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1. Introduction
In the last RAN3 meetings, the basic functionality to support the UE in the RRC-INACTIVE state was agreed. However, we need to define another functionality to support how the core network is selectively aware of the actual RRC state of the UE in the RRC-INACTIVE state. In this contribution, we examine this issue and then provide our view on it.
2. Discussion

In the previous SA2 meetings, the SA2 basically agreed that from the architecture point of view, the core network (CN) is not aware of the state transition of the UE from the RRC-CONNECTED state into the RRC-INACTIVE state and vice versa as follows [1]:
	Clause 5.3.3.2.5 in TS 23.501 [1]
…
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.
…


According to the above agreement in SA2, the core network just considers that the UE always remains into the CM-CONNECTED state. This causes ignorance of the actual RRC state of the UE. In some cases, however, there may be a problem caused by the state mismatch between the UE and core network. As highlighted one above, therefore, the SA2 recently agreed that the core network needs to be selectively aware of the RRC state for the UE [2]. This means that the NG-RAN needs to send the notification related to the RRC state transition to the CN in some cases. Based on the received RRC state information from the NG-RAN, the AMF can provide the proper service to the UE. For example, in order to adaptively configure the related parameters to the NG-RAN, the core network needs to be aware of the RRC-INACTIVE state. However, when the AMF does not need to know the actual RRC state of the UE, it does not trigger any procedure for acquiring the actual RRC state of the UE. It just considers the UE remains into the CM-CONNECTED state irrespective of the actual RRC state of the UE. 

Observation 1: The core network needs to be selectively aware of the actual RRC state for the UE.
In last meeting, the SA2 actually defined the N2 Notification procedure as shown in clause 4.8.3 in TS 23.502 [3]:

	Clause 4.8.3 in TS 23.502 [3]

…
4.8.3
N2 Notification procedure

This procedure is used by an AMF to request the NG-RAN to report RRC state information, when the target UE is in CM-CONNECTED state. When AMF has requested reporting of subsequent state changes, the need for the NG-RAN to continue reporting ceases when the UE transitions to CM-IDLE or the AMF sends a cancel indication. This procedure may be used for services that require RRC state information (e.g. 5GC MT control and paging assistance, O&M and collection of statistics), or for subscription to the service by other NFs.

Reporting of RRC state transitions can be requested per UE by AMF. Continuous reporting of all RRC state transitions can be enabled by operator local configuration.
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Figure 4.8.3-1: RRC state transition notification

1.
The AMF sends a UE State Transition Notification Request message to the NG-RAN. The UE State Transition Notification Request message shall identify the UE for which notification(s) are requested, and may contain a reporting type. The reporting type either indicates subsequent state transitions shall be notified at every RRC state transition, or it indicates Single RRC-Connected state notification.

Editor's note:
This request can either be sent as an indication when the UE context is established towards RAN, or after the UE context has been established. Details concerning N2 messages and the information contained in these messages will be aligned with RAN WG3.

2.
The NG-RAN sends the UE Notification message to report the current RRC state for the UE (i.e. RRC Inactive state or RRC Connected state). The current UE location information (i.e. TAI + Cell Identity) is always included when RRC state information is reported.

2b.
When the AMF has requested reporting about subsequent state transitions, the NG-RAN sends subsequent UE Notification messages to the AMF at every RRC state transition until the UE transitions to CM-IDLE or NG-RAN receives a Cancel UE State Notification message from the AMF.


When the AMF has requested reporting for Single RRC-Connected state notification and UE is in RRC-Connected state, the RAN sends one UE Notification message but no subsequent messages. If UE is in RRC-Inactive state, the RAN sends one UE Notification message plus one subsequent UE Notification message when RRC state transits to RRC-Connected.

3.
The AMF can send a Cancel UE State Notification message to inform the NG-RAN that it should terminate notifications for a given UE. This message should only be used when notification(s) about subsequent state transitions was requested at every RRC state transition.

Editor's note:
Details concerning RRC and N2 messages and the information contained in these messages will be aligned with RAN WG2 and RAN WG3.
…


However, details for this N2 Notification procedure are not defined yet. It is up to the RAN3 to define new procedure about the RRC state reporting in TS 38.413.
Observation 2: The RAN3 should newly define the RRC state reporting procedure in TS 38.413.
To this end, we can refer to the Location reporting procedure in LTE, which is consisted of the Location Reporting Control and Location Report message. In other words, the new RRC state reporting procedure is also consisted of the RRC State Reporting Control and RRC State Report message. 

As we can observe above, this new procedure is initiated by an AMF to request the NG-RAN to report RRC state information by sending the RRC State Reporting Control message. This message is used to allow the AMF to request the NG-RAN to report the RRC state information when the UE is in the CM-CONNECTED state. When the AMF does not need to know the actual RRC state of the UE anymore, by using this message, the AMF enables the NG-RAN to stop reporting for the RRC state transition. Next, the RRC STATE REPORT message also needs to be defined newly. This message is used to provide the actual RRC state of the UE to the core network. Based on two basic message, the RRC state reporting procedure can be defined to support the CN selective awareness for the RRC state transition. 
Proposal 1: RRC state reporting procedure should be defined to support the CN selective awareness for the RRC state transition in TS 38.413.
Based on the analysis above, the following proposal is suggested to RAN3:
Proposal 2: It is proposed to agree the text proposal in the appendix of this contribution.
3. Conclusion
In this contribution, we focused on open issue related to CN awareness for the RRC-INACTIVE state and provided our view on it. The following proposals are kindly suggested to RAN3:

Proposal 1: RRC state reporting procedure should be defined to support the CN selective awareness for the RRC state transition.
Proposal 2: It is proposed to agree the text proposal in the appendix of this contribution.
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5. Appendix : Text proposal to TS 38.413
This appendix provides the Text proposal to TS 38.413 based on the proposals of this contribution.
----------------Start of the First Change---------------
8.X
RRC State Reporting Procedures

8.X.1
RRC State Reporting Control

8.X.1.1
General

The purpose of RRC State Reporting Control procedure is to allow the AMF to request the NG-RAN node to report the RRC state information when the UE is in CM-CONNECTED state. The procedure uses UE-associated signalling.
Editor’s Note:
Further details are FFS.
8.X.1.2
Successful Operation
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Figure 8.X.1.2-1: RRC State Reporting Control procedure. Successful operation.
The AMF initiates the procedure by sending a RRC STATE REPORTING CONTROL message. On receipt of a RRC STATE REPORTING CONTROL message the NG-RAN node shall perform the requested RRC state reporting control action for the UE.
Editor’s Note:
Further details are FFS.
The Reporting Type IE indicates to the NG-RAN node whether:

-
to report upon change of RRC state, or
-
to report Single RRC-Connected state, or
-
to stop reporting at change of RRC state.

If reporting upon change of RRC state is requested, the NG-RAN node shall report the current RRC state whenever the UE changes its RRC state to another state.
If reporting Single RRC-Connected state is requested and the UE is in RRC-CONNECTED state, the NG-RAN node shall report the current RRC state.
If reporting Single RRC-Connected state is requested and the UE is in RRC-INACTIVE state, the NG-RAN node shall report the current RRC state and subsequent state transition to RRC-CONNECTED state.
8.X.1.3
Abnormal Conditions
Not applicable.
8.X.2
RRC State Report

8.X.2.1
General

The purpose of RRC State Report procedure is to provide the UE’s RRC state to the AMF. The procedure uses UE-associated signalling.
Editor’s Note:
Further details are FFS.
8.X.2.2
Successful Operation
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Figure 8.X.2.2-1: RRC State Report procedure. Successful operation.
The NG-RAN node initiates the procedure by generating a RRC STATE REPORT message. The RRC STATE REPORT message may be used as a response to a RRC STATE REPORTING CONTROL message.

Editor’s Note:
Further details are FFS.
In case reporting at change of RRC state has been requested, the NG-RAN node shall send a RRC STATE REPORT message whenever the RRC state information given to the AMF is not anymore valid. 
In case reporting Single RRC-Connected state has been request and the UE is in RRC-CONNECTED state, the NG-RAN node shall send one RRC STATE REPORT message but no subsequent messages.

In case reporting Single RRC-Connected state has been request and the UE is in RRC- INACTIVE state, the NG-RAN node shall send one RRC STATE REPORT message plus one subsequent RRC STATE REPORT message when the UE transits to the RRC-CONNECTED state.
The Report State IE indicates the current RRC state (i.e., RRC-INACTIVE or RRC-CONNECTED) for the UE.
The current location information (i.e., TAI + NR CGI) is always included.
8.X.2.3
Abnormal Conditions
Not applicable.
----------------End of the First Change---------------
----------------Start of the Second Change---------------
9.2.Y
RRC State Reporting Messages

9.2.Y.1
RRC STATE REPORTING CONTROL

This message is sent by the AMF and is used to request the NG-RAN node to report the RRC state information.
Direction: AMF ( NG-RAN
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	<ref>
	
	YES
	ignore

	AMF UE NGAP ID
	M
	
	<ref>
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	<ref>
	
	YES
	reject

	Reporting Type
	M
	
	9.3.1.Z1
	
	YES
	ignore


9.2.Y.2
RRC STATE REPORT 

This message is sent by the NG-RAN node and is used to provide the UE’s RRC state to the AMF.
Direction: NG-RAN ( AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	<ref>
	
	YES
	ignore

	AMF UE NGAP ID
	M
	
	<ref>
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	<ref>
	
	YES
	reject

	TAI
	M
	
	<ref>
	
	YES
	ignore

	NR CGI
	M
	
	9.3.1.7
	
	YES
	ignore

	Reporting Type
	M
	
	9.3.1.Z1
	
	YES
	ignore

	Report State
	M
	
	9.3.1.Z2
	
	YES
	ignore


----------------End of the Second Change---------------
----------------Start of the Third Change---------------
9.3.1.Z1
Reporting Type

The purpose of the Reporting Type IE is to indicate the type of RRC state reporting to be handled by the NG-RAN node.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Reporting Type
	M
	
	ENUMERATED(Change of RRC state, Single RRC-Connected state, Stop Change of RRC state, …)
	


----------------End of the Third Change---------------
----------------Start of the Fourth Change---------------
9.3.1.Z2
Report State

The purpose of the Report State IE is to indicate the current RRC state for the UE to the AMF.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Report State
	
	
	ENUMERATED (Connected, Inactive, …)
	


----------------End of the Fourth Change---------------[image: image4.png]
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