transmit this MAC CE for indicating preferred beam in either msgA or msg3 to help reduce the overall latency of BFR procedure. Another example is 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 latency of RACH procedure.

	DOCOMO
	Option 1
	In accordance with the outcome in RAN1.

	CATT
	Option 1
	

	Intel
	Option 1
	We also like to be aligned with the RAN1 agreement.

	ZTE
	Option 1
	

	Samsung
	Option 1
	

	Ericsson
	Option 1
	This seems more aligned with the discussion on the running RRC CR as well.

	vivo
	Option 1
	

	Lenovo
	Option 1
	

	Futurewei
	Option 1
	Should be aligned with RAN1.



Summary: All the companies except one support option 1. Based on majority view following is proposed:
Proposal 4: 6 bit candidate RS ID field is included in SCell BFR MAC CE for failed SCell. The field is set to index of candidate RS in candidate RS list. The field is included only if new candidate beam is available for failed SCell.
Summary and Proposals
Proposal 1: A bitmap is included in SCell BFR MAC CE to indicate failed SCell indices.
Proposal 2: The length of the bitmap is either 1 or 4 octets. A single octet bitmap is used when the highest ServCellIndex of the MAC entity's SCell configured with beam failure detection is less than 8, otherwise four octets are used.
Proposal 3:One bit field is included in SCell BFR MAC CE to indicate whether candidate beam is available or not. This field is included only for failed SCell.
Proposal 4: 6 bit candidate RS ID field is included in SCell BFR MAC CE for failed SCell. The field is set to index of candidate RS in candidate RS list. The field is included only if new candidate beam is available for failed SCell.
Proposal 5: Adopt the TP in section 5.
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6.1.3.X 	SCell BFR MAC CE

The SCell BFR MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-2.
It has a variable size. It includes a bitmap and in ascending order based on the ServCellIndex, octets containing candidate beam availability indication (AC) for SCells indicated in the bitmap. A single octet bitmap is used when the highest ServCellIndex of this MAC entity's SCell configured with beam failure detection is less than 8, otherwise four octets are used.
The SCell BFR MAC CEs are defined as follows:
-	Ci: This field indicates beam failure detection (as specified in clause 5.17) and the presence of a octet containing AC field for the SCell with ServCellIndex i as specified in TS 38.331 [5]. If the Ci field set to 1, beam failure is detected and the octet containing AC field is present for the SCell with ServCellIndex i. If the Ci field set to 0, the beam failure is not detected and octet containing AC field is not present for the SCell with ServCellIndex i, The octets containing the AC field are present in ascending order based on the ServCellIndex;
-	R: Reserved bit, set to 0;
-	AC: This field indicates the presence of Candidate RS ID field in this octet. If at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSSCellList or the CSI-RSs with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the CSI-RSs in candidateBeamRSSCellList is available, the AC field is set to 1; otherwise, it is set to 0. If the AC field set to 1, Candidate RS ID is present. If the AC field set to 0, R bits are present instead;
-	Candidate RS ID: This field is set to the index of an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSSCellList or to the index of a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the CSI-RSs in candidateBeamRSSCellList. The length of this field is 6 bits. 
Editors Note 1: The RRC parameter names will be changed to the ones defined for the purpose.



Figure 6.1.3.X-1: SCell BFR MAC CE with the highest ServCellIndex of this MAC entity's SCell configured with BFD is less than 8


Figure 6.1.3.X-2: SCell BFR MAC CE with the highest ServCellIndex of of this MAC entity's SCell configured with BFD is equal to or higher than 8
6.2	Formats and parameters
[bookmark: _Toc20428357]6.2.1	MAC subheader for DL-SCH and UL-SCH
The MAC subheader consists of the following fields:
-	LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE or padding as described in Tables 6.2.1-1 and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The LCID field size is 6 bits;
-	L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs, padding, and MAC SDUs containing UL CCCH. The size of the L field is indicated by the F field;
-	F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs, padding, and MAC SDUs containing UL CCCH. The size of the F field is 1 bit. The value 0 indicates 8 bits of the Length field. The value 1 indicates 16 bits of the Length field;
-	R: Reserved bit, set to 0.
The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel

	33-46
	Reserved

	47
	Recommended bit rate

	48
	SP ZP CSI-RS Resource Set Activation/Deactivation

	49
	PUCCH spatial relation Activation/Deactivation

	50
	SP SRS Activation/Deactivation 

	51
	SP CSI reporting on PUCCH Activation/Deactivation

	52
	TCI State Indication for UE-specific PDCCH

	53
	TCI States Activation/Deactivation for UE-specific PDSCH

	54
	Aperiodic CSI Trigger State Subselection

	55
	SP CSI-RS/CSI-IM Resource Set Activation/Deactivation

	56
	Duplication Activation/Deactivation

	57
	SCell Activation/Deactivation (four octets)

	58
	SCell Activation/Deactivation (one octet)

	59
	Long DRX Command

	60
	DRX Command

	61
	Timing Advance Command

	62
	UE Contention Resolution Identity

	63
	Padding



Table 6.2.1-2 Values of LCID for UL-SCH
	Index
	LCID values

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5])

	1–32
	Identity of the logical channel

	33–4951
	Reserved

	50
	SCell BFR (four octets Ci)

	51
	SCell BFR (one octet Ci)

	52
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5])

	53
	Recommended bit rate query

	54
	Multiple Entry PHR (four octets Ci)

	55
	Configured Grant Confirmation

	56
	Multiple Entry PHR (one octet Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding


Appendix
Example 1
Issue 1: Option 1 (bitmap approach for indicating failed SCells) + 
Issue 2: Option 1 (bitmap approach for indicating availability of new candidate beam) +
 Issue 3: Option 1 (candidate RS ID is index of candidate RS in candidate RS list)
[image: ]
Figure 1
The Ci bit is set to 1, if beam failure is detected for SCell with ServCellIndex i. The ACi bit is set to 1, if new candidate beam is available for failed SCell with ServCellIndex i. Octets for Candidate RS ID is added in increasing order of ServCellIndexes of failed SCells. Octet for Candidate RS ID is included for SCell with ServCellIndex i if corresponding Ci bit and ACi bit is set to 1.
Example 2
Issue 1: Option 1 (bitmap approach for indicating failed SCells) +
 Issue 2: Option 2 (non bitmap approach for indicating availability of new candidate beam) + 
Issue 3: Option 1 ( candidate RS ID is index of candidate RS in candidate RS list)
[image: ]
Figure 2

The Ci bit is set to 1, if beam failure is detected for SCell with ServCellIndex i. Octet including Candidate RS ID is added in increasing order of ServCellIndexes of failed SCells. Octet for Candidate RS ID is included for SCell with ServCellIndex i if corresponding Ci bit is set to 1. The AC bit is set to 1, if new candidate beam is available for failed SCell.
Example 3
Issue 1: Option 1 (non bitmap approach for indicating failed SCells) + 
Issue 2: Option 2 (non bitmap approach for indicating availability of new candidate beam) + 
Issue 3: Option 1 ( candidate RS ID is index of candidate RS in candidate RS list)
[image: ]
Figure 3

Octet for Candidate RS ID is included for SCell, if corresponding AC bit is set to 1.
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