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1. Background
This document summarizes round #3 discussion on Rel.17 MIMO AI 8.1.2.3, beam management for M-TRP simultaneous transmission with multiple Rx panels. 
2. Discussion 
2.1. Beam measurement/reporting 

It was agreed in round #2 discussions to down select at least one from the following options on beam measurement/reporting for inter-TRP beam pairing. For each option, several FFS issues are highlighted. 

	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




Companies are invited to share their views on the following questions: 
· Q1: One preferred option, reasons for support, and understanding on related FFS issues

· Q2: Whether the company is against any particular option(s) and technical reasons/concerns

FL observation: 
It is clear from the email discussion that companies have diverging views as to which option(s) is to be supported. Given these options were just agreed on Monday, Nov. 9th, FL proposes to further study these options and make a decision in RAN1#104-e. 
	Company
	Views

	Apple
	Our understanding is that we will not make any down-selection or further agreement about the down-selection. We feel different options may have different use cases, pros and cons. 
In Rel-15, option 1 and option 2 have been widely discussed, and option 2 may lead to large overhead, but it can provide some flexibility for beam pairing in UE side. Option 1 is with small overhead and can provide flexibility for beam pairing in gNB side. 
Option 3 is a new scheme. Some details are not quite clear, e.g. how to build the connection for the two reports. If we assume the CSI reports should be reported by different PUCCH/PUSCH resources in option 3 (2 CRC may be required), we think we can observe the following:
· Overhead: Option 2 > Option 3 > Option 1

· Latency: Option 1 = Option 2 < Option 3
We will provide our further study at next meeting.

	Sony
	We share similar memory with Apple that in Rel.15, both options were comprehensively discussed under single-TRP scenario. The final compromised result is one group with simultaneously receivable 2 beams. One may interpret it as either Option 1 or Option 2. 

Back to technical aspects, for Option 1, we would like to further read it as per UE panel measurement and reporting. More specifically, each UE panel can be configured to measure DL beams from M-TRP and report one or more DL beam(s) as a group. With grouped beam reporting, there is scheduling flexibility for NW side to combine different DL beams from different groups. 
For Option 2, we think it’s highly up to UE implementation to form the Rx beam set(s). Each set can simultaneously receive multiple DL beams. A UE reports up to N groups to NW side which carry out DL scheduling by selecting one out of N groups. 

For Option 3, it is surely a new option which at least require two mutually related CSI report. One concern for this scheme would be latency, if NW cannot get the two reports at the same time, then NW would be wait for a while to get both reports from UE.
Finally, our preference is listed as Option 2 > Option 1 > Option 3. But we also feel that as Apple mentioned, if there is no easy down-selection, we are also open to have compromised solution, i.e. supporting more than 1 options and specifying related UE capability and RRC parameter.

	NTT DOCOMO
	First, we think Option 3 should have the lowest priority. Because multiple CSI reporting configurations are needed and larger spec. impact is required, e.g., the association of CSI reporting configurations and the coordination/handling of the two configurations, measurements as well as two reports on PUCCH/PUSCH.

Second, both Option1 and Option2 are enhanced group-based beam reporting methods and they can be further considered. If we have to down select one option, we prefer Option2 since it considers the inter-TRP/inter-beam interference for a reported beam pair, which is beneficial for beam pairing at NW for NCJT.
Hence, to sum up, our view is: Option 2 >= Option 1 > Option3.

	OPPO
	Option 1 vs Option 2:  It looks like Option 1 can only support L1-RSRP based measurement but can not support L1-SINR. In contrast Option 2 can support both L1-RSRP and L1-SINR measurement.  Furthermore, Option 1 seems to make more assumption on the UE implementation limitation. For example, if the UE can receive a1/b1, a1/b2, a2/b1 simultaneously but the UE cannot receive a2/b2 simultaneously. If option 1 is used, the UE would only report {a1}, {b1, b2} because the UE can not include a2 inside. But if option 2 is used, the UE would report {a1,b1},{a1,b2} and {a2,b1}. Obviously, Option 1 does not report the full information here.
Option 3: the functionality provided by Option 3 can be provided by option 1 too. So, option3 shall have low priority.

Thus, our preference is : Option 2 > Option 1 > Option 3.  And regarding the down-selecting, we do not support to specify all the options because they could provide same functionality. 

	APT
	As we have mentioned in reflector before GTW, Option 1 and Option 2 have been discussed in Rel-15. The current group-based beam report in Rel-15/16 spec is a common part of these two options. As also mentioned by Apple and Sony, both have their advantages and use cases. In that regard, when we introduce enhancements of group-based beam report, it makes sense to us that we support both Option 1 and 2. Regarding Option 3, we do not have strong view. Nonetheless, it is indeed accompanied with more uncertainties on how to achieve it. 

	Qualcomm
	Option 2 should be supported as the main scheme, whose basic form is already in R16

Option 1 and 3 may be supported as supplementary schemes to Option 2 if the use case is for panel specific beam report, i.e. each group/report is associated with a different UE panel. 
· In this case, UE can report multiple beams associated with each panel, so that gNB can know the feasibility of each beam pair for simultaneous Rx by checking the beam groups associated with different panels. 
· Among those feasible beam pairs with good L1-RSRP, gNB can further identify the best beam pair with small cross-beam interference via Option 2. 
· In summary, Option 1 and 3 may provide feasible beam pairs associated with different panels, while Option 2 further identifies best feasible beam pair by configuring CMR/IMR to measure/verify cross-beam interference. So we support Option 1 and 3 under the condition that each group/report is associated with a different UE panel. 

	Xiaomi
	We think Option 3 should be considered with lower priority than Option 1 and Option 2. Since Option 3 is a new scheme that large spec impact will be introduced. In addition, as Apple and Sony said, there may be a long latency with Option 3.

For Option 1 and Option 2, both are already supported in current spec. We slightly prefer Option 2 since it can provide all combinations clearly and can support interference reporting within pairs/groups. While Option 1 can also be considered to support panel specific beam group.

So our preference is Option 2 >= Option 1 > Option3.   

	ZTE
	Firstly we indeed share the same views with Apple, Sony, APT (maybe NTT DOCOMO also) that we support both Option 1 and Option 2 that can be used for respective usages. 

· As Qualcomm mentioned, Option 1 is beneficial for DL panel-specific beam management and is also relevant to fast UL panel switching. For instance, for mDCI case in mTRP, the different groups can be associated with two different TPRs, and consequently the subsequent beam refinement and CSI measurement for two TRPs can be performed independently. Thus we agree with Qualcomm that in such case each group should be associated with a different UE panel.

· In another case, e.g., L1-SINR reporting and sDCI in mTRP, Option 2 can enable UE to perform inter-beam/panel interference and provide a better spatial multiplexing (high-RANK DL transmission).

In our views, Option-1 and Option-2 can well leverage non-ideal backhaul to coordinate certain delay tolerant information for beam reporting. Regarding Option-3, our concerns are about what is the benefit even in the non-ideal backhaul scenario as some proponents mentioned before. Some evaluation results seems to be necessary for double checking. 

Hence, to sum up, our view is: Option-1= Option-2 > Option-3.

	LGE
	Q1: We can support option 2 and option 3. For option 2, we prefer to increase only the number of pairs/groups, not beams within a pair/group. For option 3, M can be 4 as legacy non-group-based beam reporting, and N can be at most 2 considering 2-TRP simultaneous DL transmission/reception.

· Regarding FFS: Association between different beams in above options and different TRP/UE panels
· In the current agreement, since there is no enhancement point on option 1/2 itself compared to Rel-15 group-based beam reporting except the possible increase of the number of beam(s) and/or group(s), we can discuss the details on enhancement to facilitate inter-TRP beam pairing after we down-select at least one of option.

· For the last FFS point, FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option
· We prefer to restrict that different beams within a pair/group cannot be received by same spatial filter on option 2, and different beams in different reports cannot be received by same spatial filter on option 3. This is because the WID said that these M-TRP beam management enhancements is for simultaneous multi-TRP transmission with multi-panel reception, and different beams within a pair/group and/or different beams in different reports should be assumed to be received by different Rx panel on UE side.

	MediaTek
	In Rel-15/16, group-based reporting is not prerequisite for MTRP operation in FR2. On the other hand, non-group-based reporting is supported and used more widely. We understand that Option1/Option2 is the majority choice, but we believe Option 3 and Option1/Option2 should to be on an equal footing. 
According to the agreed FFS: Identify new use cases per option compared with R16 (including backhaul), we see non-ideal backhaul is a valid and practical use case. However, neither Option 1 nor Option 2 can efficiently provide beam group information to each TRP in non-ideal backhaul scenarios. Option 3 is a natural solution for this use case since each TRP can receive the CSI-report from the UE separately. Differentiating the reported beams that can be received simultaneously or that cannot be received simultaneously can be achieved by a default assumption in the specification, or UE can provide an additional indication along with each reported beam. 

Regarding latency, we don't see Option 3 will cause larger latency due to it requires separate PUCCH transmissions. That highly depends on NW scheduling and implementation.

Regarding spec impact, we see all three options will cause spec impact. For Option 1 and Option 2, they are NOT already supported in current spec, additional enhancements are still needed. For example, multiple CMR resource sets associated with different TRPs or TRP-index associated with each CMR resource should be introduced to facilitate inter-TRP beam pairing. Compared to Option 2 and Option 3, no additional spec effort is needed to facilitate inter-TRP beam pairing since each CSI-report can be naturally and transparently associated with one of the TRPs by NW.
In summary, the priorities of the three options should depend on the use cases as follows:

· Ideal backhaul: Option 2, Option 1 > Option3

· Non-Ideal backhaul: Option3 > Option 2, Option 1



	Huawei, HiSilicon
	Support Option 2 and Option 3, where Option 2 is for group based beam reporting and Option 3 is for non-group based beam reporting. 

Then, for Option 1, there are some issues:

1. Inter beam interference is difficult to reflected in the reported beam groups.

2. The flexibility of beam pairing reporting will be missing for Option-1: following is an example, beam 2 and 3 can be received simultaneously and with the best performance, but beam 1 and 3 cannot be received simultaneously. Then, how to report beam groups for Option-1?  For Option-2, it is flexible to report beam pairs in a group for {beam 2, beam3} or {beam 1, beam 4}…...
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Then, for the comment on reporting overhead, we do not think it is an issue for Option-2, since the reporting is wideband, and the number of reported groups can be restricted (select the best 1/2/4 beam groups to be reported). 

	Samsung
	For option 1 and option 2, we prefer option 2 as option-2 could better support L1-SINR based beam reporting. Further, as mentioned by several companies, option-2 could exploit all necessary information while option-1 may not be able to provide the full information for the NW to perform beam pairing. We do understand that option 1 and option 2 could have their own use cases, so our preference for the group based beam reporting enhancement is option 2 > option 1. If both are supported, we suggest to identify conditions/use cases first for each option.

For option 3, the non-group based beam reporting, we are unable to identify the benefit so far. Even for non-ideal backhaul, group based beam reporting can still work by configuring two report settings each corresponding to a TRP. One may argue that this would increase the uplink overhead, but the non-group based beam reporting also needs extra association signaling/indication to work, which would also be a source of overhead. Some other examples were provided trying to highlight the benefit/different use cases of the non-group based strategy, but they either rely on certain favorable assumptions or have invalid analysis. We are still OK to study option 3 as long as valid use cases can be identified. So from our opinion, for now, option 3 should be the lowest priority.


	Lenovo/MotM
	Option 1 can well support multi-DCI based multi-TRP mode. It requires that any one beam from the beam group for one TRP can be simultaneously received with any one beam from the beam group for the other TRP to support the independent scheduling by each TRP in any slot. By option 1, all beams in one group can be assigned for one TRP and different beam groups can be assigned for different TRPs. Any one beam form one group can be simultaneously received with any one beam from the other beam group. 

Option 2 can will support single-DCI based multi-TRP mode, where any two beams from a group can be mapped to a TCI codepoint for the TCI indication for single-DCI based NCJT transmission because they can be received simultaneously.
So we think both option 1 and option 2 should be supported.

We are open to study option 3 with lower priority, because we are unable to identify the benefit compared with group based beam reporting.

	CMCC
	For option 1 and option 2, we prefer option2 since option2 is more flexible for beam pairing and could better support L1-SINR.
For option 3, we do not see its benefit over option 2 at least for ideal-backhaul case. But we are open to study it with lower priority.

	Nokia, NSB
	Q1: We support option 2 for group-based beam reporting, and support option 3 for non-group-based reporting especially for non-ideal backhaul.

If CSI-resources grouping to a TRP is provided, option 1 and option 2 are very similar. But, in this case, Option 2 is preferable because UE may consider optimal pairing of two beams when determining reporting beam pair, while option 1 doesn’t provide the information. 

Option 3 is useful for M-DCI based M-TRP, where two TRPs are independent. Also, non-ideal backhaul is the most important use case, and scheme without frequent backhaul signaling should be supported.

For both option 1 and option 2, UE’s CSI report is sent to a TRP, and the CSI report is required to be exchanged with another TRP including additional scheduling information of the TRP. The exchange may happen at every beam report. For non-ideal backhaul case, only long-term information can be exchanged, so it cannot handle the fast beam update. Option 3 supports this case by maintaining independent scheduling/reporting with UE’s assistant for simultaneous reception capacity when selecting beams for CSI reporting.

· For FFS of Option 3: a CSI-ReportID can be included as an optional parameter in the other CSI-Report setting. This can be included in both or either of CSI-Report settings.   

Regarding to Samsung’s proposal having two group-based beam report settings, there are still ambiguity on configuration of two CSI report. Without backhaul signaling, one TRP doesn’t have enough information of beams to schedule in the other TRP. Also, for AP-CSI reporting, the triggering of CSI-Resource should be aligned. If two CSI-resources are different, it has problem of waste of CSI resources and misalignment of CSI-resource sets in two configurations. Regarding uplink overhead, assuming separate ACK/NACK, CSI report etc, separate beam reporting is natural way. 

 Regarding to the value of M and N. 

· For option 2, M=2 and N is either upto 2 or 4.  

· For option 3, M is upto 4 as in Rel-15, N should be 2 at least for Rel-17.

Either to use single or multiple spatial domain filter is up to UE implementation. It is not necessary to be known to gNB. If a UE has wider beam to receive two beams in a panel, it can be reported with the consideration of UE’s MIMO capability. 

Q2: Option 1 and Option 2 are alternative solutions. So, we don’t support option 1. 

	AT&T
	For group-based beam reporting, option 2 is more preferrable for beam pairings and reports and can be used with both L1-RSRP and L1-SINR.

For non-group based beam reporting, option 3 can be considered after studying the benefits to be added to enhancements on group based beam reporting 

	Ericsson
	Agree with DOCOMO that Option 3 should have the lowest priority.  As noted by Apple and others, there may be latency issues associated with Option 3.

Option 1 or 2 would achieve similar purpose as they are alternative group-based beam reporting schemes.  We feel it is not necessary to support both Option1 and Option 2.  As mentioned by OPPO, CMCC and Samsung, L1-SINR reporting may be a bit tricky with Option 1, whereas Option 2 should support L1-RSRP and L1-SINR based reporting in a straightforward way.  Hence, our preference is Option 2.

Our order of preference is Option 2 > Option 1 > Option 3.  To minimize spec impact, we strongly suggest to down select only one option.

	FUTUREWEI
	Q1: we support Option 2 as it provides better support for beam pairing and L1-SINR based reporting.


2.2. M-TRP Beam failure recovery 
2.2.1. BFD-RS configuration

The following agreement was reached for M-TRP BFR in RAN1#103-e. 

	· 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




For implicit BFD-RS configuration, two possible options exist. 

· Option 1: all CORESETs in the BWP/CC are divided into multiple groups (e.g. each corresponding to a TRP/panel), and BFD-RS set k is implicitly derived from the corresponding CORESET group k (e.g. k = 0, 1, 2 …). There are views that this option applies to both partial-BFR (in case supported), S-DCI and M-DCI M-TRP.

· Option 2: BFD-RS is explicitly derived from CORESETs with a given CORESETPoolIndex (e.g. k = 0, 1).  

Companies are invited to share their views on

· Q1: choice of option (or other alternatives) for implicit BFD-RS configuration, and technical motivations/concerns. 

· Q2:    whether to support either or both of implicit/explicit BFD-RS configuration

· Q3:    Association of BFD-RS and NBI-RS

Discussion Summary
Q1: For implicit BFD-RS configuration, option 1 vs. option 2: For M-DCI based M-TRP, majority of companies support option 2. For S-DCI based M-TRP, some companies do not think it is necessary to support implicit BFD-RS configuration, while some companies (e.g. Samsung, AT&T, Ericsson, and CATT) believe this is beneficial.  

· Option 1: Samsung, AT&T (single framework for S-TRP as well), Ericsson, Qualcomm (fast BFD detection), LGE, CATT (S-DCI not to be deprioritized), APT
· Option 2: Apple (M-DCI), Sony, DOCOMO (M-DCI),  OPPO (M-DCI, do not support S-DCI), APT, QCOM (for M-DCI), Xiaomi (M-DCI only), LGE (both options fine), Fujitsu (M-DCI), MediaTek (S-DCI uses explicit), HW/HiSilicon (M-DCI), Nokia , Futurewei
Q2: implicit vs. explicit: The majority of companies support to support both configuration methods, while IDC believes only implicit configuration is necessary.

· Both:  DOCMO,  OPPO, APT, Qualcomm (M-TRP), Xiaomi, LGE, Fujitsu, MediaTek, CMCC, Samsung, Nokia, AT&T, Sony, Futurewei, HW/ HiSilicon
· Implicit only: IDC

Q3: BFD-RS set and NBI-RS set association: the majority of companies support a 1-to-1 association between BFD-RS and NDI-RS. Some companies raised various possibilities in establishing the 1-to-1 association (e.g. via CORESETPoolIndex).
· 1:1 association: Apple, Sony, OPPO, APT, Convida, IDC, QUALCOMM, Xiaomi, LGE, Fujitsu, Samsung, CMCC, HW/ HiSilicon
· Association details: implicitly via set or CORESETPoolIndex (DOCOMO), association FFS (Convida)

The FL proposal is provided below. 

Updated Proposal: 

· Support both implicit and explicit BFD-RS configuration 
· For both M-DCI and S-DCI, up to two BFD-RS sets can be configured by RRC for explicit BFD-RS configuration.
· For M-DCI, support at least explicitimplicit BFD-RS configuration, based on CORESETs with a configured CORESETPoolIndex.  

· For S-DCI, further discuss which configuration is supported and details for implicit BFD-RS configuration
· Support 1-to-1 association between BFD-RS set and NBI-RS set 

· FFS details

	Company
	Views

	Apple
	Q1: Support option 2. TRP index is transparent in S-DCI.
Q2: No need to support implicit configuration for S-DCI, since TRP index is transparent in S-DCI.

Q3: 1:1 mapping in set level

	Sony
	Q1: Support Option 2. From signaling perspective, Option 2 seems a neat and simple solution. 
Q2: we are okay to either explicit or implicit (Option 2) BFD-RS configuration. 
Q3: 1-to-1 mapping between BFD-RS and NBI-RS

	NTT DOCOMO
	Q1: Support Option 2 for mDCI based MTRP.

Q2: For mDCI based MTRP, both explicit and implicit BFD-RS configuration can be supported.

Q3: There can be two sets of BFD-RS and two sets of NBI-RS, and they are 1:1 mapping in set level. Regarding the association signaling details between BFD-RS and NBI-RS, we can discuss it later. For example, they can be implicitly associated via the same set index, or implicitly associated if they are configured associated with the same CORESETPoolIndex.

	OPPO
	Q1: Support Option 2. No need to enhance BFR for S-DCI

Q2: For m-DCI TRP, support both implicit and explicit. But for S-DCH, no need to enhance BFR

Q3: both BFD-RS and NBR-RS shall be associated with per-TRP. This BFD-RS and NBI-RS shall be 1-to-1 mapped.



	APT
	Q1: For M-DCI M-TRP, we support Option 2. Nonetheless, we think Option 1 and Option 2 are not competing options. It seems that Option 2 is a detailed way of how to derive CORESET groups in Option 1 (i.e. by CORESETPoolIndex). Hence, another option is we take Option 1 and have a note saying: for M-DCI M-TRP, BFD-RS set in Option 1 is derived by CORESETPoolIndex; for S-DCI M-TRP (if supported), FFS how to derive CORESET groups or BFD-RS sets. 

Q2: We support both explicit and implicit BFD-RS configuration. 
Q3: It should be one to one mapping

	Convida Wireless
	Q1: Option 2. CORESET pool index is already there and seems to serve the purpose for implicit configuration.

Q2: Support both explicit and implicit, as for Rel-15/16 BFD.

Q3: Disjoint sets of NBI-RS are 1-to-1 associated with disjoint BFD-RS sets. Configuration details could be FFS or left to RAN2.

	InterDigital
	Q1: Support Option 2. As we already have CORESET groups based on CORESET pool ID, we don’t see the need to additionally enhance CORESET groups for BFR. 

Q2: We don’t see the need to explicitly configure BFD-RS configuration. The explicit configuration consumes RRC configuration signaling overheads without any performance benefit. Considering the motivation of BFR that monitors PDCCH blockage, support BFD-RS based on TCIs would be simple and better way to configure. 

Q3: One to one mapping should be supported

	Qualcomm
	Q1: Option 2 for mDCI mTRP. But it may be beneficial to support sDCI mTRP with Option 1, since both TRPs can send DCIs for diversity, and it may be beneficial to fix the failed TRP soon.
Q2: Support both explicit and implicit BFD RS at least for mDCI mTRP, and for sDCI mTRP as well (fine with lower priority)
Q3: TRP specific BFD RS set should match corresponding candidate beam set

	Xiaomi
	Q1: Support Option 2. CORESETpoolindex are already supported to differentiate different CORESET group.
Q2: Support both explicit and implicit configuration. Implicit configuration will be used if explicit configuration is not configured as in current spec.
Q3: We support one to one mapping. But we want to clarify that is there any RS point to TRP#1 being configured in NBI-RS set of TRP#2? We suggest to configure a NBI-RS set of TRP#2 including RS point to TRP#1 for the scenario that: TRP#2 is the TRP with CORESET#0 and it is failed. UE cannot find a new candidate beam point to TRP#2. In this case, if UE can find a new candidate beam point to TRP#1, it is better to report the new candidate beam to gNB for configuration of CORESET#0 on TRP#1.

	ZTE
	Q1: Support Option 2. No need to enhance BFR for S-DCI that can be done transparently.

Q2: For m-DCI TRP, support both implicit and explicit. But for S-DCH, no need to enhance BFR due to the same reason we raised in Q1.

Q3: We share the same views with Convida that disjoint sets of NBI-RS are 1-to-1 associated with disjoint BFD-RS sets, and configuration details could be FFS or left to RAN2.

	LGE
	Q1: both options are OK, but option 2 is slightly preferred.

Q2: Support both implicit and explicit BFD-RS configuration.

Q3: Support (1-to-1 mapping).

	MediaTek
	Q1: Option 2. If S-DCI MTRP is supported, just use explicit BFD-RS configuration, no need to define another implicit configuration for it.

Q2: Support both explicit and implicit, as for Rel-15/16.

Q3:1-to-1 mapping between BFD-RS and NBI-RS


	Fujitsu
	Q1: Support option 2. TRP index is transparent in S-DCI and we fail to see the need to enhance S-DCI BFR. 

Q2: We prefer to support both implicit and explicit BFD-RS configuration.

Q3: 1:1 mapping in set level (for the same TRP).

	Huawei, HiSilicon
	Q1: we support Option 2. It is naturally to group CORESET with CORESETPoolIndex for M-DCI. For S-DCI, explicit configuration can be used. Option 1 may introduce more spec impact, so not preferred. In addition, partial-BFR need to be removed.
Q2: support both explicit and implicit BFD-RS configuration, which are already supported in Rel-15/16. 

Q3: support association between BFD-RS and NBI-RS. 

	Samsung
	Q1: OK to study both option 1 and option 2. For S-DCI, the same DCI or parts of the same DCI could be repeated across the TRPs to improve diversity/reliability
Q2: Support both explicit and implicit BFD-RS configuration

Q3: Support one-to-one association between BFD-RS set and NBI-RS set

	Lenovo/MotM
	Q1: Support option 2. TRP index is transparent in S-DCI.

Q2: Support both explicit and implicit BFD-RS configuration.

Q3: Support one-to-one association between BFD-RS set and NBI-RS set

	CMCC
	Q1: Support option 2.

Q2: Support both.
Q3: BFD-RS set and NBI-RS set could be 1-1 mapping, and both of them are associated with TRP index.

	Nokia, NSB
	Q1: prefer option 2.

Q2: we are okay to support both explicit and implicit configuration.

Q3: We share view with Apple, we think each BFD-RS set is associated with a NBI-RS set (1 to 1). 

	AT&T
	Q1: we prefer to keep option 1 as it is a common framework solution that enhances BFR for M-DCI multi-TRP, S-DCI, single TRP.  

Q2: Both can be supported

Q3: NBI RS matches the corresponding BFD RS set.

	Ericsson
	Q1:  We support Option 1.  Option 2 would only work for a UE that supports multi-DCI based multi-TRP features.  We prefer implicit BFD-RS configuration to support both S-DCI and M-DCI.

Q2:  Ok to support both implicit and explicit.

Q3:  Support one-to-one mapping between BFD RS Set and NBI RS set.



	CATT
	We think it is beneficial to support implicit BFD-RS for S-DCI. Although explicit configuration is possible, any BFD-RS update requires RRC configuration and extra latency than MAC-CE-based CORESET TCI update. This leaves S-DCI at a disadvantage than M-DCI. As a NW vendor, both are equivalent important in our view. 

	FUTUREWEI
	Q1: We support Option 2.

Q2: We support both implicit and explicit.

Q3: We support association between BFD-RS and NBI-RS.




2.2.2. Fallback schemes

Companies are further invited to share their views on the following issues. 
· Q1: if cell-specific and TRP-specific BFR can be configured on the same serving cell. 

· Q2: whether to support a RACH-based fallback mechanism, and if so, details including fallback schemes, condition, cell types, etc. 
Q1:

· Yes: Sony, APT (SpCell), Xiaomi (SpCell), IDC (e.g. primary TRP), QCOM (SpCell, BFR only), LGE, MediaTek(SpCell), Fujitsu, Huawei, Samsung, Lenovo/MotM, CMCC (SpCell), AT&T, Futurewei
· No: Apple, DOCOMO, APT (FFS for SCell), OPPO, Convida, QCOM (not for BFD), Xiaomi (SCell), ZTE (RAN2 issue), MediaTek (SCell)

· FFS: Nokia, CMCC (SCell)

Q2: 

· Yes: Apple (CBRA only, but no spec impact), DOCOMO (RACH on SpCell, cell-specific for SCell), APT (RACH-based cell-specific BFR on SpCell), Convida, Qualcomm (SpCell, BFR only), ZTE (PCell/TRP-specific BFR), Fujitsu (SpCell), Lenovo (SpCell), Nokia (e.g. CBRA when SR not configured)

· No:  Sony (Cell-specific BFR is sufficient, which may be RACH based), OPPO,  APT (FFS for SCell), IDC (if Yes for Q1), QCOM (SCell), Xiaomi,  HW, Samsung, Lenovo, CMCC, AT&T, Futurewei
· Depends: LGE (e.g. answer to Q1 and BFR details)

Discussion Summary
· For Q1, a large number of companies think that SpCell and SCell may need to be handled separately. Even for SpCell, views are divergent on the need of simultaneous configuration of TRP-specific and cell-specific BFR. 

· For Q2, more clarification is needed on the definition of “RACH-based BFR”, e.g. whether this is the same RACH-based BFR mechanism in Rel.15/16 for SpCell, or a separate RACH-based recovery mechanism. 
FL recommendation: 
Based on company inputs, FL believes more discussion is needed until the next meeting. 
	Company
	Views

	Apple
	Q1: No
Q2: Support only CBRA based fallback, but it seems the only spec impact is that PUCCH-SR is optional, as CBRA is already the fallback scheme for SR.

	Sony
	Q1: Yes, if TRP-specific BFR encounters functioning problems, UE could apply cell-specific BFR to recover. The link robust anyway matters over redundancy. 
Q2: as for TRP-specific BFR, we see no need to have a fallback scheme, since in Q1 we hope cell-specific BFR may fallback to CBRA or CFRA BFR in PCell. 

	NTT DOCOMO
	Q1: No. But for a cell configured with TRP-specific BFR, if beam failure is detected for two TRPs, the cell can recovery to single-TRP first, which means that cell-specific BFR can be perform in that case. It is more like cell-specific BFR is a fallback mechanism for TRP-specific BFR.
Q2: Yes. For PCell configured with TRP-specific BFR, if beam failure is detected for two TRPs, RACH-based BFR can be triggered. Actually, it also belongs to cell-specific BFR is a fallback mechanism for TRP-specific BFR. Because for SCell, cell-specific BFR is MAC CE based BFR, while for SpCell, cell-specific BFR is RACH-based BFR.

	OPPO
	Q1: Not needed.

Q2: No need for a fallback mechanism. Even when BF is detected for both TRPs, MAC CE based method can still be used, just as in SCell BFR. Object to complicate the design. 

	APT
	For SpCell: 

Q1: Yes, but cell-specific BFR is only performed when two TRPs are failed. 
Q2: We may clarify the intention of the RACH-based fallback mechanism first. If it’s for cases when two TRPs are failed, we think cell-specific BFR should be used (although it’s also a RACH-based mechanism). 

For SCell: 

Q1: It may depend on design of BFRQ since both in SCell are based on MAC-CE. 

Q2: We may clarify the intention of the RACH-based fallback mechanism first. 

	Convida Wireless
	Q1: The configuration of both is probably not needed. 

However, isn’t the question if a Rel-16 BFRQ MAC CE can be transmitted by the UE if both TRP-links have failed, in the case that TRP-specific BFR has been configured on the cell. Note that cell-specific BFR could have been configured on another cell, e.g. SCell.

Q2: Yes, RACH fallback is beneficial as in Rel-15/16 BFR.

	InterDigital
	Q1: Yes. As we are introducing TRP-specific BFR based Rel-16 Scell BFR, BFR mechanism relies on MAC CE signaling which clearly has lower reliability than PRACH. In that sense, if the cell is Pcell, we prefer to allow the configuration of cell-specific BFR for primary TRP while secondary TRP can be recovered by TRP-specific BFR. 

Q2: If we allow simultaneous configuration cell-specific BFR and TRP-specific BFR as mentioned in Q1, no need to support fall back mechanism as UE can recover its Pcell beam failure based on cell-specific BFR.  

	Qualcomm
	Q1: We think it would be beneficial to discuss BFD and BFR configurations separately

· In our view, at least no simultaneous configuration of both TRP-specific and cell-level BFDs. Otherwise, it may affect UE complexity and power consumption. 
· However, it may be beneficial to simultaneously configure TRP-specific BFD/BFR + cell-level BFR at least for SpCell. For example, if both TRPs failed, it can trigger exiting SpCell BFR procedure to fix the failed cell quickly. 
Q2: We think such fall back mechanism is useful in case that both TRPs failed with no working PUCCH. Below are more reasonings. 

· For SCell, only configure either TRP-specific BFD/BFR or cell-level BFD/BFR should be sufficient, since PUCCH on SpCell is most likely still working
· For SpCell, it would be beneficial to allow configuration of TRP-specific BFD/BFR + cell-level BFR (no BFD) such that UE does not need to monitor for both types of BFDs, but whenever both TRPs failed, regular CFRA or CBRA based cell-level BFR can still be triggered as fallback mechanism. Otherwise, UE may not be able to inform the full cell failure if all PUCCHs for TRP-specific BFR failed. 

	Xiaomi
	It depends on the cell type.

For PCell/PSCell:

Q1: Yes. Since TRP specific BFR mechanism relies on MAC CE signaling which has longer latency and lower reliability than PRACH. If both two TRPs are failed, it is better to configure cell specific BFR.

Q2: If cell specific BFR and TRP specific BFR are configured on PCell/PSCell, it is unnecessary to support a RACH-based fallback mechanism.

For Scell

Q1: No. both cell specific BFR and TRP-specific BFR relies on MAC CE signaling.

Q2: No. same as Scell BFR mechanism in Rel-16 spec.    

	ZTE
	Q1: To be honest, we are not sure whether we exactly understand this question. In our views, TRP-specific BFR can be assumed as a special case of SCell-BFR. We only need to discuss how to configure corresponding parameters and which parameters should be carried in a MAC-CE, and the signaling relationship between TRP-specific and SCell-specific BFR can be left to RAN2.

Q2: Yes, only for PCell/TRP-specific BFR case.

	LGE
	Q1: Yes. We prefer that Rel-17 BFR can also support cell-specific BFR as well, i.e. same function as Rel-16 BFR.

Q2: Open to further discuss this but this may depend on the details of TRP-specific BFR methods (e.g. the answer for Q1). Therefore, we prefer to discuss this issue after stabilizing the details of TRP-specific BFR.

	MediaTek
	Q1: For SpCell, yes. For Scell, no.

Q2: For SpCell, already support if cell specific BFR is configured. For Scell, no since CBRA is already the fallback scheme for SR, if PUCCH-SR is configured.

	Fujitsu
	Q1: Yes. We are open to support both cell-specific and TRP-specific BFR in the same serving cell.

Q2: Yes. At least for SpCell, a RACH-based fallback mechanism is beneficial when both of the TRPs fail.

	Huawei, HiSilicon
	Q1: YES, Both cell-specific and TRP specific BFR are configured for UE, while all TRPs failed, then cell-specific BFR will be triggered.

Q2: Not necessary. The existing BFR procedure is sufficient to be used.

	Samsung
	Q1: Yes, both cell-specific and TRP-specific BFR entities should be configured for the UE; if both TRPs are failed, the cell-specific BFR could be triggered under certain conditions.

Q2: Fallback mechanism is not needed; for TRP-specific BFR, fallback is unnecessary, while for cell-specific BFR, fallback mode could follow those specified in Rel. 15/16 BFR. 

	Lenovo/MotM
	For PCell/PSCell: 

Q1: Yes, but cell-specific BFR is only performed when two TRPs are failed. 
Q2: Yes. RACH based BFRQ has a shorter latency than MAC CE based.
For SCell: 

Q1: Yes. 

Q2: Not needed. Same as Scell BFR mechanism in Rel-16 spec.

	CMCC
	For SpCell :

Q1: Yes, cell-specific BFR can be applied when all TRPs are failed.
Q2: No. Cell-specific BFR can be seen as a fall-back scheme.
For SCell:

Q1: Depend on the design of TRP-specific BFRQ. 
Q2: No, same as SCell BFR in Rel-16.

	Nokia, NSB
	Q1: Propose to FFS. The cell failure recovery is already defined so fallback to it could be made. 

Q2: Yes to support RACH fallback e.g. if SR is not configured, or max number of SR transmissions has been made -> RACH (CBRA) can be used to send MAC CE. This would be aligned with SCell BFR. 

	AT&T
	Q1: Yes, cell-specific BFR can be used if both TRPs fail. 

Q2: The cell specific BFR CBRA scheme can be used as a fallback scheme

	Ericsson
	Q1:  We have a similar understanding as DOCOMO.  If beam failure is detected for both TRPs, cell-specific BFR can be performed in this case.
Q2:  No.  Existing BFR procedures seem sufficient.

	FUTUREWEI
	Q1: Yes, if all TRPs are failed, cell-specific BFR could be used.

Q2: No.  The existing BFR procedure is sufficient.


3. Proposals for discussion
Updated Proposal: 

Proposal: 
· Support both implicit and explicit BFD-RS configuration 
· For both M-DCI and S-DCI, up to two BFD-RS sets can be configured by RRC for explicit BFD-RS configuration.
· For M-DCI, support at least explicit implicit BFD-RS configuration, based on CORESETs with a configured CORESETPoolIndex.  

· For S-DCI, further discuss which configuration is supported and details for implicit BFD-RS configuration
· Support 1-to-1 association between BFD-RS set and NBI-RS set 

· FFS details

4. Previous agreements 
4.1. RAN1#102-e

Agreement
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  
· e.g., beam restriction to facilitate inter-TRP pairing.

· Option-2: Non-group-based reporting

 
Agreement
Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference
· Issue 2: For group-based reporting, increased number of groups and/or beams per group
· Issue 3: UE Rx panel related beam measurement/report

· NOTE: “UE panel” is used for discussion purpose only

 

Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 

· Issue 1: TRP-specific BFD

· Issue 2: TRP-specific new candidate beam identification

· Issue 3: TRP-specific BFRQ

· Issue 4: gNB response enhancement

· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response

Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority

· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP

· Low priority

· Simultaneous reception of same type of channel/RS with different QCL-TypeD

· Simultaneous reception of different type of channel/RS with different QCL-TypeD
4.2. RAN1#103-e

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

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

