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1. Introduction
One of the functionalities of the 5G CIoT WID is the UE’s selection of a core network (CN) when the UE finds an E-UTRA cell that connects to both EPC and 5GCN. 

The selection of a CN is based on what is supported in EPC and in 5GCN for CIoT and more importantly the UE’s preferred network behaviour (PNB). This document discusses CN selection based on the UE’s PNB.

2. Discussion
According to TS 23.501, section 5.31.2:

The 5G Preferred Network Behaviour includes this information:

-
Whether Control Plane CIoT 5GS Optimisation is supported.

-
Whether N3 data transfer is supported.

-
Whether header compression for Control Plane CIoT 5GS Optimisation is supported.

Section 5.31.3 of TS 23.501 also states:

The UE selects the core network type (EPC or 5GCN) based on the broadcast indications for both EPC and 5GCN, and the UE's (5G) Preferred Network Behaviour. When the UE performs the registration procedure it includes its Preferred Network Behaviour (for 5G and EPC) in the Registration Request message and the AMF replies with the 5G Supported Network Behaviour in the Registration Accept message.

It is evident that the UE selects a CN based on the UE’s PNB, but a question that arises is how does a UE select a CN when there are different PLMNs each of which having different CIoT network support in EPC and 5GCN?

Note that in TS 23.122, section 4.4.3.1.1 (Automatic Network Selection Mode Procedure), the following is stated:

k)
In i to v, if the MS only supports control plane CIoT EPS optimization (see 3GPP TS 24.301 [23A]) and the UE camps on a E-UTRA cell which is not NB-IoT cell (see 3GPP TS 36.304 [43], 3GPP TS 36.331 [22]), the MS shall not consider PLMNs which do not advertise support of EPS services with control plane CIoT EPS optimization.

The above indicates that the UE considers (or does not consider) PLMNs based on what is supported by the UE and the network. However, for 5G CIoT, given that there can be different CN types possibly supporting different CIoT optimizations, the UE’s consideration of a PLMN/network is not just limited to what is supported but also what is preferred.

Observation 1: the selection of a CN is not just driven by what the UE and the network support, but more importantly by what the UE prefers. 

Consider the following scenario where there are multiple PLMNs with different CIoT optimizations in the CNs (EPC, 5GCN) of these PLMNs:

· PLMN A

· For EPC: RAN broadcasts {user plane CIoT EPS optimization} 

· For 5GCN: RAN broadcasts {extended DRX}

· PLMN B

· For EPC: the RAN broadcasts {extended DRX} 

· For 5GCN: the RAN broadcasts {extended DRX}

· PLMN C

· For EPC: the RAN broadcasts {user plane CIoT EPS optimization, control plane CIoT EPS optimization, extended DRX}

· For 5GCN: the RAN broadcasts {control plane CIoT 5GS optimization, extended DRX}

Furthermore, assume that UE has the following priorities for the PLMN/access technology combination in the "Operator Controlled PLMN Selector with Access Technology" data file in the SIM (see TS 31.102):

	PLMN ID
	Access Technology
	Priority

	PLMN A
	E-UTRAN in WB-S1 mode
	1

	PLMN A
	NG-RAN 
	2

	PLMN B
	E-UTRAN in NB-S1 mode, NG-RAN
	3

	PLMN C
	E-UTRAN in WB-S1 mode and NB-S1 mode, NG-RAN
	4


If the UE’s PNB is to use control plane CIoT optimization, then the UE will not have access to this service since, according to the existing PLMN selection procedure, the UE will select PLMN A as its highest priority but the CN (EPC) of PLMN A only supports user plane CIoT EPS optimization. Although PLMN C supports control plane CIoT optimization, which is what the UE prefers, the current PLMN selection procedure obliges the UE to select PLMN A.

Observation 2: the existing PLMN selection procedure can lead to cases in which the UE selects a PLMN (and a CN) that is not based on the UE’s PNB, and this is not in line with the stage 2 requirements for CN selection.
Proposal 1: Since the CIoT optimizations supported in the CNs can be different across different PLMNs, the UE should select a PLMN such that it can access a CN based on the UE’s PNB.

Proposal 2: The PLMN selection procedure should consider the UE’s PNB and not just the priority of the PLMN/access technology combination.

To solve the issue described above, a similar solution as what is already specified in 23.122 would be required but one that goes beyond just the supported CIoT optimizations. Specifically:

· the UE shall not consider the PLMNs that do not support the CIoT optimizations according to the UE’s PNB for both EPC and 5GC.

Proposal 3: The UE shall not consider the PLMNs that do not support the CIoT optimizations according to the UE’s PNB for both EPC and 5GC.

Proposal 4: If the UE selects a PLMN supporting the UE’s PNB for both EPC and 5GCN, and the USIM does not contain any prioritization between E-UTRAN and NG-RAN for the PLMN, which CN the UE selects (i.e. EPC or 5GCN) is up to UE implementation.

Proposal 5: If the UE cannot find any PLMN that supports CIoT optimizations according to the UE’s PNB for EPC and PNB for 5GS, the UE may select a PLMN without the above restriction in Proposal 3.

Coming back to what is already captured in bullet k) that is pasted earlier above from section 4.4.3.1.1 of TS 23.122, a similar text is required for UEs that only support control plane CIoT 5GS optimization i.e.:

· if the UE that only supports control plane CIoT 5GS optimization camps on an E-UTRA cell (connected to 5GCN) which is not NB-IoT cell, the UE shall not consider PLMNs which do not advertise support of control plane CIoT 5GS optimization
Proposal 6: if the UE that only supports control plane CIoT 5GS optimization camps on an E-UTRA cell (connected to 5GCN) which is not NB-IoT cell, the UE shall not consider PLMNs which do not advertise support of control plane CIoT 5GS optimization.

3. Conclusion

This document discussed the selection of a CN based on the UE’s PNB. 
If the UE first selects a PLMN before considering the PNB, the UE can end up in a PLMN where the supported CIoT features are not preferred. Hence, decoupling PLMN selection from the UE’s PNB can lead to such cases that are problematic for a UE since the preferred services are not available. This outcome is not in accordance with the stage 2 requirements which clearly state that a CN should be selected based on the UE’s PNB.
To resolve the identified problem for CIoT devices, the following proposals are made:

Proposal 1: Since the CIoT optimizations supported in the CNs can be different across different PLMNs, the UE should select a PLMN such that it can access a CN based on the UE’s PNB.

Proposal 2: The PLMN selection procedure should consider the UE’s PNB and not just the priority of the PLMN/access technology combination.

Proposal 3: The UE shall not consider the PLMNs that do not support the CIoT optimizations according to the UE’s PNB for both EPC and 5GC.

Proposal 4: If the UE selects a PLMN and the network supports the UE’s PNB for both EPC and 5GCN, how the UE selects between the EPC and 5GCN is up to UE implementation.

Proposal 5: If the UE cannot find any PLMN that supports CIoT optimizations according to the UE’s PNB for EPC and PNB for 5GS, the UE may select a PLMN without the above restriction in Proposal 3.

Proposal 6: if the UE that only supports control plane CIoT 5GS optimization camps on an E-UTRA cell (connected to 5GCN) which is not NB-IoT cell, the UE shall not consider PLMNs which do not advertise support of control plane CIoT 5GS optimization.

Document C1-192294 implements this proposal.
