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1	Introduction

Discussion on which User Plane (UP) solution RAN2/RAN3 need to support for connecting Cellular IoT (CIoT) UEs to 5GC was started based on the SA2 LS in S2-1813400. Following the finalized SA2 study and the Liaisons exchange between RAN2/3 and SA2, it was concluded to only introduce system support for UP CIoT Optimization with long eDRX. This is precised in SA2 LS (R2-190554) to RAN3/RAN2:
	SA2 has re-discussed whether to introduce system support for User Plane CIoT 5GS Optimization with long eDRX (i.e. solution 19 in TR 23.724) in Rel-16 for eMTC/NB-IoT or system support for RRC Inactive with long eDRX (based on e.g. solution 7 and solution 24 in TR 23.724) in Rel-16 for eMTC and NB-IoT.
SA2 concluded to only introduce system support for User Plane CIoT 5GS Optimization with long eDRX (i.e. solution 19 in TR 23.724) in Rel-16 for eMTC/NB-IoT.
SA2 would like to ask RAN2 if RAN2 intends to support RRC Inactive with short eDRX (sleep cycles up to the NAS transmission timer) for eMTC and/or NB-IoT connected to 5GC in Rel-16?


  
In last meeting, RAN2 decided to introduce optional support of RRC_INACTIVE for LTE-M users only. This decision is outlined in their outgoing LS (R2-1908202) to SA2 and RAN3, where they mention the following agreements:
	RAN2 discussed whether to support RRC-Inactive with short eDRX (sleep cycles up to the NAS transmission timer) for eMTC and/or NB-IoT connected to 5GC in Rel-16 and reached the following conclusions:

· 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.



  


Based on the above RAN2 and SA2 decisions, both LTE-M [1] and NB-IoT [2] WID objectives were updated in RAN#84 plenary meeting as follows:
	Connection to 5GC: (LTE-M)
· Specify support for the following features [RAN2, RAN3]
· Support of extended DRX in CM-IDLE
· Support of extended DRX in CM-CONNECTED with RRC_INACTIVE (support of sleep cycles up to the NAS and SMS retransmission timers)
· Support of User Plane CIoT optimisation
· Support of EDT for Data over NAS and User Plane CIoT optimization (see Note)
· Support of restriction of use of Enhanced Coverage
· Delivery of Expected UE Behaviour information to the RAN
· Additional information in SIB to indicate supported CIoT features; indication of CIoT features supported by the UE in RRC
[bookmark: _Hlk516676832]Note: Based on the outcome of RAN2/SA2 liaison exchanges, EDT support for connection to 5G-CN may be later updated to also include RRC_INACTIVE.

Connection to 5GC: (NB-IoT)
· Specify support for the following features [RAN2, RAN3]
· Support of extended DRX in CM-IDLE
· Support of User Plane CIoT optimization
· Support of EDT for Data over NAS and User Plane CIoT optimization
· Support of Inter-UE QoS for data over NAS (resource prioritisation between different NB-IoT UEs)
· Support of restriction of use of Enhanced Coverage
· Delivery of Expected UE Behaviour information to the RAN
· Additional information in SIB to indicate supported CIoT features; indication of CIoT features supported by the UE in RRC




In last RAN3 meeting, companies did not have time to discuss detailed impacts of UP CIoT Optimization solution support on RAN3 specifications. In this paper, we analyze general impacts of supporting UP CIoT Optimization on XnAP, when applied to both LTE-M and NB-IoT.
[bookmark: _Ref178064866]2	Discussion
UP CIoT optimization has been agreed to be based on Rel-13 suspend/resume. In last meeting, a company submitted a paper [3] discussing functions to introduce in order to support UP CIoT Optimization:
· For NGAP:
· Introduce UE Context Suspend & resume procedures (with SMF containers to indicate presence or not PDU sessions),
·  Introduce new IE UE User Plane CIoT Support Indicator (AMF to NG-RAN node).
· For XnAP:
·  Reuse the existing procedure for context retrieval (already used for RRC_INACTIVE), since some IEs can be directly reused:
· UE context ID: can either introduce a new choice (e.g. Resume ID), or reuse a previous IE – the choice should be up to RAN2
· Integrity protection (16 bit): just requires appropriate definition
· New Cell Identifier: here the only real issue is the case of RAN sharing, same as for re-establishment
· Details of signaling including integrity protection and context ID should be discussed in RAN2.
The above highlighted proposal could be understood as re-using RRC_INACTIVE procedures for context retrieval between eNB/ng-eNB. At first hand, this is a bit of a surprising proposal, considering that one of the arguments that has been uttered in RAN3#103bis for selecting Rel-13 Suspend/Resume instead of RRC_INACTIVE was to minimize complexity [4]. Reusing RRC_INACTIVE messages seems to contradict that objective. 
In fact, as the UP solution was agreed to be based on Rel-13 Suspend/resume and not on RRC_INACTIVE, the solution is expected to re-use suspend/resume messages and procedures, if anything. Therefore, companies should clarify why should RAN3 re-use RRC_INACTIVE procedures since it has been ruled out as supporting feature.
[bookmark: _Toc16504074]Since the UP solution for connecting CIoT UEs to 5GC was agreed to be based on Rel-13 Suspend/Resume and not on RRC_INACTIVE, justification is needed if RRC_INACTIVE procedures are reused in RAN3 interface specifications.
Context identifier used to retrieve the UE context from the old (ng-)eNB is linked to the context retrieval used in the interface between ng-eNBs, i.e., a RAN3 aspect. We assume that when receiving a resume request from the UE, source and target ng-eNBs communicate to one another via Xn or X2 interface. The question is whether it is better to use resumeID or I-RNTI to identify the old ng-eNB? In next section, we provide our views on both approaches 
 
2.1 	Context retrieval with Rel-13 Resume ID

In legacy LTE, Rel-13 Suspend/Resume is based on Resume ID (defined in 9.2.91 of TS 36.423) to enable the source eNB identifying and fetching the UE context over X2 from the target eNB. However, in case the source node is an ng-eNB, the eNB ID of the target eNB that allocated the Resume ID is not necessarily the same as the ng-eNB ID of the source NG-RAN.  
When looking at SIB1 information in TS 38.331, we can see that there is a separate cellIdentity for an LTE cell connected to 5GC:
[bookmark: _Toc5285260]–	CellAccessRelatedInfo-EUTRA-5GC
The IE CellAccessRelatedInfo-EUTRA-5GC indicates cell access related information for an LTE cell connected to 5GC.
CellAccessRelatedInfo-EUTRA-5GC information element
-- ASN1START
-- TAG-CELLACCESSRELATEDINFOEUTRA-5GC-START

CellAccessRelatedInfo-EUTRA-5GC  ::=    SEQUENCE {
    plmn-IdentityList-eutra-5gc             PLMN-IdentityList-EUTRA-5GC,
    trackingAreaCode-eutra-5gc              TrackingAreaCode,
    ranac-5gc                               RAN-AreaCode                                OPTIONAL,
    cellIdentity-eutra-5gc                  CellIdentity-EUTRA-5GC
}

PLMN-IdentityList-EUTRA-5GC::=          SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity-EUTRA-5GC

PLMN-Identity-EUTRA-5GC ::=             CHOICE {
    plmn-Identity-EUTRA-5GC                 PLMN-Identity,
    plmn-index                              INTEGER (1..maxPLMN)
}

CellIdentity-EUTRA-5GC ::=              CHOICE {
    cellIdentity-EUTRA                      BIT STRING (SIZE (28)),
cellId-index                            INTEGER (1..maxPLMN)
}

-- TAG-CELLACCESSRELATEDINFOEUTRA-5GC-STOP
-- ASN1STOP

As highlighted, if one intends to use resumeID as the context ID, when ng-eNB needs to fetch context, it may not be possible to locate which ng-eNB to ask for context just by looking at resumeID. This is because the CellIdentity part in resumeID assigned at the source ng-eNB may be not understood by the target ng-eNB.  Thus, it is not clear whether Resume ID can be used to identify source ng-eNB properly. 
[bookmark: _Toc16504075]eNB and ng-eNB IDs are not necessarily the same.
Moreover, in case the source ng-eNB would be able to base the Resume ID on ng-eNB ID, the source/old ng-eNB may need however to distinguish whether the context stored is for UEs using S1, i.e., ng-eNB connected to EPC; or for UEs using NG, i.e., ng-eNB connected to 5GC.
On the other hand, if the source node is an eNB, we may need to consider whether Resume ID can be used to identify source eNB if context retrieval should be done over Xn instead of X2 and in that case how eNB determines which interface and which UE ID to use. From these remarks, it seems that supporting Context retrieval with Rel-13 Resume ID requires more changes in Xn interface.
[bookmark: _Toc16504076]Supporting UP CIoT optimization solution based on Context Retrieval with Rel-13 resume ID has impacts on Xn interface.
Looking also at the long-term perspectives, if Resume ID is used, X2 interface needs to be maintained, which is not necessary as EPC may not be maintained in the long term. Besides, if the system is changed, network vendors may need to work on UP optimization from scratch; thus, it may not be a future-proof solution.

2.2 	Context retrieval with Rel-15 I-RNTI
In XnAP context retrieval procedures, the RETRIEVE UE CONTEXT REQUEST message contains the UE Context ID which has information received from the UE and the new cell (NG-RAN). The I-RNTI present in the UE Context ID provides the new NG-RAN node a reference to the UE context in the old NG-RAN node (see below extract from TS 38.423): 
[bookmark: _Toc5692088]9.2.3.40        UE Context ID
This IE is used to address a UE Context within an NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE UE Context ID
	M
	
	
	

	>RRC Resume
	
	
	
	

	>>I-RNTI
	M
	
	9.2.3.46
	How the new NG-RAN node is able to resolve the old NG-RAN ID from the I-RNTI is a matter of proper configuration in the old and new NG-RAN node.

	>>Allocated C-RNTI
	M
	
	BIT STRING (SIZE (16))
	Temporary C-RNTI allocated to the UE by the cell where the RRC connection has been requested to be resumed, contained in the MAC RAR as defined in TS 38.321 [35] or in TS 36.321 [36].

	>>Access PCI
	M
	
	NG-RAN Cell PCI
9.2.2.10
	The cell PCI where the RRC connection has been requested to be resumed.

	>RRC Reestablishment 
	
	
	
	

	>>C-RNTI
	M
	
	BIT STRING (SIZE (16))
	C-RNTI contained in the RRCReestablishmentRequest message (TS 38.331 [10]) or RRCConnectionReestablishmentRequest message (TS 36.331 [14]).

	>> Failure Cell PCI
	M
	
	NG-RAN Cell PCI
9.2.2.10
	



One concern with respect to LTE-M and NB-IoT UEs, is that using the I-RNTI for fetching the UE context requires knowledge of the RAT type to be present in the UE Context ID, i.e., whether the UE context has been allocated from a LTE-M or NB-IoT resource pool. Currently, we can remark there is no RAT-specific information present in the UE Context ID.  
[bookmark: _Toc16504077]Information about the RAT in the UE Context ID is needed in order to identify the RAT of the cell within which the CIoT UE was sent to RRC_INACTIVE. 
Furthermore, it should be checked whether the UE context should be able to be allocated from different "numbering pools" on the Xn interface. If the node features are not able to digest that the UE context reference is allocated from the same numbering pool, then using Rel-13 Resume ID might be considered a better choice to minimize implementation complexity.
Nevertheless, such decisions should be up to RAN2 to decide. From RAN3 point of view, if RAN2 acquiesces this change, the Rel-15 I-RNTI could be used for context retrieval with little to no change in the RAN3 specifications, compared to Rel-13 Resume ID. Then again, using I-RNTI, which is inherent to RRC_INACTIVE procedures, seems contradicting with the SA2 choice to not use RRC_INACTIVE for connecting CIoT UEs to 5GC. 
[bookmark: _Toc16504078]It is feasible to reuse the RRC_INACTIVE procedure for UE context retrieval with limited impacts on RAN3 specification. Details on signalling should be up to RAN2 to decide.
Another question is whether Xn or X2 should be used for context fetching. The target ng-eNB could have specific reasons to select a type of node identifier to retrieve the UE context from the old eNB or NB-IoT node. Also, upon reception of a resume request, the old eNB may behave differently for resume from IDLE and from RRC_INACTIVE, and may have reasons to reject a specific resume request. Because upon reception of a resume request, eNB behaves differently for resume from IDLE and from RRC_INACTIVE, depending on what RRC message is used in the resume request. For instance, eNB may want to reject one type but not the other type of resume request, or in case of rejection before fetching context, the indication would help the ng-eNB make decision without performing context retrieval.
Therefore, from our point of view, it might be needed, if I-RNTI is used, to differentiate a resume request from RRC_IDLE and from RRC_INACTIVE (i.e., connection suspended from ng-eNB connected to EPC or suspended from ng-eNB to 5GC). In this way, we can leave the ng-eNB the choice to whether use Rel-13 or Rel-15 version of context fetching principles.
[bookmark: _Toc16504079]It is preferable to differentiate resume request from RRC_IDLE from resume from RRC_INACTIVE, and leave the ng-eNB the possibility to select a specific node identifier (X2 or Xn) for context fetching.

In TS 36.331 RRC specification, we can remark in RRCConnectionResumeRequest message a spare bit in both –r13 and –r15 messages, which could be used to indicate if request is coming from IDLE or INACTIVE:
RRCConnectionResumeRequest message
-- ASN1START

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

…

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 case the RRCConnectionResumeRequest-5GC-r15-IEs is introduced in Rel-16, then this spare bit can be used to distinguish the two cases. However, this is currently not the case and such indication and changes are anyway up to RAN2 to decide. 

[bookmark: _Toc16504102]RAN3 can assume that the UP CIoT optimization solution for context retrieval could be based on Rel-13 suspend/resume or Rel-15 inactive procedures. Details on signalling is up to RAN2 to decide. RAN3 to wait for RAN2 progress.

Conclusion

In this paper, we have provided our thoughts UP CIoT optimization solution details for context retrieval. Based on our analysis, we made the following observations: 
Observation 1	Since the UP solution for connecting CIoT UEs to 5GC was agreed to be based on Rel-13 Suspend/Resume and not on RRC_INACTIVE, justification is needed if RRC_INACTIVE procedures are reused in RAN3 interface specifications.
Observation 2	eNB and ng-eNB IDs are not necessarily the same.
Observation 3	Supporting UP CIoT optimization solution based on Context Retrieval with Rel-13 resume ID has impacts on Xn interface.
Observation 4	Information about the RAT in the UE Context ID is needed in order to identify the RAT of the cell within which the CIoT UE was sent to RRC_INACTIVE.
Observation 5	It is feasible to reuse the RRC_INACTIVE procedure for UE context retrieval with limited impacts on RAN3 specification. Details on signalling should be up to RAN2 to decide.
Observation 6	It is preferable to differentiate resume request from RRC_IDLE from resume from RRC_INACTIVE, and leave the ng-eNB the possibility to select a specific node identifier (X2 or Xn) for context fetching.
	
Finally, we proposed the following: 
Proposal 1	RAN3 can assume that the UP CIoT optimization solution for context retrieval could be based on Rel-13 suspend/resume or Rel-15 inactive procedures. Details on signalling is up to RAN2 to decide. RAN3 to wait for RAN2 progress.
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