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1	Introduction
The following was agreed in RAN4 regarding intra-frequency measurements in NR-U [1]

Intra-frequency Measurements (RSRP, RSRQ, SINR)
· The intra-frequency cell identification and measurement requirements are defined for Es/Iot≥-6 dB
· FFS: UE behavior for the case when the maximum value (e.g., for LPSS/SSS or Lmeas) is exceeded
· Cell identification and measurement periods without gaps are as follows:
	DRX cycle
	TPSS/SSS_sync_intra_NR_U

	No DRX
	max( 600ms, ceil((5+LPSS/SSS) x Kp) x DMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(1.5x (5+LPSS/SSS) x Kp) x max(DMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil((5+LPSS/SSS) x Kp) x DRX cycle x CSSFintra


 
	DRX cycle
	(for deactivated SCell) TPSS/SSS_sync_intra_NR_U

	No DRX
	(5 + L) x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	 (5 + L) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	(5 + L) x max(measCycleSCell, DRX cycle) x CSSFintra


 
	DRX cycle
	T SSB_measurement_period_intra_NR_U  

	No DRX
	max(200ms, ceil( (5+Lmeas) x Kp) x DMTC period)Note 1 x CSSFintra

	DRX cycle≤  320ms
	max(200ms, ceil(1.5x (5+Lmeas) x Kp) x max(DMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( (5+Lmeas) x Kp ) x DRX cycle x CSSFintra


 
· Define maximum values for L-values in the above
· Note: CSSF for NR-U is being discussed separately
· Note: the same approach is applicable for SSB index identification, unless RAN2 defines a different procedure
· Note: the above can be revisited when RAN1 design is concluded
· Cell identification and measurement periods with gaps are as follows:
	DRX cycle
	TPSS/SSS_sync_intra_NR_U

	No DRX
	max(600ms, (5 + LPSS/SSS) x max(MGRP, DMTC period)) x CSSFintra

	DRX cycle≤  320ms
	max(600ms, ceil(1.5x(5+LPSS/SSS)) x max(MGRP, DMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	(5 + LPSS/SSS) x max(MGRP, DRX cycle) x CSSFintra


 
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, (5 + Lmeas) x max(MGRP, DMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x(5+Lmeas)) x max(MGRP, DMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	(5 + Lmeas) x max(MGRP, DRX cycle) x CSSFintra


 
· Define maximum values for L-values in the above
· Note: CSSF for NR-U is being discussed separately
· Note: the same approach is applicable for SSB index identification, unless RAN2 defines a different procedure
· Note: the above can be revisited when RAN1 design is concluded

In this contribution we discuss the maximum extension of the intra-frequency cell identification 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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The approach defined in last RAN4 meeting 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 under LBT failure.
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 while for LAA the requirements only apply for SCell’s. I.e. for NR-U the latencies are more important and will have direct impact on the UE connectivity and mobility, than in LAA.
In LTE-LAA the maximum extension of the cell identification period and measurement periods were defined based on concerns regarding the different DRX durations, already leading to a very long extensions of the measurement and cell identification period. 
In LAA, RAN4 discussed two options for the definition of the maximum values of the measurement period and cell identification period [2]:
1) Define a maximum fixed duration between successful DRS transmissions.
2) Define a maximum percentage of LBT failures to occur within the measurement or cell identification period.
In LAA, the maximum value of the cell identification and measurement times considered the same value of L for different cases of DMTC time and DRX cycles. Additionally, in LAA, the requirements were defined for different values of Ês/Iot and measurement bandwidth. In NR-U it was already defined that the intra-frequency cell identification and measurement requirements are defined for Es/Iot≥-6 dB, as in NR. 
The measurement time and cell identification period in LAA were defined based on the loosest measurement requirements. This was not a problem, because only SCells were in unlicensed spectrum. In NR-U also PCells and PSCells are in unlicensed spectrum.
However, in NR-U too relaxed requirements can have negative impact on the UE connectivity and/or mobility and could lead to a drop of service in worst case.
In NR-U, there are two important differentiating points to LAA. 
1. There are multiple DRS occasions within a DRS Tx window. Therefore, a failure in the DMTC is equal to none of the DRS occasions being available at the UE due to LBT failure. 
2. L – the extension of the cell identification or measurement period – has different meanings for different DRX cases, which leads to different values of maximum time without any DRS, depending on how L is defined.   
For example, considering that the baseline measurement period for no DRX operation, L is the number of DMTC periods in which no DRS occasion was available at the UE. In the other cases, L is the number of DRX cycles in which no DRS occasion is available at the UE.  
Therefore, picking a single value of L for all cases, with or without DRX, will lead to very different requirements. For example, if L is defined based on the maximum for a given LBT failure rate, for example, 50%, the cell identification or measurement time would double in the cases with DRX, while it would remain the same in the case with no DRX (for DMTC periodicities smaller than 80 ms). The exact DMTC periodicity is still under discussion in RAN1, but it is being proposed that only values larger than 20 ms are used in NR-U [3]. 
Therefore, since no decision was made, we consider the values of 20 ms, 40 ms, and 80 ms, to give examples of the maximum cell identification time.  The maximum cell identification time for different values of LPSS/SSS is given in Table 1, considering different DRX options, and probabilities of DRS not being present during the TPSS/SSS_sync_intra_NR_U  :

Table 1 – Intra-frequency cell identification times, without gaps, considering different maximum values of LPSS/SSS

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

	No DRX 

	DRS periodicity 
	LPSS/SSS = 0 
	LPSS/SSS = 1
	LPSS/SSS = 2
	LPSS/SSS = 5
	LPSS/SSS = 12
	LPSS/SSS = 15

	
	baseline 
	(≈16%
probability of DRS not being present) 
	(≈28% probability of DRS not being present) 
	(50% probability of DRS not being present) 
	(≈70% probability of DRS not being present) 
	(75% probability of DRS not being 0present) 

	20 ms 
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	40 ms 
	0.6
	0.6
	0.6
	0.6
	0.68
	0.8 

	80 ms 
	0.6
	0.6
	0.6
	0.8
	1.36
	1.6 

	160 ms
	0.8
	0.96
	1.12
	1.6
	2.72
	3.2

	DRX cycle= 320ms 

	20 ms, 40 ms, 80ms  
	2.56 
	2.88
	3.52
	4.8 
	8.32
	9.6 

	DRX cycle= 2560 ms 

	20 ms, 40 ms, 80ms  
	12.8 
	15.36
	17.92
	25.6 
	43.5
	51.2 
Bottom of Form



For example, for a DRX cycle of 2.56 seconds, considering Kp and CSSFintra equal to 1, which is already a best case, if L is chosen to allow for a 50% probability of the DRS not being present during the identification time, the distance between valid DRS samples can be up to 12.8 seconds, which is already more than the time than when a cell is assumed to be known. Considering that 5s is the time in which the cell is regarded as known by the UE, the maximum LPSS/SSS would need to be 1. In LAA this time was increased to 8s to account for the potential LBT [3]. On the other hand, with 20 ms DMTC periodicity, even with LPSS/SSS = 15, the maximum interval between valid samples would still be less than a second, in the worst case of the table. The examples considering the cell identification period for deactivated SCells and the measurement period are shown in the Appendix. 

Although applying the same maximum value of LPSS/SSS  and Lmeas,, different maximum interval between valid samples can be experienced, as well as different measurement or cell identification periods with different DRX cycles.

And in the longest DRX cycle, these periods can be in the order of tenths of seconds, depending on the configuration. Allowing such relaxed requirement is in most cases not a problem for SCell’s – like in LAA. But having such relaxed requirements in general for NR-U – including PCell requirements – can have significant negative impact on the system performance. Difference to LAA is that for NR-U the PCell performance may degrade to a level that the connection is lost due to too long latencies for the basic measurements.
Therefore, considering the observations above, and aiming at increasing the probability of a successful measurement, while keeping reasonable cell identification or measurement times, it is proposed that:
Define distinct maximum values of LPSS/SSS and Lmeas, considering the different combinations of DRX cycle and DRS periodicity.
To avoid a long interval between valid samples, define more strict extensions for longer DRX cycles.
Define the intra-frequency cell identification period, without gaps, as: 
	DRX cycle
	TPSS/SSS_sync_intra_NR_U

	No DRX
	max( 600ms, ceil((5+LPSS/SSS(1)) x Kp) x DMTC period )Note 1 x CSSFintra

	DRX cycle≤  320ms
	max( 600ms, ceil(1.5x (5+LPSS/SSS(2)) x Kp) x max(DMTC period, DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil((5+LPSS/SSS(3)) x Kp) x DRX cycle x CSSFintra

	
	Note 1: The requirements apply provided that the cell identification time does not exceed max(600,ceil( [20]x Kp) x DMTC period x CSSFintra)  for DRS periodicities ≤ 40 ms, max(600,ceil( [17]x Kp) x DMTC period x CSSFintra)  for DRS periodicities ≤ 80 ms, max(600,ceil( [7]x Kp) x DMTC period x CSSFintra)  otherwise.
Note 2: The requirements apply provided that the cell identification time does not exceed max(600, ceil(1.5x[10]x Kp) x DMTC period x CSSFintra ) 
Note 3: : The requirements apply provided that the cell identification time does not exceed ceil([7] x Kp) x DRX cycle x CSSFintra 



For deactivated SCells, the cell identification time depends on the measCycleSCell, which can assume values up to 1.28 seconds, leading to even longer periods of cell identification, if the same extension of the identification period from the table above is applied.  
Define the intra-frequency cell identification period for deactivated SCells, without gaps, as: 
	DRX cycle
	(for deactivated SCell) TPSS/SSS_sync_intra_NR_U

	No DRX
	(5 + LPSS/SSS(1)) x measCycleSCell x CSSFintra

	DRX cycle≤  320ms
	 (5 + LPSS/SSS(2)) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	(5 + LPSS/SSS(3)) x max(measCycleSCell, DRX cycle) x CSSFintra

	
	Note 1: The requirements apply provided that the cell identification time does not exceed ([10]) x measCycleSCell x CSSFintra 
Note 2: The requirements apply provided that the cell identification time does not exceed max(600, ceil(1.5x[10]x Kp) x DMTC period x CSSFintra ) for measCycleSCell ≤640ms and  ceil(1.5x[7]x Kp) x DMTC period x CSSFintra ) otherwise
Note 3: : The requirements apply provided that the cell identification time does not exceed ceil([7] x Kp) x DRX cycle x CSSFintra



Define the measurement period, without gaps, as: 
	DRX cycle
	T SSB_measurement_period_intra_NR_U  

	No DRX
	max(200ms, ceil( (5+Lmeas (1)) x Kp) x DMTC period)Note 1 x CSSFintra

	DRX cycle≤  320ms
	max(200ms, ceil(1.5x (5+Lmeas (2)) x Kp) x max(DMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( (5+Lmeas (3)) x Kp ) x DRX cycle x CSSFintra

	
	Note 1: The requirements apply provided that the cell identification time does not exceed max(200,ceil( [17]x Kp) x DMTC period x CSSFintra)  for DRS periodicities = 20 ms, max(200,ceil( [10]x Kp) x DMTC period x CSSFintra) otherwise
Note 2: The requirements apply provided that the cell identification time does not exceed max(200, ceil(1.5x[10]x Kp) x DMTC period x CSSFintra ) 
Note 3: The requirements apply provided that the cell identification time does not exceed ceil([7] x Kp) x DRX cycle x CSSFintra



Define the cell identification and measurement period with measurement gaps in a similar manner as  the requirements for measurements without measurement gaps.
3. Summary
In this document, the extension of the intra-frequency cell identification and measurement requirements in NR-U was discussed. The following observations were made: 
1. The measurement time and cell identification period in LAA were defined based on the loosest measurement requirements. This was not a problem, because only SCells were in unlicensed spectrum. In NR-U also PCells and PSCells are in unlicensed spectrum.
1. Although applying the same maximum value of LPSS/SSS  and Lmeas,, different maximum interval between valid samples can be experienced, as well as different measurement or cell identification periods with different DRX cycles.
1. Define distinct maximum values of LPSS/SSS and Lmeas, considering the different combinations of DRX cycle and DRS periodicity.
To avoid a long interval between valid samples, define more strict extensions for longer DRX cycles.
Define the intra-frequency cell identification period, without gaps, as: 
	DRX cycle
	TPSS/SSS_sync_intra_NR_U

	No DRX
	max( 600ms, ceil((5+LPSS/SSS(1)) x Kp) x DMTC period )Note 1 x CSSFintra

	DRX cycle≤  320ms
	max( 600ms, ceil(1.5x (5+LPSS/SSS(2)) x Kp) x max(DMTC period, DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil((5+LPSS/SSS(3)) x Kp) x DRX cycle x CSSFintra

	
	Note 1: The requirements apply provided that the cell identification time does not exceed max(600,ceil( [20]x Kp) x DMTC period x CSSFintra)  for DRS periodicities ≤ 40 ms, max(600,ceil( [17]x Kp) x DMTC period x CSSFintra)  for DRS periodicities ≤ 80 ms, max(600,ceil( [7]x Kp) x DMTC period x CSSFintra)  otherwise.
Note 2: The requirements apply provided that the cell identification time does not exceed max(600, ceil(1.5x[10]x Kp) x DMTC period x CSSFintra ) 
Note 3: : The requirements apply provided that the cell identification time does not exceed ceil([7] x Kp) x DRX cycle x CSSFintra 



Define the intra-frequency cell identification period for deactivated SCells, without gaps, as: 
	DRX cycle
	(for deactivated SCell) TPSS/SSS_sync_intra_NR_U

	No DRX
	(5 + LPSS/SSS(1)) x measCycleSCell x CSSFintra

	DRX cycle≤  320ms
	 (5 + LPSS/SSS(2)) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	(5 + LPSS/SSS(3)) x max(measCycleSCell, DRX cycle) x CSSFintra

	
	Note 1: The requirements apply provided that the cell identification time does not exceed ([10]) x measCycleSCell x CSSFintra 
Note 2: The requirements apply provided that the cell identification time does not exceed ([10]x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra for measCycleSCell ≤640ms and  ([7]x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra otherwise
Note 3: : The requirements apply provided that the cell identification time does not exceed ([7]) x max(measCycleSCell, DRX cycle) x CSSFintra



Define the measurement period, without gaps, as: 
	DRX cycle
	T SSB_measurement_period_intra_NR_U  

	No DRX
	max(200ms, ceil( (5+Lmeas (1)) x Kp) x DMTC period)Note 1 x CSSFintra

	DRX cycle≤  320ms
	max(200ms, ceil(1.5x (5+Lmeas (2)) x Kp) x max(DMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( (5+Lmeas (3)) x Kp ) x DRX cycle x CSSFintra

	
	Note 1: The requirements apply provided that the cell identification time does not exceed max(200,ceil( [17]x Kp) x DMTC period x CSSFintra)  for DRS periodicities = 20 ms, max(200,ceil( [10]x Kp) x DMTC period x CSSFintra) otherwise
Note 2: The requirements apply provided that the cell identification time does not exceed max(200, ceil(1.5x[10]x Kp) x DMTC period x CSSFintra ) 
Note 3: The requirements apply provided that the cell identification time does not exceed ceil([7] x Kp) x DRX cycle x CSSFintra



Define the cell identification and measurement period with measurement gaps in a similar manner as the requirements for measurements without measurement gaps.
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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.
	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



