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1
Introduction
Given that some slices may be available only in part of the network, how to handle the slice availability during mobility needs to be discussed in the normative work. In particular, some conclusions regarding awareness of slice availability in the source gNB have been achieved in RAN3 TR as follows [1],

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.
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.

In this contribution, we intend to discuss the effect of slice availability at the source node during mobility and relevant solutions of how to make the gNB aware of slice availability are presented.
2
Discussion
2.1
Impact of slice availability on mobility
Regarding the granularity of slice availability, it is assumed in SA2 that 
· the slice configuration does not change within the UE’s registration area [2], 
Following the temporary assumption made by SA2, we can foresee that there is not much impact on mobility of slice availability within a registration area. However, when the UE moves to the boundary of registration areas that support different slices, the effect of slice availability needs to be considered. As shown in Figure 1, registration area 1 is composed of several gNBs that are configured with network slice instance 1 and 2 while registration area 2 support network slice instance 2 and 3. In case the UE is associated with network slice 3 and HO is triggered, selection of the target node for subsequent mobility has impact on the slice service continuity. If cell B of gNB 2 is selected, the on-going PDU sessions related with slice 3 can be maintained. Otherwise, it may have to be terminated if Cell A of gNB1is selected. Provided that a cell may be reserved for a particular slice, e.g. IoT slice or a HF cell used for eMBB services, a registration area can be minimized to a cell. Therefore, it is reasonable for the gNB to be aware of slice availability of cells associated with a neighbouring gNB. Further, it is worth to mention that a slice may need to be re-mapped to another one that is less prefered at the target node to allow continued service under some circumstances, e.g. none of the candidate target node can support the particular slice. If the source node has the knowledge of slice availability and slice re-mapping policy, it can take this information into account for HO decision. More details for slice-remapping can be found in [3].
Observation 1: It is worthy of consideration for the source node to be aware of slice availability at the neighbouring nodes during connected mode mobility.

Observation 2: It is reasonable for the RAN node to be aware of slice availability of cells associated with a neighbouring RAN node.
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Figure 1. UE moves to the boundary of different registration areas
2.2
Handling of slice awareness of availability
Taking the discussions in previous subsection, we could think of procedures over Xn and NG interfaces so that slice awareness could be realized at the source node during connected mode mobility. In order to achieve this, cell capability of slice support and UE-specific rules for slice access can be adopted as principles to enable the handover decision while taking the slice factors into account.
· Slice Availability Exchange
Prior to handover execution, slice availability information can be included as part of application level configuration data needed for two gNBs to interoperate correctly the Xn interface. By obtaining the slice availability of neighbouring cells, the serving gNB node shall examine this information with the slices requested by the UE so as to make the handover decision on the suitable target node. According to description of Xn interface captured in RAN3 TR [1], slice availability exchange can be applied to the fowling procedures,
· Xn Step procedure may consider including the slice availability of part or all cells associated with the gNB, e.g. slice IDs supported or not supported by cells, as shown in Figure 2.
· New RAN Configuration procedure may consider including the updated slice availability of part or all cells associated with the gNB, e.g. slice IDs supported or not supported by cells, as shown in Figure 3.
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Figure 2. Examples of Xn Step procedure
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Figure 3. Examples of New RAN Configuration update
· Mobility Restriction
Recall the mobility restriction in LTE, the CN optionally provides the RAN with a Handover Restriction List that may contains forbidden TAs for intra LTE roaming restrictions. The eNB shall store the mobility restriction in the UE context and use the information message to determine a target for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE. Follow the working assumption that registration area may differ with another in terms of slice configurations, therefore the mobility restriction list can be used to reflect slice availability for the UE in a sense. In some cases, it can be used to guarantee the service continuity for a slice, e.g., the list can be extended to indicate the forbidden/allowed TAs for a particular slice. Based on the slice in use, availability information of neighbours and optional the mobility restriction list if provided, the serving gNB could select the candidate target gNBs for handover decision. This mechanism can be applied to NG and Xn interface procedures as follows,
· Initial Context Setup procedure may consider NGC to provide the slice-involved mobility restriction information to the gNB during the context and PDU session establishment at RAN as shown in Figure 4.
· Downlink NAS Transport message may consider NGC to provide the slice-involved mobility restriction information to the gNB, as shown in Figure 5.
· Handover Resource Allocation procedure should consider NGC to provide the slice-involved mobility restriction information to the gNB, as shown in Figure 6.

· Handover Resource Allocation procedure should consider source gNB to provide the slice-involved mobility restriction information to the target gNB, as shown in Figure 7.
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Figure 4. Examples of Initial Context Setup
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Figure 5. Examples of Downlink NAS Transport procedure
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Figure 6. Examples of Handover Preparation procedure
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Figure 7. Examples of Handover Preparation procedure

Proposal 1: It is feasible to adopt the slice availability exchange and mobility restriction as principles for slice awareness of availability.

Proposal 2: Capture the proposed Xn and NG interface procedures to enable slice awareness of availability at the gNB into RAN3 TS.

3
Conclusions
This contribution discusses the issue of slice awareness of availability in the RAN. In the above discussions, we have the following observations and proposals. 
Observation 1: It is worthy of consideration for the source node to be aware of slice availability at the neighbouring nodes during connected mode mobility.

Observation 2: It is reasonable for the RAN node to be aware of slice availability of cells associated with a neighbouring RAN node.

Proposal 1: It is feasible to adopt the slice availability exchange and mobility restriction as principles for slice awareness of availability.

Proposal 2: Capture the proposed Xn and NG interface procedures to enable slice awareness of availability at the gNB into RAN3 TS.
Based on above conclusions, we have the following proposal for the RAN3 TS.
References
[1] 3GPP TR 38.801, Study on New Radio Access Technology: Radio Access Architecture and Interface, RAN3
[2] 3GPP TS 23.501, System Architecture for the 5G System; Stage 2, SA2
[3] R3-171251, Further Discussion on Slice Re-mapping, Huawei, RAN3
_1550935911.doc






Xn SETUP RESPONSE(slice IDs supported



 or not supported by cells)















 gNB1



















































gNB2











BB











































Xn SETUP REQUEST(slice IDs supported or not supported by cells)




















_1551947239.doc


INITIAL CONTEXT SETUP REQUEST (mobility restriction)











NGC







gNB







INITIAL CONTEXT SETUP RESPONSE












_1551947278.doc






HANDOVER REQUEST ACKNOWLEDGE











target gNB



















































NGC











































HANDOVER REQUEST 



(mobility restriction)




























_1551947295.doc






HANDOVER REQUEST ACKNOWLEDGE











source gNB



















































target gNB











































HANDOVER REQUEST



(mobility restriction)



  (Slice-involved mobility restriction)



 (Slice-involved mobility restriction)
























_1551947256.doc


DOWNLINK NAS TRANSPORT



(mobility restriction)







NGC







gNB












_1550935915.doc






New RAN  CONFIGURATION UPDATE ACKNOWLEDGE















 gNB1



















































gNB2















































New RAN CONFIGURATION UPDATE



(slice IDs supported or not supported by cells)







(slice IDs supported or not supported by each cell)
























Registration area 1
NSI1 NSI2
NSI2 NSI3
Cell A of gNB1
Cell B of gNB2
Registration area 2



