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1.  Introduction
In RAN2 #115-e and #116-e meetings, we discussed several MAC CEs and the relevant MAC operations for FeMIMO. In this contribution, we discuss the remaining issues related to MAC, including BFD/BFR, uplink power control, and unified TCI state activation/indication.
2. Discussion
2.1 BFD/BFR for mTRP
After RAN2 #116-e meeting, there are some remaining issues on mTRP BFD/BFR [1]. In this section, we further discuss these issues.
2.1.1 Clarification of “beam failure is detected on both TRPs”
	The meaning of “beam failure is detected on both TRPs” is to be clarified, It is FFS which of the following options shall be applied:
Option 1 (12/17): “beam failure is detected on both TRPs” means that BFR is triggered for a TRP of the serving cell while the BFR for another TRP of same serving cell is still pending (i.e. not cancelled).
Option 2 (4/17): “beam failure is detected on both TRPs” means that BFR is triggered for a TRP of the serving cell while the BFR for another TRP of same serving cell is still pending (i.e. not successfully completed)


Regarding the meaning of “beam failure is detected on both TRPs”, we think Option 2 is more reasonable. If we go with Option 1, for the SpCell, there could be conditions in which BFR MAC CE seems to be transmitted from the UE perspective but it actually does not work. Then, if BFR is triggered on TRP2 after BFR was cancelled on TRP1 (but not recovered), another BFR MAC CE will be sent for TRP2 but RACH will not be initiated. In this case, with Option1, recovery may not be possible, and BFR will be triggered again for TRP1, and so on.
Proposal 1: “Beam failure is detected on both TRPs” means that BFR is triggered for a TRP of the serving cell while the BFR for another TRP of same serving cell is still pending (i.e. not successfully completed).
For a SpCell, if beam failure is detected on both TRPs, RACH will be initiated on the SpCell. But if two TRPs occurs beam failure not at the same time (e.g., TRP1 at slot #x, TRP2 at slot #y), the TRP that occurred BF first may have recovered before the RACH is complete, as shown in the below figure. In this case, there is a good link from which the UE can transmit MAC CE to request recovery. A RACH cancel mechanism can be introduced to terminate the ongoing RACH procedure. With this RACH cancel mechanism, UE can recover BF with less delay, especially when 4-step CBRA is initiated.
Proposal 2: If RACH is initiated on a SpCell for BFR and one TRP has recovered before the RACH is complete, the ongoing RACH can be stopped.
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2.1.2 TRP specific BFR cancellation
(1) SCell
RAN2 FFS the BFR cancellation when beam failure is detected on both TRPs of SCell. The detailed issue is extracted as follows.
	Cell specific or TRP specific BFR / BFR cancellation when beam failure is detected on on both TRPs of SCell is to be determined. It is FFS which of the following options shall be applied:
Option 1(5/17): Cell specific BFR of SCell is triggered. Triggered Cell specific BFR of SCell is cancelled when BFR MAC CE containing beam failure information of both TRP of the SCell is transmitted.
Option 2 (12/17): TRP specific BFR for both the failed TRPs remains as pending. TRP specific BFR cancellation procedure (as discussed in Proposal 10) is applied for each TRP independently.


In RAN2 #116-e, TRP specific BFR cancellation for SCell was agreed, see the agreements below.
	Triggered BFRs for a BFD-RS set of a SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes enhanced BFR MAC CE (or Truncated enhanced BFR MAC CE, if supported) which contains beam failure recovery information (i.e. candidate beam available or not, candidate beam if available) of that BFD-RS set of the SCell.


The BFR cancellation is to stop the following BFR MAC CE transmission if the relevant BFR information (e.g., the identity of the failed cell/TRP, candidate beam, etc.) has already been sent in a previous MAC CE. With the TRP specific BFR cancellation, each TRP can manage its BFR cancellation independently. No matter only one TRP or both two TRPs of a SCell occur beam failure, with the TRP specific BFR cancellation mechanism, there will not be repeated MAC CE transmission until the next beam failure triggering. From the function perspective, TRP specific BFR cancellation is sufficient. In addition, from the implementation perspective, this mechanism is a simple and straightforward solution. We think the concept of “cell-specific BFR” is mainly for discussion, and we may not need to discuss the condition of cell-specific BFR cancellation specifically. Therefore, we tend to adopt Option2 here, i.e., TRP specific BFR cancellation procedure is applied for each TRP independently.
Observation 1: The concept of “cell-specific BFR” is mainly for discussion. We may not need to discuss the condition of cell-specific BFR cancellation.
Proposal 3: When beam failure is detected on both TRPs of SCell, TRP specific BFR cancellation procedure is applied for each TRP independently.
(2) SpCell
The remaining issue related to SpCell BFR cancellation is extracted as follows.
	It is FFS whether Triggered BFRs for a BFD-RS set of a SpCell shall be cancelled when a MAC PDU is transmitted and this PDU includes enhanced BFR MAC CE (or Truncated enhanced BFR MAC CE, if supported) which contains beam failure recovery information (i.e. candidate beam available or not, candidate beam if available) of that BFD-RS set of the SpCell.


When beam failure is detected on one TRP of a SpCell, the UE will send an enhanced BFR MAC CE to provide the corresponding beam failure recovery information to the network. Similar with the SCell case, to avoid the following continuous MAC CE transmission, the triggered BFR should be cancelled. Before the successful recovery of this TRP, if another TRP occurs beam failure, the UE will initiate RACH.
Proposal 4: Triggered BFRs for a BFD-RS set of a SpCell shall be cancelled when a MAC PDU is transmitted and this PDU includes enhanced BFR MAC CE or Truncated enhanced BFR MAC CE which contains beam failure recovery information of that BFD-RS set of the SpCell.
2.1.3 Enhanced BFR MAC CE and RACH
RAN2 #116 agreed the following pieces of information should be included in the enhanced BFR MAC CE.
	New BFR MAC CE including beam failure recovery information of both failed TRPs is transmitted when beam failure is detected for both TRPs of SCell. The Following pieces of information are included in enhanced BFR MAC CE for M-TRP BFR
Info 1: For the Identity of serving cell of failed TRP, Ci/SP fields are included. 
Info 2: For indicating whether candidate beam is available or not for a failed TRP of serving cell, AC field is included.
Info 3: Candidate beam (if available) for a failed TRP is indicated by including the Candidate RS ID field.
It is assumed that If beam failure is detected on both TRPs (i.e. BFD-RS sets) of an SpCell, UE initiate RACH procedure and transmits new BFR MAC CE including beam failure recovery information needed to recover both TRPs. (other options not excluded for now, it is FFS whether the UE can skip BFR information needed to recover one of the TRPs if there is not enough bits).


As shown in the above agreement, there is one FFS about the BFR MAC CE content when the grant is not large enough to transmit the complete enhanced BFR MAC CE. Since truncated enhanced BFR MAC CE is already agreed, we think the truncated version of the MAC CE can be used in such cases.
Proposal 5: If the grant of Msg3/MsgA is not large enough to transmit the enhanced BFR MAC CE, then a truncated enhanced BFR MAC CE can be sent in Msg3/MsgA.
In RAN1 #106bis-e meeting [2], RAN1 agreed CBRA is supported if beam failure is detected on both TRPs of an SpCell, see below agreements. In RAN1 #107-e meeting, there is no further discussion on whether CFRA is supported or not.
	Agreement
For RACH-based transmission, at least when all BFD-RS sets fail in SPCell, CBRA is supported


If CFRA is not supported for Rel-17 mTRP BFR, then we need to discuss how to deal with the legacy RRC IEs related to candidateBeamRSList. For instance, whether candidateBeamRSList can be configured together with two BFD-RS sets. If not, we need to further discuss how to configure the candidate RSs for SpCell.
	BeamFailureRecoveryConfig ::=       SEQUENCE {
    ---------------------------------Omitted----------------------------------
    candidateBeamRSList                 SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR   OPTIONAL, -- Need M
    ---------------------------------Omitted----------------------------------
}

PRACH-ResourceDedicatedBFR ::=      CHOICE {
    ssb                                 BFR-SSB-Resource,
    csi-RS                              BFR-CSIRS-Resource
}

BFR-SSB-Resource ::=                SEQUENCE {
    ssb                                 SSB-Index,
    ra-PreambleIndex                    INTEGER (0..63),
    ...
}

BFR-CSIRS-Resource ::=              SEQUENCE {
    csi-RS                              NZP-CSI-RS-ResourceId,
    ra-OccasionList                     SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1)   OPTIONAL,   -- Need R
    ra-PreambleIndex                    INTEGER (0..63)                                                                 OPTIONAL,   -- Need R
    ...
}


Proposal 6: Ask RAN1 to clarify whether CFRA is supported in Rel-17 mTRP BFR.
Proposal 7: RAN2 to discuss how to configure candidate RSs for SpCell if CFRA is not supported in Rel-17 mTRP BFR.
2.2 UL power control for mTRP
Regarding uplink power control for mTRP, RAN2 has the following agreements in RAN2 #116-e meeting [1].
	FFS if to Introduce the new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition i.e. activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC.
RAN2 to discuss how to support PHR reporting for mTRP PUSCH repetition, and may address e.g:
New MAC CE design including the function which TRP is applied for PHR reporting.
How to incorporate the additional MPE information coming in Rel-17 to the new PHR format
Whether use legacy parameters (timer, threshold, etc.) or adding TRP specific parameters
PHR triggering conditions
R2 assumes to revise the legacy PUSCH Pathloss Reference RS Update MAC CE with additional field(s) to differentiate the TRP for mTRP PUSCH repetition. other aspects are FFS.


In Rel-16, one Spatial Relation Info ID is activated for one PUCCH resource. Now in Rel-17, PUCCH repetition scheme is supported for mTRP, in this case, up to two Spatial Relation Info IDs can be activated for one PUCCH resource. We can introduce a new MAC CE to get a clean and well-designed MAC CE. In the new MAC CE, at most two Spatial Relation Info IDs correspond to one PUCCH resource. And one bit for indicating the number of Spatial Relation Info ID may be needed for each PUCCH resource.
Proposal 8: Introduce a new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition. In the MAC CE, at most two Spatial Relation Info IDs can correspond to one PUCCH resource. In addition, one bit for indicating the number of Spatial Relation Info ID may be needed for each PUCCH resource.
RAN1 agreed PUSCH repetition in Rel-17 mTRP. Therefore, PHR mechanism needs to be enhanced accordingly. After RAN2 #116-e meeting, one LS is sent to RAN1 to ask whether the Rel-17 MPE reporting changes are applicable to mTRP framework. If the answer is yes, then the design of the PHR MAC CE needs to consider how to incorporate the additional MEP information. If the answer is no, then we may need to introduce two new PHR MAC CE, one is for mTRP PUSCH repetition, and the other one is for MPE mitigation.
Proposal 9: Before discussing the detailed PHR MAC CE design, RAN2 needs to determine whether Rel-17 MPE changes are applicable to mTRP framework.
2.3 Unified TCI state activation/indication MAC CE
The unified TCI framework is introduced in Rel-17. RAN1 has the following agreements related to the unified TCI state activation/indication MAC CE design.
	RAN1 #105-e
[Conclusion] On Rel-17 unified TCI framework, for a UE configured with both joint TCI and separate DL/UL TCI, configuration of joint TCI or separate DL/UL TCI is based on RRC signaling 
· There is no consensus in RAN1 on how to support dynamic switching (either MAC-CE or codepoint based)

RAN1 #106bis-e
Agreement
1. On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For the number of codepoints in the TCI field for DCI-based beam indication (hence the number of codepoints activated via MAC-CE-based TCI state activation), the largest value is 8
· the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 
· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC

RAN1 #107-e
Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, when a UE is configured with separate DL/UL TCI
· The number of configured TCI states a UE can support is a UE capability including the following candidate values per BWP per CC: 
· DL TCI: 64, 128
· UL TCI: 32, 64
Note: This doesn’t imply that UL TCI shares the same TCI state pool as or uses a different TCI state pool from joint DL/UL TCI.


From the RAN1 agreement, we can see that there are two TCI modes in the unified TCI framework, one is joint mode, and the other one is separate mode. As for the mode switching, RAN1 didn’t agree to support dynamic switching either by MAC CE or by DCI. After checking with RAN1 colleagues, we understand that using which mode is indicated via RRC signalling. 
Observation 2: In Rel-17 unified TCI framework, only one TCI mode is used at one time, i.e., either joint mode or separate mode. Using which mode is indicated by RRC signalling.
7 bits are needed for joint TCI state and DL only TCI state, while 6 bits for UL only TCI state. In the following figure, we give an example design of the unified TCI state activation MAC CE. This MAC CE format can work on both joint TCI mode and separate TCI mode. We use Category A/B/C to express different TCI activation cases. The detailed explanation of Category A/B/C and X/Y field are described as follows.
(1) For Category A: one UL only TCI + one DL only TCI.
X = 0 means this octet indicates a UL only TCI state, Y =1 means there is a DL only TCI state which maps to the same TCI codepoint in DCI.
(2) For Category B: one UL only TCI
X = 0 means this octet indicates a UL only TCI state, Y =0 means there is not a DL only TCI state which maps to the same TCI codepoint in DCI.
(3) For Category C: one DL only TCI or one joint TCI
If the separate TCI mode is used, then X =1 means this octet indicates a DL only TCI state.
If the joint TCI mode is used, then X field can be a reserved bit.
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If UL TCI states are defined within DL BWPs, the above structure is sufficient. If UL TCI states are defined within UL BWPs, it may be necessary to also include the UL BWP Id in the MAC CE.
Proposal 10: Use the above TCI state activation MAC CE format as baseline for Rel-17 unified TCI framework. The need for adding one UL BWP ID in the MAC CE is FFS.
3. Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1: “Beam failure is detected on both TRPs” means that BFR is triggered for a TRP of the serving cell while the BFR for another TRP of same serving cell is still pending (i.e. not successfully completed).
Proposal 2: If RACH is initiated on a SpCell for BFR and one TRP has recovered before the RACH is complete, the ongoing RACH can be stopped.
Observation 1: The concept of “cell-specific BFR” is mainly for discussion. We may not need to discuss the condition of cell-specific BFR cancellation.
Proposal 3: When beam failure is detected on both TRPs of SCell, TRP specific BFR cancellation procedure is applied for each TRP independently.
Proposal 4: Triggered BFRs for a BFD-RS set of a SpCell shall be cancelled when a MAC PDU is transmitted and this PDU includes enhanced BFR MAC CE or Truncated enhanced BFR MAC CE which contains beam failure recovery information of that BFD-RS set of the SpCell.
Proposal 5: If the grant of Msg3/MsgA is not large enough to transmit the enhanced BFR MAC CE, then a truncated enhanced BFR MAC CE can be sent in Msg3/MsgA.
Proposal 6: Ask RAN1 to clarify whether CFRA is supported in Rel-17 mTRP BFR.
Proposal 7: RAN2 to discuss how to configure candidate RSs for SpCell if CFRA is not supported in Rel-17 mTRP BFR.
Proposal 8: Introduce a new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition. In the MAC CE, at most two Spatial Relation Info IDs can correspond to one PUCCH resource. In addition, one bit for indicating the number of Spatial Relation Info ID may be needed for each PUCCH resource.
Proposal 9: Before discussing the detailed PHR MAC CE design, RAN2 needs to determine whether Rel-17 MPE changes are applicable to mTRP framework.
Observation 2: In Rel-17 unified TCI framework, only one TCI mode is used at one time, i.e., either joint mode or separate mode. Using which mode is indicated by RRC signalling.
Proposal 10: Use the above TCI state activation MAC CE format as baseline for Rel-17 unified TCI framework. The need for adding one UL BWP ID in the MAC CE is FFS.
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