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Abstract of the contribution: RAN removes the PDU session context locally during the CN-initiated deactivation of UP connection for a UE in RRC connection inactive state
Discussion

When the UE is in RRC connection inactive state, the core network still regard the UE as reachable, therefore, the SMF may trigger CN-initiated deactivation of UP connection procedure after "The UPF detects that the PDU session has no data activity for a configured period" as specified in subclause 4.3.7 of TS23.502. Obviously, it’s not necessary to perform RAN paging since it’s only the user plane deactivation without any data delivery. Therefore, this contribution proposes that the RAN releases the resource with the PDU session when the RAN receives an N2 SM Session Release Request for the UE in RRC inactive state and the RAN synchronizes the activated PDU session with UE when the UE resumes the RRC connection.
Proposal
It is proposed to agree the following changes to TR23.724.
***** Start of Changes *****
6.19
Solution 19: 5GS UP Optimization for Infrequent Small Data Transmission
6.19.1
Introduction

Editor's note:
This clause lists the key issue(s) addressed by this solution.

This solution addresses the Key Issue 1: Support for infrequent small data transmission. This solution has commonality with RRC procedure for RRC-Inactive, which can resolve Key issue 2: Frequent small data communication.

This solution is to optimize small data transmission for theUEs from CM-IDLE mode. It enables transfer of user plane data without need for the Service Request procedure to establish Access Stratum (AS) context in the NG-RAN and the UE. It is proposed to keep AS context in the NG-RAN including information the UPF connection and relevant QoS flow(s) to be used for the connection, even when UE moves into CM-IDLE. When UE resumes the connection, the NG-RAN uses the information to activate DRB, AS security and User Plane connectivity over N3 for the small data packet delivery to the UPF. The UPF also keeps N3 tunnel information for the PDU session to allow UL data transmission.

This solution has following characteristics:

-
The AS context contains information related to the N3 tunnel, N2AP association, UE context and DRB context, AS security information, and any necessary for RRC resume. The AS context is configured during PDU session establishment or registration.

-
The AS context is kept in NG-RAN and UE after the connection suspend procedure.

-
AS security context is established between the NG-RAN and the UE. Therefore, existing AS security mechanism is re-used.
-
NG-RAN performs Connection Suspend procedure to suspend the connection for the UE. NG-RAN indicates release cause set to RRC-suspend, and includes the resume ID which is stored by the UE.
Editor's note:
It should be further confirmed by RAN WG to use RRC Connection Release procedure for connection suspend.
-
UE performs Connection Resume procedure using resume ID from CM-IDLE/RRC-IDLE state. So this solution is also applicable to MICO mode UE.
Editor's note:
It should be further confirmed by RAN WG to use Connection Resume procedure that is used for RRC-Inactive in NR.

-
After the UE performs RRC resume procedure, if NG-RAN determines if the AS context for the UE is valid, then the NG-RAN derives the AS security information, DRB, QoS flow and N3 tunnel information for the UE. The NG-RAN activates AS security, related DRB(s) and N3 tunnel(s).

-
As NG-RAN keeps N3 Uplink Tunnel Endpoint ID in the AS context, user plane for uplink transmission is maintained. Also UPF keeps N3 Uplink Tunnel Endpoint ID to allow UL data.

-
In case of serving NG-RAN is changed, new NG-RAN sends N3 Downlink TEID to SMF, and SMF updates this information to UPF so that path for downlink data transmission becomes available.
6.19.2
Functional Description

Editor's note:
This clause outlines solution principles and documents any assumptions made.

6.19.2.1
General

The AS context is stored in NG-RAN and it includes the relevant UPF or PDU session related information for the UE, which has been provided during PDU session establishment. During PDU Session establishment procedure, SMF provides N2 SM information which is stored in the NG-RAN in the AS Context. The UE and the NG-RAN use Resume ID to identify AS context.

Editor's note:
It is FFS where and how to use of header compression.
When NG-RAN suspends the RRC connection to the UE, NG-RAN notifies the AMF with the AS context to be kept in the AMF as transparent. If new serving NG-RAN fails to retrieve the AS context from the old NG-RAN, the NG-RAN asks to the AMF to retrieve the AS context stored in the AMF.

When UE in CM-IDLE to send UL data or the UE receives paging message, the UE request to resume RRC Connection, if there is suspended AS context stored in the UE. During resume procedure, the NG-RAN derives necessary information to activate AS security, DRB and the path over N3 to the UPF. After RRC connection established, the UE can send UL data, and then the RAN forwards the data on the N3 interface. Given all information required to forward UL data is derived from the AS context for the UE, the NG-RAN does not have to signal to the AMF before sending UL data. The NG-RAN notifies AMF of UE's connection resume without depending on timing of UL data forwarding.
6.19.2.2
Mobility

Connected mode mobility is supported by existing handover procedures.

When the UE requests RRC resume and if the NG-RAN doesn't have valid AS context to resume the UEs connection, the NG-RAN performs context fetch to retrieve the valid AS context that is kept in the last serving NG-RAN.

If there is Xn connectivity, the new NG-RAN performs NGAP procedure for context fetch with the last serving NG-RAN. If there is no Xn connectivity, the new NG-RAN requests to the serving AMF to perform context fetch from the last serving NG-RAN. Then the serving AMF retrieves the valid AS context from the last serving NG-RAN which is identified by the UE's resume ID, and the AMF forwards the AS context to the new NG-RAN.

Editor's note:
In order that the new NG-RAN finds the serving AMF, the UE needs to include 5G-S-TMSI in the RRC resume message. Details operation should be confirmed by RAN WG2.

If the NG-RAN node fails to fetch the valid AS context, the NG-RAN should reject resume and UE follows procedures that will be defined in stage-3.
When the UE enters a new TA currently not part of the UE registration area, the UE requests RRC resume and will initiate a registration update. The SMF shall subscribe UE location change to the AMF in order to determine UPF re-allocation and update N3 tunnel information. The SMF may subscribe change of serving NG-RAN node to the AMF in order to determine update of N3 tunnel information.
6.19.2.3
Security

This solution allows existing AS security mechanism as it is.

6.19.3
Support of EPC Interworking
Editor's note:
This clause describes if and how EPC-5GC interworking is supported by this solution.

6.19.4
Procedures

6.19.4.1
PDU Session Establishment
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Figure 6.19.4-1: UE-requested PDU Session Establishment for 5GS UP Optimization

It is assumed that the UE has already registered in the 5G system.
When UE requests PDU session establishment, the UE indicate to use 5GS UP optimization to the AMF, and the AMF indicates the request of 5GS UP optimization to the SMF. During PDU Session establishment procedure, the SMF informs NG-RAN of the established PDU session is used for 5GS UP Optimization. The SMF needs to know usage of 5GS UP optimization for the PDU session for keeping N3 UL TEID. The NG-RAN needs to know usage of 5GS UP optimization for determining to apply RRC suspend/resume and store the information for the PDU Session in the AS context.

1.
The UE provides an indication that it wants to use 5GS UP Optimization (e.g., use of Resume/Suspend procedure) to the AMF.
Editor's note:
It is assumed that NG-RAN broadcasts system information with indicating the support of resume/suspend.

2.
AMF selects an SMF that supports the use of 5GS UP Optimization
3.
The AMF indicates the support of 5GS UP Optimization in the Nsmf_PDUSession_CreateSMContext Request operation. Then the SMF considers this PDU session establishment message is for 5GS UP Optimization, and can determine the UP connection for this PDU session should not be de-activated.
The AMF provides the registration area of the UE to the SMF in order to assist that the SMF selects the UPF which can be maintained while UE mobility happens within the registration area.

NOTE:
It is assumed UPF would not be changed in the registration area. If UE moves out of the registration area, UPF can be re-allocated during mobility registration procedure, by invoking Nsmf_PDUSession_UpdateSMContext.

…

11.
SMF includes the indication of 5GS UP Optimization in N2 SM message to the NG-RAN so that NG-RAN can decide to perform RRC suspend procedure to the UE, and to store information for the PDU session in the AS context.
…

6.19.4.2
UL data transmission from CM-IDLE

The following figure shows an example of how MO small data packet is delivered from the UE.
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Figure 6.19.4.2-1: MO data Transmission using 5GS UP Optimization

1a/1b.
The UE triggers RRC Connection Resume procedure including Resume ID which identifies the AS context stored in the NG-RAN. Using the valid AS Context for the UE, the NG-RAN performs AS security check, DRB is established, and NG-RAN enables N3 UL TEID for data delivery.

If the Resume ID indicates another NG-RAN, i.e., old NG-RAN, the NG-RAN performs context fetch.


If NG-RAN fails to get valid AS context, it rejects RRC Connection Resume with cause, so that the UE performs the related NAS procedure.

UE can send UL data right after successful RRC Connection Resume procedure. The NG-RAN forwards the UL data received from the UE to the UPF by using N3 UL TEID in the AS context.

2.
The NG-RAN notifies the AMF that UE connection has been resumed by sending N2AP message which includes N2 SM message and PDU Session ID. The NG-RAN includes N3 DL TEID for the PDU session in the N2 SM message.

3.
The AMF enters CM-Connected state. The AMF identifies the UE context, and forwards N2 SM message to the SMF.

4.
The SMF identifies the UE and the PDU session. If there is N2 SM message in the Nsmf_PDUSession_UpdateSMcontext request message, the SMF performs N4 Session Modification to update N3 DL TEID to the UPF.


If there is DL data arrived for the UE, the UPF forwards the data to the NG-RAN using N3 DL TEID.

5.
The SMF sends Nsmf_PDUSession_UpdateSMcontext response. If there is any change for the PDU session e.g., in case of the QoS targets cannot be fulfilled for a QFI, the SMF informs this information in the N2 SM information.

6.
The AMF acknowledges the connection resume to the NG-RAN. If there is change of PDU session as received in N2 SM message from the SMF, NG-RAN can performs RRC reconfiguration.

6.19.4.3
DL data transmission

The following figure shows an example of how MT small data packet is delivered to the UE in CM-IDLE.
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Figure 6.19.4.3-1: MT data Transmission using 5GS UP Optimization

1.
At arrival of DL data, UPF notifies to SMF.
2a.
The SMF determines the AMF serving the UE, and invokes Namf_Comm_N1N2MessageTransfer to the AMF including PDU Session ID.

2b.
The AMF responds to the SMF.

3.
The AMF send a paging message to the NG-RAN

4.
The NG-RAN performs paging to the UE

5.
The UE triggers RRC Connection Resume procedure including Resume ID which identifies the stored AS context in the NG-RAN. Using the valid AS Context for the UE, the NG-RAN performs security check, DRB is established, and NG-RAN enables N3 UL TEID for data delivery.

If the Resume ID indicates another NG-RAN, i.e., old NG-RAN, the NG-RAN performs context fetch.


If the NG-RAN fails to retrieve valid AS context, it rejects the RRC connection Resume with cause, so that the UE performs Service Request.
6.
The NG-RAN notifies the AMF that UE connection has been resumed by sending N2AP message which includes N2 SM message and PDU Session ID. The NG-RAN includes N3 DL TEID for the PDU session in the N2 SM message.

7.
The AMF enters CM-Connected state. The AMF determines the SMF based on the PDU Session ID received from step 2a and 6, and the AMF sends N2 SM message to the SMF.

8.
The SMF identifies the UE and the PDU session. Based on the received N2 SM message, the SMF performs N4 Session Modification to update N3 DL TEID to the UPF. The UPF forwards the data to the NG-RAN using N3 DL TEID.

9.
The SMF sends Nsmf_PDUSession_UpdateSMcontext response.

10.
The AMF acknowledges the connection resume to the NG-RAN.

6.19.4.4
Connection Suspend procedure

This procedure is used by the NG-RAN to suspend the connection if 5GS UP Optimization is supported.
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Figure 6.19.4.4-1: Connection Suspend procedure

1.
The NG-RAN initiates the Connection Suspend procedure to the AMF. In the N2 message, the NG-RAN includes all PDU Session ID(s) that have been activated.

2.
The AMF sends Nsmf_PDUSession_UpdateSMContext Request to inform connection suspend of the PDU Session, based on the PDU session ID(s) in step 1.

3.
The SMF determines to disable N3 DL TEID for the PDU session as UE goes to RRC suspended while SMF keeps N3 UL TEID to allow uplink data transmission when UE resumes the connection. The SMF performs N4 Session Modification procedure with UPF to disable N3 DL TEID. The UPF enables Downlink Data Notification.

4.
The SMF sends Nsmf_PDUSession_UpdateSMContext Response to the AMF.

5.
The AMF sends UE Context suspend response to the NG-RAN to successfully complete the connection suspend procedure.

6.
The NG-RAN sends RRC message to suspend the RRC Connection toward the UE with including the Resume ID to be used for identifying the AS context for the RRC connection resume. The UE keeps the AS context.

6.19.4.5
CN-initiated deactivation of UP connection of an existing PDU session in RRC_Inactive

The following procedure is used to deactivate UP connection (i.e. data radio bearer and N3 tunnel) for an established PDU session of a UE in CM-CONNECTED state and RRC_Inactive state.
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1. The SMF determines that the UP connection of the PDU session needs to be deactivated.

2. The SMF initiates an N4 Session Modification procedure indicating the need to remove (R)AN Tunnel Info for N3 tunnel of the corresponding PDU session.
3. The SMF sends an N11 message containing N2 SM Session Release Request to release the (R)AN resources associated with the PDU session.

4. The AMF forwards the N2 SM Session Release Request to the RAN. The AMF may include an indication e.g. ‘skip indicator’ informing the RAN to locally deactivate the UP resource without explicit notification to the UE if the UE is in RRC_inactive state.
5. The RAN removes UP resources locally without notification to the UE, if the UE is in RRC_inactive state;

6. The RAN acknowledges the N2 Session Release Request by sending an N2 PDU Session Response to the AMF.

7. The AMF sends an N11 message to acknowledge the SM request received in step 4.
8. When the UE triggers the Connection Resume procedure, the UE provides its Resume ID needed by the RAN to access the UE's stored Context;

9. The RAN confirms the Resume Procedure UE entered RRC Connected state. The RAN indicates the resumed PDU sessions via PDU session IDs;
10. The UE removes UP resources not resumed locally. 
6.19.5
Impacts on existing entities and interfaces
Editor's note:
This clause describes impacts to existing entities and interfaces.

6.19.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.

***** End of Changes *****
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