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1. Introduction

During the NR SI phase, cell selection aspects (including both initial cell selection and cell selection by stored information), three level of service types (i.e. normal service, limited service, operator service), cell types (i.e. suitable cell, acceptable cell, barred cell and reserved cell), criterion for suitable cell (i.e. minimum radio condition, PLMN condition) and derivation of cell-level measured quality from N-best beams in multi-beam operation were discussed and the corresponding agreements were captured into TR38.804 and TR38.912 [1][2]. 

In this contribution, we would like to have initial discussion for the general idle mode UE behaviors and to see what functions can be inherited from LTE and the agreements captured during SI phase. 
2. Discussion
In LTE TS36.304 [3], there is a section (4.2, Table 4.2-1) to explain functional division between AS and NAS for the idle mode. We think this functional division between AS and NAS for PLMN selection, cell selection, cell reselection and location registration shown in Table 4.2-1 in TS36.304 are mostly applied into NR idle mode as well. However it is not clear yet whether CSG cell is also supported in NR, so first RAN2 is asked to discuss the need of CSG cell handling in NR and if needed, we think same functional division between AS and NAS shown in Table 4.2-1 in TS36.304 is applicable to support for manual CSG selection in NR. 

[Proposal-1]: LTE functional division for PLMN selection, cell selection and reselection and location registration shown in Table 4.2-1 in TS36.304 are applicable to NR idle mode. 

[Proposal-2]: RAN2 is asked to discuss the need of NR CSG cell and if needed, LTE functional division for support for manual CSG selection shown in Table 4.2-1 in TS36.304 is applicable to NR idle mode. 

In LTE TS36.304, service types and cell types are defined. Also during SI phase, three service types (i.e. normal service, limited service and operator service) were agreed and captured in TR38.804. We think in general the service types and cell types are also applicable to NR idle mode. 

[Proposal-3]: LTE service types (limited, normal and operator service) are applicable to NR idle mode. 
[Proposal-4]: LTE cell types (acceptable, suitable, barred and reserved cell) are applicable to NR idle mode.
In LTE TS36.304, several states (camped normally state, any cell selection state and camped on any cell state) are defined. In general we think same principles are applicable to NR idle mode. 
[Proposal-5]: LTE idle states (camped normally state, any cell selection state and camped on any cell state) are applicable to NR idle mode. 

In LTE TS36.304, the idle UE behaviors according to cell status and cell reservations (cell barred, cell reserved for operator use) are defined. We think same principles are applicable to NR idle mode. One possible issue may be if 300s restriction (i.e. during 300s, the UE excludes the barred cell (and the cells on the same frequency) as a candidate cell for cell (re)selection) can be also applicable to NR considering cell size would be relatively small especially in high frequency bands. 
[Proposal-6]: LTE cell status, cell reservations (cell barred, cell reserved for operator use) and the corresponding UE behaviors are applicable to NR idle mode. It is FFS whether 300s is applied to the restriction. 

In LTE TS36.304, if the highest ranked cell or best cell according to absolute priority reselection rules is the cell which is not suitable cell due to being part of the “list of forbidden TAs for roaming”, the UE shall not consider this cell and other cells on the same frequency as a candidate for cell reselection for 300s. For NR, SA2 agreed the following mobility restrictions [4]. Note the UE proceeds in the following precedence order if they are overlapped. 
· RAT restriction: the 3GPP Radio Access Technology that a UE is not allowed to access.
· Forbidden area: the UE is based on subscription not permitted to initiate any communication with the network.
· Service area restrictions: defines areas in which the UE may or may not initiate communication with the network. 
> Allowed area: the UE is permitted to initiate communication with the network as allowed by the subscription.
> Non-allowed area: the UE is service area restricted based on subscription.
For RAT restriction, we think it is not really new one compared to LTE, however one aspect we can take into account in TS38.304 may be to add this restriction in UE non-access stratum column for cell reselection in functional division between AS and NAS. Note in LTE RAT restriction is only specified in UE non-access stratum column for cell selection. For forbidden area, we think it is similar concept as being part of the “list of forbidden TAs for roaming” and same AS behavior is applicable to NR idle mode if the highest ranked cell or best cell is part of the forbidden area for roaming. One possible issue may be if 300s restriction (i.e. during 300s, the UE excludes the cell and other cells on the same frequency as a candidate for cell reselection) can be also applicable to NR considering cell size would be relatively small especially in high frequency bands. 
[Proposal-7]: UE non-access stratum behavior for cell reselection in functional division between AS and NAS is updated to add RAT restriction (similar to that of cell selection). 

[Propsoal-8]: The UE excludes the cell and other cells on the same frequency as a candidate for cell reselection if the highest ranked cell or best cell is not suitable due to forbidden area for roaming. It is FFS whether 300s is applied.
For service area restriction, our understanding is it only restricts mobile originated (MO) service while the UE still performs periodic and mobility registration updates and responds to core network paging in that area. From AS point of view, following questions can be raised as follow: 
· Do we need to include service area restriction to the criteria of suitable cell? 

· Do we need the cell to broadcast additional id (e.g. service area id) in addition to tracking area (TA) id?
· Do we need similar mechanism as forbidden area for roaming case if the highest ranked cell or best cell is part of non-allowed area?  
If a UE’s device type is only allowed for mobile terminated (MT) service, it seems reasonable that the UE considers it as non-suitable cell if a cell is part of non-allowed area. However it seems there is no such a restriction and service area restrictions can be also applicable to normal UEs and it is not PLMN wide. If we include the service area restriction to the criteria of suitable cell, a cell being part of non-allowed area is considered as non-suitable cell. If so, it will be probably considered as an acceptable cell and the next question will be whether it needs to be differentiated than other acceptable cell. Note a UE shall override any forbidden area and non-allowed area restrictions whenever access to the network for regulatory prioritized services like Emergency services and MPS. On the other hand if service area restriction is not included as the criteria of suitable cell, a cell being part of non-allowed area will be considered as suitable cell and the next question will be whether it needs to prioritize other suitable cell being part of allowed area in cell reselection. In our view, service area restriction should not be considered as the criteria of suitable cell since it is just that UE cannot initiate service request for MO services which should be handled in NAS. 

On the need of broadcasting additional id for service area restriction, we assume it is not required since a service area restriction may contain one or more (e.g. up to 16) entire tracking areas, so TA id can be reused for the determination of service area. On the need of similar mechanism as forbidden area for roaming case if the highest ranked cell or best cell is part of non-allowed area, it will be dependent on the conclusion of the first question. If it is considered as suitable cell, we may not need such a mechanism. On the contrary if it is not considered as suitable cell, we may need similar mechanism. 
[Proposal-9]: Service area restriction is not considered as the criteria of suitable cell. Prioritization of the cells being part of allowed area over the cells being part of non-allowed area is FFS. 

[Proposal-10]: No need to broadcast additional id for service area (i.e. TA id is reused for service area identification). 
[Proposal-11]: If service area restriction is included in the criteria of suitable cell (opposite of P-9), similar mechanism as forbidden area for roaming case is required if the highest ranked cell or best cell is part of non-allowed area. 
On idle mode measurements, the following agreements were made at RAN2#97 [5]: 

· For cell reselection, cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. FFS: Details of filtering to be applied (e.g. for the case N=1, the best beam is filtered by a single filter as the best beam changes). FFS: Whether to only consider beams above a threshold ('good' beams)
In LTE TS36.304, measured cell RSRP and RSRQ are used for several purposes, i.e. to derive Srxlev and Squal to be used in the measurement rules and S criterion and to derive Qmeas in cell ranking criterion. We assume same way to derive cell-level quality from N best beams will be applicable regardless of purpose in cell reselection. For FFS on the details of filtering, we assume the specified L3 filtering is not applied to NR idle mode measurements (like LTE) so we do not need to discuss filtering aspects at least for NR idle mode. For FFS on the need of the threshold to determine the candidate beams for N best beams, we think it will be helpful in order to avoid very bad measured beam to impact a cell-level quality. At RAN2#97bis for NR connected mode, it was agreed that averaging is used to derive the cell quality from multiple beams but details of averaging were FFS [6]. Same issue will be applicable to NR idle mode measurements and we think same solution as NR connected mode can be applicable to NR idle mode unless a reason to handle in different way is well justified. In our separate contribution, it compares four averaging methods and shows the linear average with the threshold provides reasonable results with simplicities [7]. For cell selection, the UE cannot be aware of N and threshold values configured by system information before measurements unless they are fixed. During SI phase, it was briefly discussed and at that moment it seems companies preferred leaving it to the UE implementation. RAN2 is asked to confirm that.  
[Proposal-12]: Cell-level quality derived from N best beams is applicable to measurement rules, S and R criterion. 
[Proposal-13]: No L3 specified filtering is applied to NR idle mode.
[Proposal-14]: In addition to N, threshold for candidate beams for N is configured by system information. 
[Proposal-15]: Linear averaging is used to derive cell-level quality from N beams for cell reselection. 

[Proposal-16]: RAN2 is asked to confirm for cell selection, N and threshold is left to the UE implementation. 

In LTE TS36.304, idle mode measurement rules are specified. We assume power saving by skipping unnecessary measurements on the neighboring cells should be also important for NR idle mode. In LTE TS36.304, cell reselection has following attributes. We think in principle all are applicable to NR idle mode although some details are FFS (e.g. details of speed detection, etc.)
· Priority (including both dedicated and common priority) based inter-F/RAT cell reselection

· Speed dependent cell reselection

· S criterion check

· Ranking procedure among the candidate cells passing S criterion for intra-F and inter-F with same priority
[Proposal-17]: Priority (including both dedicated and common priority) based inter-F/RAT cell reselection is applicable to NR idle mode.
[Proposal-18]: Speed dependent cell reselection is applicable to NR idle mode. 

[Proposal-19]: S criterion check in cell selection and reselection is applicable to NR idle mode.

[Proposal-20]: Ranking procedure among the candidate cells passing S criterion in cell reselection for intra-F and inter-F with the same priority is applicable to NR idle mode. 
3. Conclusions

In this contribution, we had an initial discussion for the general idle mode UE behaviors and to see what functions are applicable to NR idle mode based on LTE TS36.304 and agreements made during SI phase. 

[Proposal-1]: LTE functional division for PLMN selection, cell selection and reselection and location registration shown in Table 4.2-1 in TS36.304 are applicable to NR idle mode. 

[Proposal-2]: RAN2 is asked to discuss the need of NR CSG cell and if needed, LTE functional division for support for manual CSG selection shown in Table 4.2-1 in TS36.304 is applicable to NR idle mode. 

[Proposal-3]: LTE service types (limited, normal and operator service) are applicable to NR idle mode. 

[Proposal-4]: LTE cell types (acceptable, suitable, barred and reserved cell) are applicable to NR idle mode.

[Proposal-5]: LTE idle states (camped normally state, any cell selection state and camped on any cell state) are applicable to NR idle mode. 

[Proposal-6]: LTE cell status, cell reservations (cell barred, cell reserved for operator use) and the corresponding UE behaviors are applicable to NR idle mode. It is FFS whether 300s is applied to the restriction. 

[Proposal-7]: UE non-access stratum behavior for cell reselection in functional division between AS and NAS is updated to add RAT restriction (similar to that of cell selection). 

[Propsoal-8]: The UE excludes the cell and other cells on the same frequency as a candidate for cell reselection if the highest ranked cell or best cell is not suitable due to forbidden area for roaming. It is FFS whether 300s is applied.

[Proposal-9]: Service area restriction is not considered as the criteria of suitable cell. Prioritization of the cells being part of allowed area over the cells being part of non-allowed area is FFS. 

[Proposal-10]: No need to broadcast additional id for service area (i.e. TA id is reused for service area identification). 

[Proposal-11]: If service area restriction is included in the criteria of suitable cell (opposite of P-9), similar mechanism as forbidden area for roaming case is required if the highest ranked cell or best cell is part of non-allowed area. 
[Proposal-12]: Cell-level quality derived from N best beams is applicable to measurement rules, S and R criterion. 

[Proposal-13]: No L3 specified filtering is applied to NR idle mode.

[Proposal-14]: In addition to N, threshold for candidate beams for N is configured by system information. 

[Proposal-15]: Linear averaging is used to derive cell-level quality from N beams for cell reselection. 

[Proposal-16]: RAN2 is asked to confirm for cell selection, N and threshold is left to the UE implementation. 

[Proposal-17]: Priority (including both dedicated and common priority) based inter-F/RAT cell reselection is applicable to NR idle mode.

[Proposal-18]: Speed dependent cell reselection is applicable to NR idle mode. 

[Proposal-19]: S criterion check in cell selection and reselection is applicable to NR idle mode.

[Proposal-20]: Ranking procedure among the candidate cells passing S criterion in cell reselection for intra-F and inter-F with the same priority is applicable to NR idle mode. 
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