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Introduction
In RAN2 #100 meeting, the following agreements on CN type selection were made:
Agreements
1	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)
2	"cellReservedForOperatorUse” is introduced for PLMNs which can connect to 5GC only.  
3	5GC specific “cellReservedForOperatorUse” is introduced for PLMNs which can connect both EPC and 5GC.  
4	UE AS indicates available CN types to upper layers for CN type selection.   
About the PLMNs that can connect to both 5GC and EPC, how to introduce them in SIB 1 has not been discussed. The email discussion of 100#24 for TS 36.331 to capture the eLTE agreements has concluded to define a new 5GC PLMN list. Taking the email discussion of 100#24 as baseline, this contribution will discuss the approach on how to provide the PLMNs that connected to both 5GC and EPC by SIB1.
Discussion
PLMNs connected to both 5GC and EPC
As a separate 5GC PLMN list has been introduced into SIB1, the PLMNs connected to both 5GC and EPC should be present in both the legacy PLMN list and 5GC PLMN list is a natural and straight solution. But based on the agreement made in #100 meeting, repeating PLMN ID in legacy PLMN list and new 5GC PLMN list should be avoided. Hence the same PLMN ID present in two PLMN lists should be taken as the low-priority candidate option. Other options should be considered to reduce overhead.
· TAC and Cell ID
If a PLMN ID can’t be present in the legacy PLMN list and the 5GC PLMN list, first we should discuss what information in legacy PLMN list can be shared by this PLMN connected to 5GC. The PLMN information structure in legacy PLMN list is as following:
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
	},
CellAccessRelatedInfo-r14 ::=	SEQUENCE {
	plmn-IdentityList-r14				PLMN-IdentityList,
	trackingAreaCode-r14				TrackingAreaCode,
	cellIdentity-r14					CellIdentity
}
From the structure we can get that each plmn-IdentityList connected to EPC is corresponding to one trackingAreaCode and cellIdentity. As for the new 5GC PLMN list also reuse this structure.
SystemInformationBlockType1-v15xy-IEs ::=	SEQUENCE {
	cellAccessRelatedInfoFor-5GC-r15				SEQUENCE {
		cellBarred-5GC-r15							ENUMERATED {barred, notBarred},
-- FFS on maximum number of PLMN lists for 5GC;  6 including EPC or indenpended
		cellAccessRelatedInfoList-5GC-r15			SEQUENCE (SIZE (1..maxPLMN-1-r14)) OF 
											CellAccessRelatedInfo-r14
	}	
As the ASN.1 shows, each plmn-IdentityList in SIB1 should correspond to one trackingAreaCode and cellIdentity no matter they connect to EPC or 5GC.
For the PLMN which can connect to both EPC and 5GC, the values of trackingAreaCode and the cellIdentity of the PLMN can be set to different values when it connects to different CN. Thus the TACs and the cell IDs are not restricted to be the same for the PLMN connects to both EPC and 5GC. 
[bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Obversation1: Each PLMN list corresponds to one TAC and cellIdentity no matter they connect to EPC or 5GC. And for the PLMN connected to both 5GC and EPC, the corresponding TACs and cell IDs for different PLMN lists can be set to different values.
· TAC/Cell ID for different CN
If the PLMN connected to both 5GC and EPC can’t be present in two PLMN lists, the trackingAreaCode and cellIdentity should be separately defined for this PLMN connected to 5GC. The existing structure of PLMN-Identity, TrackingAreaCode and CellIdentity are listed as following:

TrackingAreaCode ::=				BIT STRING (SIZE (16))
CellIdentity ::=					BIT STRING (SIZE (28))

PLMN-Identity ::=					SEQUENCE {
	mcc									MCC					OPTIONAL,					-- Cond MCC
	mnc									MNC
}

MCC ::=								SEQUENCE (SIZE (3)) OF
											MCC-MNC-Digit

MNC ::=								SEQUENCE (SIZE (2..3)) OF
											MCC-MNC-Digit

MCC-MNC-Digit ::=					INTEGER (0..9)
The size of TrackingAreaCode and cellIdentity are 44 bits, the least size of PLMN-Identity is 8bits, and the largest size of PLMN-Identity is 24bits. The overhead of TAC and cell ID is obvious larger than the PLMN ID. To avoid repeating a PLMN ID presented in legacy PLMN list, the TAC and cell ID should separately defined for this PLMN which may be the same as these of one PLMN in 5GC PLMN list. This causes the TAC and cell ID duplicated in the 5GC PLMN list. 


Fig 1 TAC and CELL ID
Here is an example shown in figure 1, it assumes the PLMN-1 can be connect to both 5GC and EPC, then some indicator should be introduced to indicate UE this PLMN can also connect to 5GC. If for PLMN-1 connects to 5GC, the TAC and cell ID is same with PLMN-3 and PLMN-4 which is TAC-2/CELL ID-2, the overhead to indicate UE that PLMN-1 can connect to 5GC is at least 45bits as the green part shown. But if the PLMN can be present in two PLMN list as the red part in figure 1 illustrated, the overhead to indicate UE that PLMN-1 can connect to 5GC is at most 24bits. So comparing two options, for PLMNs connected to both 5GC and EPC which the TAC and cell ID are different for different CN type, the PLMN ID present in both legacy PLMN list and 5GC PLMN list is more efficient. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Proposal 1: For PLMNs connected to both 5GC and EPC which the TACs and cell IDs are different for different CN connections, the PLMN ID should be present in both legacy PLMN list and 5GC PLMN list is preferred considering the signaling overhead efficiency.
For PLMNs connected to both 5GC and EPC which the TAC and cell ID are same for different CN, if the PLMN and TAC/cell ID all be avoided repeating, some enhancements could be introduced. Though this option may reduce some signaling overhead, but more impact on the specification will be introduced, such as the impact on the IE selectedPLMN-Identity in RRCConnectionSetupComplete, as the PLMN connected to 5GC may present in either in legacy PLMN list or in 5GC PLMN list, the CN type reported in RRCConnectionSetupComplete can’t indicate network which PLMN list the selected PLMN is located in, so some clarification should be made. And if the number of the maximum PLMN supported exceeds 6, even additional bits are needed to cover all the cases, i.e. PLMN in legacy PLMN list connected to EPC, PLMN in 5GC PLMN list for 5GC and PLMN in legacy list connected to 5GC.
Moreover considering the TAC and Cell ID is set separately for the PLMN connected to different CN, PLMN connected to both EPC and 5GC for different CN should repeat in both legacy PLMN list and 5GC PLMN list. Same TAC and Cell ID for different CN for PLMN connected to both 5GC and EPC is not required and restricted, so one unified present option is preferred which will simple and less impact on the specification.
Proposal 2: A unified option is preferred. The PLMNs connected to both 5GC and EPC should be present in both the legacy PLMN list and the 5GC PLMN list no matter whether the TAC and Cell ID are different or not for different CN connectivity.
Impact on TS 36.331
UE reports the selected PLMN in RRCConnectionSetupComplete by selectedPLMN-Identity and the connectTo5GC-r15 indicated the CN type. The field description of selectedPLMN-Identity is as following:
	RRCConnectionSetupComplete field descriptions

	selectedPLMN-Identity
Index of the PLMN selected by the UE from the plmn-IdentityList fields included in SIB1. 1 if the 1st PLMN is selected from the 1st plmn-IdentityList included in SIB1, 2 if the 2nd PLMN is selected from the same plmn-IdentityList, or when no more PLMN are present within the same plmn-IdentityList, then the PLMN listed 1st in the subsequent plmn-IdentityList within the same SIB1 and so on.



The selectedPLMN-Identity is the index of the PLMN selected by the UE from the plmn-IdentityList, As the new 5GC PLMN list introduced, some clarification needs to be made that whether the index of the PLMN for 5GC starts from 1 i.e. from the new 5GC PLMN list, or it is continued of the index of the PLMN for EPC, i.e. from the first PLMN list in SIB1.
As discussed above, the PLMN connected to 5GC present only in 5GC PLMN list, so the CN type reported by UE can indicate which PLMN list the PLMN is located in to network. Considering the number of the maximum PLMN supported for 5GC and EPC has not been discussed, which may be defined separately and the sum of the number of 5GC PLMN and EPC PLMN may exceed 6. In this case the option “continued of the index of the PLMN for EPC” would need additional bits. So when UE report 5GC CN type, the selectedPLMN-Identity is starts from the 5GC PLMN list.
Proposal 3: The connectTo5GC reported by UE refers to 5GC PLMN list which the selected PLMN is located in and starts from.
In last meeting, agreement about the PLMN number in NR was made:
Agreements
1:	Each PLMN can set its own TAC and Cell-ID values for a shared NR cell.  
2:	Maximum number of PLMNs in minimum SI to be broadcasted in a cell is 12.
If 12 PLMNs can be shared in one cell, these operators also may possibly have the similar deployment strategy for eLTE sharing. It is natural to align the agreement made in NR, the maximum number of 5GC PLMNs should also be defined to 12 in eLTE. As the range of the selectedPLMN-Identity is from 1 to 6, an additional bit is needed to extend the index range to 12. UE and network will combine with the current selectedPLMN-Identity and the additional bit to determine the exact index of the selected PLMN. Considering making no impact on the current selectedPLMN-Identity definition, the additional bit can act as an offset, when it is set to true, the offset will be 6, i.e. the exact selected PLMN ID is the selectedPLMN-Identity plus 6; otherwise there is no offset. When network receives the additional bit which is set to true and the connectTo5GC is set to true, the network will consider the index of the selected PLMN is the sum of selectedPLMN-Identity added 6 in the 5GC PLMN list. 
Proposal 4: The maximum number of PLMNs connected to 5GC should be 12 to align with the NR agreement. An additional bit should be introduced to inform network that the index of the selected PLMN should be the selectedPLMN-Identity plus 6. 
The corresponding TP can be found in Annex A.
Proposals
In this contribution, we propose:
Obversation1: Each PLMN list corresponds to one TAC and cellIdentity no matter they connect to EPC or 5GC. And for the PLMN connected to both 5GC and EPC, the corresponding TACs and cell IDs for different PLMN lists can be set to different values.
Proposal 1: For PLMNs connected to both 5GC and EPC which the TACs and cell IDs are different for different CN connections, the PLMN ID should be present in both legacy PLMN list and 5GC PLMN list is preferred considering the signaling overhead efficiency.
Proposal 2: A unified option is preferred. The PLMNs connected to both 5GC and EPC should be present in both the legacy PLMN list and the 5GC PLMN list no matter whether the TAC and Cell ID are different or not for different CN connectivity.
Proposal 3: The connectTo5GC reported by UE refers to 5GC PLMN list which the selected PLMN is located in and starts from.
Proposal 4: The maximum number of PLMNs connected to 5GC should be 12 to align with the NR agreement. An additional bit should be introduced to inform network that the index of the selected PLMN should be the selectedPLMN-Identity plus 6. 
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Annex A:  TS 36.331
[bookmark: _Toc487673498]–	RRCConnectionSetupComplete
RRCConnectionSetupComplete message
-- ASN1START

RRCConnectionSetupComplete ::=		SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		c1									CHOICE{
			rrcConnectionSetupComplete-r8		RRCConnectionSetupComplete-r8-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCConnectionSetupComplete-r8-IEs ::= SEQUENCE {
	selectedPLMN-Identity				INTEGER (1..maxPLMN-r11),
	registeredMME						RegisteredMME						OPTIONAL,
	dedicatedInfoNAS					DedicatedInfoNAS,
	nonCriticalExtension				RRCConnectionSetupComplete-v8a0-IEs	OPTIONAL
}

RRCConnectionSetupComplete-v8a0-IEs ::= SEQUENCE {
	lateNonCriticalExtension			OCTET STRING						OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1020-IEs	OPTIONAL
}

RRCConnectionSetupComplete-v1020-IEs ::= SEQUENCE {
	gummei-Type-r10						ENUMERATED {native, mapped}			OPTIONAL,
	rlf-InfoAvailable-r10				ENUMERATED {true}					OPTIONAL,
	logMeasAvailable-r10				ENUMERATED {true}					OPTIONAL,
	rn-SubframeConfigReq-r10			ENUMERATED {required, notRequired}	OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1130-IEs	OPTIONAL
}

RRCConnectionSetupComplete-v1130-IEs ::= SEQUENCE {
	connEstFailInfoAvailable-r11		ENUMERATED {true}				OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1250-IEs		OPTIONAL
}

RRCConnectionSetupComplete-v1250-IEs ::= SEQUENCE {
	mobilityState-r12					ENUMERATED {normal, medium, high, spare}	OPTIONAL,
	mobilityHistoryAvail-r12			ENUMERATED {true}				OPTIONAL,
	logMeasAvailableMBSFN-r12			ENUMERATED {true}				OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1320-IEs						OPTIONAL
}

RRCConnectionSetupComplete-v1320-IEs ::= SEQUENCE {
	ce-ModeB-r13						ENUMERATED {supported}						OPTIONAL,
	s-TMSI-r13							S-TMSI										OPTIONAL,
	attachWithoutPDN-Connectivity-r13	ENUMERATED {true}							OPTIONAL,
	up-CIoT-EPS-Optimisation-r13		ENUMERATED {true} 							OPTIONAL,
	cp-CIoT-EPS-Optimisation-r13		ENUMERATED {true} 							OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1330-IEs		OPTIONAL
}

RRCConnectionSetupComplete-v1330-IEs ::= SEQUENCE {
	ue-CE-NeedULGaps-r13					ENUMERATED {true}				OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1430-IEs		OPTIONAL
}

RRCConnectionSetupComplete-v1430-IEs ::= SEQUENCE {
	dcn-ID-r14							INTEGER (0..65535)				OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v15xy-IEs						OPTIONAL
}

RRCConnectionSetupComplete-v15xy-IEs ::= SEQUENCE {
	connectTo5GC-r15							ENUMERATED {true}			OPTIONAL,		
    sixOffsetToSelectedPlmn                     ENUMERATED {true}	OPTIONAL,
nonCriticalExtension						SEQUENCE {}					OPTIONAL
}

RegisteredMME ::=					SEQUENCE {
	plmn-Identity						PLMN-Identity						OPTIONAL,
	mmegi								BIT STRING (SIZE (16)),
	mmec								MMEC
}

-- ASN1STOP

	selectedPLMN-Identity
Index of the PLMN selected by the UE from the plmn-IdentityList fields included in SIB1. 1 if the 1st PLMN is selected from the 1st plmn-IdentityList included in SIB1, 2 if the 2nd PLMN is selected from the same plmn-IdentityList, or when no more PLMN are present within the same plmn-IdentityList, then the PLMN listed 1st in the subsequent plmn-IdentityList within the same SIB1 and so on. If the connectTo5GC is present, it refers to the plmn-IdentityList located in cellAccessRelatedInfoFor-5GC, and the index starts from 1. If the sixOffsetToSelectedPlmn is present, the exact index of the selected PLMN is the sum of the value of selectedPLMN-Identity plus 6.

	up-CIoT-EPS-Optimisation
This field is included when the UE supports the User plane CIoT EPS Optimisation, as indicated by the upper layers, see TS 24.301 [35].

	ue-CE-NeedULGaps
Indicates whether the UE needs uplink gaps during continuous uplink transmission in FDD as specified in TS 36.211 [21] and TS 36.306 [5].

	sixOffsetToSelectedPlmn
Indicates an offset to the selectedPLMN-Identity. If this field is present, a compensation of 6 should be added to the selectedPLMN-Identity.
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