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Introduction
This contribution discusses core network selection (i.e. the selection between EPC and 5GC) during idle mode mobility and the required AS-NAS interaction in TS 36.304.
Discussion
An important principle for idle mode mobility is that the UE should always camp on the strongest cell within a carrier. The rationale for this principle is that it results in the best user performance and minimizes inter-cell interference.
If the core network is selected as part of the PLMN selection, as proposed e.g. in [1], there is a risk that the above principle is violated. The reason is that E-UTRA cells with the wrong core network type are excluded in the cell selection/re-selection which may cause the UE to end up on a non-optimal cell. For example, if the UE selected (PLMN A, LTE/5GC) in the PLMN selection and then moves within PLMN A from an LTE/5GC area into an LTE/EPC only area, the UE may select a weak LTE/5GC cell instead of a strong LTE/EPC cell. If the LTE/5GC and LTE/EPC cell are using the same carrier, the UE will cause unnecessary interference to the LTE/EPC cell.




If the core network type is set during PLMN selection and is used as cell suitability criterion, the UE may select/re-select to a cell which is not the strongest cell on the carrier, causing additional inter-cell interference.
To avoid this problem two options can be considered.
Option 1
The first option is to only allow the UE to select/re-select to the LTE/5GC cell if it is the strongest cell on the carrier. Another way of expressing this is to say that the UE shall discard all weaker cells on a carrier whenever the strongest cell is discarded. Formulated in this way, we see that it is very similar to how cells with invalid PLMN ID or invalid TA are treated in TS 36.304:

	[bookmark: _Toc510351405]5.2.4.4	Cells with cell reservations, access restrictions or unsuitable for normal camping
<…>
If the highest ranked cell or best cell according to absolute priority reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of forbidden TAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300s. If the UE enters into state any cell selection, any limitation shall be removed. If the UE is redirected under E-UTRAN control to a frequency for which the timer is running, any limitation on that frequency shall be removed.
<…>



A consequence of discarding the weaker cells on a carrier may be that no suitable E-UTRA cell with the given core network type can be found. In this case the UE will search for suitable cells on other RATs and if also this fails, the UE will enter “Any cell selection state” where it will try to find an acceptable cell of any PLMN to camp on, trying all RATs supported by the UE. Since the goal of this search is to find a cell where the UE can obtain limited service (originate emergency calls and receive ETWS and CMAS notifications), it is reasonable to allow the UE to remove the core network restriction and camp on cells with any type of core network.  Once an acceptable cell is found the UE enters the “Camped on Any cell state” where it will regularly search for a suitable cell. Whether the core network restriction should be re-applied or if the UE should accept cells with any kind of core network when searching for suitable cells in the “Camped on Any cell state” is FFS. 
Option 2
The second option is to select the core network as part of the cell selection/re-selection instead of during the PLMN selection. Basically, every time the AS layer selects/re-selects to a new cell the supported core network types are reported to the NAS layer which then selects one of them. If this is the first time a core network type is selected or if the core network type changes, NAS will also trigger a registration request to register the UE onto the new core network. Since the core network type is no longer part of the cell suitability criterion, this approach ensures that the UE always camps on the best cell on a given carrier.
Unlike in the first option it is no longer possible to restrict the cell search to a given core network type. For example, AS may select/re-select to a LTE/EPC only cell which would force NAS layer to select EPC, even though we would rather have preferred the UE to continue the cell search for LTE/5GC cells. This causes a problem for the following scenarios where would like to restrict the core network type: 
· If PLMN selection information with prioritization is provisioned in the USIM, the UE may want to prioritize NG-RAN over E-UTRAN (or vice versa) in the PLMN selection.
· The UE can disable N1 mode (i.e. LTE/5GC) to access functionality provided in EPS but not in 5GC (e.g. IMS voice).
· The network can disable N1 mode in the initial NAS registration (with error cause “N1 mode not allowed” as specified in TS 24.501)
The last two scenarios could potentially be solved by letting the UE mimic the behaviour of a legacy EPC only UE. The UE would then always select EPC as the core network and any 5GC only cell would appear as barred. However, for the first scenario there doesn’t appear to be any straightforward solution. One potential solution could be to let the network re-direct the UE to the preferred core network (using handover or release with re-direct) but this requires that the network is aware of the settings on the USIM, which may not always be the case. It also does not solve the case where the user manually selects the access technology in the PLMN selection.
Some use cases (e.g. PLMN selection with access technology prioritization) requires that the core network type is set during PLMN selection.
Conclusion
Since there are scenarios where we would like to restrict the cell search to certain core network type, we propose to specify option 2:
The core network type can be set by NAS during PLMN selection and is verified at cell selection/re-selection as part of the cell suitability check
If the strongest cell on a carrier is discarded in the cell re-selection due to an invalid core network type, all weaker cells on that carrier should be discarded as well (i.e. same approach as used for cells with invalid PLMN ID or invalid TA).
RAN2 to discuss how to handle the core network type restriction in the “Any cell selection” and “Camped on any cell” states.
A question that needs to be resolved is whether NAS always indicates the core network type at PLMN selection or if it can be omitted. It should also be discussed if NAS can indicate multiple core network types to AS. If no core network type is set or if multiple core network types are set by NAS, it seems reasonable to follow option 2, i.e., AS considers any cell as valid in the cell selection/re-selection and then reports the core network type(s) of the selected cell to NAS which does the selection.
RAN2 to discuss if NAS is required to set the core network type at PLMN selection and whether more than one core network type can be set.
If no core network type is set or if multiple core network types are set at PLMN selection, the core network is selected as part of the cell selection/re-selection, i.e., AS reports the supported core network types of the current cell to NAS which selects one of them.
A TP for TS 36.304 based on the TP in [1] and implementing P1-P2 can be found in the Appendix.  
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[bookmark: _Ref512858981]Annex
This annex contains a TP for TS 36.304 implementing Proposal 1 and 2 in this paper. Changes are made on top of the TP in [2] using the author Ericsson. Note that the TP assumes that a core network type is always set at PLMN selection and that there is only core network type set. This assumption may need to be revised depending on the outcome of Proposal 4.
<First change>
[bookmark: _Toc494128753]4.1	Overview
The idle mode tasks can be subdivided into four processes:
-	PLMN selection;
-	Cell selection and reselection;
-	Location registration;
-	Support for manual CSG selection.
The relationship between these processes is illustrated in Figure 4.1-1.
[bookmark: _MON_1389162992][bookmark: _MON_1389163247][image: ]
[bookmark: _Ref440698934]Figure 4.1-1: Overall Idle Mode process
When a UE is switched on, a public land mobile network (PLMN) is selected by NAS. For the selected PLMN, associated RAT(s) may be set [5]. If the associated RAT type is E-UTRA, an associated CN type is also set for the selected PLMN. The NAS shall provide a list of equivalent PLMNs, if available, that the AS shall use for cell selection and cell reselection. 
With the cell selection, the UE searches for a suitable cell of the selected PLMN and chooses that cell to provide available services, further the UE shall tune to its control channel. This choosing is known as "camping on the cell". 
The UE shall, if necessary, then register its presence, by means of a NAS registration procedure, in the tracking area of the chosen cell and as outcome of a successful Location Registration the selected PLMN becomes the registered PLMN [5].
[bookmark: _GoBack]If the UE finds a more suitable cell, according to the cell reselection criteria, it reselects onto that cell and camps on it. If the new cell does not belong to at least one tracking area to which the UE is registered, location registration is performed.
If necessary, the UE shall search for higher priority PLMNs at regular time intervals as described in [4] and search for a suitable cell if another PLMN has been selected by NAS.
Search of available CSGs may be triggered by NAS to support manual CSG selection.
If the UE loses coverage of the registered PLMN, either a new PLMN is selected automatically (automatic mode), or an indication of which PLMNs are available is given to the user, so that a manual selection can be made (manual mode).
Registration is not performed by UEs only capable of services that need no registration.
The UE may perform sidelink communication or V2X sidelink communication or sidelink discovery while in-coverage or out-of-coverage for sidelink, as specified in section 11.
The purpose of camping on a cell in idle mode is fivefold:
a)	It enables the UE to receive system information from the PLMN.
b)	When registered and if the UE wishes to establish an RRC connection, it can do this by initially accessing the network on the control channel of the cell on which it is camped.
c)	If the PLMN receives a call for the registered UE, it knows (in most cases) the set of tracking areas in which the UE is camped. It can then send a "paging" message for the UE on the control channels of all the cells in this set of tracking areas. The UE will then receive the paging message because it is tuned to the control channel of a cell in one of the registered tracking areas and the UE can respond on that control channel.
d)	It enables the UE to receive ETWS and CMAS notifications.
e)	It enables the UE to receive MBMS services.
If the UE is unable to find a suitable cell to camp on or if the location registration failed (except for LR rejected with cause #12, cause #14, cause #15 or cause #25, see [5] and [16]), it attempts to camp on a cell irrespective of the PLMN identity, and enters a "limited service" state.
When NAS indicates that PSM starts, the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) is kept, all running timers continue to run but the UE need not perform any idle mode tasks. If a timer expires while the UE is in PSM it is up to UE implementation whether it performs the corresponding action immediately or the latest when PSM ends. When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.
[bookmark: _Toc494128754]4.2	Functional division between AS and NAS in Idle mode
[bookmark: _Ref440699169]Table 1 presents the functional division between UE non-access stratum (NAS) and UE access stratum (AS) in idle mode. The NAS part is specified in [5] and the AS part in the present document. 
	Idle Mode Process
	UE Non-Access Stratum
	UE Access Stratum

	PLMN Selection 
	Maintain a list of PLMNs in priority order according to [5]. Select a PLMN using automatic or manual mode as specified in [5] and request AS to select a cell belonging to this PLMN. For each PLMN, associated RAT(s) may be set. For E-UTRA, an associated CN type is also set.

Evaluate reports of available PLMNs from AS for PLMN selection. For E-UTRA, the report also includes the associated CN type(s).

Maintain a list of equivalent PLMN identities.
	Search for available PLMNs.

If associated RAT(s) is (are) set for the PLMN, search in this (these) RAT(s) and other RAT(s) for that PLMN as specified in [5]. For E-UTRA the search is further restricted to the associated CN type.

Perform measurements to support PLMN selection.

Synchronise to a broadcast channel to identify found PLMNs.

Report available PLMNs with associated RAT(s)  to NAS on request from NAS or autonomously. For E-UTRA the report also includes the associated CN type(s).

	Cell 
Selection
	Control cell selection for example by indicating RAT(s) and, for E-UTRA, the CN type associated with the selected PLMN to be used initially in the search of a cell in the cell selection. NAS is also maintaining lists of forbidden registration areas and a list of CSG IDs and their associated PLMN ID on which the UE is allowed (CSG whitelist) and provide these lists to AS.

NAS may indicate whether the use of coverage enhancements is not authorized for the selected PLMN.
	Perform measurements needed to support cell selection.

Detect and synchronise to a broadcast channel. Receive and handle broadcast information. Forward NAS system information to NAS.

Search for a suitable cell. The cells broadcast one or more 'PLMN identity' in the system information. Respond to NAS whether such cell is found or not.

If associated RATs is (are) set for the PLMN, perform the search in this (these) RAT(s) and other RATs for that PLMN as specified in [5]. For E-UTRA the search is further restricted to the associated CN type.

If such a cell is found, the cell is selected to camp on.

	Cell 
Reselection
	Control cell reselection by for example, maintaining lists of forbidden registration areas.

Maintain a list of equivalent PLMN identities and provide the list to AS.

Maintain a list of forbidden registration areas and provide the list to AS.

Maintain a list of CSG IDs and their associated PLMN ID on which the UE is allowed (CSG whitelist) to camp and provide the list to AS.
	Perform measurements needed to support cell reselection.

Detect and synchronise to a broadcast channel. Receive and handle broadcast information. Forward NAS system information to NAS.

Change cell if a more suitable cell is found.

	Location registration
	Register the UE as active after power on.

Register the UE's presence in a registration area, for instance regularly or when entering a new tracking area.

Maintain lists of forbidden registration areas.

Deregister UE when shutting down.

Control and restrict location registration for a UE in eCall only mode.
	Report registration area information to NAS.

	Support for manual CSG selection
	Provide request to search for available CSGs.

Evaluate reports of available CSGs from AS for CSG selection.

Select a CSG and request AS to select a cell belonging to this CSG.
	Search for cells with a CSG ID.

Read the HNB name from BCCH on SIB9 if a cell with a CSG ID is found.

Report CSG ID of the found cell broadcasting a CSG ID together with the HNB name and PLMN(s) to NAS.
On selection of a CSG by NAS, select any cell belonging to the selected CSG fulfilling the cell selection criteria and not barred or reserved for operator use for UEs not belonging to AC 11 or 15 and give an indication to NAS that access is possible (for the registration procedure).


Table 4.2-1: Functional division between AS and NAS in idle mode

[bookmark: _Toc494128755]4.3	Service types in Idle Mode
This clause defines the level of service that may be provided by the network to a UE in Idle mode.
The action of camping on a cell is necessary to get access to some services. Three levels of services are defined for UE:
-	Limited service (emergency calls, ETWS and CMAS on an acceptable cell)
-	Normal service (for public use on a suitable cell)
-	Operator service (for operators only on a reserved cell)
Furthermore, the cells are categorised according to which services they offer:
acceptable cell:
An "acceptable cell" is a cell on which the UE may camp to obtain limited service (originate emergency calls and receive ETWS and CMAS notifications). Such a cell shall fulfil the following requirements, which is the minimum set of requirements to initiate an emergency call and to receive ETWS and CMAS notification in a E-UTRAN network:
-	The cell is not barred, see subclause 5.3.1;
-	The cell selection criteria are fulfilled, see subclause 5.2.3.2;
suitable cell:
A "suitable cell" is a cell on which the UE may camp on to obtain normal service. The UE shall have a valid USIM and such a cell shall fulfil all the following requirements.
-	The cell is part of either: 
-	the selected PLMN, or: 
-	the registered PLMN, or:
-	a PLMN of the Equivalent PLMN list 
-	For an E-UTRA cell, the cell is connected to the CN type indicated by NAS;
-	For a CSG cell, the cell is a CSG member cell for the UE;
According to the latest information provided by NAS:
-	The cell is not barred, see subclause 5.3.1;
-	The cell is part of at least one TA that is not part of the list of "forbidden tracking areas for roaming" [4], which belongs to a PLMN that fulfils the first bullet above;
-	The cell selection criteria are fulfilled, see subclause 5.2.3.2;
-	Except for NB-IoT, if the UE supports authorization of coverage enhancements and upper layers indicated that use of coverage enhancements is not authorized for the selected PLMN:
-	the cell selection criterion S in normal coverage shall be fulfilled;
If more than one PLMN identity is broadcast in the cell, the cell is considered to be part of all TAs with TAIs constructed from the PLMN identities and the TAC broadcast in the cell.
barred cell:
A cell is barred if it is so indicated in the system information [3].
reserved cell:
A cell is reserved if it is so indicated in system information [3].
Following exceptions to these definitions are applicable for UEs:
-	camped on a cell that belongs to a registration area that is forbidden for regional provision of service; a cell that belongs to a registration area that is forbidden for regional provision service ([5], [16]) is suitable but provides only limited service.
-	as an outcome of the manual CSG selection procedure the UE is allowed to access an acceptable cell which fulfils the cell selection criteria and is not barred or reserved for operator use for UEs not belonging to AC 11 or 15 and inform NAS that access is possible (for location registration procedure).
NOTE:	UE is not required to support manual search and selection of PLMN or CSGs while in RRC CONNECTED state. The UE may use local release of RRC connection to perform manual search if it is not possible to perform the search while RRC connected.
-	if a UE has an ongoing emergency call, all acceptable cells of that PLMN are treated as suitable for the duration of the emergency call.
-	if the UE in RRC_IDLE fulfils the conditions to support sidelink communication or PS related sidelink discovery in limited service state as specified in TS 23.303 [29, 4.5.6], the UE may perform sidelink communication or PS-related sidelink discovery.
-	if the UE in RRC_IDLE fulfils the conditions to support V2X sidelink communication in limited service state as specified in TS23.285 [36, 4.4.8], the UE may perform V2X sidelink communication.


<Next modification>

[bookmark: _Toc494128757]5	Process and procedure descriptions
5.1	PLMN selection
In the UE, the AS shall report available PLMNs to the NAS on request from the NAS or autonomously. In the case of E-UTRA the AS shall also report the CN type(s) associated with the PLMN.
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. For E-UTRA, the system information also indicates the CN type(s) associated with the PLMN. The result of the PLMN selection performed by NAS (see 3GPP TS 23.122 [5]) is an identifier of the selected PLMN. For E-UTRA, a CN type is also indicated by NAS with the selected PLMN to AS.

[bookmark: _Toc494128759]5.1.1	Void
[bookmark: _Toc494128760]5.1.2	Support for PLMN selection
[bookmark: _Toc494128761]5.1.2.1	General
On request of the NAS the AS shall perform a search for available PLMNs and report them to NAS.
[bookmark: _Toc494128762]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) and CN type(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 together with its associated CN type(s) 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.
Editor’s note: the detailed wording depends on the conclusion on how to report available PLMNs and CN type to NAS, and the stage3 design on system information. 

[bookmark: _Toc510351432][bookmark: _Ref435952694]<Next modification>
5.2.4.4	Cells with cell reservations, access restrictions or unsuitable for normal camping
For the highest ranked cell (including serving cell) according to cell reselection criteria specified in subclause 5.2.4.6, for the best cell according to absolute priority reselection criteria specified in subclause 5.2.4.5, the UE shall check if the access is restricted according to the rules in subclause 5.3.1.
If that cell and other cells have to be excluded from the candidate list, as stated in subclause 5.3.1, the UE shall not consider these as candidates for cell reselection. This limitation shall be removed when the highest ranked cell changes.
If the highest ranked cell or best cell according to absolute priority reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of forbidden TAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN or connected to the wrong core network type, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300s. If the UE enters into state any cell selection, any limitation shall be removed. If the UE is redirected under E-UTRAN control to a frequency for which the timer is running, any limitation on that frequency shall be removed.
If the highest ranked cell or best cell according to absolute priority reselection rules is an inter-RAT cell which is not suitable due to being part of the "list of forbidden TAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell as a candidate for reselection for a maximum of 300s. In case of UTRA further requirements are defined in the [8]. If the UE enters into state any cell selection, any limitation shall be removed. If the UE is redirected under E-UTRAN control to a frequency for which the timer is running, any limitation on that frequency shall be removed.
If the highest ranked cell or best cell according to absolute priority reselection rules is a CSG cell which is not suitable due to not being a CSG member cell, the UE shall not consider this cell as candidate for cell reselection but shall continue considering other cells on the same frequency for cell reselection.
<End of  modifications>
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