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1 Introduction
At last RAN4 meeting following agreements were reached with regard to UE measurement capability [1]:
Cell re-selection agreements:

	· Reselection to NR-U PCell from NR-U/NR/LTE connected to EPC or 5GC

· Reselection from NR-U PCell to NR-U/NR/LTE connected to EPC or 5GC


Handover agreements:

	· HO to NR-U PCell from NR-U/NR/LTE connected to EPC or 5GC

HO from NR-U PCell to NR-U/NR/LTE connected to EPC or 5GC


Measurement capability agreements:
	-Frequency layers: same as for Rel-15 SA NR (for RRC_IDLE and RRC_CONNECTED, respectively) 

-Reporting criteria: new reporting criteria for RSSI and channel occupancy measurements (non-CA intra-frequency and inter-frequency) are to be added


In this contribution, we discuss the cell re-selection requirements for standalone, and more specifically how (if) they are affected by the LBT by taking into account the above agreements.
2 Discussions on cell re-selection requirements
2.1 Cell re-selection requirements
In RRC_IDLE and RRC_INACTIVE, the UE can perform serving cell evaluation, cell selection, and cell reselection including detection and measurements. 

The existing UE requirements without LBT for identifying new intra-frequency cell reselection requirements are given in Table 1. As can been in the table, the total cell re-selection time comprises:
· Tdetect = time required to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria;
· Tevaluate = time required to evaluate that an intra-frequency cell that has been already detected but not reselected has met the reselection criterion;
· Tmeasure = measurement periodicity of already identified cells
Table 1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra without LBT
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
Note 2:
M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.


In these low activity states the UE typically measures once every DRX cycle even if the DRS are transmitted more frequently compared to the DRX cycle. The UE may therefore typically attempt to receive DRS during one DRS occasion per DRX cycle. If there is LBT failure in the gNB whose DRS are to be measured then the UE is unable to receive the DRS during that DRX cycle.
In NR-U standalone operation, the DRS transmitted from the neighbour cells may not be available due to LBT failure. Consequently, the LBT failure increases the cell re-selection time compared to operation without LBT in license operation. As per the agreement reached at last meeting, standalone operation will support intra-frequency, inter-frequency and inter-RAT cell changes. But the overall impact is the same for all cases. In our view, the simplest way to define the new NR-U cell re-selection requirements would be to use the existing requirements as baseline and modifying them by accounting for LBT failure can be of three types:

· Md = the number of configured DRS occasions in the target cell not available at the UE due to LBT failure in the target cell during the detection time
· Me = the number of configured DRS occasions in the target cell not available at the UE due to LBT failure in the target cell during the evaluation time
· Mm = the number of configured DRS occasions in the already detected target cell not available at the UE due to LBT failure in the target cell during the measurement time
Moreover, in order to make the requirements reasonable and avoid the re-selection time becoming unnecessary too long, there should be a limit on the maximum number of configured DRS occasions that are not available at the measured cell due to LBT in the target cell. Otherwise, UE should restart the measurements. The cell re-selection requirements can then be defined as follows:
Table 2: Example intra-frequency detection, measurement, evaluation times in presence of LBT
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] {number of DRX cycles}
	Tmeasure,NR_Intra [s] {number of DRX cycles}
	Tevaluate,NR_Intra
[s] {number of DRX cycles}

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	 0.32x(36+Md)xN1xM2 {(36+Md)xN1xN2}
	0.32x(4+Mm) xN1xM2

{(4+Mm)xN1xM2}
	0.32x(16+Me) x N1 x M2

{(16+Me)xN1xM2}

	0.64
	
	5
	 0.64x(28+Md) x N1 {(28+Md)xN1}
	0.64x(2+Mm) x N1

{(2+Mm)xN1}
	0.64x(8+Me) x N1

{(8+Me)xN1}

	1.28
	
	4
	 1.28x(25+Md) x N1

{(25+Md)xN1}
	1.28x(1+Mm) x N1

{(1+Mm)xN1}
	1.28x(5+Me) x N1

{(5+Me)xN1}

	2.56
	
	3
	2.56x(23+Md) x N1

{(23+Md)xN1}
	2.56x(1+Mm) xN1

{(1+Mm)xN1}
	2.56x(3+Me) x N1

{(3+Me)xN1}

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
Note 2:
M2 = 1.5 if DMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.


· Proposal #1: NR-U standalone cell re-selection requirements are defined by accounting for the number of configured DRS occasions in the target cell which are not available due to LBT.
· Proposal #2: NR-U standalone cell re-selection requirements are defined as in Table 2, the maximum values of Md, Mm and Me are TBD. 
· Proposal #3: The UE shall restart the measurements if it cannot fulfil the conditions on maximum number of DRS occasions not available during the measurement time.
2.2 Measurements
According to current requirements, the UE shall filter the signal strength and quality measurements using at least 2 measurements which are spaced by a certain margin, see below [TS 38.133]:
	The UE shall filter SS-RSRP and SS-RSRQ measurements of each measured intra-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least Tmeasure,NR_Intra/2.


The consequence of above when applied in LBT scenario is that the first measurement can be quite old with respect to the second and combining these two can yield incorrect indication of the radio channel. Hence, the filtering of first and second measurement should be bounded by a maximum value. More specifically when the measured cell is subjected to LBT, the UE shall be required to filter the two measurements of the measured cell provided that they are separated in time by at least DRX/2 but not separated in time by more than Mn number of DRS occasions missed at the UE due to LBT failure in the measured cell. For example, the value of parameter Mn can set to 2, but the exact value can be further discussed. 
· Proposal #4: The UE shall filter the measurement (e.g. SS-RSRP/SS-RSRQ) using at least 2 measurements which are separated in time by at least DRX/2 but not separated in time by more than Mn.
3 Summary
In this contribution we have discussed the impact of LBT on cell re-selection requirements. Based on the discussions, we have identified the need to modify the existing requirements as follows:

· Proposal #1: NR-U standalone cell re-selection requirements are defined by accounting for the number of configured DRS occasions in the target cell which are not available due to LBT.

· Proposal #2: NR-U standalone cell re-selection requirements are defined as in Table 2, the maximum values of Md, Mm and Me are TBD.
· Proposal #3: The UE shall restart the measurements if it cannot fulfil the conditions on maximum number of DRS occasions not available during the measurement time.

· Proposal #4: The UE shall filter the measurement (e.g. SS-RSRP/SS-RSRQ) using at least 2 measurements which are separated in time by at least DRX/2 but not separated in time by more than Mn.
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