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Introduction
In RAN4#91 meeting, a Way Forward on RRM requirements for NR-U was approved which summarized the impact of NR-U carriers in PCell, PSCell, and Scell on existing core requirements [1]. In this paper, we present our preliminary assessment of operation in unlicensed band on cell reselection requirements.  
Discussion
Our general observation and discussion paper on NR-U requirements can be found in [2]. Based on [2], the cell reselection requirements in NR-U are discussed in more detail in the following. 
Measurement and evaluation of serving cell:
The requirements in clause 4.2.2.2 of [3] can be extended to DMTC window with N1 = 1. The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least once every M1 DRX cycle subject to availability of signal, where
M1=2 if DMTC periodicity (TDMTC) > TBD and DRX cycle ≤  0.64 second,
otherwise M1=1.
Here, DMTC and TDMTC replace SMTC and TSMTC in legacy NR specification. Since periodicity of DMTC has not been decided yet, we propose to have the condition for M1=2 as TBD for now. If minimum DMTC periodicity is 20ms similar to SMTC, TBD can be replaced with 20ms as in legacy NR.
Proposal 1. In NR-U PCell, the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least once every M1 DRX cycle subject to availability of signal, where
M1=2 if DMTC periodicity (TDMTC) > TBD and DRX cycle ≤  0.64 second,
otherwise M1=1.
The number of Nserv consecutive DRX cycles that the serving cell does not fulfil the S criterion is proposed to be according to the following table which is based on Table 4.2.2.2-1:
Table 4.2.x.1: Nserv
	DRX cycle length [s]
	Nserv [number of DRX cycles]

	
	

	0.32
	M1*4 + L

	0.64
	M1*4 + L

	1.28
	2 + L

	2.56
	2 + L

	NOTE 1: L is the number of DRX cycles in which DRS is not available due to LBT. 



This is based on the similar principal in LTE LAA where the measurement duration was extended to account for lack of signal availability due to LBT. For assessment of the S criterion in the serving cell, two options can be considered:
· Option 1: consider the table above and cap Nserv to a max TBD value.
· Option 2: Treat a failed LBT even similar to not meeting the S criterion (effectively L=0)

We believe Option 2 is too aggressive and can force UE reselection prematurely and prefer Option 1. The max value for capping Nserv can be further discussed in RAN4. It is noted that identification and measurement periods in LTE LAA were also specified with capping to a max value.
Proposal 2. RAN4 to adopt Table 4.2.x.1 for Nserv and cap it to a max TBD value. RAN4 to further discuss the max Nserv value. 
Measurement of intra-frequency NR-U cells:
The requirements in clause 4.2.2.3 of [3] can be similarly extended to intra-frequency NR-U cells.
Table 4.2.x.2: Tdetect,NR_U_Intra, Tmeasure,NR_U_Intra and Tevaluate,NR_U_Intra
	DRX cycle length [s]
	Tdetect,NR_U_Intra (number of DRX cycles)
	Tmeasure,NR_U_Intra (number of DRX cycles)
	Tevaluate,NR_U_Intra
(number of DRX cycles)

	
	
	
	

	0.32
	36 x M2 + L1
	4 x M2 + L2
	16 x M2 + L3

	0.64
	28 + L1
	2 + L2
	8 + L3

	1.28
	25 + L1
	1 + L2
	5 + L3

	2.56
	23 + L1
	1 + L2
	3 + L3

	Note 1:	M2 = 1.5 if DMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
Note 2: L1, L2, and L3 are the number of DRX cycles in which DRS is not available due to LBT in detection, measurement, and evaluation periods.



Similar to serving cell evaluation of S criterion, the detection, measurement, and evaluation times can be capped to max values which need not be the same. In particular, evaluation period may benefit from smaller cap value since it prevents UE from allowing too old of measurement results in the evaluation stage. 
Proposal 3. RAN4 to adopt Table 4.2.x.2 for intra-frequency NR-U measurements with capping of detection, measurement, and evaluation times to different max values. 
Measurement of inter-frequency NR-U cells:
The requirements in clause 4.2.2.4 of [3] can be similarly extended to intra-frequency NR-U cells. More explicitly, assuming Kcarrier_NR_U is the number of NR-U inter-frequency carriers indicated by the serving cell and Kcarrier is the number of NR inter-frequency carriers, the detection, measurement, and evaluation times are scaled accordingly. Using detection as an example:
Kcarrier*Tdetect_NR_inter + Kcarrier_NR_U*Tdetect_NR_U_inter
Where detection, measurement, and evaluation times can be according to the following table:
Table 4.2.2.x.3: Tdetect,NR_U_Inter, Tmeasure,NR_U_Inter and Tevaluate,NR_U_Inter
	DRX cycle length [s]
	Tdetect,NR_U_Inter (number of DRX cycles)
	Tmeasure,NR_U_Inter (number of DRX cycles)
	Tevaluate,NR_U_Inter (number of DRX cycles)

	
	
	
	

	0.32
	36 x 1.5 + L1
	4 x 1.5 + L2
	16 x 1.5 + L3

	0.64
	28 + L1
	2 + L2
	8 + L3

	1.28
	25 + L1
	1 + L2
	5 + L3

	2.56
	23 + L1
	1 + L2
	3 + L3

	Note 2: L1, L2, and L3 are the number of DRX cycles in which DRS is not available due to LBT in detection, measurement, and evaluation periods.	



Similar to NR, the UE is not expected to meet the measurement requirements for an inter-frequency carrier under DRX cycle=320 ms defined in the above table under the following conditions:
-	TDMTC_intra = TDMTC_inter = 160 ms; where TDMTC_intra and TDMTC_inter are periodicities of the DMTC occasions configured for the intra-frequency carrier and the inter-frequency carrier respectively, and
-	DMTC occasions configured for the inter-frequency carrier occur up to 1 ms before the start or up to 1 ms after the end of the DMTC occasions configured for the intra-frequency carrier, and
-	DMTC occasions configured for the intra-frequency carrier and for the inter-frequency carrier occur up to 1 ms before the start or up to 1 ms after the end of the paging occasion [1].
Proposal 4. RAN4 to adopt Table 4.2.2.x.3 for inter-frequency NR-U measurements with capping of detection, measurement, and evaluation times to different max values. 
With respect to measurement of inter-frequency non-NR-U cells, no new requirements are needed and existing requirements apply.
Proposal 5. Measurement of inter-frequency non-NR-U cells should follow existing requirements. 
Measurement of inter-RAT cells:
In this aspect, no new requirements are needed as the other RAT cannot be LTE LAA. Legacy R15 requirements apply.
Proposal 6. No new requirements are needed for measurement of inter-RAT cells. Other RAT cannot be LTE LAA. Legacy R15 requirements apply. 
Conclusions
Proposal 1. In NR-U PCell, the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least once every M1 DRX cycle subject to availability of signal, where
M1=2 if DMTC periodicity (TDMTC) > TBD and DRX cycle ≤  0.64 second,
otherwise M1=1.
Table 4.2.x.1: Nserv
	DRX cycle length [s]
	Nserv [number of DRX cycles]

	
	

	0.32
	M1*4 + L

	0.64
	M1*4 + L

	1.28
	2 + L

	2.56
	2 + L

	NOTE 1: L is the number of DRX cycles in which DRS is not available due to LBT. 



Proposal 2. RAN4 to adopt Table 4.2.x.1 for Nserv and cap it to a max TBD value. RAN4 to further discuss the max Nserv value. 
Table 4.2.x.2: Tdetect,NR_U_Intra, Tmeasure,NR_U_Intra and Tevaluate,NR_U_Intra
	DRX cycle length [s]
	Tdetect,NR_U_Intra (number of DRX cycles)
	Tmeasure,NR_U_Intra (number of DRX cycles)
	Tevaluate,NR_U_Intra
(number of DRX cycles)

	
	
	
	

	0.32
	36 x M2 + L1
	4 x M2 + L2
	16 x M2 + L3

	0.64
	28 + L1
	2 + L2
	8 + L3

	1.28
	25 + L1
	1 + L2
	5 + L3

	2.56
	23 + L1
	1 + L2
	3 + L3

	Note 1:	M2 = 1.5 if DMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
Note 2: L1, L2, and L3 are the number of DRX cycles in which DRS is not available due to LBT in detection, measurement, and evaluation periods.



Proposal 3. RAN4 to adopt Table 4.2.x.2 for intra-frequency NR-U measurements with capping of detection, measurement, and evaluation times to different max values. 
Table 4.2.2.x.3: Tdetect,NR_U_Inter, Tmeasure,NR_U_Inter and Tevaluate,NR_U_Inter
	DRX cycle length [s]
	Tdetect,NR_U_Inter (number of DRX cycles)
	Tmeasure,NR_U_Inter (number of DRX cycles)
	Tevaluate,NR_U_Inter (number of DRX cycles)

	
	
	
	

	0.32
	36 x 1.5 + L1
	4 x 1.5 + L2
	16 x 1.5 + L3

	0.64
	28 + L1
	2 + L2
	8 + L3

	1.28
	25 + L1
	1 + L2
	5 + L3

	2.56
	23 + L1
	1 + L2
	3 + L3

	Note 2: L1, L2, and L3 are the number of DRX cycles in which DRS is not available due to LBT in detection, measurement, and evaluation periods.	



Proposal 4. RAN4 to adopt Table 4.2.2.x.3 for inter-frequency NR-U measurements with capping of detection, measurement, and evaluation times to different max values. 
Proposal 5. Measurement of inter-frequency non-NR-U cells should follow existing requirements. 
Proposal 6. No new requirements are needed for measurement of inter-RAT cells. Other RAT cannot be LTE LAA. Legacy R15 requirements apply. 
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