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Introduction
This paper is an update of R2-1700388 from the last meeting addressing the topic of slice availability. The update addresses the latest progress in RAN2/3. The following agreed text was added/updated in RAN2/3 at the last meeting.

Current text in RAN3 TR (draft version 1.1.0 r3):
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.
Possible solutions for how slice availability may be handled during mobility may be discussed in the normative phase e.g.: 
-	Neighbours may exchange slice availability on the interface connecting two nodes, e.g. Xn interface between gNBs.
-	The core network could provide the RAN a mobility restriction list. This list may include those TAs which support or do not support the slices for the UE.
-	The slices supported at the source node may be mapped, if possible, to other slices at target node

Agreed RAN2 TP on slicing:
Support of Network Slicing relies on the principle that traffic for different slices is handled by different PDU sessions. Network can realise the different network slices by scheduling and also by providing different L1/L2 configurations. UE should be able to provide assistance information for network slice selection in RRC message, if it has been provided by NAS.
Editor’s note: it is FFS whether it is possible to provide different PRACH, access barring and congestion control information for different slices.
Editor’s note: the above agreements and FFS are also applicable for LTE connected to 5G-CN.

Discussion and proposals
According to RAN3 understanding all slices are not expected to be available in the whole network, however the slice availability will be consistent across the UE registration area. This means if a slice is available in one NR or LTE cell, it is at least available in all cells belonging to the same CN tracking area. This means that any changes to slice availability can be handled when the UE perform a CN level registration area change.
An open issue for RAN2 to address here is if slice availability should be provided to the UE and in that case how. 
It is an open issue in RAN2 if slice availability should be provided to the UE and in that case how. 
Several aspects of this needs to be considered:
· What is the use case for the UE to know slice availability?
· At initial PLMN/RAT/frequency/cell search selection
· At addition of a new slice (UE is already registered in the network)
· During active mode mobility
· For intra-frequency cell re-selection
· For inter-frequency or RAT cell re-selection
· How do we ensure a future proof solution enabling operator to deploy new slices at any time?

The next section analyses these use cases.
Analysis
Initial PLMN/RAT/frequency/cell search
The current principle for PLMN selection in E-UTRAN is that the “radio layer” in the UE reports up all detected PLMNs satisfying some radio criteria to the NAS layer (see 36.304). The NAS layer then performs the PLMN selection based on either automatic or manual methods (see 23.122). If the UE selects a PLMN that it for some reason is not allowed to access the network will reject the attach request with appropriate cause value (e.g. forbidden TA, PLMN not allowed). When the UE receives such reject messages it will look for other PLMNs. 
It is reasonable to adopt similar mechanism for PLMN selection for NR / LTE connected to 5G-CN. Details of this is expected to be handled by CT1 / SA2.
For slice selection it is reasonable that the UE first follow normal PLMN selection, and then request access to a slice. It is up to the CN to decide if the UE will get access to this slice, or if it will be assigned to another slice, or if it should be rejected. In case the UE is rejected it may perform a new PLMN selection. 
For this there should not be a need for the RAN to provide slice availability information to the UE, since:
· Which slices the UE may access is UE/subscription specific, so there anyway needs to be mechanism on the NAS layer to handle slice availability.
· Repeated NAS level request in the same area can be avoided using existing methods e.g. forbidden TA, PLMN not allowed. 
· It is not obvious that there would be signaling savings by providing slice availability on RAN level.
· It would maybe avoid some NAS level requests, but would come at the price of additional RAN signaling also when not needed.
· It may not be suitable to let slices directly override PLMN selection, i.e. it is likely that PLMN selection should be first criteria before slice selection, this also means that slice availability is not required to be provided on a RAN level.


It is assumed the UE should follow normal PLMN selection principles. Slice availability for the slice selection after the PLMN selection can be handled on the NAS layer.

At addition of a new slice 
In case the UE is already registered in the network and wants to add a new slice it seems reasonable that the UE performs this on the NAS layer. The CN can respond to if the slice is available in the UE registration areas. It could also handle cases when the slice is not supported in parallel with the current slice, or in cases the CN function need to be changed in order to support the current and new slice. All of this can be transparent for the RAN. RAN will be informed when the UE has been assigned a new slice. Also for this scenarios there is no need to provide slice info to the UE on RAN level. 

Signalling to add a new slice can be transparent for the RAN. Slice availability for this can be handled on NAS layer. RAN will be informed about which slices the UE has been assigned to after the NAS signalling. 

Slice availability during active mode mobility
This topic has been discussed in RAN3. Several possible solutions have been considered in TR 38.801. None of the solutions include informing the UE about the slice availability.

Slice availability during active mode mobility can be handled completely by the network not involving the UE. 
For intra-frequency cell re-selection
At the last meeting RAN2 agreed the following. 
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.

As can be seen by this agreement service based cell selection within a frequency should be avoided. I.e. the UE should always camp on a best cell (e.g. using radio criteria). The arguments against service based cell selection in the same frequency are many:
· UEs would generate more interference, which will have a negative impact on overall system performance
· Spectrum efficiency degradation due to UEs connecting to sub-optimal radio access implies that resource and capacity availability in other slices is also affected. This would cause that handling of UEs in one slice has an impact on resources in other slices
· UE would not camp on the best cell from a radio performance which could lead to worse end user performance, more handover failures, spotty service coverage etc. which will affect end user perceived performance and network KPIs
· Using something different than radio criteria for selecting cell makes it more difficult to plan the network, understand service coverage etc.

Slice based cell selection within a frequency band shall be avoided. 
No need to provide slice availability information to the UE on RAN level for intra-frequency slice selection. 
For inter-frequency/RAT cell re-selection
At the last RAN2 meeting it was agreed to support service based frequency selection. The cell should broadcast available services; which services is FFS. It is also FFS how this might apply for network slicing. 
In our view we think frequency selection based on slice availability can be supported under the following criteria:
· Given that in this case the UE is already registered in the network, the camping criteria should be under the control of the network (E.g. based on UE subscription information and network policies).
· The mechanism to handle this should be future proof enabling the possibility to add new slices in the future without requiring upgrades of all nodes / UEs. 
· The mechanism should scale e.g. allow the deployment of a large set of slices (e.g. hundreds) if required for business reasons.

To fulfil the criteria above it is not suitable that the slice availability is broadcasted for every slice. E.g. it would not scale, and would require updates to SIBs when new slices are added in the future. 
A better way would instead be to use dedicated signalling for configuring the UE RAT/frequency selection behaviour similar to what is done today in the IdleModeMobilityControlInfo IE in the RRC release message. In this way the dedicated signalling can contain RAT/frequency selection criteria which could be UE specific and based on information which slices the network is connected or is capable of being connected to. The UE however does not need to be aware of that this information is based on slice availability making the solution future proof since no updates are needed to add new slices.
Slice based cell selection between frequencies and RATs for registered UEs shall be controlled by the network using dedicated signalling. The network should handle slice availability aspects i.e. The UE does not need to be aware of that the RAT / frequency selection is based on slice availability.

Summary
As can be seen by previous section it is possible to avoid solutions where the RAN broadcast or send slice availability to the UE while still being able to handle cases where all slices are not supported everywhere. The advantages with this are significant:
· It reduces broadcast overhead or signalling, especially in case of many slices being used
· Keeping the UE unaware of slice available on the RAN level is future proof and will not require frequent standard changes to add new slices to the specs. It may also allow old UEs to based on configuration connect to new slices. 
The RAN should not provide slice availability information to the UE.
Slice availability can be handled on NAS level only.
Generic mechanism shall be defined for RAT/frequency selection within a PLMN which can be configured based on slice information, which however is transparent to the UE.

Conclusion
The following proposals are made:

1. It is assumed the UE should follow normal PLMN selection principles. Slice availability for the slice selection can be handled on the NAS layer after the PLMN selection.
1. Signalling to add a new slice can be transparent for the RAN. Slice availability for this can be handled on NAS layer. RAN will be informed about which slices the UE has been assigned to after the NAS signalling. 
1. Slice availability during active mode mobility can be handled completely by the network not involving the UE. 
1. Slice based cell selection within a frequency band shall be avoided. 
1. Slice based cell selection between frequencies and RATs for registered UEs shall be controlled by the network using dedicated signalling. The network should handle slice availability aspects i.e. The UE does not need to be aware of that the RAT / frequency selection is based on slice availability.
1. The RAN should not provide slice availability information to the UE.
1. Slice availability can be handled on NAS level only.
1. Generic mechanism shall be defined for RAT/frequency selection within a PLMN which can be configured based on slice information, which however is transparent to the UE.
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