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Abstract of the contribution: This contribution addresses KI#12 of the FS_CIoT_5G SI (inter-RAT mobility to/from NB-IoT) and proposes to replicate the concept agreed in Rel-14 in TR 23.730.
1
Discussion

Key Issue 12 in TR 23.724 is about inter-RAT mobility support to/from NB-IoT.
The Key Issue has a baseline, like EPS, the radio capabilities for NB-IoT are different to those for WB-E-UTRAN and NR, therefore 2 sets of capabilities are maintained. In the KI the SMF is also responsible for whether a PDU session is maintained, reconnected or released.

The open issues in the Key Issue list how to handle PDU sessions for idle mode mobility between NB-IoT connected to 5GC and WB-E-UTRAN connected to 5GC/EPC and NR connected to 5GC.

This contribution proposes to reuse the existing features, as outlined in the introduction to the Key Issue 12, in 5GS to handle NB-IoT idle mode mobility.
2
Text Proposal
It is proposed to capture following changes in TR 23.724.
**** Beginning of Changes ****
6.X
Solution X: NB-IoT idle mode inter-RAT mobility reusing EPS features
6.X.1
Introduction
This solution addresses KI#12 Inter-RAT mobility support to/from NB-IoT.

The Key Issue as a baseline assumes the radio capabilities for NB-IoT are different to those for WB-E-UTRAN and NR, therefore 2 sets of capabilities are maintained by the AMF. In the KI the SMF is also responsible for whether a PDU session is maintained, reconnected or released. Both of these aspects are described in this solution.

In order to support the baseline and architectural requirement from the key issue, the relevant features are reused from EPS for NB-IoT idle mode inter-RAT mobility.

6.X.2
Functional Description
6.X.2.1
General

Inter-RAT mobility to/from NB-IoT, follows the existing limitations in EPS and is limited to idle mode mobility only.
6.X.2.2
UE Radio Capability Handling

A UE only provides its NB-IoT radio capabilities to the network over NB-IoT and these are stored separately from radio capabilities from other RATs by the AMF.

When the UE Radio Capabilities are sent to the RAN, only the related capabilities for the RAT type the UE is using are sent to RAN, e.g. if the UE is using NB-IoT then only the NB-IoT radio capabilities are sent to RAN.

6.X.2.3
PDU Session Handling

PDU session handling is controlled by "PDU session continuity at inter RAT mobility information" in the UDM, which indicates per DNN/S-NSSAI whether to
-
maintain the PDU session

-
disconnect the PDU session with a reactivation request

-
disconnect the PDU session without reactivation request
-
leave it up to local VPLMN policy
when the UE moves between a "broadband" RAT (WB-E-UTRAN or NR) and a "narrowband" RAT (NB-IoT).
During PDU session establishment the SMF retrieves the "PDU session continuity at inter RAT mobility information" (if available) from the UDM. Local SMF configuration is used when the UDM provides no information. 
The AMF informs the SMF at an inter-RAT idle mobility event, e.g. between NB-IoT connected to 5GC and WB-EUTRAN or NR connected to 5GC about a RAT type change in the Nsmf_PDUSession_UpdateSMContext message during the Registration procedure. Based on this (h-)SMF handles the PDU session according to "PDU session continuity at inter RAT mobility information" from the UDM or based on local policy.
NOTE 1:
The “PDU session continuity at inter RAT mobility information” and “PDN continuity at inter-RAT mobility” subscription should be the same so that the PDU sessions/PDN connections are handled the same by both CN types. 
6.X.2.4
Determining RAT Type Change

Dedicated TAIs are used for NB-IoT; AMF ensures that the TAI list that is allocated either only contains TAIs of NB-IoT or other RAT types. This approach ensures that a Registration request is triggered when the UE moves to or from NB-IoT.

As documented in 23.502 [X], the AMF determines the RAT Type based on the Global RAN Node ID associated with the N2 interface. In other words, as per Rel-15 AMF distinguishes WB-EUTRA from NR based on the node type (gNB vs. NG-eNB).

By additionally considering the dedicated TAIs assigned for NB-IoT, the AMF distinguishes WB-EUTRA and NB-IoT (which are both served by an NG-eNB).
For mobility to EPC, the MME can continue to determine whether the RAT type has changed based on TAIs that can only be assigned to an NB-IoT RAT type or other RAT types, and a TAI List cannot mix NB-IoT RAT types with other RAT types.

When the RAT type has changed the SMF(s) are informed to allow them to update the PDU sessions accordingly. The SMF also stores the last RAT type to help with the PDU session handling.
6.X.3
Support of EPC interworking
Idle-mode mobility from 5GS to EPS and from EPS to 5GS is performed as per the procedure described in TS 23.502 [7] clause 4.11.1.3.2 and clause 4.11.1.3.3 respectively.
For Idle-mode mobility from 5GS to EPS, the “PDN continuity at inter RAT mobility” which is received in the subscription information from HSS is taken into account by the target MME to decide how to handle the PDU session. 
After the Idle-mode mobility from EPS to 5GS, SMF interacts with UDM to retrieve the subscription information for the PDU session, the "PDU session continuity at inter RAT mobility information" included in the subscription is taken into account by the SMF to decide how to handle the PDU session.
6.X.4
Procedures
6.X.4.1
RAT change with mobility between 5GC and EPC with N26

When idle mode inter-RAT mobility includes changing the core network type, i.e. between EPC and 5GC and vice versa, at the same time as changing RAT types no additional procedures are required.

The procedure for idle mode mobility towards EPC defined in TS 23.502 [7] clause 4.11.1.3.2 is reused (5GS to EPC handover with N26). When mobility towards EPC occurs, the MME performs the actions related to RAT type change defined in TS 23.401 [4], clause 5.3.3.1 (tracking area update procedure with S-GW change), i.e. take the “PDN continuity at inter RAT mobility” into account and perform the relevant actions.

The procedures for idle mode mobility towards 5GC defined in TS 23.502 [7] clause 4.11.1.3.3 (EPS to 5GC Mobility Registration using N26) are reused. If there is the subscription information for the PDU session in the SMF, the SMF then subsequently maintains, reconnects or releases the PDU session according to the “PDU session continuity at inter RAT mobility information”. If there is no subscription information for the PDU session in the SMF, SMF first retrieves the "PDU session continuity at inter RAT mobility information" from the UDM and then decides how to handle the PDU session.
6.X.4.2
RAT change with mobility between 5GC and EPC without N26

When idle mode inter-RAT mobility includes changing the core network type, i.e. between EPC and 5GC and vice versa, at the same time as changing RAT types no additional procedures are required.
The procedure defined in TS 23.501[5] clause 5.17.2.3.2 (Mobility for UEs in single-registration mode) is reused with the following addition:

-
If the network determines that the UE is changing RAT type, if the UE requests to relocate the PDU session from EPC to 5GC or 5GC to EPC, the SMF/MME uses the “PDU session continuity at inter RAT mobility” or "PDN continuity at inter-RAT mobility" information, respectively, in the subscription to determine whether to maintain the PDU session/PDN connection (if being handed over) or reject the PDU session request, with the relevant cause.

-
If the UE requested to move the PDU session and the “PDN continuity at inter RAT mobility” information indicated “disconnect the PDN connection with a reactivation request” the network should provide a suitable cause code to the UE so that it can request a new PDU session.

6.X.4.3
RAT change without mobility between 5GC and EPC

When the UE remains connected to 5GC but is performing idle mode inter-RAT mobility, the registration procedure defined in TS 23.502 [7], clause 4.2.2.2.2 is reused. As specific TACs are allocated for NB-IoT, the procedure is triggered by the UE when the UE moves between NB-IoT and "broadband" RAT (WB-E-UTRAN or NR). In this case the following steps are updated to account for the idle mode mobility:

-
Steps 4 and 5 fetch the MM context from the old AMF in the case of AMF change.

-
Step 17 is executed when RAT Type change occurs the Nsmf_PDUSession_UpdateSMContext service is used to inform the SMF(s) about the RAT type change for all PDU sessions where the UE has not released them. If any PDU session are released by the UE then the Nsmf_PDUSession_ReleaseSMContext is used instead as currently defined.
Step 17 of the procedure invokes steps 5 onwards, without the N11 and N2 interactions, of TS 23.502 [7] clause 4.2.3.2 (UE triggered service request). In the procedure when the SMF receives the indication that the RAT Type has changed it uses the stored “PDU session continuity at inter RAT mobility” information to determine whether to maintain the PDU session (if being handed over) or reject the PDU session request, with the relevant cause. 
6.X.4.4
Determining RAT Type Change

No additional procedures are required to determine RAT type change.
The RAT type the UE is currently using is stored in the UE context so that the AMF can determine that the RAT type has changed. The SMF also stores the current RAT type that a PDU session is using so it can determine whether the RAT type for the PDU session has changed.
6.X.5
Impacts on existing entities and interfaces
UDM:
-
The subscription data is updated to include “PDU session continuity at inter RAT mobility information”.
SMF:
-
Retrieval and use of “PDU session continuity at inter RAT mobility information” when PDU sessions are created.
-
Handle indication of idle mode inter-RAT mobility and update PDU Session(s) based on “PDU session continuity at inter RAT mobility information” or local policy.
AMF:
-
Retrieval and separate storage of NB-IoT radio capabilities and supply only the relevant radio capabilities depending upon the RAT type in use to RAN.
-
Determine RAT Type change based on Global RAN Node and TAIs.

-
Inform SMF about RAT Type change during the UE triggered registration procedure.
6.X.6
Evaluation

This solution addresses architectural baseline and requirements of Key Issue #12 while addressing the open issues for handling PDU sessions at idle mode inter-RAT mobility. The solution follows the principles use by EPC to determine the actions (maintain or disconnect, with or without reactivation request, or left to VPLMN policy) for a PDU session being stored in the subscription data or in the absence of subscription data local policy can be used.
**** End of Changes ****
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