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Introduction
The last RAN2-103bis identified an MAC-I verification issue for subsequent resumption when RNAU without anchor relocation is used and sent LS to RAN3 to resolve without any impact to RAN2 specification [1]. In this contribution, we analyze this issue and provide potential solutions that RAN3 can take. We further propose to adopt one solution with the corresponding TP to XnAP [2].
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Discussion
2.1     Problem description

The issue can be illustrated as in the following figure.
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Figure 1: RNAU without anchor relocation + resume on another gNB

Suppose that INACTIVE UE resumes on gNB1 for RNAU (RAN Notification Area Update) and the last serving gNB decides to send the UE back to INACTIVE without anchor relocation, see steps 1-4 in Figure 1. In a later time, assume that INACTIVE UE resumes on another gNB, which is gNB2.

The UE uses the stored PCI and C-RNTI of the cell which it had resumed in gNB1 to generate the resumeMAC-I for subsequent resumption (step 5) onto gNB2, which is tossed to the last serving gNB via step 6. However, the last serving gNB will fail to verify this resumeMAC-I as it is not aware of the PCI and C-RNTI of the cell on which the UE had resumed in gNB1.

In the end, the UE will be forced to setup RRC Connection with gNB2 (steps 7-9), which would be a waste of the UE’s battery if the UE doesn’t need to setup RRC Connection. Moreover, such fallback causes additional delay compared to normal resume procedure.
The main problem is that the last serving gNB is not aware of the PCI and C-RNTI of the cell on which the UE had previously resumed where the last serving gNB decided not to relocate the anchor.

Observation 1: The main issue is that the last serving gNB is not aware of the PCI and C-RNTI of the cell on which the UE had previously resumed where the last serving gNB decided not to relocate the anchor.

2.2     Solution description

There can be several NW-based solutions that can avoid this verification failure when RNAU without anchor relocation is used. 

· Solution 1: The gNB on which the UE resumes provides PCI and C-RNTI to the last serving gNB over XnAP Retrieve UE Context Retrieval Request. 
· An pre-caution approach to provide missing info to the last serving gNB regardless of whether it decides to relocate the anchor or not. 

· Since “without anchor relocation” is only applicable to RNAU, it is sufficient for the gNB on which the UE resumes to provide such PCI and C-RNTI to the last serving gNB only for RNAU case (i.e. over step 2 in Figure 1 and also over step 5 if the ResumeCause is “rna-Update”).
· If the last serving gNB decides not to relocate the anchor, then those provided PCI and C-RNTI would be useful for the subsequent resumption. Those info becomes useless when the last serving gNB decides to relocate the anchor, but will be simply deleted as part of the UE context release requested by the new anchor (thus no harm).
· Solution 2: The last serving gNB requests to retrieve PCI and C-RNTI of the cell from the gNB on which the UE had resumed previously.

· An on-demand approach for the last serving gNB (who previously used RNAU without anchor relocation) to request missing info. It can be triggered before or after the last serving gNB fails to verify the MAC-I.

· A class-1 XnAP procedure is required (in-bewteen step 6 and step 7 in Figure 1) with the gNB on which the UE had resumed previously (i.e. gNB1), which could result in additional delay.

The pre-caution approach of Solution 1 is simple and does not require additional steps or incur potential delay as in Solution 2. The only drawback is that those provided PCI and C-RNTI info can be useless, but this is only for the case when the last serving gNB decides to relocate the anchor, for which the old UE context in the last serving gNB is deleted as part of this relocation process.

Observation 2: The pre-caution approach that provides missing info (PCI and C-RNTI) to the last serving gNB over XnAP Retrieve UE Context Request is simple and does not incur additional steps or potential delay.
Based on the above analysis, the following table summarizes between NW-based Solution 1 and Solution 2.

	
	Solution 1 (pre-caution)
	Solution 2 (on-demand)

	Description
	The gNB on which the UE resumes provides PCI and C-RNTI to the last serving gNB
	The last serving gNB requests to retrieve PCI and C-RNTI of the cell from the gNB on which the UE had resumed previously.

	Impacts
	New IEs into XnAP Retrieve UE Context Retrieval Request, as an optional condition to RNAU
	May require new class-1 XnAP procedure

	Drawbacks
	Those provided PCI and C-RNTI info can be useless but no harm at all.
	Additional steps and potential delay


Based on these analysis, we propose to go with Solution 1. 
Proposal 1: Adopt the pre-caution approach described as in Solution 1 for MAC-I verification failure issue when RNAU without anchor relocation is used.
3

Conclusion

In the present contribution we make the following observations:

Observation 1: The main issue is that the last serving gNB is not aware of the PCI and C-RNTI of the cell on which the UE had previously resumed where the last serving gNB decided not to relocate the anchor.

Observation 2: The pre-caution approach that provides missing info (PCI and C-RNTI) to the last serving gNB over XnAP Retrieve UE Context Request is simple and does not incur additional steps or potential delay.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: Adopt the pre-caution approach described as in Solution 1 for MAC-I verification failure issue when RNAU without anchor relocation is used.
The corresponding TP for BL CR for TS 38.423 [3] is proposed in Section 5.
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TP for BL CR for TS 38.423
----------------------------- First Change ----------------------------------------
9.1.1.8
RETRIEVE UE CONTEXT REQUEST

This message is sent by the new NG-RAN node to request the old NG-RAN node to transfer the UE Context to the new NG-RAN.

Direction: new NG-RAN node ( old NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	New NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the new NG-RAN node
	YES
	reject

	UE Context ID
	M
	
	9.2.3.40
	
	YES
	reject

	Integrity protection
	M
	
	BIT STRING (SIZE (16)) 
	ShortMAC-I either contained in the RRCConnection ResumeRequest message as defined in TS 38.331 [10])

or in the RRCConnection ResumeRequest message as defined in TS 36.331 [14])
	YES
	reject

	New Cell Identifier
	M
	
	NG-RAN Cell Identity

9.2.2.9
	The Cell Identifier of the cell where the RRC connection has been requested to be resumed or to be re-established.
	YES
	reject

	RRC Resume Cause
	O
	
	9.2.3.61
	In case of RNA Update, contains the cause value provided by the UE in the RRC ResumeRequest message, as defined in TS 38.331 [10],

or in the RRCConnection ResumeRequest message, as defined in TS 36.331 [14].
	YES
	ignore

	New Cell PCI
	O
	
	NG-RAN Cell PCI 9.2.2.10
	In case of RNA Update, contains Physical Cell ID of the cell where the RRC connection has been requested to be resumed
	Yes
	ignore

	New Cell C-RNTI
	O
	
	BIT STRING (SIZE (16))
	In case of RNA Update, contains Temporary C-RNTI allocated to the UE by the cell where the RRC connection has been requested to be resumed
	Yes
	ignore


------------- ASN.1 for PDU Definitions (omitted text not changed) ---------------

id-ActivatedServedCells,


id-ActivationIDforCellActivation,


id-AdditionalDRBIDs,

id-AMF-Pool-Information,


id-AssistanceDataForRANPaging,


id-AvailableDRBIDs,


id-Cause,


id-cellAssistanceInfo-NR,


id-ConfigurationUpdateInitiatingNodeChoice,


id-UEContextID,


id-CriticalityDiagnostics,


id-dataforwardingInfoperPDUSession-List,


id-DesiredActNotificationLevel,


id-DRBsSubjectToStatusTransfer-List,


id-ExpectedUEBehaviour,


id-GlobalNG-RAN-node-ID,


id-GUAMI,


id-indexToRatFrequSelectionPriority,


id-List-of-served-cells-E-UTRA,


id-List-of-served-cells-NR,


id-LocationReportingInformation,

id-MAC-I,


id-MaskedIMEISV,


id-MN-to-SN-Container,

id-MobilityRestrictionList,

id-M-NG-RANnodeUEXnAPID,


id-new-NG-RAN-Cell-Identity,

id-new-NG-RAN-Cell-PCI,


id-new-NG-RAN-Cell-UE-C-RNTI,

id-newNG-RANnodeUEXnAPID,


id-oldNG-RANnodeUEXnAPID,


id-OldtoNewNG-RANnodeResumeContainer,


id-PagingDRX,


id-PagingPriority,


id-PCellID,


id-PDUSessionResourcesActivityNotifyList,

id-PDUSessionResourcesAdmitted-List,


id-PDUSessionResourcesNotAdmitted-List,


id-PDUSessionResourcesNotifyList,


id-PDUSessionToBeAddedAddReq,


id-RANPagingArea,


id-requestedSplitSRB,


id-RequiredNumberOfDRBIDs,


id-ResetRequestTypeInfo,

id-ResetResponseTypeInfo,


id-RespondingNodeTypeConfigUpdateAck,


id-RRCResumeCause,


id-selectedPLMN,

id-ServedCellsToActivate,


id-servedCellsToUpdate-E-UTRA,


id-ServedCellsToUpdateInitiatingNodeChoice,


id-servedCellsToUpdate-NR,


id-sourceNG-RANnodeUEXnAPID,


id-SpareDRBIDs,

id-S-NG-RANnodeUEXnAPID,


id-TAISupport-list,


id-Target2SourceNG-RANnodeTranspContainer,


id-targetCellGlobalID,


id-targetNG-RANnodeUEXnAPID,


id-TimeToWait,


id-TraceActivation,


id-TraceActivation,


id-UEContextInfoHORequest,


id-UEContextInfoRetrUECtxtResp,


id-UEContextKeptIndicator,

id-UEContextRefAtSN-HORequest,


id-UEHistoryInformation,

id-UEIdentityIndexValue,


id-UERANPagingIdentity,


id-UESecurityCapabilities,

id-UserPlaneTrafficActivityReport,

id-XnRemovalThreshold,


id-PDUSessionAdmittedAddedAddReqAck,


id-PDUSessionNotAdmittedAddReqAck,


id-SN-to-MN-Container,


id-admittedSplitSRB,


id-RRCConfigIndication,


id-SplitSRB-RRCTransfer,

id-NRUEMeasurementReportRRCTransfer,


id-PDUSessionReleasedList-RelConf,


id-BearersSubjectToCounterCheck,


id-PDUSessionReleasedList-RelConf,


id-PDUSessionToBeReleasedList-RelRqd,


id-ResponseInfo-ReconfCompl,

id-initiatingNodeType-ResourceCoordRequest,


id-respondingNodeType-ResourceCoordResponse,


id-PDUSessionToBeReleased-RelReq,


id-PDUSession-SNChangeRequired-List,


id-PDUSession-SNChangeConfirm-List,


id-PDCPChangeIndication,


id-SCGConfigurationQuery,


id-UEContextInfo-SNModRequest,


id-requestedSplitSRBrelease,


id-PDUSessionAdmitted-SNModResponse,


id-PDUSessionNotAdmitted-SNModResponse,


id-admittedSplitSRB,


id-admittedSplitSRBrelease,


id-PDUSessionAdmittedModSNModConfirm,

id-PDUSessionReleasedSNModConfirm,


id-s-ng-RANnode-SecurityKey,


id-PDUSessionToBeModifiedSNModRequired,


id-S-NG-RANnodeUE-AMBR,


id-PDUSessionToBeReleasedSNModRequired,


id-target-S-NG-RANnodeID,

--------------------- ASN.1 for RETRIEVE UE CONTEXT REQUEST ---------------------
-- **************************************************************

--

-- RETRIEVE UE CONTEXT REQUEST

--

-- **************************************************************

RetrieveUEContextRequest ::= SEQUENCE {


protocolIEs


ProtocolIE-Container
{{RetrieveUEContextRequest-IEs}},


...

}

RetrieveUEContextRequest-IEs XNAP-PROTOCOL-IES ::= {


{ ID id-newNG-RANnodeUEXnAPID




CRITICALITY reject

TYPE NG-RANnodeUEXnAPID






PRESENCE mandatory}|


{ ID id-UEContextID







CRITICALITY reject

TYPE UEContextID








PRESENCE mandatory}|

{ ID id-MAC-I








CRITICALITY reject

TYPE MAC-I










PRESENCE mandatory}|

{ ID id-new-NG-RAN-Cell-Identity



CRITICALITY reject

TYPE NG-RAN-Cell-Identity





PRESENCE mandatory}|

{ ID id-new-NG-RAN-Cell-PCI



CRITICALITY ignore

TYPE NG-RAN-CellPCI








PRESENCE optional}|


{ ID id-new-NG-RAN-Cell-UE-C-RNTI

CRITICALITY ignore

TYPE C-RNTI










PRESENCE optional}|


{ ID id-RRCResumeCause






CRITICALITY ignore

TYPE RRCResumeCause








PRESENCE optional },

...

}

--------------- ASN.1 for Protocol IEs (omitted text not changed) ---------------
-- **************************************************************

--

-- IEs

--

-- **************************************************************

id-ActivatedServedCells



















ProtocolIE-ID ::= 0

id-ActivationIDforCellActivation
















ProtocolIE-ID ::= 1

id-admittedSplitSRB




















ProtocolIE-ID ::= 2

id-admittedSplitSRBrelease


















ProtocolIE-ID ::= 3

id-AMF-Pool-Information



















ProtocolIE-ID ::= 4

id-AssistanceDataForRANPaging

















ProtocolIE-ID ::= 5

id-BearersSubjectToCounterCheck

















ProtocolIE-ID ::= 6

id-Cause






















ProtocolIE-ID ::= 7

id-cellAssistanceInfo-NR


















ProtocolIE-ID ::= 8

id-ConfigurationUpdateInitiatingNodeChoice














ProtocolIE-ID ::= 9

id-CriticalityDiagnostics


















ProtocolIE-ID ::= 10
id-dataforwardingInfoperPDUSession-List














ProtocolIE-ID ::= 11

id-DRBsSubjectToStatusTransfer-List
















ProtocolIE-ID ::= 12

id-ExpectedUEBehaviour



















ProtocolIE-ID ::= 13
id-GlobalNG-RAN-node-ID



















ProtocolIE-ID ::= 14

id-GUAMI






















ProtocolIE-ID ::= 15

id-indexToRatFrequSelectionPriority
















ProtocolIE-ID ::= 16
id-initiatingNodeType-ResourceCoordRequest














ProtocolIE-ID ::= 17

id-List-of-served-cells-E-UTRA

















ProtocolIE-ID ::= 18

id-List-of-served-cells-NR


















ProtocolIE-ID ::= 19

id-LocationReportingInformation

















ProtocolIE-ID ::= 20

id-MAC-I






















ProtocolIE-ID ::= 21

id-MaskedIMEISV





















ProtocolIE-ID ::= 22

id-M-NG-RANnodeUEXnAPID



















ProtocolIE-ID ::= 23
id-MN-to-SN-Container




















ProtocolIE-ID ::= 24
id-MobilityRestrictionList


















ProtocolIE-ID ::= 25
id-new-NG-RAN-Cell-Identity


















ProtocolIE-ID ::= 26

id-newNG-RANnodeUEXnAPID


















ProtocolIE-ID ::= 27

id-NRUEMeasurementReportRRCTransfer
















ProtocolIE-ID ::= 28

id-oldNG-RANnodeUEXnAPID


















ProtocolIE-ID ::= 29

id-OldtoNewNG-RANnodeResumeContainer















ProtocolIE-ID ::= 30

id-PagingDRX





















ProtocolIE-ID ::= 31

id-PCellID























ProtocolIE-ID ::= 32

id-PDCPChangeIndication



















ProtocolIE-ID ::= 33
id-PDUSessionAdmittedAddedAddReqAck
















ProtocolIE-ID ::= 34

id-PDUSessionAdmittedModSNModConfirm
















ProtocolIE-ID ::= 35

id-PDUSessionAdmitted-SNModResponse
















ProtocolIE-ID ::= 36

id-PDUSessionNotAdmittedAddReqAck
















ProtocolIE-ID ::= 37

id-PDUSessionNotAdmitted-SNModResponse















ProtocolIE-ID ::= 38

id-PDUSessionReleasedList-RelConf
















ProtocolIE-ID ::= 39
id-PDUSessionReleasedSNModConfirm
















ProtocolIE-ID ::= 40
id-PDUSessionResourcesActivityNotifyList














ProtocolIE-ID ::= 41
id-PDUSessionResourcesAdmitted-List
















ProtocolIE-ID ::= 42
id-PDUSessionResourcesNotAdmitted-List















ProtocolIE-ID ::= 43
id-PDUSessionResourcesNotifyList
















ProtocolIE-ID ::= 44
id-PDUSession-SNChangeConfirm-List
















ProtocolIE-ID ::= 45
id-PDUSession-SNChangeRequired-List
















ProtocolIE-ID ::= 46

id-PDUSessionToBeAddedAddReq


















ProtocolIE-ID ::= 47
id-PDUSessionToBeModifiedSNModRequired















ProtocolIE-ID ::= 48
id-PDUSessionToBeReleasedList-RelRqd
















ProtocolIE-ID ::= 49

id-PDUSessionToBeReleased-RelReq

















ProtocolIE-ID ::= 50

id-PDUSessionToBeReleasedSNModRequired















ProtocolIE-ID ::= 51

id-RANPagingArea




















ProtocolIE-ID ::= 52
id-PagingPriority




















ProtocolIE-ID ::= 53
id-requestedSplitSRB




















ProtocolIE-ID ::= 54
id-requestedSplitSRBrelease


















ProtocolIE-ID ::= 55

id-ResetRequestTypeInfo



















ProtocolIE-ID ::= 56
id-ResetResponseTypeInfo


















ProtocolIE-ID ::= 57
id-RespondingNodeTypeConfigUpdateAck















ProtocolIE-ID ::= 58

id-respondingNodeType-ResourceCoordResponse














ProtocolIE-ID ::= 59

id-ResponseInfo-ReconfCompl


















ProtocolIE-ID ::= 60

id-RRCConfigIndication



















ProtocolIE-ID ::= 61

id-RRCResumeCause




















ProtocolIE-ID ::= 62

id-SCGConfigurationQuery



















ProtocolIE-ID ::= 63
id-selectedPLMN





















ProtocolIE-ID ::= 64
id-ServedCellsToActivate


















ProtocolIE-ID ::= 65

id-servedCellsToUpdate-E-UTRA

















ProtocolIE-ID ::= 66

id-ServedCellsToUpdateInitiatingNodeChoice














ProtocolIE-ID ::= 67

id-servedCellsToUpdate-NR


















ProtocolIE-ID ::= 68

id-s-ng-RANnode-SecurityKey

















ProtocolIE-ID ::= 69

id-S-NG-RANnodeUE-AMBR



















ProtocolIE-ID ::= 70

id-S-NG-RANnodeUEXnAPID



















ProtocolIE-ID ::= 71
id-SN-to-MN-Container




















ProtocolIE-ID ::= 72

id-sourceNG-RANnodeUEXnAPID


















ProtocolIE-ID ::= 73

id-SplitSRB-RRCTransfer



















ProtocolIE-ID ::= 74
id-TAISupport-list




















ProtocolIE-ID ::= 75

id-TimeToWait





















ProtocolIE-ID ::= 76

id-Target2SourceNG-RANnodeTranspContainer














ProtocolIE-ID ::= 77
id-targetCellGlobalID



















ProtocolIE-ID ::= 78

id-targetNG-RANnodeUEXnAPID


















ProtocolIE-ID ::= 79

id-target-S-NG-RANnodeID

















ProtocolIE-ID ::= 80

id-TraceActivation




















ProtocolIE-ID ::= 81

id-UEContextID





















ProtocolIE-ID ::= 82

id-UEContextInfoHORequest


















ProtocolIE-ID ::= 83

id-UEContextInfoRetrUECtxtResp

















ProtocolIE-ID ::= 84

id-UEContextInfo-SNModRequest


















ProtocolIE-ID ::= 85
id-UEContextKeptIndicator


















ProtocolIE-ID ::= 86

id-UEContextRefAtSN-HORequest

















ProtocolIE-ID ::= 87
id-UEHistoryInformation



















ProtocolIE-ID ::= 88

id-UEIdentityIndexValue



















ProtocolIE-ID ::= 89
id-UERANPagingIdentity



















ProtocolIE-ID ::= 90

id-UESecurityCapabilities



















ProtocolIE-ID ::= 91
id-UserPlaneTrafficActivityReport
















ProtocolIE-ID ::= 92
id-XnRemovalThreshold 



















ProtocolIE-ID ::= 93

id-DesiredActNotificationLevel

















ProtocolIE-ID ::= 94
id-AvailableDRBIDs 




















ProtocolIE-ID ::= 95

id-AdditionalDRBIDs 



















ProtocolIE-ID ::= 96

id-SpareDRBIDs 





















ProtocolIE-ID ::= 97

id-RequiredNumberOfDRBIDs 


















ProtocolIE-ID ::= 98
id-new-NG-RAN-Cell-PCI 


















ProtocolIE-ID ::= A
id-new-NG-RAN-Cell-UE-C-RNTI 
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