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1 Introduction
In RAN1 #104-e meeting [1], the following agreements were reached for M-TRP BM and BFR. In this paper, we provide our views on the remaining issues.
	Agreements on M-TRP BM
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

Agreements on M-TRP BFR
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



2 M-TRP BM
In the last meeting, three beam reporting schemes were discussed and Option 2, i.e., beams in a group can be received simultaneously, was agreed with details FFS. And Option 1 and Option 3 were left for further discussion in this meeting.
Option 2 (Different beams within a pair/group can be received simultaneously)
For Option 2, one of remaining issues is whether it’s needed to report more than two beam pairs in one report. In our view, the maximum number of beam pairs to report impacts scheduling flexibility, especially for MU case. To illustrate this, SLS evaluation is conducted. Figure 1 shows the evaluation results for different number of beam pairs, where MU scheduling is assumed. Each TRP is assumed with 64 beams in total. Other detailed simulation assumptions are given in the Appendix. 
With multiple beam pairs for selection, interference can be suppressed with flexible scheduling of Tx beams. As shown in the figure, compared to single beam pair case, 8.9% and 15.2% throughput gain can be achieved with 2 and 4 beam pairs, respectively. In other words, comparing to reporting 2 beam pairs, additional 6.3% throughput gain can be obtained with 4 beam pairs. Hence, it is beneficial to support N = 4. 
[image: ]
Figure 1. Performance gain with N=1, 2, 4 beam pairs
Proposal 1: Support reporting up to N = 4 beam pairs for Option 2 (Different beams within a pair/group can be received simultaneously).
For Option 2, another issue is the configuration of CMRs for the two TRPs. There were three options discussed in the last meeting.
· Alt.1: Configuring two CMR resource set in one CMR resource setting. The two beam/CMR(s) of each reported beam/CMR pair are selected from the two CMR resource set, respectively. In other words, CMRs of different TRPs are configured in different CMR resource sets.
· Alt.2: Configuring two CMR resource subset in one CMR resource set. The two beam/CMR(s) of each reported beam/CMR pair are selected from the two CMR resource subset, respectively. In other words, CMRs of different TRPs are configured in different CMR resource subsets.
· Alt.3: Configuring two SSB sets. The CMRs are grouped according to their TypeD QCL source (i.e., SSB). The CMRs, whose QCL source SSBs belong to the same SSB set, are considered as one CMR group, which contains the CMRs of the same TRP.
Alt.2 brings up several problems. Firstly, the size of a resource set (i.e., the number of resources of a resource set) is limited. If resources of different TRPs are configured in one resource set, the max number of resources that can be measured for each TRP is only half of that for S-TRP case. For example, a P/SP resource set can contain at most 64 resources, meaning that 32 beams can be measured for each TRP. The situation is even worse for AP resource set, which can contain at most 16 resources. Secondly, configuring all the resources in one resource set will increase the bit width of CRI, which is determined by the number of resources in one set. It is noted that CSI for M-TRP in agenda 8.1.4 has agreed to configure resources of different TRPs in one resource set. However, it may be not well motivated to follow such design for BM for M-TRP. Firstly, the number of resources to be measured in CSI acquisition is less than the upper bound of resource set size and the restriction on the max number of resources per set is not a concern. Meanwhile, the number of resources to be measured in BM is much larger than that of CSI. Hence, the impact of such restriction is much more serious for BM for M-TRP. In addition, the number of CRIs to be reported in one beam reporting is usually much larger than that of CSI acquisition. So, the increase of CRI bit width will bring larger reporting overhead for BM than CSI acquisition. 
Alt.3 proposes to introduce a concept of SSB set for CMR grouping, based on the configured QCL relations. However, such implicit grouping appears complicated and may require significant specification efforts. One particular issue that we are not sure is whether the splitting of SSBs between two TRPs would reduce the coverage area of each TRP, while there is no such restriction/split in current specification (i.e., up to network implementation). 
Comparing to Alt.2 and Alt.3, Alt.1 requires the smallest spec change and does not face issues on resource set size limitation and CRI reporting overhead. Hence, Option 1 is preferred.
Proposal 2: Support configuring two CMR resource sets in one CMR resource setting. The two beam/CMR(s) in each reported beam/CMR pair are selected from the two CMR resource sets, respectively.
The two reported beams are expected to be used for simultaneous transmission. When they are used to transmit different data layers, they may cause mutual interference (Figure 2). So, the interference between the two reported beams should be identified by the UE and ensure that the two reported beams have limited mutual interference. However, for L1-SINR based beam reporting in Rel-16, the mutual interference between the two reported beams is not taken into account, as which 2 CMRs can be received simultaneously by UE is unknown when gNB configures IMR set for L1-SINR reporting.
Proposal 3: Mutual interference between the reported beams should be considered for L1-SINR calculation in group based beam reporting.
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Figure 2. Interference between two TRPs
Option 3 (Different beams in different CSI-reports can be received simultaneously)
Then, we further consider Option 1 (different beams in different pairs/groups can be received simultaneously) and Option 3 (different beams in different CSI-reports can be received simultaneously). Similar as Option 2 (different beams within a pair/group can be received simultaneously), Option 1 is another form of group-based beam reporting scheme. Given that they are derived for the same purpose and Option 2 has been supported, we don’t see much motivation to additionally support Option 1. In addition, if different UEs report to support different options, this would require NW to support both options, which have not been properly justified in our view. So, we prefer not to support Option 1.
Option 3 is basically a variant of non-group-based beam reporting. In our estimate, it can be beneficial for scenarios like non-ideal backhaul. For example, in M-TRP case with non-ideal backhaul, if group-based beam reporting (i.e., Option 2) is adopted, the measurement result is reported to one TRP and the TRP further delivers the result to the other TRP. As a non-negligible latency exists on the backhaul link, the result may be outdated when it reaches the other TRP. While, with non-group-based beam reporting, the measurement results of different TRPs can be reported independently to each TRP, still subject to the requirement of simultaneous reception, which avoids the delivery latency between the two TRPs. Hence, in our view, it could be beneficial to support Option 3 in addition to Option 2.
Proposal 4: Support Option 3 (different beams in different CSI-reports can be received simultaneously) in addition to the already agreed Option 2.

3 M-TRP BFR
Resource configuration
It was agreed to configure two BFD-RS sets (i.e., one for each TRP) in the last meeting. One remaining issue is how to configure these BFD-RS sets. There are two options: explicit configuration and implicit configuration. In explicit configuration, a BFD-RS set is explicitly configured for one TRP. Such configuration can be applied for both S-DCI and M-DCI M-TRP cases. 
While, in implicit configuration, BFD-RS for one TRP are derived from the CORESETs associated with the TRP. In particular, the QCL source RS of a set CORESETs associated with the same CORESETPoolIndex value are considered as the BFD-RS for one TRP. Implicit configuration can be readily applied to M-DCI case where CORESETPoolIndex is already defined. In S-DCI case, implicit approach may not work well, and explicit BFD-RS configuration seems more preferable. Furthermore, to reduce indication overhead, in M-DCI case, both explicit and implicit BFD-RS configuration can be supported.
Proposal 5: Support both explicit and implicit BFD-RS configuration for M-DCI case, and explicit BFD-RS configuration for S-DCI case.
· In explicit BFD-RS configuration, two BFD-RS sets are configured for the two TRPs respectively. 
· In implicit BFD-RS configuration, source RS of QCL for the CORESETs associated with the same CORESETPoolIndex are considered as a BFD-RS set.
Another issue is the number of BFD-RS in each set and the total number of BFD-RS across all the sets. In legacy S-TRP BFR scheme, the total number of BFD-RS is up to 2. Such upper bound can be applied for each TRP in M-TRP case. That is, the number of BFD-RS in one BFD-RS set is up to 2 and the total number of BFD-RS across all the sets is up to 4. For a cell configured with two TRP, the total number of configured BFD-RS may be larger than that of a cell with single TRP only. This brings higher requirement on UE capability. So, it is reasonable for the UE to report as a capability the maximum number of BFD-RS in a set and the maximum total number of BFD-RS across all the sets.
Proposal 6: The number of BFD-RS in a BFD-RS set is a UE capability with maximum of 2. The total number of BFD-RS across all the sets is another UE capability with maximum of 4.
In the last meeting, 1-to-1 association between BFD-RS set and NBI-RS set was agreed. The association detail was left for further discussion. Generally, there can be two types of association.
· Option 1: BFD-RS set with ID k is associated to NBI-RS set with ID k, where k=0, 1.
· Option 2: The first BFD-RS set is associated to the first NBI-RS set, and the second BFD-RS set is associated to the second NBI-RS set.
Obviously, the two options only differ in signaling design, rather than performance. Option 1 has slightly larger spec impact as it requires introducing set ID for both BFD-RS set and NBI-RS set, while Option 2 does not. In legacy NBI-RS configuration, the NBI-RS are configured in a list (candidateBeamRSList) without set ID. RAN2 can simply follow such design by introducing two candidateBeamRSLists-R17 as the two NBI-RS sets without introducing NBI-RS set ID. So far, Option 2 seems a better choice. 
Proposal 7: The first BFD-RS set is associated with the first NBI-RS set, and the second BFD-RS set is associated with the second NBI-RS set.
BFRQ
In the last meeting, it was agreed to support configuring up to two PUCCH-SR for one cell group. The default assumption is each PUCCH-SR is configured with one spatial relation. A remaining issue is whether to support configuring two spatial relations for one PUCCH-SR. In our view, when only one PUCCH-SR is configured, it can be beneficial to configure two spatial relations for PUCCH-SR, with which the UE can select one spatial relation to transmit the PUCCH-SR. However, when two PUCCH-SR are configured, there is no need to configure two spatial relations for one PUCCH-SR.
Proposal 8: Support configuring two spatial relations for one PUCCH-SR when only one PUCCH-SR is configured.
For the content of BFRQ, it was agreed to include at least failed CC indices, one new candidate beam for a failed TRP (if found) and indication of whether new candidate beam is found. Whether information of the failed TRP(s) should be reported in BFRQ remains to be discussed.
In our understanding, providing information on the failed accessing TRP to be gNB can be helpful in some situations. Knowing which TRP has failed, the gNB can update the serving beam of that TRP (if new candidate beam was reported) or fallback to S-TRP scheduling with the surviving TRP (if no new candidate beam is found). If information on the failed TRP is not reported, the gNB may not know which TRP has failed.
Some implicit ways to report the failed TRP were proposed before. For example, the gNB can identify the failed TRP according to the reported candidate beam index, if NBI-RS index for different TRPs are different. However, this works only for the case where new candidate beam is found. When new candidate beam is not found, the gNB still cannot identify the failed TRP. Alternatively, the gNB may identify the failed TRP according to the PUCCH-SR adopted for BFRQ transmission, if the two PUCCH-SR resources are associated with two TRPs. However, this may not work for the case where TRP failure status (i.e., the failed TRP) is different across CCs, as the PUCCH-SR may be shared by the involved CCs.
Proposal 9: Support reporting information on the failed TRP via BFRQ when the connection with one TRP has failed.
Another issue is whether to report that the connection to both TRPs have failed. To our understanding, such indication can be beneficial for gNB to stop scheduling as soon as possible, so to reduce erroneous transmissions. In other words, if the connection to one TRP has failed, the UE should report the information of the failed TRP, and if two TRPs are both failed, the UE should report indication of two TRP failure (i.e., total failure on corresponding CC), where information on failed TRP may not be needed in this case. As for how to report such information, it can be left to RAN2 discussion.
Proposal 10: Support reporting an indication of two-TRP (total) failure via BFRQ when the connection to both TRPs have failed.
When two TRPs have failed, the UE may find a new candidate beam for each TRP. In such case, the UE should be allowed to report these two candidate beams to the gNB. Then, the connection with the two TRPs can be recovered via one round of reporting. Otherwise, two rounds of reporting would be needed, which is obviously inefficient.
Proposal 11: Support reporting two candidate beams (each for one failed TRP) via BFRQ when the connection to both TRPs have failed.
BFRR
As for BFRR, Rel-16 SCell BFRR signaling (i.e., DCI with toggled NDI scheduling the same HARQ process ID as the PUSCH carrying BFRQ MAC-CE) is agreed to be used for Rel-17 BFRR transmission. Another issue is UE behavior after receiving BFRR. In Rel-16 SCell BFR scheme, 28 symbols after receiving BFRR, the UE should use the new candidate beam for reception of PDCCH and transmission of PUCCH. While, in Rel-17 BFR, a new candidate beam is only for one TRP and hence it can be only used for PDCCH/PUCCH reception/transmission towards that TRP. 
[bookmark: _GoBack]For PDCCH, in M-DCI case, CORESETs are grouped by CORESETpoolIndex. The PDCCH from different TRPs can be differentiated by CORESETPoolIndex. So, it is feasible to apply the new candidate beam for PDCCH reception in M-DCI case. While, in S-DCI case, UE is unaware of the PDCCH is which each TRP, and whether/how to apply the new candidate beam requires further study/discussion. For PUCCH, in both S-DCI and M-DCI case, there is no explicit association between PUCCH and TRPs. So, the new candidate beam may not be applied for PUCCH transmission directly and may require further study. 
Proposal 12: In M-DCI case, the reported new candidate beam is applied for PDCCH reception form the corresponding TRP, starting from 28 symbols after BFRR reception.
BFR under CA case
In CA case, TRP related configuration may be different in different CC(s). The TRP failure status can be also different across CC(s). For example, the number of failed TRP or the index of the failed TRP can be different. According to Rel-16 SCell BFR scheme, BFR related information (e.g., failed CC indices, new candidate beam, indication of whether new candidate beam is found or not) of different CC(s) are reported independently inside the same MAC CE. Such mechanism can be naturally applied for Rel-17 BFR. That is, when TRP failure status is different across CC(s), the UE can report BFR related information for each CC in the same MAC CE.
Proposal 13: When TRP failure status is different across CC(s), the UE can report BFR related information for each CC in the same MAC CE.
4 Conclusion
This paper discusses issues on BM and BFR for Multi-TRP transmission. In summary, the following proposals are made:
Proposal 1: Support reporting up to N = 4 beam pairs for Option 2 (Different beams within a pair/group can be received simultaneously).
Proposal 2: Support configuring two CMR resource sets in one CMR resource setting. The two beam/CMR(s) in each reported beam/CMR pair are selected from the two CMR resource sets, respectively.
Proposal 3: Mutual interference between the reported beams should be considered for L1-SINR calculation in group based beam reporting.
Proposal 4: Support Option 3 (different beams in different CSI-reports can be received simultaneously) in addition to the already agreed Option 2.
Proposal 5: Support both explicit and implicit BFD-RS configuration for M-DCI case, and explicit BFD-RS configuration for S-DCI case.
· In explicit BFD-RS configuration, two BFD-RS sets are configured for the two TRPs respectively. 
· In implicit BFD-RS configuration, source RS of QCL for the CORESETs associated with the same CORESETPoolIndex are considered as a BFD-RS set.
Proposal 6: The number of BFD-RS in a BFD-RS set is a UE capability with maximum of 2. The total number of BFD-RS across all the sets is another UE capability with maximum of 4.
Proposal 7: The first BFD-RS set is associated with the first NBI-RS set, and the second BFD-RS set is associated with the second NBI-RS set.
Proposal 8: Support configuring two spatial relations for one PUCCH-SR when only one PUCCH-SR is configured.
Proposal 9: Support reporting information on the failed TRP via BFRQ when the connection with one TRP has failed.
Proposal 10: Support reporting an indication of two-TRP (total) failure via BFRQ when the connection to both TRPs have failed.
Proposal 11: Support reporting two candidate beams (each for one failed TRP) via BFRQ when the connection to both TRPs have failed.
Proposal 12: In M-DCI case, the reported new candidate beam is applied for PDCCH reception form the corresponding TRP, starting from 28 symbols after BFRR reception.
Proposal 13: When TRP failure status is different across CC(s), the UE can report BFR related information for each CC in the same MAC CE.
5 
Appendix
Simulation parameters:
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz,
· SCS: 120 kHz
· BW: 80 MHz

	Scenarios
	Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor

	UE Speed
	3 km/h (for outdoor UEs, Dense Urban)

	Transmission Power
	Maximum Power and Maximum EIRP for base station and UE as given by corresponding scenario in 38.802 (Table A.2.1-1 and Table A.2.1-2)

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE Antenna Configuration
	Number/location of Panels
· 3 Panel UEs 
Panel structure
· 1x4x2 (Baseline)
· Other panel structures optional (company to report)

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8, Table A.2.1-10

	Beam correspondence
	Not involved

	Link adaptation
	Based on CSI-RS

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes (other value is not precluded).
Other traffic models including the full buffer are not precluded.

	Inter-cell mobility related
	Companies to explain cell association scheme

	Panel Blockage Modeling
	Not involved 

	MPE Modeling
	Not involved

	UE-side panel switching latency
	Not involved

	UE Mobility, trajectory handling and UE rotation
	Not involved

	Inter-panel calibration for UE
	Ideal, non-ideal following 38.802 (optional) – Explain any errors

	Control and RS overhead
	Not involved

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	DFT

	Transmission scheme
	Not involved

	Algorithm details (when applicable)
	Beam reporting mechanism: Report beam with best RSRP
Beam metric: L1-RSRP
Number of active panels: 2

	Performance metrics (when applicable) 
	RSRP
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