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1. Introduction
In this contribution, we provide feature lead summary on enhancements on multi-beam operation for L1-SINR and SCell BFR.
Offline 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 

For further discussion in next meeting
· When there is no beam whose quality is above or equal to threshold, down select one of the following alternatives:
· Alt 1: UE can report no new beam is identified in addition to failed CC index(es) (if more than 1 CC is configured for BFR) and beam failure event
· Support a unified reporting format and payload for the cases when new beam is identified or not
· Alt 2: UE shall only report beam failure event and failed CC index (if more than 1 CC is configured for BFR)

Postpone the decision for the following issue and email discussion on details for each alternatives, e.g CMR, IMR resource setting, report setting to facilitate down-selection.
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
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2. L1-SINR
The following agreements on L1-SINR have been achieved in last RAN1 meetings.
	Agreement
For L1-SINR, interference can be measured based on dedicated resource(s) for interference measurement.
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement 
Agreement
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline




2.1 NZP IMR vs. ZP IMR
It has been agreed that a decision for down-selection should be made in this meeting on whether the dedicated IMR is NZP based or ZP based.
· L1-SINR can be measured based on
· Alt 1 (7): dedicated ZP IMR 
· Supported by: vivo, LGE, Samsung, CATT, Qualcomm, ITRI, OPPO, 
· Objected by: Huawei, HiSilicon
· Alt 2 (3): dedicated NZP IMR 
· Supported by: Huawei/HiSilicon, CMCC 
· Alt 3 (14): dedicated ZP IMR and dedicated NZP IMR
· Supported by: ZTE, Sony, MTK, Lenovo/Motorola, Fujitsu, NEC, Spreadtrum, China Telecom, Nokia/NSB, Ericsson, Intel, Docomo

Observation:
· Summary
· SLS results: 
· Performance gain from NZP IMR: Huawei/HiSilicon, ZTE, Intel
· Performance loss from NZP IMR: Samsung
· Performance gain from weighted SINR: Samsung
· LLS results:
· Accurate accuracy for NZP based L1-SINR: Ericsson
· No throughput difference between NZP and ZP IMR: LG
· Details:
· The following companies provide simulation results or use cases of L1-SINR to facilitate down-selection
· Huawei/HiSilicon: NZP IMR is helpful for inter-beam interference measurement and can assist gNB scheduling decision with 22.1% average SE gain from SLS.
· ZTE: NZP+ZP IMR as well as IMR index reporting could provide 17% average SE gain from SLS
· Samsung: 
· UPT gain from weighted SINR and loss for 38.215 SINR compared to Rel-15 RSRP based beam selection
· Also performed simulation comparing ZP IMR and NZP IMR for both metrics. While ZP IMR allows accurate interference measurement, NZP IMR results in significant UPT loss compared to ZP IMR.
· MTK: Use cases and benefit for L1-SINR includes:
· For CA: with L1-SINR as a first-order indicator of channel quality, the network can assess the relative quality of two or more CCs, therefore reporting L1-SINR instead of RSRP can be beneficial. 
· For CSI: From reported L1-SINR, the network can decide whether/what CSI reporting should be requested for a UE
· Inter-beam interference measurement
· Qualcomm: If inter-beam interference is eliminated, only 0.6dB performance gain can be observed from SLS, given that there are up to 2 co-scheduled UEs.
· Intel: From SLS, NZP+ZP based L1-SINR outperforms weighted SINR, CSI based, ZP based L1-SINR based beam selection, as well as RSRP based beam selection.
· Ericsson: From LLS, NZP based L1-SINR can provide adequate accuracy
· LGE: From LLS in R1- 1904216, almost no throughput difference between NZP and ZP IMRs was observed.

Proposal: 
· L1-SINR can be measured based on dedicated ZP IMR and dedicated NZP IMR
· Dedicated NZP IMR is optionally configured
· Dedicated NZP IMR based L1-SINR is an optional UE feature

Company’s views and comments
	Company
	Comments

	ZTE
	In our views, NZP-CSI-RS based IMR resources should be introduced for emulating potential intra-cell inter-beam interference, which can be used for assisting MU-MIMO scheduling.
Besides, for measuring background interference, e.g., from neighbour cell(s) or UE(s), ZP based IMR can be used also, like current NR-CQI feedback based on ZP based IMR.

	Ericsson
	Overall conclusion is still that L1-SINR provides marginal or no benefits compared to RSRP.

	CMCC
	The use cases of L1-SINR should be discussed before determine NZP or ZP IMR.
MU-MIMO is essential for FR2 with more antennas and large bandwidth resources. Enhancements are needed for FR2 to take into account the inter-beam interference in beam management and reporting to determine the suitable users for MU-MIMO pairing. Therefore, NZP IMR should be introduced to obtain the inter-beam interference. 
ZP IMR are used to obtain the interference from neighbour cells for determining the CQI. However, the CQI obtained during beam management is not accurate for data transmission, and the CSI measurement in Rel-15 has already supported to obtain CQI accurately, there is no need to additionally introduce ZP IMR to obtain the CQI.

	Nokia
	From system perspective, a network should be allowed to configure either ZP CSI-IM or NZP-CSI-RS interference measurement resources for UE according to scenario and not being limited to one of interference measurement resource types.

	Docomo
	We have 2 use cases. Our simulation results show that ZP CSI-RS IMR for inter-cell interference can improve the system performance. 
The NZP based IMR is also beneficial to measure inter-TRP/panel interference. Hence, both ZP and NZP based IMR should be supported for L1-SINR measurement.

	Huawei/HiSilicon
	Support NZP IMR for L1-SINR.
As pointed out by Ericsson, NZP IMR can provide adequate accuracy for L1-SINR measurement and reporting. Reusing NZP CMRs for other UEs as NZP IMRs for this UE would allow for efficient emulations of inter-beam interference under different beam pair combinations. In this way, the overall resource utilization efficiency would be much higher, compared with ZP IMR.
If only ZP IMR is adopted, there is no benefit but high overhead and UE complexity. Reusing Rel-15 ZP IMR, with estimated average/mixed inter-cell interference, there is no difference on beam selection with L1-SINR or L1-RSRP. If ZP IMR is extended to estimate inter-beam interference within a cell, the overhead of ZP IMR will become a big issue as discussed in Rel-15. So, we object Alt 1.

	vivo
	The major reason to introduce L1-SINR is to introduce a way of beam selection with better performance than L1-RSRP based solution while with less complexity than CSI-based solution. If NZP CSI-RS is used for beam selection, it requires more complex measurement and calculation procedure than ZP CSI-RS based measurement. 
For those who believe NZP based CSI-RS is better than ZP CSI-RS, we would like to clarify that ZP CSI-RS only means different measurement behaviour compared with NZP. From reporting perspective, the ways that could be used by NZP to improve system performance and emulate inter-beam interference could also be used for ZP CSI-RS based L1-SINR.

	Qualcomm
	Support dedicated ZP IMR only, which can estimate both intra and inter cell interference at low complexity. 
Also, as shown in our results, inter-beam interference has at most 0.6 dB impact on total SINR if gNB schedules UEs with 15 separation. So NZP IMR for intra cell interference is not needed if gNB chooses UEs with sufficient angular separation. For UEs with small angular separation, gNB can use existing L1-RSRP report like P2 to estimate inter-beam interference, instead of introducing IMR index report. 
In addition, ZP IMR for inter cell interference can be shared by different UEs to reduce overhead. 

	Lenovo/Motorola Mobility
	The computation overhead of NZP-IMR based L1-SINR is comparable to that of L1-RSRP, and is much less intensive than CSI. It can compute inter-beam interference much better than ZP-IMR. Both ZP and NZP-IMR should be supported.  



2.2 Dedicated IMR configuration presence
A default mode should be decided if dedicated IMR is not configured. Another option is that dedicated IMR should always be configured.
· On presence of dedicated IMR configuration for L1-SINR measurement,
· Alt 1 (4): dedicated IMR should always be configured
· Supported by: Docomo (SSB based L1-SINR), Samsung, CATT, LGE
· Alt 2 (12): If dedicated interference measurement resources are not configured, the UE would use the REs used for RSRP measurement also to estimate the interference.
· Supported by: ZTE, NEC, CMCC, Docomo (CSI-RS based L1-SINR), Ericsson, Intel, OPPO, MTK, Huawei, HiSilicon, Qualcomm, Sony

Proposal: 
· For L1-SINR measurement, if dedicated interference measurement resources are not configured, the UE would use the REs used for RSRP measurement also to estimate the interference. 

Company’s views and comments
	Company
	Comments

	Samsung
	Since NZP IMR results in significant UPT loss over ZP IMR, if L1-SINR is to be supported in Rel.16, it should always be configured with dedicated ZP IMR. Therefore Alt2 should not be the default configuration. 

	ZTE
	Alt2 can be assumed as a fall-back mode, which is the same as Rel-15 SS-SINR and CSI-SINR definitions in TS 38.215.

	CMCC
	Support Alt.2
The RS resources configured for channel measurement can be reused as resources for interference measurement without increasing the resource overhead.

	LGE
	When NZP-CSI-RS resource with density=1/0.5 is configured for RSRP measurement, Alt-2 would not ensure interference measurement accuracy because density=1/0.5 is not enough for channel estimation in the frequency domain. To support Alt 2, therefore, only NZP CSI-RS resource with density=3 would be available. 

	Nokia
	Support Alt-2

	Docomo
	For SSB based measurement, dedicated IMR should always be configured because neighbouring gNBs usually configure the same locations of SSBs and the measured interference does not include an effect of traffic loads of neighbouring gNBs. 
For CSI-RS based measurement, dedicated IMR is not always necessary because neighbouring gNBs usually configure the different locations of CSI-RSs and the measured interference includes an effect of traffic loads of neighbouring gNBs. 

	Huawei/Hisilicon
	Support Alt-2. Additionally, we propose that when group-based beam reporting is enabled, UE reports two CMR(s) to gNB and when the UE calculates L1-SINR of one CMR, the other CMR is assumed as interference measurement source. This would provide gNB information on mutual interference experienced by these two simultaneously receivable beams and thus facilitate subsequent scheduling decisions. 

	vivo
	At least for SSB based L1-SINR measurement, the interference measured on the resources would be inaccurate.

	Qualcomm
	Support Alt. 2. Not support dedicated IMR for SSB based L1-SINR, where IMR can be outside CDRX ON period and can have wider bandwidth than SSB.  



2.3 Reporting content 
Another issue is what to be reported for L1-SINR based beam reporting.
· In a L1-SINR based beam reporting instance, 
· Alt 1 (8): UE can report SSBRI/CRI and SINR for up to N beams
· Supported by: Spreadtrum, Docomo (only if reported beam is selected by RSRP and SINR), Ericsson, Samsung, CATT, LGE, Qualcomm, Sony
· Alt 2 (6): UE can report SSBRI/CRI, SINR and IMR index for up to N beams 
· Supported by: Huawei, HiSilicon, ZTE, NEC, Lenovo/Motorola
· Alt 3 (4): UE can report SSBRI/CRI, SINR and RSRP for up to N beams
· Supported by: OPPO, Docomo (only if reported beam is selected by RSRP and SINR), Intel, vivo
· Alt 4 (4): UE can report SSBRI/CRI, SINR, IMR index and RSRP for up to N beams
· Supported by: Docomo, CMCC, Huawei, HiSilicon
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}

Observation:
· The following companies provide simulation results to facilitate down-selection
· ZTE: NZP+ZP IMR as well as IMR index reporting could provide 17% average SE gain from SLS
· Docomo: SE gain based on reporting of SINR and RSRP

Proposal: 
· At least support gNB can configure UE to report SSBRI/CRI and corresponding L1-SINR for up to N beams in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· 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

Company’s views and comments
	Company
	Comments

	Samsung
	1) Having to report both SINR and RSRP increases reporting overhead and UE complexity, not only computational complexity, but also potential timing alignment and dependency among reports (especially with periodic or semi-persistent reporting). 
2) Since L1-SINR (analogous to RSRP) is a long-term metric (otherwise, why not just use CSI?), the use case for IMR index reporting is unclear since interference measurement is averaged out across multiple IMR instances.

	ZTE
	From our SLS and LLS results (R1-1904025/R1-1904026), it is observed that:
· In Alt-1, L1-SINR reporting can NOT obtain any performance gains over L1-RSRP; by contrast, in Alt-2, L1-SINR reporting with IMR can obtain significant performance gains over L1-RSRP and L1-SINR without IMR, through reporting low-interference beam information using indexes of IMR.
· Alternatively, if going with the solution of reporting of only CMR(s) (i.e. SSBRI or CRI) + L1-SINR, the new association between IMR and CMR in reporting setting besides QCL can be configured by gNB.  
· Once SSBRI/CRI of the CMR(s) is reported in one L1-SINR reporting instance, the corresponding IMR resource(s), i.e., low interference beam(s), can be derived by gNB according to the pre-configured association between IMR and CMR.  


@ Samsung, from our perspective, L3-SINR/RSRP is a long-term metric, but L1-SINR/RSRP is only a short-term metric based on L1-filter. Like CMR measurement, interference measurement for L1-SINR also can be made based on a single IMR instance, e.g., aperiodic NZP/ZP-IMR in Rel-15. Compared with CQI reporting, L1-SINR reporting have advantage of the reporting range/step and reduced complexity for the single-port measurement taking into account there are many possible combinations of CMRs and IMRs. 

	CMCC
	Both L1-RSRP and L1-SINR should be reported. 
IMR index for L1-SINR measurement should be reported, which can be used for gNB to determine the suitable users for MU pairing.

	Nokia
	Support Alt-1

	Docomo
	1) Both L1-RSRP and L1-SINR should be reported. Our system level simulation result shows the performance gain [R1-1904967].
[image: ]

2) In order to take into account inter-TRP interference for beam selection, additional information, i.e. IMR index, should be reported, because L1-SINR can be different corresponds to different IMRs under the same signal measurement resource.
[image: ]

	Huawei/Hisilicon
	Support Alt 2 or Alt 4. For Alt 4, UE can report L1-SINR or L1-RSRP based on a pre-defined or configured L1-SINR threshold (e.g., when L1-SINR is lower than the threshold, UE report L1-RSRP). This would facilitate gNB to choose between SU and MU transmission. 

	vivo
	Support Alt 3.

	Qualcomm
	Support Alt. 1. For Alt.2, the benefit of reporting IMR index can be alternatively achieved by existing L1-RSRP report, e.g. P2  
For Alt. 3, the reason for the gain by reporting both RSRP and SINR per beam is unclear. Also, UE can do its own optimization based on both RSRP and SINR, but only report SINR of finally selected beam(s)

	Lenovo/Motorola Mobility
	Support Alt 2. It appears to be redundant to report SINR and RSRP together.




2.4 Other
The following proposals may be decided later as there is not too many discussions or it is connected to some issues above. 
Huawei/HiSilicon:
For L1-SINR, support configuring CMRs and IMRs in two separate resource settings.
When group-based beam reporting is enabled for L1-SINR reporting, support reusing NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement.
Vivo:
Measurement restriction for the interference measurement part should be supported. 
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.
 LG:
Support sharing a CSI-IM for multiple NZP CSI-RS resources for minimizing resource overhead.
Intel:
With regard to UE implementation effort, the CSI-RS used for L1-SINR measurement and reporting should be 1-port CSI-RS.
Fujitsu:
NZP CSI-RS resource(s) configured for channel measurement can be reused as resource(s) for interference measurement.

Company’s views and comments (Please comment if you think some proposals which are not connected to the issues above should be prioritized.)
	Company
	Comments

	Qualcomm
	Support measurement restriction for interference measurement
Support reusing CMR for IMR to reduce overhead
Support sharing CSI-IM for multiple CMRs of different UEs. CSI-IM may need TDM for multiple CMRs of same UE.
Not support CMRs and IMRs in different resource settings for different combination hypothesis
2-port CSI-RS can be optionally supported for measurement averaging

	
	



3. SCell BFR
In last RAN1 meetings the following agreements on SCell BFR have been achieved.
	Agreement
Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure
· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE
· FFS: Whether new beam information should be included
· FFS: Details on triggering for transmitting BFRQ

Agreement
· SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state. 
· Down-select one of the following alternatives in RAN1#96:
· Alt 1: SCell BFD RS is in current CC
· Alt 2: SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration
· Alt 3: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration
· SCell BFD is measured based on hypothetical BLER

Agreement
Down-select at least one of the following alternatives:
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.
· UE reports new beam information by or after BFRQ
· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.
· UE only indicates beam failure happens by BFRQ
· Note: new beam identification can be done by using DL BM procedure
· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure
· UE may report new beam information during BFR procedure 
· FFS: impact of new beam identification threshold
· Note: It is up to UE whether to do beam failure detection and new beam identification in parallel or not
· For Alt1 and Alt3, reference signals for new candidate DL beam(s) are configured, which are based on CSI-RS and/or SSB.
· FFS: whether the CSI-RS and/or SSB can be in another CC
· FFS: signaling details, e.g. RRC and/or MAC CE
Agreement
For SCell BFR
· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2
· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios
Agreement
· For SCell BFR, BFRQ shall be conveyed if UE declares beam failure
· UE shall convey new beam information during BFR procedure if new candidate beam RS and corresponding threshold is configured and at least if channel quality of new beam is above or equal to threshold
· FFS: whether no new beam identified could be included as a state of new beam information
· FFS: details if no new beam is above or equal to threshold




3.1 New beam identification RS
It has been agreed that new beam identification RS can be configured in last meeting. Then at least one of the following alternatives needs to be down-selected for the issues below.
· Issue 1: DL RS for new beam identification can be based on:
· Alt 1 (0): SSB only
· Supported:
· Alt 2 (0): CSI-RS for BM only
· Supported:
· Alt 3 (16): SSB and CSI-RS for BM
· Supported: Convida, Docomo, Intel, OPPO, Samsung, CATT,ZTE, Ericsson, MTK, LGE, Huawei, HiSilicon, Qualcomm, Lenovo/Motorola, Sony

· Issue 2: DL RS for new beam identification can be transmitted:
· Alt 1 (4): In failed CC only
· Supported: Ericsson, MTK, LGE, Convida
· Alt 2 (11): In failed CC or another CC
· Supported: ZTE, vivo, Docomo, Intel, Samsung, NEC, CATT, Huawei, HiSilicon, Qualcomm, Lenovo/Motorola, Sony

· Issue 3: New beam identification threshold is based on:
· Alt 1(13): L1-RSRP
· Supported: Convida, Qualcomm, OPPO, Samsung, CATT, Ericsson, LGE, Huawei, HiSilicon, Qualcomm, Lenovo/Motorola, Sony
· Alt 2 (4): L1-SINR
· Supported: Spreadtrum, Intel, OPPO, MTK
· Alt 3 (2): L1-RSRP and L1-SINR
· Supported: Docomo, ZTE(To handle the ping-pong issue)

Proposal: 
· DL RS for new beam identification can be based on SSB and CSI-RS for BM
· DL RS for new beam identification can be transmitted in failed CC or another CC
· New beam identification threshold is based on L1-RSRP

Company’s views and comments
	Company
	Comments

	OPPO
	Both Alt.1 and Alt.2 should be supported. UE can use Alt.1 or Atl.2 based on NW configuration.

If L1-RSPR is used, the DL RS for new beam identification can be on the failed CC or another CC.
If L1-SINR is used, the DL RS for new beam identification should be on the failed CC since the interference on different CCs are different.

	Samsung
	On issue 3, the design for new beam identification shall follow the design in Rel.15 as much as possible, especially given the uncertainty of L1-SINR (benefit, definition, measurement accuracy, if and when it is completed, etc.). It is also to ensure timely completion of SCell BFR.

	ZTE
	On Issue 3, L1-SINR+L1-RSRP should be considered for solving ping-pong issue due to different metrics for BFD and new candidate beam identification. Specifically, L1-SINR threshold is only used as a further condition when the channel quality of new candidate beam is above or equal to the L1-RSRP threshold.

	Ericsson
	On issue 2: We fail to see why the UE should report DL RSs in other CCs than the failed. Isn’t the whole point with BFR to get the failed CC running again? Why would the NW be interested in new beams in other operational cells?

	LGE
	On issue 3, we share the view of Samsung. 

	Nokia
	UE should be able to report both SSB and CSI-RS. UE should identify new beam on the failed CC. In case one CC is used for beam failure detection for group of CCs (e.g. via cross-carrier QCL) the new beam would apply similarly for that group.
It may be beneficial to consider L1-SINR for candidate selection so we would not rule it out at this point. It may not be feasible to calculate L1-SINR for each candidate in a failed CC. In some sense this would be suitable for PCell BFR where UE may have limited number of CFRA candidates 


	Docomo
	Issue 2: if the new beam is selected by L1-RSRP, the CSI-RS and/or SSB can be in the same or another CC on intra-band, and if the new beam is selected by L1-SINR, the CSI-RS and/or SSB should be in the same CC.
Issue 3: Alt. 1/2/3 should be configurable depending on a cell deployment. For a cell deployment where the large inter-cell interference is not expected, Alt. 1 works well. However, for a cell deployment where the large inter-cell interference is expected, Alt. 1 would not be sufficient, because there is a case UE selects a beam with large inter-cell interference, which does not have sufficient quality. Hence, the criterion of the threshold should be configurable for NW, depending on the expected inter-cell interference.

	vivo
	Issue 1: Alt. 3;
Issue 3: Alt. 1;

	Convida Wireless
	Regarding issue 2, we have concerns that we introduce more problems than we solve by allowing RS for NBI on another CC, for example related to BWP switching and cell activation/deactivation on the other CC. 

	Qualcomm
	For issue 1, support using both SSB and CSI-RS for candidate beam RS
For issue 2, support candidate beam RS can be on failed or another CC to reduce overhead
For issue 3, support RSRP as new beam quality threshold, which is consistent with PCell BFR

	Lenovo/Motorola Mobility
	Issue 1: Alt 3.
Issue 2: Alt 2.
Issue 3: Alt 1.



3.2 Beam failure detection RS
According to agreements in previous meetings, there are following alternatives on BFD RS configuration.
· Alt 1 (6): SCell BFD RS is in current CC
· Supported by: ZTE, Convida, Docomo, OPPO, MTK, LGE
· Alt 2 (2): SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration
· Supported by: LGE, Ericsson
· Alt 3 (16): SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration
· Supported by: vivo, Sony, Samsung, Fujitsu, China Telecom, Qualcomm, Nokia/NSB, Intel, NEC, CATT, Huawei, HiSilicon, Qualcomm, Lenovo/Motorola

Proposal: 
· SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration 

Company’s views and comments
	Company
	Comments

	OPPO
	The beam failure detection is based on hypothetical BLER, which is based on the interference. The interference on different CCs are different.

	ZTE
	SCell BFD is measured according to hypothetical BLER, which means SCell BFD not only relies on the channel quality but also the interference. The BFD RS should only be in the target SCell for guaranteeing accuracy, taking into account cell-specific interference. 
Even, in Rel-15, the DL RS for beam failure detection only can be explicitly configured in the target cell for BFR. Taking into account that Rel-15 beam recovery procedure only can be configured in Pcell, and consequently it should be a very corner case that a DL RS for another CC rather than Pcell is derived through implicit configuration.

	Ericsson
	We fail to see the purpose of deliberately configuring the BFD RS in another cell than the “current” cell. Would it, e.g., mean that the BFD RS can be configured in the PCell? 

	MTK
	While BFRQ is for a specific CC, it is reasonable to assume the BFD condition is similar across CCs in the same band. In any case, CCs within a band can be divided into CC groups and such division can be carried a specification-transparent way, and BFD resources just need to be located on one CC within a CC group, on a first sight Alt. 2 or Alt. 3 would be preferred. However, due to BWP operations (e.g. whether a BFD RS is in an active BWP or not) and QCL chains which can span over two CCs, design following Alt. 2 and Alt. 3 can easily get complicated. Hence Alt. 1 has the merit of being relatively simple.

	LGE
	Support either Alt2(same as PCell) or Alt1. Share the views with OPPO, ZTE, Ericsson with regard to different interference condition per Cell and the necessity of allowing PCell RS for SCell BFD so that we failed to find a need for an extended support for SCell compared to PCell.

	Nokia
	With high number of SCells it may not be feasible to run separate BFD procedure for each of the SCells if one SCell can be monitored to determine failure for e.g. group of SCells.

	Docomo
	We don’t see any use-case/benefit to configure BFD RS on different CC. 
Alt. 2/3 has clear disadvantage that the measured hypothetical BLER is not accurate, because difference CC has different interference. Also, in case of inter-band CA, even QCL assumption would be different (signal power is different).
Moreover, once Alt. 2/3 is agreed, there are several issues that we should discuss. For example, how to handle the case of BFD RS is configured on a CC which is on different frequency band. Or, how to handle the case of SCell is deactivated, where the deactivated SCell has BFD RS. Since there is no use-case/benefit to configure BFD RS on different CC, once Alt. 2/3 is agreed, we will have to discuss the issues which does not exist in practical. Hence, Alt. 1 should be supported

	vivo
	The purpose for configuring RS in another CC is to save overhead and save UE’s complexity for tracking too many RS. The argument does not hold always that interference on different cell is different. Since Rel-15 has already supported BFD RS across different cells implicitly, why would Rel-16 network make such restriction?

	Convida Wireless
	Support Alt 1. 
Regarding Alt 2/3, instead of configuring the BFD RS of CC A to be on CC B, the network can configure the UE to perform BFD on CC B based on the BFD RS on CC B. This would result in the same UE BFD complexity (BFD performed only on CC B) and BFD RS overhead (BFD RS only on CC B) with the much simpler Alt 1.

	Qualcomm
	SCell BFD RS can be in current or another CC for both explicit and implicit configuration to reduce overhead.

	Lenovo/Motorola Mobility
	Same as Qualcomm.



3.3 Mechanism to report failed CC index and new beam information
According to the agreements in previous meetings, the following information can be conveyed during BFR procedure:
· Failed CC index
· New beam information when a new beam is identified

Then the issue left is how to convey such information to gNB. There are the following alternatives according to companies’ contributions.
· For SCell with downlink only, UE can convey the failed CC index and new beam information (if present) based on at least one of the following alternatives:
· Alt 1: UE reports failed CC index and new beam information (if present) explicitly by MAC CE
· Supported: vivo, Samsung, MTK, Lenovo/Motorola, Spreadtrum, Convida, Nokia/NSB, APT, Ericsson, Intel, NEC,CMCC
· Alt 2: UE reports failed CC index and new beam information (if present) explicitly by multi-bit PUCCH
· Supported: Sony, Xiaomi, OPPO, NEC, ZTE, Qualcomm
· Alt 3: UE reports failed CC index and new beam information (if present) implicitly by single-bit PUCCH
· Supported: ZTE, Docomo, Qualcomm
· Alt 4: UE reports failed CC index and new beam information (if present) implicitly by CF-PRACH
· Supported: CATT, OPPO, NEC(failed CC index only)
· Alt 5: Two-step procedure to report failed CC index and new candidate beam information
· 1st-step: UE reports failed CC index implicitly by single-bit PUCCH, e.g., dedicated SR for the failed SCell
· 2nd-step: An AP-CSI reporting is triggered by gNB, if required, to obtain the new candidate beam ID.
· Supported: ZTE 
· Alt 6: UE reports failed CC index and new beam information (if present) explicitly by AP-CSI on a PUSCH
· Supported: LGE
· Alt 7: UE indicates beam failure event by PRACH, and reports failed CC index and new beam information (if present) via aperiodic L1-report.
· Supported: Huawei, Hisilicon
· Note: whether the conclusion above is the first message of beam failure recovery request or not is a separate issue.

Offline proposal:
· For SCell with downlink only, UE reports failed CC index 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, new beam information (if present) and beam failure event to be reported by a single report by MAC CE or UCI
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not only 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
· 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, and step 2: UE reports new beam information 
· 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 implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH

Company’s views and comments (Please provide details of your solution in comments part if it is not captured in any of the alternatives above)
	Company
	Comments

	Samsung
	Option of MAC-CE message is supported.
But not to include both failed CC index and new beam ID in the same BFRQ message.  The BFRQ message shall only carry the information of failed CC index, not the information of new beam. The reason is that we should have a unified design for BFRQ for all the cases: (1) the case of new beam RS not configured. (2-1) the case of new beam RS configured but no new beam found. (2-2) the case of new beam RS configured and one new beam found.

	CATT
	The WID includes scenarios where PCell is in FR2 and may experience beam failure independently from SCell. Solution should be provided for this case.  

	ZTE
	Two-step procedure for BFR should be considered in order to save the latency and recovery overhead.
· BFRQ transmission occasion is only associated with SCell ID, and the BFRQ signaling only occupies one bit for confirming whether a beam failure event occurs in SCell or not. 
· Once receiving BFRQ, gNB can trigger one AP-CSI reporting for obtaining the new candidate beam ID, i.e., the index of DL RS q_new

	Ericsson
	According to the FL, we have already agreed to convey the NBI during BFR procedure. In our understanding, this would rule out a 2-step procedure.
A MAC CE could easily include both the failed CC, and the NBI.

	MTK
	We propose one solution to further reduce the latency and the overhead. It is based on the dedicated SR on PUCCH and MAC CE transmission on PUSCH. If we use normal SR, it will lead to large latency due to the normal procedure of SR transmission. Thus, we support the dedicated SR to avoid unnecessary delay because gNB cannot tell the importance of request using normal SR.

	CMCC
	Support MAC-CE based solution. We agree with MTK for transmitting via dedicated SR on PUCCH , and  we also propose to reuse the normal SR if dedicated SR resource is not sufficient.

	LGE
	As expressed our view on NR email reflector, this issue needs to be addressed at least jointly with the BFRQ channel, i.e., dedicated PRACH, dedicated PUCCH, or normal SR PUCCH. For the BFRQ channel, we also preferred a dedicated SR PUCCH as MTK. For the subsequent report for failed CC index(es) and NBI, we prefer to use existing AP CSI/beam reporting (i.e. CRI/SSBRI + L1-RSRP) as much as possible because gNB will have no problem to trigger AP CSI/beam reporting on a PUSCH after gNB recognized a SCell BF problem via receiving a dedicated SR PUCCH on PCell. Compared to MAC-CE and UCI, there are well-known pros and cons, i.e. reliability and latency. In our view, reliability is not so critical in this case because gNB can trigger AP CSI report again if the AP report is not decoded correctly. In addition, we should be very careful on creating a new MAC-CE due to the lack of assigned RAN2 TU for this WI.

	Nokia
	We prefer MAC CE based solution since this is the most flexible option and requires no periodic uplink resources to be reserved and thus solution scales if number of configured SCells increases
For quick delivery, after triggering SR UE could prioritize the transmission of SCell BFR MAC CE. The latency depends on the SR/RACH periodicity. Also, UE may already have uplink grant available.
Also, in MAC CE based solution the CBRA fallback can be used for sending the BFRQ.  

	Huawei/Hisilicon
	Similar to CATT, we think the case with PCell in FR2 and may also be experiencing beam failure should be considered together. For this reason, in our view, using PRACH to indicate beam failure is the most robust solution, similar to what we had in Rel-15. 
Additionally, to mitigate overhead from carrying failed CC index and new beam information under reasonable latency, we suggest considering using L1-reporting scheduled by DCI.
For these reasons, we added Alt-7 as above. 

	vivo
	We support MAC CE based solution, which is simple and effective for majority scenarios.
Why the PCell and SCell failure in FR2 simultaneously could not be resolved step by step? It seems to be over-optimization to focus on such scenarios which already has effective solutoins. 

	Qualcomm
	For SCell with DL only, support reporting failed CC index and new beam info (if present) by either dedicated or existing PUCCH on PCell
Support no failed CC index to be reported if all SCells are cross carrier QCLed

	Lenovo/Motorola Mobility
	Support MAC-CE based BFR. The MAC-CE can be sent to the SCell, PCell, or another CC. Failed CC index, and new candidate beam if available, can be included in the MAC-CE. 



3.4 Details when no new beam is identified
Based on previous agreements, there is one FFS point on whether failed CC index should be conveyed implicitly or explicitly.
· When there is no beam whose quality is above or equal to threshold, 
· Alt 1 (13): UE shall report new beam information in addition to failed CC index where a state of new beam information denotes no new beam is identified
· Supported by: Huawei, HiSilicon, OPPO, LGE, NEC, Docomo, Qualcomm, Ericsson, MTK, Convida, Lenovo/Motorola, Sony
· Alt 2 (2): UE shall report the beam index as well as beam quality for the best beam selected from the candidate new beams in addition to failed CC index
· Supported by: Intel,  ZTE (in second step)
· Alt 3 (7): UE shall only report failed CC index 
· Supported by: vivo, Fujitsu, Nokia/NSB, Samsung, ZTE (in first step),CMCC
· Alt 4 (1): UE shall report BFRQ by different BFRQ resource
· Supported by: Docomo
· Alt 5 (1): UE does not report beam failure (same as Rel.15)
· CATT

Proposal: 
· When there is no beam whose quality is above or equal to threshold, UE shall report new beam information in addition to failed CC index where a state of new beam information denotes no new beam is identified

Company’s views and comments
	Company
	Comments

	ZTE
	The new beam information and failed CC index can be reported through two separate steps. In the first step, the failed CC index is reported in one-bit PUCCH, e.g., dedicated SR associated with the failed SCell; after that, CSI reporting can be triggered to report {CRI/SSBRI + RSRP} according to the pool of new candidate beams.

	CATT
	The following question is open in our understanding.  
Agreement
Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure
· FFS: Whether new beam information should be included

In our view, if the UE cannot find a new beam that meets the threshold, UE should not report beam failure, due to the following reasons: 
· If UE reports a poor beam, whose quality is below threshold but the gNB is not aware of this, gNB would attempt to reconfigure this poor beam for control signal but fail to recover from BF. This is not useful at all but only adds to RRC reconfiguration overhead/latency. 
· If UE reports a poor beam below threshold and gNB is aware of this (alt.2), gNB still has to discard this poor beam, triggers a separate beam report, and gets poor beams again. This procedure then goes into endless loop, for no purpose. The same holds when UE reports beam failure without a new beam.

Unlike PCell where best-effort BFR (e.g. CB-RACH) is probably acceptable, best-effort BFR is not needed for SCell, rather it should be avoided. Thus if the UE cannot find a beam meeting the threshold, the UE should not do anything. 

	Ericsson
	Even if no new beam can be found, the NW would be interested in understanding if the SCell failed. It could even be so that the NW chooses not to configure any candidate beams in the SCell, since that increases overhead. Also in this case, the NW could be interested to knowing that the SCell has failed.

	CMCC
	Alt 3. Different BFRQ sequences can be transmitted on the 1-bit dedicated PUCCH resource to differentiate whether new beam is identified by UE. And UE can only report failed CC index.

	Nokia
	UE should at least indicate failed CC index if no candidates are above threshold or when a threshold is not configured. We are not against signalling “no candidate” info but it should be discussed when BFRQ mechanism has been concluded.
Thus, we support both alt1 and alt3 for now.

	vivo
	A comment to E///: through your comment, it seems that you also support Alt.3?
This issue may be pending on the decision of issue 3.3.

	Convida Wireless
	Agree with Nokia, but choose to support Alt 1 for now.
It can be noted that also Alt 3 conveys “no beam has been identified” by omitting new beam index in the BFRQ, i.e. not “only failed CC index”. 
The difference between Alt 1 and Alt 3 seems to be that Alt 1 goes a bit further in providing some details on how the UE doesn’t convey a new beam index.

	Qualcomm
	Support using a reserved state if no new beam can be identified, to keep the same reporting format

	Lenovo/Motorola Mobility
	Support Alt 1. A new codepoint can be reserved as new candidate beam index when no beam above the threshold is found. 




3.5 Other 
Some other proposals which are connected to the issues above or related to UE capabilities could be decided later.
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.
-	Notes: one dedicated search space set for recovery is configured in the SCell for monitoring gNB response.
vivo:
CORESET-BFR is not necessary for BFR on SCell.
OPPO:
Support of BFR on SCell should be an optional UE feature.
Sony:
A UE expects to receive BFR response for SCell BFR on a CORESET configured on failed SCell. 
MTK:
For FR2 DL-only SCell BFR, decide on which serving cell to transmit gNB response.
Fujitsu:
UE expects to receive SCell beam failure recovery response on PCell. The CORESET for PCell beam failure recovery response reception is reused for SCell beam failure recovery response reception.
Convida:
If the BFRQ is transmitted on the SCell that experienced beam failure, the BFRR is received on the same SCell, reusing Rel-15 BFRR. 
•	Further study on which cell the UE monitors BFRR if the BFRQ is transmitted on another cell.
Qualcomm:
Assume RSRP threshold and new candidate beam RSs as well as corresponding CFRA resource are configured for SCell BFR	
•	If at least one beam in the candidate RS list is above or equal to the threshold, UE uses CFRA in Scell for BFRQ; 
•	Else, UE can use Pcell to convey BFRQ if configured, otherwise use CBRA in Scell.’
Support explicit report of failed CC index when not all SCells are cross-carrier QCLed.
Company’s views and comments (Please comment if you think some proposals which are not connected to the issues above should be prioritized.)
	Company
	Comments

	Qualcomm
	For SCell BFR responding cell, support PCell sends response if BFRQ is sent on PCell as unified solution, since SCell sending response may not work if no new beam is identified. 
Support CORESET-BFR is not needed for SCell BFR
Support BFRQ receiving cell is determined based on the following priority: CFRA on SCell, on PSCell, or CBRA on SCell, based on configured resource availability
Support no failed CC index report if all SCells are cross carrier QCLed
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