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1. Introduction
In this contribution, we provide a feature lead summary on SCell BFR and L1-SINR based beam selection.
2. L1-SINR based beam measurement and reporting
In last meeting, the following agreements are achieved on L1-SINR based beam measurement and reporting.
Agreement
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes
Agreement
For interference part, down-select at least one from the following alternative:
· Alt 1: 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
· Alt 2: The same reference signal as signal part as specified in 38.215
· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part
· Companies are encouraged to provide simulation results for down-selection

2.1 L1-SINR definition
There are the following issues with possible alternatives:
· Issue 1: For interference measurement for L1-SINR,
· Alt 1: Dedicated resources for interference measurement is supported
· Huawei/HiSi (with SLS results), ZTE (with SLS results), vivo (with SLS results), Fujitsu, CATT, Lenovo/Motorola, AT&T, Intel (with SLS results), LG, NEC, Nokia/NSB (with LLS results), Spreadtrum, Apple, Qualcomm, Docomo (with SLS results), ITRI, Samsung, OPPO
· Alt 2: RS configured for channel measurement is used for interference measurement (based on 38.215 definition)
· CMCC, Nokia/NSB (with LLS results), Docomo (only when no dedicated IMR is configured and CSI-RS is configured in signal part), ZTE, OPPO
· Alt 3: other (please specify in comments)

· Issue 2: L1-SINR is defined by,
· Alt 1: SS-SINR/CSI-SINR in 38.215
· Alt 2: SS-SINR/CSI-SINR in 38.215 with an enhancement that interference is measured over dedicated interference measurement resource
· Huawei/HiSi, ZTE, LGE, Qualcomm, Spreadtrum, Intel
· Alt 3: RSRP weighted SINR
· Samsung
· Alt 4: other (please specify in comments)

Observation 2.1-1: On whether to define dedicated resource(s) for interference measurement, 18 companies support dedicated resource(s) for interference measurement, and 4 companies support to fall-back to L1-SINR defined in 38.215 when dedicated resource(s) for interference measurement is not configured.
Observation 2.1-2: On detail definition for L1-SINR, 6 companies support to define it based on 38.215 definition with enhancement on interference measurement, and 1 company supports to define SINR by RSRP weighted SINR.
Proposal 2.1:
· 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
· [bookmark: _GoBack]FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement


Companies’ comments
	Companies
	Comments

	Nokia
	· To enhance CSI-ReportConfig support for inter-cell-inter-beam interference measurements with dedicated measurement resources, it would be beneficial to define CSI-RS-Resource-Mobility as CSI-Resource Config, in addition to NZP-CSI-RS and CSI-IM resources.
· Support both NZP-CSI-RS, CSI-IM resources and CSI-RS resources for mobility for Rel-16 inter-beam-interference measurements

	CATT
	Alt.1,  based on zero-power interference measurement resource.  

	Fujitsu
	Issue 1: prefer Alt-1 for better measurement accuracy. 
Issue 2: This issue is somehow related to issue 1. It can be revisited according to  the decision of issue 1.

	APT
	Inter-beam interference should be considered in group-based reporting with priority. There, intra-UE interference can be taken care of by taking into account the interference introduced from another grouped beam, which may be measured in TDM manner. For inter-UE inter-beam interference, this can be substantially reflected during RSRP reporting.
Thus:
For issue#1, if it can be clarified that TDM-ed measurement can be used to composed L1-SINR, we support Alt 2

	Huawei/HiSilicon
	For Issue 1, as captured in previous agreement, current Alt-2 can be considered as sub-alternative of Alt-1. We suggest to down-select based on previous categorizations if possible.  

	Samsung
	· Dedicated interference measurement resource will increase the measurement accuracy
· SINR defined in 38.215 doesn’t offer any UPT gain over Rel.15 L1-RSRP (shown in our results as well as other companies, results ranging between performance loss and no gain). The proposed RSRP-weighted SINR , on the other hand, offers significant gain over the Rel.15 L1-RSRP.

	ZTE
	Dedicated resource(s) for interference measurement, including either NZP based or ZP based IMR or both, should be supported in L1-SINR reporting.
-	 Information of low-interference beam ID(s), i.e., index(es) of IMR, should be reported along with L1-SINR, for the assistance of beam scheduling for MU-MIMO and multi-TRP transmission;
-	NZP CSI-RS resource(s) configured for channel measurement can be reused as resource(s) for interference measurement.  It is good for acquiring SINR for multi-layer transmission, MU-MIMO and multi-TRP transmission with low signalling overhead.

	Ericsson
	We would like to understand what interference we are trying to capture by using different IMRs. Once we have stated what interference we are trying to measure, then we can discuss which resources can be used to perform the measurement.

	OPPO
	Both Alt.1 and Alt.2 can be supported in the common CSI framework. They can be used for different scenarios and achieve different trade-offs between performance and overhead. For a reporting instance, gNB can decides which is used for UE measurement by setting the proper configurations 

	DOCOMO
	Issue 1:
· For SSB based measurement, Alt. 1
· if the interference is measured at the location of SSB REs, the measurement result may include the signal strength from all surrounding gNBs, no matter the gNBs have traffic load or not. Such interference measurement is not accurate.
· For CSI-RS based measurement, Alt.1 or Alt.2
· due to different CSI-RS RE locations of neighbouring gNBs, the interference measured from CSI-RS REs can be regarded as more accurate.
We suggest to down-select based on the previous agreement.

	Lenovo, Motorola Mobility
	For L1-SINR measurement, dedicated interference measurement resource should be defined. More than 1 interference measurement resource may be configured.  

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

	LGE
	For Issue 1, we prefer Alt. 1 for lower UE complexity and better accuracy on measurement compared to Alt. 2 at the expense of IMR overhead. Especially, Alt. 2 may need time average on several samples in the case of low SINR to meet the required accuracy. To this regard, we also prefer Alt. 2 for Issue 2. 

	Sony
	Issue 1: we prefer Alt.1, since for the interference beam measurements under a few of scenarios, the dedicated resources are needed.
Issue 2: we prefer Alt.3, as the performance gain can be observed in many companies’ simulation results by using RSRP weighted L1-SINR.

	Qualcomm
	On Issue 1, support Alt. 1 for better measurement accuracy. On Issue 2, support Alt. 2. 

	Spreadtrum
	Issue 1, Alt.1
Issue 2, Alt.2



2.2 Reporting format
There are the following alternatives on reporting format for L1-SINR based beam reporting.
· On L1-SINR based beam reporting content,
· Alt 1: The 1, 2, 3 or 4 SS/PBCH blocks or CSI-RS resources with the highest L1-SINR is reported, along with the corresponding SSBRI/CRI. Differential reporting is used if 2, 3 or 4 values are reported.
· ZTE, Ericsson, NEC, Fujitsu, APT, Samsung, OPPO, Lenovo/Motorola Mobility, Sony, Qualcomm
· Alt 2: L1-RSRP should also be reported with L1-SINR
· Apple (at least for beam correspondence case), Docomo, Huawei/HiSi (under certain channel condition)
· Alt 3: other (please specify in comments)

Observation 2.2: On reporting format for L1-SINR, 10 companies support to reuse L1-RSRP based beam reporting format, and 3 companies support to report L1-RSRP and L1-SINR.
Proposal 2.2: 
· On L1-SINR based beam reporting content, at least to reuse L1-RSRP based beam reporting format specified in Rel-15 is supported.

Companies’ comments
	Companies
	Comments

	Nokia
	Support Alt-1

	CATT
	Alt-1 needs further discussion as it may depend on the type of interference measurement resource.

	NEC 
	Support Alt-1

	Fujitsu
	Prefer Alt 1 in principle.

	APT
	Alt-1. In our view, L1-RSRP reporting and L1-SINR reporting would be dependent on the situation, the former is easier calculation while the later is reported with more info. We don’t see the advantage to report both metrics together but brings the extra overhead. In that sense, alt 1 is preferred.

	Huawei/HiSilicon
	In our understanding, though the UE capability reporting in Rel-15 on number of DL RS(s) to report is limited to {1, 2, 4}, it is allowed by 38.331 for NW to configure UE to report 3 DL RS(s), if the UE has reported to support maximum 4 RS(s).
We also see some value to report L1-SINR and L1-RSRP based on channel conditions (e.g., UE to report L1-RSRP when the measured L1-SINR is below certain threshold) and suggest to add an alternative on this. 

	ZTE
	No clear benefits of reporting both L1-SINR and L1-RSRP in one single reporting instance can be observed. 

	OPPO
	Support Alt.1

	Docomo
	As shown simulation result in our contribution, beam selection based on both L1-RSRP and L1-SINR can outperform than L1-RSRP only or L1-SINR only.
Hence, we support Alt.2. If Alt. 2 is not acceptable,  
o	Alt 1-a: The 1, 2 or 4 SS/PBCH blocks or CSI-RS resources with the highest L1-SINR is reported, along with the corresponding SSBRI/CRI. Differential reporting is used if 2 or 4 values are reported.

	Lenovo, Motorola Mobility
	Support Alt 1. 

	Sony
	Support Alt.1

	Qualcomm
	Support Alt. 1

	Spreadtrum
	Support Alt. 1



2.3 Use case(s) for L1-SINR
There are the following options on use case(s) for L1-SINR based beam measurement. 
· L1-SINR based beam measurement can be applied to,
· Option 1: non-group based beam reporting
· ZTE, Intel, Fujitsu, Huawei/HiSilicon, Samsung, Ericsson, OPPO, Lenovo/Motorola Mobility, LGE, Docomo, Qualcomm
· Option 2: group based beam reporting
· ZTE, Intel, Fujitsu, Huawei/HiSilicon, OPPO, Lenovo/Motorola Mobility, APT, Docomo, Qualcomm
· Option 3: new beam identification
· Spreadtrum, Intel, Fujitsu, APT, Qualcomm
· Option 4: other (please specify in comments)

Observation 2.3: On use case for L1-SINR, 11 companies support L1-SINR for non-group based beam reporting, 9 companies support L1-SINR for group based beam reporting, and 5 companies support L1-SINR for new beam identification.
Proposal 2.3:
· L1-SINR based beam measurement can be applied to non-group based beam reporting, group based beam reporting and new beam identification.

Companies’ comments
	Companies
	Comments

	Nokia
	Study further Options 1,2 and 3.

	Fujitsu
	Prefer option 1, option 2 and option 3. 
Option 1 and option 2 are natural extension of L1-RSRP beam management in Rel-15. 
Option 3 is beneficial for identifying a solid candidate beam in beam failure recovery procedure.

	APT
	support Option 2 and option 3. In our view, Option 2 should at least be supported in Rel-16 as the main use case of L1-SINR

	Huawei/HiSilicon
	Support Option 1 and 2. 
Others should be discussed further. 

	Samsung
	At this point it is too early to decide this since the metric and interference measurement procedure are not yet in place. Option 1 seems to be the baseline but deciding on this early puts too much weight to this option (over the other ones)

	ZTE
	Support Option1 and Option2. 
In addition to Options 1 and 2, we can live with Option 3 as the third use case under the following condition: if the identification of new candidate beam should meet the condition of RSRP threshold specified in Rel-15 first, we can then consider that a new additional threshold in term of L1-SINR is introduced for guaranteeing the performance of new identified beam, e.g., prevent from the ping-pong issue under only one RSRP threshold but without huge implementation complexity in the case of only one SINR threshold. 

	Ericsson
	Option 1 is baseline. The other options can be discussed when the interference measurement procedure is in place. 

	OPPO
	In Rel-15, a common design based on L1-RSRP is agreed for non-group based and group based beam reporting. The same principle should be applicable for L1-SINR. 

	DOCOMO
	Support Option 1 and 2. Non-group based beam reporting would be the baseline.

	Lenovo, Motorola Mobility
	Support both Opt 1 and Opt 2. 

	LGE
	We prefer Option 1. For now, Option 2 and 3 seems premature, and thus, those should be discussed further. 

	Sony
	Support Option 1 and 2. 

	Qualcomm
	Support Option 1, 2, 3. L1-SINR can be one input for beam selection in general

	Spreadtrum
	Support option 1, 2 and 3.




2.4 Other
There are some proposals on other issues.
Intel:
· With regard to UE implementation effort, the CSI-RS used for L1-SINR measurement and reporting should be 1-port CSI-RS.
ITRI
· FFS: with respect to QCL assumption, whether reference RS configured for L1-SINR reporting and target RS should belong to the same CC/BWP or not
· For DL MU-MIMO, support enhanced L1-RSRP based beam reporting with the lowest values of L1-RSRP and corresponding indexes to be reported

Companies’ comments
	Companies
	Comments

	Ericsson
	Regarding single-port: reuse the RSRP measurement: thus 2-port should be supported as well.

	 Qualcomm
	In R15, CSI-RS for L1-RSRP can be 2-port. We think 2-port CSI-RS can also be used for L1-SINR to get more stable value via averaging over the 2 ports
In general, RS for L1-SINR should be in active BWP 
For reporting lowest L1-RSRP, need to investigate the need for it.




3. SCell BFR
3.1 Beam failure recovery request
There are the following issues with possible alternatives:
· Issue 1: UE can transmit the following information to gNB during SCell BFRQ procedure:
· Alt 1: Failed CC index only
· NEC, APT
· Alt 2: Both new beam information and failed CC index
· Nokia/NSB, CATT (SCell with DL only), Ericsson, Intel, NEC, Convida, Fujitsu, Huawei/HiSilicon, ZTE, InterDigital, DOCOMO, Lenovo/Motorola Mobility, CMCC, Sony, Spreadtrum
· Alt 3: New beam information only
· CATT (SCell with both DL/UL)
· Alt 4: other (please specify in comments)
· Qualcomm: Prefer to discuss after Issue 2 & 3 are decided

· Issue 2: For SCell with both uplink and downlink, 
· Alt 1: CF-PRACH based BFRQ is supported
· ZTE, CATT, CMCC, Convida, Fujitsu, Huawei/HiSilicon, InterDigital, OPPO, APT
· Alt 2: CB-PRACH based BFRQ is supported
· ZTE, Intel, Nokia/NSB (complement), APT
· Alt 3: PUCCH based BFRQ is supported
· OPPO, AT&T, Intel, LG, Docomo, Asus, NEC (only for multi-bit PUCCH), CMCC, Qualcomm
· Alt 4: MAC CE based BFRQ is supported
· Vivo, Lenovo/Motorola, NEC, Nokia/NSB, Samsung, Ericsson, Convida 
· Alt 5: other (please specify in comments)

· Issue 3: For SCell with downlink only, 
· Alt 1: CF-PRACH based BFRQ is supported
· Fujitsu, Huawei/HiSilicon, OPPO, APT
· Alt 2: CB-PRACH based BFRQ is supported
· Intel, Nokia/NSB (complement), APT
· Alt 3: PUCCH based BFRQ is supported
· ZTE, OPPO, CMCC, AT&T, Intel, LG, Xiaomi, Docomo, Asus, NEC (only for multi-bit PUCCH), Qualcomm
· Alt 4: MAC CE based BFRQ is supported
· Vivo, CATT, Lenovo/Motorola, NEC, Nokia/NSB, Samsung, Ericsson, Convida, InterDigital
· Alt 5: other (please specify in comments)

Observation 3.1-1: On information that can be carried by BFRQ, 2 companies support to report failed CC only, 15 companies support to report failed CC and new beam information, 1 company supports to report new beam information only.
Observation 3.1-2: No majority view on how to report BFRQ, 1/3 companies support RACH based operation, 1/3 support PUCCH and 1/3 support MAC CE.
Proposal 3.1:
· At least for SCell with DL only, UE can transmit information on at least the failed CC index to gNB during SCell BFRQ procedure.
· FFS: whether new beam information should be included
· FFS: whether this is applied to SCell with both DL and UL
· For SCell with both DL and UL, CF-PRACH based and CB-PRACH based BFRQ is supported
· Reuse what is specified for RACH based BFRQ operation as much as possible
· For SCell with DL only, Both PUCCH and MAC CE based BFRQ is supported
· FFS: details  

Companies’ comments
	Companies
	Comments

	Nokia
	Issue1: failed CC index and new candidate beam information should be signalled -> MAC CE can be used.
Issue 2/3: In our view a signalling mechanism that supports both DL only and DL/UL in flexible manner should be considered i.e. MAC CE based. Using SR/CBRA based signalling mechanisms. FFS if dedicated SR for SCell BFRQ is supported.

	CATT
	Issue 1: alt-2 (for Scell with DL-only), and alt-3 (for Scell with DL/UL) where UE only reports candidate beam, using CF-RACH on the same serving CC. 

Issue 2: Alt-1 is the natural/simplest solution since requires extremely limited, if any, spec change. Since the Scell has UL/DL it is straightforward to duplicate the Rel.15 mechanism as is. 
All other alternatives have more spec impact. Any solution that relies on another CC (e.g. MAC-CE) doesn’t work if PCell is in FR2 and is experiencing beam failure itself, so it doesn’t support all scenarios in the updated WID. MAC-CE also has higher latency than alt-1 which goes against the motivation of BFR (e.g. fast recovery). Although it’s desirable to have a single solution (IF it can meet all scenarios, which is unclear at this moment), it may result in worse efficiency. 

	NEC
	Issue 1: at least failed CC index should be signalled. Depending on which BFR resource is supported, the new candidate beam information may be signalled.
Issue 2 & 3: we are OK with MAC-CE and multi-bit PUCCH for BFR. The potential largest latency of MAC-CE based BFR is equal to that of CBRA-BFR for Pcell, which is already acceptable for Rel.15 UEs. If Scell BFR collides with Pcell BFR, we prefer to prioritize Pcell BFR. 

	Convida Wireless
	Issue 1: Alt 2. If BFRQ of multiple SCells can be transmitted on a PCell, the index of the failed SCell needs to be indicated. In order to recovery quickly, the new beam info can be included in the BFRQ.
Issue 2: Alt 1 and Alt 4. If MAC CE BFRQ is supported (for a DL-only SCell), the network should be allowed to configure it also for an SCell with both downlink and uplink.

	Fujitsu
	For issue 1, Alt-2 is preferred. New beam information is crucial to gNB for fast link recovery.
In order to reduce implementation complexity, a unify solution for DL-only Scell and DL+UL SCell is preferred. Hence, for issue 2 and issue 3 jointly, Alt 1 is preferred, which can reuse the Rel-15 mechanism as much as possible.

	APT
	Issue 1: only failed CC index is signalled
Issue 2/3: Alt 1 and Alt 2

	Huawei/HiSilicon
	Revised our position on Issue 1. 
Added our position on Issue 2/3. 
For Issue 2/3, as illustrated below, we have strong concern on the latency of MAC-CE based solutions. More discussions are needed.  
[image: ]

	Samsung
	Prefer the same scheme for both scenarios.
Support MAC-CE based solution for SCell BFR considering its superior trade-off between reliability and latency (compared to PUCCH-based solution).

	ZTE
	Issue 1: Support Alt-2. If going with Alt1, e.g., only cell ID, we need have a solution of AP-CSI reporting of Scell to be achieved quickly through Pcell, and study whether the condition of identifying new candidate beam in Scell is still necessary or not in this case. 
Issue 2: Support Alt1&Alt-2. Rel-15 solution can work well and, in order to save online time, reusing Rel-15 design sounds to be reasonable. 
Issue 3: Support Alt 3(PUCCH). Regarding Alt4 MAC-CE approach, a SR triggered by beam failure event shall be transmitted through PUCCH firstly, and subsequently one more PUSCH shall be scheduled for carrying the MAC-CE command on BRR signalling. Besides significantly larger latency compared to PUCCH only approach, 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)

	Ericsson
	Our priority is to have one solution that covers all scenarios. Therefore we suggest to discuss issue 3 first before discussing issue 2 at all. Priority in the discussion of issues 3 and 1 should be to get a common understanding about the latency and the overhead.

	OPPO
	Issue 1 depends on Issue 2/3.
For Issue 2/3, we can support PRACH-based or PUCCH-based solution.  The large latency of MAC CE based solution is conflicting with the purpose of fast link recovery. 

	Lenovo, Motorola Mobility
	MAC-CE based approach offers the most versatility.

	CMCC
	Issue1：Alt2. For fast beam recovery, both failed CC index and new beam indication should be reported.
Issue2：Alt1&Alt3. CFRA procedure based on Rel-15 can be used, and to ensure a timely recovery, PUCCH resource for beam reporting can also be reused to transmit  BFRQ.
Issue3：Alt3. PUCCH resources on PCell can be used for BFRQ transmission.

	LGE
	We prefer SR dedicated for BFRQ. It is because after reception of the SR, gNB may trigger an aperiodic PUSCH reporting on SCell(s), which indicates that there is no need to define MAC-CE solution or etc. Accordingly, we only need to define a SR dedicated for BFRQ, which minimizes spec efforts.

	Sony
	Issue 1: we prefer Alt.2. Under CA scenario, both failed CC and new beam information are needed.
Issue 2 and Issue 3: we prefer Alt.3. PUCCH may contain similar information as SR in either SCell (with both DL and UL) or PCell (DL-only). 

	Qualcomm
	For issue 1, we think it would be clearer to discuss BFRQ contents after which channel for BFRQ is decided, i.e. issue 2 & 3. Because SCell beam failure info, e.g. failed CC index, may already be implied by corresponding dedicated resource for BFRQ. 
As mentioned in our contribution, for which channel to send BFRQ, we prefer SR on PUCCH on PCell, which can be dedicated to SCell BFR or reuse existing SR. Our views on Issue 2 & 3 have been corrected in above list. SR based BFRQ has lower overhead than CFRA based BFRQ, and lower latency than CBRA based BFRQ.
In addition, in our view, after receiving BFRQ, PCell can dynamically activate RACH resources on SCell, if SCell has both DL & UL. 
As shown in our results, the combination of SR based BFRQ on PCell and dynamic activation of RACH resource on SCell provides best performance in terms of latency and overhead.

	Spreadtrum
	For issue 1, Alt.2.
For issue 2 and 3, we incline a common design for both SCell with both uplink and downlink scenario and SCell with DL-only scenario. 



3.2 Beam failure detection
There are the following issues with possible alternatives on BFD:
· Issue 1: For SCell BFD reference signal,
· Alt 1: BFD is based on periodic 1-port CSI-RS, where CSI-RS can be configured by RRC explicitly and by TCI state implicitly, and only CSI-RS from TCI state can be in current CC or another CC.
· Convida, InterDigital, Ericsson, OPPO, Spreadtrum
· Alt 2: BFD is based on periodic 1-port CSI-RS, where CSI-RS can be configured by RRC explicitly and by TCI state implicitly, and both explicitly/implicitly configured CSI-RS can be in current CC or another CC.
· Vivo, Intel, Fujitsu, Huawei/HiSilicon, Samsung, Qualcomm
· Alt 3: BFD is based on periodic 1-port CSI-RS, where CSI-RS can be configured by RRC explicitly and by TCI state implicitly, and CSI-RS shall be in current CC.
· ZTE
· Alt 4: other (please specify in comments)

· Issue 2: BFD metric is based on,
· Alt 1: Hypothetical BLER
· Nokia/NSB, CATT, Convida, Huawei/HiSilicon, ZTE, OPPO, DOCOMO,  Lenovo/Motorola Mobility, Samsung, Ericsson, Qualcomm, Spreadtrum
· Alt 2: L1-SINR
· Intel, APT
· Alt 3: L1-RSRP
· Fujitsu, Intel, InterDigital
· Alt 4: other (please specify in comments)

· Issue 3: On number of BFD/BFR CCs,
· Alt 1: Up to N (N>1) CCs can be configured, and FFS exact value of N
· Nokia/NSB, ZTE, InterDigital, APT, Qualcomm
· Alt 2: Up to N CCs can be configured, where N is based on UE capability
· OPPO, Ericsson, DOCOMO, Samsung, APT, Spreadtrum
· Alt 3: UE is able to perform BFD in all configured CCs
· Fujitsu, DOCOMO
· Alt 4: BFD/BFR can be configured on any/all CC(s), but a UE is not expected to perform BFD on more CCs than according to its UE capability
· Convida
· Alt 4: other (please specify in comments)

Observation 3.2-1: On RS for BFD, 5 companies support 1-port CSI-RS that can be in another CC for implicit configuration only, 6 companies support to 1-port CSI-RS that can be in another CC for both implicit and explicit configuration, and 1 company support to configure 1-port CSI-RS in current CC.
Observation 3.2-2: On metric for BFD, 12 companies support hypothetical BLER, 2 companies support L1-SINR and 3 companies support L1-RSRP.
Observation 3.2-3: On number of BFR CCs, 5 companies support to define a maximum number, 6 companies support to define UE capability, 2 companies support BFR is in all configured CCs, and 1 company supports UE capability for BFD on more CCs.
Proposal 3.2
· 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:
· 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
· Decide UE capability and maximum number of CCs configured for SCell BFR after most aspects of SCell BFR is completed.

Companies’ comments
	Companies
	Comments

	Nokia
	Issue 1 Alt3: support both implicit and explicit configuration of BFD-RS.
Issue 2 Alt1: Same metric should be used for SCell BFD as for PCell 
Issue 3: Alt1&Alt3: To clarify UE should perform BFD on all CCs but it is unlikely that BFD needs to be detected separately for each CC i.e. when set of carriers can be considered to be in failure condition if one of the carriers fails.

	CATT
	Issue 1: alt-3, support both implicit/explicit configurations. One comment is that the proposal may be revised to be from a UE reception perspective, not from gNB’s transmission. 
Issue 2: Alt-1.
Issue 3: alt-3 as the baseline. Further optimization/simplification is FFS. 

	Convida Wireless
	Issue 1: Alt 1, follow Rel-15 PCell BFD reference signal
Issue 2: Alt 1, follow Rel-15 PCell BFD metric
Issue 3: Alt 4: BFD/BFR can be configured on any/all CC(s), but a UE is not expected to perform BFD on more CCs than according to its UE capability.

	Fujitsu
	For issue 1, support Alt-2.
For issue 2, support Alt-3.
For issue 3, support Alt-3.

	APT
	Issue 2: metric for BFD and new beam identification should be unified. In this sense, we support to unify them with L1-SINR
Issue 3: Alt 1/2. Allowing BFD in all CCs implies that all CCs can trigger a BFRQ, which may show complexity issue for UE

	Huawei/HiSilicon
	Issue 1: Alt-2
Issue 2: Alt-1
Issue 3: Need to separate BFD and BFR. Note that the UE capability in Rel-15 can already report the number of BFD RS across all CCs. Perhaps better to say current CC instead of failed CC.

	ZTE
	Issue 1: Support Alt-1 with a modification that only RS from the failed CC can be used for beam failure detection, regardless of implicit or explicit approaches. If using RS from another cell for BFD, it is questionable how we can guarantee the performance of BFD, e.g., inter/intra-cell interference, in this cell; If the RS from another cell, e.g., Pcell is used for this BFD of Scell also, it is questionable why we do not only perform beam recovery in the other cell directly, e.g., Pcell. It seems to be redundant. From our perspective, the recovery of Scell is only performed in the case that the RSs for BFD is in its own cell.
Issue 2: Support Alt 1: Hypothetical BLER
Issue 3: Support Alt 1.

	Ericsson
	Issue 1 and 2: reuse BFD from Rel-15
Issue 3: We are fine to agree on a UE capability already now. Signaling needs to support up to 31 SCells though.

	OPPO
	For Issue 1 and 2: Reuse Rel-15 scheme
Issue 3: The maximum number of BFD/BFR CC depends on UE capability

	DOCOMO
	Issues 3: Alt.2 or Alt.3. At least PUCCH-SCell should support BFR on SCell because NW cannot recognize the BFR on SCell if PUCCH-SCell doesn’t support BFR on SCell when PUCCH on SCell is configured.

	Qualcomm
	On Issue 1, support Alt.2, where both explicitly and implicitly configured CSI-RS for BFD can be transmitted from failed SCell or another cell
On Issue 2, support Alt. 1, which uses unified metric for both PCell and SCell BFR. In addition, hypothetical BLER can provide uniform performance across different UEs to reflect link quality of ability to decode control channel.
On Issue 3, support Alt. 1 with exact N for FFS

	Spreadtrum
	For issue 1 and 2, reuse R15;
For issue 3, support alt.2. It should depend on UE capability.



3.3 New beam identification
There are the following alternatives for new beam identification:
· For SCell new beam identification,
· Alt 1: New beam identification is based on CSI-RS/SSB from current CC.
· ZTE, Convida, Fujitsu, InterDigital , OPPO, DOCOMO, Ericsson
· Alt 2: New beam identification can be based on CSI-RS/SSB from current CC or another CC.
· CATT, Vivo, Intel, Spreadtrum, NEC, Huawei/HiSilicon
· Alt 3: New beam identification is not supported.
· Samsung, NEC, LGE
· Alt 4: other (please specify in comments)
· Qualcomm

Observation 3.3-1: On whether new beam identification is supported or not, 15 companies support it; 3 companies do not support it.
Observation 3.3-2: On RS for new beam identification, 7 companies support SSB/CSI-RS from current CC, 6 companies support SSB/CSI-RS from current CC or another CC.
Proposal 3.3:
· For SCell new beam identification, new beam identification is supported, which is based on CSI-RS/SSB.
· FFS: whether the CSI-RS/SSB can be in another CC

Companies’ comments
	Companies
	Comments

	Nokia
	Alt4: support new candidate beam identification as part of SCell BFR procedure. Details ffs.

	CATT
	Alt.2

	Convida Wireless
	Alt 1, follow Rel-15 PCell new beam identification.

	Fujitsu
	Support Alt-1. NBI RS from other CC may not be accurate enough.

	Huawei/HiSilicon
	Alt-2. And the overhead from periodic CSI-RS/SSB on multiple SCell(s) should be discussed. 

	Samsung
	NBI for SCell is not necessary. The reason for PCell NBI in R15 is that BFR is declared when ALL PDCCH links in PCell fail. So gNB requires a ‘good’ beam for transmitting its response. This is not the case for SCell. When BFR is declared for SCell, PCell beams don’t ‘fail’ and can be used to transmit gNB response.
In addition, at least 2 potential issues on introducing NBI for SCell:
1. Potentially failed beam recovery in one Scell when no new beam is found and (thus) BF is not reported to the gNB - although, the gNB could still have recovered the Scell if the BF event of that Scell is reported to the gNB.
Increase in UE computational complexity. Without SCell NBI, when SCell BF occurs, the UE only needs to report the BF event of that SCell to the PCell. Then the gNB performs SCell beam switch.  There is no need for imposing the UE to perform NBI on every Scell 

	ZTE
	Alt1: If using one RS set from another cell for new beam identification, it is questionable how we can guarantee the performance of the new beam in this cell; If the RS from other cell, e.g., Pcell, is used for this new beam identification of Scell, it is questionable why we do not only perform beam recovery in the other cell directly, e.g., Pcell. From our perspective, the recovery of Scell is only performed in the case that the RSs for new beam identification are in its own cell.
If RS overhead is a real problem, we can live with Alt 3 or Alt 4, e.g., AP-CSI reporting of one or more newly identified beams.

	Ericsson
	Alt 1. Alt 2 could be ok as well if the overhead is manageable, but we fail to see how the NW would use the info about beams in another cell.

	OPPO
	Support Alt.1. It is doubtable that RS on a CC can reflect the accurate channel quality of another CC, 

	LGE
	We prefer Alt.3. In our understanding, NBI in Rel-15 was introduced for finding its associated CFRA for BFRQ. So, if BFRQ is transmitted through PCell, there is no strong motivation to support that. In addition, aperiodic CSI reporting is sufficient for gNB to find the prefer beam(s) in failed cell. 

	Qualcomm
	Support Alt. 4. 
For SCell with both DL & UL, new beam identification can be based on CSI-RS/SSB on SCell as candidate beam RS + RACH resource on SCell for UE to indicate new beam. The RACH can also help recover outdated TA as well as identifying new UL beam for UE without beam correspondence
For SCell with DL only, new beam identification can be based on CSI-RS/SSB on SCell as candidate beam RS + L1 beam report on PCell for UE to indicate new beam
RACH resource can be dynamically activated on SCell after BFRQ is received on PCell to avoid constant overhead



3.4 Beam failure recovery response
There are the following alternatives for BFR response. 
· Issue 1: For SCell with both uplink and downlink, 
· Alt 1: BFR response is carried by a dedicated SS/CORESET (Similar to CORESET-BFR concept in Rel-15)
· CATT, ZTE, Intel, NEC, Convida, Fujitsu, Huawei/HiSilicon, InterDigital, OPPO,  CMCC, APT, Qualcomm
· Alt 2: dedicated SS/CORESET for BFR is not supported
· Vivo, DOCOMO
· Alt 3: other (please specify in comments)
· Samsung, Qualcomm

· Issue 2: For SCell with downlink only, 
· Alt 1: BFR response is carried by a dedicated SS/CORESET (Similar to CORESET-BFR concept in Rel-15)
· CATT, ZTE, NEC, Convida, Fujitsu, Huawei/HiSilicon, InterDigital, OPPO, CMCC, APT, Qualcomm
· Alt 2: dedicated SS/CORESET for BFR is not supported
· Vivo, Ericsson, DOCOMO, LGE
· Alt 3: other (please specify in comments)
· Samsung, Qualcomm

Observation 3.4-1: most companies support to use dedicated SS/CORESET to carry BFR response.
Proposal 3.4:
· For SCell with DL only and SCell with both UL and DL, BFR response is carried by dedicated SS/CORESET 
· Dedicated SS/CORESET is based on SS-BFR/CORESET-BFR specified in Rel-15

Companies’ comments
	Companies
	Comments

	Nokia
	BFRQ signalling needs to be first decided before determining the gNB response.

	CATT
	Issue 1: alt-1.
Issue 2: alt-1.

	Fujitsu
	We prefer a unify solution for both issue 1 and issue 2. Also, the reason of not using a dedicated SS/CORESET is unclear. Hence, for both issue 1 and issue 2, Alt-1 is preferred.

	APT
	Issue 1/2: Alt 1, Rel-15 solution should be reused unless significant issue is identified.

	[bookmark: OLE_LINK2]Huawei/HiSilicon
	Issues 1: Alt-1
Issues 2: Alt-1
In our understanding, by saying ‘dedicated’, it means a specific SS/CORESET is tagged by NW configuration, but it does not imply this SS/CORESET cannot used for normal scheduling purposes. 

	ZTE
	Issues 1: Alt-1
Issues 2: Alt-1
If going with MAC-CE/PUCCH carrying recovery request, the timeline of gNB response for recovery should be studied and we cannot directly reuse Rel-15 design here.

	Ericsson
	In our understanding, the dedicated response was introduced to acknowledge the reception of the beam recovery request. With a MAC CE solution, this acknowledgement is carried by the HARQ ACK of the MAC CE message, so any additional message is unnecessary. 

	OPPO
	Reuse Rel-15 scheme

	DOCOMO
	We don’t support the dedicated SS/CORESET of Rel.15. we don’t want to consume 1 CORESET for only for BFR response. BFR response should be received in any CORESET(s).

	CMCC
	Issue 1: Alt-1
Issue 2: Alt-1

	LGE
	If BFRQ (+CSI reporting) on failed SCell and gNB response are done on PCell, gNB can configure a new CORESET on that SCell to UE. Or, the TCI state of the conventional CORESET can be updated through MCE-CE on PCell. Therefore, there is no strong motivation to support dedicated SS/CORESET.

	Samsung
	Issue 1: This should not be decided before the design of SCell beam failure detection, new beam identification and transmission of SCell BFRQ are decided
Issue 2: Prefer one unified design for both DL/UL and DL-only cases

	Qualcomm
	For Issue 1, we support Al1 or Alt3. Dedicated CORESET for SCell BFR is needed, to confirm that beam failure has been recovered. Alternatively, it could reuse the PCell CORESET but differentiated via a different ID e.g. different C-RNTI etc. 
For Issue 2, also we need to differentiate that BFR has been completed in some manner. Alt 1 or Alt 3, with say a special MAC-CE or an L1 signal indicating that the beam switch is for SCell Recovery

	Spreadtrum
	For issue 1: Alt-1
For issue 2: Alt-1



3.5 Other
There are some others proposals on some other issues, and some observations on Rel-15 BFR. 
Proposals:
Spreadtrum:
· Beside the study of SCell BFR, some attention should also be paid on the impact of Multi-TRP/Panel on BFR.
Observations:
Ericsson:
· The link recovery procedure in Release-15 for a UE fulfilling the RAN4 requirements may take 120-180ms. 
· [bookmark: _Toc524704634][bookmark: _Toc528940815][bookmark: _Toc534978735]Link recovery is slower than normal beam management/reporting as long as there is an operational uplink channel.

Companies’ comments
	Companies
	Comments

	Qualcomm
	On BFR for a cell with multi-TRP, we believe it is needed. We can recover one link via another and send a recovery signal to the other. 

	Spreadtrum
	RAN1#95 has agreed to support both single PDCCH and multiple PDCCH case, and the maximum number of serving TRPs could be no less than 2. If we directly reuse the R15 BFR procedure even only for the PCell under Multi-TRP/Panel mode, we might encounter many issues. Specifically, in R15 the maximum number of RSs for beam failure detection is 2 and only the case when all RSs within BFD RS-set fall below a configured threshold can trigger a BFI counting. However, if one RS continuously fails and the other one continuously succeeds which can be viewed as a common scenario under Multi-TRP/Panel mode, no BFR or BFI counting will be triggered. Then the failed link is hard to have fast recovery. Therefore, we think some further studies on BFR procedure for multi-TRP are required.



4. Reference
[1] R1-1900018. Enhancements on multi-beam operation. Huawei, HiSilicon 
[2] R1-1900088. Enhancements on Multi-beam Operation. ZTE 
[3] R1-1900138. Discussion on multi beam operation. vivo 
[4] R1-1900257. Enhancement on multi-beam operation. Fujitsu 
[5] R1-1900294. Discussion on Multi-beam Operation Enhancements. OPPO 
[6] R1-1900340. Enhancements on multi-beam operation. CATT 
[7] R1-1900359. UE panel-specific UL transmission. Fraunhofer IIS, Fraunhofer HHI 
[8] R1-1900378. Considerations on multi-beam operation. sony 
[9] R1-1900387. Discussion of multi-beam operation. Lenovo, Motorola Mobility 
[10] R1-1900419. Enhancements on Multi-beam Operation. CMCC 
[11] R1-1900450. Enhancements on multi-beam operation. AT&T 
[12] R1-1900503. On beam management enhancement. Intel Corporation 
[13] R1-1900623. Discussion on multi-beam based operations and enhancements. LG Electronics 
[14] R1-1900634. Views on multi-beam operation. Mitsubishi Electric Corp 
[15] R1-1900637. Enhancements on Multi-beam Operation for UL beam management. China Telecommunications 
[16] R1-1900664. Discussion on multi-beam operation. NEC 
[17] R1-1900692. Enhancements on Multi-beam Operation. Nokia, Nokia Shanghai Bell 
[18] R1-1900700. Discussion on multi-beam operation. Spreadtrum Communications 
[19] R1-1900750. Considerations on beam measurement and reporting enhancement. Apple Inc. 
[20] R1-1900809. On multi-beam operation enhancement. InterDigital, Inc. 
[21] R1-1900820. Enhancements on UL Multi-beam Operation.  MTI 
[22] R1-1900842. Enhancements on beam management. Beijing Xiaomi Electronics 
[23] R1-1900906. Enhancements on Multi-beam Operation. Qualcomm Incorporated 
[24] R1-1900979. Discussion on multi-beam enhancement. NTT DOCOMO, INC. 
[25] R1-1900990. Discussion on enhancements on multi-beam operation. ITRI 
[26] R1-1901077. Enhancements on multi-beam operation. Samsung 
[27] R1-1901141. Discussion on multi-beam operation. KDDI 
[28] R1-1901154. Enhancements on multi-beam operation. ASUSTEK COMPUTER (SHANGHAI) 
[29] R1-1901164. Enhancements to multi-beam operation. Ericsson
[30] R1-1901206. On Beam Failure Recovery for SCell. Convida Wireless
image1.emf
 

SCell

UE

Step 3-1: SR transmission

Step 4: beam failure recovery response

Step1:Beam failure 

detection

Step2:candidate beam 

identificaiton

PCell

Step 3-2: UL grant

Step 3-3: BSR 

Step 3-4: UL grant for PUSCH allocation

Step 3-5: Scell ID and new beam info. by MAC-CE


