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Beam reporting for MTRP
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1#104bis-e meeting [1], following agreement on beam reporting for MTRP was achieved.
	Agreement
For beam reporting option 2
· On the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, discuss and down-select from the following two alternatives in RAN1#105-e: 
· Alt1: Support maximum value N = {1, 2} 
· Alt2: Support maximum value N = {1, 2, 3, 4} 
· FFS: Introduce a UE capability Ncap on the maximum value of N in Rel.17
· On the number of beam pairs/groups (N) reported in a single CSI-report, discuss and down select between the following two alternatives in RAN1#105-e
· Alt1: The value of N is fixed by RRC configuration
· Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE 
Agreement
On CMR resource configuration for beam reporting option 2, decide in RAN1#105-e whether to adopt “set” or “subset”:
· NOTE: the following has been agreed
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS : extension to aperiodic CMR resource setting if two CMR resource sets are supported
· Each reported beam pair in a single CSI -report consists of M = 2 SSBRI/CRI values, where each SSBRI /CRI points to a CMR resource in a different CMR resource set or subset.
· FFS : bitwidth of each SSBRI/CRI determined based on the number of SSB/CSI-RS resources from the associated set/subset, or across two sets/subsets
· 



In Rel-16, both ideal backhaul and non-ideal backhaul are considered for MTRP with the same beam reporting framework as Rel-15. The MTRP transmission defined in Rel-16 such as NCJT, URLLC SDM, FDM schemes requires simultaneous reception by the UE. And in these use cases above, MTRP based beam management is beneficial for traffic offload between TRPs, where the network can configure UE to report the beams from different TRPs which can be transmitted simultaneously.  Some commercial UEs have the capability to activate multiple Rx panels indicating that the UE can connect to and receive from different TRPs with multiple Rx panels simultaneously. Beam reporting for MTRP should take all the above into account.
[bookmark: _Ref61914059][bookmark: _Hlk61084371]Rel-17 MTRP beam reporting enhancement should take into account both ideal backhaul and non-ideal backhaul scenarios to support simultaneous transmission at the network side and simultaneous reception at the UE side.
[bookmark: _Hlk61084643]Beam reporting scheme in ideal backhaul MTRPs 
In RAN1#104-e meeting[2], Option 2, that is a single CSI-report consisting of N beams pairs/groups and M (M=2) beams per pair/group, and different beams within a pair/group can be received simultaneously was agreed. In ideal backhaul MTRPs, backhaul delay between TRPs can be negligible so that the TRP receiving the reported beam information can forward it to the other TRP. In that case, Option 2 can effectively achieve simultaneous transmission on the TRP side and simultaneous reception on the user side. However, some potential issues need to be further determined for Option2 to work well. Detailed discussion on the issues are as follows:
Value of N
Group-based beam reporting defined in Rel-15 is naturally ready for MTRP, but limited to report only one beam pair. To improve the scheduling flexibility, N is extended to 2 in Option 2 as agreed in RAN1#104-e meeting. In this case, up to four beam indices and corresponding L1-RSRPs are included in an enhanced beam report, which has the same payload size as Rel-15/16. As for the case of  N＞2, we think it has two main issues as follows. First of all, the number of reported beams will exceed 4, which cannot be supported by the current beam reporting framework. Another issue is that increasing the value of N may result in a significant increase in the UCI payload. For example, if the number of configured CSI-RS resources for beam management is 64, the UCI payload will be 43 bits per report when N=2, while it will be 83 bits per report when N=4. It is seen that the payload size of the latter is almost twice that of the former. There are some other better solutions to support 4 pairs of beams with much smaller overhead compared to Option 2. Considering the above issues, we don’t think extending the value of N to more than 2 is a wise choice. Therefore, we prefer Alt1 on the maximum value of N. And a specific maximum value of N can be determined by the network based on the UE capability Ncap in Rel.17. As for the number of beam pairs/groups (N) reported in a single CSI report, we think Alt2 is a better choice, which can provide more flexibility on the UE side.
[bookmark: _Hlk68172233]For the value of N,
Support selecting one value in Alt1 as the maximum value of N based on UE capability, i.e., support maximum value N = {1, 2} as a UE capability.
Support Alt2 to determine the number of reported beam pair(s) in a single CSI report, i.e., the value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE.
Resource configuration
As for the issue of resource configuration, its motivation is to make UE having capability to distinguish CMR resources of different TRPs for beam reporting. And two schemes were discussed in the last meeting but no consensus was reached. Two schemes are as follows :
Scheme 1: configure S=2 CMR resource sets in one CSI resource setting, and each set corresponds to one TRP.
Scheme 2: configure S=2 CMR resource subsets in one CSI resource set, and each subset corresponds to one TRP.
For scheme 1, the specification impact includes removing the restrictions of only one CMR resource set being configured in a periodic or semi-persistent CSI reporting in the current CSI framework, and only one aperiodic CMR resource set configured with its corresponding TCI state list can be triggered by DCI format 0_1 or DCI format 0_2 for an aperiodic CSI report. As for scheme 2, although it cannot be supported by the current CSI framework, it has been supported for MTRP CSI in RAN1# 104-e meeting. As for the configuration parameters of set:
· The case with ‘repetition’ configured ‘on’ should not be applied here since P3 procedure is used to refine Rx beam for each TRP, while the intention of the newly agreed beam report is to enhance simultaneous beam report for the two TRPs;
· ‘aperidicTriggeringOffset’ can be automatically applied, similarly as in MTRP CSI case;
· ‘trs-info’ is not relevant either since TRS is configured for tracking per TRP and not necessary for UE to report RSRP; 
To minimize the specification effort, it is better to use the same resource configuration framework as MTRP CSI.
[bookmark: _Hlk68172255]Support reuse resource configuration for MTRP CSI, i.e., two subsets configured in a CSI-RS resource set, each corresponding to one TRP.
Definition of CRI/SSBRI
[bookmark: _Hlk71279646]As for the issue of the definition of CRI in the beam report, the bitwidth of each SSBRI/CRI may be determined based on the number of SSB/CSI-RS resources from the associated set/subset, or across two sets/subsets. To facilitate the network to distinguish the reported CRI/SSBRIs from different TRPs, three schemes are listed as following:
Scheme 1: the bitwidth of each SSBRI/CRI may be determined based on the number of SSB/CSI-RS resources from the associated set/subset, where an extra bit needs to be extended to indicate the TRP the SSBRI/CRI associated with per SSBRI/CRI.
Scheme 2: the bitwidth of each SSBRI/CRI may be determined based on the number of SSB/CSI-RS resources across two sets/subsets.
Scheme 3: the bitwidth of one SSBRI/CRI in one beam pair may be determined based on the number of SSB/CSI-RS resources from the associated set/subset, and the bitwidth of the other one SSBRI/CRI in the same beam pair may be determined based on the number of SSB/CSI-RS resources across sets/subsets.
Compared with the current definition of CRI/SSBRI, three schemes all have some specification impact. But in terms of the bitwidth of CRI/SSBRI per beam pair in each scheme, Scheme3 has the minimum bitwidth so as to occupy the minimum UCI payload. Therefore we prefer Scheme 3.
[bookmark: _Hlk71363731]Support the bitwidth of one SSBRI/CRI in one beam pair be determined based on the number of SSB/CSI-RS resources from the associated set/subset, while the other one be determined based on the number of SSB/CSI-RS resources across sets/subsets.
Simultaneous reception of hypothesis
[bookmark: _Hlk68034378]In Rel-15, the hypothesis of simultaneous reception defined in group-based beam reporting is up to UE implementation and the network has no limit on whether the reported beams are simultaneously received by a single spatial domain receive filter, or multiple spatial domains receive filters. In order to maintain scheduling flexibility, it is better for the network not to impose any limitation on the hypothesis of simultaneous reception, so we support that the reported beams in pairs/groups can be received simultaneously by the same spatial domain filter or different spatial domain filters. And to facilitate better network scheduling, an indication of whether reported beams are associated with different RX spatial filters, can be considered in beam report.
[bookmark: _Hlk68172296]Support that the reported beam pairs can be received simultaneously by the same spatial filter or different spatial filters.
an indication of whether reported beams are associated with different spatial filters can be considered in beam report.
Report hypothesis
In Rel-15, UE selects and reports different beam indices and corresponding L1-RSRPs based on the RRC parameter groupBasedBeamReporting. When group-based beam reporting is enabled, the two reported beams can be received simultaneously by UE and can be applied for MTRP transmission. For non-group-based beam report, UE will choose up to 4 beams with a high value of L1-RSRP to report, which may not be received simultaneously by itself and can be applied for STRP transmission. And network can achieve transmission mode switching from MTRP to STRP by RRC reconfiguration or dynamic indication. In Rel-17, to enhance MTRP beam report, reporting two beam pairs in Option 2 has been agreed in the last meeting. In that case, we consider one use case as follows: if there is only one beam pair with high value of L1-RSRP suitable for simultaneous reception by the UE, UE still selects two beam pairs to report, or select the beam pair with high value of L1-RSRP and two beams with high value of L1-RSRP which cannot be received simultaneously to report.  Considering scheduling flexibility and reliability, we prefer the latter one. On the one hand, reporting beams including beams based on group-based reporting and beams based on non-group-based reporting can be beneficial for the network to achieve a mutual switch between MTRP transmission hypothesis and STRP transmission hypothesis freely, which is more flexible than RRC reconfiguration between group-based and non-group-based beam reporting. On the other hand, in contrast with beams based on group-based reporting, the value of L1-RSRP of beams based on non-group-based reporting is generally higher and they are more suitable for STRP transmission. Above all, we think different report hypotheses should be considered in Option 2 to achieve switching between STRP and MTRP.
To facilitate scheduling flexibility, consider to support L1-RSRP report in one CSI report with two different hypotheses: one pair of beams that are suitable for MTRP operation, and another beam(s) for STRP operation. 
Beam reporting in non-ideal backhaul MTRPs 
In RAN1#104-e meeting, three options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing were discussed and Option 2 was agreed. Option 1 and Option 2 are proposed based on antenna group-based reporting and beam group-based reporting respectively which were discussed in Rel-15. Different beams in different pairs/groups can be received simultaneously in Option1, while different beams in a pair/group can be received simultaneously in Option 2. Option 3 is implemented by associating different CSI reports to achieve simultaneous reception, which realizes the function of group-based reporting in another way. We prefer Option 2 only in ideal backhaul scenarios and some details have been discussed above. As for non-ideal backhaul MTRPs, three options are analyzed from the following aspects:

Scheduling flexibility
First of all, we investigate the scheduling flexibility of three options in non-ideal backhaul scenarios, which can be implied by the number of candidate beam pairs with the same UCI payload. For non-ideal backhaul MTRPs, it is desired that each TRP can receive the beam report from the UE separately. In this case, UE may report the same beam information to both of TRPs repeatedly in Option 1 and Option 2. Under this assumption, the numbers of candidate beam pairs of three options are listed in Table 1 respectively. For example, when UCI payload size is 83 bits/report, the performances of three options are as follows:
[bookmark: _Hlk67994879]Option 1: 2 groups in each report, 4 beam indices in each group, and the total number of candidate beam pairs is 16.
Option 2: 4 groups in each report, 2 beam indices per group, and the total number of candidate beam pairs is 4.
Option 3: 8 beam indices in each report and the total number of candidate beam pairs is 64.
With the same UCI payload size, the more candidate beam pairs, the higher scheduling flexibility the network will have. Therefore, considering the scheduling flexibility, Option 3 has much advantage over Option 1 and Option 2 in non-ideal backhaul MTRPs.
[bookmark: OLE_LINK3]Number of candidate beam pairs in non-ideal backhaul MTRPs
	UCI payload size (bits/report)
	Option 1
	Option 2
	Option 3

	23
	1
	1
	4

	43
	4
	2
	16

	63
	9
	3
	36

	83
	16
	4
	64


[bookmark: _Hlk61856951][bookmark: _Hlk68171603]Option 3 provides the highest scheduling flexibility with the same UCI payload size per PUCCH/PUSCH resource for non-ideal backhaul scenarios.
Throughput performance in non-ideal backhaul MTRPs
For non-ideal backhaul MTRPs, in order to achieve simultaneous transmission, only after all TRPs receiving beam report can the network synchronize PDSCH transmission with the reported beam pair, otherwise mismatched Tx beams would probably lead to the multiple Rx beams that cannot be received by the UE simultaneously. In Option 1 and Option 2, two possible ways to implement simultaneous transmission are: a) UE reports the same beam information to all TRPs separately which has been mentioned in the analysis of UCI payload size and it will cause large overhead; b) UE reports beam information to one TRP and then the TRP forwards to another with backhaul delay. As for Option 3, separate reports to different TRPs can guarantee each TRP to obtain their own beam information, and the delay for the separate beam information taking effect is up to network implementation. Therefore, we think Option 3 is more suitable in non-ideal backhaul scenarios. To verify the above argument, we evaluate the throughput performance of three options as follows.
Table 2 to Table 3 show the UPT loss of Option 1 and Option 2 compared to the baseline of Option 3, with different traffic models. More simulation parameters can be found in Appendix A.
Option 1 and Option 2: UE reports the optimal beam pair to one TRP and then the TRP forwards to another with backhaul delay.
Option 3 (baseline): UE reports partial beam information of the optimal beam pair in separate beam reports to different TRPs simultaneously.
We provide UPT comparison for Full Buffer and FTP model 1 with RU for Option 3 (baseline) setting to 9%, 22% and 58%, backhaul delay setting to 50ms, and UE rotation speed setting to 50rpm for FR2 Indoor Hotspot. 
MTRP with non-ideal backhaul, FR2 InH (full buffer)
	Backhaul delay(ms)
	Option
	Mean
	5%
	50%

	-
	3
	0.00%
	0.00%
	0.00%

	50
	1&2
	-8%
	-46.91%
	-13.14%



MTRP with non-ideal backhaul, FR2 InH 
	RU
	Backhaul delay(ms)
	Option
	Mean
	5%
	50%

	         9%
	-
	3
	0.00%
	0.00%
	0.00%

	
	50
	1&2
	-3.68%
	-6.13%
	0.00%

	22%
	-
	3
	0.00%
	0.00%
	0.00%

	
	50
	1&2
	-7.01%
	-10.66%
	-9.88%

	58%
	-
	3
	0.00%
	0.00%
	0.00%

	
	50
	1&2
	-19.83%
	-47.49%
	-23.68%



From the above tables, we observe that Option 1 and Option 2 have obvious performance losses compared to Option 3, especially for the UE at the TRP boundary. And with RU increasing, the performance loss is more significant. The reason for the above phenomena in Option 1 and Option 2 is that the scheduled beam pair cannot keep pace with the time-varying channel due to backhaul delay, especially when UE rotates. 
[bookmark: _Hlk68171985]For non-ideal backhaul cases, some throughput gain can be achieved by Option 3, while outdated beam pair applied due to backhaul delay for Option 1 and Option 2 when forwarding the beam report from one TRP to the other TRP.
Support Option 3 for multi-TRP beam report enhancement in non-ideal backhaul scenarios. 
[bookmark: _Hlk53999024]Interference measurement and report metric 
In previous meetings, solutions for this issue were discussed but no agreement was reached. In our opinion, when the UE measures the CSI-RS/SSB resources, the result of L1-SINR may reflect the inter-beam interference, but it can’t reflect the quality of the simultaneous reception. For example, in the NCJT scenario, the interference between different beams does not necessarily correspond to the effective post-SINR if simultaneously received by two Rx panels. L1-SINR value measured as strong interference between two beams may also imply that the two beams contribute higher spatial diversity to the MIMO capacity. Generally, the factors such as received signal power, spatial diversity, and spatial correlation determine the MIMO performance of NCJT, which cannot be reflected by the L1-SINR computation based on current specification.
We analyze the throughput performance of reported beams based on L1-SINR criterion and L1-RSRP criterion respectively. In the simulation, we assume one panel on the TRP side and two panels (back to back) on the UE side.  Each panel contains one TXRUs with dual-polarization. While sweeping beams, UE only selects and reports one optimal beam pair based on L1-RSRP or L1-SINR. More simulation parameters can be found in Appendix A. 
The methods of selecting beam pair for an MTRP UE are given as below:
L1-RSRP criterion: a UE selects one beam with the highest L1-RSRP per Rx panel, each corresponding to a different TRP. Independent spatial domain filters per Rx panel are assumed, implying any beam pairs can be received simultaneously by different spatial domain filters.
L1-SINR criterion: a UE selects one beam pair with the highest capacity based on L1-SINR regarding the CMR resources from another TRP as interference. Assuming beam 1 is for by Rx panel 1 and beam 2 is for Rx panel 2, then the leakage of beam 1 received by Rx panel 2 is deemed as the interference, and so is beam 2. The capacity of a beam pair is calculated as follows:

where  and  are L1-SINR of the beam pairs for two Rx panels respectively, given by


where ,  are signal power of beam 1, beam 2 received by Rx panel 1 and Rx panel 2 respectively, ,  are interference power of beam 2, beam 1 measured by Rx panel 1 and Rx panel 2 respectively.  and  are interference outside the two TRPs.
We provide UPT performance and comparison for FTP model 1 with RU for baseline L1-RSRP setting to 4%, 16% and 61% for FR2 Indoor Hotspot, where UE is not allowed to rotate and backhaul delay is negligible between TRPs. We set the same packet arrival rate (λ) for the cases with the same value of RU. Considerable UPT loss can be observed at 5% and 50% UPT, and mean UPT as well.
UPT with different measurement and report metrics in MTRP, FR2 InH
	RU
	Report metric
	Mean

	5%
	50%

	4%
	L1-RSRP
	519 MHz
	291 MHz
	444 MHz

	
	L1-SINR
	473 MHz
	263 MHz
	444 MHz

	
	Loss 
	-8.86%
	-9.62%
	0.00%

	16%
	L1-RSRP
	434 MHz
	147 MHz
	434 MHz

	
	L1-SINR
	363 MHz
	117 MHz
	405 MHz

	
	Loss 
	-16.36%
	-20.41%
	-6.68%

	61%
	L1-RSRP
	334 MHz
	75.1 MHz
	337 MHz

	
	L1-SINR
	217 MHz
	33.3 MHz
	188 MHz

	
	Loss 
	-35.03%
	-55.66%
	-44.21%



From the above simulation results, we observe that beam pair selected on L1-SINR criterion have obvious performance loss compared to that of L1-RSRP criterion, especially for the user at the cell boundary. The reason for the performance degradation of L1-SINR criterion is that regarding the CMR resources from another TRP as interference directly may ignore some signal information, especially for NCJT. 
[bookmark: _Hlk68172179]For MTRP, performance loss is observed for L1-SINR-based beam pair report with interference calculated between the reported beam pair.
Compared with L1-SINR, we think the CQI for MTRP CSI can precisely reflect inter-beam interference and determine whether two beams are suitable for grouping. However, feeding back the CQI per beam pair could increase too much calculation complexity at UE to implement. Thus, L1-RSRP discussion should be prioritized in Rel-17.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk61596710]Do not support L1-SINR report with interference calculated between the reported beam pair. 
Beam failure recovery for MTRP
[bookmark: _Hlk54253518]In RAN1#104bis-e meeting [1], following agreement on BFR for MTRP was achieved.
	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. 

Agreement
· Support S-DCI and M-DCI in TRP-specific BFR in Rel.17
· S-DCI is low priority, M-DCI is high priority
· Unified design for S-DCI and M-DCI should not be precluded due to the prioritization

Agreement
On BFD-RS of TRP-specific BFR
· BFD-RS resource number: 
· The total number of RSs in two BFD-RS sets per DL BWP is a UE capability
· On the maximum number of RS per BFD-RS set, down-select from the following two alternatives in RAN1#105-e
· Alt1: max value is 2
· Alt2: max value is a UE capability, including possible candidate value of 1

Agreement
Adopt the following beam failure detection criteria for each BFD-RS set
· The physical layer in the UE assesses the radio link quality per BFD-RS set and indicates the BFD-RS set index to higher layers every X ms, if the hypothetical PDCCH BLER of all BFD-RS in the corresponding set of BFD-RS is higher than a threshold
· X is max{minimal periodicity of BFD RS in the set, 2ms}

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

Agreement
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)



TRP-specific BFD, TRP-specific new candidate beam identification, and TRP-specific BFRQ have been agreed in RAN1#103-e meeting and some details, such as the number of BFD-RS set, have been determined in RAN1#104-e meeting. We think both single-DCI-based MTRP and multi-DCI-based MTRP should be considered for TRP-specific BFR enhancement. Even though single-DCI-based MTRP is designed to conquer the possible blockage happened in FR2 by transmitting different layers or frequency resources of a PDSCH or PDSCH transmission occasions from two TRPs, the network would achieve more reliable PDCCH transmission or better PDSCH/PUSCH transmission scheme if the network was able to know beam failure of the radio link between either TRP and the UE in time.
[bookmark: _Hlk61864438]In multi-DCI-based MTRP operation, TRP can be identified by the configured CORESETPoolIndex. However, it is not the case for single-DCI-based MTRP scenario to distinguish TRPs without an explicit TRP index for use. A common TRP-specific BFR framework for both single-DCI-based MTRP and multi-DCI-based MTRP is desired to make this feature more useful.
Although TRP-specific BFR based on M-DCI and S-DCI was agreed in RAN1#104bis-e meeting, and M-DCI has higher priority than S-DCI, we think the procedure of the two use cases should have a unified design to simplify specification implementation.
Support a unified design of TRP-specific BFR for S-DCI and M-DCI.
In the last meeting, the issue that the configuration of cell-specific BFR and TRP-specific BFR was discussed, and support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs was agreed and simultaneous configuration of cell-specific BFR and TRP-specific BFR in the same CC still needs to be further studied. However, in our view, the issues of simultaneous configuration are complicated without the basic design and common understanding of how TRP-specific BFR procedure works. So we should discuss and make a consensus on TRP-specific BFR procedure firstly, especially when only one TRP fails, and then discuss other cases.
TRP-specific BFR procedure should be discussed before considering simultaneous configuration of cell-specific BFR and TRP-specific BFR cases.
Configuration of TRP-specific BFD-RS
Independent BFD-RS configuration per-TRP has been agreed, where each TRP is associated with a BFD-RS set and the total number of BFD-RS set per BWP is 2. No matter it is single-DCI-based MTRP or multi-DCI-based MTRP, two sets of BFD-RS, e.g., , , can be explicitly configured by the higher layer parameter failureDetectionResources, each set consisting of the BFD-RS(s) associating with one TRP. For multi-DCI-based MTRP, a straightforward independent BFD-RS configuration is that a number of P-CSI-RS indexes with QCL-typeD for PDCCH monitoring associating with different values of CORESETPoolIndex can be implicitly determined as two sets of BFD-RSs. 
As for the number of resources, an agreement that the total number of RSs in two BFD-RS sets per DL BWP is a UE capability was reached and two alternatives on the maximum number of RS per BFD-RS set were discussed in the last meeting. Compared with a fixed value of 2 in Alt1, we would like to regard it as UE capability to guarantee the generality of the specification implementation. Therefore, we prefer Alt2 to determine the maximum number of RS(s) per BFD-RS set.
[bookmark: _Hlk68172389]For TRP-specific BFD-RS configuration,
Two sets of BFD-RS can be explicitly configured for both multi-DCI-based MTRP and single-DCI-based MTRP.
Two sets of BFD-RS can be implicitly configured for multi-DCI-based MTRP, each including P-CSI-RS indexes with QCL-typeD for PDCCH monitoring associating with one of the two values of CORESETPoolIndex.
Support to report the maximum number of RS(s) per BFD-RS set as UE capability.
[bookmark: _Hlk68101747]Configuration of TRP-specific NBI-RS sets
As the independent configuration of the NBI-RS set per TRP and the 1-to-1 association between each BFD-RS set and an NBI-RS set has been supported, new candidate beam selection based on the TRP in beam failure is enabled if TRP-specific NBI-RS set is configured. However, we don’t think the configuration of TRP-specific NBI-RS set(s) for TRP-specific BFR is a necessity, especially for multi-DCI-based MTRP. For example, in multi-DCI-based MTRP, if one TRP fails and its corresponding TRP specific NBI-RS set is not configured, an aperiodic CSI report can be triggered by the TRP in a good radio link to obtain one or more new beams to recover the failed TRP. Compared with periodic measurement of NBI-RS resources, aperiodic beam measurement consumes less resource, which is beneficial for the network to schedule various services of users within the limited UE capability flexibly.
[bookmark: _Hlk61875359]If NBI-RS resources are configured, to fully leverage the benefit of MTRP operation, UE should be able to freely select new candidate beams of other TRPs but not limit to the TRP in beam failure, so that any TRP providing good radio links can be selected to serve the UE. Therefore, new beams of more other TRPs should be configured in the candidate beam set. For example, as illustrated in Figure 1, two NBI-RS sets can be configured, each associating with a BFD-RS set and including the new beams of the associating TRP and other TRPs that the UE can select. In this way, the UE can select one new beam out of the new beam set corresponding to the beam link pair of the TRP in failure and of other TRPs except the one in good radio link, rather than limiting to the beam of the TRP in beam failure. Otherwise, restricting the new candidate beam of the TRP in beam failure will achieve inferior performance to the free selection case.


[bookmark: _Ref61874369]Example of NBI-RS set configuration
However, whether the new candidate beam can be the beam with the TRP still in good radio link other than the one still in use needs further study. If it is allowed, the network would fall back to single TRP transmission once the new candidate beam is selected as the beam of the TRP in a good radio link.
[bookmark: _Hlk68172430]Support the case of optionally configuring TRP specific NBI-RS
When no TRP-specific NBI-RS resource is configured for the UE, support triggering an aperiodic  CSI report of the failed TRP to obtain new beam(s).
Further study the case of whether UE can select the beams from the NBI-RS set not associated with the failed TRP.
In RAN1#104-e meeting, the 1-to-1 association between each BFD-RS set and an NBI-RS set was agreed, but we think the premise for the 1-to-1 association is that two NBI-RS set are configured. As for the association details, in multi-DCI-based-MTRP, associating NBI-RS set and BFD-RS set with CORESETPoolindex respectively, and an NBI-RS set associates with a BFD-RS set with the same value of CORESETPoolindex. In single-DCI-based-MTRP, the 1-to-1 association can be indicated directly by BFD-RS set ID, which can be configured in NBI-RS set.
[bookmark: _Hlk68172448]For the 1-to-1 association between each NBI-RS set and a BFD-RS set 
The association only exists when two NBI-RS sets are configured.
The association can be indicated by BFD-RS set ID or CORESETPoolindex.
TRP-specific BFRQ
One of the benefits of TRP-specific BFR is that a UE connecting with multiple TRPs can help itself avoid the break of all radio links. This can also be reflected by the beam failure recovery request reliability. The BFRQ can be transmitted through the good radio link to the TRP not in beam failure. One or two dedicated PUCCH-SR resources in a cell group had been supported in previous meetings.
For the case of two dedicated PUCCH-SR resources, the configuration of two PUCCH-SR resources was discussed but no consensus was reached in the last meeting. Considering high-layer parameters including sr-ProhibitTimer, sr-TransMax and SR_COUNTER are configured per SR configuration, we would like to configure two PUCCH-SR resources under different SR configuration to make both PUCCH-SR resources work well. 
As for the spatial relation per PUCCH-SR resource, when a UE is configured with two PUCCH-SR resources in a cell group, each associated with a TRP/BFD-RS set and a spatial filter for the other TRP, the UE can select the appropriate PUCCH-SR resource associated with the TRP in beam failure to request a UL grant for MAC CE with BFRQ. With TRP-specific PUCCH-SR resources, the network is able to know the TRP in beam failure and may not schedule the failed TRP to transmit. However, when a UE is configured with only one PUCCH-SR resource in a cell group, the PUCCH-SR resource may be configured with one or two spatial relations. And for the case of two spatial relations, we think it is used as agreed for PUCCH repetition to facilitate reliability, not for selecting one spatial relation towards a certain TRP to transmit PUCCH.
For the dedicated PUCCH-SR resources for TRP-specific BFRQ,
For the case when two PUCCH-SR resources are configured for TRP specific BFRQ in a cell group,
Two PUCCH-SR resources are under different SR configurations respectively.
[bookmark: _Hlk71311679]Each PUCCH-SR resource associated with a BFD-RS set of one TRP can be configured with the spatial filter towards the other TRP in FR2.
For the case when one PUCCH-SR resource is configured for TRP specific BFRQ in a cell group,
The PUCCH-SR resource can be associated with one or two spatial relations.
The case of two spatial relations is used as agreed for PUCCH repetition.
For the cased of BFR of one TRP, if two dedicated PUCCH-SR resources are configured in a cell group or/and two UL grants are available, where each PUCCH-SR resource/UL grant associated with one BFD-RS set, how does UE select one of them to transmit SR or BFR MAC CE?  In the above case, the selection rule should be considered. In the last meeting, three alternatives for the case of configuring two dedicated PUCCH-SR resources in a cell group were discussed and they are listed as follows:
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
According to different use cases, we think three alternatives can be divided into two categories. For the case that one TRP fails in a cell where two PUCCH-SR resources are configured, Alt1 and Alt2 are appropriate to be used.   Compared Alt1 and Alt2, we think the only difference between them is the spatial relation, where the spatial relation of PUCCH-SR resource in Alt1 towards the TRP which the PUCCH-SR resource associates with, while the spatial relation of PUCCH-SR resource in Alt2 towards the TRP which the other PUCCH-SR resource associates with. Therefore, we are fine with Alt1 and Alt2. As for the case of one TRP fails in a Cell, while no TRP fails in another cell where both PUCCH-SR resources are configured, it is up to UE implementation to select a PUCCH-SR resource to transmit.
For the cased of BFR of both TRPs in SpCell or SCell, it should be discussed case by case according to whether to simultaneously configure TRP-specific BFR and cell-specific BFR. So we propose to discuss the issue after the procedure of TRP-specific BFR is determined.
[bookmark: _Hlk68172510]For TRP-specific BFRQ,
For the case of BFR of one TRP,
When one TRP fails in a cell where two PUCCH-SR resources are configured, any one of Alt1 and Alt2 can be used to select one PUCCH-SR resource to be transmitted.
When one TRP fails in a cell, while no TRP fails in another cell where two PUCCH-SR resources are configured, the PUCCH-SR resource selected to be transmitted is up to UE implementation.
When more than one UL grants are available to transmit BFR MAC CE, the selection rule should also be considered.
For the case of BFR of both TRPs in SpCell or SCell, it needs to be further studied.
[bookmark: _Hlk71318156]Some information carried in BFR MAC CE has been agreed in RAN1#104-e meeting, including failed CC indices (if applicable), one new candidate beam index for the failed TRP/CC(if found and NBI-RS(s) is configured for the failed TRP), and an indication whether new beam(s) is found if NBI-RS(s) is configured for the failed TRP. Except for the above information, we think it is necessary to indicate the failed TRP index in BFR MAC CE. For example, assuming there are two UL grants available for UE to convey BFR MAC CE, but if no new candidate beam is found and failed TRP index is not included in BFR MAC CE, the network can’t distinguish which TRP fails based on the BFR MAC CE. Therefore, considering the reliability of TRP-specific BFR, an indication of failed TRP is a necessity. As for the indication of failed TRP, if TRP-specific BFR is applied for both single-DCI-based MTRP and multi-DCI-based MTRP, the index(es) of BFD-RS set is better to be used for the index information of failed TRP. 
[bookmark: _Hlk68172522]Following information can be provided in BFR MAC CE based on configuration
Index of the BFD-RS set associated with the failed TRP
CC index (if applicable)
New candidate beam index(es) (if found) if NBI-RS(s) is configured for the failed TRP
Indication whether new beam(s) is found if NBI-RS(s) is configured for the failed TRP
gNB response enhancement
[bookmark: _Hlk68103318]For the case of BFR of one TRP, after the UE transmits the BFRQ carrying the new beam with a first PUSCH MAC CE, it can monitor PDCCH for scheduling a PUSCH transmission with the same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value like legacy procedure designed for SCell beam failure. As another option, allowing a quick beam link re-establishment, the network can directly indicate new beams through MAC CE activation command for the CORESET(s) related to the BFD-RS set in beam failure by the TRP in a good radio link, or re-configure the CORESETs by RRC signaling after the network detects a MAC CE with BFRQ. In addition, when one TRP is in failure and no new beam has been found and reported based on the corresponding NBI-RS  resource(s), the network can deactivate the failed TRP through MAC CE deactivation command to achieve the switch of transmission hypothesis from MTRP to STRP. Except for the above all, when the network receives the BFRQ, in which neither the indication of whether a new beam is found nor the indication of a new beam for the failed TRP is included, it may trigger a beam measurement and reporting procedure to the UE by the good radio link. This will enable fast beam searching to re-establish the failed beam link as soon as possible. When UE detects both beam links to two TRPs fail, legacy process on receiving the network response can be applied if only one new beam has been reported in the BFRQ. 
Support to deactivate TRP through MAC CE if there is no new beam found.
For the case of BFR of one TRP, a UE can receive the following signaling as BFRR in addition to legacy BFRR:
a MAC CE activation command to update the TCI states for the CORESET(s) related to the TRP/BFD-RS set in beam failure.
a MAC CE deactivation command to deactivate the failed TRP.
a PDCCH to trigger a beam measurement and reporting procedure for the failed TRP.
UE behavior upon receiving BFRR and not receiving BFRR
UE behavior upon receiving BFRR should consider the MTRP mode, the number of beam links in failure, and the number of new beams. As for UE behavior, beam reset, TRP deactivation, and beam training may be conducted optionally in different cases, detailed analyses are as follows.
For a UE operating with multi-DCI-based MTRP, and in the case of BFR of one TRP, if it has found and reported the new beam, the UE may reset the beams to the new beam for PDCCH and PDSCH reception, associating with the CORESETPoolIndex which has been declared beam failure until the UE receives a new MAC CE activation command or RRC reconfiguration. If BFRR is a MAC CE activation command to update the TCI states for the CORESET(s) related to the TRP/BFD-RS set in beam failure, UE may reset the beam according to the beam indication in the MAC CE. If no new beam has been found and the received BFRR is a MAC CE deactivation command for the failed TRP, UE may terminate reception and measurement of any resources associated with the failed TRP and then fall back to single TRP reception.  If UE receives a PDCCH triggering an aperiodic beam report, it will perform an aperiodic beam training and report new beam(s) to the network. If the UE has not received any BFRR during a time window it can turn the receiving beam for the CORESET of the PDCCH monitoring back to the new beam automatically. This is useful to save another UL grant with the same HARQ process with NDI toggled.
For single-DCI-based MTRP scenarios, the network can switch the PDCCH transmission to the CORESET which keeps a good beam link by itself until UE receiving a MAC CE activation command to update the TCI states for the CORESET(s) related to the TRP/BFD-RS set in beam failure. What’s more, if the network wants to maintain multiple-beam links for CORESETs to provide higher reliability, the CORESETs in beam failure can be used together with those CORESETs in a good beam link. That is, the UE can still monitor the CORESETs in a good beam link and reset the beam to the new beam for the CORESETs in beam failure.
When both TRPs are in beam failure and only a single new candidate beam is found and reported, the UE can fall back to single TRP reception assuming the PDCCH and PDSCH reception QCLed with the reported new beam starting from a certain time after receiving a MAC CE deactivation command or RRC reconfiguration command. When multi-DCI-based MTRP operation falls back to single TRP transmission, one of the two CORESETPoolIndexes can survive, and all CORESETs associating with the surviving CORESETPoolIndex apply the QCL of the new beam.
[bookmark: _Hlk68172554][bookmark: _Hlk54426200]For a UE operating with multi-DCI-based MTRP, 
[bookmark: _Hlk54415521]For the case of BFR of one TRP, if it has reported the new beam, 
UE may reset the beam to the new beam for the PDCCH and PDSCH associating with the CORESETPoolIndex which has been declared beam failure.
[bookmark: _Hlk68169995]UE may reset the beam according to the beam indication in the MAC CE when BFRR is a MAC CE activation command to update the TCI states.
For the case of BFR of one TRP but no new beam has been found and reported, UE does not reset the beam.
UE may fall back to single TRP reception when BFRR is a MAC CE deactivation command for the failed TRP.
[bookmark: _Hlk68191539]UE may perform an aperiodic beam training and report new beam(s) to the network when receiving a PDCCH including the filed of CSI request.
[bookmark: _Hlk68169595]For the case of both TRPs in beam failure and only a single new beam, the UE may fall back to single TRP reception when receiving a MAC CE deactivation command or RRC reconfiguration command.
For a UE operating with single-DCI-based MTRP, if it has reported the new beam, UE does not reset the beam
For this case, BFRR is a MAC CE activation command to update the TCI states for the CORESET(s) related to the TRP/BFD-RS set in beam failure.

Conclusion
In this contribution, we analyze enhancements of beam management for MTRP in Rel-17, including beam reporting and TRP-specific BFR. To summarize, we have following observations and proposals.
1. Option 3 provides the highest Scheduling flexibility with the same UCI payload size per PUCCH/PUSCH resource for non-ideal backhaul scenarios.
For non-ideal backhaul cases, some throughput gain can be achieved by Option 3, while outdated beam pair applied due to backhaul delay for Option 1 and Option 2 when forwarding the beam report from one TRP to the other TRP.
For MTRP, performance loss is observed for L1-SINR-based beam pair report with interference calculated between the reported beam pair.

1. Rel-17 MTRP beam reporting enhancement should take into account both ideal backhaul and non-ideal backhaul scenarios to support simultaneous transmission at the network side and simultaneous reception at the UE side.
For the value of N,
Support selecting one value in Alt1 as the maximum value of N based on UE capability, i.e., support maximum value N = {1, 2} as a UE capability.
Support Alt2 to determine the number of reported beam pair(s) in a single CSI report, i.e., the value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE.
Support reuse resource configuration of MTRP CSI, i.e., two subsets configured in a CSI-RS resource set, each corresponding to one TRP.
Support the bitwidth of one SSBRI/CRI in one beam pair be determined based on the number of SSB/CSI-RS resources from the associated set/subset, while the other one be determined based on the number of SSB/CSI-RS resources across sets/subsets.
Support that the reported beam pairs can be received simultaneously by the same spatial filter or different spatial filters.
an indication of whether reported beams are associated with different spatial filters can be considered in beam report.
To facilitate scheduling flexibility, consider to support L1-RSRP report in one CSI report with two different hypotheses: one pair of beams that are suitable for MTRP operation, and another beam(s) for STRP operation. 
Support Option 3 for multi-TRP beam report enhancement in non-ideal backhaul scenarios.
Do not support L1-SINR report with interference calculated between the reported beam pair. 
Support a unified design of TRP-specific BFR for S-DCI and M-DCI.
TRP-specific BFR procedure should be discussed before considering simultaneous configuration of cell-specific BFR and TRP-specific BFR cases.
For TRP-specific BFD-RS configuration,
Two sets of BFD-RS can be explicitly configured for both multi-DCI-based MTRP and single-DCI-based MTRP.
Two sets of BFD-RS can be implicitly configured for multi-DCI-based MTRP, each including P-CSI-RS indexes with QCL-typeD for PDCCH monitoring associating with one of the two values of CORESETPoolIndex.
Support to report the maximum number of RS per BFD-RS set as UE capability.
Support the case of optionally configuring TRP specific NBI-RS
When no TRP-specific NBI-RS resource is configured for the UE, support triggering an aperiodic  CSI report to obtain new beam(s).
Further study the case of whether UE can select the beams from the NBI-RS set not associated with the failed TRP.
For the 1-to-1 association between each NBI-RS set and a BFD-RS set 
The association only exists when two NBI-RS sets are configured.
The association can be indicated by BFD-RS set ID or CORESETPoolindex.
For the dedicated PUCCH-SR resources for TRP-specific BFRQ,
For the case when two PUCCH-SR resources are configured for TRP specific BFRQ in a cell group,
Two PUCCH-SR resources are under different SR configurations respectively.
Each PUCCH-SR resource associated with a BFD-RS set of one TRP can be configured with the spatial filter towards the other TRP in FR2.
For the case when one PUCCH-SR resource is configured for TRP specific BFRQ in a cell group,
The PUCCH-SR resource can be associated with one or two spatial relations.
The case of two spatial relations is used as agreed for PUCCH repetition.
For TRP-specific BFRQ,
For the case of BFR of one TRP,
When one TRP fails in a cell where two PUCCH-SR resources are configured, any one of Alt1 and Alt2 can be used to select one PUCCH-SR resource to be transmitted.
When one TRP fails in a cell, while no TRP fails in another cell where two PUCCH-SR resources are configured, the PUCCH-SR resource selected to be transmitted is up to UE implementation.
When more than one UL grants are available to transmit BFR MAC CE, the selection rule should also be considered.
For the case of BFR of both TRPs in SpCell or SCell, it needs to be further studied.
Following information can be provided in BFR MAC CE based on configuration
Index of the BFD-RS set associated with the failed TRP
CC index (if applicable)
New candidate beam index(es) (if found) if NBI-RS(s) is configured for the failed TRP
Indication whether new beam(s) is found if NBI-RS(s) is configured for the failed TRP
Support to deactivate TRP through MAC CE if there is no new beam found.
For the case of BFR of one TRP, a UE can receive the following signaling as BFRR in addition to legacy BFRR:
a MAC CE activation command to update the TCI states for the CORESET(s) related to the TRP/BFD-RS set in beam failure.
a MAC CE deactivation command to de-activate the failed TRP so that to achieve the switch of transmission hypothesis from MTRP to STRP.
a PDCCH to trigger a beam measurement and reporting procedure for the failed TRP.
For a UE operating with multi-DCI-based MTRP, 
For the case of BFR of one TRP, if it has reported the new beam, 
UE may reset the beam to the new beam for the PDCCH and PDSCH associating with the CORESETPoolIndex which has been declared beam failure.
UE may reset the beam according to the beam indication in the MAC CE when BFRR is a MAC CE activation command to update the TCI states.
For the case of BFR of one TRP but no new beam has been found and reported, UE does not reset the beam.
UE may fall back to single TRP reception when BFRR is a MAC CE deactivation command for the failed TRP.
UE may perform an aperiodic beam training and report new beam(s) to the network when receiving a PDCCH including the filed of CSI request.
For the case of both TRPs in beam failure and only a single new beam, the UE may fall back to single TRP reception when receiving a MAC CE deactivation command or RRC reconfiguration command.
For a UE operating with single-DCI-based MTRP, if it has reported the new beam, UE does not reset the beam
For this case, BFRR is a MAC CE activation command to update the TCI states for the CORESET(s) related to the TRP/BFD-RS set in beam failure.
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Appendix A: Simulation parameters
SLS assumption for MTRP beam report enhancement
	Parameters
	Value

	Duplex, Waveform
	FDD, OFDM

	Multiple access
	OFDMA

	Scenario
	Indoor hotspot (InH)

	Frequency Range
	FR2, 30GHz

	Inter-BS distance
	20m

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at TRP
	2 Tx ports: (M, N, P, Mg, Ng) = (4,4,2,1,1)

	Antenna setup and port layouts at UE
	4Rx Port: (M, N, P, Mg, Ng, Mp,Np) = (2,4,2,1,2,1,2)
(dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	23dBm

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	120kHz

	Number of RBs
	52

	Simulation bandwidth 
	80 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	Configuration for MTRP
	Cluster
	4 neighboring TRPs 

	
	Maximal number of coordinating TRPs
	2

	
	Backhaul assumption
	non-ideal

	Feedback assumption
	Beam and CSI feedback periodicity:  5 ms
Scheduling delay (from CSI/beam feedback to time to apply in scheduling):  4 ms
Subband PMI, subband CQI
Rank 1 or rank 2 per TRP

	UE receiver
	MMSE-IRC

	Channel estimation
	Ideal
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