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1. Beam failure detection (BFD)
1.1. Contribution list
	Tdoc
	Title
	Source
	Proposal

	R4-1812518
	Discussion on requirements for beam failure detection
	MediaTek inc.
	Proposal 1: Regarding the conditions of N=1 for BFD evaluation period, on top of the current conditions, add the following conditions due to L1-RSRP:

•For SSB based BFD evaluation period, N=1 only if the SSB for BFD is not configured for L1-RSRP. 

•For CSI-RS based BFD evaluation period, N=1 only if 

o
the CSI-RS for BFD is not configured for L1-RSRP, or

o
the CSI-RS for BFD is configured for L1-RSRP with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON.

Proposal 2: Remove the scheduling restrictions due to beam failure detection based on CSI-RS as BFD-RS in FR1.

Proposal 3: Adopt the above text proposal for scheduling restrictions due to beam failure detection based on CSI-RS as BFD-RS in FR2.

	R4-1812519
	CR on beam failure detection requirements (Section 8.5.2.2 and 8.5.3.2)
	MediaTek inc.
	Based on proposals in R4-1812518

	R4-1812520
	CR for scheduling availability for beam failure detection (Section 8.5.7.2 and 8.5.7.3)
	MediaTek inc.
	Based on proposals in R4-1812518

	R4-1812995
	CR for remaining issues in BFD (section 8.5)
	Huawei, HiSilicon
	Based on proposals in R4-1812992

	R4-1812172
	On Remaining issues for Beam Failure Detection
	Intel Corporation
	Proposal #1: Define only CSI-RS based Beam failure detection requirements in 38.133

Proposal #2: BLERout threshold for beam failure detection shall be fixed to 10%

Proposal #3: Delete the condition for N=1 for BFD resources associated with L1-RSRP reporting resources

Proposal #4: For evaluation time in FR2 for CSI-RS based BFD define N= maxNumberRxBeam or 8

Proposal #5: Confirm with RAN2 the usage of maxNumberRxBeam for the purpose of evaluation period for BFD

Proposal #6: Define CSI-RS based beam failure detection requirements with CSI-RS configuration with D=3

	R4-1812454
	LS on maxNumberRxBeam
	Intel Corporation
	Based on proposals in R4-1812172

	R4-1812173
	CR to 38.133 on Beam Failure Detection (Section 8.5)
	Intel Corporation
	Based on proposals in R4-1812172


1.2. Discussion

1.2.1. BLERout for BFD 
· What is the value for BLERout in BFD when BLER pair configuration #1 is used for RLM
· Option 1 (Intel)
· Fixed to 10%
· Option 2 
· Follow the out-of-sync BLER for RLM
1.2.2. Support of SSB based BFD

· Should RAN4 specify requirements for SSB based BFD

· Option 1 (Intel)

· No, based on the agreements in RAN1#94
· Option 2

· Yes

1.2.3. Requirements for D=1 for CSI-RS based BFD

· Whether requirements for D=1 for CSI-RS based BFD should be defined 

· Option 1 (Intel)

· No

· Option 2 

· Yes
1.2.4. Condition for N=1

· Under which conditions the requirements on BFD evaluation period apply with N=1

· Option 1 (MediaTek)
· on top of the current conditions, add the following conditions due to L1-RSRP 
· For SSB based BFD evaluation period, N=1 only if the SSB for BFD is not configured for L1-RSRP. 
· For CSI-RS based BFD evaluation period, N=1 only if 
· the CSI-RS for BFD is not configured for L1-RSRP, or
· the CSI-RS for BFD is configured for L1-RSRP with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON.
· Option 2 (Intel)

· (for CSI-RS based BFD) delete the condition for N=1 for BFD resources associated with L1-RSRP reporting resources (the last condition in current spec)

· Option 3 (Huawei, HiSilicon)

· UE should always do Rx beam sweeping when performing BFD measurement on SSB
· The condition for N=1 for CSI-RS based BFD should be merged as “if the implicit or explicit CSI-RS resource configured for BFD is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for BFD are mutually TDMed, and the QCL association is known to UE”.
1.2.5. Value of N when N=1 does not apply

· The value N for CSI-RS based BFD when conditions for N=1 are not met

· Option 1 (Intel)

· maxNumberRxBeam (when signalled) or 8 (when maxNumberRxBeam is not signalled )
· Option 2 (Huawei, HiSilicon)
· Fixed to 8
1.2.6. Scheduling restriction due to BFD
· Some updates are needed for correction and simplification
1.3. Way forward

2. Candidate beam detection (CBD)

2.1. Contribution list

	Tdoc
	Title
	Source
	Proposal

	R4-1812517

	Discussion on requirements for L1-RSRP for candidate beam detection
	MediaTek inc.
	Proposal 1: For L1-RSRP for candidate beam detection, the measurement period is specified based on 2 samples at SNR of 0 dB or 3 samples at SNR of -3 dB, for 2dB inaccuracy.

Proposal 2: RS resources used for L1-RSRP for candidate beam detection should be outside SMTC measurement window and MG in FR2.

Proposal 3: For L1-RSRP for candidate beam detection, P factor specified for RLM/BFD evaluation period is reused.

Proposal 4: N=8 for measurement period of SSB based L1-RSRP for candidate beam detection.

Proposal 5: N=8 for SSB based RLM/BFD evaluation period, if the RLM/BFD-RS is also configured for L1-RSRP.

Proposal 6: N=1 for measurement period of CSI-RS based L1-RSRP for candidate beam detection, if the CSI-RS with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON. Otherwise, N=8.

Proposal 7: N=8 for CSI-RS based RLM/BFD evaluation period, if the RLM/BFD-RS is also configured for L1-RSRP and N=8 for measurement period of CSI-RS based L1-RSRP for candidate beam detection.

Proposal 8: The following scheduling restriction for L1-RSRP for candidate beam detection in FR2 is applied:

	R4-1812560
	Discussion on beam management
	CMCC
	Proposal 1: for candidate beam detection, the L1-RSRP evaluation period is specified based on multiple samples.

Proposal 2: for SSB-based candidate beam detection, it is proposed to define the SSB-based L1-RSRP evaluation period based on 3 samples.      

Proposal 3: for CSI-RS based candidate beam detection, it is proposed to define the CSI-RS based L1-RSRP evaluation period as below:

-for CSI-RS bandwidth <=80RB, CSI-RS based L1-RSRP evaluation period is specified based on 5 samples;

-for 80RB <CSI-RS bandwidth, CSI-RS based L1-RSRP evaluation period is specified based on 3 samples.  

	R4-1812841
	Side condition of new beam identification
	Ericsson
	Observation 1: For new beam identification, UE reports one beam which exceeds the threshold specified by gNB. 

Observation 2: When UE detects the beam failure, the SNR of the candidate beam is less than 0dB with the probability of 50% or more.

Proposal 1: Assume the side condition of new beam identification is SNR=-3dB.

	R4-1812842
	L1-RSRP measurement period for SSB based new beam identification
	Ericsson
	Proposal 1: Use 3 samples for SSB based new beam identification.

	R4-1812843
	L1-RSRP measurement period for CSI-RS based new beam identification
	Ericsson
	Proposal 1: Use 3 samples for CSI-RS based new beam identification.

	R4-1812844
	Introduction of new beam identification measurement period
	Ericsson
	Based on proposals in R4-1812841/2842/2843

	R4-1813048

	Simulation resluts of L1-RSRP measurement accuracy
	Huawei, HiSilicon
	Observation 1: For SSB based L1-RSRP with single-shot measurement, both absolute and relative L1-RSRP accuracies of are within ±2dB at SNR=-3dB.

Observation 2: For CSI-RS based L1-RSRP with single-shot measurement, the absolute L1-RSRP accuracy is within ±4dB at SNR=-3dB, and the relative L1-RSRP accuracy is within ±3dB at SNR=-3dB.

Observation 3: For CSI-RS based L1-RSRP with 3 measurement samples, the absolute L1-RSRP accuracy is within ±2.5dB at SNR=-3dB, and the relative L1-RSRP accuracy is within ±1.5dB at SNR=-3dB.

Observation 4: The CSI-RS based L1-RSRP accuracy performance is decreased as the Doppler shift increasing.

	R4-1813049
	Discussion on L1-RSRP measurement requirements for candidate beam detection
	Huawei, HiSilicon
	Proposal 1: The L1-RSRP measurement requirements can be defined under the assumption that UE continuously performs L1-RSRP measurements over CBR RS resources

Proposal 2: For SSB based candidate beam detection, 5 measurement samples are assumed within one L1 evaluation period.

Proposal 3: For CSI-RS based new beam detection, 10 measurement samples are assumed within one L1 evaluation period.

Proposal 4: For candidate beam detection, it is suggested to define the absolute accuracy requirements of L1-RSRP measurement under the side condition of SINR≥0dB.

	R4-1813050
	CR on TS38.133 for candidate beam detection requirements (section 8.5.5 and 8.5.6)
	Huawei, HiSilicon
	Based on proposals in R4-1813049

	R4-1813051
	CR on TS38.133 for UE scheduling availability requirements for candidate beam detection (section 8.5.8)
	Huawei, HiSilicon
	Based on proposals in R4-1812998

	R4-1812174
	On Candidate Beam Detection Requirements
	Intel Corporation
	Proposal#1: Introduce separate requirements for L1-RSRP for candidate beam detection and beam reporting

Proposal #2: For SSB based CBD define L1 averaging requirements as 3 samples

Proposal #3 For CSI-RS based BFD define L1 averaging requirements as 3 samples with CSI-RS configuration D=3

Proposal #4: For evaluation period in FR2 for SSB based candidate beam detection, define


N=1, when Rx beam for BFD resource is known to UE

N=8, otherwise

Proposal #5: For evaluation period in FR2 for CSI-RS based candidate beam detection, define


N=1, when Rx beam for BFD resource is known to UE

N= MaxNumberRxBeam or 8, otherwise

Proposal #6: The use of MaxNumberRxBeam for defining evaluation period for CSI-RS based candidate beam detection shall be confirmed by RAN2


2.2. Discussion

2.2.1. Measurement period, accuracy and side condition
· Measurement period, accuracy and side condition for L1-RSRP measurement for CBD
· Option 1 (MediaTek)
· 2 samples at SNR of 0 dB or 3 samples at SNR of -3 dB with 2dB inaccuracy
· Option 2 (CMCC)
· define the SSB-based L1-RSRP evaluation period based on 3 samples
· define the CSI-RS based L1-RSRP evaluation period as below 
· for CSI-RS bandwidth <=80RB, CSI-RS based L1-RSRP evaluation period is specified based on 5 samples;

· for 80RB <CSI-RS bandwidth, CSI-RS based L1-RSRP evaluation period is specified based on 3 samples.  
· Option 3 (Ericsson)

· 3 samples for both SSB and CSI-RS based CBD

· Side condition SNR = -3dB 

· Option 4 (Huawei, HiSilicon)

· For SSB based candidate beam detection, 5 measurement samples
· For CSI-RS based candidate beam detection, 10 measurement samples
· Side condition SNR = 0dB
· Option 5 (Intel)
· For SSB based CBD, 3 samples

· For CSI-RS based BFD (should be CBD), 3 samples with CSI-RS configuration D=3
Nokia: -3dB side condition, 3 samples for both SSB and CSI-RS.

Huawei: for SSB we can compromise to 3 samples. For CSI-RS, we can go 5 samples with D=3

MediaTek: same as Huawei on CSI-RS, otherwise we may have different accuracy

Ericsson: first agree on side condition. Our proposal is -3dB

Nokia: ok with -3dB.

Intel: ok with 3 samples for SSB and 5 samples for CSI-RS with D=3.

QC: we have different # of samples for SSB and CSI-RS

Nokia: what is the BW assumed for CSI-RS?

Nokia: CSI-RS can be with wider BW and D=1, which is meaningful for FR2

Intel: we have simulation for BFD and RLM, for fading channel even with wider BW we cannot meet the requirement.

Nokia: there are UEs supporting D=1

ZTE: we also support to have D=1 requirement for larger BW

QC: the number of REs matters, for 100MHz it’s ~65 PRBs. If we cannot get same # of REs we may define different accuracy.

Nokia: we can look into different accuracy.

Intel: do we need to open the same for BFD, RLM?

Intel: what is the benefit for wider BW with relaxed accuracy?

Nokia: without requirement we don’t know how UE performs in wider BW and D=1.

Intel: why would NW configure wider BW if UE can get the accuracy with lower BW?

Nokia: wider BW is common for wideband system. 

MediaTek: we prefer to define requirements based on lower BW but NW can use wider BW. 

Nokia: should look at wider BW and D=1 what accuracy we get.

Intel: we see no benefit, alternative is define it as optional requirement. D=1 is optional feature for BFD and L1-RSRP for BR. 

Nokia: D=1 is also in the feature list, if it is mandatory or not we can check. 

Ericsson: we can check the accuracy, same as Nokia. 

Intel: we have filtering which is up to UE implementation. How can we define the genie for RSRP? How can we test it. 

Huawei: even RSRP is not reported, in case of failure, RA will be triggered. We can verify the correct UE behaviour in terms of accuracy via RACH in the test.

Nokia: filtering can be up to UE, but how could NW know what CSI-RS configuration is needed without accuracy requirement? 

Intel: how can we test is still the question without reporting. 

MediaTek: accuracy can be tested by setting the power offset to the threshold. 

Intel: UE may wrongly trigger RA based on bad accuracy.

Nokia: test is one thing and that is for one specific scenario, but we need to understand the accuracy for different CSI-RS configuration and sample number.

Intel: should discuss on how to capture the accuracy in the spec. 

Ericsson: NW can set the threshold with step size of 1dB, which should be considered in determining the accuracy.
Agreement: 
-3dB as side condition for CBD measurement.

For CSI-RS based CBD, CSI-RS is assumed to be transmitted in >=24 PRBs with D=3

[3] samples for SSB and [5] samples for CSI-RS with D=3 with FFS accuracy, FFS how to capture the accuracy requirements in the spec
FFS if requirements for D=1 with larger BW are defined. 
2.2.2. Start of CBD measurement 

· When UE should perform L1-RSRP measurement for CBD

· Option 1 (Huawei, HiSilicon)
· UE continuously performs L1-RSRP measurements over CBD RS resources
· Option 2 
· UE starts to perform L1-RSRP measurements based on the RS resources indicated in candidateBeamRSList once beam failure is triggered
MediaTek: how about in DRX

QC: UE should not be required to do the measurement all the time. It’s waste of power. The RS may be monitored if configured for BR, otherwise UE should allowed the time to detect and measure.

Huawei: it’s about CFRA. When failure is triggered, the CBD measurement is limited by the timer, which only have short values in RAN2 spec, and it gives short time for measurement. Enough samples cannot be guaranteed. 

QC: We should rather to change the timer. RSRP on CBD RS is not reported. 

MediaTek: with option 2, what is the scheduling restriction? NW cannot know when failure is triggered in UE.

Nokia: once failure is triggered, UE should focus on the CBD measurement. 
Huawei: with option 1, we do not intend to capture it into spec. There can be different UE implementation. Scheduling restriction requirement should allow option 1. 

Intel: if scheduling restriction is allowed there is difference in option 1 or 2.

Nokia: CBD measurement should be done without scheduling restriction, so it should be done only when it is needed. BR could be done.

Huawei: can we ensure the timer is long enough for the CBD test. 

QC: it’s not possible to know if UE is measuring or not. The only way to define scheduling restriction requirement assuming option 1. If/when UE does the measurement is up to UE.
MediaTek: problem with option 2 is timer can be too short.

Nokia: NW configures SSB and CSI-RS for CBD. Timer is configured accordingly. 

Intel: any difference from scheduling restriction pov btw option 1 and 2? 

Nokia: UE can do the measurement any time, but should not cause restriction when it is not needed.

Intel: key point is NW cannot know.

Huawei: option 2 needs to consider different UE implementation.

Nokia: to Intel, when UE is not measuring CBD, there should be no restriction. 

Agreement: 

· CBD measurement may cause scheduling restriction when performed. When CBD measurement is performed is FFS.
· Option 1: CBD measurement is performed only when beam failure is detected

· Option 2: Up to UE implementation 
2.2.3. Condition for N=1

· Under which conditions the requirements on CBD measurement period apply with N=1

· Option 1 (MediaTek)

· For SSB based CBD, N=8 

· For CSI-RS based CBD, N=1, if the CSI-RS with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON. Otherwise, N=8.

· Option 2 (Huawei, HiSilicon)

· N=8 always for SSB and CSI-RS based CBD
· Option 3 (Intel)

· For SSB based CBD,
N=1 when Rx beam for CBD resource is known to UE; N=8, otherwise

· For CSI-RS based CBD,
N=1 when Rx beam for CBD resource is known to UE; N= MaxNumberRxBeam or 8, otherwise
Huawei: How can the UE know which Rx beam should be used for CBD?

MeadiaTek: For Intel’s first bullet, how could UE know the RX beam info?

Intel: If the CBD-RS is QCL-ed with BR-RS, can we assume N=1? 

Docomo: CBD can get Rx beam info from RLM/BFD RS.
Huawei: we assume RLM/BFD get Rx beam info from L1-RSRP measurement.

Huawei: we discussed condition for N=1 for BFD, and BR is considered as the basic procedure UE gets the Rx beam info. From which procedure UE can really get Rx beam. 

Nokia: SSB may be already measured from RRM measurement.
MediaTek: UE may use different codebook for neighbour cell and serving cell measurement. Basing on RRM to find the Rx beam for BM is not enough.

Nokia/Docomo: we are looking only at SSB of serving cell. 

MediaTek/Huawei: not acceptable. UE may different finer beam for serving cell. 

Huawei: we cannot assume RRM beams are used for CBD.

Agreement:

· FFS if N=1 can apply when SSB is included in SMTC.
· No other is no condition for N=1 for SSB based CBD measurement 

· FFS if N=1 can apply for CSI-RS based CBD measurement and if so what is the condition
2.2.4. Value of N when N=1 does not apply

· The value N for CSI-RS based CBD when conditions for N=1 are not met

· Option 1 (Intel, LGE)

· maxNumberRxBeam (when signalled) or 8 (when maxNumberRxBeam is not signalled )
· Option 2 (Huawei, HiSilicon, MediaTek)
· Fixed to 8
Intel: we can compromise to 8. Preference is use signaling, but the signalling is optional. 

LGE: CBD-RS is QCL-ed with BR-RS, where the capability applies.

Huawei: UE may use different Rx beams for BR with repetition ON than for CBD.

LGE: It is up to UE implementation. 

Agreement: 

N is fixed to 8 when condition for N=1 does not apply.
2.2.5. Scheduling restriction due to CBD
Huawei: Should the scheduling restriction due to CBD measurement be same as the scheduling restriction due to L1-RSRP for beam reporting?

Nokia: we think they should be same.

Agreement:

Same scheduling restriction due to CBD measurement are defined as for L1-RSRP for beam reporting
2.2.6. Measurement restriction

· Collision with SMTC window and measurement gap

· Option 1 (MediaTek, Huawei, HiSilicon)

· RS resources used for L1-RSRP for CBD should be outside SMTC measurement window and MG in FR2. P factor specified for RLM/BFD evaluation period is reused.

· Collision with other RS for RLM/BFD/CBD/BR

· Option 1 (Huawei, HiSilicon)

· Follow the agreements from the discussion on RAN1 LS R1-1809890
· Handling of collisions is not explicitly reflected in the measurement period

Nokia: UE should focus on CBD measurement when failure is triggered. No scaling should be applied.

Huawei: CBD is for beam level, SMTC is for cell level e.g. HO. L3 measurement should not be impacted by CBD. 

MediaTek: not sure to prioritize CBD over L3. UE may also change the cell, it will impact the L3 measurement performance.

Intel: which SMTC is discussed? SMTC1 or SMTC2?

MediaTek: it is the super set, i.e. SMTC2

Intel: we may also need re-visit the intra-f and inter-f requirements. MediaTek proposal can leave other requirements untouched.
Nokia: different view. CBD is not done continuously, once failure happens, it is the most important.

Huawei: For RLM we did not prioritize L3 measurement. Why CBD should be different and more important than RLM? 

Nokia: we are not talking about RLM and BFD, but CBD in case of failure. 

Huawei: for RLM we also have recovery i.e. in-sync detection, which is not prioritized over L3. Why CBD should?

Nokia: radio link failure and beam failure are different. Important is UE should does efficient recovery. L3 cannot be reported anyway. Should shorten the recovery time. 

Agreement: 

FFS prioritization between L3 measurement in SMTC and CBD measurement.
2.3. Way forward

3. L1-RSRP beam reporting (BR)
3.1. Contribution list

	Tdoc
	Title
	Source
	Proposal

	R4-1812560
	Discussion on beam management
	CMCC
	Proposal 4: for SSB based/ CSI-RS based beam reporting, it is proposed to specify the evaluation delay based on one shot measurement

	R4-1812126
	Discussion about L1-RSRP measurement accuracy for beam reporting
	Intel Corporation
	Proposal 1: For aperiodic and periodic CSI-RS L1-RSRP reporting, single sample based measurement can be applied.

Proposal 2: For SSB L1-RSRP reporting, single sample based measurement can be applied.

Proposal 3: There are three options for defining the L1-RSRP measurement accuracy for beam reporting based on one sample measurement: 

Option 1: 

              For SSB, accuracy requirement is 5.5dB for FR1 when SNR=-3dB.

              For CSI-RS with D=3, accuracy requirement is 5.5 dB for FR1 when SNR=-3dB.

Option 2: 

              For SSB, accuracy requirement is 4.5dB for FR1 when SNR>=-2dB.

              For CSI-RS with D=3, accuracy requirement is 4.5 dB for FR1 when SNR>=-2dB.

Option 3: 

             For CSI-RS with D=3 where RB number is larger than 48RB, accuracy requirement is 4.5 dB for FR1 when SNR=-3dB.

	R4-1812521
	Discussion on requirements for L1-RSRP  computation for reporting
	MediaTek inc.
	Proposal 1: The measurement accuracy of L1-RSRP computation for reporting can be specified based on one shot-measurement.

Proposal 2: RS samples used for L1-RSRP computation for reporting should be outside SMTC measurement window and MG in FR2.

Proposal 3: For L1-RSRP computation for reporting, it will not specify measurement period in the core part. The sufficient RS samples outside SMTC and MG for UE RX beam training can be handled during test cases.

Proposal 4: Same scheduling restriction for both L1-RSRP for candidate beam detection and for L1-RSRP computation for reporting.

Proposal 5: The following scheduling restriction for L1-RSRP computation for reporting in FR2 is applied:

The following scheduling restriction applies due to L1-RSRP computation for reporting on an FR2 PCell and/or PSCell.

- There are no scheduling restrictions due to L1-RSRP computation for reporting based on CSI-RS, if the CSI-RS configured with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON (i.e. N=1 applies). Otherwise, the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on CSI-RS symbols to be measured for L1-RSRP computation for reporting, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 

- The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for L1-RSRP computation for reporting, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE.

	R4-1812711
	Remaining issues on L1-RSRP Computation for reporting
	NTT DOCOMO, INC.
	Proposal 1: When evaluation period for L1-RSRP reporting is specified, RAN4 should take following aspects into consideration.


Whether evaluation period for semi-persistent L1-RSRP reporting should be defined or not.


L1 averaging for L1-RSRP reporting could not be applied when timeRestrictionForChannelMeasurements is configured.


Whether requirement for single shot based L1-RSRP reporting should be also specified or not.


Condition where it is not necessary to apply scaling factor due to Rx beam sweeping should be specified.

Proposal 2: RAN4 need to specify scheduling availability for L1-RSRP measurement, and scheduling restriction for L1-RSRP measurement on an FR2 serving PCell and/or PSCell should be defined as following.


UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for L1-RSRP measurement in following conditions, otherwise UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB or CSI-RS symbols to be measured for L1-RSRP measurement.


The SSB configured for L1-RSRP measurement is QCL Type D with active TCI state for PDCCH/PDSCH.


The CSI-RS configured for L1-RSRP measurement is QCL Type D with active TCI state for PDCCH/PDSCH and repetition is not “on”.

	R4-1812712
	[draft] Scheduling availability for L1-RSRP measurement
	NTT DOCOMO, INC.
	Based on proposals in R4-1812711

	R4-1812845
	L1-RSRP measurement period for beam reporting
	Ericsson
	Proposal 1: L1-RSRP measurement for L1-RSRP report should be based on one-shot SSB/CSI-RS samples for aperiodic reporting and multi-shot SSB/CSI-RS samples for periodic/semi-persistent beam reporting.

Proposal 2: For periodic/semi-persistent L1-RSRP reporting, RAN4 sets 3 samples for measurement period.

	R4-1812998
	Discussion on L1-RSRP reporting requirements
	Huawei, HiSilicon
	Proposal 1: Measurement period for L1-RSRP measurement is defined as the maximum between one BM RS period and one reporting period.

Proposal 2: The accuracy requirements for L1-RSRP are defined based on single-shot measurement. 

Proposal 3: The L1 filtering in L1-RSRP measurement is left to UE implementation provided UE can meet the accuracy requirements.

Proposal 4: Rx beam sweeping is assumed for L1-RSRP measurement on FR2.

Proposal 5: Scheduling restriction for L1-RSRP is defined as

-
For FR1, the scheduling restriction depends on whether BM RS and PDCCH/PDSCH are of the same SCS, and whether UE supports simultaneousRxDataSSB-DiffNumerology

-
For FR2, there is scheduling restriction due to L1-RSRP measurement 

Proposal 6: Measurement restriction for L1-RSRP is defined as

-
For collision with SMTC window, L1-RSRP measurement is not performed in SMTC window.

-
For collision among BM RS, 


For FR1, measurement restriction is already defined in section 9.5


For FR2, UE is not expected to perform RLM on CSI-RS on the same symbol as an SSB, if the SSB is also configured for L1-RSRP measurement 

Proposal 7: Handling of collisions between BM RS and RLM/BFD/CBD/L1-RSRP RS are not explicitly reflected in the measurement requirements.

	R4-1812996
	CR for L1-RSRP measurement accuracy (section 10.1)
	Huawei, HiSilicon
	Based on proposals in R4-1812998

	R4-1812997
	CR for L1-RSRP measurement requirements (section 8.7)
	Huawei, HiSilicon
	Based on proposals in R4-1812998

	R4-1813140
	CR for L1-RSRP measurement requirements
	Nokia, Nokia Shanghai Bell
	1.
Introducing UE measurement requirements for L1-RSRP measurements and reporting.

2.
Moving agreed requirements in section 8.7 from signalling section 8 to measurement requirements section 9 in section 9.5

	R4-1813143
	Simulation results for L1-RSRP accuracy measurements
	Nokia, Nokia Shanghai Bell
	In RAN4 meeting in Gothenburg RAN4 agreed on simulation assumptions for L1-RSRP accuracy measurements in [1]. In this paper we provide our simulation results

	R4-1813286
	L1 RSRP Reporting Requirements
	Qualcomm Incorporated
	Proposal 1: L1 RSRP measurement period should be long enough to enable different averaging algorithms(16 or 24 SMTC periods). The accuracy requirements should be based on single shot to enable fast reporting when needed.


3.2. Discussion

3.2.1. Measurement period, accuracy and side condition

· Measurement period, accuracy and side condition for L1-RSRP measurement for BR
· Option 1 (Intel)
· For aperiodic and periodic CSI-RS L1-RSRP reporting, single sample based measurement can be applied.

· There are three options for defining the L1-RSRP measurement accuracy for beam reporting based on one sample measurement: 

· Option a: 
· For SSB, accuracy requirement is 5.5dB for FR1 when SNR=-3dB.
· For CSI-RS with D=3, accuracy requirement is 5.5 dB for FR1 when SNR=-3dB.

· Option b: 
· For SSB, accuracy requirement is 4.5dB for FR1 when SNR>=-2dB.
· For CSI-RS with D=3, accuracy requirement is 4.5 dB for FR1 when SNR>=-2dB.

· Option c: 
· For CSI-RS with D=3 where RB number is larger than 48RB, accuracy requirement is 4.5 dB for FR1 when SNR=-3dB.
· Option 2 (CMCC)
· for SSB based/ CSI-RS based beam reporting, it is proposed to specify the evaluation delay based on one shot measurement
· Option 3 (MediaTek)

· For L1-RSRP computation for reporting, it will not specify measurement period in the core part. 

· Option 4 (NTT DOCOMO)

· RAN4 should consider below when evaluation period for L1-RSRP reporting is specified
· Whether evaluation period for semi-persistent L1-RSRP reporting should be defined or not.
· L1 averaging for L1-RSRP reporting could not be applied when timeRestrictionForChannelMeasurements is configured.
· Whether requirement for single shot based L1-RSRP reporting should be also specified or not.
· Option 5 (Ericsson)

· L1-RSRP measurement for L1-RSRP report should be based on one-shot SSB/CSI-RS samples for aperiodic reporting and multi-shot SSB/CSI-RS samples for periodic/semi-persistent beam reporting.

· For periodic/semi-persistent L1-RSRP reporting, RAN4 sets 3 samples for measurement period.
· Option 6 (Huawei, HiSilicon)

· Measurement period for L1-RSRP measurement is defined as the maximum between one BM RS period and one reporting period.

· The accuracy requirements for L1-RSRP are defined based on single-shot measurement. 

· The L1 filtering in L1-RSRP measurement is left to UE implementation provided UE can meet the accuracy requirements.
· Option 7 (Nokia, Nokia Shanghai Bell)

· For FR1, measurement period for L1-RSRP measurement is defined as the maximum between one BM RS period and one reporting period.

· For FR2, FFS

· Option 8 (Qualcomm)

· L1 RSRP measurement period should be long enough to enable different averaging algorithms(16 or 24 SMTC periods). The accuracy requirements should be based on single shot to enable fast reporting when needed.
3.2.2. Requirement applicability  

· For which reporting types RAN4 should define BR requirements 
· Option 1 (current spec)

· Only for periodic reporting 
· Option 2 (Intel)
· Periodic and aperiodic for CSI-RS based BR
· Option 3 (NTT DOCOMO)
· TBD whether evaluation period for semi-persistent L1-RSRP reporting should be defined or not
· Option 4 (Ericsson, Nokia, Nokia Shanghai Bell)

· Periodic, semi-persistent and aperiodic
3.2.3. Condition for N=1

· Under which conditions the requirements on BR measurement period (if defined) apply with N=1

· Option 1 (MediaTek) (same as for CBD)
· For SSB based CBD, N=8 

· For CSI-RS based CBD, N=1, if the CSI-RS with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON. Otherwise, N=8.

· Option 2 (Huawei, HiSilicon) (same as for CBD)
· N=8 always for SSB and CSI-RS based CBD

· Option 3 (NTT DOCOMO)

· TBD condition where it is not necessary to apply scaling factor due to Rx beam sweeping should be specified.
3.2.4. Value of N when N=1 does not apply

· The value N for CSI-RS based BR when conditions for N=1 are not met

· Option 1 (Intel) (same as for CBD)
· maxNumberRxBeam (when signalled) or 8 (when maxNumberRxBeam is not signalled )
· Option 2 (Huawei, HiSilicon, MediaTek) (same as for CBD)
· Fixed to 8
3.2.5. Scheduling restriction due to BR
· Need to be defined

· Whether scheduling restriction for CBD and BR should be same
· Option 1 (MediaTek, Huawei, HiSilicon)

· Yes

3.2.6. Measurement restriction

· Collision with SMTC window and measurement gap

· Option 1 (MediaTek, Huawei, HiSilicon)

· RS resources used for L1-RSRP for BR should be outside SMTC measurement window and MG in FR2. P factor specified for RLM/BFD evaluation period is reused.

· Collision with other RS for RLM/BFD/CBD/BM

· Option 1 (Huawei, HiSilicon)

· Follow the agreements from the discussion on RAN1 LS R1-1809890
· Handling of collisions is not explicitly reflected in the measurement period (if defined)
3.2.7. Number of SSB and CSI-RS resources 

· How many SSB and CSI-RS resources UE should support to measure simultaneously for BR

· Option 1 (Nokia, Nokia Shanghai Bell)

· The UE shall be able to measure up to 64 resources within a CSI-RS resource set and up to 16 CSI-RS resource sets, with a total number of different CSI-RS resources over all resource sets not exceeding 128 CSI-RS resources.

· If the parameter groupBasedBeamReporting set to 'disabled' the UE shall be able to measure at least 64 [CSI-RS and/or SSB] resources. The UE shall be able to report at least ‘nrofReportedRS’ different [CRI and/or SSBRI] for each report setting in a single report.

· If the parameter groupBasedBeamReporting set to 'enabled' the UE shall be able to measure at least 64 [CSI-RS and/or SSB] resources. The UE shall be able to report 2 different [CRI and/or SSBRI] for each report setting in a single report.
3.3. Way forward
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