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1. Introduction
In the last RAN3 meeting, we discussed how to enquiry and report RRC state between AMF and NG-RAN node, the discussion was summarized in [1], the following are the potential solutions on the table:

Alt. 1 Add an indication in the existing DL signallings to request for RRC state report.

Alt. 2 Define new UE associated NGAP signalling to request for RRC state reporting.  

Alt. 2bis Define new non-UE associated NGAP signalling to request for RRC state reporting. 

Alt.1 has the advantage to request the RRC state reporting in the first time when initially setup the UE context. It can be assumed, that the request to report the RRC state is correlated to either the UE Context signalling (e.g. if the decision for RRC state reporting is subscription related) or PDU Session signalling (e.g. if the decision for RRC state reporting is service related), in which case, control signalling can be added to already defined procedures.
Alt. 2 has the advantage to request for the RRC state at any time for CM_Connected UEs. AMF can only use the new signalling to request for the RRC state of a UE after initial context setup procedure, however whether this is a drawback needs to be analyzed.

Alt. 2bis has the advantage in case of AMF want to request the RRC state for large number of UEs, if such is really needed (further checking required). How to design the signalling needs further investigation (e.g. how to identify the UEs in such signalling).

In this contribution, we will further discuss the solutions for RRC state enquiry and report and provide relevant proposals.

2. Discussion
As specified in TS 23.501 [2]:


Observation 1: Without RRC state enquiry and report procedures, the 5GC network is not aware of the RRC state transitions between RRC Connected and RRC Inactive for a CM-CONNECTED UE.
The requirement and procedures for RRC state enquiry and report has been specified in TS 23.502 [3], as below:
	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.


From the specification above, we see it’s possible for AMF to request for the RRC state reporting, and continuous reporting of all RRC state transitions can be enabled by operator local configuration.
Proposal 1: RRC State reporting could be enabled by the AMF via the N2 signalling, it could also be enabled by operator local configuration. 

As specified in TS 23.502[3], the N2 Notification 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.
It’s beneficial for 5GC to differentiate RRC Inactive and RRC Connected among all the CM-CONNECTED UEs, some examples:

· 5GC should monitor user inactivity for RRC Connected UEs, but this should not be applied to RRC Inactive UEs. 

· 5GC only need to provide the assistance info for RAN paging (e.g. service priority of DL signallings) for RRC Inactive UEs.

Observation 2: it’s beneficial for 5GC to differentiate RRC Inactive and RRC Connected among all the CM-CONNECTED UEs.

For a given NG-RAN node, maybe thousands of UEs are in CM-CONNECTED state, some of them are in RRC Connected state and some of them are in RRC Inactive state. To support this, UE specific RRC state enquiry, reporting, and cancellation may bring big signalling cost in NGAP.
Observation 3: For a NG-RAN node, maybe thousands of UEs are in CM-Connected state, to enquiry the RRC state one by one may bring big signalling cost in the NGAP interface.

Define non-UE associated NGAP signalling to support enquiring of RRC state for multiple UEs at the same time.  Same things could be done for the reporting procedure and cancellation procedure. Including a list of UE IDs in the non-UE associated signallings, the UE ID could be AMF UE NGAP ID + RAN UE NGAP ID.
Proposal 2: Define non-UE associated NGAP signallings to support enquiring, reporting and cancelling of RRC state for multiple UEs at the same time.
Proposal 3: A pair of AMF UE NGAP ID and RAN UE NGAP ID could be used to uniquely identify a UE in the signallings.
Base on the discussion above, the solution of 2bis are reflected in the TP in section 5.

Proposal 4: To discuss and agree the Stage 2 TP in section 5.
Proposal 5: To discuss and agree the Stage 3 TP for TS 38.413 in [4].
3. Conclusion

In this contribution, we discussed the RRC state enquiring and reporting in the NGAP and provided the observations below:
Observation 1: Without RRC state enquiry and report procedures, the 5GC network is not aware of the RRC state transitions between RRC Connected and RRC Inactive for a CM-CONNECTED UE.

Observation 2: it’s beneficial for 5GC to differentiate RRC Inactive and RRC Connected among all the CM-CONNECTED UEs.

Observation 3: For a NG-RAN node, maybe thousands of UEs are in CM-Connected state, to enquiry the RRC state one by one may bring big signalling cost in the NGAP interface.

Base on the observations, we have the following proposals:

Proposal 1: RRC State reporting could be enabled by the AMF via the N2 signalling, it could also be enabled by operator local configuration. 

Proposal 2: Define non-UE associated NGAP signallings to support enquiring, reporting and cancelling of RRC state for multiple UEs at the same time.
Proposal 3: A pair of AMF UE NGAP ID and RAN UE NGAP ID could be used to uniquely identify a UE in the signallings.
Proposal 4: To discuss and agree the Stage 2 TP in section 5.
Proposal 5: To discuss and agree the Stage 3 TP for TS 38.413 in [4].
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5. Text Proposal for TS 38.300
<<<<<<<<<<<<<<<<<<<<<< Text Proposal Begin >>>>>>>>>>>>>>>>>>>>>>>>>>>
9.2.2
Mobility in RRC_INACTIVE

9.2.2.1
Overview

RRC_INACTIVE is a state where a UE remains in CM-CONNECTED and can move within an area configured by NG-RAN (the RNA) without notifying NG-RAN. In RRC_INACTIVE, the last serving gNB node keeps the UE context and the UE-associated NG connection with the serving AMF and UPF.

If the last serving gNB receives DL data from the UPF or DL signalling from the AMF while the UE is in RRC_INACTIVE, it pages in the cells corresponding to the RNA and may send XnAP RAN Paging to neighbour gNB(s) if the RNA includes cells of neighbour gNB(s).

Upon RAN paging failure, the gNB behaves according to 3GPP TS 23.501 [3].

The AMF provides to the NG-RAN node the RRC Inactive Assistant Information to assist the NG-RAN node's decision whether the UE can be sent to RRC_INACTIVE. The RRC Inactive Assistant Information includes the registration area configured for the UE, the UE specific DRX, Periodic Registration Update timer, an indication if the UE is configured with Mobile Initiated Connection Only (MICO) mode by the AMF, and UE Identity Index value. The UE registration area is taken into account by the NG-RAN node when configuring the RAN-based notification area. The UE specific DRX and UE Identity Index value are used by the NG-RAN node for RAN paging. The Periodic Registration Update timer is taken into account by the NG-RAN node to configure Periodic RAN Notification Area Update timer.

At transition to RRC_INACTIVE the NG-RAN node may configure the UE with a periodic RNA Update timer value. At periodic RNA Update timer expiry without notification from the UE, the gNB behaves as specified in 3GPP TS 23.501 [3].

If the UE accesses a gNB other than the last serving gNB, the receiving gNB triggers the XnAP Retrieve UE Context procedure to get the UE context from the last serving gNB and may also trigger a Data Forwarding procedure including tunnel information for potential recovery of data from the last serving gNB. Upon successful context retrieval, the receiving gNB becomes the serving gNB and it further triggers the NGAP Path Switch Request procedure. After the path switch procedure, the serving gNB triggers release of the UE context at the last serving gNB by means of the XnAP UE Context Release procedure.

In case the UE is not reachable at the last serving gNB, the gNB shall fail AMF initiated UE-associated class 1 procedures if any, and shall trigger the NAS Non Delivery Indication procedure to report the non-delivery of any NAS PDUs received from the AMF for the UE.
Editor's Note: Handling of RAN paging when triggered by UE context release is FFS.

If the UE accesses a gNB other than the last serving gNB and the receiving gNB does not find a valid UE Context, gNB performs establishment of a new RRC connection instead of resumption of the previous RRC connection.

A UE in the RRC_INACTIVE state is required to initiate RNA update procedure when it moves out of the configured RNA. When receiving RNA update request from the UE, the receiving gNB may decide to send the UE back to RRC_INACTIVE state, move the UE into RRC_CONNECTED state, or send the UE to RRC_IDLE.
By the local configuration or requested by the Core network, a NG-RAN node notifies the AMF of the current RRC state of the CM-Connected UE(s), or notifies AMF at every RRC state transition until the UE transitions to CM-IDLE or the NG-RAN node receives corresponding Cancellation request from the AMF.
<<<<<<<<<<<<<<<<<<<<<< Text Proposal End >>>>>>>>>>>>>>>>>>>>>>>>>>>
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.








PAGE  
5

_1571812169.doc


NG-RAN







AMF







2b. UE Notification







2. UE Notification







3. Cancel UE State Notification







1. UE State Transition Notification Request












