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1.  Introduction
In the Rel-17 FeMIMO WID [1], there is an objective related to enhancement on multi-TRP (mTRP) operation, which is extracted below.
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario


The above four bullets have been discussed in RAN1 for several meetings. Bullet (a) is related to mTRP URLLC, considering the current RAN1 progress, we can wait for more details from RAN1 to trigger discussion in RAN2. For bullet (d), it is about mTRP support in SFN scenario. RAN1 sent a LS [2] to RAN2 for the enhanced MAC CE design on PDCCH activating two TCI states. RAN2 had the following agreements for this issue in RAN2 #114-e meeting. Further details from RAN1 are needed to begin CR discussion.
	AGREEMENTS
[035] An enhanced MAC CE is introduced for PDCCH activating two TCI states.
[035] The enhanced MAC CE includes 1) serving cell ID, 2) CORESET ID and 3) Two TCI state IDs. 
[035] The enhanced MAC CE is based on option 1 but the CRs will be discussed after RAN1 send further details.
[035] no reply LS out is required in this meeting.


Therefore, in this paper, we focus on bullet (b) and bullet (c), which correspond to inter-cell mTRP and enhanced beam management (BM) for mTRP, respectively. Further, for the enhanced BM for mTRP, we discuss how to support enhanced beam failure recovery (BFR) for mTRP.  
2. Discussion
2.1 Inter-cell mTRP
In the previous meetings, inter-cell mTRP scenario is usually discussed together with L1/L2-centric inter-cell mobility. RAN2 started discussing L1/L2-centric inter-cell mobility in RAN2 #113bis-e meeting based on a LS from RAN1 [3]. Through discussions at two meetings, RAN2 identified two scenarios need to be considered, which are inter-cell mTRP model (Scenario 1) and L1/L2 mobility model (Scenario 2). For inter-cell mTRP, the basic procedures from RAN2 understanding are given below [4].
	RAN2 confirm the simplified procedures on the inter-cell multi-TRP-like model as a baseline RAN2 understanding:
Scenario 1: Inter-cell multi-TRP-like model 
1. UE receives from serving cell, configuration of SSBs of the TRP with different PCI for beam measurement, and configurations needed to use radio resources for data transmission/reception incl resources for differet PCI. 
2. UE performs beam measurement for the TRP with different PCI and report it to serving cell.
3. Based on the above reports, TCI state(s) associated to the TRP with different PCI is activated from the serving cell (by L1/L2 signaling). 
4. UE receives and transmits using UE-dedicated channel on TRP with different PCI.
5. UE should be in coverage of a serving cell always, also for multi-TRP case, e.g. UE should use common channels BCCH PCH etc. from the serving cell (as in legacy).


The above five steps can be divided into three parts. Step 1 and 2 are the beam measurement and reporting part. Step 3 is the beam indication part. Step 4 and 5 are the mTRP data/control transfer part.
a. Beam measurement and report
Note that in RAN #92-e meeting, the FeMIMO WID has been revised due to the time limitation of Rel-17. The objective of the so-called Scenario 2 is modified to inter-cell BM with no serving cell change. According to the revised WID [1], “the same beam measurement/reporting mechanism (of Rel-17 inter-cell BM) will be reused for inter-cell mTRP”. We have another contribution [5] specific to Rel-17 inter-cell BM for this RAN2 meeting. In this case, we do not repeat the whole part of our discussion on beam measurement and report. But for the completeness of this paper, we give one observation here to express the key idea of beam measurement configuration of different PCIs. For more details, please refer to our other document [5].
Observation 1: To support inter-cell mTRP, SSB resources associated with PCI(s) different from the serving cell PCI and the corresponding PCI(s) need to be configured to the UE via RRC signalling.
b. Beam indication
As the revised WID [1] expressed, for inter-cell mTRP, the objective is to “identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework.” From the description, we can see some wordings are specific to downlink, e.g., “multi-PDSCH reception” and “TCI framework”. In this case, we discuss how to indicate downlink beam for inter-cell mTRP in this meeting. 
Observation 2: According to the WID, we discuss downlink beam indication for inter-cell mTRP.
In Rel-15/16 TCI framework, TCI-State is used for downlink beam indication. The current RRC IE TCI-State has the following content.
	TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
...
}.


A type-D QCL RS in a TCI-State provides beam indication with quasi-collocation information. When receiving a TCI-State indication, the UE can use the type-D QCL RS in the TCI-State to determine the downlink beam direction. Note that the QCL information can be a chain-like structure, the RS in the TCI-State may also have a QCL RS, e.g., PDCCH QCLed with a CSI-RS which is QCLed with a SSB. In this case, we call this SSB an indirect source QCL RS for the PDCCH, while the CSI-RS is a direct source QCL RS for the PDCCH.  
In inter-cell mTRP scenario, the source QCL RS (should be the indirect source QCL RS) can associate with a PCI different from the serving cell PCI. The UE needs to distinguish which PCI the source QCL RS is associated with. One way to enable this is adding a PCI field in the current RRC IE TCI-State. Then we can follow the Rel-16 PDCCH/PDSCH TCI-State indication rule to give downlink beam indication, i.e., using MAC CE based scheme or MAC CE + DCI based scheme to indicate a TCI-State ID.
Proposal 1: Adding a PCI field in the current RRC IE TCI-State can enable downlink beam indication for inter-cell mTRP.
c. Data/control transfer
In the previous RAN2 discussion, there is a confusing issue, i.e., the UE may receive PDCCH/PDSCH from non-serving cells in inter-cell mTRP scenario. However, this is contradictory to the current serving cell definition. Therefore, we need to clarify the UE behaviour in inter-cell mTRP.
When receiving a TCI-State indication for PDCCH/PDSCH, the UE uses the corresponding beam direction for downlink reception. If the TCI-State has a QCL source RS (should be an indirect source QCL RS) associated with a PCI different from the serving cell PCI, the UE can use the RS for beam direction adjustment but still consider the PDCCH/PDSCH is from the serving cell. One reason is that only one HARQ entity is sufficient for inter-cell mTRP if CA and DC are not configured, we can use different HARQ processes for different TRPs. From this point, we can consider the PDCCH/PDSCH is from the serving cell even it has a source QCL RS associated with a PCI different from the serving cell PCI. This model can be illustrated with the following figure.
Observation 3: One HARQ entity is sufficient for inter-cell mTRP if CA and DC are not configured.
Proposal 2: In inter-cell mTRP, the network can configure the PDCCH/PDSCH of a serving cell even with an indirect source QCL RS associated with a PCI different from the serving cell PCI.
[image: ]
2.2 BFR for mTRP
RAN1 has been discussing BFR operation in mTRP scenario for several meetings and has made a lot of progress. We extract some related agreements below. 
	Agreement
Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS
Agreement
For M-TRP BFR
· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set
· FFS: value of N (e.g. fixed in specification, or UE capability)
· FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)
Agreement
BFRQ response 
· Support at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE)
Agreement
For BFRQ of M-TRP BFR
· Option 3: Up to two dedicated PUCCH-SR resources in a cell group
· FFS: Whether PUCCH-SR for SCell can be reused for M-TRP
· Support BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found
· Support at least indication of a single TRP failure 
· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE
· FFS: whether/how to support  indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)
· FFS: UE behavior when TRP failure status is different across cells
· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations
Agreement
· Support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs.
· FFS: whether cell-specific and TRP-specific BFR can be configured in the same CC. 


Different from the above discussion specific to inter-cell case (i.e., section 2.1), the mTRP BFR operation is mainly discussed for intra-cell case at present.
Observation 4: The mTRP BFR operation is discussed for intra-cell case only.
According to the current MAC spec [7], beam failure is detected per serving cell by counting beam failure instance indication from the lower layers to the MAC entity. In Rel-17 mTRP, TRP-specific BFR is supported for a serving cell and beam failure is detected per TRP of the serving cell. Therefore, the MAC entity applies TRP-specific BFD counter and TRP-specific timer to detect beam failure. 
Observation 5: For a serving cell configured with TRP-specific BFR, the MAC entity applies TRP-specific BFD counter and TRP-specific timer to detect TRP-specific beam failure.
In addition to the new concept of TRP-specific BFR, there is another concept called cell-specific BFR. The cell-specific BFR corresponds to the legacy understanding of BFR, in which beam failure is detected per serving cell. For a serving cell configured with both TRP-specific BFR and cell-specific BFR, if all TRPs of the serving cell occur TRP-level beam failure, then cell-level beam failure is triggered.
Observation 6: For a serving cell configured with both TRP-specific BFR and cell-specific BFR, if all TRPs of the serving cell occur TRP-level beam failure, then cell-level beam failure is triggered.
BFR procedure is different for SpCell and SCell in Rel-16, we can refer to the Rel-16 rule for mTRP BFR enhancement in Rel-17. We consider the case that both TRP-specific BFR and cell-specific BFR are configured for a serving cell. If the serving cell is a SpCell, and the SpCell occurs cell-level beam failure, random access (RA) procedure is initiated on the SpCell.
In other cases including (a) SpCell occurs TRP-level beam failure, (b) SCell occurs TRP-level beam failure, and (c) SCell occurs cell-level beam failure, it may be unnecessary to initiate random access. Instead, an enhanced BFR MAC CE can be sent to request BFR. 
Proposal 3: When a SpCell occurs cell-level beam failure, RA procedure is initiated on the SpCell. While for other situations (SpCell TRP-level beam failure, SCell TRP-level beam failure, and SCell cell-level beam failure), an enhanced BFR MAC CE can be sent to request BFR and RA is not initiated.
For the enhanced BFR MAC CE, from RAN2 perspective, it should contain the following information: (a) the index of the serving cell occurring TRP-level beam failure or cell-level beam failure, (b) the index of the TRP occurring TRP-level beam failure, (c) bit indication whether an available candidate RS is found for the TRP occurring TRP-level beam failure in the serving cell, (d) the candidate RS ID for the TRP occurring TRP-level beam failure if found.
Proposal 4: The enhanced BFR MAC CE should contain the following information:
(a) the index of the serving cell occurring TRP-level beam failure or cell-level beam failure,
(b) the index of the TRP occurring TRP-level beam failure, 
(c) the bit indication whether an available candidate RS is found for the TRP occurring TRP-level beam failure in the serving cell,
(d) the candidate RS ID for the TRP occurring TRP-level beam failure if found.
3. Conclusion
In this contribution, we have the following observations and proposals.
Observation 1: To support inter-cell mTRP, SSB resources associated with PCI(s) different from the serving cell PCI and the corresponding PCI(s) need to be configured to the UE via RRC signalling.
Observation 2: According to the WID, we discuss downlink beam indication for inter-cell mTRP.
Proposal 1: Adding a PCI field in the current RRC IE TCI-State can enable downlink beam indication for inter-cell mTRP.
Observation 3: One HARQ entity is sufficient for inter-cell mTRP if CA and DC are not configured.
Proposal 2: In inter-cell mTRP, the network can configure the PDCCH/PDSCH of a serving cell even with an indirect source QCL RS associated with a PCI different from the serving cell PCI.
Observation 4: The mTRP BFR operation is discussed for intra-cell case only.
Observation 5: For a serving cell configured with TRP-specific BFR, the MAC entity applies TRP-specific BFD counter and TRP-specific timer to detect TRP-specific beam failure.
Observation 6: For a serving cell configured with both TRP-specific BFR and cell-specific BFR, if all TRPs of the serving cell occur TRP-level beam failure, then cell-level beam failure is triggered.
Proposal 3: When a SpCell occurs cell-level beam failure, RA procedure is initiated on the SpCell. While for other situations (SpCell TRP-level beam failure, SCell TRP-level beam failure, and SCell cell-level beam failure), an enhanced BFR MAC CE can be sent to request BFR and RA is not initiated.
Proposal 4: The enhanced BFR MAC CE should contain the following information:
(a) the index of the serving cell occurring TRP-level beam failure or cell-level beam failure,
(b) the index of the TRP occurring TRP-level beam failure, 
(c) the bit indication whether an available candidate RS is found for the TRP occurring TRP-level beam failure in the serving cell,
(d) the candidate RS ID for the TRP occurring TRP-level beam failure if found.
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