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Introduction
In RAN4#93 meeting, the following agreements were captured for cell reselection in NR-U [1]:
Mm,max is 
· [16] for 0.32 sec DRX cycle, 
· [4] for 2.56 sec DRX cycle.

FFS: At least one cell which is checked by the UE for cell re-selection on each frequency is such that it is not more than X dB weaker than the strongest cell on that frequency, and it also fulfills the reselection margins, where value of X is TBD


In this paper, we address some of the remaining issues on this topic.
Definition of “unavailable SMTC”
The current definition of Ms as agreed in previous RAN4 meetings is as follows:
Ms is the number of DRX cycles with at least one SMTC where there are no SSBs available at the UE during Nserv. 

In our view, this definition by itself is not accurate enough and needs further clarification. Definition of other parameters such as Mp, Mq, … in cell reselection also follow the same concept as Ms. 
The serving cell evaluation requirements in TS 38.133 are based on the number of samples UE needs to come up with an aggregate sample to reliably evaluate an SSB that in general is not previously identified (e.g. in initial acquisition). For example, 2 samples are needed for longer DRX cylces. In the initial acquisition stage, UE cannot reliably decide on the presence or absence of an SSB based on a single sample. Moreover, in initial acquisition stage, UE is not even aware of the value of Q factor as it may not have yet decoded PBCH.
Observation 1. In the initial acquisition stage, UE cannot reliably decide on the presence or absence of an SSB based on a single sample (SMTC occasion). Moreover, in initial acquisition stage, UE is not even aware of the value of Q factor as it may not have yet decoded PBCH.
Consequently, the (un)availability of SMTC occasions should be viewed by looking at the entire evaluation period rather than just a single SMTC occasion. A UE will not need an extension for the evaluation period if at least one SSB index in the same SSB position index satisfies the cell reselection side conditions for N successive samples where N is the number of samples per R15 requirements. Otherwise, UE will require an extension.
Figure 1 illustrates this with two examples where the number of R15 samples are assumed to be Nserv=2 and the QCL factor Q = 4. In the top diagram, SSB#0 is not consistently present (detectable) in Nserv=2 SMTC occasions. Based on the current RAN4 definition, Ms = 0 in this scenario as at least one SSB is present in both DRX cycles. However, as mentioned earlier, UE cannot reliably decide whether the SSB is present or not based on one DRX cycle as it is still in the process of accumulating samples to evaluate SSB. Furthermore, the Q factor is unknown to UE. Hence, in the top figure, Ms=1. In the bottom example, SSB#0 is present in SSB position index #0 for Nserv=2 samples. So, all SMTC occasions are considered available (Ms=0). 



Figure 1 Unavailability of SMTC occasions in serving cell evaluation stage with Ms=1 (top) and Ms=0 (bottom)
It is proposed to modify the definition of Ms and also add a NOTE to Nserv table as in the following:
Proposal 1. Ms is the number of DRX cycles with at least one SMTC where SSBs are unavailable at the UE during Nserv. 
Table 4.2A.2.2-1: Nserv
	DRX cycle length [s]
	Nserv [number of DRX cycles]

	0.32
	M1*4+M1*Ms

	0.64
	M1*4+M1*Ms

	1.28
	2+Ms

	2.56
	2+Ms

	Note 1:  The requirements apply, provided that Ms<= Ms,max, where Ms,max=[8] for DRX cycle length < 1.28 s, [4] for DRX cycle length ≥ 1.28 s.
Note 2:  The UE shall restart the measurements used for serving cell evaluation if Ms exceeds Ms,max.
Note 3:  At least one SSB index in the same SSB position index shall satisfy the side conditions in clause B.1.2 during Nserv. 



Furthermore, it is proposed to update all side condition tables in B.1 to reflect spectrum for unlicensed access. This update can follow the conclusion of discussions in RF room on REFSENS for NR-U. 
Proposal 2. All side condition tables in Appendix B.1 of TS 38.133 to be updated to reflect spectrum for unlicensed access. This update can follow the conclusion of discussions in RF room on REFSENS for NR-U. 
In RRC idle mode, UE begins to identify and measure intra-frequency and inter-frequency NR cells as well. The detection, measurement, and evaluation periods for NR-U cells have similarly been extended to account for SMTC unavailability due to CCA failure. Based on the discussion above and similar discussions in [2] on measurement period extensions in RRC connected mode, the following observations and proposals are made.
Observation 2. In the detection stage, UE cannot reliably decide on the presence or absence of an SSB based on a single sample (SMTC occasion). If it could, then R15 requirements would have used one sample for the identification stage.
Observation 3. Mandating a UE that operates in unlicensed spectrum to always monitor all candidate SSB positions during measurement and evaluation phases results in increased power consumption compared to a R15 UE. In addition, in many deployments such as Industrial IoT or FBE, the rate of CCA failure is quite low. 
Proposal 3. Clarification NOTEs to be added to Tables 4.2A.2.3-1 as in the following:
Table 4.2A.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	0.32x([36]+Md)xM2 
{([36]+Md)xM2}
	0.32x([4]+Mm) xM2
{([4]+Mm)xM2}
	0.32x([16]+Me) x M2
{([16]+Me)xM2}

	0.64
	0.64x([28]+Md)  
{[28]+Md}
	0.64x([2]+Mm) 
{[2]+Mm}
	0.64x([8]+Me) 
{[8]+Me}

	1.28
	1.28x([25]+Md)
{[25]+Md}
	1.28x([1]+Mm)
{[1]+Mm}
	1.28x([5]+Me) 
{[5]+Me}

	2.56
	2.56x([23]+Md)
{[23]+Md}
	2.56x([1]+Mm)
{[1]+Mm}
	2.56x([3]+Me) 
{[3]+Me}

	Note 1: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
Note 2: Md, Mm, Me are the number of SMTC occasions not available at the UE during the corresponding time periods.
Note 3: Mm,max, Md,max and Me,max is the maximum value of Mm, Md and Me. Mm,max: TBD for 0.32 s DRX cycle length; [8] for 0.64 s DRX cycle length; [4] for 1.28 s DRX cycle length; TBD for 2.56 s DRX cycle length, and Md,max=[4]*Mm,max, Me,max=[2]*Mm,max.
Note 4: UE shall restart the measurements if the limits are exceeded.
Note 5: At least one SSB index in the same SSB position index shall satisfy the side conditions in clause B.1.2 during Tdetect_NR_intra.
Note 6: UE considers a SMTC occasion unavailable if the SSB index of the identified cell at the detected SSB position index is not available.



Same notes to be added to Table 4.2A.2.4-1.
UE behavior in exceeding max number of unavailable SMTC occasions
During intra-frequency and inter-frequency neighbor cell measurements in RRC idle, the UE behavior upon exceeding max number of unavailable SMTC occasions is not clearly defined yet. When UE is in detection stage, it is logical to specify UE behavior to be restarting the procedure (e.g., PSS/SSS detection) again. However, when UE is in the measurement stage, UE should not be expected to restart the measurement procedure again and again in persistent failure of completion of a measurement period. In our view, after N unsuccessful measurement attempts, UE should restart from the detection stage again. Value of N can be further discussed in RAN4. 
Proposal 4. After N unsuccessful measurement attempts due to exceeding the max number of unavailable SMTC occasions, UE should restart from the detection stage again. Value of N can be further discussed in RAN4. 
UE behavior for 2 highest ranked cells
An agreement was made in RAN2 to consider the highest and second highest ranked cells on a frequency and if neither belong to the registered PLMN, the UE may consider this frequency to be the lowest priority for a maximum of 300 seconds.
From a running CR:
 If the highest ranked cell or best cell according to absolute priority reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of 5GS forbidden TAs for roaming", the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300 seconds. If
this cell belongs to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and, if this cell is operating on licensed spectrum, other cells on the same frequency as candidates for reselection for a maximum of 300 seconds. For operation on unlicensed spectrum, if the second highest ranked cell on this frequency also does not have a PLMN being equivalent to the registered PLMN, the UE may consider this frequency to be the lowest priority for a maximum of 300 seconds. If the UE enters into state any cell selection, any limitation shall be removed. If the UE is redirected under NR control to a frequency for which the timer is running, any limitation on that frequency shall be removed.


It is noted that the above agreement simply lowers the priority of a frequency if at least two high ranked cells are detected to not belong to UE’s registered PLMN. This is to avoid UE spending too much time on an unsuitable frequency and should have no impact on RAN4 reselection requirements. There does not need to be any threshold on the second ranked cell (it may not even exist). It is also noted that deciding whether a cell’s PLMN is suitable or not occurs after SIB decoding by which time UE has made a successful detection, measurement, and evaluation attempt. 
Observation 4. No further specification is required in RAN4 to reflect the RAN2 agreement regarding lowering the priority of a frequency with unsuitable PLMN.
Conclusions
[bookmark: _GoBack]Observation 1. In the initial acquisition stage, UE cannot reliably decide on the presence or absence of an SSB based on a single sample (SMTC occasion). Moreover, in initial acquisition stage, UE is not even aware of the value of Q factor as it may not have yet decoded PBCH.
Proposal 1. Ms is the number of DRX cycles with at least one SMTC where SSBs are unavailable at the UE during Nserv. 
Table 4.2A.2.2-1: Nserv
	DRX cycle length [s]
	Nserv [number of DRX cycles]

	0.32
	M1*4+M1*Ms

	0.64
	M1*4+M1*Ms

	1.28
	2+Ms

	2.56
	2+Ms

	Note 1:  The requirements apply, provided that Ms<= Ms,max, where Ms,max=[8] for DRX cycle length < 1.28 s, [4] for DRX cycle length ≥ 1.28 s.
Note 2:  The UE shall restart the measurements used for serving cell evaluation if Ms exceeds Ms,max.
Note 3:  At least one SSB index in the same SSB position index shall satisfy the side conditions in clause B.1.2 during Nserv. 



Proposal 2. All side condition tables in Appendix B.1 of TS 38.133 to be updated to reflect spectrum for unlicensed access. This update can follow the conclusion of discussions in RF room on REFSENS for NR-U. 
Observation 2. In the detection stage, UE cannot reliably decide on the presence or absence of an SSB based on a single sample (SMTC occasion). If it could, then R15 requirements would have used one sample for the identification stage.
Observation 3. Mandating a UE that operates in unlicensed spectrum to always monitor all candidate SSB positions during measurement and evaluation phases results in increased power consumption compared to a R15 UE. In addition, in many deployments such as Industrial IoT or FBE, the rate of CCA failure is quite low. 
Proposal 3. Clarification NOTEs to be added to Tables 4.2A.2.3-1 as in the following:
Table 4.2A.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	0.32x([36]+Md)xM2 
{([36]+Md)xM2}
	0.32x([4]+Mm) xM2
{([4]+Mm)xM2}
	0.32x([16]+Me) x M2
{([16]+Me)xM2}

	0.64
	0.64x([28]+Md)  
{[28]+Md}
	0.64x([2]+Mm) 
{[2]+Mm}
	0.64x([8]+Me) 
{[8]+Me}

	1.28
	1.28x([25]+Md)
{[25]+Md}
	1.28x([1]+Mm)
{[1]+Mm}
	1.28x([5]+Me) 
{[5]+Me}

	2.56
	2.56x([23]+Md)
{[23]+Md}
	2.56x([1]+Mm)
{[1]+Mm}
	2.56x([3]+Me) 
{[3]+Me}

	Note 1: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
Note 2: Md, Mm, Me are the number of SMTC occasions not available at the UE during the corresponding time periods.
Note 3: Mm,max, Md,max and Me,max is the maximum value of Mm, Md and Me. Mm,max: TBD for 0.32 s DRX cycle length; [8] for 0.64 s DRX cycle length; [4] for 1.28 s DRX cycle length; TBD for 2.56 s DRX cycle length, and Md,max=[4]*Mm,max, Me,max=[2]*Mm,max.
Note 4: UE shall restart the measurements if the limits are exceeded.
Note 5: At least one SSB index in the same SSB position index shall satisfy the side conditions in clause B.1.2 during Tdetect_NR_intra.
Note 6: UE considers a SMTC occasion unavailable if the SSB index of the identified cell at the detected SSB position index is not available.



Same notes to be added to Table 4.2A.2.4-1.
Proposal 4. After N unsuccessful measurement attempts due to exceeding the max number of unavailable SMTC occasions, UE should restart from the detection stage again. Value of N can be further discussed in RAN4. 
Observation 4. No further specification is required in RAN4 to reflect the RAN2 agreement regarding lowering the priority of a frequency with unsuitable PLMN.
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