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

Inter-frequency Measurements (RSRP, RSRQ, SINR)
· For inter-frequency, use the same approach as for intra-frequency:
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 max(600ms, (8+LPSS/SSS) x max(MGRP, DMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(600ms, ceil((8+LPSS/SSS )x1.5) x max(MGRP, SMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms 
	(8+LPSS/SSS) x DRX cycle x CSSFinter



	Condition NOTE1,2
	TSSB_measurement_period_inter

	No DRX
	 max(200ms, (8+Lmeas) x max(MGRP, DMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(200ms, ceil((8+ Lmeas)x1.5) x max(MGRP, DMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms 
	(8 +Lmeas) x DRX cycle x CSSFinter



 
· 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 inter-frequency cell identification and measurement periods for NR-U.

[bookmark: _Hlk7682270]2	Discussion

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.
In our paper [2], it was shown the maximum extension of the intra-frequency measurement period for different probabilities of DRS not being available at the UE due to LBT failure. Considering the same approach for inter-frequency measurements, considering different probabilities of the DRS not being available during the measurement period, the following maximum inter-frequency cell identification and measurement periods would be defined as in Table 1 and Table 2. Though the exact DRS periodicities are not yet agreed in RAN1, these tables consider DMTC periodicities larger than 20 ms, as proposed in RAN1 [4].

[bookmark: _Ref21002737]Table 1 – Inter-frequency cell identification times, with gaps, considering different maximum values of LPSS/SSS
	Top of Form
Maximum TPSS/SSS_sync_inter_NR_U  [s]
Bottom of Form

	No DRX 

	max(DMTC periodicity,MGRP)
	LPSS/SSS = 0 
	LPSS/SSS = 1
	LPSS/SSS = 3
	LPSS/SSS = 8
	LPSS/SSS = 12
	LPSS/SSS = 24

	20 ms 
	0.6
	0.6
	0.6
	0.6
	0.6
	0.64

	40 ms 
	0.6
	0.6
	0.6
	0.64
	0.8
	1.28

	80 ms 
	0.64
	0.72
	0.88
	1.28
	1.6
	2.56

	160 ms
	1.28
	1.44
	1.76
	2.56
	3.2
	5.12

	DRX cycle= 320ms 

	all
	3.84
	4.32
	5.28
	7.68
	9.6
	15.36

	DRX cycle= 2560 ms 

	all
	20.48
	23.04
	28.16
	40.96
	51.2
	81.92



[bookmark: _Ref21002739]Table 2 – Inter-frequency measurement times, with gaps, considering different maximum values of LPSS/SSS
	Maximum TSSB_measurement_period_inter  [s]

	No DRX 

	max(DMTC periodicity,MGRP)
	Lmeas= 0 
	Lmeas = 1
	Lmeas= 3
	Lmeas= 8
	Lmeas = 12
	Lmeas = 24Bottom of Form

	20 ms 
	0.2
	0.2
	0.22
	0.32
	0.4
	0.64

	40 ms 
	0.32
	0.36
	0.44
	0.64
	0.8
	1.28Bottom of Form

	80 ms 
	0.64
	0.72
	0.88
	1.28
	1.6
	2.56

	160 ms 
	1.28
	1.44
	1.76
	2.56
	3.2
	5.12Top of Form

	DRX cycle= 320ms 

	all 
	3.84
	4.32
	5.28
	7.68
	9.6
	15.36

	DRX cycle= 2560 ms 

	all 
	20.48
	23.04
	28.16
	40.96
	51.2
	81.92Bottom of Form



Similarly to the maximum cell identification period in intra-frequency measurements, the inter-frequency cell identification significantly vary depending on the DRX cases. With no DRX, LPSS/SSS can assume large values without impacting significantly on the cell identification period, especially with the shortest DMTC periodicity, which is being proposed in 
However, with longer DRX cycles, if the same approach is defined, the maximum distance between two valid DRS samples can be in the order of tenths of seconds, which is already more than the 5s in which the cell is known. In LAA, this time was extended to 8s.
Selecting the same value of LPSS/SSS or Lmeas for all cases with or without DRX can lead either to very long time between valid DRS samples, or to too restrictive requirements in some cases. 
To avoid decreasing the probability of a valid measurement, while balancing the extension of the cell identification and measurement times, we propose that the same approach proposed in [2] is also defined for inter-frequency measurements. 
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 also a maximum interval between valid DRS samples for long DRX cycles.  
Define the inter-frequency cell identification time as:
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 max(600ms, (8+LPSS/SSS(1)) x max(MGRP, DMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(600ms, ceil((8+LPSS/SSS (2))x1.5) x max(MGRP, DMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms 
	(8+LPSS/SSS (3)) x DRX cycle x CSSFinter

	Note 1: The requirements apply provided that the cell identification time does not exceed max(600ms, ([20] x max(MGRP, SMTC period)) x CSSFinter for DRS periodicities ≤ 80 ms,  max(600ms, ([16] x max(MGRP, SMTC period)) x CSSFinter otherwise.
Note 2: The requirements apply provided that the cell identification time does not exceed max(600ms, ([16]x1.5 x max(MGRP, DMTC period, DRX cycle)) x CSSFinter 
Note 3: The requirements apply provided that the cell identification time does not exceed [11] x DRX cycle x CSSFinter 



Define the inter-frequency measurement time as:
	Condition NOTE1,2
	TSSB_measurement_period_inter

	No DRX
	 max(600ms, (8+LPSS/SSS(1)) x max(MGRP, SMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(600ms, ceil((8+LPSS/SSS (2))x1.5) x max(MGRP, SMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms 
	(8+LPSS/SSS (3)) x DRX cycle x CSSFinter

	Note 1: The requirements apply provided that the cell identification time does not exceed max(600ms, ([16] x max(MGRP, SMTC period)) x CSSFinter 
Note 2: The requirements apply provided that the cell identification time does not exceed max(600ms, ([16]x1.5 x max(MGRP, DMTC period, DRX cycle)) x CSSFinter 
Note 3: The requirements apply provided that the cell identification time does not exceed [11] x DRX cycle x CSSFinter



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. Selecting the same value of LPSS/SSS or Lmeas for all cases with or without DRX can lead either to very long time between valid DRS samples, or to too restrictive requirements in some cases. 
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 also a maximum interval between valid DRS samples for long DRX cycles.  
Define the inter-frequency cell identification time as:
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 max(600ms, (8+LPSS/SSS(1)) x max(MGRP, DMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(600ms, ceil((8+LPSS/SSS (2))x1.5) x max(MGRP, DMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms 
	(8+LPSS/SSS (3)) x DRX cycle x CSSFinter

	Note 1: The requirements apply provided that the cell identification time does not exceed max(600ms, ([20] x max(MGRP, SMTC period)) x CSSFinter for DRS periodicities ≤ 80 ms,  max(600ms, ([16] x max(MGRP, SMTC period)) x CSSFinter otherwise.
Note 2: The requirements apply provided that the cell identification time does not exceed max(600ms, ([16]x1.5 x max(MGRP, DMTC period, DRX cycle)) x CSSFinter 
Note 3: The requirements apply provided that the cell identification time does not exceed [11] x DRX cycle x CSSFinter 



Define the inter-frequency measurement time as:
	Condition NOTE1,2
	TSSB_measurement_period_inter

	No DRX
	 max(600ms, (8+LPSS/SSS(1)) x max(MGRP, SMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(600ms, ceil((8+LPSS/SSS (2))x1.5) x max(MGRP, SMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms 
	(8+LPSS/SSS (3)) x DRX cycle x CSSFinter

	Note 1: The requirements apply provided that the cell identification time does not exceed max(600ms, ([16] x max(MGRP, SMTC period)) x CSSFinter 
Note 2: The requirements apply provided that the cell identification time does not exceed max(600ms, ([16]x1.5 x max(MGRP, DMTC period, DRX cycle)) x CSSFinter 
Note 3: The requirements apply provided that the cell identification time does not exceed [11] x DRX cycle x CSSFinter
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