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1	Introduction
The following agreements were made in RAN2#107 on User Plane CIoT 5GS optimization for LTE-M/NB-IoT connected to 5GC:
	Support of eDRX in CM-IDLE and EDT:
Support of User Plane CIoT 5GS optimization is optional for both eMTC and NB-IoT devices connected to 5GC without capability signaling. Indication for support is provided in Msg5, i.e. RRCConnectionSetupComplete.
For NB-IoT and eMTC, introduce a new parameter, up-CIoT-5GS-Optimisation-r16, in SIB1-BR/SIB1-NB to indicate per PLMN support of User plane CIoT 5GS optimisations.
For eMTC, broadcast signaling is not required to indicate support of N3 data transfer since it is mandatory for both the UE and the network.
For NB-IoT, introduce a new parameter, n3-5GS-DataTransfer-r16, in SIB1-NB to indicate per PLMN support of N3 user plane data transfer.
For eMTC, introduce new parameters, up-CIoT-5GS-Optimisation-r16 and cp-CIoT-5GS-Optimisation-r16 in RRCConnectionSetupComplete when accessing 5GC.
For NB-IoT, introduce new parameters, up-CIoT-5GS-Optimisation-r16 and n3-5GS-DataTransfer-r16 in RRCConnectionSetupComplete-NB when accessing 5GC.
For NB-IoT and eMTC, when the UE in RRC_IDLE using the UP CIoT optimisation reselects to another CN type, it discards the UE AS context and the UE identity.
For NB-IoT and eMTC, UE goes to RRC_IDLE and initiates NAS recovery procedure when the UE switches between CN types at RRC Connection re-establishment.
Introduce a new IE up-EDT-5GC-r16 in SIB2-BR/SIB2-NB to indicate ng-eNB connected to 5GC supports UP MO-EDT.
Introduce a new UE capability earlyData-UP-5GC-r16 in UE-EUTRA-Capability, UE-Capability-NB to indicate support of UP MO-EDT in 5GC.




In RAN2#107 discussion on whether I-RNTI or resumeID should be used as the UE identifier in the User Plane CIoT 5GS optimization (hereafter shortened to “UP solution (in 5GC)” in this paper) was started based on [1]. In this contribution we identify the impact of each solution and propose a way forward. We also discuss other remaining open issues for UP solution. 
[bookmark: _Ref178064866]2	Discussion
2.1	Requirements for the UP solution
Following how the UP solution is specified for LTE-M/NB-IoT UEs connected to EPC, the following information should be provided for the 5GC case:
·  Identifier for the UE / UE context
· I-RNTI or resumeID have been proposed in RAN2#107 
· The ID is provided in suspend message from ng-eNB to UE and in resume request message from UE to eNB
· NCC value is provided in the suspend message

[bookmark: _Toc21036643]The RRC signalling in UP solution for 5GC should convey similar information as in EPC, that is, UE context identifier in resume and suspend messages and NCC value in suspend message. 
When using UP solution in 5GC, there are two additional complexities to be considered. First, UE could have been suspended when it was connected to EPC or to 5GC, considering ng-eNB can be connected to either CN type. Depending on the used identifier and RRC messages, an additional indication in the RRC signalling may be required so that the ng-eNB (to which resume is attempted) understands in which CN type the UE was suspended. 
[bookmark: _Toc21050560]ng-eNB should be able to differentiate between resumption in EPC and 5GC based on the information conveyed in RRC signalling.
The other information which the network should have based on RRC signalling is whether the UE was in RRC_IDLE or in RRC_INACTIVE state. RRC_INACTIVE has been agreed to be optionally supported for LTE-M, but not supported for NB-IoT in Rel-16. The ng-eNB may take different action after receiving the resume request depending on from which state the UE is resuming, for example, w r t different CN slices or w r t different congestion levels. The ng-eNB could e.g. prioritize requests from different states differently in case there is network congestion, considering resumption from RRC_INACTIVE requires less CN signalling. The ng-eNB could also have different rules for rejecting the connection depending on the UE state. As for identifying the CN type, also this action should be doable without the actual context fetch. Likewise, depending on the identifier and messages used, there may be need to specify means to differentiate between resumption from RRC_IDLE or from RRC_INACTIVE. 
[bookmark: _Toc21050561]ng-eNB should be able to differentiate between resumption from RRC_IDLE and RRC_INACTIVE based on the information conveyed in RRC signalling
In the following sections we evaluate the impact of using either resumeID or I-RNTI based on the requirements discussed in this section. 
2.2	Impact of using resumeID as the resume identity
Since Rel-13, including MO EDT and other procedures relying on the UP solution, resumeID has been used as the identifier identifying the UE context in eNB. The provided resume identity is conveyed from UE to eNB in RRCConnectionResumeRequest(-NB) RRC messages for both LTE-M and NB-IoT when UE requests resumption of the RRC connection. When the network suspends the UE, the resume identifier is given to the UE in RRCConnectionRelease(-NB) message. Between two eNBs, the context retrieval is performed over the X2 interface. 
If resumeID would be used in the UP solution when connected to 5GC, the identifier information would be the same as for the EPC case, and there is no need to modify the RRC messages because of this. However, when both EPC and 5GC are supported, there is a need to identify whether the UE was connected to either EPC or 5GC when it was suspended. With the legacy RRC messages this information is not available at least without fetching the actual context, thus an indication should be defined to differentiate between resumption from EPC or 5GC. One spare bit exists in RRCConnectionResumeRequest and 4 spare bits in RRCConnectionResumeRequest-NB, which could be used for this purpose. 
For LTE-M, when the network supports both UP optimization solution for LTE-M/NB-IoT and RRC_INACTIVE, the contents of the resume request message differentiate between resumption from RRC_IDLE (RRCConnectionResumeRequest-r13-IEs) and RRC_INACTIVE (RRCConnectionResumeRequest-5GC-r15-IEs), thus no additional changes are needed because of this. 
2.3	Impact of using I-RNTI as the resume identity
In Rel-15 connection of LTE UEs to 5GC was specified (except for LTE-M and NB-IoT UEs). A UP optimization solution as for LTE and EPC is not defined for 5GC, but it is possible for LTE UEs to use RRC_INACTIVE state, which shares some similarities with the UP solution in EPC. When RRC_INACTIVE state is used, I-RNTI is the identifier used to locate the UE context. For this purpose, a critically extended version of RRCConnectionResumeRequest was specified, where the main difference to Rel-13 version is the inclusion of I-RNTI instead of resumeID. Between two ng-eNBs, context retrieval is done over the Xn interface. 
If I-RNTI would be used in the UP solution when connected to 5GC, the RRC messages need to include the new identifier and changes are required to the existing RRC messages:
· For connection resume message
· for LTE-M, the already specified critical extension in Rel-15 can be evolved for  RRCConnectionResumeRequest from RRC_IDLE. 
· for NB-IoT, a new critical extension of RRCConnectionResumeRequest-NB needs to be specified with I-RNTI. Other information can be the same.
· For connection release (suspend) message
· for LTE-M, I-RNTI was included in RRCConnectionRelease in Rel-15, but it cannot be used as-is, as the I-RNTI is provided in RRC-InactiveConfig IE which shouldn’t be used for suspension to RRC_IDLE. The existing message can be further extended and a corresponding IE for suspended state including NCC and I-RNTI can be specified.  
· for NB-IoT, similar solution for LTE-M, e.g. a new IE can be specified. The existing RRCConnectionRelease-NB message can be extended with the new information.

If I-RNTI is used, there is no issue for ng-eNB to identity whether resumption is from EPC or 5GC as different identifier. However, whether resumption is from RRC_IDLE or RRC_INACTIVE cannot be distinguished through the I-RNTI without a context fetch, thus an indication for such differentiation would be needed. 	
2.4	Comparison of the impacts 

Tabelle 1. Comparison of impact between using I-RNTI and resumeID as the identifier.
	Impact / Issue
	I-RNTI
	resumeID

	RRC Connection Resume message
	Need to define new critical extension for NB-IoT.
	Legacy message can be used for both eMTC and NB-IoT. 

	RRC Connection Release message
	Need to create new IE and/or include new parameters for both eMTC and NB-IoT. Existing message can be extended. 
	Legacy message can be used for both eMTC and NB-IoT.

	Differentiation between resume from RRC_IDLE or RRC_INACTIVE
	An indication needs to be defined to allow eNB to differentiate resumption from different states.
	No issue – separate identifier is used for the different cases.

	Differentation beween resume from EPC or 5GC
	No issue – separate identifier is used for the different cases.
	An indication needs to be defined if eNB wants to separate resumption from different CNs.



Based on the comparison, there are more specification impacts in RAN2 if I-RNTI is used. For NB-IoT, all related messages need to be extended with at least identifier (I-RNTI) information. For LTE-M, the existing critical extension of resume request can be used but release message needs to be extended with additional parameters/IEs. 
Additional indication needs to be defined when using either of the identifiers: To differentiate between EPC and 5GC for resumeID, and to differentiate between RRC_IDLE and RRC_INACTIVE for I-RNTI. 
For I-RNTI, no direct RAN3 impact is identified. For resumeID, RAN3 may need to update XnAP specifications if resumeID is not currently supported. 
Based on the comparison above and the fact that I-RNTI was originally intended to be used for RRC_INACTIVE, which was not selected as the 5GC UP solution for LTE-M and NB-IoT UEs, we propose to re-use as much as possible from existing specifications for RRC signalling and use resumeID as the identifier in the UP solution.
[bookmark: _Toc21050562]Use resumeID as the context identifier and the existing RRC signalling for UP solution when connected to 5GC.
If Proposal 3 is agreed, the spare bit in RRCConnectionResumeRequest(-NB) can be used to indicate resumption from EPC or 5GC. This is the last spare bit. If I-RNTI is used instead, the last spare bit in LTE Rel-15 critical extension would need to be used. 
[bookmark: _Toc16804058][bookmark: _Toc21050563]Use a spare bit in the RRCConnectionResumeRequest(-NB) to indicate whether the resume request corresponds to resume in EPC or 5GC.
2.5 Additional remaining issues in UP solution
When UE has been suspended in one type of CN but would like to reselect to another type, the existing context should be dropped. This is similar behaviour as for existing eLTE UEs. 
[bookmark: _Toc21050564]Upon switching CN type, UE should discard AS context and perform same actions as if leaving RRC_CONNECTED or RRC_INACTIVE.
Regarding security, similar enhancements as are provided by e.g. MO EDT and RRC_INACTIVE state should be considered for the UP solution when connected to 5GC. In MO EDT and RRC_INACTIVE, the AS security is activated before transmission of Msg3, providing additional security for Msg4. 
[bookmark: _Toc21050565]AS security is activated before sending Msg3 in UP solution when connected to 5GC.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The RRC signalling in UP solution for 5GC should convey similar information as in EPC, that is, UE context identifier in resume and suspend messages and NCC value in suspend message.
[bookmark: _GoBack]
Based on the discussion in the previous sections we propose the following:
Proposal 1	ng-eNB should be able to differentiate between resumption in EPC and 5GC based on the information conveyed in RRC signalling.
Proposal 2	ng-eNB should be able to differentiate between resumption from RRC_IDLE and RRC_INACTIVE based on the information conveyed in RRC signalling
Proposal 3	Use resumeID as the context identifier and the existing RRC signalling for UP solution when connected to 5GC.
Proposal 4	Use a spare bit in the RRCConnectionResumeRequest(-NB) to indicate whether the resume request corresponds to resume in EPC or 5GC.
Proposal 5	Upon switching CN type, UE should discard AS context and perform same actions as if leaving RRC_CONNECTED or RRC_INACTIVE.
Proposal 6	AS security is activated before sending Msg3 in UP solution when connected to 5GC.
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Appendix / ASN.1 reference for RRC messages
RRCConnectionResumeRequest message
-- ASN1START

RRCConnectionResumeRequest-r13 ::=	SEQUENCE {
	criticalExtensions						CHOICE {
		rrcConnectionResumeRequest-r13			RRCConnectionResumeRequest-r13-IEs,	
		rrcConnectionResumeRequest-r15			RRCConnectionResumeRequest-5GC-r15-IEs
	}
}

RRCConnectionResumeRequest-r13-IEs ::=		SEQUENCE {
	resumeIdentity-r13								CHOICE {
		resumeID-r13									ResumeIdentity-r13,
		truncatedResumeID-r13							BIT STRING (SIZE (24))
	},
	shortResumeMAC-I-r13							BIT STRING (SIZE (16)),
	resumeCause-r13									ResumeCause,
	spare											BIT STRING (SIZE (1))
}

RRCConnectionResumeRequest-5GC-r15-IEs ::=		SEQUENCE {
	resumeIdentity-r15								CHOICE {
		fullI-RNTI-r15									I-RNTI-r15,
		shortI-RNTI-r15									ShortI-RNTI-r15
	},
	shortResumeMAC-I-r15							BIT STRING (SIZE (16)),
	resumeCause-r15									ResumeCause-r15,
	spare											BIT STRING (SIZE (1))
}

ResumeCause ::=				ENUMERATED {
								emergency, highPriorityAccess, mt-Access, mo-Signalling,
								mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1
}

ResumeCause-r15 ::=			ENUMERATED {
								emergency, highPriorityAccess, mt-Access, mo-Signalling,
								mo-Data, rna-Update, mo-VoiceCall, spare1
}

-- ASN1STOP

RRCConnectionResumeRequest-NB message
-- ASN1START

RRCConnectionResumeRequest-NB ::=	SEQUENCE {
	criticalExtensions						CHOICE {
		rrcConnectionResumeRequest-r13			RRCConnectionResumeRequest-NB-r13-IEs,
		criticalExtensionsFuture				SEQUENCE {}
	}
}

RRCConnectionResumeRequest-NB-r13-IEs ::=	SEQUENCE {
	resumeID-r13								ResumeIdentity-r13,
	shortResumeMAC-I-r13						ShortMAC-I,
	resumeCause-r13								EstablishmentCause-NB-r13,
	earlyContentionResolution-r14				BOOLEAN,
	cqi-NPDCCH-r14								CQI-NPDCCH-NB-r14,
	spare										BIT STRING (SIZE (4))
}

-- ASN1STOP

EstablishmentCause-NB information element
-- ASN1START

EstablishmentCause-NB-r13 ::=			ENUMERATED {
											mt-Access, mo-Signalling, mo-Data, mo-ExceptionData,
											delayTolerantAccess-v1330, spare3, spare2, spare1}

-- ASN1STOP

RRCConnectionRelease message
-- ASN1START

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

RRCConnectionRelease-r8-IEs ::=		SEQUENCE {
	releaseCause						ReleaseCause,
	redirectedCarrierInfo				RedirectedCarrierInfo				OPTIONAL,	-- Need ON
	idleModeMobilityControlInfo			IdleModeMobilityControlInfo			OPTIONAL,	-- Need OP
	nonCriticalExtension				RRCConnectionRelease-v890-IEs		OPTIONAL
}

<SNIP>

RRCConnectionRelease-v1020-IEs ::=	SEQUENCE {
	extendedWaitTime-r10				INTEGER (1..1800)		OPTIONAL,	-- Need ON
	nonCriticalExtension			RRCConnectionRelease-v1320-IEs				OPTIONAL
}

RRCConnectionRelease-v1320-IEs::=	SEQUENCE {
	resumeIdentity-r13					ResumeIdentity-r13				OPTIONAL,	-- Need OR	
	nonCriticalExtension				RRCConnectionRelease-v1530-IEs	OPTIONAL
}

RRCConnectionRelease-v1530-IEs ::=	SEQUENCE {
	drb-ContinueROHC-r15				ENUMERATED {true}			OPTIONAL,	-- Cond UP-EDT
	nextHopChainingCount-r15			NextHopChainingCount		OPTIONAL,	-- Cond UP-EDT
	measIdleConfig-r15					MeasIdleConfigDedicated-r15	OPTIONAL,	-- Need ON
	rrc-InactiveConfig-r15				RRC-InactiveConfig-r15		OPTIONAL,	-- Need OR
	cn-Type-r15							ENUMERATED {epc,fivegc}		OPTIONAL,	-- Need OR
	nonCriticalExtension				RRCConnectionRelease-v1540-IEs			OPTIONAL
}

RRCConnectionRelease-v1540-IEs ::=	SEQUENCE {
	waitTime							INTEGER (1..16)		OPTIONAL, -- Cond 5GC
	nonCriticalExtension				SEQUENCE {}				OPTIONAL
}

ReleaseCause ::=				ENUMERATED {loadBalancingTAUrequired,
											other, cs-FallbackHighPriority-v1020, rrc-Suspend-v1320}

[bookmark: OLE_LINK101][bookmark: OLE_LINK102]<SNIP>

RRC-InactiveConfig-r15::=		SEQUENCE {
	fullI-RNTI-r15					I-RNTI-r15,
	shortI-RNTI-r15					ShortI-RNTI-r15,
	ran-PagingCycle-r15				ENUMERATED {	rf32, rf64, rf128, rf256}	OPTIONAL,	--Need OR
	ran-NotificationAreaInfo-r15	RAN-NotificationAreaInfo-r15		OPTIONAL,	--Need ON
	periodic-RNAU-timer-r15			ENUMERATED {min5, min10, min20, min30, min60,
											min120, min360, min720}		OPTIONAL,	--Need OR
	nextHopChainingCount-r15		NextHopChainingCount		OPTIONAL,	--Cond INACTIVE
	nonCriticalExtension			SEQUENCE{}		OPTIONAL
}


<SNIP>

-- ASN1STOP


RRCConnectionRelease-NB message
-- ASN1START

RRCConnectionRelease-NB ::=		SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		c1									CHOICE {
			rrcConnectionRelease-r13			RRCConnectionRelease-NB-r13-IEs,
			spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCConnectionRelease-NB-r13-IEs ::=	SEQUENCE {
	releaseCause-r13					ReleaseCause-NB-r13,
	resumeIdentity-r13					ResumeIdentity-r13				OPTIONAL,	-- Need OR
	extendedWaitTime-r13				INTEGER (1..1800)				OPTIONAL,	-- Need ON
	redirectedCarrierInfo-r13			RedirectedCarrierInfo-NB-r13	OPTIONAL,	-- Need ON
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	nonCriticalExtension				RRCConnectionRelease-NB-v1430-IEs		OPTIONAL
}

RRCConnectionRelease-NB-v1430-IEs ::=	SEQUENCE {
	redirectedCarrierInfo-v1430			RedirectedCarrierInfo-NB-v1430	OPTIONAL,	-- Cond Redirection
	extendedWaitTime-CPdata-r14		INTEGER (1..1800)	OPTIONAL,	-- Cond NoExtendedWaitTime
	nonCriticalExtension				RRCConnectionRelease-NB-v1530-IEs	OPTIONAL
}

RRCConnectionRelease-NB-v1530-IEs ::=	SEQUENCE {
	drb-ContinueROHC-r15					ENUMERATED {true}			OPTIONAL,	-- Cond UP-EDT
	nextHopChainingCount-r15				NextHopChainingCount		OPTIONAL,	-- Cond UP-EDT
	nonCriticalExtension				RRCConnectionRelease-NB-v1550-IEs	OPTIONAL
}

RRCConnectionRelease-NB-v1550-IEs ::=	SEQUENCE {
	redirectedCarrierInfo-v1550			RedirectedCarrierInfo-NB-v1550	OPTIONAL,	-- Cond Redirection-TDD
	nonCriticalExtension				SEQUENCE {}		OPTIONAL
}

ReleaseCause-NB-r13 ::=					ENUMERATED {loadBalancingTAUrequired, other,
													rrc-Suspend, spare1}
<SNIP>

-- ASN1STOP
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