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Abstract of the contribution: This paper proposes a solution to address the requirements of KI15: Core Network selection for Cellular IoT.
1
Discussion

Key Issue 15: Core Network selection for Cellular IoT aims to study how to inform the UE whether and which 5GS CIoT features are available in 5GC, and how to steer the UE to EPC or 5GC based on operator policies or load conditions if the CIoT features required by the UE are supported in both EPC and 5GC. The requirements regarding this KI include: 
a) “It shall be possible for a UE supporting CIoT features to discover whether 5G CIoT feature(s) are supported in 5GC via NB-IoT/WB-E-UTRA access, and to perform core network selection between EPC and 5GC based on such discovery.”
b) “It shall be possible for the RAN to take into account CIoT feature indication(s) from the UE to perform AMF selection.”
c) “Upon UE selecting 5GC, it shall be possible for the 5GC, based on e.g. operator policy or load conditions, to redirect the UE to EPC, and vice versa.”
d) “Upon redirecting the UE to EPC, it shall be possible for the EPC to prevent idle and connected mode mobility to 5GC, and vice versa.” 
In E-UTRA the EPS CIoT optimisations that the UE can use is broadcast in SIB2. An eMTC/NB-IoT UE informs the eNB of the EPS CIoT optimisations it supports during RRC connection setup to assist the eNB for MME selection. 
In 5G the UE should also be able to discover whether the 5GS CIoT optimisations are supported or not. This is also the requirement a). To solve this issue, the 5G CIoT Optimisations supported by the network are broadcast by ng-eNB, as depicted in the Figure 1:
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Figure 1: Discovery of 5G CIoT optimisations 
Proposal 1: The ng-eNB shall broadcast the 5GS CIoT optimisations supported by the network. The UE selects a core network type (5GC or EPC) taking into account the CIoT optimisations broadcast for each network type and which optimisations the UE supports, prefers. Similar information is also broadcasted by the gNB.
When the UE accesses the cell the ng-eNB can determine which network type (5GC or EPC) to use per 5G NAS indication. It may be that not all AMFs support the CIoT optimisations. In order to assist the AMF selection (requirement b) above), the UE indicates during RRC connection establishment which CIoT optimisations it supports, as shown in Figure 2.
Editor's note: The type of CIOT optimisation supported at 5GC is FFS. 
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Figure 2: Selection of AMF at RAN

Proposal 2: The UE informs the ng-eNB of the 5GS CIoT optimisations it supports during RRC connection setup to assist the ng-eNB for AMF selection.

For redirection between EPS and 5GS (requirements c) & d) above), the RRC Redirection or Handover procedure can be used. The AMF sends N2 message to RAN with CIOT Inter RAT Redirection indication. Per operator’s configuration, RAN selects either the handover procedure or RRC redirection procedure to move the UE to different RAT. 
If the handover procedure is selected, NR-RAN selects the E-UTRAN cells and triggers the 5GS to EPS handover procedure with a CIOT Inter RAT Redirection indication in the HO procedure. During the HO procedure, RAN will notify UE the CIOT Inter RAT Redirection indication in the HO COMMAND to the UE. When the UE receives this indication it shall include the CIOT Inter RAT Redirection indication at the TAU procedure after HO procedure. The MME should not steer the UE back to 5GC when such CIOT Inter RAT Redirection indication is received. This is depicted in the Figure 3:
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Figure 3: Redirection to EPC using HO procedure
If the RRC redirection procedure is selected, the RAN can trigger the AN Release via inter-system redirection to EPS with a CIOT Inter RAT Redirection indication in AN Connection Release message to UE, the UE will trigger the 5GS to EPS mobility procedure. As part of this 5GS to EPS mobility procedure, the UE shall include the CIOT Inter RAT Redirection indication in the TAU/Attach procedure. The MME should not steer the UE back to 5GC when such the CIOT Inter RAT Redirection indication is received from 5GC. This is depicted in the Figure 4:
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Figure 4: Redirection to EPC using AN Release procedure
Similar procedures are used to redirect a UE from EPC to 5GC, where the CIOT Inter RAT Redirection indication is sent to the UE and the UE switches to 5GC.
NOTE: NB-IoT can only use the RRC redirection procedure.
Proposal 3: If AMF decides to redirect a UE to EPC from 5GC, the AMF can request RAN to steer the UE to EPC using handover or AN Release procedure. The RAN will select the E-UTRAN cells and trigger the 5GS to EPS handover procedure with the CIOT Inter RAT Redirection indication to UE in the HO COMMAND, or the RAN will trigger AN Release with CIOT Inter RAT Redirection indication to UE in AN Connection Release.
2
Proposal

It is proposed to approve the changes to TR23.724 listed below.
*** Start of changes ***

6.X
Solution Y: Core Network Type and Node Selection for CIoT UE 
6.X.1
Introduction
This section presents a solution for Key Issue 15: Core Network selection for Cellular IoT. It addresses the requirements captured in the key issue to support core network type selection at UE, core network node selection at RAN, AMF and MME.

6.X.2
Functional Description

The ng-eNBs and gNBs broadcast the 5G CIoT optimisations supported by the 5GS. The UE selects a core network type (5GC or EPC) taking into account the CIoT optimisations broadcast for each network type and which optimisations the UE supports, prefers.

The UE shall inform RAN of the CIoT optimisations it supports during the RRC connection establishment procedure and the RAN will take those optimisations supported by UE into account for AMF selection.

When the UE performs the registration procedure it includes its Preferred Network Behaviour. The Preferred Network Behaviour indicates the Network Behaviour the UE can support and what it would prefer to use.
If the UE supports 5G CIoT optimisations and/or EPC CIoT optimisations, when 5GC is selected, the UE shall indicate its Preferred Network Behaviour 5GC in Registration request message. Based on operator policy, load conditions, Preferred Network Behaviour the AMF may determine whether to redirect UE to EPC. If the AMF decides to redirect the UEs to EPC, the AMF can indicate the RAN to steer the UE to EPC, and the RAN will either:

-
Redirect using handover (eMTC only):

Select the E-UTRAN cells, and trigger the 5GS to EPS handover. As part of this handover, the RAN will include the CIOT Inter RAT Redirection indication in the HO COMMAND to the UE. During the subsequent TAU procedure, the UE includes the “CIOT Inter RAT Redirection” indication. The serving MME will not redirect UE back to 5GC based on this indication. 

-
Redirect using AN Release:

Trigger AN Release via inter-system redirection to EPS. The UE switches to use EPC, and then triggers the 5GS to EPS mobility. As part of this mobility procedure, the UE will notify MME the “CIOT Inter RAT Redirection” indication. The serving MME will not redirect UE back to 5GC based on that indication.
Same mechanism as above is used to redirect UE from EPC to 5GC, with the following difference:

-
UE shall indicate its Preferred Network Behaviour in Attach/TAU request message during Attach/TAU procedure.

-
If redirect using handover (eMTC only), the RAN selects the NR cells and triggers the EPS to 5GS handover procedure. During the subsequent registration procedure, the UE include the “CIOT Inter RAT Redirection” indication. The serving AMF will not redirect UE back to EPC based on this indication.

-
If redirect using Release, the RAN will S1 Release procedure and include the CIOT Inter RAT Redirection indication in the RRC Connection Release to the UE. The UE triggers the EPS to 5GS mobility procedure. As part of this mobility procedure, the UE will notify AMF the “CIOT Inter RAT Redirection” indication. The serving AMF will not redirect UE back to EPC based on that indication.
6.X.3
Support of EPC interworking
Consistent with existing EPS-5GS interworking scenarios in TS 23.501 [5] and TS 23.502 [7] with the enhancements as following:

-
In case of redirecting UE to EPC, the RAN triggers the 5GS to EPS handover with CIOT Inter RAT Redirection in the HO COMMAND to the UE and the UE will include the “CIOT Inter RAT Redirection” indication at subsequent TAU to the EPC.

-
In case of redirecting UE to EPC, the RAN will trigger AN Release via inter-system redirection to EPS and the UE triggers the 5GS to EPS mobility with a “CIOT Inter RAT Redirection” indication to the EPC.

-
In case of redirecting UE to 5GC, the RAN triggers the EPS to 5GS handover with CIOT Inter RAT Redirection in the HO COMMAND to the UE and the UE will include the “CIOT Inter RAT Redirection” indication at registration to the 5GC.

-
In case of redirecting UE to 5GC, the RAN will trigger S1 Release with the CIOT Inter RAT Redirection in the RRC Connection Release to the UE and the UE triggers the EPS to 5GS mobility with a “CIOT Inter RAT Redirection” indication to the 5GC.

A legacy MME is not required to provide the 5GC redirection function. Upgraded MMEs shall not steer the UE to 5GC when “CIOT Inter RAT Redirection” indication is received.
6.X.4
Procedures

6.x.4.1
Core network type selection at UE and AMF selection at RAN

If an eNB supports connections to both EPC and 5GC it broadcasts that it can connect to both and an 5GC and EPC capable UE shall select a core network type (EPC or 5GC) before initiating the corresponding NAS procedure. 

For core network type selection at UE, the Preferred Network Behaviour, and CIoT optimisations discovered through the broadcast information from camped cell shall be taken into account.

For AMF selection at RAN, the CIoT optimisations indicated by the UE at RRC layer shall be taken into account for AMF selection.
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Figure 6.x.4.1‑1: Core network type selection at UE and AMF selection at RAN

1.
The ng-eNB is connected to both EPC and 5GC, and broadcasts the following information:
-
5GC Connected Indication: indicate that it can connect to 5GC,

-
EPC CIoT optimisations that the network supports (eMTC only), e.g., up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, and
-
5GC CIoT optimisations that network supports.

Editor's note: The type of CIOT optimisation supported at 5GC is FFS.
2.
The UE selects the core network type (EPC or 5GC) based on the broadcast indications for both EPC and 5GC, and the UE’s Preferred Network Behaviour.

3.
5GC is selected and the UE indicates the CIoT optimisations supported by UE, which is used for AMF selection, to eNB at RRC layer.
4.
Considering the CIoT optimisations supported information received from UE, the eNB selects an AMF.

5.
The eNB sends Initial UE Message to the selected AMF. 

6.X.4.2
Redirect UE to EPC using 5GS to EPS HO procedure

Based on operator policies or load conditions, and the Preferred Network Behaviour, the AMF determines to steer the UE to EPC. If the network supports the 5GS to EPS HO procedure, the AMF triggers the following procedure:
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Figure 6.x.4.2‑1: Redirect UE to EPC using 5GS to EPS HO procedure

1.
The UE indicates its Preferred Network Behaviour to the AMF during Registration procedure. The AMF store that information. 
2.
Based on operator policies or load conditions, as well as the Preferred Network Behaviour the AMF determines to steer the UE to EPC.

3.
The AMF requests the source RAN to redirect the UE to EPC by sending a N2 request with “CIOT Inter RAT Redirection” indication.
4.
5GS to EPS handover procedure as specified in clause 4.11.1.2.1 of TS 23.502 is performed. As part of this handover, the UE receives a Handover Command with “CIOT Inter RAT Redirection” indication and tries to connect to a cell that supports EPC. The CIOT Inter RAT Redirection Indication indicates that the handover is triggered due to CIOT Inter RAT change.
5.
During the subsequent TAU procedure, the UE sends the TAU request (CIOT Inter RAT Redirection).


The “CIOT Inter RAT Redirection” Indication indicates this TAU is initiated due to CIOT Inter RAT change.

6.
If the UE successfully registered to the EPC, the serving MME would not steer the UE back to 5GC according to the “CIOT Inter RAT Redirection” Indication.

6.X.4.3
Redirect UE to 5GS using EPS to 5GS HO procedure

Based on operator policies or load conditions, and the Preferred Network Behaviour the MME determines to steer the UE to 5GC. If the network supports the EPS to 5GS handover procedure, the MME triggers the following procedure:
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Figure 6.x.4.3‑1: Redirect UE to 5GS using EPS to 5GS HO procedure

Same mechanism as clause 6.x.4.2, MME replaces the AMF, and AMF replaces MME, with the following difference:

1.
The UE indicates the Preferred Network Behaviour to the MME during Attach/TAU procedure.
2.
Based on operator policies or load conditions, as well as the Preferred Network Behaviour the MME determines to steer the UE to 5GC.

4.
EPS to 5GS handover procedure as specified in clause 4.11.1.2.2 of TS 23.502 is performed. As part of this handover, the UE receives a Handover Command with “CIOT Inter RAT Redirection” indication and tries to connect to a cell that supports 5GC. 
5.
During the subsequent registration procedure, the UE sends the registration request (CIOT Inter RAT Redirection Indication).

6.X.4.4
Redirect UE to EPC using AN Release procedure

Based on operator policies or load conditions, and the Preferred Network Behaviour, the AMF determines to steer the UE to EPC. If the network doesn’t support the 5GS to EPS HO procedure or the UE is a NB-IoT and 5G capable UE, the AMF triggers the following procedure:
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Figure 6.x.4.4‑1: Redirect UE to EPC using AN Release procedure

1.
The UE indicates its Preferred Network Behaviour to the AMF during Registration procedure. The AMF store that information. 
2.
Based on operator policies or load conditions, as well as the Preferred Network Behaviour the AMF determines to steer the UE to EPC.

3.
The AMF requests the source RAN to redirect the UE to EPC by sending a N2 request with “CIOT Inter RAT Redirection” indication.
4.
The source RAN triggers AN Release via inter-system redirection to EPS as specified in clause 4.2.6 of TS 23.502. As part of this procedure, the UE receives an AN Connection Release with CIOT Inter RAT Redirection Indication which indicates to UE that the release is triggered due to CIOT Inter RAT change.
5.
5GS to EPS mobility procedures as specified in clause 4.11.1.3.2 or clause 4.11.2.2 of TS 23.502 is performed. As part of this procedure, the UE will send the Attach/TAU request with additional “CIOT Inter RAT Redirection” Indication. 


“ CIOT Inter RAT Redirection” Indication indicates this mobility procedure is initiated due to CIOT Inter RAT change.
6.
If the UE successfully registered to the EPC, the serving MME would not steer the UE back to 5GC according to the “CIOT Inter RAT Redirection” Indication.

6.X.4.5
Redirect UE to 5GS using S1 Release procedure

Based on operator policies or load conditions, and the Preferred Network Behaviour the MME determines to steer the UE to 5GC. If the UE doesn’t support the EPS to 5GS handover or the UE is an NB-IoT and 5G capable UE, the MME triggers the following procedure:
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Figure 6.x.4.5‑1: Redirect UE to 5GS using S1 Release procedure

Same mechanism as clause 6.x.4.4, MME replaces the AMF, and AMF replaces MME, with the following difference:

1.
The UE indicates the Preferred Network Behaviour to the MME during Attach/TAU procedure.
2.
Based on operator policies or load conditions, as well as the Preferred Network Behaviour the MME determines to steer the UE to 5GC.

4.
EPS to 5GS mobility procedures as specified in clause 4.11.1.3.3 or clause 4.11.2.3 of TS 23.502 is performed. As part of this procedure, the UE receives the RRC Connection Release with CIOT Inter RAT Redirection Indication
5.
During the subsequent registration procedure, the UE sends the registration request (CIOT Inter RAT Redirection Indication).

6.X.5
Impacts on existing entities and interfaces

Enhancements on UE include the following:

-
Core network type selection based on UE’s Preferred Network Behaviour, and CIoT optimisations broadcast by the eNB that connects to both EPC and 5GC;

-
Indicate the Preferred Network Behaviour to the MME during attach/TAU procedure or to AMF during registration procedure; 

-
Indicate the CIoT optimisations supported by UE, which is for AMF selection, to RAN during the RRC connection establishment procedure;
Enhancements on RAN include the following:

-
Take the CIoT optimisations supported information from UE into consideration in case of AMF selection;

-
Trigger the EPS to 5GS handover procedure or S1 Release via inter-system redirection to 5GS as indicated by MME with a new cause CIOT Inter RAT Redirection;

-
Trigger the 5GS to EPS handover procedure or AN Release via inter-system redirection to EPS as indicated by AMF with a new cause CIOT Inter RAT Redirection;

Enhancements on MME include the following:

-
Indicate RAN to redirect UE to 5GC if the MME decides to steer the UE to EPC based on operator policies and load conditions, as well as the UE’s Preferred Network Behaviour;

-
Take the Preferred Network Behaviour into consideration in case of AMF selection;

-
If “CIOT Inter RAT Redirection” indication is received, don’t steer UE to 5GC;
Enhancements on AMF include the following:

-
Indicate RAN to redirect UE to EPC if AMF decides to steer the UE to EPC based on operator policies and load conditions, as well as the Preferred Network Behaviour;

-
Take the Preferred Network Behaviour into consideration in case of MME selection;

-
If “CIOT Inter RAT Redirection” indication is received, don’t steer UE to EPC;
6.X.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.
*** End of changes ***
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