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1 Introduction
In RAN1 #103-e meeting [1], the following agreements were achieved for M-TRP beam management. In this paper, we further discuss the remaining issues.
	Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option
Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including  L1-RSRP, threshold
Agreement
Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS
Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure



2 M-TRP BM
In the last meeting, three options for CSI reporting for M-TRP cases were agreed to be down selected.    
Firstly, we prefer to support both group-based reporting and non-group-based reporting for M-TRP beam management, as they were both supported for legacy beam management in both Rel-15 (L1-RSRP based BM) and Rel-16 (L1-SINR based BM). These two schemes provide good flexibility for gNB implementation under different scenarios. There is no reason to exclude one of them in R17. So, the solutions for both group-based and non-group based CSI reporting should be supported.
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where Beam #1 can not be with Beam {#2 , #3} for simultaneous reception
Figure 1. Example of group-based reporting
Option 1 and Option 2 are mainly for group-based beam reporting. For Option 1, the beams in different groups can be received simultaneously. In other words, any combinations of beams in different groups can be received simultaneously. However, some combinations of beam pairs are misunderstanding between gNB and UE. For example, as shown in Figure 1, beam #1 and #2 of TRP 1, and beam #3 and #4 of TRP 2 can form three beam pairs for simultaneous transmission: {#1, #4}, {#2, #3}, {#2, #4}. But, beam {#1, #3} cannot be used for simultaneous transmission as they are in different Rx beams on the same receiving panel (only one beam per panel for reception). According to Option 1, if the UE report group 1 {#1, #2} and group 2 {#3, #4}, gNB will get four beam pairs including pair {#1, #3}. If the UE report group 1 {#2} and group 2 {#3, #4} to the gNB, the gNB will only get two beam pairs where the pair {#1, #4} is missing. So, the example shows that the grouping scheme in Option 1 is difficult to reflect the simultaneous beam reception.
While, in Option 2, the beams in a group can be simultaneously received by UE. Hence, the UE can directly report the three beam pairs {#1, #4}, {#2, #3}, {#2, #4} to the gNB, without any problem of incorrect reporting or missing useful beam pair. So, Option 2 is much more flexible on beam pair reporting than Option 1. In addition, the interference between beams can be easily reflected in the reported beams for Option 2, while it is difficult in Option 1.
As for the concern that overhead of Option 2 is larger than Option 1 mentioned by some companies in the last meeting, we do not think it is true. If all of beam combinations for simultaneously reception are reported, Option 2 may have more reporting than Option 1 due to more flexibility combinations provided by Option 2. However, in Option 2, the measurement on beam pairs are more accurate with considering mutual interference. Actually only the best beam pairs will be reported. So, the overhead of Option 2 in sometimes is less than Option 1. 
Based on the above discussion, we have the following view,
Proposal 1: For group based beam reporting, Option 2, i.e., beams in a group can be simultaneously received by UE, should be supported.
For Option 3, the solution can be used for non-group-based beam reporting. Beams can be reported in different CSI reports, while the beams in different reports can be received simultaneously. Since non-group-based beam reporting is supported in NR systems and widely used, the non-group-based beam reporting also should be supported in M-TRP scenarios. Furthermore, Option 3 can be used for non-ideal backhaul, while Option 1 and Option 2 are mainly for ideal backhaul. In the following, we provide an example to show the use case of Option 3: TRP #1 was originally used for data transmission towards a UE. Then, the gNB want to check whether TRP #2 can be used for transmission towards the UE together with TRP #1. To this end, Option 3 can be used. In particular, the gNB can configure a new reportConfig to the UE for beam reporting of TRP #2. The new reportConfig is associated with the one for beam reporting of TRP #1. In this case, the UE will report the beams of TRP #2 that can be received simultaneously with the beams of TRP #1. 
Then, for the concern that latency for the multiple reports, it is based on the configuration and gNB scheduling. Actually, the associated reports can be configured and scheduled with short delay.
Proposal 2: For non-group-based beam reporting, Option-3, i.e., beams in different CSI-reports can be simultaneously received by UE, should be supported. 
Another issue discussed in the last meeting is about the number of beam pairs and the number of beams in each pair. In the M-TRP scenarios, the number of beams in each pair is sufficient with 2, which is equal to the number of TRPs for measurement. However, the number of beam pairs can be extend for better scheduling flexibility. Figure 2 shows the SLS evaluation results for different number of beam pairs, where MU scheduling is assumed, each TRP is assumed with 64 beams for sweeping totally. With multiple beam pairs for selection, interference can be well eliminated 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. Other detailed simulation assumption are given in the Appendix.
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Figure 2. Performance gain with more than 1 beam group reported
Proposal 3: The number of beam groups in group-based beam reporting can be 1, 2, or 4.
One more issue discussed in last meeting is about resource configuration in group-based beam reporting. There are following two options are mainly discussed in the last meeting. 
· Option 1: One resource set is configured in one resource setting, in which each resource is associated with a TRP-identifier
· Option 2: Two resource sets are configured in one resource setting, with each resource set associated with a TRP
In Option 1, the UE differentiate resources of different TRPs by TRP-identifier. To this end, Rel-17 needs to introduce a new TRP-identifier or extend CORESETPoolIndex to S-DCI case, both bring much more spec impact. While, with Option 2, the UE differentiate resources/beams of different TRP by resource set, without the definition of TRP-identifier.
Proposal 4: Support configuring two resource sets in one resource setting with each resource set associated with a TRP.
The two reported beams are used for simultaneously transmission. When they are used to transmit different data layers, they may cause mutual interference (Figure 3). So, the interference between the two reported beams shall 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 5: Mutual interference between the reported beams should be considered for L1-SINR calculation in group based beam reporting.
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Figure 3. Interference between two TRPs

3 M-TRP BFR
3.1 BFD-RS Configurations
In the last meeting, it was agreed to support TRP-specific BFD-RS set configuration. One remaining issue is how to configure the BFD-RS sets. There are two options: explicit configuration and implicit configuration. For the explicit configuration, a BFD-RS set is configured for each TRP. From the current structure for multi-TRP transmission, explicit configuration of BFD-RS can be used for both single DCI and multi-DCI based cases.
For the implicit configuration, the BFD-RS sets are not explicitly configured for each TRP, it may be derived from a set of CORESETs. Similar as Rel-15/16, the QCL source RSs of a set CORESETs associated with the same CORESETPoolIndex value can be regarded as the BFD-RS of a TRP. To avoid to introduce new definition of CORESETs sets for single DCI case, implicit configuration may be only suitable for M-DCI case since CORESETPoolIndex is already defined. 
In other words, explicit BFD-RS configuration can be used for S-DCI case, while both explicit and implicit BFD-RS configuration can be used for M-DCI case. Supporting both explicit and implicit BFD-RS configuration allows for better flexibility of implementation. Hence, we have the following proposal.
Proposal 6: Support both explicit and implicit BFD-RS configuration for M-DCI case, whilst support explicit BFD-RS configuration only for S-DCI case.
· In explicit BFD-RS configuration, two BFD-RS sets are configured for two TRPs respectively. 
· In implicit BFD-RS configuration, source RSs of QCL for the CORESETs associated with the same CORESETPoolIndex are regarded as a BFD-RS set.
[bookmark: _GoBack]It was also agreed to support TRP-specific NBI-RS set configuration. Namely, at least two NBI-RS sets are configured with each corresponding to one TRP. One remaining issues is the association between BFD-RS set and NBI-RS set. To avoid complicated configuration and indication, we prefer to support 1-to-1 association between BFD-RS set and NBI-RS set. Actually, the associated BFD-RS set and NBI-RS set are corresponding to one TRP. Once beam failure is detected in one BFD-RS set, the UE will attempt to find a qualified candidate beam in the associated NBI-RS set and report it to the gNB. According to the reporting, the gNB knows BFR is conducted on which TRP and applies the new beams on the TRP. In other words, with the association between BFD-RS set and NBI-RS set, TRP is transparent to the UE during the BFR procedure.
Proposal 7: Support 1-to-1 association between BFD-RS set and NBI-RS set.
Regarding the number of BFD-RS in each set and the total number of BFD-RS of all the sets. In single-TRP BFR scheme, the total number of BFD-RS is restrict to 2. Such restriction can be applied for each TRP in M-TRP case. That is, the max number of BFD-RS in one set is 2 and the total number of BFD-RS is 4 considering that there are two BFD-RS set.
Proposal 8: Support configuring two BFD-RS set, each associated with at most 2 BFD-RS resources.
3.2 BFRQ Configurations
Regarding the number of PUCCH-SR resources. We prefer two dedicated PUCCH-SR resources, each having one spatial relation and associated with a TRP. When beam failure occurs on one TRP, BFRQ can be sent via the PUCCH-SR associated with the other TRP. It is more flexible and robust way for the BFRQ in multi-TRP case. If only one PUCCH-SR, two spatial relations need to be configured in the PUCCH-SR resource, which may imply two beams need to be simultaneously transmitted for PUCCH-RS. At this stage, we do not think it is necessary to introduce multi-beam transmission from UE. 
Proposal 9: Support to configure two dedicated PUCCH-SR resources, each associated with one spatial relation.
For the content of BFRQ, at least the RS index corresponding to the new candidate beam can be included. Furthermore, if there is no qualified candidate beam, an indication of this should also be included in BFRQ. In addition, in order for the gNB to know which TRP is executing BFR, the TRP related info should also be reported. As TRP index is not supported, the TRP related info can be the info of the BFD-RS set ID or the NBI-RS set ID.
Proposal 10: The following contents are included in BFRQ:
· RS index corresponding to new candidate beam
· Indication of un-qualified candidate beam
· Index information of failed TRP

4 Conclusion
This paper discusses the issues of current specification on beam management enhancement for Multi-TRP transmission. In summary, the following proposals are provided:
Proposal 1: For group based beam reporting, Option 2, i.e., beams in a group can be simultaneously received by UE, should be supported.
Proposal 2: For non-group-based beam reporting, Option-3, i.e., beams in different CSI-reports can be simultaneously received by UE, should be supported. 
Proposal 3: The number of beam groups in group-based beam reporting can be 1, 2, or 4.
Proposal 4: Support configuring two resource sets in one resource setting with each resource set associated with a TRP.
Proposal 5: Mutual interference between the reported beams should be considered for L1-SINR calculation in group based beam reporting.
Proposal 6: Support both explicit and implicit BFD-RS configuration for M-DCI case, whilst support explicit BFD-RS configuration only for S-DCI case.
· In explicit BFD-RS configuration, two BFD-RS sets are configured for two TRPs respectively. 
· In implicit BFD-RS configuration, source RSs of QCL for the CORESETs associated with the same CORESETPoolIndex are regarded as a BFD-RS set.
Proposal 7: Support 1-to-1 association between BFD-RS set and NBI-RS set.
Proposal 8: Support configuring two BFD-RS set, each associated with at most 2 BFD-RS resources.
Proposal 9: Support to configure two dedicated PUCCH-SR resources, each associated with one spatial relation.
Proposal 10: The following contents are included in BFRQ:
· RS index corresponding to new candidate beam
· Indication of un-qualified candidate beam
· Index information of failed TRP

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
· 2,3,4 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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