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1	Introduction
The work of connecting LTE-M and NB-IoT UEs to 5GC in RAN2 was first discussed in RAN2#105 based on the SA2 LS in S2-1813400 but no agreement was reached on which UP solution to support from RAN2’s perspective. 
In RAN2#105bis, there were some agreements related to CP-EDT and eDRX for LTE-M and NB-IoT connected to 5GC [R2-1905262].
In the latest meeting, RAN2#106, it was agreed to only support RRC-INACTIVE for eMTC and to support the UP optimization solution both for LTE-M (eMTC) and NB-IoT.

RAN2#106 Agreements
- RRC-INACTIVE state in NB-IoT connected to 5GC is  not supported.
- RRC-INACTIVE state with short eDRX cycles is optionally supported for eMTC connected to 5GC with capability signalling.
- FFS if EDT in RRC-INACTIVE state is not supported in Rel-16.
- UP optimization solution is supported for both eMTC and NB-IoT connected to 5GC with capability signalling.
- eLTE is assumed to be the baseline for RRC-INACTIVE state for eMTC UEs connected to 5G.
- Working assumption: Same cell selection/reselection criteria and measurement rules for BL UEs and non-BL UEs in CE in RRC_IDLE when attached to EPC are applied to BL UEs and non-BL UEs in CE in RRC_INACTIVE or RRC_IDLE when attached to 5GC.
- For transmission over DRB, NB-IoT/eMTC UE connected to 5GC uses the same AS security algorithms as eLTE regardless of PDCP type
- KeNB root key is derived from Kamf as specified in TS 33.501.
- For NB-IoT/eMTC UE connected to 5GC, AS security algorithms are indicated by using LTE code points, e.g., EIA, EEA.
The UP solution supported for both eMTC and NB-IoT UEs connected to 5GC in Rel16 is based on the suspend/resume procedure, i.e., the UE resumes to a ng-eNB connected to 5GS from RRC_IDLE state. However, it has not been agreed whether this new UP solution should be based on the Rel13 suspend/resume procedure (hereafter referred to as r13 branch of UP solution) or the Rel15 resume from RRC_INACTIVE for LTE (hereafter referred to as r15 branch of UP solution), as also discussed in e.g., [3], [4]. This contribution discusses some RAN2 aspects of such a new UP CIoT 5GS optimization solution.
[bookmark: _Ref178064866]2	Discussion
2.1 		Suspend/Resume vs. Resume from RRC_INACTIVE
The RRCConnectionResumeRequest message consists of two branches, r13 and r15 corresponding to two branches of UP optimization solution, one is for LTE and NB-IoT UEs to resume to EPS and another is for the LTE UEs to resume to 5GC, as seen from message definition (TS36.331, 6.2.2) below. 
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))
}

In the r15 branch of the UP solution, LTE UEs connect to 5GC via ng-eNB by performing resumption from RRC_INACTIVE state. This is based on the critically extended version of the RRCConnectionResumeRequest, i.e., r15 version of the message with the I-RNTI as the context identifier. The UE context retrieval between target and source ng-eNBs is performed over the Xn interface. The NCC value is provided to the UE at suspension and Msg4 is both ciphered and integrity protected.
[bookmark: _Toc16808957]Rel15 resume procedure for eLTE is based on critically extended version of the RRCConnectionResumeRequest, where context identifier is I-RNTI, and context retrieval is over Xn interface.
Meanwhile, the r13 branch of the UP solution, LTE and NB-IoT UEs connect to EPS by  eitherperforming the Rel13 suspend/resume or Rel15 MO UP-EDT procedure, both of which are based on r13 version of the RRCConnectionResumeRequest with resumeID as the context identifier and context retrieval is via X2 interface. In addition, as recently introduced in Rel15 for MO UP-EDT, the NCC value can be provided to the UE at suspension and Msg4 can be both ciphered and integrity protected.
[bookmark: _Toc16808958]Rel13 resume procedure is based on r13 version of the RRCConnectionResumeRequest, where context identifier is resumeID and context retrieval is over X2 interface.
2.2 		Context identifier and retrieval
Context identifier used to retrieve the UE context from the source ng-eNB is linked to the choice of context retrieval procedure performed by the target and source ng-eNBs. We assume that when receiving a resume request from the UE who wants to connect to 5GC, source and target ng-eNBs communicate to one another via Xn interface only. The question is whether it is better to use resumeID or I-RNTI as the context identifier [3], [4].
[bookmark: _Toc16808959]RAN2 can assume ng-eNBs perform context retrieval in response to a resume request via Xn interface only.
We assume that resumeID can be constructed based on ng-eNB ID instead of eNB ID. It is then possible to use resumeID as UE context identifier.
[bookmark: _Toc16808960]In UP CIoT 5GS optimization solution, either resumeID or I-RNTI could be used to identify the old ng-eNB.
2.3 		RRC Message
With r15 branch, an indication maybe needed to let the ng-eNB know whether the resume request pertains to resume from RRC_IDLE or to resume from RRC_INACTIVE. This is because the ng-eNB may desire to take different actions on the resume request depending on whether it is a request to connect to 5GC from a UE in IDLE or in INACTIVE, for example, such as with different CN slices or different congestion levels. In addition, the indication would help the ng-eNB make decision whether to reject one type of resume request but not the other without before fetching context, i.e., without performing context retrieval.
[bookmark: _Toc16808961]The use of r15 branch and I-RNTI leads to need for an indication whether the resume request is from RRC_IDLE or from RRC_INACTIVE.
In case of r15 branch, as discussed in [3], the existing IE RRC-InactiveConfig in the RRCConnectionRelease message version15 was added for eLTE and thus should not be reused for the UP CIoT 5GS optimisation. Therefore, a new IE that contains I-RNTI and NCC value needs to be defined. In case of the r13 branch, the context identifier resumeID and NCC value are already available and thus there is no need to introduce any new IE(s). 
[bookmark: _Toc16808962]The use of r15 branch and I-RNTI leads to need to define a new IE in RRCConnectionRelease in order not to trigger transition to RRC_INACTIVE.
It is our understanding that basing the Rel16 UP CIoT 5GS optimization on the suspend/resume rather than RRC_INACTIVE is intended to minimize UE and specification impact. However, reusing RRC_INACTIVE messages and principles seems to be against this objective. Thus, it is proposed to use r13 branch with resumeID.
[bookmark: _Toc16804057]Use r13 branch of resume request and resumeID for UP CIoT 5GS optimization solution. 
With r13 approach, indication may be needed to indicate whether the resume request pertains to Xn or X2 context retrieval. In other words, the ng-eNB needs to distinguish whether the connection was suspended from ng-eNB connected to EPC or it was suspended from ng-eNB to 5GC.
[bookmark: _Toc16808963]If r13 branch of resume procedure is used, it is necessary to indicate to the network if the resume request is for Xn or X2 context retrieval.
[bookmark: _Toc16804058]Use a spare bit in the RRCConnectionResumeRequest to indicate whether the resume request pertains to Xn or X2 context retrieval.
[bookmark: _Toc16808964]XnAP may need to be updated to support context retrieval using resumeID.
Conclusion

The following observations were made in Sections 2 and 3: 
Observation 1	Rel15 resume procedure for eLTE is based on critically extended version of the RRCConnectionResumeRequest, where context identifier is I-RNTI, and context retrieval is over Xn interface.
Observation 2	Rel13 resume procedure is based on r13 version of the RRCConnectionResumeRequest, where context identifier is resumeID and context retrieval is over X2 interface.
Observation 3	RAN2 can assume ng-eNBs perform context retrieval in response to a resume request via Xn interface only.
Observation 4	In UP CIoT 5GS optimization solution, either resumeID or I-RNTI could be used to identify the old ng-eNB.
Observation 5	The use of r15 branch and I-RNTI leads to need for an indication whether the resume request is from RRC_IDLE or from RRC_INACTIVE.
Observation 6	The use of r15 branch and I-RNTI leads to need to define a new IE in RRCConnectionRelease in order not to trigger transition to RRC_INACTIVE.
Observation 7	If r13 branch of resume procedure is used, it is necessary to indicate to the network if the resume request is for Xn or X2 context retrieval.
Observation 8	XnAP may need to be updated to support context retrieval using resumeID.

Based on the above discussion, observation and proposals, the following proposal were made: 
Proposal 1	Use r13 branch of resume request and resumeID for UP CIoT 5GS optimization solution. 
Proposal 2	Use a spare bit in the RRCConnectionResumeRequest to indicate whether the resume request pertains to Xn or X2 context retrieval.
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