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[bookmark: _Ref528762725]Introduction
RAN2#116-e meeting had reached some agreements on M-TRP based on online discussion [1]. However, there are still some remaining issues related to BFD/BFR in RAN2#116-e meeting to be further discussed. In addition, in the current 38.321 running CR [2], some FFS issues also need to be discussed and clarified. In this contribution, we mainly focus on these leftover issues. The detailed discussions are present in section 2, and the conclusion of our contribution is provided in section 3.
Discussions
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2.1 BFD/BFR for M-TRP 
· The meaning of “beam failure is detected on both TRPs”
At RAN2#116e meeting, the meaning of “beam failure is detected on both TRPs” was discussed based on [3] but no consensus was achieved. The discussion mainly focused on the following two options:
Option 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 cancelled)
Option 2: “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 option 1, if BFR is triggered for one of the TRP and is pending as no UL PUSCH resources is available to send the Enhanced BFR MAC CE which including the beam failure recovery information of the failed TRP, at this period, the other TRP also detects beam failure, the UE will realize “beam failure is detected on both TRPs”. In legacy mechanism, the BFR procedure triggered for an SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes a BFR MAC CE or Truncated BFR MAC CE which contains beam failure information of that SCell. Option 1 seems to align with legacy BFR mechanism considering the BFR procedure of one SCell is assumed to be completed upon the corresponding BFR MAC CE is transmitted from MAC perspective. 
For option 2, if BFR is triggered for one of the TRP, the MAC PDU is transmitted and this PDU includes an Enhanced BFR MAC CE or Enhanced Truncated BFR MAC CE which contains beam failure recovery information of the failed TRP, but before the failed TRP successful recovery, the other TRP also detects beam failure, the UE will realize “beam failure is detected on both TRPs”. Option 2 seems to introduce more cases and problems which could increase the complexity, for example, if the Enhanced BFR MAC CE is transmitted including the beam failure recovery information for TRP1, before TRP1 successful recovery, if the TRP2 also detects beam failure, the UE will consider “beam failure is detected on both TRPs” and transmit the Enhanced BFR MAC CE to include both TRPs failure recovery information. In this case, UE may send the beam failure recovery information of TRP1 to network more than one time, which is not necessary. Furthermore, from MAC perspective, the BFR procedure of one SCell should be assumed to be completed upon BFR successfully completed, the new definition for BFR successfully completed should be introduced to MAC spec for the BFR procedure, which will result in more spec impact.
Based on the above analysis, we prefer to option 1 which aligns with legacy BFR mechanism.
Proposal 1 RAN2 to agree “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).
· Cell specific or TRP specific BFR/BFR cancellation
In [3], it was discussed that cell specific or TRP specific BFR/BFR cancellation should be performed when the beam failure is detected on both TRPs of SCell, the detailed options are as follows:
Option 1: 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: TRP specific BFR for both the failed TRPs remains as pending. TRP specific BFR cancellation procedure is applied for each TRP independently. 
For SCell, when the BFR of a single TRP failure happens, the UE will trigger an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE to include the beam failure recovery information of the failed TRP. All BFRs triggered for a BFD-RS set of a SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE which contains beam failure recovery information of that BFD-RS set of the SCell. The BFR/BFR cancellation procedure is same as legacy SCell BFR procedure.
When both TRP failures happen for a SCell, the UE will trigger an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE to include the beam failure recovery information for both TPRs. The TRP specific BFR/BFR cancellation is more simple approach as it is maximum to reuse existing mechanism as a per TRP basis.
Proposal 2 TRP specific BFR/BFR cancellation should be performed when the beam failure is detected on both TRPs of SCell.
The discussion above mainly focuses on SCell. Similarly, for SpCell, how the BFR/BFR cancellation should be performed when single TRP and both TRPs failure happen also need to be considered.
For SpCell, when the BFR of a single TRP failure happens, the UE can trigger an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE to include the beam failure recovery information of the failed TRP as SCell mechanism. And all BFRs procedure triggered for a BFD-RS set of a SpCell shall be cancelled when a MAC PDU is transmitted and this PDU includes an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE which contains beam failure recovery information of that BFD-RS set of the SpCell, i.e. TRP specific BFR/BFR cancellation is applicable.
There will be no triggering/cancellation of BFR when both TRP failures happen for a SpCell. For both TRP failure for SpCell, the UE will trigger RACH procedure and transmit Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE to include beam failure recovery information needed to recover both TRPs as being assumed in RAN2#116 meeting.
Proposal 3 RAN2 to confirm that all 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.
Proposal 4 RAN2 to confirm that if beam failure is detected on both TRPs (i.e. BFD-RS sets) of a SpCell, UE initiates RACH procedure and transmits Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE including beam failure recovery information needed to recover both TRPs.
· BFR information reporting for only one of both failed TRPs for SpCell
In RAN2#116-e meeting, for the case of both TRPs failure in SpCell, there is a leftover FFS on whether the UE can skip BFR information needed to recover one of the TRPs if there are not enough bits.
Since the Enhanced truncated BFR MAC CE is also supported for beam failure recovery, UE could transmit the Enhanced truncated BFR MAC CE in case of both TRPs failure of SpCell when there are no enough bits for uplink transmission.
Proposal 5 RAN2 to confirm that the Enhanced truncated BFR MAC CE should be transmitted in case of beam failure is detected on both TRPs of a SpCell when there are no enough bits for uplink transmission.
2.2 Enhanced BFR MAC CE for M-TRP
· Detailed format of the Enhanced BFR MAC CE
To design the Enhanced BFR MAC CE, it should include the following information according to RAN2#115-e meeting [4] and RAN2#116-e meeting [1] agreements:
RAN2 #115-e meeting
· For the case of both intra cell and inter cell:
BFD-RS set ID is included in BFR MAC CE to identify the failed TRP.
RAN2 #116-e meeting
· 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.
Based on above information needed in the Enhanced BFR MAC CE, we provide a design format by taking the two octets Ci field for example. The Enhanced BFR MAC CE with eight octets Ci field can be designed using the similar format.


Figure 1: the detailed format of the Enhanced BFR MAC CE
The Ci-j field is used to indicate whether beam failure is detected on TRP j (j is set to 1 or 2) of SCell i. If this field is set to 1, it means beam failure is detected on TRP j of SCell i. When both Ci-1 and Ci-2 are set to 1, the two octets containing the AC field for this SCell are present, with the first octet conveying the BFR information for TRP 1 and the second octet conveying the BFR information for TRP 2. When either Ci-1 or Ci-2 is set to 1, only one octet containing the AC field for this SCell is present, conveying the BFR information for the corresponding TRP. When both Ci-1 and Ci-2 are set to 0, the two octets containing the AC field for this SCell are not present.
The SPj field is used to indicate whether beam failure is detected on TRP j of SpCell. If this field is set to 1, it means beam failure is detected on TRP j of SpCell. When both SP1 and SP2 are set to 1, the two octets containing the AC field for the SpCell are present, with the first octet conveying the BFR information for TRP 1 and the second octet conveying the BFR information for TRP 2.  When either SP1 or SP2 is set to 1, only one octet containing the AC field for the SpCell is present, conveying the BFR information for the corresponding TRP. When both SP1 and SP2 are set to 0, the two octets containing the AC field for the SpCell are not present.
The AC field and the Candidate RS ID field are reused as the legacy BFR MAC CE, with 1 bit AC field indicating whether there is at least a candidate beam for beam failure recovery and 6 bit Candidate RS ID field indicating the selected candidate RS. 
Proposal 6 BFD-RS set ID used to identify the failed TRP could be implicitly indicated by Ci-j/SPj field.
Proposal 7 RAN2 discusses the detailed format of the Enhanced BFR MAC CE by taking the format in Figure 1 into account.
· LCID or eLCID for the Enhanced BFR MAC CE
Whether to use LCID or eLCID for the Enhanced BFR MAC CE has not been discussed in RAN2. For the legacy BFR MAC CE (either non-truncated or truncated) with one octet Ci field, it is identified using LCID, while for the legacy BFR MAC CE (either non-truncated or truncated) with four octets Ci field, it is identified using eLCID [5]:
Table 6.2.1-2 Values of LCID for UL-SCH
	Codepoint/Index
	LCID values

	35–44
	Reserved

	50
	BFR (one octet Ci)

	51
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Truncated BFR (one octet Ci)

	....
	....



Table 6.2.1-2b Values of one-octet eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	0 to 249
	64 to 313
	Reserved

	250
	314
	BFR (four octets Ci)

	251
	315
	Truncated BFR (four octets Ci)

	…
	…
	…


Moreover, RAN2 #116-e meeting had also reached the following agreements [1]:
· Both single octet bitmap (7 Ci bits and 1 SP bit) and 4 octet bitmap (31 Ci bits and 1 SP bit) formats are supported for enhanced BFR MAC CE.
· Both truncated and non-truncated enhanced BFR MAC CE are supported.
According to above agreements, four new indexes shall be occupied to distinguish the type of the corresponding MAC CE. Considering the reserved space of the LCID and eLCID as shown in above two tables, due to the reserved LCID is limited, it is suggested that eLCID is used to indicate the type of the Enhanced BFR MAC CE.
Proposal 8 Four eLCID should be used to indicate the Enhanced BFR MAC CE for both two octets Ci format and eight octets Ci format. 
2.3 Enhanced TCI State Indication for UE-specific PDCCH MAC CE for M-TRP
· Whether the Enhanced TCI state indication for UE-specific PDCCH MAC CE can be applied to a set of serving cells for simultaneously activation
As captured in the current 38.321 running CR [2], there are two FFS regarding whether the Enhanced TCI state indication for UE-specific PDCCH MAC CE can be applied to a set of serving cells for simultaneously activation.
5.18.5
The network may indicate a TCI state for PDCCH reception for a CORESET of a Serving Cell or a set of Serving Cells configured in simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 by sending the TCI State Indication for UE-specific PDCCH MAC CE described in clause 6.1.3.15. The network may also indicate two TCI states for PDCCH reception for a CORESET of a Serving Cell by sending the Enhanced TCI State Indication for UE-specific PDCCH MAC CE described in clause 6.1.3.YY.
Editor’s NOTE: FFS whether the MAC CE can be applied to a set of serving cells for simultaneously activation.   

6.1.3.YY
The Enhanced TCI States Indication for UE-specific PDCCH MAC CE is identified by a MAC PDU subheader with eLCID as specified in Table 6.2.1-1b. It has a fixed size of 24 bits with following fields:
-Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
Editor’s NOTE: FFS whether the MAC CE can be applied to a set of serving cells.
However, the issue had been discussed in RAN1 and reached the following agreement in RAN1#107-e meeting [6]:
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Confirm the working assumption from RAN1 #106b-e meeting to reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs.
RAN1 has confirmed to reuse legacy R16 RRC parameters simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2 to support simultaneously activation of two TCI states for a set of serving cells by a single MAC CE, and thus the above mentioned FFS has been addressed by aligning with RAN1 conclusion.
Proposal 9 RAN2 to confirm that the Enhanced TCI state indication for UE-specific PDCCH MAC CE can be applied for simultaneously activating two TCI states for a set of serving cells defined by legacy R16 parameters simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2.
· Whether the Enhanced TCI state indication for UE-specific PDCCH MAC CE can be applied to CORESET zero
RAN2#114-e meeting has concluded that the legacy TCI state indication for UE-specific PDCCH MAC CE shall be enhanced to support the activation of two TCI states, and the enhanced MAC CE and the corresponding field description have been captured in the current 38.321 running CR [2]:
….
CORESET ID: This field indicates a Control Resource Set identified with ControlResourceSetId as specified in TS 38.331 [5], for which the TCI State is being indicated. In case the value of the field is 0, the field refers to the Control Resource Set configured by controlResourceSetZero as specified in TS 38.331 [5]. The length of the field is 4 bits;
Editor’s NOTE: FFS whether the MAC CE can be applied to CORESET zero.
….
Whether the enhanced MAC CE can be applied to CORESET zero is not discussed from RAN2’s perspective. Since this issue is RAN1-related and should be firstly discussed in RAN1, RAN2 could wait for RAN1’s conclusion for this issue. 
Proposal 10 Whether the Enhanced TCI state indication for UE specific PDCCH MAC CE can be applied to CORESET zero is up to RAN1, and an LS can be sent to RAN1. 
· Whether the Enhanced TCI state indication for UE specific PDCCH MAC CE can be applied to a CORESET configured with CORESETPoolindex
In the current 38.321 running CR [2], another FFS for the Enhanced TCI state indication for UE specific PDCCH MAC CE is whether this MAC CE can be applied to a CORESET configured with CORESETPoolindex.
The Enhanced TCI States Indication for UE-specific PDCCH MAC CE is identified by a MAC PDU subheader with eLCID as specified in Table 6.2.1-1b. It has a fixed size of 24 bits with following fields:
…
Editor’s NOTE: FFS whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex.
In RAN1 #105-e meeting, this issue had been discussed and the following agreement had been reached [7]:
· Enhanced MAC CE signaling is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.
Thus RAN2 should align with RAN1’s agreement, i.e., only when all the configured CORESETs in a BWP are configured with same CORESETPoolindex value, the enhanced MAC CE can be applied to a CORESET configured with CORESETPoolindex in this BWP.
Proposal 11 RAN2 to confirm the Enhanced TCI state indication for UE specific PDCCH MAC CE can apply to a CORESET configured with CORESETPoolindex in a BWP only when all the configured CORESETs in this BWP are configured with same CORESETPoolindex value.
Conclusion
This contribution discusses some open issues related to M-TRP, and our proposals are summarized as follows:
Proposal 1 RAN2 to agree “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).
Proposal 2 TRP specific BFR/BFR cancellation should be performed when the beam failure is detected on both TRPs of SCell.
Proposal 3 RAN2 to confirm that all 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.
Proposal 4 RAN2 to confirm that if beam failure is detected on both TRPs (i.e. BFD-RS sets) of a SpCell, UE initiates RACH procedure and transmits Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE including beam failure recovery information needed to recover both TRPs.
Proposal 5 RAN2 to confirm that the Enhanced truncated BFR MAC CE should be transmitted in case of beam failure is detected on both TRPs of a SpCell when there are no enough bits for uplink transmission.
Proposal 6 BFD-RS set ID used to identify the failed TRP could be implicitly indicated by Ci-j/SPj field.
Proposal 7 RAN2 discusses the detailed format of the Enhanced BFR MAC CE by taking the format in Figure 1 into account.
[bookmark: _GoBack]Proposal 8 Four eLCID should be used to indicate the Enhanced BFR MAC CE for both two octets Ci format and eight octets Ci format. 
Proposal 9 RAN2 to confirm that the Enhanced TCI state indication for UE-specific PDCCH MAC CE can be applied for simultaneously activating two TCI states for a set of serving cells defined by legacy R16 parameters simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2.
Proposal 10 Whether the Enhanced TCI state indication for UE specific PDCCH MAC CE can be applied to CORESET zero is up to RAN1, and an LS can be sent to RAN1. 
Proposal 11 RAN2 to confirm the Enhanced TCI state indication for UE specific PDCCH MAC CE can apply to a CORESET configured with CORESETPoolindex in a BWP only when all the configured CORESETs in this BWP are configured with same CORESETPoolindex value.
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