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


Agreements on M-TRP BFR
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 BFR-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)



2 M-TRP BM
In previous meetings, three beam reporting schemes were discussed and Option 2, i.e., beams in a reported beam group can be received simultaneously, was agreed with details for further study. And Option 1 and Option 3 were also left for further discussions.
Option 2 (Different beams within a pair/group can be received simultaneously)
For Option 2, one remaining issue is the number of beam pairs N that can be reported in a single report. There are two options.
· Alt-1: N = {1, 2} 
· Alt-2: N = {1, 2, 3, 4} 
In our view, the maximum values of N impacts scheduling flexibility, especially for MU case. To illustrate this, SLS evaluation is conducted. Figure 1 shows the evaluation results with different numbers of beam pairs in a single report, 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 reported beam pairs, interference can be suppressed with flexible pairing of gNB 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, compared with reporting 2 beam pairs, 6.3% throughput gain can be achieved by reporting 4 beam pairs. Hence, it is beneficial to support N = {1, 2, 3, 4}, while the exact number of N can be configured by gNB.
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Figure 1. Performance with N = 1, 2, 4 beam pairs in a single report
Proposal 1: Support reporting up to N = 4 beam pairs in a single report, where the value of N is configured by gNB.
For Option 2, another issue is the configuration of measurement resources for the two TRPs. There were two options discussed in the last meeting.
· Alt-1: Resources of one TRP are configured in one resource set.
· Alt-2: Resources of one TRP are configured in one subset of a resource set.
Alt-2 is similar to the design of M-TRP CSI. However, we do not immediately see that it is necessary for M-TRP BM to follow the design of M-TRP CSI, as they serve different purposes. In practical system, the M-TRP BM and M-TRP CSI could be two-stage measurements, with BM as the first step to measure rough channel quality of a large amount of candidate beam pairs and CSI as the second step to measure fine channel quality of a smaller number of selected beam pairs. Moreover, adopting Alt-2 for M-TRP BM will bring up several problems. 
Firstly, configuring resources of both TRPs in one resource set will restrict the number of resources for each TRP, i.e., the number of resources for each TRP is halved compared with configuring two resource sets. Doubling the size of resource set is not a valid solution as it requires UE to double its parallel processing capability. For example, the resources in an aperiodic CSI-RS resource set are transmitted within one slot. Doubling the size of aperiodic CSI-RS resource set would require the UE to measure twice the amount of resources within a slot, which is quite challenging for UE implementation. On the other hand, with two resource sets, one for each TRP, the resource sets can be assigned with different slot offsets, with which the UE complexity can be mitigated. 
Secondly, with current specification, there are restrictions upon resources in one resource set. For example, CSI-RS resources in one resource set should have the same number of ports and RBs, the same starting RB, the same density, etc. If the resources of TRPs are configured in different subsets of a resource set, the resources of different TRPs will be facing such restrictions by default. However, such restriction may not be really necessary for resources of different TRPs, as the two TRPs may have different number of antennas, beams, etc. 
Thirdly, introducing subsets under resource set will bring huge spec impacts like subset configuration, redefining CRI, introducing new UE feature and modifying legacy UE features including but not limited to:
•	maxNumberSSB-CSI-RS-ResourceOneTx
•	maxNumberCSI-RS-ResourceTwoTx
•	maxNumberResWithinSlotAcrossCC-AcrossFR-r16 
•	maxNumberResWithinSlotAcrossCC-OneFR-r16
While it could be feasible to introduce subsets under resource set, the specification efforts to address the issues listed above are expected to be significant, and not worthwhile. Instead of pursuing alignment with M-TRP CSI, a more feasible direction is to maximize reusing the existing BM framework, i.e., Alt-1, the only spec impact of which is to extend the number of resource sets to be measured from 1 to 2.
Proposal 2: Support configuring measurement resources of one TRP in one resource set.
The two reported beams are expected to be used for simultaneous transmission from two TRPs towards one UE. When they are used to transmit different data layers, they may cause mutual interference (Figure 2). So, if possible, the interference between the two reported beams should be quantified by the UE, and reflected in the report to gNB. To this end, group-based L1-SINR reporting is a promising direction, where the L1-SINR calculation for each beam in the reported beam pair may assume other beam in the reported beam pair as interference, with which the mutual interference between the reported beams are naturally reflected in the L1-SINR and reported to gNB. 
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. So, we prefer not to introduce Option 1 in Rel-17.
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) especially for non-ideal backhaul cases.

3 M-TRP BFR
Resource configuration
One remaining issue is the maximum number of BFD RS in each BFD-RS set. 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.
Proposal 5: The number of BFD-RS in one BFD-RS set for M-TRP BFR is up to 2.
BFRQ
Another issue of interest is the principle to select the PUCCH-SR resource when two PUCCH-SR resources are configured. Three options were listed for down selection.
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set is selected
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set is selected
· Alt-3: Leave it to UE implementation
In our understanding, Alt-1 and Alt-2 are two equivalent solutions, depending on how BFD-RS set is associated with PUCCH-SR resource. In Alt-1, each PUCCH-SR resource corresponds to a TRP and is configured with a spatial relation towards the TRP. When beam failure is detected on one TRP, the PUCCH-SR resource corresponding to the other TRP should be selected. While, in Alt-2, each PUCCH-SR resource is to carry BFRQ for a TRP but has been configured with a spatial relation towards the other TRP already. When beam failure is detected on one TRP, the PUCCH-SR resource corresponding to the failed TRP is selected (as it is to be transmitted towards the other TRP). We are open to both alternatives with a slight preference on Alt-1.
Proposal 6: Support selecting the PUCCH-SR resource associated with the other/non-failed BFD-RS set for BFRQ transmission.
In the last meeting, it was discussed how to report the index of the failed TRP. Basically, there were two options mentioned.
· Alt-1: Index of the BFD-RS set with beam failure is reported explicitly in the MAC CE
· Alt-2: If a resource index representing the identified candidate beam exists in the MAC CE, the index of the BFD-RS set with beam failure is implicitly indicated via this resource index representing the identified candidate beam; otherwise, the index of the BFD-RS set with beam failure is reported explicitly in the MAC CE.
In our reading, Alt-2 looks more complicated, such as indexing of NBI-RS across two NBI-RS sets, but without a clear benefit. So, we prefer Alt-1 at this point.
Proposal 7: Support reporting index of BFD-RS set with beam failure explicitly in BFR MAC CE.
BFR under CA case
In R17, RAN1 should focus or prioritize the use case where a cell (SpCell or SCell) is configured with two BFD-RS sets and two NBI-RS sets (i.e., M-TRP BFR). The BFR-related interactions across CCs can be discussed at a later stage or left to RAN2. 
For SpCell, if beam failure is detected in one BFD-RS set, the UE shall identify a new beam from the NBI-RS set associated with this BFD-RS set and report it to the gNB via R17 MAC CE (possibly over the link towards the other non-failed TRP). If there is no new beam identified, indication of no new beam identified can be reported via R17 MAC CE. While, if beam failure is detected in both BFD-RS sets (the links to two TRPs have both failed), the UE shall identify a new beam from the two NBI-RS sets and report it to the gNB via RACH-based BFR procedure, if configured. If there is no new beam identified, the UE does nothing same as R15 BFR procedure.
Proposal 8: For SpCell configured with two BFD-RS sets,
· if beam failure is detected in only one BFD-RS set, the UE shall report one new beam or indication of no new beam identified for that BFD-RS set via R17 MAC CE;
· if beam failure is detected in both BFD-RS sets and a new beam is identified from any of configured NBI-RS sets, the UE should fallback to RACH based BFR procedure if configured.
For SCell, if beam failure is detected in one BFD-RS set, the UE shall identify a new beam in the NBI-RS set associated with the BFD-RS set and report it to the gNB via R17 MAC CE (possibly over the link towards the other non-failed TRP). If there is no new beam identified, indication of no new beam identified is reported via R17 MAC CE. While, if beam failure is detected in both BFD-RS sets, the UE shall try to identify a new beam from the NBI-RS set associated with each BFD-RS set. In each NBI-RS set, the UE may or may not found new beam available for use. The UE report such information to the gNB via R17 MAC CE. Namely, for each BFD-RS set, the UE reports one new beam or indication of no new beam identified via R17 MAC CE (possibly over SpCell).
Proposal 9: For SCell configured with two BFD-RS sets,
· if beam failure is detected in only one BFD-RS set, the UE shall report one new beam or indication of no new beam identified for that BFD-RS set via R17 MAC;
· if beam failure is detected in both BFD-RS sets, UE shall report one new beam or indication of no new beam identified for each BFD-RS set via R17 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 in a single report, where the value of N is configured by gNB.
Proposal 2: Support configuring measurement resources of one TRP in one resource set.
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) especially for non-ideal backhaul cases.
Proposal 5: The number of BFD-RS in one BFD-RS set is up to 2.
Proposal 6: Support selecting the PUCCH-SR resource associated with the other/non-failed BFD-RS set for BFRQ transmission.
Proposal 7: Support reporting index of BFD-RS set with beam failure explicitly in BFR MAC CE.
Proposal 8: For SpCell configured with two BFD-RS sets,
· if beam failure is detected in only one BFD-RS set, the UE shall report one new beam or indication of no new beam identified for that BFD-RS set via R17 MAC CE;
· if beam failure is detected in both BFD-RS sets and a new beam is identified from any of configured NBI-RS sets, the UE should fallback to RACH based BFR procedure if configured.
Proposal 9: For SCell configured with two BFD-RS sets,
· if beam failure is detected in only one BFD-RS set, the UE shall report one new beam or indication of no new beam identified for that BFD-RS set via R17 MAC;
· if beam failure is detected in both BFD-RS sets, UE shall report one new beam or indication of no new beam identified for each BFD-RS set via R17 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
	Yes

	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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