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Introduction
In the RAN4#92-Bis meeting, a Way Forward was agreed on NR-U [1]. In this paper, we discuss some of the open issues regarding measurements in NR-U. In particular, the following topics are discussed:
· Independent measurement gap scaling factor for NR-U
· Intra-frequency measurements 
· Inter-frequency measurements 
· L1-RSRP measurements 
· SFTD measurements
· Impact of UL CCA failure on UE reporting
Measurement gap scaling factor
On independent measurement gap scaling factor for NR-U, the following agreements were made:
· Independent measurement gaps for NR-U:
If we have dedicated measurement gaps for NR-U, this allows for having independent CSSF for measurements within these gaps
Analyze the benefits and drawbacks until RAN4#93 (e.g., reduced measurement time for NR-U measurements, without increasing the measurement time for other measurements, etc.)



In this section, we list the drawbacks of defining independent measurement gap patterns for NR-U:
· Unlicensed operations in mmW may be possible in the future for both FR2 range and beyond. Existing capability of per-FR vs. per-UE gap pattern is more suitable and forward-looking for NR-U compared to considering an independent gap pattern for unlicensed bands.
· Specification complexity increases even beyond the already complex and hard-to-understand specification of Release 15.
· RAN4 is under time pressure to finish the NR-U core requirements by RAN4#94. The extent and volume of work is already large such that many issues are left not discussed due to shortage of time. RAN4 should prioritize working on essential items rather than optimizations.
In addition, some arguments in favour of specifying independent measurement gap scaling factor were outlined in [2] as indicated below with our rebuttal:
· “Due to the unplanned nature of NR-U deployment, it is likely that a relatively large number of NR-U operating frequencies (interfrequency/interRAT) may need to be provided to NR-U capable UEs [2]”
· Per the agreements in previous RAN4 meetings, the total number of operating frequencies to be measured by UE shall still be within R15 UE capabilities. So the worst-case scenario in NR-U should not be worst than worst-case scenario in R15 NR.
· “Many RRM delays are extended for a carrier frequency where CCA is used, compared with carrier frequencies where CCA is not used [2]”
· While this is generally true, there are scenarios when rate of CCA failure can be quite low such as Frame-Based Equipment (FBE) deployments or non-overlapping coverage of NR-U and WiFi.

Observation 1. Drawbacks of specifying an independent measurement gap pattern for NR-U are: 1) not future proof for unlicensed bands in mmW, 2) further complexity of specification, 3) shortage of time to finish NR-U core requirements.
Proposal 1. RAN4 to not consider an independent gap pattern for unlicensed bands in Release 16.
Intra-frequency measurements
Our proposal for the L-max values can be found in the Table below. For larger DRX cycles, smaller than 50% LBT failure is assumed. The rationale in this case is that combining two samples too far apart should not be allowed as it reduces the measurement reliability and accuracy. Large DRX cycles along with large value of L-max can create very large time gaps between two successive valid samples. 
Proposal 2. RAN4 to adopt the following L-max values for intra-frequency measurements.  
	Procedure
	Rel-15 samples
	Maximum number of DL LBT failures

	
	
	Parameter name
	Parameter value
	Condition

	PSS/SSS detection, no gaps
	5
	LPSS/SSS,max
	10
	Max(TDRX,TSMTC)≤40

	
	
	
	5
	40<Max(TDRX,TSMTC)≤320

	
	
	
	2
	TDRX>320

	PSS/SSS detection for deactivated SCell, no gaps
	5
	LPSS/SSS,deact,max
	10
	Max(TDRX, measCycleSCell)≤40

	
	
	
	5
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	2
	TDRX>320

	Time index detection, no gaps
	3
	Lind,max
	6
	Max(TDRX, TSMTC)≤40

	
	
	
	3
	40< Max(TDRX, TSMTC)≤320

	
	
	
	1
	TDRX>320

	Time index detection for deactivated SCell, no gaps
	3
	Lind,deact,max
	6
	Max(TDRX, measCycleSCell)≤40

	
	
	
	3
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	1
	TDRX>320

	Measurement, no gaps
	5
	Lmeas,max
	10
	Max(TDRX, TSMTC)≤40

	
	
	
	5
	40< Max(TDRX, TSMTC)≤320

	
	
	
	2
	TDRX>320

	Measurement on deactivated SCell, no gaps
	5
	Lmeas,deact,max
	10
	Max(TDRX, measCycleSCell)≤40

	
	
	
	5
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	2
	TDRX>320

	PSS/SSS detection, with gaps
	5
	LPSS/SSS,gaps,max
	10
	Max(TDRX,TSMTC, MGRP)≤40

	
	
	
	5
	40<Max(TDRX,TSMTC, MGRP)≤320

	
	
	
	2
	TDRX>320

	Time index detection, with gaps
	3
	Lind,gaps,max
	6
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	3
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	1
	TDRX>320

	Measurement, with gaps
	5
	Lmeas,gaps,max
	10
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	5
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	2
	TDRX>320



Inter-frequency measurements
Our proposal for the L-max values can be found in the Table below. Similar to intra-frequency measurement table, for larger DRX cycles, smaller than 50% LBT failure is assumed. The rationale in this case is that combining two samples too far apart should not be allowed as it reduces the measurement reliability and accuracy. Large DRX cycles along with large value of L-max can create very large time gaps between two successive valid samples. 
Proposal 3. RAN4 to adopt the following L-max values for inter-frequency measurements.  
	Procedure
	Rel-15 samples
	Maximum number of DL LBT failures

	
	
	Parameter name
	Parameter value
	Condition

	PSS/SSS detection, with gaps
	8
	LPSS/SSS,gaps,max
	16
	Max(TDRX,TSMTC, MGRP)≤40

	
	
	
	8
	40<Max(TDRX,TSMTC, MGRP)≤320

	
	
	
	2
	TDRX>320

	Time index detection, with gaps
	3
	Lind,gaps,max
	6
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	3
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	1
	TDRX>320

	Measurement, with gaps
	8
	Lmeas,gaps,max
	16
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	8
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	2
	TDRX>320



L1-RSRP measurements
On L1-RSRP, the following was captured in the WF:
L1-RSRP:
· RAN4 prioritizes the SSB based L1-RSRP measurements for reporting for NR-U. RAN4 can revisit CSI-RS based L1-RSRP measurements if RAN1 decides the CSI-RS configuration for L1-RSRP measurements
· L1 is the number of SSBs not available at the UE during TL1-RSRP_Measurement_Period_SSB where L1 ≤ L1,max. L1=0 if higher layer parameter timeRestrictionForChannelMeasurement is configured
· Maximum values
L1max =TBD for max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX
L1max =TBD for 40<max(TDRX,TSSB)≤320
L1max =TBD for max(TDRX,TSSB)>320
Defining L1MAX and L1MAX for other ranges of TDRX, TSSB is not precluded
· UE reports ‘not valid’ to the network when L1>L1max
· Use RSRP_0 to indicate ‘not valid’


The procedure for the case when higher layer parameter timeRestrictionForChannelMeasurement is configured should be clear since this becomes a time-critical measurement and no extension due to LBT failure should be allowed so L1 = L1,max = 0 and UE reports “not valid” measurements if the reference signal is not available due to DL LBT failure.
Proposal 4. If higher layer parameter timeRestrictionForChannelMeasurement is configured, L1-RSRP becomes a time-critical measurement and no extension due to LBT failure should be allowed so L1 = L1,max = 0 and UE reports “not valid” measurements if the reference signal is not available due to DL LBT failure.
When M=3, then some extension of measurement evaluation period due to unavailability of reference signals can be allowed. However, in our view, these should still be very limited as L1 measurement reports are supposed to be more expedited compared to L3 measurement reports. Hence, we propose:
· L1,max = 3 when max(TDRX,TSSB)≤40
· L1,max = 2 when 40<max(TDRX,TSSB)≤320
· L1,max = 1 when max(TDRX,TSSB)>320

Proposal 5. When M=3, 
· L1,max = 3 when max(TDRX,TSSB)≤40
· L1,max = 2 when 40<max(TDRX,TSSB)≤320
· L1,max = 1 when max(TDRX,TSSB)>320
SFTD measurements
In RAN4#92 meeting, the following was captured in the WF:
For EN-DC SFTD towards NR-U with LBT, SFTD measurement accuracy under LBT shall be safe-guarded by limiting the time between acquisition of PCell timing and acquisition of PSCell timing used when estimating SFTD. One option may e.g. be to request that |t1-t2| < SMTC period, another to request that |t1-t2| < max(0.2, 5xSMTC period)



The second agreement above discusses the need to make PCell and PSCell timing measurement close enough to ensure accuracy requirements. In our view, meeting accuracy requirements implicitly means that PCell and PScell timing measurements should be close enough since a long time-lapse between the two measurements will cause timing drift to not meet the accuracy requirements. There is no signaling support to “request” UE to perform the measurements at a given proximity. And there is no way to test whether UE has performed the measurements close enough. All that can be tested is the accuracy of the measurement. 
Observation 2.  There is no signaling support to “request” UE to perform the measurements at a given proximity. And there is no way to test whether UE has performed the measurements close enough. All that can be tested is the accuracy of the measurement. 
Proposal 6. RAN4 to not capture limiting the time between acquisition of PCell timing and PSCell timing as they are implicitly enforced by delay and accuracy requirements.
Impact of UL CCA failure on UE measurement reporting
On this topic, the following was captured in the WF:
Impact of UL LBT on UE reporting
· Event-triggered reporting: 
UE measurement reporting delay is extended to account for UL LBT failures resulting in UE being not being able to transmit, provided the UL resources are configured
This applies for all UL channel access categories other than the channel access category 1
Existing reporting requirements apply for the reporting based on the UL channel access category 1
· FFS for aperiodic measurement reporting
· FFS for periodic measurement reporting

In aperiodic measurement reporting, unsuccessful reporting due to UL LBT failure should be treated as NACK of successful reporting. gNB knows the exact timing of initial transmission and schedules HARQ re-transmission of the reporting following the same method of retransmission of any other UL data transmission. This procedure is fully under gNB control and no further UE specification is needed to account for UL LBT failure. 
Observation 3. In aperiodic measurement reporting, unsuccessful reporting due to UL LBT failure should be treated as NACK of successful reporting. gNB knows the exact timing of initial transmission and schedules re-transmission of the reporting.
In periodic measurement reporting, UE is already granted periodic resources to send the measurement report through PUSCH. If UE experiences UL LBT failure in one occasion, it is treated as NACK of PUSCH by gNB and HARQ retransmission is scheduled by gNB similar to any other PUSCH transmission. If not successful after HARQ retransmission attempts, UE can send the same measurement in the next occasion if the measurement has not been refreshed. Otherwise, it will send the new measurement. In our view, this should be similar to unsuccessful transmission of a measurement report due to bad channel conditions in legacy NR and no further UE specification is needed to account for UL LBT failure.
Observation 4. In periodic measurement reporting, UE is already granted periodic resources to send the measurement report through PUSCH. If UE experiences UL LBT failure in one occasion, it is treated as NACK of PUSCH by gNB and HARQ retransmission is scheduled by gNB similar to any other PUSCH transmission. If not successful after HARQ retransmission attempts, UE can send the same measurement in the next occasion if the measurement has not been refreshed.
Even in event-triggered measurement reporting, the report is sent through PUSCH following scheduling request (SR) by UE in case it does not have UL grant. Here again, the HARQ retransmission attempts provide extended opportunities for UE to send the measurement report in case of UL LBT failure. 
Proposal 7. Current specification is sufficient for handling of unsuccessful reporting of an aperiodic, periodic, or event-triggered measurement reporting through HARQ retransmission of PUSCH. No further UE specification is needed to account for UL LBT failure. 
Conclusions
Observation 1. Drawbacks of specifying an independent measurement gap pattern for NR-U are: 1) not future proof for unlicensed bands in mmW, 2) further complexity of specification, 3) shortage of time to finish NR-U core requirements.
Proposal 1. RAN4 to not consider an independent gap pattern for unlicensed bands in Release 16.
Proposal 2. RAN4 to adopt the following L-max values for intra-frequency measurements.  
	Procedure
	Rel-15 samples
	Maximum number of DL LBT failures

	
	
	Parameter name
	Parameter value
	Condition

	PSS/SSS detection, no gaps
	5
	LPSS/SSS,max
	10
	Max(TDRX,TSMTC)≤40

	
	
	
	5
	40<Max(TDRX,TSMTC)≤320

	
	
	
	2
	TDRX>320

	PSS/SSS detection for deactivated SCell, no gaps
	5
	LPSS/SSS,deact,max
	10
	Max(TDRX, measCycleSCell)≤40

	
	
	
	5
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	2
	TDRX>320

	Time index detection, no gaps
	3
	Lind,max
	6
	Max(TDRX, TSMTC)≤40

	
	
	
	3
	40< Max(TDRX, TSMTC)≤320

	
	
	
	1
	TDRX>320

	Time index detection for deactivated SCell, no gaps
	3
	Lind,deact,max
	6
	Max(TDRX, measCycleSCell)≤40

	
	
	
	3
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	1
	TDRX>320

	Measurement, no gaps
	5
	Lmeas,max
	10
	Max(TDRX, TSMTC)≤40

	
	
	
	5
	40< Max(TDRX, TSMTC)≤320

	
	
	
	2
	TDRX>320

	Measurement on deactivated SCell, no gaps
	5
	Lmeas,deact,max
	10
	Max(TDRX, measCycleSCell)≤40

	
	
	
	5
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	2
	TDRX>320

	PSS/SSS detection, with gaps
	5
	LPSS/SSS,gaps,max
	10
	Max(TDRX,TSMTC, MGRP)≤40

	
	
	
	5
	40<Max(TDRX,TSMTC, MGRP)≤320

	
	
	
	2
	TDRX>320

	Time index detection, with gaps
	3
	Lind,gaps,max
	6
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	3
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	1
	TDRX>320

	Measurement, with gaps
	5
	Lmeas,gaps,max
	10
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	5
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	2
	TDRX>320



Proposal 3. RAN4 to adopt the following L-max values for inter-frequency measurements.  
	Procedure
	Rel-15 samples
	Maximum number of DL LBT failures

	
	
	Parameter name
	Parameter value
	Condition

	PSS/SSS detection, with gaps
	8
	LPSS/SSS,gaps,max
	16
	Max(TDRX,TSMTC, MGRP)≤40

	
	
	
	8
	40<Max(TDRX,TSMTC, MGRP)≤320

	
	
	
	2
	TDRX>320

	Time index detection, with gaps
	3
	Lind,gaps,max
	6
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	3
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	1
	TDRX>320

	Measurement, with gaps
	8
	Lmeas,gaps,max
	16
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	8
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	2
	TDRX>320



Proposal 4. If higher layer parameter timeRestrictionForChannelMeasurement is configured, L1-RSRP becomes a time-critical measurement and no extension due to LBT failure should be allowed so L1 = L1,max = 0 and UE reports “not valid” measurements if the reference signal is not available due to DL LBT failure.
Proposal 5. When M=3, 
· L1,max = 3 when max(TDRX,TSSB)≤40
· L1,max = 2 when 40<max(TDRX,TSSB)≤320
· L1,max = 1 when max(TDRX,TSSB)>320

Observation 2.  There is no signaling support to “request” UE to perform the measurements at a given proximity. And there is no way to test whether UE has performed the measurements close enough. All that can be tested is the accuracy of the measurement. 
Proposal 6. RAN4 to not capture limiting the time between acquisition of PCell timing and PSCell timing as they are implicitly enforced by delay and accuracy requirements.
Observation 3. In aperiodic measurement reporting, unsuccessful reporting due to UL LBT failure should be treated as NACK of successful reporting. gNB knows the exact timing of initial transmission and schedules re-transmission of the reporting.
Observation 4. In periodic measurement reporting, UE is already granted periodic resources to send the measurement report through PUSCH. If UE experiences UL LBT failure in one occasion, it is treated as NACK of PUSCH by gNB and HARQ retransmission is scheduled by gNB similar to any other PUSCH transmission. If not successful after HARQ retransmission attempts, UE can send the same measurement in the next occasion if the measurement has not been refreshed.
Proposal 7. Current specification is sufficient for handling of unsuccessful reporting of an aperiodic, periodic, or event-triggered measurement reporting through HARQ retransmission of PUSCH. No further UE specification is needed to account for UL LBT failure. 
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