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1
Introduction
After the RAN#75 meeting, a new WI was agreed that aims to introduce and specify functionality to connect the LTE radio access network (RAN) to the 5G core network (CN). The corresponding WI description [1] mentions enhancements, such as slicing, QoS, security etc. One of the topics discussed by RAN WG2 is how to implement and support a deployment case when the eLTE eNB is connected to both EPC and 5GC. More precisely, if a UE supporting both LTE and NR camps on the eLTE cell, then which NAS protocol it shall choose, whether it is possible to switch from one NAS protocol to another, etc. During the RAN#99 meeting several papers were contributed on this matter [3-5], and RAN WG2 made several basic agreements. 
Agreements

An LTE eNB can belong to multiple PLMNs and per PLMN the CN type can be: (1) EPC only, (2) both EPC and 5GC 

FFS: Whether connectivity to 5GC only should be supported.

FFS: Whether the type of CN connectivity is uniform across a PLMN, or across a TA of the PLMN, or can be per eNB.

After that RAN2#99 meeting, the following agreement was made by RAN2 WG2 based on submitted proposals [6-7], and the corresponding LS was sent to CT WG1 [8]. 

Agreements

1:
From RAN2 perspective we assume that selection between EPC and 5G-CN in the UE is performed by upper layers (i.e. it is not an AS function).

In this contribution we provide our further details on the overall framework for selecting the CN type when a UE camps on the eLTE cell, as well as how the network can control flexibly scenarios when a UE resorts for switching its CN type. The paper also delves into the stage3 specific details elaborating on which specification impact we might anticipate on RAN WG2 and CT WG1 side. 
2
E-UTRAN connected to 5G CN
2.1
Background information

As already captured in TS 23.501, SA WG2 has been considering a deployment option when the LTE eNB is connected to both EPC and 5G cores. As a result, if a UE supports both LTE and NR, then it can initiate its connection to the core network by means of either EPC or 5GC NAS protocol. In fact, as will be elaborated earlier, the question is not only about the initial CN type selection but also about a case when a UE starts to move from one cell to another, whereupon a UE may end up to an area where for instance 5GC connectivity is missing or, in the opposite case, is preferred by an operator.
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Figure 1: Architecture for migration scenario for EPC and 5G CN (from TS 23.501)

Referring to TS 23.501, it contains a note saying that "if a UE supports 5GC and if the eLTE eNB is connected to 5GC, then the 5G NAS protocol shall be used". Such an approach may result in sub-optimal functioning as a UE may constantly select 5GC even though the core network might consider using EPC for this UE. Such a design has several caveats which might result in following problems.

-
It has been already indicated by SA WG2 that not all the LTE features could be available for NR phase I. In fact, it is not clear either which features will be fully adopted for NR and/or whether they will provide exactly the same functionality. Furthermore, due to certain deployment and commercial reasons, there could be a long transient period when a certain feature is supported only by EPC, even though the corresponding functionality exists for NR. In this case, forcing a UE to select a particular CN type (either EPC or 5GC) is not efficient from the final system design perspective.

-
As it has been proposed in several contributions [3-5], there should be ideally a way to switch a UE from one CN type to another (e.g. by using the ATTACH REJECT message), which in principle solves the problem outlined earlier when a UE gets connected to 5GC while a particular service is enabled only for EPC. However, it should be noted that such a design might result in the delayed service establishment time. The RAN network uses to send a UE to IDLE after some inactivity time, from which a UE might select again 5GC if it always follows the rule that 5GC is preferred upon the RRC connection establishment. It means that a UE should ideally keep the network preference unless changed or overridden by further actions.

-
In addition, as a UE moves from one cell to another it may see different PLMNs with different CN types. Unless we assume that the same homogeneous configuration is enforced across the whole network, the UE might face a situation when it simply resorts for switching to a different CN type. At the same time, there could be the operator and network policy to keep a UE connected to EPC, even when the cell broadcast information indicates 5GC availability.

Based on these considerations, the following key requirements could be formulated for the CN selection process for the UEs supporting E-UTRA connected to 5GC:

1.
There should be a way to indicate initial preference for the CN type.
2.
There should be a way for the network to change current/preferred CN type.

3.
There should be a way for the UE to select and switch to a different CN type depending on the available PLMNs and CN types obtained from the cell system information.

To our technical understanding, the aforementioned requirements are very close (if not identical) to the existing PLMN selection procedure, whereupon a UE has a set of PLMN preferences and can switch from one PLMN to another depending on provided preferences and available PLMN information. In fact, as already decided by RAN WG2, the CN type is going to be an additional property of broadcast PLMN data, so it is more than logical that we utilize exactly the same framework for selecting the CN type. The AS reads cell system information and passes it to NAS, while NAS makes a joint decision for PLMN and CN type, triggering further actions for the NAS and AS layers.
Proposal 1a:
The UE AS layer reads system information and passes information on available RAT, PLMNs together with the CN type (if the latter is available) to upper layers.

Proposal 1b:
The upper layer selects RAT, PLMN and CN type, and indicates the decision to AS. 

In the next section we elaborate further on the overall framework and interaction between the RAN and CT specifications. In addition, we will provide further details on potential specification impact.

2.2
RAN WG2 specification impact

Referring to the excerpt from TS 36.304 presented in Annex A, the UE AS layer reads system information and reports available PLMNs to the upper layer, i.e. NAS. The latter makes a decision and triggers further actions at the NAS and AS layer, e.g. switching to a different PLMN.

From the overall framework perspective, there is no ultimate need to introduce any changes to TS 36.304 because the CN type can be viewed as a property of a particular PLMN. In fact, while passing available PLMNs to the upper layer the AS layer indicates the RAT from which it was taken, so in that sense PLMN information already has the RAT property (even though TS 36.304 does not mention it explicitly). Thus, we could follow the same line reasoning that PLMN information is effectively a logical container comprising the exact PLMN ID, RAT type, and CN type (if available), thus not requiring any changes in TS 36.304. On the other hand, one could argue that CN type indicator presence is not evident and thus the corresponding clarification is needed. 

Proposal 2:
Discuss whether TS 36.304 needs a clarification regarding the CN type indicator associated with the PLMN information. 

The section below presents further details on how the upper layer PLMN selection process can be extended to account for the CN type indicator.
2.3
CT WG1 specification impact

It should be noted that the PLMN selection procedure is captured in TS 23.122, sub-clause 4.4.3, for which the corresponding section already defines the basic principles for selecting a particular PLMN also accounting for the access technology, i.e. when the same PLMN is present for several different RATs or when different PLMNs are listed for different RATs. From that perspective the CN type is just yet another parameter that will be used to build a priority list, and the NAS can select PLMN, RAT and the CN type.

Referring to Annex B, current RAT/PLMN selection procedure orders all the available PLMNs in accordance to the preference list taken from the SIM data files provided by the operator. The same principle can be easily followed by introducing a new data file that will list operator preferences including the CN type. Of course, final details of the NAS PLMN selection procedure are up to CT WG1 discussion.
3
Conclusions
In this discussion paper we have elaborated on further technical details regarding the CN type selection procedure for LTE and NR capable UEs in a situation when a cell might belong to different core networks. According to our preliminary technical analysis, there is a need to have a proper CN selection framework that could be implemented as part of the PLMN selection procedure at the NAS layer. For that, the UE AS layer needs to pass information on available PLMNs including associated RAT and CN type. Then, the PLMN NAS selection procedure (as decided by CT WG1) can take this information into account and provide the decisions to the UE AS layer.

Proposal 1a:
The UE AS layer reads system information and passes information on available RAT, PLMNs together with the CN type (if the latter is available) to upper layers.

Proposal 1b:
The upper layer selects RAT, PLMN and CN type, and indicates the decision to AS.
Proposal 2:
Discuss whether TS 36.304 needs a clarification regarding the CN type indicator associated with the PLMN information.
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Annex A: TS 36.304
5.1
PLMN selection

In the UE, the AS shall report available PLMNs to the NAS on request from the NAS or autonomously.

During PLMN selection, based on the list of PLMN identities in priority order, the particular PLMN may be selected either automatically or manually. Each PLMN in the list of PLMN identities is identified by a 'PLMN identity'. In the system information on the broadcast channel, the UE can receive one or multiple 'PLMN identity' in a given cell. The result of the PLMN selection performed by NAS (see 3GPP TS 23.122 [5]) is an identifier of the selected PLMN.

5.1.1
Void

5.1.2
Support for PLMN selection

5.1.2.1
General

On request of the NAS the AS shall perform a search for available PLMNs and report them to NAS.

5.1.2.2
E-UTRA and NB-IoT case

The UE shall scan all RF channels in the E-UTRA bands according to its capabilities to find available PLMNs. On each carrier, the UE shall search for the strongest cell and read its system information, in order to find out which PLMN(s) the cell belongs to. If the UE can read one or several PLMN identities in the strongest cell, each found PLMN (see the PLMN reading in [3]) shall be reported to the NAS as a high quality PLMN (but without the RSRP value), provided that the following high quality criterion is fulfilled:

1.
For an E-UTRAN and NB-IoT cell, the measured RSRP value shall be greater than or equal to -110 dBm.
Found PLMNs that do not satisfy the high quality criterion, but for which the UE has been able to read the PLMN identities are reported to the NAS together with the RSRP value. The quality measure reported by the UE to NAS shall be the same for each PLMN found in one cell.
The search for PLMNs may be stopped on request of the NAS. The UE may optimise PLMN search by using stored information e.g. carrier frequencies and optionally also information on cell parameters from previously received measurement control information elements.
Once the UE has selected a PLMN, the cell selection procedure shall be performed in order to select a suitable cell of that PLMN to camp on.

If a CSG ID is provided by NAS as part of PLMN selection, the UE shall search for an acceptable or suitable cell belonging to the provided CSG ID to camp on. When the UE is no longer camped on a cell with the provided CSG ID, AS shall inform NAS.

Annex B: TS 23.122
4.4.3.1.1
Automatic Network Selection Mode Procedure

The MS selects and attempts registration on other PLMN/access technology combinations, if available and allowable, in the following order:

i)
either the HPLMN (if the EHPLMN list is not present or is empty) or the highest priority EHPLMN that is available (if the EHPLMN list is present) ;

ii)
each PLMN/access technology combination in the "User Controlled PLMN Selector with Access Technology" data file in the SIM (in priority order);

iii)
each PLMN/access technology combination in the "Operator Controlled PLMN Selector with Access Technology" data file in the SIM (in priority order);

iv)
other PLMN/access technology combinations with received high quality signal in random order;

v)
other PLMN/access technology combinations in order of decreasing signal quality.
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