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1	Introduction
The following was agreed in RAN4 #92bis:
· The following L-max values are to be decided in RAN4#93 for intra-frequency measurement requirements
· Other DRX ranges are not precluded
	Procedure
	Rel-15 samples
	Maximum number of DL LBT failures

	
	
	Parameter name
	Parameter value
	Condition

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

	
	
	
	TBD
	40<Max(TDRX,TSMTC)≤320

	
	
	
	TBD
	TDRX>320

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

	
	
	
	TBD
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	TBD
	TDRX>320

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

	
	
	
	TBD
	40< Max(TDRX, TSMTC)≤320

	
	
	
	TBD
	TDRX>320

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

	
	
	
	TBD
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	TBD
	TDRX>320

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

	
	
	
	TBD
	40< Max(TDRX, TSMTC)≤320

	
	
	
	TBD
	TDRX>320

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

	
	
	
	TBD
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	TBD
	TDRX>320

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

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

	
	
	
	TBD
	TDRX>320

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

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

	
	
	
	TBD
	TDRX>320

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

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

	
	
	
	TBD
	TDRX>320



In this contribution we discuss the maximum extension of the intra-frequency cell identification, time index detection and measurement periods for NR-U. Once agreement has been reached for intra-frequency a similar approach most likely can be adopted to inter-frequency NR-U measurements.
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One important difference between NR-U and LAA is that for NR-U the cell detection and measurement period also apply for the serving PCell and PSCell, while for LAA the requirements only apply for SCells: for NR-U the latencies are more important and will have direct impact on the UE connectivity and mobility. On the other hand, in NR-U, in each DRS transmission window, multiple occasions for QCLed beams can be configured. In this case, an LBT failure would be result of failure in all these opportunities. Therefore, a complete LBT failure is less probable, if the multiple transmission occasions within the DRS TX window are considered.
In NR-U, in each DRS transmission window, multiple occasions for QCLed beams can be configured. In this case, an LBT failure would be result of failure in all these opportunities.
1. In NR-U, the UE shall monitor the DRS transmission window until it detects at least one SSB. Only when the entire DRS transmission window is monitored, and no SSB is detected, the UE can determine that the SSB is not available.
The approach defined in last two RAN4 meetings to deal with missed LBT samples in NR-U follows the same approach defined for LTE-LAA: 
· Extending the measurement or the cell identification periods. 
As agreed in last meeting, a maximum extension of the cell identification or measurement periods needs to be defined, since the network needs to have an estimate of when to expect the UE to report measurements, while not decreasing the probability of having valid measurements even under LBT failure. 
By defining a short extension of the measurement / cell identification periods, the UE might not be able to complete the measurement due to LBT failure.
By defining a large extension of the measurement / cell identification periods, in the worst case, the LBT failures can be consecutive, leading to a long time between two valid measurements. 
As agreed in last meeting, the extension might be different for different SSB periodicities, or DRX cycles. In order to evaluate the extension of the cell identification time in each case, Table 1 shows a set of examples considering L PSS/SSS max = 0, 2, 5, 10, 15 and 20. For short SMTC periodicities, 20 ms or 40ms, for example,  the cell identification time does not vary significantly disregarding the chosen maximum value for LPSS/SSS, therefore, larger values of L PSS/SSS max are still acceptable. As the SMTC period increases, the measurement time increases, as well as the period between valid samples, in case the LBT failure is consecutive. 
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	max(DRX,SMTC)
	LPSS/SSS = 0 
	LPSS/SSS = 2
	LPSS/SSS = 5
	LPSS/SSS = 10
	LPSS/SSS = 15
	LPSS/SSS = 20

	No DRX
	20 ms
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	40 ms
	0.6
	0.6
	0.6
	0.6
	0.8
	1

	
	80 ms
	0.6
	0.6
	0.8
	1.2
	1.6
	2

	
	160 ms
	0.8
	1.12
	1.6
	2.4
	3.2
	4

	DRX
	40 ms
	0.6
	0.6
	0.6
	0.92
	1.2
	1.52

	
	80 ms
	0.64
	0.88
	1.2
	1.84
	2.4
	3.04

	
	160 ms
	1.28
	1.76
	2.4
	3.68
	4.8
	6.08

	
	320 ms
	2.56
	3.52
	4.8
	7.36
	9.6
	12.16

	
	640 ms
	3.2
	4.48
	6.4
	9.6
	12.8
	16

	
	1.28 s
	6.4
	8.96
	12.8
	19.2
	25.6
	32

	
	2.56 s
	12.8
	17.92
	25.6
	38.4
	51.2
	64



In order to avoid a very long time between valid SSBs, while maximizing the probability that the UE gets valid samples within the measurement period even under high LBT failure probability, there are two options: 
· Limiting the extension so that even in the worst case the time between valid SSBs is within reasonable limits.
· Introduce an additional condition, to limit the number of consecutive failures.
If the first option is chosen, and the maximum period between valid SSBs is chosen as 5s, for example, considering the 2.56 s DRX cycle, Lin_max needs to equal to 1. This will certainly decrease the probability of the UE getting enough samples within the measurement / evaluation period. Therefore, the second option seems to allow for more flexibility than the first option. 
Introduce a new criterion to limit the maximum acceptable period between two available SSBs within the measurement or cell identification period.
For longer DRX cycles > 640 ms, an additional criterion applies, to limit the acceptable period of consecutive LBT failures to [X] seconds. 
Additionally, to maximize the probability of receiving SSBs within the measurement period even under high probability of LBT failure, while keeping the measurement period within reasonable limits, it is proposed that the maximum extension of the measurement / cell identification period is defined as the one leading to, at most, two times the baseline period. 
[bookmark: _Hlk24037626]Define the extensions for intra-frequency measurement as: 
	Procedure
	Rel-15 samples
	Maximum number of DL LBT failures

	
	
	Parameter name
	Parameter value
	Condition

	PSS/SSS detection, no gaps
	5
	LPSS/SSS,max
	20
	Max(TDRX,TSMTC)≤40

	
	
	
	10
	40<Max(TDRX,TSMTC)≤80

	
	
	
	5
	80<Max(TDRX,TSMTC)≤640

	
	
	
	5NOTE 1
	TDRX>640

	PSS/SSS detection for deactivated SCell, no gaps
	5
	LPSS/SSS,deact,max
	5
	Max(TDRX, measCycleSCell)≤640

	
	
	
	5 NOTE 1
	640 < Max(TDRX, measCycleSCell)

	Time index detection, no gaps
	3
	Lind,max
	9
	Max(TDRX, TSMTC)≤40

	
	
	
	3
	40< Max(TDRX, TSMTC)≤1280

	
	
	
	3 NOTE 1
	TDRX>1280

	Time index detection for deactivated SCell, no gaps
	3
	Lind,deact,max
	3
	Max(TDRX, measCycleSCell)≤640

	
	
	
	3 NOTE 1
	640 < Max(TDRX, measCycleSCell)

	Measurement, no gaps
	5
	Lmeas,max
	15
	Max(TDRX, TSMTC)≤20

	
	
	
	5
	20< Max(TDRX, TSMTC)≤640

	
	
	
	5 NOTE 1
	640< Max(TDRX, TSMTC)≤1280

	Measurement on deactivated SCell, no gaps
	5
	Lmeas,deact,max
	5
	Max(TDRX, measCycleSCell)≤640

	
	
	
	5 NOTE 1
	640 < Max(TDRX, measCycleSCell)

	PSS/SSS detection, with gaps
	5
	LPSS/SSS,max
	20
	Max(TDRX, MGRP, TSMTC)≤40

	
	
	
	10
	40<Max(TDRX, MGRP, TSMTC)≤80

	
	
	
	5
	80<Max(TDRX, MGRP, TSMTC)≤640

	
	
	
	5 NOTE 1
	TDRX>640

	PSS/SSS detection for deactivated SCell, with gaps
	5
	LPSS/SSS,deact,max
	5
	Max(TDRX, MGRP,  measCycleSCell)≤640

	
	
	
	5 NOTE 1
	640 < Max(TDRX, MGRP, measCycleSCell)

	Time index detection, with gaps
	3
	Lind,max
	9
	Max(TDRX, MGRP, TSMTC)≤40

	
	
	
	3
	40< Max(TDRX, MGRP, TSMTC)≤1280

	
	
	
	3 NOTE 1
	TDRX>1280

	NOTE 1: If the LBT failures are contiguous, the acceptable number of LBT failures is selected as the maximum value of failures within a X seconds period.




3 Conclusions
1. In NR-U, in each DRS transmission window, multiple occasions for QCLed beams can be configured. In this case, an LBT failure would be result of failure in all these opportunities.
1. In NR-U, the UE shall monitor the DRS transmission window until it detects at least one SSB. Only when the entire DRS transmission window is monitored, and no SSB is detected, the UE can determine that the SSB is not available.
By defining a short extension of the measurement / cell identification periods, the UE might not be able to complete the measurement due to LBT failure.
By defining a large extension of the measurement / cell identification periods, in the worst case, the LBT failures can be consecutive, leading to a long time between two valid measurements. 
In order to avoid a very long time between valid SSBs, while maximizing the probability that the UE gets valid samples within the measurement period even under high LBT failure probability, there are two options: 
· Limiting the extension so that even in the worst case the time between valid SSBs is within reasonable limits.
· Introduce an additional condition, to limit the number of consecutive failures.
Introduce a new criterion to limit the maximum acceptable period between two available SSBs within the measurement or cell identification period.
For longer DRX cycles > 640 ms, an additional criterion applies, to limit the acceptable period of consecutive LBT failures to [X] seconds. 
Define the extensions for intra-frequency measurement as: 
	Procedure
	Rel-15 samples
	Maximum number of DL LBT failures

	
	
	Parameter name
	Parameter value
	Condition

	PSS/SSS detection, no gaps
	5
	LPSS/SSS,max
	20
	Max(TDRX,TSMTC)≤40

	
	
	
	10
	40<Max(TDRX,TSMTC)≤80

	
	
	
	5
	80<Max(TDRX,TSMTC)≤640

	
	
	
	5NOTE 1
	TDRX>640

	PSS/SSS detection for deactivated SCell, no gaps
	5
	LPSS/SSS,deact,max
	5
	Max(TDRX, measCycleSCell)≤640

	
	
	
	5 NOTE 1
	640 < Max(TDRX, measCycleSCell)

	Time index detection, no gaps
	3
	Lind,max
	9
	Max(TDRX, TSMTC)≤40

	
	
	
	3
	40< Max(TDRX, TSMTC)≤1280

	
	
	
	3 NOTE 1
	TDRX>1280

	Time index detection for deactivated SCell, no gaps
	3
	Lind,deact,max
	3
	Max(TDRX, measCycleSCell)≤640

	
	
	
	3 NOTE 1
	640 < Max(TDRX, measCycleSCell)

	Measurement, no gaps
	5
	Lmeas,max
	15
	Max(TDRX, TSMTC)≤20

	
	
	
	5
	20< Max(TDRX, TSMTC)≤640

	
	
	
	5 NOTE 1
	640< Max(TDRX, TSMTC)≤1280

	Measurement on deactivated SCell, no gaps
	5
	Lmeas,deact,max
	5
	Max(TDRX, measCycleSCell)≤640

	
	
	
	5 NOTE 1
	640 < Max(TDRX, measCycleSCell)

	PSS/SSS detection, with gaps
	5
	LPSS/SSS,max
	20
	Max(TDRX, MGRP, TSMTC)≤40

	
	
	
	10
	40<Max(TDRX, MGRP, TSMTC)≤80

	
	
	
	5
	80<Max(TDRX, MGRP, TSMTC)≤640

	
	
	
	5 NOTE 1
	TDRX>640

	PSS/SSS detection for deactivated SCell, with gaps
	5
	LPSS/SSS,deact,max
	5
	Max(TDRX, MGRP,  measCycleSCell)≤640

	
	
	
	5 NOTE 1
	640 < Max(TDRX, MGRP, measCycleSCell)

	Time index detection, with gaps
	3
	Lind,max
	9
	Max(TDRX, MGRP, TSMTC)≤40

	
	
	
	3
	40< Max(TDRX, MGRP, TSMTC)≤1280

	
	
	
	3 NOTE 1
	TDRX>1280

	NOTE 1: If the LBT failures are contiguous, the acceptable number of LBT failures is selected as the maximum value of failures within a [X] seconds period.
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Appendix 1: Examples of maximum cell identification and measurement times

Table 2 – Examples of maximum cell identification time for deactivated SCell, considering CSSF = 1.
	
	max( measCycleScell, DRX)
	LPSS/SSS = 0 
	LPSS/SSS = 2
	LPSS/SSS = 5
	LPSS/SSS = 10
	LPSS/SSS = 15
	LPSS/SSS = 20

	No DRX
	160 ms
	0.8
	1.12
	1.6
	2.4
	3.2
	4

	
	256 ms
	1.28
	1.792
	2.56
	3.84
	5.12
	6.4

	
	320 ms
	1.6
	2.24
	3.2
	4.8
	6.4
	8

	
	512 ms
	2.56
	3.584
	5.12
	7.68
	10.24
	12.8

	
	640 ms
	3.2
	4.48
	6.4
	9.6
	12.8
	16

	
	1280 ms
	6.4
	8.96
	12.8
	19.2
	25.6
	32

	DRX
	160 ms 
	1.2
	1.68
	2.4
	3.6
	4.8
	6

	
	256 ms
	1.92
	2.688
	3.84
	5.76
	7.68
	9.6

	
	320 ms
	2.4
	3.36
	4.8
	7.2
	9.6
	12

	
	640 ms
	3.2
	4.48
	6.4
	9.6
	12.8
	16

	
	1.28 s
	6.4
	8.96
	12.8
	19.2
	25.6
	32

	
	2.56 s
	12.8
	17.92
	25.6
	38.4
	51.2
	64



	Top of Form
Maximum TPSS/SSS_sync_intra_NR_U  [s]
Bottom of Form

	No DRX 

	measCycleSCell
	LPSS/SSS = 0 
	LPSS/SSS = 1
	LPSS/SSS = 2
	LPSS/SSS = 5
	LPSS/SSS = 12
	LPSS/SSS = 15

	160 ms
	0.8
	0.96
	1.12
	1.6
	2.72
	3.2

	256 ms
	1.28
	1.536
	1.792
	2.56
	4.352
	5.12

	320 ms
	1.6
	1.92
	2.24
	3.2
	5.44
	6.4

	512 ms
	2.56
	3.072
	3.584
	5.12
	8.704
	10.24

	640 ms 
	3.2
	3.84
	4.48
	6.4
	10.88
	12.8

	1280 ms
	6.4
	7.68
	8.96
	12.8
	21.76
	25.6

	DRX cycle= 320ms 

	  ≤ 320 ms
	1.6
	1.92
	2.24
	3.2
	5.44
	6.4

	512 ms
	4.096
	4.608
	5.632
	7.68
	13.312
	15.36

	640 ms 
	5.12
	5.76
	7.04
	9.6
	16.64
	19.2

	1280 ms
	10.24
	11.52
	14.08
	19.2
	33.28
	38.4

	DRX cycle= 2560 ms 

	all
	12.8 
	15.36
	17.92
	25.6 
	43.5
	51.2 Bottom of Form



Table 3 – Examples of maximum T SSB_measurement_period_intra_NR_U  considering CSSF = 1.
	Top of Form
Maximum T SSB_measurement_period_intra_NR_U  [s]
Bottom of Form

	No DRX 

	DRS periodicity 
	Lmeas = 0
baseline
	Lmeas = 1
	Lmeas = 2
	Lmeas = 5
	Lmeas = 12
	Lmeas = 15

	20 ms 
	0.2
	0.2
	0.2
	0.2
	0.34
	0.4

	40 ms 
	0.2
	0.24
	0.28
	0.4
	0.68
	0.8

	80 ms 
	0.4
	0.48
	0.56
	0.8
	1.36
	1.6

	160 ms 
	0.8
	0.96
	1.12
	1.6
	2.72
	3.2

	DRX cycle= 320ms 

	all 
	2.56 
	2.88
	3.52
	4.8 
	8.32
	9.6 

	DRX cycle= 2560 ms 

	all 
	12.8 
	15.36
	17.92
	25.6 
	43.5
	51.2 Bottom of Form



