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Introduction
	Agreements from RAN1 #103-e [1]

Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including L1-RSRP, threshold
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
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure
Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option

Agreements from RAN1 #104-e [2]

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
For M-TRP BFR 
Support 1-to-1 association between each BFD-RS set and an NBI-RS set
· FFS: Association details

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
For beam measurement in support of M-TRP simultaneous transmission 
· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 
· Support M = 2
· Support extending the maximum value of N > 1, exact value FFS
· N=1 and N=2
· FFS: Other values larger than 2
· FFS: Whether the UE could report beams are received with different RX beams
· Further study the support of option 1 and option 3
· The above applies at least for L1-RSRP
FFS: L1-SINR



In this contribution, we provide our views on several items related to the beam management enhancements for multi-TRP based on the sets of agreements from RAN1 #103-e [1] and RAN1 #104-e [2].
Beam measurement and reporting enhancements
1 
2 
[bookmark: _GoBack]In RAN1 #103-e, three options (Option-1, Option-2 and Option-3) for beam reporting enhancements were proposed for multi-TRP operation. In RAN1 #104-e, Option-2 was agreed and Option-1 and Option-3 are for further study. For Option-2, each pair/group of resource indicators could correspond to a different receiving hypothesis at the UE side. For instance, the receiving hypothesis could depend on how the UE would activate their panels/antenna sets to receive from the coordinating TRPs (e.g., simultaneously activating two panels, activating one of the two panels, and etc.). In this sense, a reasonable maximum number of groups/pairs per CSI-report is four, which would characterize all possible receiving hypothesizes for a two-panel UE. The maximum number N could also be configured by the network, and indicated to the UE. For a given maximum number N (e.g., 4), the UE could autonomously determine the number of actual beam groups/pairs for reporting (1KN) and indicate to the network the number K to minimize potential blind decoding efforts at the network side.  
Proposal 1: For Option-2 group based beam reporting, 
· Support N up to 4 and/or configured by the network
· The UE can determine the number of actual beam groups/pairs for reporting (1KN), and indicate to the network the number K
As described above, for the group based beam reporting for multi-TRP, the UE could report more than one pairs/groups of beams with each pair/group associated with a receiving hypothesis at the UE, e.g., whether the UE would activate all of their RX panels or only one of the RX panels, not to mention that the UE may activate/deactivate their RX panels due to various other reasons such as power saving, MPE mitigation and etc. In addition, a TRP-RX panel correspondence can be established such that the UE could use different panels to correspondingly receive from different TRPs. Such a RX panel-specific operation cannot be transparent to the network, implying that certain RX panel specific information such as its index and/or ID need to be sent to the network. In Rel. 15/16, however, the RX panel and/or its index/ID is not well defined because at that time, there is no need for the network to know it (i.e., the RX panel is a transparent entity to the network) for further operation. Hence, reporting the RX panel index/ID along with multiple pairs/groups of CRIs/SSBRIs to the network should be considered for the group based beam reporting enhancements in Rel. 17. 
Proposal 2: Support reporting the RX panel information/status, e.g., RX panel ID, to the network along with the beam report(s)
BFR enhancements 
In RAN1 #103-e, whether the BFR enhancements are needed for the single-DCI based multi-TRP in addition to the multi-DCI based multi-TRP was discussed. From our view, as the single-DCI based multi-TRP is a vital part of the multi-TRP framework, the Rel. 17 BFR enhancements should be applied to the single-DCI as well. The BFR for the single-DCI based multi-TRP is not necessarily equivalent to partial BFR for single-TRP. For the single-DCI based multi-TRP, replicas of the same PDCCH/DCI or different parts of the same PDCCH/DCI could be transmitted from different TRPs. In this case, detecting and recovering the beam failure for any/both of the TRPs are critical. Even for the setting that the PDCCH is transmitted from a single TRP, by detecting and reporting the beam failure event, the network could promptly adjust the transmission to the UE, e.g., switching the PDCCH transmission from the failed TRP to the working TRP, and therefore, avoid potential complete radio link failure, which is not possible for the single-TRP operation.
Proposal 3: For BFR enhancements for multi-TRP, support both single-DCI and multi-DCI based multi-TRP 
frameworks
Also during RAN1 #103-e, companies had different views on how to configure the BFD RSs (explicit, implicit, or both) for Rel. 17 multi-TRP BFR enhancements. In the Rel. 15/16 BFR, the BFD RSs can be explicitly configured (via RRC) as periodic SSBs or single-port CSI-RSs, or implicitly configured as the QCL reference RSs for the corresponding CORESETs. From our view, for the Rel. 17 BFR enhancements for multi-TRP, both the explicit and implicit configurations of the BFD RSs should therefore still be supported, and the corresponding association/mapping rules between the explicitly/implicitly configured BFD RSs and the coordinating TRPs need to be specified. For instance, consider two TRPs, e.g., TRP-1 and TRP-2, in the multi-TRP system. A single RS list containing two BFD RSs can be explicitly configured to the UE via RRC. The first BFD RS in the list could be associated with TRP-1, while the second BFD RS in the list could be associated with TRP-2. Alternatively, two RS lists each containing one or more BFD RSs can be explicitly configured to the UE via RRC. The BFD RSs across the two lists could be time and/or frequency multiplexed, and the BFD RSs in the first RS list could be mapped to TRP-1, while the BFD RSs in the second RS list could be mapped to TRP-2. If the BFD RSs are implicitly configured, the QCL reference RSs for the CORESETs with CORESETPoolIndex=0 could be associated with TRP-1 as the TRP-1 specific BFD RSs, while the QCL reference RSs for the CORESETs with CORESETPoolIndex=1 could be mapped to TRP-2 as the TRP-2 specific BFD RSs, in a multi-DCI based multi-TRP system. For a single-DCI based multi-TRP system, the implicitly configured BFD RSs in a BFD RS set could be associated with a CORESETs subset. Similarly, two sets of new beam identification (NBI) RSs could also be configured with each set associated with a BFD RSs set.     
Proposal 4: Support both explicitly and implicitly configured BFD RSs for both multi-DCI and single-DCI based multi-TRP systems
· For implicit BFD RSs configuration, support BFD RS set k (k = 0, 1) associating CORESETs subset k (k = 0, 1), which is suited for both single-DCI and multi-DCI based frameworks  
Further, in a multi-TRP system, the two coordinating TRPs could handle different types of traffic with different priorities. For example, the UE could conduct various high-priority operations such as initial access, CSS monitoring, RACH transmission and etc. with one of the coordinating TRPs, and this TRP could be treated as a primary TRP. The other coordinating TRP, therefore, could be considered as a secondary TRP as it may mainly handle certain low-priority traffic transmitted (received) to (from) the UE. Hence, if the UE detects a beam failure for the secondary TRP, the UE may not need to (quickly) recover the beam pair link(s) with the secondary TRP. Instead, the UE could simply fall back to the single-TRP operation mode. The UE, however, may still need to indicate to the primary TRP that a beam failure event has occurred to the secondary TRP so that the primary TRP could adjust its transmissions to the UE accordingly. The above procedure can be referred to as a reduced BFR procedure for the secondary TRP because the new beam identification is no longer needed for the failed secondary TRP, and the UE does not need to monitor the BFRR. The reduced BFR procedure could reduce the UE’s implementation cost, meanwhile minimize the impact of the beam failure.
Proposal 5: Specify UE’s behaviors in falling back to the single-TRP operation if the UE applies a reduced BFR procedure with one of the coordinating TRPs    
In a multi-TRP system, in addition to the per TRP BFR in which the received signal qualities of the TRP-specific BFD RSs are always below the BFD threshold before the BFD timer expires, there could be other types of BFR for multi-TRP such as conventional full BFR (i.e., cell specific BFR). Hence, the relationship between various BFR strategies for multi-TRP needs to be clarified, and the corresponding UE behaviors need to be specified. By conventional full BFR for multi-TRP, we mean that the received signal qualities of all the configured BFD RSs for all the coordinating TRPs fall below a given threshold for a certain period of time. There could be various options for the UE to trigger different types of multi-TRP BFR. For example, if the UE detects beam failure events for both coordinating TRPs within a time window, the UE could trigger a full conventional BFR for multi-TRP, instead of triggering two per TRP BFR procedures. Hence, by specifying the relationship between various BFR types (conventional full BFR, per TRP BFR and etc.), the UE could promptly initiate the appropriate BFR procedure for the corresponding deployment scenario.           
Proposal 6: Specify UE behaviors of initiating/triggering partial BFR and full BFR (e.g., cell specific BFR) for different multi-TRP settings.           
Conclusion
In this contribution, we provide the following proposals regarding Rel. 17 BM enhancements for multi-TRP: 
Proposal 1: For Option-2 group based beam reporting, 
· Support N up to 4 and/or configured by the network
· The UE can determine the number of actual beam groups/pairs for reporting (1KN), and indicate to the network the number K
Proposal 2: Support reporting the RX panel information/status, e.g., RX panel ID, to the network along with the beam report(s)
Proposal 3: For BFR enhancements for multi-TRP, support both single-DCI and multi-DCI based multi-TRP frameworks
Proposal 4: Support both explicitly and implicitly configured BFD RSs for both multi-DCI and single-DCI based multi-TRP systems
· For implicit BFD RSs configuration, support BFD RS set k (k = 0, 1) associating CORESETs subset k (k = 0, 1), which is suited for both single-DCI and multi-DCI based frameworks  
Proposal 5: Specify UE’s behaviors in falling back to the single-TRP operation if the UE applies a reduced BFR procedure with one of the coordinating TRPs 
Proposal 6: Specify UE behaviors of initiating/triggering partial BFR and full BFR (e.g., cell specific BFR) for different multi-TRP settings.              
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