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1.  Introduction
In previous RAN2 meetings, we discussed several MAC CEs and the relevant MAC operations for FeMIMO. In this contribution, we discuss MAC open issues according to the MAC running CR [1], including mTRP BFD/BFR, mTRP uplink power control, and unified TCI state activation/indication.
2. Discussion
2.1 mTRP BFD/BFR
After RAN2 #116bis-e meeting, there are some open issues on mTRP BFD/BFR [1], extracted as follows. In this section, we further discuss these issues.
	For the enhancement BFR MAC CE design, it is FFS with:
•	Two sets of serving cell bitmap (Option 2)
•	A bitmap in addition to serving cell bitmap (Option 3)
FFS whether to support TRP level truncation.
FFS, MAC entity may stop, ongoing Random Access procedure due to a pending SR for BFR of a BFD-RS set of SpCell, which has no valid PUCCH resources configured, if a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU contains an Enhanced BFR MAC CE or a Truncated Enhanced BFR MAC CE which includes beam failure recovery information of that BFD-RS set of the SpCell


Regarding to the enhanced BFR MAC CE design, the two options on table both have two bitmaps. The detailed description of these two options are in [2].
	Option 2: Include two sets of serving cell bitmap in MAC CE. 
· The first set of serving cell bitmap indicates the failure information associated with the first BFD-RS set and the second set of serving cell bitmap indicates the failure information associated with the second BFD-RS set.
· Beam failure recovery information does not include TRP ID (i.e. BFD-RS set ID)
Option 3: Include a bitmap in addition to serving cell bitmap which indicates per failed Serving Cell configured with mTRP BFD/BFR whether one or both of the TRPs associated with the Serving Cell failed. The R bit of the AC/Candidate RS ID octet indicates the failed TRP ID.


We consider the case in which the highest serving cell index of all serving cells which occurred beam failure is larger than or equal to 8. Option 2 needs two full set bitmaps, i.e., 8 octets in total for two bitmaps. However, option 3 needs one full set bitmap (4 octets) for serving cell and one other bitmap for cells in which beam failure is detected (1 to 4 octets), which means 5 to 8 octets are needed for two bitmaps. Therefore, we prefer option 3 which has less overhead.
Proposal 1: Two bitmaps are needed in the enhanced BFR MAC CE. One bitmap indicates serving cells which occurred beam failure, and the other bitmap indicates the number of failed TRPs per failed serving cell.
A design example of the enhanced BFR MAC CE can be as follows, in this example, the highest serving cell index of all serving cells which occurred beam failure is less than 8.
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In the above MAC CE design:
(1) The Ci field indicates the index of the serving cell which occurred beam failure, e.g., when C1 is set to 1, it indicates the serving cell #1 occurred beam failure regardless of one TRP failed or both two TRP failed.
(2) The Ni field indicates the number of failed TRPs of the corresponding serving cell, e.g., when C1 is set to 1 and N1 is set to 1, this indicates both two TRPs of serving cell #1 occurred beam failure. If C1 is set to 1 and N1 is set to 0, this indicates one TRP of serving cell #1 occurred beam failure.
(3) The octet containing AC/TI/Candidate RS ID fields indicates the BFR information for a corresponding TRP of a serving cell. TI field means TRP ID, which can be the BFD-RS set ID.
Proposal 2: Agree the above enhanced BFR MAC CE format as baseline.
In RAN2 #116-e meeting, RAN2 agreed both truncated and non-truncated enhanced BFR MAC CE are supported. To better utilize the uplink grant resource and provide more BFR information, TRP level truncation can be supported. In this case, if two TRPs of a serving cell both occurred beam failure, and the grant size can only accommodate one TRP’s BFR information, then the UE can truncate the BFR MAC CE and only include one TRP’s BFR information.
Proposal 3: If beam failure occurred on both TRPs of a serving cell and the grant size can only accommodate one TRP’s BFR information, the UE truncates the BFR MAC CE and only include one TRP’s BFR information.
In Rel-16, the ongoing RACH due to a pending SR for BFR of an SCell, which has no valid PUCCH resources configured, may be stopped in the following condition [3].
	The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BFR of an SCell, which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU contains a BFR MAC CE or a Truncated BFR MAC CE which includes beam failure recovery information of that SCell; or
-	the SCell is deactivated (as specified in clause 5.9) and all triggered BFRs for SCells are cancelled.


In Rel-17 mTRP BFR, RAN2 has agreed that the similar stopping RACH rule can be applied for SCell, but FFS for SpCell. To our understanding, RACH is initiated when only one TRP of the SpCell occurred beam failure and there is no valid PUCCH resources for the enhanced BFR MAC CE transmission. During the ongoing RACH, if an available UL grant is provided to the UE, then the UE can use this to send the enhanced BFR MAC CE containing the BFR information for the SpCell. In this case, the legacy stopping RACH rule can be applicable.
Proposal 4: The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BFR of a BFD-RS set of the SpCell, which has no valid PUCCH resources configured, if a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU contains an Enhanced BFR MAC CE or a Truncated Enhanced BFR MAC CE which includes beam failure recovery information of that BFD-RS set of the SpCell.
In the current MAC running CR [1], 2 LCID values are used for 1-octet Ci enhanced BFR MAC CE and 1-octet Ci truncated enhanced BFR MAC CE, while 2 eLCID values are used for 4-octet Ci enhanced BFR MAC CE and 4-octet Ci truncated enhanced BFR MAC CE. In TS 38.321, there are only 10 LCID values for UL left but hundreds of eLCID values. Rel-17 NTN takes one LCID value for the UE-Specific TA Report MAC CE, since using LCID has one byte smaller MAC subheader, which can provide better coverage and coverage is critical for NTN. Rel-17 RedCap takes two LCID values to identify CCCH and CCCH1 for a RedCap UE. In order to keep low complexity and to ensure coverage for RedCap UEs, it is not preferred to use eLCID. Accordingly, only 7 LCID values are available, so if two of them are taken for enhanced and truncated enhanced BFR MAC CEs, the number of remaining LCID values is only 5. Such a low number can be a problem for extensions in future releases.
In our understanding, using eLCID is also acceptable for 1-octet Ci enhanced BFR MAC CE and 1-octet Ci truncated enhanced BFR MAC CE. Note that the cross WI coordination on MAC CEs will be handled in A.I. 8.0.4. We may also take this MAC CE coordination into consideration in the future discussion.
Proposal 5: Use eLCID for the 1-octet Ci enhanced BFR MAC CE and for the 1-octet Ci truncated enhanced BFR MAC CE. If companies are not ready to make such a decision, this can be discussed in A.I. 8.0.4.
2.2 mTRP UL power control
After RAN2 #116bis-e meeting, there are some open issues on mTRP uplink power control [1], extracted as follows.
	RAN2 #116bis-e
Introduce the new MAC CE(s) to support PUCCH Power control set update (with power control) for FR1 cases. FFS, detail MAC CE design based on new RRC IE for FR1-dedicated power control set.
RAN2 #116-e
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


(1) mTRP PUCCH power control
In Rel-16, PUCCH power control parameters are associated with PUCCH-SpatialRelationInfo. However, in FR1, using “SpatialRelationInfo” to complete power control function seems not quite accurate. Therefore, RAN2 agreed to introduce new MAC CE and the corresponding RRC configuration to support PUCCH power control set update in FR1. Since the number of the total power control sets is to be provided by RAN1, now it’s too early to give a specific MAC CE design. But we can assume that the format of this PUCCH power control MAC CE could be very similar to the Rel-17 PUCCH spatial relation activation/deactivation for mTRP PUCCH repetition MAC CE for FR2. Specifically, the PUCCH power control set update MAC CE for mTRP PUCCH repetition in FR1 contains: (a) serving cell ID, (b) BWP ID, (c) one or multiple PUCCH resource ID, and (4) one or two PUCCH power control set IDs associated with each PUCCH resource ID.
Proposal 6: The PUCCH power control set update MAC CE for mTRP PUCCH repetition in FR1 contains: (a) serving cell ID, (b) BWP ID, (c) one or multiple PUCCH resource ID, and (4) one or two PUCCH power control set IDs associated with each PUCCH resource ID.
(2) mTRP PUSCH PHR
RAN1 agreed PUSCH repetition in Rel-17 mTRP, and PHR mechanism needs to be enhanced accordingly. After RAN2 #116bis-e meeting, one LS [4] 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 MPE 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 7: Before discussing the detailed PHR MAC CE design, RAN2 needs to determine whether Rel-17 MPE changes are applicable to mTRP framework.
The legacy multiple entry PHR MAC CE containing all activated serving cells’ power headroom values. For Rel-17 mTRP PUSCH repetition, the UE will send PUSCH towards two TRPs in TDM manner, therefore, it would be better if the UE can send the power headroom information of two TRPs in a single PHR MAC CE to let the network know comprehensive power information of this UE. On the contrary, if we use two separate PHR MAC CEs for two TRPs, there will be some redundancy, e.g., two sets of serving cell bitmap, and Pcmax information (which seems to be per cell, not per TRP).
Proposal 8: The power headroom information of two TRPs of serving cells can be included in one single Rel-17 PHR MAC CE.
In the legacy PHR procedure, the PHR triggering condition related parameters are in cell group level, e.g., the phr-ProhibitTimer, phr-PeriodicTimer, and phr-Tx-PowerFactorChange are in PHR-Config which locates in MAC-CellGroupConfig. There seems to be no need to introduce TRP-specific parameters. For the timers, they can be maintained per MAC entity as in legacy. For the threshold, it can apply for each TRP of each serving cell. 
Proposal 9: There is no need to introduce TRP-specific parameters for PHR triggering, i.e., phr-ProhibitTimer, phr-PeriodicTimer are maintained per MAC entity, and phr-Tx-PowerFactorChange applies to each TRP of each serving cell of the MAC entity.
2.3 Unified TCI state activation/indication MAC CE
After RAN2 #116bis-e meeting, there are some open issues on the MAC CE design for TCI state activation in the unified TCI framework [1], extracted as follows.
	RAN2 agrees on Separate TCI state lists for joint/DL and UL in PDSCHConfig and UL BWP, respectively, and separate Id pools.
RAN2 continues discussing MAC CE design for joint and separate TCI state operation as well as the UL/DL BWP association


RAN1 has the following agreements related to the MAC CE.
	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 agreements, we can see that 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. We can design a general MAC CE that can work on both joint TCI mode and separate TCI mode, but the detailed description is slightly different. A design example is as follows. The octet containing UL BWP ID is optional, and it’s only present when the separate TCI mode is used.
[image: ]
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.
For a clearer description of this MAC CE, we put two additional examples for joint TCI mode and separate TCI mode, respectively.
A MAC CE example when separate TCI mode is being used:
[image: ]
A MAC CE example when joint TCI mode is being used:
[image: ]
Proposal 10: Design a general format for TCI state activation MAC CE that can work on both joint TCI mode and separate TCI mode.
Proposal 11: Agree the above TCI state activation MAC CE format for Rel-17 unified TCI framework.
3. [bookmark: _GoBack]Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1: Two bitmaps are needed in the enhanced BFR MAC CE. One bitmap indicates serving cells which occurred beam failure, and the other bitmap indicates the number of failed TRPs per failed serving cell.
Proposal 2: Agree the above enhanced BFR MAC CE format as baseline.
Proposal 3: If beam failure occurred on both TRPs of a serving cell and the grant size can only accommodate one TRP’s BFR information, the UE truncates the BFR MAC CE and only include one TRP’s BFR information.
Proposal 4: MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BFR of a BFD-RS set of the SpCell, which has no valid PUCCH resources configured, if a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU contains an Enhanced BFR MAC CE or a Truncated Enhanced BFR MAC CE which includes beam failure recovery information of that BFD-RS set of the SpCell.
Proposal 5: Use eLCID for the 1-octet Ci enhanced BFR MAC CE and for the 1-octet Ci truncated enhanced BFR MAC CE. If companies are not ready to make such a decision, this can be discussed in A.I. 8.0.4.
Proposal 6: The PUCCH power control set update MAC CE for mTRP PUCCH repetition in FR1 contains: (a) serving cell ID, (b) BWP ID, (c) one or multiple PUCCH resource ID, and (4) one or two PUCCH power control set IDs associated with each PUCCH resource ID.
Proposal 7: Before discussing the detailed PHR MAC CE design, RAN2 needs to determine whether Rel-17 MPE changes are applicable to mTRP framework.
Proposal 8: The power headroom information of two TRPs of serving cells can be included in one single Rel-17 PHR MAC CE.
Proposal 9: There is no need to introduce TRP-specific parameters for PHR triggering, i.e., phr-ProhibitTimer, phr-PeriodicTimer are maintained per MAC entity, and phr-Tx-PowerFactorChange applies to each TRP of each serving cell of the MAC entity.
Proposal 10: Design a general format for TCI state activation MAC CE that can work on both joint TCI mode and separate TCI mode.
Proposal 11: Agree the above TCI state activation MAC CE format for Rel-17 unified TCI framework.
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