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1. Introduction
Regarding beam management for multi-TRP, which is one of the objectives in the WID [1], some potential enhancements including DL beam measurement and reporting with multi-panel reception, and TRP-specific beam recovery are discussed for NR Rel-17 in this contribution.
2. [bookmark: _GoBack]Enhancement(s) on DL beam measurement and reporting
In this section, some potential enhancements including beam reporting for facilitating inter-TRP pairing and CSI framework for multi-panel/TRP based beam measurement are discussed for NR Rel-17.
2.1 Enhancements on L1-SINR measurement and reporting
Beam reporting that informs gNB which pairs of multiple beams can be received simultaneously (which implicitly provides the mapping between UE panel and gNB beam) should be regarded as an essential solution for supporting multi-panel operation of both DL and UL transmission (including DL multi-panel reception and UL fast panel selection). In RAN1#103-e, the following agreement on candidate solutions for facilitating inter-TRP beam pairing was agreed. 
	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


Then, in RAN1#104-e, there was good progress that Option 2 was agreed for L1-RSRP beam measurement of mTRP simultaneous transmission. Meanwhile L1-SINR based reporting is still FFS and thus is discussed in the following sub-sections accordingly.
	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 


Regarding the agreed Option 2 (beam group based reporting), multiple Tx beams in a group can be received simultaneously, and consequently the consideration on inter-beam interference should be taken on for well ensuring transmission performance. Specifically, it is necessary to measure and report mutual interference from the UE, so that beam pair(s) with low inter-beam interference can be used for transmission. However, the L1-RSRP based beam reporting fails to take this interference into account. Since the L1-SINR based beam reporting has been introduced in Rel-16, it is straightforward that L1-SINR reporting should be supported in Rel-17 as well. 
· For instance, when one resource setting is configured, which two CMR(s) from different TRPs should be received and calculated by UE simultaneously to obtain the inter-beam interference needs to be enhanced. When two resource settings are configured, interference and noise from IMR measurement should be further considered accordingly.
· In order to well evaluate LI-SINR performance, we evaluate LLS spectral efficiency for the beam reporting of L1-RSRP, SINR without IMR, i.e., CMR-only based L1-SINR measurement, and SINR with IMR, i.e., CMR+IMR based L1-SINR measurement to emulate the potential interference beams, under group based approach. The results are shown in Figure 1 and Table 1. 
· L1-SINR without IMR (i.e., CMR-only based L1-SINR measurement) has some performance gains over the legacy RSRP reporting, e.g., +2.54% in terms of average spectral efficiency; L1-SINR with IMR (through implying low-interference beams due to emulate interference) significantly outperforms RSRP reporting, e.g., up to 24.23% gains of average spectral efficiency. 
· Some more details can be found in our companion contribution [2].
-     In the case of L1-SINR without IMR
· The UE may assume the same CMR is used for both channel and interference measurements.
-    In the case of L1-SINR with IMR
· The UE may assume the one CMR is used for channel measurement and one IMR is used for interference measurement.
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Figure 1 CDF of spectral efficiency for L1-RSRP and L1-SINR with/without IMR under group based approach
Table 1	Spectral efficiency for L1-RSRP and L1-SINR with/without IMR reporting under group based approach
	
	L1-RSRP
	L1-SINR without IMR
	L1-SINR with IMR

	Average
	14.7094
(100%)
	15.0825
(+2.54%↑)
	18.2731
(+24.23%↑)


Observation 1: From the evaluation results in the multi-TRP case, it can be observed that:
· Under the case without IMR, L1-SINR reporting can obtain limited performance gains over L1-RSRP.
· L1-SINR reporting with the assistance of IMR, i.e., CMR+IMR, significantly outperforms L1-RSRP and L1-SINR without IMR, through emulating the interference of other beams with IMR.
Proposal 1: For facilitating inter-beam interference measurement, L1-SINR reporting should be supported.
·  The definition of L1-SINR should be enhanced, considering interference among CMR(s) to be reported.
· The association among CMRs from different TRPs (or called as candidate CMR pairs) should be supported.
· Analogous to Rel-16, CMR+ZP-IMR and CMR+NZP-IMR can be supported besides CMR only.
2.2 Report content for Option 2
Based on the current specification, M=2 CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. 
· For a single spatial domain receive filter, M=2 CSI-RS and/or SSB resources can be used for spatial diversity, as shown in Figure 2(a).
· For multiple simultaneous spatial domain receive filters, M=2 CSI-RS and/or SSB resources can be used for spatial multiplexing, as shown in Figure 2(b).


Figure 2 Examples for simultaneous reception by the UE: (a) with a single spatial domain filter for spatial diversity; (b) with multiple spatial domain filters for spatial multiplexing
If a single spatial domain receive filter is used by UE to receive M=2 CSI-RS and/or SSB resources, some restriction for subsequent data transmission need to be met. For instance, when the reception capability of the UE is up to N DL transmission layers, the total number of transmission layers from TRPs at a given time may be less than N. Thus, to inform TRP of whether 2 resources within a group/pair can be used for spatial multiplexing or diversity is important. Based on the above analysis, additional information as follows can be considered to be reported:
· UE Rx Panel ID 
· For instance, when the same Panel ID is reported for each SSBRI/CRI in a group/pair, 2 Tx beams corresponding to the group/pair just can be used for spatial diversity.
· Maximum number of DL transmission layers
· For instance, UE can report the maximum number of transmission layers along with each CRI/SSBRI (e.g., to limit transmission layers for each TRP), or the maximum number of transmission layers along with each group (e.g., to limit total transmission layers for all TRPs).
· A flag for whether 2 resources within a group/pair can be used for spatial multiplexing or diversity
In addition, considering that although a UE has multiple panels, only one UL panel can be active for UL transmission. So, for Option 2 (beam group based reporting), 2 resources can be reported in one group, we also need to further indicate which RS can be used for UL transmission.
Proposal 2: Along with CRI/SSBRI report, additional information for Option 2 (beam group based reporting) should be considered for facilitating CSI measurement and subsequent DL/UL transmission.
· UE can further indicate whether two beams within a group/pair can be used for spatial multiplexing or diversity
· If being indicated for spatial diversity, the total number of transmission layers by using the two beams should be limited, e.g., up to additional UE capability reporting.
· UE can further indicate which RS can be used for UL transmission considering that only one UL panel can be active for UL transmission.
2.3 CSI framework for multi-TRP based beam measurement
Information on simultaneous transmission capability from each of TRP can be indicated for the assist of DL beam determination in UE reporting and for facilitating inter-TRP beam pairing. In general, according to the discussion in RAN1#105-e and RAN1#106-e, the following agreement on CMR resource configuration for Option 2 (beam group based reporting) has been reached.  
	Agreement
On CMR resource configuration for beam reporting option 2, adopt the following alternative: 
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS: extension to aperiodic CMR resource setting 
· Each reported beam pair in a single CSI-report consists of M = 2 SSB-RI / CRI values, where each SSB-RI / CRI points to a CMR resource in a different CMR resource set or subset.
· Decide in RAN1#104b-e whether to adopt “set” or “subset” in the above. 
Agreement
For aperiodic report of beam reporting option 2, 
· When associated with aperiodic resource setting, extend the existing RRC parameter CSI-AssociatedReportConfigInfo to be configured with two CMR resource sets where each may be configured with their corresponding QCL information.
· FFS: Detailed association scheme 
· When associated with periodic/semi-persist resource setting, the resource setting comprises two CMR resource sets. 



Since the configuration of 2 CMR resource sets has been agreed, the parameter configuration between the sets should be further considered. 
· Repetition
·  If the field is set to off or if the field is absent, the UE may not assume that the NZP-CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter.
· Since the resources in the sets are used for measuring the channel quality of different beams, this function that the resource sets are transmitted with the same downlink spatial domain transmission filter should not be enabled. The parameter repetition of each set/ should be set to to off or not be configured.
· aperiodicTriggeringOffset
· Offset X between the slot containing the DCI that triggers a set of aperiodic NZP CSI-RS resources and the slot in which the CSI-RS resource set is transmitted.
· In the mTRP scenario, different offset should be configured for each set to avoid collision in the same slot.
In addition, due to the configuration of multiple CMR resource sets, the CPU calculation of CSI should be further studied.
Proposal 3: The RRC parameter configuration between 2 CMR resource sets and the CPU calculation of CSI should be further considered.
· repetition from different sets should be configured with same value.
· aperiodicTriggeringOffset from different sets can be configured with different value(s).
3. Enhancement(s) on TRP-specific beam failure recovery
In this section, we give our consideration about updating BFD RS set through MAC-CE, selection of PUCCH SR, BFR MAC-CE, and UE behavior after receiving gNB response are elaborated for TRP-specific beam recovery. 
3.1 BFD-RS
In RAN1#106-e, the following agreement was reached for the configuration of BFD resource set(s). 
	Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Implicit configuration: 
· M-DCI: 
· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k
· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· S-DCI: 
· BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET via implicit configuration for S-DCI mTRP is not supported in Rel-17.
· FFS: CORESETs with more than 1 activated TCI states
Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Explicit configuration of BFD-RS resources in BFD-RS set k, k = 0, 1
· FFS: CORESETs with more than 1 activated TCI state.
Agreement
· The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 



3.1.1 Updating BFD RS set through MAC-CE
It has been agreed that unified TCI state is indicated or updated by DCI, and it means that the Rx-beam of PDCCH can be updated dynamically, just like PDSCH. But, BFD RS is still reconfigured through RRC signaling. Such different latency of dynamic signaling and RRC signaling would cause misalignment and ambiguity to BFD. Specifically, when the beam of PDCCH is updated by DCI, the current q_0 may not be suitable for BFD anymore. Therefore, updating BFD RS based on a dynamic signaling should be supported. As a starting point, updating BFD RS through MAC-CE signaling can be considered. 
· The MAC-CE signaling may include a RS identifier (ID) to indicate UE which RS is used to update BFD-RS and its corresponding ‘TRP-ID’. As mentioned above, since RRC parameter CORESETPoolIndex has been agreed to be introduced in mDCI-mTRP, CORESETPoolIndex is recommended as ‘TRP-ID’ to be included in the MAC-CE signaling.
Proposal 4: Introduce a new MAC-CE to activate BFD RS(s) dynamically at least for mDCI-mTRP, in order to guarantee the same timeline between PDCCH beam update and explicit BFD RS configuration.
-    In the MAC-CE, two sets of BFD-RS(s) are explicit provided and associated with respective CORESETPoolIndex.
3.1.2 Implicit BFD-RS determination in the case of CORESET with 2 TCI states
When a CORESET is activated with two TCI states, each of the two TCI states corresponds to one TRP. Each of the two TCI states should be associated with a BFD-RS set respectively. For example, a CORESET is activated with two TCI state {TCI state 0, TCI state 1}. TCI state 0 is associated with BFD-RS set 0 and TCI state 1 is associated with BFD-RS set 1.
Proposal 5:  When a CORESET is activated with two TCI states, each of two TCI states corresponds to a respective BFD-RS set by order. 
· If one BFD-RS set is not explicitly configured, the BFD-RS set is determined according to corresponding TCI state. 
3.2 PUCCH-SR
In RAN1#104-e and RAN1#105-e, PUCCH-SR for TRP-specific beam recovery has been discussed, and the following agreement was reached.
	Agreement
A UE configured with TRP-specific BFR can be configured with 1 PUCCH-SR resource in a cell group
· NOTE: it has been agreed in RAN1#104-e that a UE can be configured with up to 2 PUCCH-SR resources in a cell group
For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)
Select one of the following alternatives with possible modification in RAN1#106-e
· Alt 2.5.2 A:
· On PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, there is no consensus to adopt alt-1 or alt-2. PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 B: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 2 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 C: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 D: 
· [bookmark: _Hlk73050134]Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group. 



When two PUCCH-SRs are configured in SpCell, each of the two PUCCH-SRs is transmitted to one TRP of SpCell.  As shown in Figure 3, PUCCH-SR0 is transmitted to TRP0 of SpCell and PUCCH-SR1 is transmitted to TRP1 of SpCell. The selection of PUCCH-SRs should first depend on the beam failure situation of SpCell, then depend on the beam failure situation of SCell.  
[image: 图片31]
Figure 3 Two PUCCH-SRs are configured in SpCell
· For SpCell
·  If only one TRP fails on SpCell, the PUCCH-SR transmitted to the non failed TRP is selected. For example, for SpCell, if only TRP 0 fails, PUCCH-SR1 will be selected by the UE. 
· If both TRPs of SpCell fail, then PRACH procedure is initialized as agreed in RAN2. 
· For SCell (neither of two TRPs fails on SpCell), 
· If only one TRP fails on SCell, the UE should choose the PUCCH-SR transmitted to the same TRP as the failed TRP of SCell to reduce the communication between TRPs.  For example, if only TRP0 of SCell fails, the PUCCH-SR0 is selected.
· If both TRPs fail on SCell, two PUCCH-SRs can be selected to reduce the communication between TRPs and enhance the robust of PUCCH-SR especially for normal practical scenario of two TRPs with non-ideal back-haul, then two separate BFR MAC-CE can be directly sent to each TRP respectively. 
· Alternatively for multi-TRP with ideal back-haul, if both TRPs fail on SCell, the UE can select any one of the two PUCCH-SRs and a joint BFR-MAC-CE can be sent to one TRP. 
Proposal 6: When up to two (or more) dedicated PUCCH-SR resources in a cell group are configured, association between one of PUCCH-SR resource(s) and CORESETPoolIndex should be supported for mDCI-mTRP.
-     In the case that one or more TRPs of SpCell fail,
· If one TRP of SpCell fails, PUCCH-SR resource associated with same CORESETPoolIndex as non-failed BFD-RS set of SpCell (i.e., non-failed TRP) is transmitted.
-     In the case that no TRP of SpCell fails and one or more TRPs of Scell fail,
· PUCCH-SR resource associated with same CORESETPoolIndex as failed BFD-RS set of Scell (i.e., failed TRP) is transmitted.
3.3 BFR MAC-CE
In RAN1#106-e, there is following agreement regard BFR MAC-CE.
	Agreement
For multi-TRP BFR, a single MAC-CE is used at least for BFRQ for all TRPs in all CCs in a cell group, which includes
· Indices of failed BFD-RS set (as an indication of failed TRP link)
· Indices of CC containing the failed TRP link
· An indicator whether a new candidate beam is identified in the NBI-RS set associated with the failed BFD-RS set, and an resource indicator representing the new candidate beam (if identified) based on the number of NBI-RS resources in the corresponding NBI-RS set. 
· FFS: Content of MAC-CE related to SpCell when transmitted on msg3, msgA
· Note: MAC-CE signaling design details are up to RAN2
· The term “failed TRP link” is used here for discussion purposes only



For a joint MAC-CE on msg3/msgA, two bits corresponding two TRPs of SpCell can be included in the joint MAC-CE. Each of the two bits can indicate whether beam failure is detected for the corresponding TRP of SpCell. But up to one octet including AC field (to indicate the presence of new candidate beam field) and new candidate beam field is contained for SpCell, different from SCell for which up to two octets including AC field and new candidate beam field can be contained. It is because that new beam of one TRP of SpCell has been transmitted by preamble of PRACH, and it is unnecessary to include the new beam of the TRP of SpCell in the joint MAC-CE. 
Proposal 7:  For a joint MAC-CE on msg3/msgA, two bits corresponding to two TRPs of SpCell and up to one octet including AC field (to indicate the presence of new candidate beam field) and new candidate beam field for one TRP of SpCell can be contained. 
When a beam failure is detected according to a BFD-RS set of a serving cell, the new beam should be selected from a candidate RS set associated with the BFD-RS set. The associated relationship between two BFD-RS sets and two candidates RS sets should be established. For example, a BFD-RS set is associated with a candidate RS set when they corresponds to same set index. 
Proposal 8:  The associated relationship between two BFD-RS sets and two candidate RS sets should be established when they correspond to same set index.
3.4 UE behavior after receiving gNB response
In RAN1#106-e, BFRQ response from gNB has been discussed, and the following agreement was reached. In this section, we discuss the UE behavior after receiving gNB response.
	Agreement
· For the case of all CORESETs with 1 activated TCI state per CORESET, after 28 symbols from receiving the BFR response, the QCL assumption of all CORESETs associated with the failed BFD-RS set reported in the MAC-CE for TRP-specific BFR is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set
· FFS: How to associate CORESET(s) with failed BFD-RS set
· FFS: SCS configuration of 28 symbols
· FFS: Update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs 
· FFS: the case of CORESETs with 2 activated TCI states per CORESET. 
· The above applies to SCell and SpCell
· The above applies at least for the multi-DCI case


3.4.1 Establishing association between CORESET and  BFD-RS set
The new beam of one TRP will be used to a CORESET pool associated with the failed BFD-RS set. The association between BFD-RS set and CORESET pool can be established when the CORESETPoolIndex of the CORESET and set index of the BFD-RS set are same. 
Proposal 9: A CORESET is associated with a BFD-RS set when a CORESETPoolIndex configured with the CORESET and a BFD-RS set index of the BFD-RS set are same.
· RS in one BFD-RS set should be QCL-ed with DMRS of a CORESET in a CORESET pool associated with the BFD-RS set. 
3.4.2 Beam and power control update for CORESET/PUCCH
Similarly as the beam of a CORESET pool updated by the new beam associated with the failed TRP, the UE shall update the beam and power control only for PUCCH corresponding to each failed TRP respectively after receiving response from gNB side. The beam and power control for PUCCH corresponding to non-failed TRP should not be updated. Therefore, we need to set up the relationship between two candidate RS sets and two sets of CORESET/PUCCH as shown in Figure 4. 


Figure 4 Framework for TRP-specific BFR in mDCI-mTRP
· We can configure CORESETPoolIndex/Candidate RS set index/BFD-RS set index for a PUCCH group configured for updating spatial relation simultaneously.
· Besides, when the UE can NOT select a new candidate RS for a failed TRP, the UE can deactivate the failed TRP and stop reporting HARQ-ACK for the failed TRP. 
For the beam fail recovery, after UE receives response from gNB within a period, UE can apply the new beam. In the current specification, a period of time is described as 28 symbols from a last symbol of a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value. Further, the 28 symbols is based on the smallest SCS of the response receiving cell and the failed cell. However, for MTRP beam fail recovery, SCS configuration for the 28 symbols needs to be further studied due to the following reason.
· For instance, one MAC-CE (like separate BFR MAC-CE) only can contain that BFR information (failed cells) for a single TRP, and then the UE can determine the the smallest SCS according to all failed cells corresponding to the TRP and the cell receiving the gNB response/PDCCH. For example, when TRP 0 fails on cell-1 and cell-2 as declared in the MAC-CE, UE can determine the the smallest SCS according cell-1 and cell-2 as well as the cell receiving the PDCCH as gNB response for the TRP 0.
Proposal 10: The beam and power control for CORESET/PUCCH should be updated according to a reported candidate RS, only if the PUCCH is associated with the same CORESETPoolIndex/BFD-RS set index/Candidate RS set index.
· CORESETPoolIndex/BFD-RS set index/Candidate RS set index is introduced for PUCCH configuration, in order to initialize TRP-specific PUCCH’s beam update.
· Deactivating CORESET(s) associated with the same CORESETPoolIndex, if no candidate RS can be identified.
· 28 symbols are determined through the smallest SCS according to all cells containing failed TRP(s) and the cell receiving the gNB response/PDCCH from the failed TRP.
3.4.3 CORESET with two activated TCI state 
When a CORESET is activated with two TCI states, each of the two TCI states corresponds to a TRP. Each of the two TCI states should be updated by a new beam of one TRP respectively. For example, a CORESET is activated with two TCI state {TCI state 0, TCI state1}. TCI state 0 is associated with BFD-RS set 0 and TCI state 1 is associated with BFD-RS set 1. When beam failure is detected based on BFD-RS set 0, then QCL assumption of TCI state 0 is updated by a new beam from a candidate RS set which corresponds to BFD-RS set 0. 
Proposal 11: When a CORESET is activated with two TCI states each of which should corresponds to a respective BFD-RS set, each of the two individual QCL assumptions of the CORESET should be respectively updated according to a new reported candidate RS of a failed TRP.
3.4.4 Updating beam of CORESET/PUCCH in a CC list
Because the TCI states of CORESET in a CC list can be updated simultaneously, the beam of the CC list is same. The UE only need to detect beam failure for one CC of the CC list. When the UE detects that beam failure for one TRP on one CC, the beam of all CORESETs associated with the failed TRP in the CC list should be updated simultaneously to reduce the delay of BFR and signaling, otherwise the gNB should update beam of each CORESET in each CC.
Proposal 12: The QCL assumption of all CORESETs associated with a same CORESETPoolIndex in a CC list should be updated by a new reported candidate RS associated with the same CORESETPoolIndex simultaneously. 
4. Discussion on RRC parameters for mTRP-BM
In this section, draft RRC parameters for mTRP-BM from Feature-Lead are provided in [3], and our corresponding views are elaborated herein.
4.1 Group based reporting
Considering that maxNrofNZP-CSI-RS-ResourceSetsPerConfig = 16 and maxNrofCSI-SSB-ResourceSetsPerConfig =1, we only need to increase the upper bound for the number of CSI-RS resource sets in 38.214, i.e., to change ‘maxNrofCSI-SSB-ResourceSetsPerConfig’ to 2.
· Note: For periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1 in TS 38.214 Section 5.2.1.2.
For moving forward this issue, we slightly prefer to capture this suggestion in the RRC list as what we do for Item-8.1.1 multi-beam operation.
Proposal 13: For RRC configuration for group based reporting, the following modification is proposed in red.
	groupBasedBeamReportingR17
	new R17
	 
	Group-based reporting for Rel.17 M-TRP
	{enabled, disabled}

	nrofReportedGroupR17
	new R17
	 
	Number of reported beam group per CSI-report
	{1,2,3,4}

	resourcesForChannel2
	new R17
	 
	CMR resource set 2 associated to CSI-AssociatedReportConfigInfo 
	Same as Rel.16 resourcesForChannel

	maxNrofCSI-SSB-ResourceSetsPerConfig
	existing
	 
	Maximum number of CSI-SSB-Resouce set per CSI-ResourceConfig
	{1} is replaced by {2}


4.2 mTRP-BFR
In this subsection, we discuss the RRC parameters for mTRP-BFR
· From implementation perspective, we do not identify motivation of respective rsrp-ThresholdSSBBFR1 and rsrp-ThresholdSSBBFR2 for different TRPs. If no clear benefits, we prefer to remove these two new RRC parameters and reuse the legacy threshold for this mTRP-BFR procedure.
· Regarding candidateBeamResourceList1 and candidateBeamResourceList2, we tend to agree that these two parameters should be mandatorily configured for mTRP-BFR, regardless of sDCI-mTRP or mDCI-mTRP.

5. Conclusion
In this contribution, we provide the observations and proposals for enhancements on beam management for multi-TRP.
Observation 1: From the evaluation results in the multi-TRP case, it can be observed that:
· Under the case without IMR, L1-SINR reporting can obtain limited performance gains over L1-RSRP.
· L1-SINR reporting with the assistance of IMR, i.e., CMR+IMR, significantly outperforms L1-RSRP and L1-SINR without IMR, through emulating the interference of other beams with IMR.
Proposal 1: For facilitating inter-beam interference measurement, L1-SINR reporting should be supported.
·  The definition of L1-SINR should be enhanced, considering interference among CMR(s) to be reported.
· The association among CMRs from different TRPs (or called as candidate CMR pairs) should be supported.
· Analogous to Rel-16, CMR+ZP-IMR and CMR+NZP-IMR can be supported besides CMR only.
Proposal 2:  Along with CRI/SSBRI report, additional information for Option 2 (beam group based reporting) should be considered for facilitating CSI measurement and subsequent DL/UL transmission.
· UE can further indicate whether two beams within a group/pair can be used for spatial multiplexing or diversity
· If being indicated for spatial diversity, the total number of transmission layers by using the two beams should be limited, e.g., up to additional UE capability reporting.
· UE can further indicate which RS can be used for UL transmission considering that only one UL panel can be active for UL transmission.
Proposal 3: The RRC parameter configuration between 2 CMR resource sets and the CPU calculation of CSI should be further considered.
· repetition from different sets should be configured with same value.
· aperiodicTriggeringOffset from different sets can be configured with different value(s).
Proposal 4: Introduce a new MAC-CE to activate BFD RS(s) dynamically at least for mDCI-mTRP, in order to guarantee the same timeline between PDCCH beam update and explicit BFD RS configuration.
-    In the MAC-CE, two sets of BFD-RS(s) are explicit provided and associated with respective CORESETPoolIndex.
Proposal 5:  When a CORESET is activated with two TCI states, each of two TCI states corresponds to a respective BFD-RS set by order. 
· If one BFD-RS set is not explicitly configured, the BFD-RS set is determined according to corresponding TCI state.   
Proposal 6: When up to two (or more) dedicated PUCCH-SR resources in a cell group are configured, association between one of PUCCH-SR resource(s) and CORESETPoolIndex should be supported for mDCI-mTRP.
-     In the case that one or more TRPs of SpCell fails,
· If one TRP of SpCell fails, PUCCH-SR resource associated with same CORESETPoolIndex as non-failed BFD-RS set of SpCell (i.e., non-failed TRP) is transmitted.
-     In the case that no TRP of SpCell fails and one or more TRPs of Scell fail,
· PUCCH-SR resource associated with same CORESETPoolIndex as failed BFD-RS set of Scell (i.e., failed TRP) is transmitted.
Proposal 7:  For a joint MAC-CE on msg3/msgA, two bits corresponding to two TRPs of SpCell and up to one octet including AC,BFD-RS index and new beam indication for one TRP of SpCell can be contained. 
Proposal 8:  The associated relationship between two BFD-RS sets and two candidate RS sets should be established when they correspond to same set index.
Proposal 9: A CORESET is associated with a BFD-RS set when a CORESETPoolIndex configured with the CORESET and a BFD-RS set index of the BFD-RS set are same.
·  RS in one BFD-RS set should be QCL-ed with DMRS of a CORESET in a CORESET pool associated with the BFD-RS set. 
Proposal 10: The beam and power control for CORESET/PUCCH should be updated according to a reported candidate RS, only if the PUCCH is associated with the same CORESETPoolIndex/BFD-RS set index/Candidate RS set index.
· CORESETPoolIndex/BFD-RS set index/Candidate RS set index is introduced for PUCCH configuration, in order to initialize TRP-specific PUCCH’s beam update
· Deactivating CORESET(s) associated with the same CORESETPoolIndex, if no candidate RS can be identified.
· 28 symbols are determined through the smallest SCS according to all cells containing failed TRP(s) and the cell receiving the gNB response/PDCCH from the failed TRP.
Proposal 11: When a CORESET is activated with two TCI states each of which should corresponds to a respective BFD-RS set, each of the two individual QCL assumptions of the CORESET should be respectively updated according to a new reported candidate RS of a failed TRP.
Proposal 12: The QCL assumption of all CORESETs associated with a same CORESETPoolIndex in a CC list should be updated by a new reported candidate RS associated with the same CORESETPoolIndex simultaneously. 
Proposal 13: For RRC configuration for group based reporting, the following modification is proposed in red.
	groupBasedBeamReportingR17
	new R17
	 
	Group-based reporting for Rel.17 M-TRP
	{enabled, disabled}

	nrofReportedGroupR17
	new R17
	 
	Number of reported beam group per CSI-report
	{1,2,3,4}

	resourcesForChannel2
	new R17
	 
	CMR resource set 2 associated to CSI-AssociatedReportConfigInfo 
	Same as Rel.16 resourcesForChannel

	maxNrofCSI-SSB-ResourceSetsPerConfig
	existing
	 
	Maximum number of CSI-SSB-Resouce set per CSI-ResourceConfig
	{1} is replaced by {2}
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