Introduction
In this summary, the agreements made on Rel.16 NR_eMIMO L1-SINR and SCell BFR are compiled and systematically arranged. The main purpose is to identify missing parts, if any, as well as to aid specification editors. Therefore:
· Only agreements pertinent to specification are included.
· For a given topic/component, the captured agreement represents the most mature form. Redundancies (including most FFS items that have been agreed) are removed.
· Open issues (including missing items) are identified with yellow highlight
Agreements on L1-SINR based beam selection
Beam reporting content
It has been agreed that in a beam reporting instance, gNB can configure UE to report up to N reported SSBRI/CRIs as well as corresponding L1-SINR values. 
The variable N is configured by RRC signaling with candidate values of {1, 2, 3, 4}.
	Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}




Beam reporting format
The reporting format for L1-SINR based beam reporting is as follows:
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1, if reported

	
	CRI or SSBRI #2, if reported

	
	CRI or SSBRI #3, if reported

	
	CRI or SSBRI #4, if reported

	
	SINR #1, if reported

	
	Differential SINR #2, if reported

	
	Differential SINR #3, if reported

	
	Differential SINR #4, if reported



Differential SINR #N is determined based on the difference between measured SINR corresponding to the CRI/SSBRI #N and the measured SINR corresponding to CRI/SSBRI #1. The SINR #1 is the largest SINR among reported SINRs. The quantization of SINR is defined in 38.133.  
For differential L1-SINR, the bit length is fixed to be 4 bits, with 1dB step size. The range of SINR is [-23,40];
One open issue is the quantization of differential SINR.

	Agreement
When gNB configures UE to report SSBRI/CRI and corresponding L1-SINR, the following report format is supported.
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1, if reported

	
	CRI or SSBRI #2, if reported

	
	CRI or SSBRI #3, if reported

	
	CRI or SSBRI #4, if reported

	
	SINR #1, if reported

	
	Differential SINR #2, if reported

	
	Differential SINR #3, if reported

	
	Differential SINR #4, if reported



· FFS: range and step size of differential SINR
· Differential SINR #N is determined based on the difference between measured SINR corresponding to the CRI/SSBRI #N and the measured SINR corresponding to CRI/SSBRI #1
· The SINR #1 is the largest SINR among reported SINRs
· The range of SINR is [-23, 40] dB
· The SINR is quantized based on what is specified in 38.133

Agreement
· The bit length is fixed to be 4 bits for differential L1-SINR
· The step size is fixed to be 1 dB for differential L1-SINR





Control signaling framework
It has been agreed that gNB can configure Channel Measurement Resource (CMR) only or CMR as well as Interference Measurement Resource (IMR) for L1-SINR measurement.
· CMR can be configured based on SSB or CSI-RS for beam management.
· If IMR is not configured and CMR is based on CSI-RS, only CSI-RS with density = 3 REs/RB can be configured
· Interference can be measured based on ZP-IMR, NZP-IMR as well as both ZP-IMR and NZP-IMR.
· If gNB configures UE to measure L1-SINR based on both ZP-IMR and NZP-IMR, only 1 ZP IMR resource can be configured
· If IMR is configured based on NZP-IMR only, the NZP-IMR could only be based on CSI-RS with density = 3 REs/RB
· FFS: when IMR is configured based on ZP-IMR only, whether interference measurement can be performed using CMR additionally
For ZP-IMR only based interference measurement, from signaling perspective, the CMR and IMR are one-to-one mapped. 
For NZP-IMR only based interference measurement, the gNB can configure a list of N CMRs(s) and another list of N IMR(s), which are one-to-one mapped. For each SINR, interference is measured based on each associated NZP-IMR only. UE may assume that the CMR and IMR configured for one CSI reporting are QCLed with respect to ‘QCL-typeD’.
In addition, the association between CMR and IMR for NZP-IMR only and ZP-IMR+NZP-IMR case is one open issue.
It has also been agreed that gNB can configure L1-SINR based beam report for both group based and non-group based beam reporting.
[bookmark: _GoBack]It was concluded that how to measure interference for L1-SINR from configured ZP/NZP IMR resources is up to UE implementation.

	Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Note: CSI-RS above is CSI-RS for BM

Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
· CMR and IMR are 1-to-1 mapped from signaling perspective

Agreement
Support gNB to configure L1-SINR based beam report for both non-group based and group based beam reporting.

Agreement
For NZP-IMR based interference measurement, option 1a is supported
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped
· For each SINR, interference is measured based on each associated NZP-IMR only
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Whether QCL-TypeD can be configured to each NZP IMR
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· FFS: Additional support of option 2a (without RRC signalling impact)
Note: There is no consensus in RAN1 on the support of option 2b/2c (which introduces IMR index reporting for L1-SINR)

Conclusion: How to measure interference for L1-SINR from configured ZP/NZP IMR resources is up to UE implementation



UE capability on L1-SINR
It has been agreed that the support of L1-SINR based beam selection is optional.
FFS: whether support of NZP-IMR and ZP-IMR based L1-SINR are separate UE capabilities.
	Agreement
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities




Collision handling between L1-SINR report and other CSI report
The value of K for L1-SINR to determine the priority value of CSI report is 0.
	Agreement
The value of k for L1-SINR to determine the priority value of CSI report equals to 0.



SCell BFR
Beam failure detection
It has been agreed that beam failure detection can be based on 1-port periodic CSI-RS. The CSI-RS for BFD can be configured explicitly by RRC or implicitly by TCI state for a CORESET in SCell. The explicitly configured CSI-RS for SCell BFD should be transmitted within this SCell.
· Maximum number of RS for BFD per BWP is one open issue2
SCell BFD is measured based on hypothetical BLER. BLER threshold for SCell BFD is the same as the default value of rlmInSyncOutOfSyncThreshold.
The SCell beam failure detection procedure is the same as PCell beam failure detection procedure, which is performed per SCell.
Details on association between beam failure detection and beam failure event is one open issue.

	Agreement
· SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state. 
· SCell BFD is measured based on hypothetical BLER

Agreement
At least for explicit configuration, downlink RS for BFD is in current CC 

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

Agreement
Support that the BLER threshold for SCell BFD is the same as the default value of rlmInSyncOutOfSyncThreshold.

Agreement
For SCell BFR, reuse beam failure detection procedure specified in Rel-15, where the beam failure detection is performed per SCell.
· The “beam failure detection procedure specified in Rel-15” includes the procedure on beam failure detection for each beam failure instance, interval for beam failure instance and corresponding parameter, i.e. beamFailureInstanceMaxCount.
· The parameters related to BFD are configured per BWP per cell
· Note: BFRQ transmission timing and condition will be decided by RAN2 for simultaneous multiple SCells failure cases

Agreement
For maximum number of SCell BFD RS, support up to 2 BFD RS for per BWP without introducing additional UE capability
· FFS: whether to specify UE behaviour if number of configured CORESETs is more than 2




New beam identification
It has been agreed that new beam identification can be performed based on SSB and CSI-RS for beam management. The SSB/CSI-RS can be transmitted within the SCell or another CC within the same band. The gNB can configure up to 64 SSB/CSI-RS resources per BWP for new beam identification. The new beam RS is mandatorily configured if SCell BFR is configured.
The threshold of new beam identification is based on L1-RSRP, and the range of the threshold is based on range specified in RSRP-Range.

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

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

Agreement
New beam identification threshold is based on L1-RSRP

Agreement
· For SCell BFR, support maximum number of RS for new beam identification per BWP to be 64.
· The range of threshold for SCell new beam identification is based on range specified in RSRP-Range.

Agreement
· The new beam RS is mandatorily configured if SCell BFR is configured




Beam failure recovery request
It has been agreed that after UE declares beam failure, it shall transmit BFRQ. 
The BFRQ can be conveyed by two steps:
Step 1 is carried by a dedicatedly configured SR-like PUCCH in PCell or PSCell to inform gNB beam failure happens, where the PUCCH is configured based on PUCCH format 0 or PUCCH format 1. If the UE already has the UL grant on serving cell(s) on which BFR MAC CE can be transmitted, UE is not required to transmit SR-like PUCCH for SCell BFR. The SR-like dedicated PUCCH resource for SCell BFR is common for all SCell(s) of the same cell group.
· Details when PUCCH is collided with other uplink signals are one open issueWhen the dedicated SR-like PUCCH (PUCCH-BFR) collides with SRS, the SRS should be dropped	Comment by Zhangleiming: RAN1 seems agreed that SCell BFR PUCCH is higher priority than normal SR in the LS to RAN2 (R1-1909833).
· PUCCH-BFR is optionally configured
· If PUCCH group is configured, PUCCH-BFR can be configured in PUCCH-SCell
· For eMBB, when PUCCH-BFR collides with other PUCCH that does not carry SR, reuse the dropping/multiplexing rule specified in Rel-15 for collision handling between SR and other PUCCH except the case when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1
· Whether this PUCCH is optionally configured or not is another open issue
Step 2 is carried by a MAC CE to report detail information, e.g. failed CC index and new beam index
· If new candidate beam RS and corresponding threshold is configured
· If at least one new beam is identified (L1-RSRP is higher or equal to the threshold)
· UE reports only 1 new beam with corresponding beam index per SCell and failed CC index(es)
· Else
· UE reports no new beam identified and failed CC index(es)
· Else
· Detail is one open issue

	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

Agreement
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell

Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
·  (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only

Agreement
· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured
· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell

Agreement
For SCell with both UL and DL, at least reuse the same BFRQ procedure as SCell with DL only.

Agreement
· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR


Agreement
Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1

Response LS to RAN2 R1-1909833
Q2: If the UE already has the UL grant on serving cell(s) on which BFR MAC CE can be transmitted based on the answer to question 1, is the UE still required to transmit SR-like indication for BFR?
R2: In this case, UE is not required to transmit SR-like indication for SCell BFR.
Q4: Is the SR-like dedicated PUCCH resource for SCell BFR configured for each SCell separately or is it common for all SCell(s) of the same cell group (i.e. MCG/SCG)?
R4: The SR-like dedicated PUCCH resource for SCell BFR is not configured separately for each SCell. 
Additional information
RAN1 would like to provide the following additional information on SCell BFR to RAN2.
· RAN1 suggests RAN2 to give higher priority for SCell BFR MAC CE than at least UL data, and also higher priority for SCell BFR PUCCH than normal SR
· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2
· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs

Working Assumption
In addition to previous agreement that PUCCH-BFR is configured in PCell/PSCell, it is also agreed that PUCCH-BFR can be configured in PUCCH-SCell if PUCCH group is configured
· For non-DC case, down-select one of the following alternatives in RAN1#99
· Alt1a: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· If more than 1 PUCCH-BFR resources are configured for a UE, UE can pick one of them to transmit BFRQ
· Alt1b: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· PUCCH-BFR resource is shared among the CCs belonging to the respective PUCCH group
· Alt2: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per UE
· The down-selection is based on the assumption of SR configuration behavior supported in current spec
The above PUCCH group refers to the existing PUCCH group description in TS38.213.

Agreement
· When PUCCH-BFR collides with SRS, the SRS should be dropped

Agreement
For eMBB, when PUCCH-BFR collides with other PUCCH that does not carry SR, reuse the dropping/multiplexing rule specified in Rel-15 for collision handling between SR and other PUCCH except the case when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1
· FFS: When PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1




Beam failure recovery response
The beam failure recovery response to step 2 MAC CE is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE. When UE receives such response, UE can consider BFR procedure is finished.
If a new beam is identified, after K symbols after receiving the response to step 2 MAC CE, UE can apply the newly identified beam to receive PDCCH in all CORESETs in the corresponding SCell.

	Agreement
The BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE
· The procedure is the same as normal “ACK” for PUSCH
· When UE receives BFRR to step 2, UE can consider BFR procedure is finished

Agreement
At least for PDCCH, after K symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE at least for the DL reception on the failed SCell if a new beam is identified.
· Applies for all CORESETs in the failed SCell
· FFS: Any other channel
· FFS: value of K





Number of SCells for BFR
It has been agreed that gNB can configure UE to perform BFR for any configured SCells, and the maximum number of SCells for BFR is one UE capability.
	Agreement
A UE can be configured to perform BFR for any configured SCells 
· The maximum number of SCells for which the UE performs BFR is a UE capability





 
