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1. Introduction
During RAN2#98, discussion on the CN type selection of an eLTE eNB has been triggered. An agreement has been made and a LS was sent to SA2 to ask for input on the 2 FFS points.
Agreements
1	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.

In this contribution, we mainly discuss the extension to the system information to indicate the CN type and differentiate the attachment of the legacy UEs that support only EPC-NAS and the UEs that support 5GC-NAS.
2. Discussion
According to the LS from SA2[1], it is confirmed that “According to TS 23.501 an "E-UTRA cell" (as part of NG RAN) may connect to both EPC and 5G CN (see clause 5.17.1 for description) or only 5G CN in Rel-15.” With the agreement at RAN2#98 “An LTE eNB can belong to multiple PLMNs and per PLMN the CN type can be: (1) EPC only, (2) both EPC and 5GC.”We have the following observation:

Observation 1: An eLTE eNB can connect to multiple PLMNs and for each PLMN it can be connected to: (1) EPC only, (2) both EPC and 5GC or (3) 5GC only.

SA2 also raised some concerns for the scenario in which an eLTE eNB is only connected to 5GC:“If the "E-UTRA cell" connects only to 5G Core it can only serve UEs that support 5GC NAS. Hence mechanisms need to be discussed in RAN2 that will prevent "legacy" UEs that support only EPC NAS procedures from camping on this cell as either an acceptable or a suitable cell.” UEs capable only of EPC-NAS should be not allowed to access an eLTE eNB connected to 5GC only. Thus, it may be necessary to bar the UEs only capable of EPC-NAS.

Proposal 1: In case that an eLTE eNB is connected to 5GC only, the UEs only capable of EPC-NAS should be barred.

As is mentioned above, for each PLMN, the eLTE eNB can be connected to both EPC and 5GC. That is to say, both of the legacy 4G UEs that support EPC-NAS and the 5G UEs that support 5GC-NAS can be served by the eLTE eNB simultaneously. In this case, the system information broadcast by the eLTE eNB should be backward compatible for the legacy 4G UEs to decode. Thus, we have the following observation:

Observation 2: Considering on the backward compatibility for the legacy UE, only the PLMN, which supports EPC, should be included in the legacy PLMN list in system information.

In order to prevent UEs that support only EPS NAS procedures from camping on the cell which connects only to 5GC and maintain backward compatibility for those legacy UEs at the same time, the system information should be extended to include two separate PLMN lists for different RATs:
	- Legacy 4G PLMN list: List of PLMN identities which can be connected to EPC.
	- Extended 5G PLMN list: List of PLMN identities which can be connected to 5GC.
The cellBarred/intraFreqReselection related to the extended 5G PLMN list should also be included in the system information in addition to the cellBarred/intraFreqReselection for the legacy 4G PLMN list. The legacy 4G PLMN list and the corresponding cellBarred/intraFreqReselection can be decoded by UEs supporting: (1) EPC-NAS only and (2) both EPC-NAS and 5GC-NAS. The extended 5G PLMN list and the corresponding cellBarred/intraFreqReselection can be decoded by UEs supporting: (1) 5GC-NAS only and (2) both EPC-NAS and 5GC-NAS. The legacy UEs that supports only EPC-NAS can be barred by setting the legacy cellBarred for 4G PLMN list as “barred” if the eLTE eNB is connected to 5GC only. Such kind of extension to the system information may also be applied at the network sharing scenario to indicate the CN type and differentiate the attachment of the legacy UEs and the others. An example of the extended SIB1 for CN type indication is given in the appendix.

Proposal 2: In eLTE, the system information should be extended to include two separate PLMN lists for different RATs:
	-Legacy 4G PLMN list: List of PLMN identities which can be connected to EPC.
	-Extended 5G PLMN list: List of PLMN identities which can be connected to 5GC.

Proposal 3: The cellBarred/intraFreqReselection related to the extended 5G PLMN list should also be included in the system information in addition to the cellBarred/intraFreqReselection for the legacy PLMN list.

In cell reselection, it is also necessary to prevent UEs that only support EPC-NAS from camping on a cell that connects 5GC only. Thus, we propose:
Proposal 4: CN type indication should also be considered in cell reselection. 
3. Conclusion
The following observations and proposals have been made.
Observation 1: An eLTE eNB can connect to multiple PLMNs and for each PLMN it can be connected to: (1) EPC only, (2) both EPC and 5GC or (3) 5GC only.

Observation 2: Considering on the backward compatibility for the legacy UE, only the PLMN, which supports EPC, should be included in the legacy PLMN list in system information.

Proposal 1: In case that an eLTE eNB is connected to 5GC only, the UEs only capable of EPC-NAS should be barred.

Proposal 2: In eLTE, the system information should be extended to include two separate PLMN lists for different RATs:
	-Legacy 4G PLMN list: List of PLMN identities which can be connected to EPC.
	-Extended 5G PLMN list: List of PLMN identities which can be connected to 5GC.

Proposal 3: The cellBarred/intraFreqReselection related to the extended 5G PLMN list should also be included in the system information in addition to the cellBarred/intraFreqReselection for the legacy PLMN list.
Proposal 4: CN type indication should also be considered in cell reselection. 
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Appendix
An example of the extended SIB1 is given as follows. The modification part is highlighted with red color.
[bookmark: OLE_LINK140][bookmark: OLE_LINK139]SystemInformationBlockType1 message
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SystemInformationBlockType1 ::=		SEQUENCE {
	cellAccessRelatedInfo				SEQUENCE {
		plmn-IdentityList					PLMN-IdentityList,
		trackingAreaCode					TrackingAreaCode,
		cellIdentity						CellIdentity,
		cellBarred							ENUMERATED {barred, notBarred},
		intraFreqReselection				ENUMERATED {allowed, notAllowed},
		csg-Indication						BOOLEAN,
		csg-Identity						CSG-Identity			OPTIONAL	-- Need OR
	},
	cellSelectionInfo					SEQUENCE {
		q-RxLevMin							Q-RxLevMin,
		q-RxLevMinOffset					INTEGER (1..8)			OPTIONAL	-- Need OP
	},
	p-Max								P-Max						OPTIONAL,			-- Need OP
	freqBandIndicator					FreqBandIndicator,
	schedulingInfoList					SchedulingInfoList,
	tdd-Config							TDD-Config					OPTIONAL,	-- Cond TDD
	si-WindowLength						ENUMERATED {
											ms1, ms2, ms5, ms10, ms15, ms20,
											ms40},
	systemInfoValueTag					INTEGER (0..31),
	nonCriticalExtension				SystemInformationBlockType1-v890-IEs	OPTIONAL
}

SystemInformationBlockType1-v890-IEs::=	SEQUENCE {
	lateNonCriticalExtension			OCTET STRING (CONTAINING SystemInformationBlockType1-v8h0-IEs)			OPTIONAL,
	nonCriticalExtension				SystemInformationBlockType1-v920-IEs	OPTIONAL
}

-- Late non critical extensions
SystemInformationBlockType1-v8h0-IEs ::=	SEQUENCE {
	multiBandInfoList					MultiBandInfoList		OPTIONAL,	-- Need OR
	nonCriticalExtension				SystemInformationBlockType1-v9e0-IEs	OPTIONAL
}

SystemInformationBlockType1-v9e0-IEs ::= SEQUENCE {
	freqBandIndicator-v9e0				FreqBandIndicator-v9e0		OPTIONAL,	-- Cond FBI-max
	multiBandInfoList-v9e0				MultiBandInfoList-v9e0		OPTIONAL,	-- Cond mFBI-max
	nonCriticalExtension				SystemInformationBlockType1-v10j0-IEs	OPTIONAL
}

SystemInformationBlockType1-v10j0-IEs ::= SEQUENCE {
	freqBandInfo-r10					NS-PmaxList-r10				OPTIONAL,	-- Need OR
	multiBandInfoList-v10j0				MultiBandInfoList-v10j0		OPTIONAL,	-- Need OR
	nonCriticalExtension				SEQUENCE {}					OPTIONAL
}

-- Regular non critical extensions
SystemInformationBlockType1-v920-IEs ::=	SEQUENCE {
	ims-EmergencySupport-r9				ENUMERATED {true}			OPTIONAL,	-- Need OR
	cellSelectionInfo-v920				CellSelectionInfo-v920		OPTIONAL,	-- Cond RSRQ
	nonCriticalExtension				SystemInformationBlockType1-v1130-IEs	OPTIONAL
}

SystemInformationBlockType1-v1130-IEs ::=	SEQUENCE {
	tdd-Config-v1130				TDD-Config-v1130			OPTIONAL,	-- Cond TDD-OR
	cellSelectionInfo-v1130			CellSelectionInfo-v1130		OPTIONAL,	-- Cond WB-RSRQ
	nonCriticalExtension			SystemInformationBlockType1-v1250-IEs	OPTIONAL
}

SystemInformationBlockType1-v1250-IEs ::=	SEQUENCE {
	cellAccessRelatedInfo-v1250					SEQUENCE {
		category0Allowed-r12						ENUMERATED {true}		OPTIONAL	-- Need OP
	},
	cellSelectionInfo-v1250					CellSelectionInfo-v1250		OPTIONAL,	-- Cond RSRQ2
	freqBandIndicatorPriority-r12			ENUMERATED {true}			OPTIONAL,	-- Cond mFBI
	nonCriticalExtension			SystemInformationBlockType1-v1310-IEs	OPTIONAL				
}

SystemInformationBlockType1-v1310-IEs ::=	SEQUENCE {
	hyperSFN-r13								BIT STRING (SIZE (10))		OPTIONAL,	-- Need OR
	eDRX-Allowed-r13							ENUMERATED {true}			OPTIONAL,	-- Need OR
	cellSelectionInfoCE-r13					CellSelectionInfoCE-r13	OPTIONAL,	-- Need OP
	bandwidthReducedAccessRelatedInfo-r13	SEQUENCE {
		si-WindowLength-BR-r13					ENUMERATED {
													ms20, ms40, ms60, ms80, ms120, 
													ms160, ms200, spare},
		si-RepetitionPattern-r13				ENUMERATED {everyRF, every2ndRF, every4thRF,
															every8thRF},
		schedulingInfoList-BR-r13				SchedulingInfoList-BR-r13	OPTIONAL,	-- Need OR
		fdd-DownlinkOrTddSubframeBitmapBR-r13	CHOICE {
			subframePattern10-r13					BIT STRING (SIZE (10)),
			subframePattern40-r13					BIT STRING (SIZE (40))
		}																	OPTIONAL, 	-- Need OP
		fdd-UplinkSubframeBitmapBR-r13			BIT STRING (SIZE (10)) 		OPTIONAL, 	-- Need OP
		startSymbolBR-r13						INTEGER (1..4),
		si-HoppingConfigCommon-r13				ENUMERATED {on,off},
		si-ValidityTime-r13						ENUMERATED {true}	OPTIONAL,			-- Need OP
		systemInfoValueTagList-r13				SystemInfoValueTagList-r13	OPTIONAL	-- Need OR
	}																OPTIONAL,	-- Cond BW-reduced
	nonCriticalExtension						SystemInformationBlockType1-v1320-IEs	OPTIONAL
}

SystemInformationBlockType1-v1320-IEs ::=	SEQUENCE {
	freqHoppingParametersDL-r13				SEQUENCE {
		mpdcch-pdsch-HoppingNB-r13				ENUMERATED {nb2, nb4}		OPTIONAL,	-- Need OR
		interval-DLHoppingConfigCommonModeA-r13	CHOICE {
			interval-FDD-r13					ENUMERATED {int1, int2, int4, int8},
			interval-TDD-r13					ENUMERATED {int1, int5, int10, int20}
		}																	OPTIONAL,	-- Need OR
		interval-DLHoppingConfigCommonModeB-r13	CHOICE {
			interval-FDD-r13					ENUMERATED {int2, int4, int8, int16},
			interval-TDD-r13					ENUMERATED { int5, int10, int20, int40}
		}																	OPTIONAL,	-- Need OR
		mpdcch-pdsch-HoppingOffset-r13			INTEGER (1..maxAvailNarrowBands-r13)	OPTIONAL	-- Need OR
	}																OPTIONAL,	-- Cond Hopping
	nonCriticalExtension						SystemInformationBlockType1-v1350-IEs					OPTIONAL
}

SystemInformationBlockType1-v1350-IEs ::=	SEQUENCE {
	cellSelectionInfoCE1-r13				CellSelectionInfoCE1-r13	OPTIONAL,	-- Need OP
	nonCriticalExtension					SystemInformationBlockType1-v1360-IEs				OPTIONAL
}

SystemInformationBlockType1-v1360-IEs ::=	SEQUENCE {
	cellSelectionInfoCE1-v1360				CellSelectionInfoCE1-v1360	OPTIONAL, 	-- Cond QrxlevminCE1
	nonCriticalExtension						SystemInformationBlockType1-v1430-IEs		OPTIONAL
}

SystemInformationBlockType1-v1430-IEs ::=	SEQUENCE {
	eCallOverIMS-Support-r14				ENUMERATED {true}			OPTIONAL,	-- Need OR
	tdd-Config-v1430						TDD-Config-v1430			OPTIONAL,	-- Cond TDD-OR
	cellAccessRelatedInfoList-r14			SEQUENCE (SIZE (1..maxPLMN-1-r14)) OF 
											CellAccessRelatedInfo-r14	OPTIONAL,	-- Need OR
	nonCriticalExtension					SystemInformationBlockType1-v15xy-IEs	OPTIONAL
}
SystemInformationBlockType1-v15xy-IEs ::=	SEQUENCE {
	cellAccessInfo-5GC				    SEQUENCE {
		plmn-IdentityList					PLMN-IdentityList,			
		cellBarred						     ENUMERATED {barred, notBarred},
		intraFreqReselection				ENUMERATED {allowed, notAllowed}
	},
	nonCriticalExtension					SEQUENCE {}					OPTIONAL
}

PLMN-IdentityList ::=					SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=					SEQUENCE {
	plmn-Identity							PLMN-Identity,
	cellReservedForOperatorUse				ENUMERATED {reserved, notReserved}
}

SchedulingInfoList ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo

SchedulingInfo ::=	SEQUENCE {
	si-Periodicity						ENUMERATED {
											rf8, rf16, rf32, rf64, rf128, rf256, rf512},
	sib-MappingInfo						SIB-MappingInfo
}

SchedulingInfoList-BR-r13 ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo-BR-r13

SchedulingInfo-BR-r13 ::=	SEQUENCE {
	si-Narrowband-r13				INTEGER (1..maxAvailNarrowBands-r13),
	si-TBS-r13						ENUMERATED {b152, b208, b256, b328, b408, b504, b600, b712,
												b808, b936}
}

SIB-MappingInfo ::= SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type

SIB-Type ::=						ENUMERATED {
										sibType3, sibType4, sibType5, sibType6,
										sibType7, sibType8, sibType9, sibType10,
										sibType11, sibType12-v920, sibType13-v920,
										sibType14-v1130, sibType15-v1130,
										sibType16-v1130, sibType17-v1250, sibType18-v1250,
										..., sibType19-v1250, sibType20-v1310, sibType21-v1430}

SystemInfoValueTagList-r13 ::=		SEQUENCE (SIZE (1..maxSI-Message)) OF SystemInfoValueTagSI-r13

SystemInfoValueTagSI-r13 ::=		INTEGER (0..3)

CellSelectionInfo-v920 ::=			SEQUENCE {
	q-QualMin-r9						Q-QualMin-r9,
	q-QualMinOffset-r9					INTEGER (1..8)						OPTIONAL	-- Need OP
}

CellSelectionInfo-v1130 ::=			SEQUENCE {
	q-QualMinWB-r11						Q-QualMin-r9
}

CellSelectionInfo-v1250 ::=			SEQUENCE {
	q-QualMinRSRQ-OnAllSymbols-r12						Q-QualMin-r9
}

CellAccessRelatedInfo-r14 ::=	SEQUENCE {
	plmn-IdentityList-r14				PLMN-IdentityList,
	trackingAreaCode-r14				TrackingAreaCode,
	cellIdentity-r14					CellIdentity
}

-- ASN1STOP

The PLMN identities which can be connected to EPC are listed on the plmn-IdentityList in the cellAccessRelatedInfo while those can be connected to 5GC are listed in the cellAccessInfo-5GC. The cellAccessInfo-5GC can only be decoded by UEs that support 5GC.
Case 1: The eLTE eNB is connected only to 5GC.


Figure 1: Connection structure for case1
As shown in figure1, the eLTE eNB is connected only to 5GC. The plmn-IdentityList in cellAccessRelatedInfo is set to a default value or any value conforming to the coding specification and the corresponding cellBarred is set to “barred” since there is no connection between this eLTE eNB and EPC. All the PLMN identities that can be connected to 5GC are enumerated on the plmn-IdentityList in cellAccessInfo-5GC while the corresponding cellBarred/intraFreqReselection are set according to the current situation. UE1 is assumed to be a legacy UE which only supports EPC-NAS while UE2 supports 5GC-NAS. UE1 can only decode cellAccessRelatedInfo upon receiving SIB1 while both of the cellAccessRelatedInfo and cellAccessInfo-5GC can be decoded by UE2. Since the cellBarred in cellAccessRelatedInfo is set to “barred”, UE2 may refer to the cellBarred in cellAccessInfo-5GC to decide whether to camp or not while UE1 is barred without doubt. In this way, the legacy UEs only capable of EPC-NAS can be barred without affecting UEs capable of 5GC-NAS.

Case 2: The eLTE eNB is connected to both EPC and 5GC.



Figure 2: Connection structure for case2
As shown in figure2, the eLTE eNB is connected to both 5GC and EPC. The plmn-IdentityList in cellAccessRelatedInfo includes all the PLMN identities which can be connected to EPC while all the PLMN identities that can be connected to 5GC are enumerated on the plmn-IdentityList in cellAccessInfo-5GC. The corresponding cellBarred/intraFreqReselection are set according to the current situation. UE1 is assumed to be a legacy UE which only supports EPC-NAS while UE2 supports both 5GC-NAS and EPC-NAS. UE1 can only decode cellAccessRelatedInfo upon receiving SIB1 and the following UE1 behavior depends on the cellBarred/intraFreqReselection. Both of the cellAccessRelatedInfo and the cellAccessInfo-5GC can be decoded by UE2. Three different situations can be listed:
(1)If the cellBarred in the cellAccessRelatedInfo and the cellAccessInfo-5GC are both set as “barred”, UE2 can not camp on this cell. In this case, UE2 may refer to the intraFreqReselection to decide on intrafrequency re-selection.
(2)If one of the two cellBarred in the cellAccessRelatedInfo and the cellAccessInfo-5GC is set as “barred” while the other is set as “not barred”. UE2 should camp on the cell that is connected to the allowable core.
(3)If the cellBarred in the cellAccessRelatedInfo and the cellAccessInfo-5GC are both set as “not barred”, UE2 may try to attach to 5GC first.
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