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1 Introduction
According to [1], RAN4 will define intra-frequency and inter-frequency cell reselection requirements in RRC_IDLE and INACTIVE states in TS 38.133.

Related RAN2 agreements from RAN2 NR AH1801:
Selection/reselection rules:

Agreements for idle and inactive mode:

1
Take cell suitability, acceptability, barred and reserved cell definitions from LTE as baseline for NR.
2
Cell selection criterion (S criterion) is applied to cell selection and reselection. 

3
 Both RSRP and RSRQ are considered in S criterion. 
4
From RAN2 perspective compensation parameter(s) is needed to S criterion. Details can be FFS and depending on the input from RAN1/4. Send LS to RAN1/4 to identify the use cases.

5
Parameters to check S criterion is broadcasted via system information for neighbor cells and via RMSI for serving cell.

6
Cell reselection for intra frequency case and equal priority inter frequency case, criterion (R criterion) is applied to cell reselection. 
7
Qhyst and Qoffset (including both cell specific and carrier specific one) can be applied to R criterion.
8
RSRP is applied to R criterion.
9
When the highest ranked cell is not suitable, UE will not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of xxs unless if intra frequency reselection is allowed by gNB, as in as 5.2.4.4 and 5.3.1, TS36.304. The value is FFS.
10
 Dedicated and common reselection priority can be applied in idle. FFS whether the same priority for inactive mode.

11
 If dedicated reselection priority is assigned, it is used otherwise common reselection priority is applied. 
12
 Same cell reselection process as LTE is applied for inter-F/RAT with the different reselection priority. 

 13
 Separate threshold to skip intra-F measurements and inter-F/RAT measurements to the same/lower reselection priority as in LTE is applied. 
Cell quality derivation:
Agreements:

1
Cell quality derivation for cell selection is up to UE implementation.
2
As baseline of cell reselection: for multiple beams, the derivation formula used in Connected mode for cell quality is also applicable to Idle mode; i.e. the quality is calculated as a linear average over up to N best beams above a threshold which are configured per carrier and broadcasted. Further optimization can be considered, e.g., considering on the number of actual good beams (the quality of the beam is above the threshold) for cell reselection.
Measurements:
Agreement:


RAN2 to define the SMTC configuration including periodicity/offset and duration for intra-frequency and inter-frequency measurements for RRC_IDLE and RRC_INACTIVE states in the system information in the same way as defined for RRC_CONNECTED state.

Reselection for inactive:
Agreement
1
If the dedicated reselection parameters are not provided when entering RRC_INACTIVE and RRC_IDLE, the UE applies cell reselection parameters received from system information. 
2 Discussion
RAN4 will introduce intra-frequency and inter-frequency cell reselection requirements, which are to be captured in Sections 4 and 5 of TS 38.133 for RRC_IDLE and RRC_INACTIVE.
The newly introduced NR INACTIVE state is very similar to RRC_IDLE, it is therefore expected that the inter-RAT E-UTRAN requirements specified for RRC_IDLE can be reused to a large extent also for the INACTIVE state.

· Proposal 1: Specify intra-frequency and inter-frequency requirements for RRC_IDLE, based on the procedures described in TS 38.304. For the INACTIVE state, refer to the requirements for RRC_IDLE.

When measurement capability for RRC_IDLE was discussed, it was agreed [1] to reuse the NSA agreements:
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The numbers of frequency layers in NSA are specified in 38.133 as follows:

-
Depending on UE capability, [7] NR inter-frequency carriers configured by PScell, and 

-
Depending on UE capability, [7] NR inter-RAT carriers configured by E-UTRA PCell [15], and

-
Depending on UE capability, [6] E-UTRA TDD inter-frequency carriers configured by E-UTRA PCell [15], and

-
Depending on UE capability, [6] E-UTRA FDD inter-frequency carriers configured by E-UTRA PCell [15].
Therefore 7 inter-frequency layers can also be assumed for the RRC_IDLE and INACTIVE.
· Proposal 2: In RRC_IDLE and INACTIVE, the UE shall monitor up to 7 inter-frequency frequency layers.

RAN2 has not introduced LTE eDRX_IDLE cycles in NR. The longest DRX in RRC_IDLE and INACTIVE according to [2] is 2.56 s.

· Proposal 3: The measurement requirements in RRC_IDLE and INACTIVE are specified for DRX cycles up to 2.56 s. 

Like in LTE, an NR UE shall be able to meet the cell reselection requirements even when the serving cell does not provide any explicit neighbour cell list. However, the UE still needs the carrier frequency information, including the SSB configuration for the carrier frequency.
· Proposal 4: It is clarified that the intra-frequency and inter-frequency cell reselection requirements shall apply even if the serving cell does not provide any explicit neighbor cell list, provided that the SSB configuration information is available for the corresponding carrier frequency.
In RAN2 NR AH1801 meeting, it was agreed to use the cell quality derivation used for RRC_CONNECTED state as a baseline for cell quality derivation in multi-beam cells also for cell reselection in RRC_IDLE mode. That is, the cell quality is calculated as a linear average over up to N best beams above an absolute threshold, where N and the threshold are configured per carrier and broadcast in the system information.
· Proposal 5; For cell reselection, the UE shall be able to measure (SS-RSRP and SS-RSRQ) and evaluate the serving cell quality with respect to the S-criterion, based on N best SSBs which are above an absolute threshold, where N and the threshold are configured for the serving carrier via the system information. 
· The measurement and evaluation is to be done at least every max(SSB period, DRX cycle length).
· If after time Tserv the UE determines that the serving cell does not fulfil the S criterion, the UE shall initiate the measurements of neighbor cells. Time Tserv depends at least on SSB periodicity and DRX cycle length.
· Proposal 6: For cell reselection to a neighbor intra-frequency and inter-frequency cell, the UE shall be able to detect, measure (SS-RSRP and SS-RSRQ), and evaluate the cell quality with respect to the S-criteria, based on N best SSBs which are above an absolute threshold, where N and the threshold are configured per carrier via the system information.
Similar to LTE, for cell reselection to a neighbor cell, RAN4 needs to specify:
· the time TDetect, intra and TDetect, inter for intra-frequency and inter-frequency, respectively, during which the UE shall evaluate whether newly detectable cells have met the reselection criteria;

· the time TMeasure, intra and TMeasure, inter for intra-frequency and inter-frequency, respectively, during which the UE repeats measuring the cells which have been detected and for which the cell reselection criteria have been met (however, if, after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection);

· the time TEvaluate, intra and TEvaluate, inter for intra-frequency and inter-frequency, respectively, during which the UE shall be able to evaluate that an already identified cell has met reselection criterion.
However, in NR these parameters depend also on SSB periodicity, in addition to DRX cycle length, and can be specified in a general form as follows:

TDetect, intra = NDetect, intra * max(SSB periodicity, DRX cycle length)
TMeasure, intra = NMeasure, intra * max(SSB periodicity, DRX cycle length)
TEvaluate, intra = NEvaluate, intra * max(SSB periodicity, DRX cycle length)

TDetect, inter = NDetect, inter * max(SSB periodicity, DRX cycle length)
TMeasure, inter = NMeasure, inter * max(SSB periodicity, DRX cycle length)
TEvaluate, inter = NEvaluate, inter * max(SSB periodicity, DRX cycle length)

In Table 1, we show examples for NDetect, intra, NMeasure, intra, and NEvaluate, intra requirements for intra-frequency cell reselection. In Table 2, we show examples for NDetect, inter, NMeasure, inter, and NEvaluate, inter requirements for intra-frequency cell reselection.

Table 1: NDetect, intra, NMeasure, intra, and NEvaluate, intra
	DRX cycle length [s]
	NDetect, intra
	NMeasure, intra
	NEvaluate, intra

	0.32
	30
	4
	12

	0.64
	20
	2
	6

	1.28
	20
	1
	3

	2.56
	20
	1
	3


Table 2: NDetect, inter, NMeasure, inter, and NEvaluate, inter
	DRX cycle length [s]
	NDetect, inter
	NMeasure, inter
	NEvaluate, inter

	0.32
	30
	4
	12

	0.64
	20
	2
	6

	1.28
	20
	1
	3

	2.56
	20
	1
	3


· Proposal 7: For cell reselection to an intra-frequency neighbor cell, RAN4 specifies TDetect, intra, TMeasure, intra, and TEvaluate, intra in a general form and NDetect, intra, NMeasure, intra, and NEvaluate, intra in a table, e.g., like in Table 1.
· Proposal 8: For cell reselection to an inter-frequency neighbor cell, RAN4 specifies TDetect, inter, TMeasure, inter, and TEvaluate, inter in a general form and NDetect, inter, NMeasure, inter, and NEvaluate, inter in a table, e.g., like in Table 2.
Like in LTE, an NR UE may also be provided with absolute priorities for different NR frequencies via the system information, by inheriting from another RAT at inter-RAT cell (re)selection, or via dedicated signaling (in INACTIVE). The UE shall only perform cell reselection evaluation for NR frequencies that are given in system information and for which the UE has a priority provided. In LTE, there exist a requirement that a UE configured with DRX shall search every layer of higher priority at least every THigher_priority_search = (60 * Nlayers) seconds, where Nlayers is the total number of configured higher priority E-UTRA and inter-RAT carrier frequencies and is additionally increased by one if one or more groups of GSM frequencies is configured as a higher priority. A similar requirement may be envisioned also for NR, e.g., a UE configured with DRX shall search every (inter-frequency or inter-RAT) layer of higher priority at least every THigher_priority_search = (max(25.6, 20 * DRX cycle length) * Nlayers) seconds.

As seen from Annex A, for inter-frequency cell reselection, in addition to higher-priority, also lower- and equal-priority search and measurements are supported in NR.

· Proposal 9: For inter-frequency cell reselection in RRC_IDLE and INACTIVE, RAN4 specifies requirements for higher, lower, and equal priority search, measurement, and evaluation, based on procedures described in TS 38.304
· R-criterion is used for equal-priority inter-frequency cell reselection

· S-criterion is used for higher- and lower-priority inter-frequency cell reselection
· Proposal 10: For intra-frequency cell reselection in RRC_IDLE and INACTIVE, RAN4 specifies requirements, based on R-criterion.  
3 Summary
The following have been proposed in this contribution:
· Proposal 1: Specify intra-frequency and inter-frequency requirements for RRC_IDLE, based on the procedures described in TS 38.304. For the INACTIVE state, refer to the requirements for RRC_IDLE.

· Proposal 2: In RRC_IDLE and INACTIVE, the UE shall monitor up to 7 inter-frequency frequency layers.

· Proposal 3: The measurement requirements in RRC_IDLE and INACTIVE are specified for DRX cycles up to 2.56 s. 

· Proposal 4: It is clarified that the intra-frequency and inter-frequency cell reselection requirements shall apply even if the serving cell does not provide any explicit neighbor cell list, provided that the SSB configuration information is available for the corresponding carrier frequency.

· Proposal 5; For cell reselection, the UE shall be able to measure (SS-RSRP and SS-RSRQ) and evaluate the serving cell quality with respect to the S-criterion, based on N best SSBs which are above an absolute threshold, where N and the threshold are configured for the serving carrier via the system information. 

· The measurement and evaluation is to be done at least every max(SSB period, DRX cycle length).

· If after time Tserv the UE determines that the serving cell does not fulfil the S criterion, the UE shall initiate the measurements of neighbor cells. Time Tserv depends at least on SSB periodicity and DRX cycle length.

· Proposal 6: For cell reselection to a neighbor intra-frequency and inter-frequency cell, the UE shall be able to detect, measure (SS-RSRP and SS-RSRQ), and evaluate the cell quality with respect to the S-criteria, based on N best SSBs which are above an absolute threshold, where N and the threshold are configured per carrier via the system information.
· Proposal 7: For cell reselection to an intra-frequency neighbor cell, RAN4 specifies TDetect, intra, TMeasure, intra, and TEvaluate, intra in a general form and NDetect, intra, NMeasure, intra, and NEvaluate, intra in a table, e.g., like in Table 1.
· Proposal 8: For cell reselection to an inter-frequency neighbor cell, RAN4 specifies TDetect, inter, TMeasure, inter, and TEvaluate, inter in a general form and NDetect, inter, NMeasure, inter, and NEvaluate, inter in a table, e.g., like in Table 2.
· Proposal 9: For inter-frequency cell reselection in RRC_IDLE and INACTIVE, RAN4 specifies requirements for higher, lower, and equal priority search, measurement, and evaluation, based on procedures described in TS 38.304

· R-criterion is used for equal-priority inter-frequency cell reselection

· S-criterion is used for higher- and lower-priority inter-frequency cell reselection

· Proposal 10: For intra-frequency cell reselection in RRC_IDLE and INACTIVE, RAN4 specifies requirements, based on R-criterion.  
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Annex A: Cell reselection rules and criteria from draft TS 38.304
5.2.4.1
Reselection priorities handling

Absolute priorities of different NR frequencies or inter-RAT frequencies may be provided to the UE in the system information, in the RRC Connection Release [Editor’s NOTE: Actual message name is FFS.]  message, or by inheriting from another RAT at inter-RAT cell (re)selection. In the case of system information, a NR frequency or inter-RAT frequency may be listed without providing a priority (i.e. the field cellReselectionPriority is absent for that frequency). If priorities are provided in dedicated signalling, the UE shall ignore all the priorities provided in system information. 
NOTE:
The prioritization among the frequencies which UE considers to be the highest priority frequency is left to UE implementation.

Editor’s NOTE: Details of inheriting absolute priorities from another RAT is FFS.
The UE shall only perform cell reselection evaluation for NR frequencies and inter-RAT frequencies that are given in system information and for which the UE has a priority provided.
The UE shall delete priorities provided by dedicated signalling when:

-
the UE enters RRC_CONNECTED state; or

-
a PLMN selection is performed on request by NAS [23.122].

NOTE:
Equal priorities between RATs are not supported.

The UE shall only perform cell reselection evaluation for NR frequencies and inter-RAT frequencies that are given in system information and for which the UE has a priority provided.

The UE shall not consider any black listed cells as candidate for cell reselection.

The UE shall inherit the priorities provided by dedicated signalling at inter-RAT cell (re)selection.

NOTE:
The network may assign dedicated cell reselection priorities for frequencies not configured by system information.
5.2.4.2
Measurement rules for cell re-selection
When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.

Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-
For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to [8].
-
For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority.
-
Otherwise, the UE shall perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority according to [8].
…

5.2.4.5

NR Inter-frequency and inter-RAT Cell Reselection criteria

If threshServingLowQ is broadcast in system information and more than X second has elapsed since the UE camped on the current serving cell, cell reselection to a cell on a higher priority NR frequency or inter-RAT frequency than the serving frequency shall be performed if:

-
A cell of a higher priority NR or EUTRAN FDD RAT/ frequency fulfils Squal > ThreshX, HighQ during a time interval TreselectionRAT; or

-
A cell of a higher priority EUTRAN TDD frequency fulfils Srxlev > ThreshX, HighP during a time interval TreselectionRAT.

Otherwise, cell reselection to a cell on a higher priority NR frequency or inter-RAT frequency than the serving frequency shall be performed if:

-
A cell of a higher priority RAT/ frequency fulfils Srxlev > ThreshX, HighP during a time interval TreselectionRAT; and

-
More than X second has elapsed since the UE camped on the current serving cell.
Cell reselection to a cell on an equal priority NR frequency shall be based on ranking for Intra-frequency cell reselection as defined in sub-clause 5.2.4.6.

If threshServingLowQ is broadcast in system information and more than X second has elapsed since the UE camped on the current serving cell, cell reselection to a cell on a lower priority NR frequency or inter-RAT frequency than the serving frequency shall be performed if:
-
The serving cell fulfils Squal < ThreshServing, LowQ and a cell of a lower priority NR FDD RAT/ frequency fulfils Squal > ThreshX, LowQ during a time interval TreselectionRAT; or

Otherwise, cell reselection to a cell on a lower priority NR frequency or inter-RAT frequency than the serving frequency shall be performed if:
-
The serving cell fulfils Srxlev < ThreshServing, LowP and a cell of a lower priority RAT/ frequency fulfils Srxlev > ThreshX, LowP  during a time interval TreselectionRAT; and

-
More than X second has elapsed since the UE camped on the current serving cell.

Editor’s NOTE: The SIB to broadcast inter-frequency and inter-RAT cell reselection parameters is FFS. The value of X above is FFS.  

Cell reselection to a higher priority RAT/ frequency shall take precedence over a lower priority RAT/ frequency, if multiple cells of different priorities fulfil the cell reselection criteria.

Cell reselection to another RAT, for which Squal based cell reselection parameters are broadcast in system information, shall be performed based on the Squal criteria if the UE supports Squal (RSRQ) based cell reselection to NR from all the other RATs provided by system information which UE supports. Otherwise, cell reselection to another RAT shall be performed based on Srxlev criteria.
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