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1
Introduction
In the stage 2 TS, key principle about slice availability is described as follows [1]. 
Slice Availability
-
Some slices may be available only in part of the network. Awareness in a gNB of the slices supported in the cells of its neighbouring gNBs may be beneficial for inter-frequency mobility in connected mode. If such awareness is also beneficial for intra-frequency mobility may be discussed in the normative phase. It is assumed that the slice configuration does not change within the UE’s registration area.
-
The RAN and the CN are responsible to handle a service request for a slice that may or may not be available in a given area. Admission or rejection of access to a slice may depend by factors such as support for the slice, availability of resources, support of the requested service by other slices.
Similarly SA2 agreed that the UE’s allowed S-NSSAIs are valid within the UE’s registration area [2]. 
· These S-NSSAIs are valid for the current Registration Area provided by the serving AMF the UE has registered with and can be used simultaneously by the UE (up to the maximum number of simultaneous Network Slices or PDU sessions)
· In this release it is assumed that the registration area allocated by the AMF to the UE shall have homogeneous support for network slices

In relation with the slicing availability, last RAN2 Adhoc meeting made the following agreements on idle mode operation [3]. 
Agreements

1
As in LTE, UE can prioritise a frequency based on service. On the selected frequency the UE attempts to camp on the best cell.

2
Suitability criterion: Cell quality is above a threshold; Cell is not barred; Cell belongs to selected/R (E) PLMN. Other conditions (if any) are FFS.

3
Cell broadcasts (e.g. in minimum SI) the service(s) supported by it.

FFS for which services (e.g. MBMS, CSG, V2X, URLLC) we apply this mechanism.

FFS how this might apply for the case of network slices.

FFS whether a cell may also broadcast service(s) supported in neighbouring frequencies.

In this document, given the current RAN2 agreements above as baseline, we further discuss the impact of network slice availability on idle mode mobility.
2
Discussion
2.1
Deployment of network slices
As agreed in [2], some slices may be available only in part of the network, e.g. deployed indoor for enterprise or shopping malls. Generally network slicing deployment is driven by factors of business and planning. It should be possible that not all RAN node/cell would deploy and support all the network slices per PLMN.
Observation 1: Different RAN nodes/cells may support different pre-configured network slices depending on business and planning factors.
Both SA2 and RAN3 currently assume that the slice configuration assigned to the UE is uniformly supported across the UE registration area. Based on [2], the registration area for 3GPP access corresponds to a TA list. Hence it can be concluded that the slice availability level is per TA(s) granularity. 
Observation2: Based on SA2/RAN3 agreements,  UE assumes that a network slice is available within its registration area. 
2.2
Cell (re)selection
In LTE, the UE shall regularly search for a better cell according to the cell reselection criteria. For inter-frequency with different priorities, the higher priority frequency is selected. For intra-frequency and equal priority inter-frequency, the R criteria is used and the cell ranked as the best cell is reselected. Though the details remain to be studied further in other groups e.g. in CT1/SA2, it is reasonable to assume that NR follows the same principles. 
Based on the observation 2, the UE assumes that its associated slices are supported by all cells within its registration area. Each time the UE performs registration area update, the CN could signal the supported slices (e.g. updating the NSSAI) supported by the new registration area to the UE. Hence within the registration area, when the UE performs cell (re)selection, the slice information is not needed. 
Observation 3: The UE performs cell (re)selection without taking slice information into account within its registration area.  
However, in order to support the slice deployment flexibility, the slice coverage may be limited to even one cell. Hence there are many cases that the UE’s registration area consists of only limited number of cells. As address in the email discussion, the slice-specific cells may be supported e.g., for URLLC services [4]. When the UE moves to the boundary of its registration area (RA) or when the radio condition becomes worse, it should determine which cells belonging camp on.  An example is given in Fig. 1, where the UE supporting network slice instance 1 (NSI1) moves to the boundary of two RAs supporting different slice instances. 
Below analyzes the intra-frequency and inter-frequency cell reselection respectively. 
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Fig.1. Example of UE moving to the boundary of two RAs supporting different slice instances
· Intra-frequency cell reselection
As discussed above, the intra-frequency reselection is based on ranking of cells with radio criteria. If slice or service policy is applied, for example, the UE prioritizes the cell which supports its slices even if the radio measurement result of this cell is not the best. Though this option lets UEs reselect the cell with supported slice, the UE could not camp on the best cell from radio performance. This may lead to more inter-cell interference, handover events, bad UE perceived performance. Unless it is proven to be necessary and effective to do so, this option should be avoided.   
Proposal 1: The idle UE performs intra-frequency cell reselection based on ranking of cells.  
· Inter-frequency cell reselection
The inter-frequency reselection is based on absolute priorities and the UE tries to camp on the highest priority frequency available. As agreed above, the UE can prioritise a frequency based on service and cell broadcasts (e.g. in minimum SI) the service(s) supported by it. 
Following the same principle, the UE can prioritise a frequency based on its supported slices. Based on its supported slices, the UE could take the slice information into account for inter-frequency selection. That is, the UE may consider the frequency which supports its associated or interested slices to be the highest priority regardless of the frequency priority broadcasted in the system information. 
Taken Fig. 1 as example, the UE associating NSI1 could reselect and camp on the cell belonging to the RA1 if it is aware that the inter-frequency band of RA1 supports NSI1. 
Proposal 2: The idle UE prioritises the frequency based on slices information for inter-frequency cell reselection.
2.3
How UEs are aware the slice availability? 
Similar to LTE where the cell broadcasts its supported services/frequencies and sends the dedicated signalling for redirection purpose, two candidate solutions for slice availability are given as follows
· Option 1: System information 
The supported set of slices could be given in system information. It is already agreed that cells could broadcast its supported services. Following the same principle, the cell may broadcast the S-NSSAIs or RAN part IDs. However, as discussed in the email discussion, the RAN solutions supporting network slicing should ensure scalability feature with more slices in the future in [4]. Also the broadcasting may expose the operator deployment. Hence it is not suggested to broadcast the detailed exact slice information in terms of S-NSSAI. Hence one potential solution is for RAN to broadcast the SST or RAN part of network slice ID, which is used for RAN handling. The details could be found in [5]. 
· Option 2: Dedicated signalling 
The supported set of slices could be provided in dedicated signalling e.g., RRC or NAS procedure. For example, when the UE attaches to the network or performs TAU, the CN could provide the slice related allowing or forbidden list to the UE. This list includes those TAs and their supported or forbidden slices for the UE. This could be fulfilled by Mobility Restrictions function.  
Further, the RRC release message could be used similar to what LTE does. When the idle UE transits to active mode, the RAN node may recognize that the requested slices are not supported in the serving frequency or cell but is supported in another frequency or cell. The UE is instructed to return to idle, and then performs cell reselection following the redirected frequency or cell. This could be done by IdleModeMobilityControlInfo or RedirectedCarrierInfo IE in RRC release message.
Proposal 3: The potential solution for idle UE to be aware slice availability could be system information and/or dedicated signalling. 
3
Conclusions
This contribution analyzes the impact of slice availability on IDLE mode.  The following observations and proposals are made.
Observation 1: Different RAN nodes/cells may support different pre-configured network slices depending on business and planning factors.
Observation2: Based on SA2/RAN3 agreements, UE assumes that a network slice is available within its registration area. 
Observation 3: The UE performs cell (re)selection without taking slice information into account within its registration area.  
Proposal 1: The idle UE performs intra-frequency cell reselection based on ranking of cells.  
Proposal 2: The idle UE prioritises the frequency based on slices information for inter-frequency cell reselection.
Proposal 3: The potential solution for idle UE to be aware slice availability could be system information and/or dedicated signalling. 
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