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	Reason for change:
	Inaccurate decision by AMF due to RRC inactive state

When Network-initiated Service Request procedure is triggered to activate a PDU Session, the SMF would send a corresponding  N2 SM info to the AMF, associated with the "Area of validity for the N2 SM information", which is used by the AMF to determine whether the N2 SM information can be used towards the AN based on the current location of the UE. 

When the UE is in RRC Inactive state, the AMF maintains the UE CM state as CM-CONNECTED and also a UE location of the old NG-RAN node, so the AMF would use the UE location of the old NG-RAN node to compare with the "Area of validity for the N2 SM information". But actually, the UE may move into another new NG-RAN node that is out of the "Area of validity for the N2 SM information", so the AMF may make a wrong decision, i.e. still send the N2 SM info to the old NG-RAN node.
Current mechanism for the RRC inactive state
In SA2#127 meeting, SA2 agreed to let the source RAN node indicate the failure cause to the souce CN node of DL signalling (e.g. if the DL signalling is N2 SM info, then the source CN node is the SMF). 
So when the path switch from the old NG-RAN node to the new NG-RAN node is assumed to be completed, the SMF would reattempt the Network-initiated Service Request procedure is triggered to activate a PDU Session. Then the problem is that how the SMF can know whether it needs to regenerate a new N2 SM info or resend the old N2 SM info. Currently, the SMF may subscribe to the UE mobility event notification from the AMF (e.g. UE moving into or out of Area Of Interest) after the PDU Session is established, so here the SMF can be notified by the AMF when the path switch from the new NG-RAN node is complete. But it should also be noticed that SMF may also not subscribe such Service, mainly because it makes no sense to know the UE is out of the UPF serving area when the PDU Session is deactivated (for the activated PDU sessions, the UE location will be sent to the SMF via the Nsmf_PDUSession_UpdateSMContext Request during the handover procedure). In this case, the SMF does not know UE is out of the "Area of validity for the N2 SM information" and would resend the old N2 SM info, which lead to the AMF requesting SMF for a new N2 SM info.
The above mechanism may cost unnecessary signalling between SMF and AMF. Actually, the old NG-RAN node can report the UE location together with“UE Context Transfer” cause to the SMF, so the SMF can  make a determination based on the UE location and the "Area of validity for the N2 SM information" (i.e. UPF serving area).
Proposal

In this paper, we propose to report the UE current address (i.e. the address of target RAN node) to the SMF such that the SMF can determines if the UE is in the service area of UPF or not. if not, then the SMF can regenerate a new N2 SM info for the target RAN node.

	
	

	Summary of change:
	If the source-RAN node receives the downlink N2 signalling when the handover is ongong, the old NG-RAN node reports the UE location together with the failure cause to the SMF.

	
	

	Consequences if not approved:
	SMF cannot know whether the N2 SM message is still valid or not. 
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***** Start of the First Change *****
5.3.3.2.5
CM-CONNECTED with RRC Inactive state

RRC Inactive state applies to NG-RAN.

The AMF, based on network configuration may provide assistance information to the NG-RAN, to assist the NG-RAN's decision whether the UE can be sent to RRC Inactive state.

Editor's note:
It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer.

The "RRC Inactive Assistance Information" includes:

-
UE specific DRX values;

-
The Registration Area provided to the UE;

-
Periodic Registration Update timer;

-
If the AMF has enabled MICO mode for the UE, an indication that the UE is in MICO mode;

-
Information from the UE permanent identifier, as defined in TS 38.304 [50], that allows the RAN to calculate the UE's RAN paging occasions.
The RRC Inactive Assistance Information mentioned above is provided by the AMF during N2 activation with the (new) serving NG-RAN node (i.e. during Registration, Service Request, Handover) to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. RRC Inactive state is part of RRC state machine, and it is up to the RAN to determine the conditions to enter RRC Inactive state. If any of the parameters included in the RRC Inactive Assistance Information changes as the result of NAS procedure, the AMF shall update the RRC Inactive Assistance Information to the NG-RAN node.

When the UE is in CM-CONNECTED state, if the AMF has provided RRC Inactive assistance information, the RAN node may decide to move a UE to CM-CONNECTED with RRC Inactive state.

The state and "endpoints" (in case of Dual Connectivity configuration) of the N2 and N3 reference points are not changed by the UE entering CM-CONNECTED with RRC Inactive state. A UE in RRC inactive state is aware of the RAN Notification area and periodic RAN Notification Area Update timer.

The 5GC network is not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state, unless the 5GC network is notified via N2 notification procedure in TS 23.502 [3] clause 4.8.3.

At transition into CM-CONNECTED with RRC Inactive state, the NG-RAN configures the UE with a periodic RAN Notification Area Update timer taking into account the value of the Periodic Registration Update timer value indicated in the RRC Inactive Assistance Information, and uses a guard timer with a value longer than the RAN Notification Area Update timer value provided to the UE.

If the periodic RAN Notification Area Update guard timer expires in NG-RAN, the NG-RAN shall initiate AN Release procedure as specified in TS 23.502 [3], clause 4.2.6.

When the UE is in CM-CONNECTED with RRC Inactive state, the UE performs PLMN selection procedures as defined in TS 23.122 [17] for CM-IDLE.

When the UE is CM-CONNECTED with RRC Inactive state, the UE may resume the RRC Connection due to:

-
Uplink data pending;

-
Mobile initiated NAS signalling procedure;

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN Notification Area;

-
Upon periodic RAN Notification Area Update timer expiration.

If the UE resumes the connection in a different NG-RAN node within the same PLMN or equivalent PLMN, the UE AS context is retrieved from the old NG-RAN node and a procedure is triggered towards the CN (see TS 23.502 [3], clause 4.8.2).

NOTE 1:
With Dual Connectivity configuration if the UE resumes the RRC connection in the Master RAN node, the Secondary RAN node configuration is defined in TS 38.300 [27].

If the RAN paging procedure, as defined in TS 38.300 [27], is not successful in establishing contact with the UE the procedure shall be handled by the network as follows:

-
If NG-RAN has at least one pending NAS PDU for transmission, the RAN node shall initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6,) to move the UE CM state in the AMF to CM-IDLE state and indicate to the AMF the NAS non-delivery.

-
If NG RAN has only pending user plane data for transmission, the NG-RAN node may keep the N2 connection active or initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6) based on local configuration in NG-RAN.

NOTE 2:
The user plane data which triggers the RAN paging can be lost, e.g. in the case of RAN paging failure.

If a UE in CM-CONNECTED with RRC Inactive state performs cell selection to GERAN/UTRAN/E-UTRAN, it shall follow idle mode procedures of the selected RAT as specified in clause 5.17.

In addition, a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE state and initiates the NAS signalling recovery (see TS 24.501 [47]) in the following cases:

-
If RRC resume procedure fails,


If the UE receives Core Network paging,

-
If the periodic RAN Notification Area Update timer expires and the UE cannot successfully resume the RRC Connection,
-
In any other failure scenario that cannot be resolved in RRC Inactive state and requires the UE to move to CM-IDLE state.

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the Reporting Type indicating single stand-alone report, the RAN shall perform RAN paging before reporting the location to AMF.

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the Reporting Type indicating continuously reporting whenever the UE changes cell, the RAN shall send a Location Report message to AMF including UE's last known location with time stamp.

When the UE is CM-CONNECTED with RRC Inactive state. If the AMF receives Nudm_UEContextManagement_DeregistrationNotification from UDM, the AMF shall initiate AN Release procedure as specified in TS 23.502 [3], clause 4.2.6.

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the Reporting Type of the Area Of Interest based reporting, the RAN shall send a Location Report message to AMF including UE presence in the Area Of Interest (i.e., IN, OUT, or UNKNOWN) and the UE's last known location with time stamp.

When the UE is in CM-CONNECTED with RRC Inactive state, if the old NG-RAN node that sents the UE into RRC Inactive state receives the downlink N2 signalling, it initiates the RAN paging as defined in TS 38.300 [27]. If the UE resumes the RRC Connection towards a different NG-RAN node, the old NG-RAN node includes the "UE Context Transfer" indication and the UE location information into a response container to the NF (e.g. AMF or SMF) that generates such N2 downlink signalling. Then the NF shall reattempt the same procedure when the path switch from the old NG-RAN node to the new NG-RAN node is complete. 

***** Start of the Second Change *****
5.6.11
UE presence in Area of Interest reporting usage by SMF
When a PDU Session is established or modified, or when the user plane path has been changed (e.g. UPF re-allocation/addition/removal), SMF may determine an Area of Interest, e.g. based on UPF Service Area, subscription by PCF for reporting UE presence in Presence Reporting Area, etc.

For 3GPP access, the Area of Interest constitutes:

-
a list of Tracking Areas and/or;

-
cell identifiers and/or;

-
NG-RAN node identifiers and/or;

-
Presence Reporting Area ID(s) and optionally the elements for one or more of the Presence Reporting Areas, i.e. TAs and/or NG-RAN nodes and/or cells identifiers and/or;

-
LADN DNN.

For Non-3GPP access, the Area of Interest constitutes:

-
N3GPP TAI (see clause 5.3.2.3).

For UE location change into or out of an "area of interest", the SMF subscribes to "UE mobility event notification" service provided by AMF for reporting of UE presence in Area of Interest as described in clause 5.3.4.4. Upon reception of a notification from AMF, the SMF determines how to deal with the PDU Session, e.g. reallocate UPF.

In the case of LADN, the SMF provides the LADN DNN to the AMF to subscribe to "UE mobility event notification" for reporting UE presence in LADN service area. Upon reception of a notification from the AMF, the SMF determines how to deal with the PDU Session as described in clause 5.6.5. The AMF may send the UE location to the SMF along with the notification, e.g. for UPF selection.

For use cases related to policy control and charging decisions, the PCF may subscribe to event reporting from the SMF or the AMF, for UE presence in a Presence Reporting Area.

A Presence Reporting Area can be:

-
A "UE-dedicated Presence Reporting Area", defined in the subscriber profile and composed of a short list of TAs and/or NG-RAN nodes and/or cells identifiers in a PLMN; or derived from the Area of Interest provided by the Application Function to the PCF (see clause 5.6.7) and composed of a short list of TAs and/or NG-RAN nodes and/or cells identifiers in a PLMN; or

-
A "Core Network predefined Presence Reporting Area", predefined in the AMF and composed of a short list of TAs and/or NG-RAN nodes and/or cells identifiers in a PLMN.

In the case of Change of UE Presence in Presence Reporting Area, for core network predefined Presence Reporting Area, the AMF determines the "area of interest" corresponding to the Presence Reporting Area Identifier(s), provided by the PCF or the SMF, as a list of TAIs and/or cell identifiers and/or NG-RAN node identifiers based on local configuration. For UE-dedicated Presence Reporting Areas, the subscription for UE location change notification for an "area of interest" shall contain the PRA Identifier(s) and the list(s) of TAs, or NG-RAN Node identifier and/or cell identifiers composing the Presence Reporting Area(s). For Core Network predefined Presence Reporting Areas, the subscription for UE location change notification for an "area of interest" shall contain the PRA identifier(s).

Each Core Network predefined Presence Reporting Area can be configured with a priority level in the AMF. In order to prevent overload, the AMF may set the reporting for one or more of the received Presence Reporting Area(s) to inactive under consideration of the priority configured for each of Core Network predefined Presence Reporting Area(s), while storing the reporting request for this Presence Reporting Area in the UE context.

NOTE 1:
Change of UE presence in Presence Reporting Area reporting does not apply to home routed roaming.

The AMF may be configured with a PRA identifier which refers to a Set of Core Network predefined Presence Reporting Areas. If the PCF subscribes to change of UE location for an area of interest for a Set of Presence reporting areas and provides a PRA identifier then the SMF may subscribe for event reporting for this Set of Presence Reporting Areas by only indicating this PRA Identifier in the area of interest. When the Presence Reporting Area(s) to be reported belong to a set of Core Network predefined Presence Reporting Areas in which the AMF is requested to report on change of UE presence, the AMF shall additionally add to the report the PRA Identifier of the Set of Core Network predefined Presence Reporting Areas.

Upon change of AMF, the PRA identifier(s) and if provided, the list(s) of Presence Reporting Area elements are transferred for all PDU sessions as part of MM Context information to the target AMF during the mobility procedure. If one or more Presence Reporting Area(s) was set to inactive, the target AMF may decide to reactivate one or more of the inactive Presence Reporting Area(s). The target AMF indicates per PDU session to the corresponding SMF/PCF the PRA identifier(s) and whether the UE is inside or outside the Presence Reporting Area(s) as well as the inactive Presence Reporting Area(s), if any.

NOTE 2:
The target AMF cannot set the Presence Reporting Area(s) received from the source serving node to inactive.

The subscription may be maintained during the life of PDU Session, regardless of the UP activation state of PDU Session (i.e. whether UP connection of the PDU Session is activated or not).

If SMF is notified the unsuccessful delivery of N2 SM message, and it detects UE is out of the "Area of validity for the N2 SM information" (e.g., UPF Service Area) of such N2 SM message, it shall regenerate a new N2 SM information if needed.

SMF may determine a new area of interest, and send a new subscription to the AMF with the new area of interest.

SMF un-subscribes to "UE mobility event notification" service when PDU Session is released.

***** End of Change *****
�Move this part into a more general SMF section.


�Moved from “first change part” and rephrase the sentence. 
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