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Discussion
1. Introduction
New Rel-17 SID on Study on enhancement of RAN Slicing was agreed at RAN#86 [1]. One of the objectives in this SID is to study necessity and mechanisms to support service continuity for intra-RAT handover service interruption as follows:
	…
1. Study mechanisms to enable UE fast access to the cell supporting the intended slice, including [RAN2]

a. Slice based cell reselection under network control
b. Slice based RACH configuration or access barring
 Note: whether the existing mechanism can meet this scenario or requirement can be studied.

2. Study necessity and mechanisms to support service continuity, including [RAN3]

a. For intra-RAT handover service interruption, e.g. target gNB doesn’t support the UE’s ongoing slice, study slice re-mapping, fallback, and data forwarding procedures. Coordination with SA2 is needed. 
…


In this contribution, we examine the use cases for this objective as well as the potential solutions discussed in NR study, and also provide our view on it.
2. Discussion
During the mobility, target NG-RAN node should perform slice-aware admission and congestion control if the slice information is sent to the target NG-RAN node. When the PDU sessions are associated with non-supported slices, the target NG-RAN node shall reject such PDU Sessions in Rel-15 and Rel-16. Therefore, this results in the interruption of the service continuity and bad user experience. To avoid this problem, one of the objectives in this SID is to study necessity and mechanisms to support service continuity for intra-RAT handover service interruption.
Since Rel-15, the underlying agreement is that the slice availability does not change within the UE's registration area (RA). For the intra-RA handover, as long as the Rel-15 agreement on slice availability exists, the target NG-RAN node will support the same slices as the source NG-RAN node. Basically, it seems that, the target NG-RAN node can always accept the PDU session(s) for the UE’s ongoing slices. However, there is one possibility to reject the PDU sessions for UE’s ongoing slices in intra-RA handover scenario when the target NG-RAN node does not have temporarily enough resources for that slices. This may cause the service interruption for that slice.
Observation 1: For the intra-RA handover, the target NG-RAN node may reject the PDU session for UE’s ongoing slice due to lack of the resource for the slice.
For the case of connected mode mobility (e.g., Xn-based or NG-based handover) across different registration areas, it is difficult to guarantee that the target NG-RAN node supports the same slices as the source NG-RAN node. Even if the 5GC is involved during the inter-RA handover procedure, there is no way to avoid this problem in Rel-15 and Rel-16. For instance, according to TS 23.502, if the NG-based handover changes the serving AMF, the target AMF can only reject the PDU sessions for the non-available S-NSSAI in that AMF as follows:

	Clause 4.9.1.3.2 in TS 23.502:
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…
4.
[Conditional] T-AMF to SMF: Nsmf_PDUSession_UpdateSMContext (PDU Session ID, Target ID, T-AMF ID, N2 SM Information).


For each PDU Session indicated by S-RAN, the AMF invokes the Nsmf_PDUSession_UpdateSMContext Request to the associated SMF. However, if the S-NSSAI associated with PDU Session is not available in the T-AMF, the T-AMF does not invoke Nsmf_PDUSession_UpdateSMContext for this PDU Session.

PDU Session ID indicates a PDU Session candidate for N2 Handover. Target ID corresponds to Target ID provided by S-RAN in step 1. SM N2 Info includes the Direct Forwarding Path Availability if the direct data forwarding is available between the S-RAN and the T-RAN and has been inserted by the S-RAN.


If the (T-)AMF detects that the UE moves into a non-allowed area based on Service area restrictions, the (T‑)AMF notifies each NF consumer which has subscribed for UE reachability event (e.g. SMFs corresponding to the list of PDU Sessions received in UE Context from (S-)AMF via Namf_EventExposure_Notify that the UE is only reachable for regulatory prioritized services.

…
12.
[Conditional] T-AMF to S-AMF: Namf_Communication_CreateUEContext Response (N2 information necessary for S-AMF to send Handover Command to S-RAN including Target to Source transparent container, PDU Sessions failed to be setup list, N2 SM information (N3 DL forwarding Information, PCF ID)).


AMF supervises the Nsmf_PDUSession_UpdateSMContext Response message from the involved SMFs. At expiry of the maximum wait time or when all Nsmf_PDUSession_UpdateSMContext Response messages are received, T-AMF sends the Namf_Communication_CreateUEContext Response to the S-AMF.


The PDU Sessions failed to be setup list includes the List Of PDU Sessions failed to be setup received from target RAN in step 10 and the Non-accepted PDU session List generated by the T-AMF.

Non-accepted PDU Session List includes following PDU Session(s) with proper cause value:

-
Non-accepted PDU Session(s) by the SMF(s);

-
Non-accepted PDU Session(s) by the AMF due to no response from the SMF within maximum wait time; and

-
Non-accepted PDU Session(s) by the AMF due to non-available S-NSSAI in the T-AMF, which is decided at step 4.

The Target to Source transport container is received from the T-RAN. The N2 SM Information is received from the SMF in step 11f.
…


As highlighted one above, even the AMF cannot re-map the non-available slices to another one in current specification. As a result, the target NG-RAN node or AMF will reject the PDU sessions for the non-supported slices. 
Observation 2: For the intra-RA handover, the target node (NG-RAN or AMF) may reject the PDU session for non-supported slice.
With the observations above, the following proposal is suggested to RAN3.
Proposal 1: It is proposed to capture the following use cases in the TR:
· For the intra-RA handover, the target NG-RAN node may reject the PDU session for UE’s ongoing slice due to lack of the resource for the slice;
· For the intra-RA handover, the target node (NG-RAN or AMF) may reject the PDU session for non-supported slice.
One of the possible solutions to enable the service continuity during the UE mobility is for the target NG-RAN node or AMF to remap the non-supported slices to another available one. During the NR study [2] in Rel-14, the RAN3 already studied the above use cases and captured the potential solutions for the slice remapping as follows: 
	Clause 8.1 in TR 38.801 [2]:

…
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. Examples of possible mapping mechanisms that can be studied in normative phase are:

-
Mapping by the CN, when there is naturally a signalling interaction between RAN and CN and performance is thus not impacted;
-
Mapping by the RAN as action following prior negotiation with the CN during UE connection setup;
-
Mapping by the RAN autonomously, when involving the CN would not be a practical solution and if prior configuration of mapping policies took place at RAN;
…


We think that at least, these solutions can be used as a baseline for this study. 
Proposal 2: It is proposed to capture the following potential solutions for the slice remapping in the TR:

· Mapping by the CN, when there is naturally a signalling interaction between RAN and CN;

· Mapping by the RAN as action following prior negotiation with the CN during UE connection setup;

· Mapping by the RAN autonomously, when involving the CN would not be a practical solution and if prior configuration of mapping policies took place at RAN.
Basically, the 5GC is responsible to validate that the UE has the rights to access a network slice and to select a network slice to serve the UE. The target node should not change the UE’s ongoing slices without confirmation of the 5GC. That is, the slice remapping solution requires the 5GC involvement. As mentioned before, however, only PDU Session removal of non-supported slices was supported in current SA2 specification. Therefore, it is needed to enhance the 5GC functionality to support the slice remapping solution. 
In addition, the SA2 SI on slicing enhancement [3] is still under discussion. One of key issues in this SA2 study is to introduce “network slice related quota on the maximum number of UEs”. The 5GC needs to know the current number of UEs accessing the specific network slice and check whether a registration request from a UE causes the quota to be exceeded. Therefore, even if the mapping policies are pre-configured at the NG-RAN, the AMF should check that this request for remapping violates or exceeds the remapped slice related quota. Therefore, we think that this solution gives more impact on SA2 working domain.
Proposal 3: It is proposed to add the editor’s note “Coordination with SA2 is needed.” for the slice remapping solution.
Proposal 4: It is proposed to agree the corresponding TP in [4].
3. Conclusion
In this contribution, we focused on use cases for intra-RAT handover service interruption due to non-supported slices and provided our view on it. The following proposals are kindly suggested to RAN3:
Proposal 1: It is proposed to capture the following use cases in the TR:
· For the intra-RA handover, the target NG-RAN node may reject the PDU session for UE’s ongoing slice due to lack of the resource for the slice;

· For the intra-RA handover, the target node (NG-RAN or AMF) may reject the PDU session for non-supported slice.
Proposal 2: It is proposed to capture the following potential solutions for the slice remapping in the TR:

· Mapping by the CN, when there is naturally a signalling interaction between RAN and CN;

· Mapping by the RAN as action following prior negotiation with the CN during UE connection setup;

· Mapping by the RAN autonomously, when involving the CN would not be a practical solution and if prior configuration of mapping policies took place at RAN.
Proposal 3: It is proposed to add the editor’s note “Coordination with SA2 is needed.” for the slice remapping solution.

Proposal 4: It is proposed to agree the corresponding TP in [4].
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