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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.
2. L1-SINR
In last meeting the following agreements on L1-SINR have been achieved.
	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 



2.1 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: dedicated IMR should always be configured
· Supported by: NEC, Samsung (for now), CATT, LGE
· Alt 2: dedicated IMR is optionally configured, and when it is not configured, interference is measured based on the resource for channel measurement
· Supported by: ZTE, vivo, Fujitsu, Lenovo/Motorola, CMCC, Ericsson, Nokia/NSB, OPPO, Docomo, Convida, Huawei/HiSilicon, Sony

Proposal (Alt2):
· For L1-SINR based beam measurement and reporting, dedicated IMR is optionally configured, and when it is not configured, interference is measured based on the resource for channel measurement.

Company’s views and comments
	Company
	Comments

	NEC
	This seems an issue not discussed before. Our preference is Alt.1 slightly. The SINR from one CSI for both CM and IM can be very inaccurate.

	ZTE
	Besides, we also would like to support the following case for saving IMR overhead:
The other NZP CSI-RS resource(s) configured for channel measurement can reused as resource(s) for interference measurement for the NZP CSI-RS resources to be reported. 
· For instance, N periodic or semi-persistent NZP CSI-RS resources are configured for L1-SINR reporting; once one of these 8 resources are selected to be reported as one transmission recommended beam with the index of X; then, the rest of the resources can be assumed as resources for interference measurement, and, according to one pre-defined rules (e.g., one threshold for reporting low-interference beam(s)), some of CRIs related to the rest of the resources can be reported as interference beam(s) for the transmission recommended Beam-X.


	CMCC
	The RS resources configured for channel measurement can be reused as resources for interference measurement without increasing the resource overhead.
Besides, it may be better to define what kind of interference we are trying to measure firstly, then to decide whether configuring dedicated IMR or reusing channel measurement resources for interference measurement.

	OPPO
	Alt.2 is supported

	Docomo
	Support Alt. 2

	Samsung
	Without ample evidence that interference measurement for L1-SINR can be performed accurately with CMR (which seems to be lacking at the moment), at this point it is safer to agree only on the configuration with dedicated IMR (Alt1). Later on, once sufficient study/data demonstrating that L1-SINR can be measured with CMR only, Alt2 can be agreed. Otherwise, the default mode for L1-SINR measurement should be with dedicated IMR only.

	Ericsson
	There is ample evidence that reusing the CMR also for interference estimation provides good enough accuracy, at least for some RSs. In any case, this is up to network configuration.

	vivo
	Support Alt2
From the resource overhead reduction and measurement purposes point of view, NZP-CSI-RS resources configured for channel measurement can be reused as resources for interference measurement. For interference part of given beam, the other RS resources can be measured based on the QCL assumption of the RS resource for signal part. 

	SPRD
	Support Alt.2

	CATT
	Support Alt.1. The use case and UE assumption for interference measurement with alt-2 is unclear at this moment. It is also not clear how much overhead saving can be achieved by reusing channel measurement resource for interference measurement, e.g. IMR and CMR may be overlapping. 

	Huawei, HiSilicon
	Support Alt-2 in principle for overhead reduction. 
Suggest to discuss detailed interference measurement mechanism in this case (e.g., under which condition and how L1-SINR is derived). 

	Lenovo, Motorola Mobility
	Clarification: by “configured”, do you mean configured in CSI-RS resource (set) or configured in CSI report?

	LGE
	Support Alt.1. Alt.2 may not ensure for UE to achieve L1-SINR with required accuracy if signal power is less than interference power or RS density in frequency domain is less than 3REs per RB.  Furthermore, these issues becomes worse especially for aperiodic NZP CSI-RS to be measured. 

	Sony
	Support Alt 2. 

	Nokia
	Support Alt 2 


2.2 NZP IMR vs. ZP IMR
Another issue is whether the dedicated IMR is NZP based or ZP based.
· L1-SINR can be measured based on
· Alt 1: dedicated ZP IMR 
· Supported by: CATT, LG, OPPO, Apple, Samsung, LGE
· Alt 2: dedicated NZP IMR 
· Supported by: Lenovo/Motorola
· Alt 3: dedicated ZP IMR or dedicated NZP IMR or both
· Supported by: ZTE, AT&T, Fujitsu, Intel, Nokia/NSB, NEC, Spreadtrum, Docomo, Ericsson, Convida, Sony

Proposal:
· L1-SINR can be measured at least based on dedicated ZP IMR.
· Make a decision in RAN1 #96b on whether or not to support NZP based IMR
· Companies are encouraged to provide simulation results 

Company’s views and comments
	Company
	Comments

	ZTE
	For accurately measuring and reporting intra-cell interference-related beam information, NZP-CSI-RS based IMR resources should be introduced for L1-SINR reporting, 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-CSI-RS.

	OPPO
	For MU-MIMO, NZP CSI-RS can be configured for CQI reporting. It is redundant to use it for beam selection

	Docomo
	Alt. 3. For multi-TRP/panel scenario, NZP CSI-RS resource(s) can be used to measure interference from the other TRP/panel and accurate L1-SINR can be measured by taking inter-TRP/panel interference into account. In this case, suitable multi-beam pair(s) with lower inter-TRP/panel interference can be selected for multi-TRP/panel scenario to support joint transmission of multiple PDSCHs from multiple TRPs/panels.

	Samsung
	Since dedicated IMR is used in this context, the benefit of using NZP IMR is unclear. ZP IMR should allow more accurate interference measurement. NZP IMR tends to require more complex measurement and calculation procedure without offering any resource saving (note that this is about dedicated IMR, not using the resource pooled with CMR). 

	Ericsson
	There is no reason to limit what resources can be used for interference estimation. The decision should be up to NW configuration. 

	Vivo
	Some clarification on NZP CSI-RS. Does it mean some resources that the UE measures interference port by port or just for discussion purpose some resources that UE may assume NZP from serving cell?

	SPRD
	Support Alt.3.
Similar to R15 CSI framework, NZP CSI-RS as IM could be configured for aperiodic CSI measurement, typically for MU-MIMO case. Relatively constant interference is measured based on ZP CSI-RS (CSI-IM), e.g., inter-cell interference. That how and whether to use other interference signal on REs of NZP CSI-RS resource for channel measurement depends on UE implementation. But please note that for SINR each NZP-CSI-RS resource not port configured for interference measurement corresponds to an interference transmission layer.



	CATT
	Support alt-1. For alt-3, UE behaviour of IM based on NZP-RS needs to be clarified. Our understanding is that ZP-based IMR can achieve the same air-interface overhead and interference measurement flexibility for MU-MIMO pairing as NZP-based IMR, so the additional benefits of NZP-CSI-RS need to be justified. 

	Huawei/HiSilicon
	Support Alt-2 at least. 
Not sure about the exact meaning of “both” in Alt-3. Is it to add the interference measurements from NZP and ZP IMR(s)?

	Lenovo, Motorola Mobility
	We support Alt 2. If ZP-IMR is used, the interference measured is the inter-cell interference and is not discriminative, and the resulting L1-SINR is just L1-RSRP scaled by a factor (the intre-cell interference and noise). 

	LGE
	Similar view with CATT. 

	Sony
	Support Alt 3.

	Nokia
	We share the same view with Ericsson.



2.3 Interference measured from other channel measurement resource
For group based beam reporting, whether the interference measured from other channel measurement resource should be taken into account or not could be one issue. Although there are not too many discussions related to this issue, it is connected to the FFS point in the agreements in last meeting.
· For group based beam reporting based on L1-SINR, 
· Alt 1: Interference can be measured from channel measurement resource for another beam
· Supported by: Huawei/HiSi, ZTE, CMCC
· Alt 2:  Interference cannot be measured from channel measurement resource for another beam
· Supported by: Samsung, Ericsson, CATT, LGE
· Alt 3: Do not support L1-SINR based group based beam reporting 
· Supported by:

FL recommendation: This can be decided later.

Company’s views and comments
	Company
	Comments

	ZTE
	Besides group-based reporting, we also recommend that Al1 also can be used for non-group-based reporting, e.g., for MU-MIMO. Some examples can be found in our response to Section 2.1.

	CMCC
	Support Alt 1.
Support L1-SINR based group based beam reporting, and the interference can be measured from channel measurement resource for another beam.

	OPPO
	One question for the clarification: what is the interference measured from other channel measurement resource?  Is it similar to NZP-CSI for interference measurement and report more results according to different hypothesis? 
We prefer to reuse the current CSI framework.

	Samsung
	Implication of our position for dedicated IMR

	Ericsson
	Agree with OPPO: what is “interference measured from other channel measurement resource”? Interference is measured on a set of resources,  the future agreements for section 2.1-2.3 should provide a full definition of the interference measurement resource. Don’t understand how this is related to group-based reporting.

	vivo
	Support in principle that the inter-beam interference can be measured by reusing NZP-CSI-RS resources configured for channel measurement. And the corresponding measurement behaviour may also need to be further clarified.
But why limited to group based reporting?

	SPRD
	Agree with OPPO

	CATT
	The decision could depend on the type of RS supported for IMR. Suggest to postpone until issue 2.1 and 2.2 are settled. 

	Huawei/HiSilicon
	Reply to OPPO: In our understanding, when group-based beam reporting is enabled, the UE will report two CMR(s) and the gNB may use the two corresponding Tx beams for transmission. There will be interference between the two gNB Tx beams, and it will be good that L1-SINR can take such interference into account.
Reply to ZTE: Not fully understand how to apply such mechanism to non-group-based reporting. Suggest more discussions.  

	Lenovo, Motorola Mobility
	Support Alt 1. 

	LGE
	The function of “Interference measured from other channel measurement resource” can be supported by L1-SINR using NZP CSI-RS based IMR. There is no necessity to introduce new function only for group-based reporting. 

	Nokia
	Postpone the discussion until type of RS for IMR is clarified.



2.4 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: UE can report SSBRI/CRI and SINR for up to N beams
· Supported by: MTK, Ericsson, OPPO, Spreadtrum, Docomo, Samsung, Ericsson, LGE, Sony
· Alt 2: UE can report SSBRI/CRI, SINR and IMR index for up to N beams 
· Supported by: Huawei/HiSi, ZTE, NEC
· Alt 3: UE can report SSBRI/CRI, SINR and RSRP for up to N beams
· Supported by: Docomo
· Alt 4: UE can report SSBRI/CRI, SINR, IMR index and RSRP for up to N beams
· Supported by:
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}

Proposal:
· In a L1-SINR based beam reporting instance, UE can report at least the following information for up to N beams
· SSBRI/CRI
· SINR
· Make a decision in RAN1 #96b whether or not IMR index and RSRP can be reported
· Companies are encouraged to provide simulation results 
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}

Company’s views and comments
	Company
	Comments

	NEC
	Added support for Alt2.

	ZTE
	Through observing the evaluation results in tdoc R1-1903092, R1-1902959, R1-1901642, R1-1902813, we can find that
· In the case without IMR resources for reporting, i.e., Alt1, L1-SINR reporting can hardly obtain performance gains over L1-RSRP; 
· However, L1-SINR reporting with IMR, i.e., Alt-2, can obtain a significant performance gains over both L1-RSRP and L1-SINR without IMR, which can be used for assisting MU-MIMO scheduling, e.g., ~20% average SE gain or more.

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

	Docomo
	Combination of L1-RSRP and L1-SINR based beam selection could achieve better performance than L1-RSRP only based beam selection. So, if we agree on Alt. 1, UE should select which beam to transmit based on both L1-RSRP and L1-SINR.

	Ericsson
	Only L1-SINR should be reported, according to the WID. General MU-MIMO improvements are out of scope.

	vivo
	Support Alt.3.

	Huawei, HiSilicon
	Support Alt-2, as it can allow for better interference avoidance in MU scenario. 
Additionally, suggest to consider UE reporting L1-RSRP or L1-SINR based on channel condition (e.g., L1-RSRP is reported if the measured L1-SINR is below a threshold). If the measured L1-SINR is low, gNB can fallback to single beam transmission (SU) with L1-RSRP reporting, which will bring better system performance under the current channel condition.

	Lenovo, Motorola Mobility
	Support Alt 2.

	Sony
	Support Alt 1.



2.5 Other
The following proposals may be decided later as there is not too many discussions. 
Vivo:
Measurement restriction for the interference measurement part should be supported. 
Determine QCL assumption of target channels/RSs based on the association of QCL source with target channels/RSs.
Lenovo/Motorola:
UE uses the QCL information configured for the signal part for the QCL for the NZP interference measurement part in L1-SINR computation and report.
Intel:
With regard to UE implementation effort, the CSI-RS used for L1-SINR measurement and reporting should be 1-port CSI-RS.

Company’s views and comments (Please comment if you think some proposals should be prioritized.)
	Company
	Comments

	Nokia
	To further enhance the system performance with L1-SINR based beam reporting, it would be a beneficial  to build support for a dynamic inter-beam-interference awareness assistance into NR Rel-16 system.

[bookmark: _GoBack]RAN1 needs to study different options to enable dynamic inter-beam-interference awareness indication for UE in NR Rel-16.

	
	



3. SCell BFR
In last meeting 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




3.1 Beam failure detection
According to agreements in last meeting, there are following alternatives on BFD RS configuration.
· Alt 1: SCell BFD RS is in current CC
· Supported by: ZTE, OPPO, Docomo 
· Alt 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, Convida
· Alt 3: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration
· Supported by: vivo, CATT, Fujitsu, Samsung, Intel, Qualcomm, NEC, Huawei/HiSilicon, Sony

Proposal (For Alt3):
· SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration SSBRI/CRI

Company’s views and comments
	Company
	Comments

	NEC
	Added support for Alt.3

	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.

	OPPO
	The beam failure is based on hypothetical BLER, which is related to both channel quality and interference. The interference will be different on different CC. Thus the RS in other CC cannot reflect the quality of PDCCH carried on the current CC

	Docomo
	Agree with ZTE, OPPO. If we agree on Alt. 2/3, the measured hypothetical BLER is not accurate, due to different interference on other CC

	Ericsson
	The only reasonable configuration is to have the BFD RS in the current CC, but to minimize the effort, we propose to reuse the Rel-15 framework. This would mean Alt 2.

	vivo
	Support Alt3.
If SCell BFD RS is only configured in current CC, BFD RS resource overhead is increased when the number of CC is large..

	Convida Wireless
	We basically agree with the point made by ZTE, OPPO and Docomo. 
However, with Alt 2 we can just follow Rel-15 BFD and we don’t have to add this exception to the spec.

	Huawei/HiSilicon
	Support Alt-3 as it is more flexible. 
gNB can configure BFD RS on monitored CC (for better accuracy) or other CC (for overhead reduction) as needed.

	Lenovo, Motorola Mobility
	Support Alt 3 for its flexibility. 

	LGE
	Support Alt2.
There seems no strong motivation to introduce different signalling between PCell and SCell.  

	Sony
	 Support Alt 3 for flexibility.

	Nokia
	When set of SCells can be considered to be in failure condition simultaneously, it would be beneficial if only one cell in the set could be monitored for beam failure.



3.2 New beam identification
On whether new beam identification is needed, there are the following alternatives based on agreements in last meeting.
· 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
· Supported by: Huawei/HiSi, ZTE, CATT, Lenovo/Motorola, CMCC, APT, Intel, OPPO, Spreadtrum, Sony
· 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
· Supported by: LGE, Samsung, NEC, Xiaomi
· 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
· Supported by: vivo, Fujitsu, LGE, Ericsson, Nokia/NSB, NEC, Docomo, Qualcomm

Proposal (For Alt3):
· 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

Company’s views and comments
	Company
	Comments

	NEC
	Our 1st preference is Alt 3.

	ZTE
	The dedicated BRR signaling is transmitted only when UE declares beam failure and identifies a new candidate beam, taking into account that 
· i) beam failure detection and new beam identification can be performed in parallel for reducing recovery latency; 
· ii) if the new candidate beam can NOT be identified any more, beam failure for SCell still continues anyway.

	CMCC
	Alt 1 with first preference. We can also support Alt3.

	Docomo
	Alt. 2 has clear drawback because it limits the flexibility of BFRQ for some solution of BFRQ. For example, PUCCH UCI based or MAC CE based (especially for configured grant PUSCH) can easily report the new beam ID in addition to BFRQ by explicit bit information. Additionally, PUCCH SR based or PRACH based can also report the new beam ID in addition to BFRQ implicitly (by the resource selection of PUCCH SR / PRACH). Such a limitation of the flexibility of BFRQ should not be decided before deciding the solution of BFRQ

	vivo
	Support Alt3.
New candidate beam threshold should be able to be configured.

	Convida Wireless
	We support Alt 1 or Alt 3. 
Could we please clarify for Alt 1 whether the UE terminates new candidate beam identification (and thereby BFR) after the expiry of a timer (e.g. beamFailureRecoveryTimer as in Rel-15) or if it continues new candidate beam identification indefinitely?
If the UE terminates NBI after a timer expires, does the UE just give up the recovery or is there a fallback mechanism (as in Rel-15)? 
If there is a fallback mechanism, then what is the difference to Alt 3?

	Huawei/HiSilicon
	Alt 2 and possibly Alt 3 will incur large recovery latency and introduce complications to the design of failed CC index reporting. To reduce spec impact, if no significant benefits observed, the BFRQ triggering condition specified in Rel-15 should be reused.

	LGE
	Support Alt3. Since beam failure detection and new beam identification can be performed in parallel, UE may transmit BFRQ regardless of whether NBI fails or not. Also, gNB should be able to deactivate a SCell if NBI fails. To this end, UE should be able to report the beam failure itself instead of reporting new beam(s). 

	Sony
	Support Alt 1. 

	Nokia
	Alt3 provides most flexibility for BFRQ signalling.




3.3 Beam failure recovery request procedure
For SCell with DL only, according to the contributions from companies, there are two options to transmit BFRQ: one is based on a 2-step procedure; the other is based on a 4-step procedure. Before making decision on which channel to transmit BFRQ, it is better to have a whole picture on beam failure recovery request procedure. Although this is not explicitly proposed by companies, many companies discussed the procedure in their contributions [2] [14] [18] [25] [29].
· BFRQ and BFR response can be based on 
· Alt 1: 2-step procedure
· Alt 2: 4-step procedure
· Alt 3: Both 2-step and 4-step procedure

Figure 1 below is to clarify high-level concept for both 2-step and 4-step procedure to facilitate the discussion.

Figure 1: Possible procedure for BFRQ and BFR

FL recommendation: offline discussion

Company’s views and comments
	Company
	Comments

	NEC
	We can support both two procedures in principle. But I think there are too many details and variations behind the procedures, which may be difficult to go further. We may first agree on 3.2 and try this later.

	ZTE
	Thanks so much for FL suggestion. 
· For 2-step, we suggest that PUCCH based BFRQ transmission occasion is only associated with SCell ID, and the BFRQ signaling can provide the new candidate beam ID explicitly;
· For 4-step, we suggest that PUCCH based BFRQ transmission occasion is only associated with SCell ID, and the BRR 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.

	CMCC
	Alt 3

	OPPO
	Alt.1 is supported 

	Docomo
	Alt.1 or Alt.4

	Ericsson
	Don’t understand the relevance of this discussion.

	vivo
	Alt1. The intention of 4-step procedure is unclear if the first step could convey full information to the network.

	SPRD
	We think it is too early to discuss this here, considering that at least now how to operate for 2-step RACH has not been defined, and issue 3.5 has not been solved where whether PRACH could be used as BFRQ channel is being discussed.

	CATT
	Alt-1

	Convida Wireless
	It seems difficult to assess the technical merits of 2-step and 4-step BFR without also considering the actual mechanism/channel used in each step. 
This discussion about 2 or 4 step BFR will probably be resolved after the issue in 3.5 is concluded.

	Huawei/HiSilicon
	To compare them in a clear way, we suggest to list the detailed framework of the so-called 2-step and 4-step procedures.
For example, we are not sure whether the so-call Msg1 in both alternatives is scheduled by NW (PUSCH grant?) or initiated by UE (SR?).

	Lenovo, Motorola Mobility
	We should first decide which channel is used for SCell BFR (Sec 3.5) before debating this. 

	LGE
	This issue seems premature and should be addressed after decision on 3.4 and 3.5. 

	Sony
	Prefer Alt.1, if all BFRQ information of SCell(s) can be carried by Msg.1. Otherwise, the approach of more than 2-steps should be supported. 

	Nokia
	Prefer to first determine what information is and can be signalling during BFR procedure and then decide on the procedure.



3.4 On how to convey failed CC index
Based on previous agreements, there is one FFS point on whether failed CC index should be conveyed implicitly or explicitly.
· For SCell with DL only,
· Alt 1: Failed CC index is conveyed explicitly
· Supported by: vivo, Lenovo/Motorola, Samsung, Intel, Qualcomm, NEC, LGE, Sony
· Alt 2: Failed CC index is conveyed implicitly 
· Supported by: CATT, NEC, ZTE, CMCC, Docomo

FL recommendation: offline discussion

Company’s views and comments
	Company
	Comments

	NEC
	Added support for both alt1 and alt 2. We can support Alt 2, e.g., when dedicated PRACH resources are associated with only Scell index.  

	ZTE
	From our perspective, the number of SCells with BFR is very limited, e.g., per cell group. If only one or two SCells can be configured, the implicitly conveying of failed CC index saves the overhead and is the same design as PCell-BFR/SCell with DL and UL.

	CMCC
	Alt 2.

	Docomo
	Alt. 2

	Ericsson
	Unclear what “implicit” would mean. 

	vivo
	Support Alt1

	Convida Wireless
	This issue depends on the resolution of the issue under section 3.5 and could wait until issue 3.5 is resolved.

	Huawei/HiSilicon
	Can we have some examples here, so that we can know the exact meaning of “implicitly” and “explicitly”?

	LGE
	As we known, to support Alt. 2, CC indices should be associated to PUCCH resources dedicated for BFRQ, which leads to high PUCCH resource overhead in case of large number of SCells. Furthermore, since BFR event occurs rarely, Alt.1 does not seem suitable. So, we have preference on Alt.1. 

	Sony
	Support Alt 1.

	Nokia
	Alt1.




3.5 BFRQ Channel
For SCell with DL only, there are the following alternatives to transmit BFRQ. No matter whether the BFRQ is based on a 2-step or 4-step procedure, at least 1 message should be transmitted from UE to Gnb. There are different detail solutions under different alternatives. This could also be connected to Issue 3.3 on BFRQ procedure.
· For Scell with DL only, the first message of BFRQ can be transmitted based on
· Alt 1: PRACH
· Supported by: Huawei/HiSi, MTK, CATT, Nokia/NSB(CBRA for SR), OPPO, 
· Alt 2: PUCCH
· Supported by: ZTE, LG, CMCC, Nokia/NSB(for SR), OPPO, Xiaomi, Qualcomm, Asus, Intel, NEC(only for multi-bit PUCCH), Docomo, LGE, Sony
· Alt 3: MAC CE 
· Supported by: vivo, Lenovo/Motorola, Samsung, Ericsson, Nokia/NSB, NEC, Convida
· Note: “the first message” is to facilitate discussion and whether there may be or may not be follow-up messages of BFRQ is a separate issue

FL recommendation: offline discussion

Company’s views and comments
	Company
	Comments

	NEC
	One comment: Alt.1 includes CBRA for a normal SR? If so, Alt.3 may be conditioned on Alt 1, since there may be no PUSCH available.

	ZTE
	For Alt-1, huge overhead of PRACH resources should be considered.
For Alt-3, a SR triggered by beam failure event shall be transmitted through PUCCH firstly, and subsequently PUSCH shall be scheduled for carrying the MAC-CE command on BFRQ ignalling. Without doubt, the L2/L3 latency using this MAC-CE approach is significantly larger than the PUCCH-only approach, and there are a lot of RAN2 works of designing a new MAC-CE procedure (but there is ONLY a total of 2.5 Tus for this WID in RAN2).

	CMCC
	Alt 2 with both SR-like and multi-bit PUCCH.

	OPPO
	We can support Alt.1 or Alt.2 

	Ericsson
	Must decide first what information needs to be conveyed. The PUCCH option should be split in “SR PUCCH” and “multi-bit PUCCH”

	vivo
	Support Alt3.

	SPRD
	Support Alt.2 or Alt.3

	Convida Wireless
	The PUCCH option should be split into SR PUCCH and multi-bit PUCCH. It should also be clarified if the BFRQ PUCCH resource(s) are shared with other purposes or if it’s dedicated to BFR.

	Huawei/HiSilicon
	For Alt 3, with normal SR procedure, using MAC-CE transmission on PCell to report failed CC index and new beam on SCell will introduce large latency. UE can indicate the beam failure event via dedicated RACH and report other information via a L1-report.

	Lenovo, Motorola Mobility
	Alt 3.

	LGE
	Agree with ZTE.

	Sony
	Support Alt 2.

	Nokia
	Alt 3 MAC CE. SR/CBRA for requesting resources or alternatively A dedicated signal for request resources for transmission of BFRQ MAC CE.
Selecting one solution over the other due to assumption on RAN2 time units is not a good design principle especially if it compromises the efficiency and flexibility of the solution.




3.6 BFR response
For SCell with DL only, the following proposals are related to BFR response. This could also be connected with Issue 3.3 and Issue 3.6 on BFRQ procedure and BFRQ channel.
· For SCell with DL only, BFR response to the first message of BFRQ is carried by 
· Alt 1: CORESET-BFR in PCell
· Supported by: Fujitsu, NEC
· Alt 2: CORESET-BFR in the failed SCell 
· Supported by: ZTE, CATT,OPPO, Huawei/HiSilicon, Sony
· Alt 3: A normal CORESET with a dedicated RNTI for BFR in PCell
· Supported by:
· Alt 4: A normal CORESET with a dedicated RNTI for BFR in the failed SCell
· Supported by: Docomo, Huawei/HiSilicon, Sony
· Alt 5: A normal CORESET with C-RNTI in PCell
· Supported by: vivo
· Alt 6: A normal CORESET with C-RNTI in the failed SCell
· Supported by:
· Note: “the first message” is to facilitate discussion and whether there may be or may not be follow-up messages of BFRQ is a separate issue

FL recommendation: offline discussion

Company’s views and comments
	Company
	Comments

	ZTE
	Besides, we are open to any other solutions, e.g., CORESET-BFR in PCell, a new C-RNTI-BFR, or receiving an AP-CSI triggering state for BFR, e.g., in Step-4 BFR procedure

	OPPO
	Reuse Rel-15 mechanism

	Docomo
	We have concern on the “one-to-one-mapping rule” of CORESET-BFR in Rel. 15, it becomes very hard for NW to configure a dedicated CORESET only for BFR response to UE. We can support new RNTI to differentiate BFR response and other DCIs on a normal CORESET.

	Ericsson
	This issue is coupled to how the BFRQ is transmitted. For MAC CE, a special response is unnecessary.

	vivo
	Similar understanding as E///.

	Convida Wireless
	Similar understanding as E///.

	Huawei/HiSilicon
	Support BFR response on failed SCell, and open to Alt-2 and Alt-4.

	Lenovo, Motorola Mobility
	This should be discussed after sec 3.5. 

	LGE
	Agree with Ericsson.

	Sony
	Support Alt 2 and Alt 4 which reuse the BFRR mechanism for PCell in Rel.15.

	Nokia
	BFRQ transmission mechanism need to be decided first.



3.7 Other 
Some other proposals related to UE capability could be decided later, and there are some other proposals without many discussions.
Fujitsu:
Study BFR on the scheduled SCell for cross carrier scheduling.
LG:
Support reporting of beam failure of multiple SCells.
Convida:
The maximum number of serving cells (across bands) on which the UE performs BFD is limited with a UE capability, in addition to the existing UE capability per band.
RAN1 to clarify how the network can turn off (and on) BFD on a subset of the activated SCells in order not to exceed the UE capability.
OPPO:
Support of BFR on SCell should be an optional UE feature.
Support UE to report its capability regarding the maximum number of serving cells on which the BFR can be configured simultaneously
Spreadtrum:
Beside the study of SCell BFR, some attention should also be paid on the impact of Multi-TRP/Panel on BFR.
Ericsson:
A UE can be configured to perform link recovery on all configured SCells.

Company’s views and comments (Please comment if you think some proposals should be prioritized.)
	Company
	Comments
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