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1. Introduction
In RAN1 #96b meeting, the following agreements on L1-SINR and SCell BFR have been achieved [1].
	Agreement
RAN1 to determine one of the following for L1-SINR in RAN1#97:
· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only
· L1-SINR based on NZP IMR only
If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.

Agreement
Downlink RS for new beam identification can be based on SSB and CSI-RS for BM

Agreement
[bookmark: _Hlk5796618]Downlink RS for new beam identification can be transmitted in active BWP of the CC which is configured to be monitored for BFR or another CC within the same band

Agreement
New beam identification threshold is based on L1-RSRP

Agreement
At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration

Agreement
· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH
· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR
· FFS: N_max 

Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results




In this contribution, we provide feature lead summary on L1-SINR and SCell BFR.
2. L1-SINR
2.1 Details on interference measurement
During the email discussion, the following options for interference measurement has been observed:
	The following interference measurement mechanisms can be used for L1-SINR measurement/calculation
· Option 1: Based on CMR:   
· In this case, L1-SINR can be measured only from CMR
· L1-SINR definition can be identical to SINR specified in 38.215
· Option 2: Based on dedicated ZP IMR:  
· In this case, L1-SINR can be measured based on CMR + ZP-IMR
· In L1-SINR calculation, interference measurement can be derived from dedicated ZP CSI-RS resource(s)
· Option 3: Based on dedicated NZP IMR: 
· In this case, L1-SINR can be measured based on CMR + NZP-IMR 
· In L1-SINR calculation, interference measurement can be derived from dedicated NZP CSI-RS resource(s)



Based on the options above, there are the following issues related.
Issue 2.1-1 (CMR based L1-SINR measurement): 
· It is supported that gNB can configure UE to measure L1-SINR based on option 1
· Support: vivo, Docomo (for CSI-RS based L1-SINR), ZTE, Spreadtrum, Fujitsu, CMCC, China Telecom, Ericsson, Intel, MTK

Issue 2.1-2 (details on IMR):
· On details for interference measurement mechanisms,
· Alt 1: Option 2 is supported
· Support: vivo, OPPO, CATT, LG, Samsung, Qualcomm
· Object: Huawei, HiSilicon
· Alt 2: Option 3 is supported
· Support: Huawei, HiSilicon, CMCC
· Alt 3: Both option 2 and option 3 are supported
· Support: Docomo, ZTE, Lenovo/Motorola, Spreadtrum, NEC, Fujitsu, MTK, Sony, China Telecom, AT&T, Nokia/NSB, Apple (NZP is optional),  Intel, Huawei, HiSilicon (as compromise)

FL observation: Proposal for issue 2.1-1 is supported by majority of companies with some suggestion on wording refinement; for issue 2.1-2, Alt3 is majority view and some clarification is needed on the case when both NZP/ZP IMR is configured.

Proposal 2.1
· It is supported that gNB can configure UE to measure L1-SINR based on option 1, e.g. by not configuring dedicated IMR for interference measurement
· On interference measurement mechanisms for L1-SINR, both option 2 and option 3 are supported
· gNB is able to configure UE to calculate interference from both ZP IMR and NZP IMR for one L1-SINR measurement by configuring both ZP IMR and NZP IMR associated with one CMR.
Offline proposal:
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· [bookmark: _GoBack]Note: CSI-RS above is CSI-RS for BM


Companies’ views and comments
	Company
	Comments

	ZTE
	Issue 2.1-2: Alt3 should also cover the case that L1-SINR measurement/ calculation can be based on both dedicated ZP IMR and NZP IMR. 
Consequently, Alt3 should be further clarified by “L1-SINR measurement/ calculation can be based on either or both of dedicated ZP IMR and dedicated NZP IMR”

	LGE
	For Issue 2.1-1, we’d like to discuss on a full picture. What a UE should do when IMR is configured if the proposal is agreed? Does a UE still need to measure interference on CMR as well as IMR or not? Our preference is not to measure interference on CMR at least when IMR is configured in order to avoid excessive UE complexity.

	Docomo
	For Issue 2.1-1, support the proposal for CSI-RS based L-SINR. However, for SSB based L1-SINR measurement, we believe dedicated IMR should always be configured. It is because neighbouring gNBs in a NW have high probability that the locations of SSBs collide with each other to facilitate UE’s discovery and measurement, and the measured interference result may also include the signal strength from all surrounding gNBs, no matter the surrounding gNBs have traffic load or not. So, the SSB based L1-SINR measurement on CMR is not accurate.
Also, we have similar view with LGE. How about to change proposal as following?
Proposal:  when UE is not configured with dedicated IMR, UE shall measure interference on CMR.

	Samsung
	We share the same view as LGE that issue 2.1-1 and 2.1-2 should be discussed jointly. Apart from the reason LGE mentioned, CMR is based on NZP CSI-RS. One of the main concerns from using NZP IMR is performance (loss over ZP IMR). Therefore these two issues should be resolved together.

	vivo
	We support FL’s effort to focus on proposal 2.1-1 first.
We also share with DCM’s concern that when SSB CMR configured the inter-beam interference measurement might be inaccurate. At least for such scenarios, dedicated interference measurement resources should be configured. 
As analysed in our paper, with the inter-beam interference mainly targeting for the scenarios where UEs are with burst traffic, it is not necessary to define interference measurement behaviour on NZP CSI-RS.

	Huawei, HiSilicon
	In previous meetings, introducing dedicated interference measurement resources for L1-SINR based beam reporting has been agreed. For Issue 2.1-2, as we analysed in R1-1907532, using ZP IMR only will introduce large resource overhead and mismatch on measurement accuracy. So, we do not think ZP IMR only can work well for L1-SINR based beam reporting. Instead, NZP IMR is more suitable and beneficial for L1-SINR based beam reporting. 
We can accept Alt 3, as a compromise, leaving using NZP or ZP or both to companies’ choice.



2.2 Reporting format/content
There are two issues on L1-SINR reporting format/content: one is whether to report differential L1-SINR; the other is whether to report IMR index or RSRP additionally. If issue 2 and issue 3 are agreed, we can discuss whether UE can be configured to report L1-SINR + L1-RSRP + IMR index.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Issue 2.2-1 (reporting format for L1-SINR): 
· When UE is configured to report more than 1 SSBRI/CRI and the corresponding L1-SINR in a beam reporting instance, differential L1-SINR based report is supported.
· Support: Ericsson, Intel, Sony, Samsung, Huawei, HiSilicon

Issue 2.2-2 (RSRP report in addition to L1-SINR):
· A UE can be configured to report both L1-SINR and L1-RSRP in addition to SSBRI/CRI index in a beam reporting instance.
· Support: Docomo, LG, OPPO, Intel, Sony, CMCC
· Not support: Spreadtrum, Qualcomm, Ericsson, Lenovo, Motorola Mobility, Samsung

Issue 2.2-3 (IMR report in addition to L1-SINR):
· A UE can be configured to report both L1-SINR and IMR index in addition to SSBRI/CRI index in a beam reporting instance.
· Support: Docomo, CMCC, ZTE, Lenovo, Motorola Mobility, Huawei, HiSilicon, APT
· Not support: vivo, Spreadtrum, LG, Qualcomm, Ericsson, Sony, Samsung

FL observation: Proposal for issue 2.2-1 is supported by majority of companies without objection; no majority support for proposal for issue 2.2-2 and issue 2.2-3.

Proposal 2.2
· When UE is configured to report more than 1 SSBRI/CRI and the corresponding L1-SINR in a beam reporting instance, differential L1-SINR based report is supported.

Companies’ views and comments
	Company
	Comments

	ZTE
	Regarding 2.2-1, the discussion on this issue should be postponed since there is not sufficient evaluation results for the ranges/differences of L1-SINR(s) across different SSBRI/CRIs in a beam reporting instance after reviewing contributions.
Regarding 2.2-2, we are open to further consider this joint reporting of SINR and RSRP if signification performance gains can be observed.
Regarding 2.2-3, the observations on dominant performance improvements through introducing IMR in both SLS and LLS can be found in R1-1906248/6249. Taking into account the opponents’ concerns, the other solution is provided as Alt2, where the CMR index in L1-SINR reporting can imply a CMR/IMR combination configured by gNB based on CSI framework.


Figure 1 L1-SINR reporting of CMR indexes, where the association between CSI-RS resource and IMR resource(s) are configured by gNB.
[added by FL] ZTE recommends to support the following
· The association between CMR and one or multiple IMR(s) can be configured in the NR CSI framework, where CMR index in a beam reporting instance can imply a CMR/IMR(s) combination.
· Note that the CMR and the associated IMR(s) can be received simultaneously, i.e., to be QCLed with QCL Type-D.


	Sony
	For Issue 2.2-1, similar as L1-RSRP reporting, when N>1 Tx beams to be reported, the differential L1-SINR reporting can be applied to save uplink overhead. 
For Issue 2.2-2, a UE can be optionally configured to report L1-RSRP in addition to L1-SINR. With both reporting content, NW side can be aware of both Tx-Rx beam link strength and interference condition. 

	Docomo
	For Issue 2.2-1, we agree with ZTE that the discussion on this issue should be postponed.
For Issue 2.2-3, as discussed in our contribution, IMR index reporting is just an option to support the indication of interference hypothesis. Another alternative is to indicate a combination of CMR and IMR by either explicit signalling or implicit method by reusing the NR CSI framework. Hence, we also support following:
· The association between CMR and IMR can be configured in the NR CSI framework, where CMR index in a beam reporting instance can imply a CMR/IMR combination.

	Samsung
	For issue 2.2-2, there is no need for an additional spec support for this since it can be done via implementation (NW can configure the UE with two Reporting settings.
For issue 2.2-3, since L1-SINR is a long term metric, it is unclear why IMR index needs to be reported (since this is only relevant if inter-beam interference is measured – which is pertinent to short-term metric such as CQI). This, of course, can be revisited, if L1-SINR definition turns out to be closer to CQI (i.e. short-term).  

	vivo
	For 2.2-2, our name could be removed from “not support” list. We are open to discuss other possibilities.
For 2.2-3, our understanding is similar as DCM.

	CMCC
	For issue 2.2-3, IMR index should be reported especially when taking into account inter-beam interference for calculating L1-SINR.

	Huawei, HiSilicon
	Support reporting of the index of IMR assumed for L1-SINR calculation in Issue 2.2-3. In our view, having different hypothesis (different combinations of CMR and IMR) at UE side and reporting measured L1-SINR and information on the corresponding hypothesis would enable NW to pair different UEs with different gNB Tx beams, either from the same TRP or multiple TRPs, thus improving the cell-level throughput performance. 

	APT
	For issue 2.2-2, we are open to discuss it but does not consider it as priority for discussion.
For issue 2.2-3, we share similar view as CMCC that interference beams selected by UE for calculating L1-SINR should be reported.



2.3 Other 
The following proposals can be discussed after decisions for issues above have been made.
Vivo:
Clarify the UE behavior of receiving a channel/RS when the channel/RS’s QCL source is associated with L1-RSRP reporting and L1-SINR reporting simultaneously.
ZTE:
The association between CMR and IMR(s) can be explicitly configured in the NR CSI framework
LG:
Support sharing a ZP RS based IMR for multiple NZP CSI-RS resources for minimizing resource overhead.


3. SCell BFR
3.1 Beam failure detection
There are two issues to be discussed on SCell BFD: one is on the BFD RS configuration if it is configured in an implicit manner; the other is the procedure for SCell BFD. Although the second issue has not been proposed by many companies, since this is an essential component, some discussion should be helpful.
Issue 3.1-1 (BFD RS): 
· When SCell BFD RS is configured in an implicit manner,
· Alt 1: BFD RS should be transmitted in active BWP of current CC
· Support: Docomo, ZTE, OPPO, Convida, Intel, MTK
· Alt 2: BFD RS can be transmitted in active BWP of either current CC or another CC in the same band
· Support: Sony, Huawei, HiSilicon
· Alt 3: BFD RS can be transmitted in active BWP of either current CC or another CC
· Support: Fujitsu, Qualcomm, Ericsson, CATT, ASUS,  LGE, Nokia, Samsung, vivo, Huawei, HiSilicon, APT


Issue 3.1-2 (Procedure for SCell BFD):
· Beam failure is declared if the number of consecutive detected beam failure instance exceeds a configured maximum number.
· FFS: condition to reset BFI counter
· Support: Intel

FL observation: Alt3 for issue 3.1-1 is supported by majority of companies; many comments on issue 3.1-2 on the intention, so some discussion should be needed.

Proposal 3.1
· When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.

Companies’ views and comments
	Company
	Comments

	Ericsson
	Issue 1: We are fine with option 1 as well. This simply means that if the TCI state includes an RS for another CC, then the UE will not perform BFD on the current CC. Maybe we should extend this to PCell BFD as well?

	ZTE
	SCell BFD is measured according to hypothetical BLER, which means SCell BFD not only relies on the channel quality but also the interference. 
· Besides, in FR2-SCell, the PDCCH DMRS only supports the configurations of QCL-Type A+D, where QCL Type-A can NOT support cross-cc indication and also only periodic RS can be configured as QCL reference RS for PDCCH. Consequently the downlink RS(s) should always be configured in the SCell as QCL reference for PDCCH transmission, which means that there is not any further overhead increase due to Alt-1 “only RS in current CC to be used for BFD”, e.g., reusing the SCell TRS for BFD directly.

	Sony
	From DL overhead perspective, if BFD RS of another CC in different band can be ‘QC-TypeD’ with current CC, then we can be supportive to Alt.3 as well.

	Convida Wireless
	Issue 1:
Regarding reducing BFD RS overhead by transmitting BFD RS only on a subset of CCs, e.g. one CC per band. In this scenario, BFD/BFR should be performed on the CC on which BFD RS is transmitted, i.e. on the “current CC”. There seems to be no need to also declare beam failure on another CC on which the BFD RS is not transmitted.
Issue 2:
Is the intention to reuse the Rel-15 behaviour?

	ASUS
	Issue 3.1-1: slightly prefer Alt 3 to follow same behaviour in Rel-15

	LGE
	For Issue 3.1-1, same view with ASUS

	Nokia
	Issue 1: Alt3

	Lenovo, Motorola Mobility
	Issue 3.1-1: We do not see much difference between Alt2 and Alt3, because it falls on gNB to decide whether the CC where gNB transmits the BFD RS in another band. We think Alt2 can be combined into Alt 3. We support Alt 3.

Issue 3.1-2: Release 15 definition of beam failure should be reused.  

	Samsung
	Alt3 for issue 1

	vivo
	Alt2 or Alt3 for issue1. 
Current scheme works well. What is the motivation to define new UE behaviour compared to Rel-15?

	APT
	Issue 1: same view as ASUS
Issue 2: the intention needs to be clarified.




3.2 Maximum number of CCs for SCell BFR
In last meeting, there is one FFS point on maximum number of CCs for SCell BFR. There are some proposals on UE capability for this issue, which can be decided after one of the following alternatives is selected.
Issue 3.2-1 (maximum number of CCs for SCell BFR):
· Alt 1: A UE can be configured to perform BFR on up to 2 CCs.
· Support: ZTE
· Alt 2: A UE can be configured to perform BFR on all configured CCs.
· Support: Ericsson, Convida, CATT, MTK, LGE, Nokia, Docomo, Samsung, vivo, Huawei, HiSilicon, APT

FL observation: Clear majority support for Alt2, and some proposals to define a UE capability.

Proposal 3.2
· A UE can be configured to perform BFR on all configured CCs.
· The number of CCs configured for BFR is a UE capability

Companies’ views and comments
	Company
	Comments

	ZTE
	From the perspective of UE capability, the number of monitoring active DL beam is also very limited, which means that reusing the same Tx beam(s) for PDCCH reception across CC is common case. In general, the same DL beam(s) may be applied for the SCells related to the same cell group (e.g., SCG/MCG). Therefore, per-SCell recovery is not required in the cell group, and the separate SCell-BFR procedures are only necessary for different cell groups. Taking into account only up to 2 cell groups is considered in this release, and consequently N_max = 2 is supported, e.g., for two different cell group/TRPs.
FYI, in Rel-15, we have the following agreement for the number of SCell BFR, i.e., only 1 SCell to be supported.
Agreement:
In Rel-15, additionally support BFR on SCell
· Number of SCells BFR needs to be supported on is 1
UE is not mandated to support BFR on SCell 

	OPPO
	[added by FL] OPPO recommends to support the following:
UE reports the capability of maximal number of CCs that can be configured for BFR simultaneously

	Sony
	It seems that only 2 CCs or all CCs (up to 31 SCells) are two extreme cases. So we suggest to meet in the middle for the number of CCs for BFR and also consider the UE capability on maximal number of CCs which can be configured for BFR as OPPO mentioned. 

	Convida Wireless
	First, it would be good to clarify that we are discussing beam failure detection, since this is the most demanding part of link recovery. We have the scenario that the UE performs BFD on N DL-only SCells (e.g. N=4), but BFRQ and BFRR is communicated only on a single CC (e.g. the SpCell). In this case, it is a bit ambiguous if the “number of CCs for BFR” is equal to N or equal to 1 or even N+1? Hence, I would suggest updating the issue to: “maximum number of CCs for SCell BFD”.
Secondly, it seems suitable that the maximum number of CCs on which the UE can perform BFD should be a UE capability, so we don’t need to agree on a number (e.g. 2 or 32) here. Instead, the FFS point seems more related to the parameter range of the reported “failed CC index”. In our view, BFD on any CC index should be supported, which could be reflected as follows:
· A UE can be configured to perform BFD on any configured CC.
· The maximum number of CCs on which a UE performs BFD is limited by a UE capability.

	ASUS
	We would like to echo OPPO and Convida. The amount of CC where UE performs BFR should be subject to UE capability reported. 

	LGE
	Since BFR is configured on a per-BWP/cell basis, Alt1 seems very restrictive on various FR2 applications. Do not agree with the ZTE’s comment that ‘the same DL beam(s) may be applied for the SCells related to the same cell group’ since there is no relevance between the cell group and beam implementation/configuration at gNB and UE.

	Nokia
	Alt2. UE should perform BFD on all configured CCs. If a group of CCs can be considered to be in failure condition based on one of the cells in the group, this would alleviate UE complexity on failure detection.

	Docomo
	It is not necessary to restrict the number of SCells in RAN1 spec. The number of SCell should be UE capability discussion, or should be RAN4 discussion similar as restriction of RRM.

	Lenovo, Motorola Mobility
	Alt 2. We are also OK to limit this with UE reported capability. 

	vivo
	It is un-necessary restriction to limit number of CCs in spec.   

	APT
	We do not see the need to limit the number of BFR CCs.



3.3 Details on new beam information reporting during BFRQ procedure
The details on new beam information reporting has not been defined. There are two issues: one is whether the new beam information includes RSRP; the other is how many new beams can UE report during BFRQ procedure. Although there is not too much discussion for this topic, since this is an essential issue, it should be good to have some discussion.
Issue 3.3-1 (Details for new beam information):
· Alt 1: New beam information only includes new beam index.
· Support: Convida, Huawei, HiSilicon, APT, Qualcomm
· Alt 2: New beam information includes new beam index and its corresponding RSRP
· Support: CATT, MTK, ZTE, vivo, Ericsson, Intel

Issue 3.3-2 (maximum number of new beams reported during BFRQ procedure):
· During a BFRQ procedure, UE can report new beam information for up to N new beam(s)
· Alt 1: N=1
· Support: CATT, Convida, LGE, APT, Ericsson, Qualcomm, OPPO
· Alt 2: N>1
· Support: Nokia/NSB, MTK, ZTE, Sony, vivo, Huawei/HiSilicon 

FL observation: no clear majority view for both issues. Offline discussion is needed.

Offline proposal:
· During a BFRQ procedure, UE can report new beam information based on one of the following alternatives
· Alt 1: UE reports only 1 beam with corresponding beam index only per SCell
· Support: Convida, Lenovo/Motorola, Qualcomm, APT, IDC, Asus, Docomo, OPPO, Huawei/HiSilicon (2nd choice), LG, Sony
· Not support: MTK, vivo
· Alt 2: UE reports up to 4 beams with corresponding beam index only per SCell
· A default state for beam index indicates no new beam
· Exact number of beams to be reported is configured by gNB
· Support: Huawei/HiSilicon, vivo(2nd choice)
· Not support: CATT, LG, Nokia/NSB, Qualcomm, Lenovo/Motorola
· Alt 3: UE reports only 1 beam with corresponding beam index and RSRP per SCell
· Support: Ericsson, CATT, ZTE(2nd choice), Asus(2nd choice), Intel, LG (2nd choice), Apple
· Not support: vivo, MTK, Huawei/HiSilicon
· Alt 4: UE reports up to 4 beams with corresponding beam index and RSRP per SCell
· Exact number of beams to be reported is configured by gNB
· A default state for beam index indicates no new beam
· Support: Nokia/NSB, MTK, vivo 
· Not support: Huawei/HiSilicon, Qualcomm, LG
· Alt 5: UE reports up to 4 beams with corresponding beam index and RSRP per SCell
· Exact number of beams to be reported is configured by gNB, which is regardless of the threshold if UE has not found enough number of new beams
· Support: ZTE, Ericsson(2nd choice), CATT(2nd choice), Nokia/NSB(2nd choice), MTK(2nd choice)
· Not support: LG, Apple, Qualcomm, Huawei/HiSilicon


Companies’ views and comments
	Company
	Comments

	Ericsson
	Issue 1: Alt 2, reporting RSRP as well would give provide the NW with information if it is worth the effort to re-establish the CC
Issue 2: Alt 1. The NW can always go with the best, and ask for other beams later

	CATT
	For issue 2, same view as Ericsson. We also would like to understand the benefits of reporting anything other than the best new beam. 

	MTK
	Issue 2: Since the gNB is not required to schedule the best beam to avoid the interference, the multiple beam reports can be beneficial.

	OPPO
	Consider both Issue 1 and 2 together: If UE only report one new beam, it looks like there is no justification to report RSRP too because there is only one reported beam and the gNB/UE know the RSRP of that reported new beam is > the configured threshold. 

	ZTE
	Issue 1: The corresponding RSRP information is very useful for subsequent DL transmission, e.g., Tx power determination for PDCCH/PDSCH.
Issue 2: Taking into account two-step BFRQ procedure as agreed last meeting (overhead of beam reporting in 2nd step is not a serious issue), reporting of multiple beams can provide the flexibility of SCell scheduling.

	Sony
	Issue 2: With up to N>1 reported new beams, the NW side may have flexibility to pick up new DL beam(s) out of N beams. 

	Convida Wireless
	In general, it doesn’t seem necessary with more extensive and flexible new beam reporting for SCell than for PCell.
Issue 1: Changed our support to Alt 1, apologies if our proposals were unclear. For recovery, it is sufficient that the network knows that the new beam RSRP is above the configured RSRP threshold. 
Issue 2: Alt 1. Similarly as for Issue 1, for recovery it is sufficient if one new beam is reported.

	LGE
	It seems that Issue 3.3-1 is somewhat correlated with Issue 3.4 and Issue 3.5. For Issue 3.3-2, we share with Ericsson’s view.  One additional comment is that the value of N needs to be defined ‘per Scell’.

	Nokia
	Issue 3.3-1 this issue depends whether there is a threshold value configured.
Issue 3.3-2. Alt2. This should be NW configurable.  NW may be interested on multiple potential candidates e.g. from scheduling flexibility perspective. It is up to NW to choose then.

	Lenovo, Motorola Mobility
	We see no need to deviate from R15 BFR design. Requesting UE to report multiple new beams may incur additional delay. It is sufficient for the UE to report only a new beam index in BFR.  Therefore we support Alt1 for issue 3.3-1 and Alt 1 for issue 3.3-2. 

	vivo
	No need to restrict beam report to only one beam. All companies discuss inter-beam interference. It is useful for the multiple beams are reported for network scheduling if the payload is enough. 

	Huawei, HiSilicon
	Issue 3.3-1: Agree with Convida Wireless. If new beam identification threshold is configured, there is no strong need to report the corresponding RSRP. 
Support Alt 2 in Issue 3.3-2: Reporting multiple new beams can help improving the chance of successful recovery.

	APT
	Since BFR is for exceptional case handling, we consider the most crucial thing is to bring connection back, instead of paving ways for efficient DL transmission. 
Then, as mentioned by OPPO, if there is one beam reported and there is a configured threshold, there is no strong need to additionally report RSRP.



3.4 Beam failure recovery request procedure
In last meeting, 3 options on BFRQ procedure have been identified as follows. Then the issue on BFRQ procedure is to select at least one of the options.
	· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH




Issue 3.4-1 (BFRQ procedure): 
· On BFRQ procedure,
· Option 1 is supported
· Support: Lenovo/Motorola, CATT, Nokia/NSB, Ericsson, Xiaomi, Convida, vivo
· Option 2 is supported
· Support: Huawei, HiSilicon, CATT, Fujitsu, MTK, LG, Sony, CAICT, Qualcomm, Nokia/NSB, APT, Ericsson, Xiaomi, AT&T, ASUS
· Option 3 is supported
· Support: ZTE, OPPO, NEC, Samsung, APT, ASUS

FL observation: slightly majority support for option 2, which seems to be more acceptable than other options.

Offline proposal
· On BFRQ procedure, option 2 is supported.
· Step 1 can be carried by a dedicated SR-like PUCCH resource for BFR
· FFS: details
· Step 2 is carried by MAC CE 

Companies’ views and comments
	Company
	Comments

	Ericsson
	We propose to down-select to option 1 and option 2: option 3 will not work for a realistic number of SCells 

	MTK
	We support option 2. For option 1, there is no dedicated resource by which the UE can inform the gNB of the beam failure. The gNB may not allocate the enough UL grant to report SCell beam failure. The standard doesn’t mandate the minimum UL grant. Compared to LTE, the gNB could assign even smaller grant using symbol level allocation in NR as a default grant responding the SR. Thus, initial BSR procedure is necessary for option 1. More importantly, if gNB doesn’t know the beam failure, the UL grant could be delayed. For example, if the UE received a lot of UL grants for PCell right before SCell beam failure, then the UL assignment of the UE will be delayed due to the low scheduling metric (ex, PF metric). Another example is the case of high UL traffic. If there are too much UL traffic in PCell at that time, the UL grant will be delayed, too. 
For option 2, the gNB knows the SCell beam failure of the UE by the dedicated resource. Then, the gNB prioritize the UL grant for the UE to avoid the latency like the retransmission traffic. The gNB normally prioritize the scheduling for retransmission traffic. This approach is actually used for the URLLC traffic using the different type of SR. Moreover, the gNB can assign the enough UL grant to the UE to transmit the SCell beam reports. Thus, the UE is expected to receive the guaranteed UL grant with the enough size.
For option 3, we need to assign more dedicated resources to convey SCell indices. However, only one resource (PUCCH or PRACH) is required for option 2 regardless of the number of SCells. As the number of SCell increases, the overhead can be large.

	OPPO
	Do not agree the statement that option 3 does not work for a realistic number of SCells. The payload in step 1 message is not issue, for example a bit-map can be reported in PUCCH and each bit corresponds to one SCell.  The benefit of Option 3 is the gNB is able to know exactly which SCell(s) fails with the shortest latency and then gNB the can react immediately. In our view, Option 3 can provide the latest latency for the whole SCell BFR operation, in comparison to Option 1 and Option 2

	ZTE
	We disagree with Ericsson that “a realistic number or huge number of SCells” should be considered for SCell-BFR, due to the reason that we mentioned in Section 3.2. No more than 2 SCells need to be considered for BFR.
Regarding Option1, we share the same views with MTK that Option1 can NOT satisfy the requirement of latency for SCell BFR. In such case, the gNB may NOT schedule PUSCH transmission immediately as a typical case, and consequently the latency for SCell BFR procedure is unpredictable.
Option3 can work well with limited overhead (e.g., the same or only 1 bit more than Option2) as mentioned in Section 3.2 in first step. Compared with option2, the following advantages can be identified
· #1 According to cell information in the 1-step, the gNB will NOT schedule any DL transmission in the failed CC and recover the corresponding failed cell immediately, which is essential for improving transmission robust and saving resource overheads in the failed cell for the UE.
· #2 Multiple failed CC index(es) can be reported simultaneously without collision, if they occur together within one periodicity.
· #3 Option 3 can achieve the unified signal design with reusing Rel-15 design as much as possible, e.g., AP-CSI reporting. If going with option2, we need to consider different design for the signals of 2nd  step to support the following cases
· Only one CC or multiple CCs to be recovered;
· New beams to be present or not.

	AT&T
	We have a preference for the two step approach in option 2 from a latency perspective, but we can be ok with option 1 with an understanding on how to ensure an UL grant for MAC CE in a timely manner.

	Convida Wireless
	Support at least Option 1.
For the scenario with many DL-only SCells which transmit BFRQ on the same cell (e.g. PCell), it would be beneficial to avoid reserving UL resources dedicated only to BFR, which would be used very seldomly.

	ASUS
	We support Option 2 and Option 3 (1-st preference is Option 2). 
About Option 1, i.e. MAC-CE only BFRQ, it is possible that UE needs to transmit a PUCCH first, so why not UE transmits some information in advance by the PUCCH, like the Option 2 or 3.
Since this issue has been discussed for several meetings, and main competitors are PUCCH based and MAC-CE based BFRQ, we believe we should agree a compromise method (i.e. Option 2 or 3) and move forward.

	LGE
	We have a concern on Option1 from latency perspective and considering the limited RAN2 TU for this WI. Option 3 is applicable only when the number of Scells for BFR is very small. We believe that Option 2 gives the best trade-off between performance and overhead.

	Nokia
	Preference for Option1 and Option 2. 
Option 3 not preferred due to UL overhead (it does not scale well). 

	Lenovo, Motorola Mobility
	Support Option 1. Option 2 and 3 are limited by the amount of dedicated UL PUCCH or PRACH resources, and may  not work for large number of Scells.  Option 1 transmits MAC-CE in PUSCH and is not subject to such limitation. PUSCH also guarantees the reliability of BFR MAC-CE message with HARQ. 

	vivo
	We support Option 1.
There are no convincing benefits compared to Option 1 + configured grant PUSCH with Option 2 and Option 3.
Configured grant UL transmission could be shared by many UEs with efficient reuse of resources. Thus the overhead should not be any problem. 

	CMCC
	We think that option1 and option2 should be merged.
If the resource for MAC-CE is available, the failed CC index(es) and new beam information (if present) can be transmitted as a single step to reduce the latency. But if the uplink resource is not provided by gNB, it is preferred that UE first transmits beam failure event via dedicated SR on PUCCH since gNB can schedule the UL resource for reporting new beam information (if present) and failed CC index(es) as soon as possible.

	Huawei, HiSilicon
	Not support Option 1. Using MAC-CE to report failed CC index and new beam information for SCell will introduce large recovery latency. 



3.5 SCell new beam identification
There are several issues on SCell new beam identification: the first issue is whether the NBI RS should be always configured or a default mode should be defined; the second issue is whether the NBI thread should be always configured or a default mode should be defined; the third issue is on the UE behaviour when there is no new beam with L1-RSRP higher than threshold.
Issue 3.5-1 (configuration of NBI RS): 
· Alt 1: When RS for new beam identification is not configured, UE can report no new beam is identified
· Support: Convida
· Alt 2: When RS for new beam identification is not configured, UE only reports failed CC index
· Support: OPPO, Convida
· Alt 3: When SCell BFR is configured, the RS for new beam identification should be always configured.
· Support: CATT, MTK, ZTE, Lenovo, Motorola Mobility, vivo, APT
· Alt 4: When RS for new beam identification is not configured, UE considers all configured SSBs are new candidate beam RSs.
· Support: LGE

Issue 3.5-2 (configuration of NBI threshold): 
· Alt 1: When threshold for new beam identification is not configured, UE reports failed CC index
· Support: Nokia/NSB
· Alt 2: When threshold for new beam identification is not configured, UE can select any beam as new beam
· Support: Convida
· Alt 3: When threshold for new beam identification is not configured, a default value is defined
· Support: CATT, Lenovo, Motorola Mobility, APT
· Alt 4: When SCell BFR is configured, the threshold for new beam identification should be always configured
· Support: CATT, MTK, ZTE, vivo, APT

Issue 3.5-3 (UE behaviour without new beam identified): 
· When there is no new beam with L1-RSRP higher than configured threshold for SCell BFR,
· Alt 1: For new beam information reporting, UE reports a new beam information with a state that there is no new beam
· Support: Docomo, NEC, LG, Sony, Qualcomm, Xiaomi, Convida, MTK,OPPO, ASUS, Lenovo, Motorola Mobility, vivo, Huawei, HiSilicon
· Alt 2: For new beam information reporting, UE reports information for one of the candidate new beams with highest L1-RSRP
· Support: Intel, CATT, ZTE
· Alt 3: UE only reports failed CC index
· Support: CAICT

FL observation: Clear majority support for Alt3 for issue 3.5-1; slightly majority support for Alt4 for 3.5-2; majority support for Alt1 for issue 3.5-3.

Proposal 3.5
· When SCell BFR is configured, the RS for new beam identification should be always configured.
· When SCell BFR is configured, the threshold for new beam identification should be always configured
· When there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports a new beam information with a state that there is no new beam

Companies’ views and comments
	Company
	Comments

	CATT
	Issue 3.5-1: NBI is needed to recovery from beam failure. 
Issue 3.5-2: Either alt-3 or 4 is fine. Same consideration as issue 3.5-1 that a new beam above the threshold is needed so network can instruct UE to switch to the new beam. 
Issue 3.5-3: If no beam above the threshold is found, the best beam can be reported along with its L1-RSRP. It is up to gNB to decide what to do, e.g. switch to the beam anyway (if the L1-RSRP is not much lower than the threshold) or wait for UE to recover by itself. 

	OPPO
	3.5-2 shall be discussed together with 3.5-1: if NBI RS is configured, then threshold shall be configured. If NBI RS is not configured, it does not matter threshold is configured or not. It does not make sense to discuss those alts for 3.5-2

	ZTE
	Issue 3.5-3: As a fall back mode, the UE shall report the best beam to be found, which is similar to the solution for Rel-15 Pcell PRACH-based recovery.

	Convida Wireless
	It is useful for the network if the UE reports SCell beam failure (incl. failed CC index), also when a new beam (above threshold) could not be found. The same reporting could be used if no candidate beams are configured. The gNB may deactivate the failed SCell or take other actions.
Issue 1: Failed CC index needs to be reported also in Alt 1, so Alt 1 and Alt 2 are almost the same.
Issue 2: Alt 2 and Alt 3 are almost the same if the default RSRP threshold is the minimum RSRP threshold value (-156 dBm). Alt 1 and Alt 3 seem to be the same if the default RSRP threshold is infinity. Hence, Alt 1 and Alt 2 could perhaps be sub-options under Alt 3?
Issue 3: Alt 1 and Alt 3 could perhaps be merged as follows: “UE does not report information for one of the candidate new beams”. In all alternatives, “the UE reports failed CC index”, so this text could be moved to the main bullet.

	ASUS
	Issue 3.5-1 and 3.5-2: we share similar view with OPPO. We believe that NBI threshold should be coupled with NBI RS. If NBI RS is configured, we fail to see why NBI threshold is not configured by network. 
Issue 3.5-3: Alt. 1

	LGE
	For Issue 3.5-1, we added a new alt that all SSBs are considered as new candidate beams so that network can use this as a default behaviour.  
For Issue 3.5-3, we also think that Alt3 can be merged with Alt1. The only difference is whether UE reports “no new beam” explicitly as a newly defined state(Alt1) or implicitly via transmitting nothing on the NBI field(Alt2). We do NOT support Alt2 because there is no usage of the ‘new beam threshold’ if Alt2 is agreed, reminding the fact that we’ve already agreed supporting the new beam threshold as in Rel-15. To our understanding, this threshold was supported in Rel-15 with an understanding that the beams below this threshold is not meaningful to gNB so that it acts as a condition on whether to report NBI. Note that, in Rel-15, UE does not transmit NCB PRACH dedicatedly configured for BFRQ if there is no beam above threshold, and switches to a fall-back operation (i.e. CB based PRACH transmission). It should also be noted that ‘any SSB beam’ is selected among the beams below threshold even for the fall-back operation, not ‘the best SSB beam’, as described in TS38.321. This means that NBI reporting has no meaning to gNB in this case.

	Lenovo, Motorola Mobility
	Issue 3.5-1: Alt 3. 
Issue 3.5-2: Alt 3. 
Issue 3.5-1: Alt 1. 


	vivo
	With only three meetings left in Rel-16, let us find out the easiest way to make SCell BFR work.

	Huawei, HiSilicon
	Issue 3.5-1, if RS for new beam identification is not configured, other RS set can be used for new beam identification, such as a default RS set or a new RS set triggered by DCI.
Issue 3.5-2, if new beam identification threshold is not configured, the threshold for RRM measurement can be reused.
Issue 3.5-3, if there is no new beam with L1-RSRP higher than configured threshold, UE can report the state of ‘no-new-beam-identified’.

	APT
	We share the same concern as vivo. We think there is no need to deviate from Rel-15 design unless there is strong need.



3.6 Other
The following proposals can be discussed after decisions for issues above have been made.
Docomo:
When UE detects BFR on SCell (regardless of DL-only or DL/UL), UE can transmit BFR request to one of SCell(s) with DL/UL, if there is at least one SCell with DL/UL.
When UE detects BFR on SCell, UE receives BFR response from the BFR detected SCell.
Support “new BFR dedicated RNTI” to differentiate BFR response and other DCIs.
BFR response is received as PDCCH reception of any DCI formats scrambled by the “new BFR dedicated RNTI” on any search spaces of any CORESETs.
ZTE:
For the SCell with downlink only scenario, the procedure of receiving gNB response for recovery in PCell specified in Rel-15 can be reused.
Fujitsu:
UE expects to receive SCell beam failure recovery response on PCell
Xiaomi:
We need to consider TRP/panel beam failure detection and report.
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