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1 Introduction
SA2 has completed the Study on Cellular IoT support and evolution for the 5G System (FS_CIoT_5G) and has agreed a work item to specify 5GS enhancements based on the study conclusions to enable Cellular IoT functionalities for 5GS capable devices that support WB-EUTRA (eMTC) or NB-IoT or both [1], [2].
At RAN#82, revision of the NB-IoT and eMTC Rel-16 WID was agreed to introduce support of Cellular IoT functionalities for 5GS capable devices that support WB-EUTRA (eMTC) or NB-IoT [3], [4].

Besides support of the CIoT functionalities in 5G CN, actual support of connection to 5G CN needs to be introduced.  This was introduced in Rel-15 specification as part of WI [5], however eMTC and NB-IoT were excluded in the WI.

In this document, we discuss the signalling needed in system information to support CN selection to 5GC.

2 Discussion
2.1 LTE background
For eLTE, the following RAN2 agreements were made: 
RAN2#100
-
For the case that all the PLMNs only have access to 5GC then UEs capable only of EPC-NAS can be barred using cellBarred flag in SIB1 which the 5GC-NAS capable UEs ignore. To provide the current cell barring flag functionality to 5GC-NAS capable UEs, a corresponding new flag is introduced for those UEs (e.g. “cellBarred-5GC”).

-
In LTE, the system information should be extended to include information about the available CN per PLMN.
-
Introduce a new 5GC PLMN list containing PLMNs that can connect to 5GC (coding details to be worked offline to avoid any need for repeating a PLMN ID if already present in the legacy PLMN list)
-
"cellReservedForOperatorUse” is introduced for PLMNs which can connect to 5GC only.  
-
5GC specific “cellReservedForOperatorUse” is introduced for PLMNs which can connect both EPC and 5GC.

-
UE AS indicates available CN types to upper layers for CN type selection
RAN2#101
-
New TAC field for 5GC will be introduced (separate from TAC for EPC, to enable different TAC value for EPC and 5GC)

-
TAC for 5GC can be PLMN specific 
RAN2#102
-
Adopt the following solution for the case when the cell is only connected to 5GC:

· The cell is barred (cellBarred is set to barred)

· Put any PLMN and cell ID in existing PLMN list (does not matter whether they are real value or not, as no UE will use it)

· The new list is used to advertise all PLMNs with full PLMN IDs (and their cell access information) for 5GC connectivity

-
Introduce the following new optional indicators in SIB1 when an LTE cell is connected to 5GC:

•
An indicator to indicate support of eCall over IMS via 5GC

•
An indicator to indicate support of emergency services via 5GC.
-
Cell suitability criteria is not modified to include the CN type.

-
RAN2 confirm that the CN type availability is always provided to NAS when UE is camped on a cell (after all cell selection and reselections)
This was introduced as follows in the ASN.1

SystemInformationBlockType1-v1530-IEs ::=
SEQUENCE {


hsdn-Cell-r15





ENUMERATED {true}


OPTIONAL,
-- Need OR


cellSelectionInfoCE-v1530


CellSelectionInfoCE-v1530
OPTIONAL,
-- Need OP


crs-IntfMitigConfig-r15



CHOICE {



crs-IntfMitigEnabled-15



NULL,



crs-IntfMitigNumPRBs-r15


ENUMERATED {n6, n24}


}
OPTIONAL,
-- Need OR


cellBarred-CRS-r15




ENUMERATED {barred, notBarred},


plmn-IdentityList-v1530



PLMN-IdentityList-v1530

OPTIONAL,
-- Need OR


posSchedulingInfoList-r15


PosSchedulingInfoList-r15
OPTIONAL,
-- Need OR


cellAccessRelatedInfo-5GC-r15

SEQUENCE {



cellBarred-5GC-r15




ENUMERATED {barred, notBarred},



cellBarred-5GC-CRS-r15



ENUMERATED {barred, notBarred},



cellAccessRelatedInfoList-5GC-r15
SEQUENCE (SIZE (1..maxPLMN-r11)) OF












CellAccessRelatedInfo-5GC-r15

}



OPTIONAL,
-- Need OP


ims-EmergencySupport5GC-r15


ENUMERATED {true}


OPTIONAL,
-- Need OR


eCallOverIMS-Support5GC-r15


ENUMERATED {true}


OPTIONAL,
-- Need OR

nonCriticalExtension



SystemInformationBlockType1-v1540-IEs

OPTIONAL

}

CellAccessRelatedInfo-5GC-r15 ::=
SEQUENCE {


plmn-IdentityList-r15


PLMN-IdentityList-r15,


ran-AreaCode-r15




RAN-AreaCode-r15 OPTIONAL,
-- Need OR


trackingAreaCode-5GC-r15


TrackingAreaCode-5GC-r15,


cellIdentity-5GC-r15



CellIdentity-5GC-r15

}

PLMN-IdentityList-r15::=


SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo-r15

PLMN-IdentityInfo-r15 ::=


SEQUENCE {


plmn-Identity-5GC-r15



CHOICE{



plmn-Identity-r15




PLMN-Identity,



plmn-Index-r15





INTEGER (1..maxPLMN-r11)


},


cellReservedForOperatorUse-r15


ENUMERATED {reserved, notReserved},


cellReservedForOperatorUse-CRS-r15

ENUMERATED {reserved, notReserved}
}
CellIdentity-5GC-r15 ::= CHOICE{


cellIdentity-r15
CellIdentity,


cellId-Index-r15
INTEGER (1..maxPLMN-r11)

}
TrackingAreaCode-5GC-r15 ::=

BIT STRING (SIZE (24))
2.2 CN selection parameters in SIB1-NB for NB-IoT

Based on the agreements for eLTE, cellBarred-5GC should be introduced in SIB1-NB. 
Proposal 1: Introduce cellBarred-5GC in SIB1-NB 
Based on the agreements for eLTE, cell access related info for 5GC should be introduced in SIB1-NB.

E-UTRAN sharing enhancements, that allow a cell supporting RAN sharing for PLMNs which use different TAC and Cell-ID values, were introduced in rel-14 for LTE only and are not applicable to NB-IoT. Thus the Tracking Area Code and the Cell Identity are applicable to all PLMNs. 
Proposal 2: Introduce one single set of parameters for Cell Access Related Info for 5GC common to all PLMNs, cellAccessRelatedInfo-5GC-r16, in SIB1-NB.

Support of RRC_INACTIVE for NB-IoT has not been concluded yet for SA2

Proposal 3: Wait for SA2 conclusion on RRC_INACTIVE for NB-IoT before introducing ran-AreaCode.  
The size of the tracking area code was extended to 24 bits in 5GC. This is also applicable to NB-IoT. The IE from eLTE can be reused and imported in NB-IoT.

Proposal 4: Reuse and import IE TrackingAreaCode-5GC-r15 from LTE.
In LTE, a coding optimisation was introduced so the cell identity in 5GC is either explicitly signalled for the 5GC PLMN list or can be one of the cell identities in the legacy PLMN list. However, in NB-IoT the cell identity for EPC is the same for all PLMNs in the list, there is no need to indicate the PLMN index if cell identity for EPC also applies to 5GC PLMNs. Therefore, in NB-IoT only signal cell identity for 5GC if it is different from cell identity for EPC.
Proposal 5: Optionally signal the cell identity in 5GC if it is different from legacy cell identity. 

In LTE, a coding optimisation was introduced so the PLMN identity in 5GC is explicitly signalled or can be the same identity as one PLMN in the legacy PLMN list.

Proposal 6: Signal the PLMN identity in 5GC as a CHOICE between an explicit signalling of the PLMN identity and the index of the same PLMN in the legacy PLMN list.
In LTE, cellReservedForOperatorUse for 5GC is signalled per PLMN, same as in legacy. The same should apply in NB-IoT.

Proposal 7: Introduce cellReservedForOperatorUse for 5GC per PLMN in SIB1-NB.
CRS interference mitigation is not applicable to NB-IoT, thus parameters cellBarred-5GC-CRS-r15 and cellReservedForOperatorUse-CRS-r15 are not needed in NB-IoT.
Observation: cellBarred-5GC-CRS-r15 and cellReservedForOperatorUse-CRS-r15 are not applicable to NB-IoT.
In EPS NB-IoT, support of CIoT optimisations are also signalled per PLMN in SIB1-NB. We assume that similar signalling will be needed in 5GC and we propose to wait for SA2 for the list of indications that are needed. 
Proposal 8: Wait for SA2 for the list of CIoT features for which support in 5GC needs to be signalled.
Proposal 9: Agree on the proposed ASN.1 as the baseline for the signalling of the CN selection information in SIB1-NB.
IMPORTS
-- skipped

TrackingAreaCode,

TrackingAreaCode-5GC-r15,


DataInactivityTimer-r14

FROM EUTRA-RRC-Definitions;

SystemInformationBlockType1-NB-v16xy ::= SEQUENCE {


cellAccessRelatedInfo-5GC-r16

SEQUENCE {



plmn-IdentityList-r16



PLMN-IdentityList-5GC-NB-r16,



trackingAreaCode-5GC-r16


TrackingAreaCode-5GC-r15,



cellIdentity-5GC-r16



CellIdentity
OPTIONAL,
-- Need OP


cellBarred-5GC-r16




ENUMERATED {barred, notBarred}

}
OPTIONAL,
-- Need OR



nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

PLMN-IdentityList-5GC-NB-r16::=

SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo-5GC-NB-r16

PLMN-IdentityInfo-5GC-NB-r16 ::=

SEQUENCE {


plmn-Identity-5GC-r16




CHOICE{



plmn-Identity-r16





PLMN-Identity,



plmn-Index-r16






INTEGER (1..maxPLMN-r11)


},


cellReservedForOperatorUse-5GC-r16

ENUMERATED {reserved, notReserved}
}
3 Conclusion
In this document, we have made a first analysis of the signalling required in SIB1 to enable 5GC selection.

We have made the following observations and proposals:
Proposal 1: Introduce cellBarred-5GC in SIB1-NB 
Proposal 2: Introduce one single set of parameters for Cell Access Related Info for 5GC common to all PLMNs, cellAccessRelatedInfo-5GC-r16, in SIB1-NB.

Proposal 3: Wait for SA2 conclusion on RRC_INACTIVE for NB-IoT before introducing ran-AreaCode.  
Proposal 4: Reuse and import IE TrackingAreaCode-5GC-r15 from LTE.

Proposal 5: Optionally signal the cell identity in 5GC if it is different from legacy cell identity. 

Proposal 6: Signal the PLMN identity in 5GC as a CHOICE between an explicit signalling of the PLMN identity and the index of the same PLMN in the legacy PLMN list.
Proposal 7: Introduce cellReservedForOperatorUse for 5GC per PLMN in SIB1-NB.
Observation: cellBarred-5GC-CRS-r15 and cellReservedForOperatorUse-CRS-r15 are not applicable to NB-IoT.
Proposal 8: Wait for SA2 for the list of CIoT features for which support in 5GC needs to be signalled.
Proposal 9: Agree on the proposed ASN.1 as the baseline for the signalling of the CN selection information in SIB1-NB.
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