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Abstract of the contribution: This contribution proposes a new solution for KI1 which is based on the possibility to independently ‘suspend and resume’ different PDU sessions.
1.
Discussion
In 4G the User Plane CIoT EPS Optimisation was introduced. In the Connection Suspend procedure, the UE and Bearer Context are reserved when the UE enters CM-IDLE state. When the UE has some data to transmit, the connection can be resumed using the Connection Resume Procedure, which uses less signalling and resources compared to using Service Request Procedure. 
As shown in Figure 1, during the Connection Suspend Procedure, the UE, eNodeB, MME and S-GW keep the UE context and the contexts of all bearers. During the Connection Resume Procedure, the connections of all the bearers are resumed based on the reserved UE context and bearer contexts.
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Figure 1: The context reserved in the Connection Suspend procedure
In 5G there is an important different feature from 4G, namely the PDU Sessions can be handled independently. For example, the 5GCN can selectively deactivate the UP connection of an existing PDU Session and the UE can selectively activate the UP connection of another PDU Session. In this way, the system is more flexible and can handle a variety of scenarios. 
The feature of PDU Sessions independent handling can also be added to the Suspend/Resume procedures. That is, during the Connection Resume Procedure some PDU Sessions can be “Resumed” in order to transmit data, while other PDU Sessions can remain “Suspended” due to, e.g., no data to transmit or transmission of data is not allowed. The Suspend/Resume of PDU Sessions can also happen when the UE is in CM-CONNECTED state. One PDU Session may be “Suspended” because there is no data to transmit or transmission of data is not allowed while another PDU Session may be “Resumed” because there is data to transmit or transmission of data is allowed again.
Therefore, in 5GS per PDU Session granularity can be introduced for Connection Suspend/Resume to ensure the flexibility of handling PDU Session(s) and saving system resources. The main question to solve is “how to selectively Suspend/Resume PDU Sessions?” 
A general solution for the problem can be based on the following aspects:

1.
The Dormant status for PDU Sessions is introduced to describe the status of when a PDU Session is suspended. As shown in Figure 2, the radio resources of the PDU Session are released (e.g. the DRB is released while the related configuration is kept) and the AN tunnel info in the UPF is released, but other information of the PDU Session are reserved (e.g. the radio resource configuration of the PDU Session is reserved). When the PDU Session enters the “dormant” status, the main difference from the de-activated PDU Session is that the PDU Session Context including the N3 Tunnel Info is kept in the RAN. The main feature of the solution is that no matter whether UE is in CM-CONNECTED State of Suspend status, the PDU Session can still enter “Dormant” status.
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Figure 2 The context reserved in the PDU Session Dormant status.
2.
The following procedures are modified:

-
During PDU Session Establishment, the UE provides a User Plane Transmission Enhancement (UPTE) to indicate to the SMF that it supports the possibility to independently “suspend” PDU sessions. The SMF checks with the UE subscription and authorises the UE’s request. The PDU Session is marked with UPTE. If the PDU Session has the UPTE feature, the PDU Session is able to enter dormant status.
-
During the Connection Resume procedure, the UE may indicate the “dormant” PDU Session(s) to selectively resume. 
-
For UPTE PDU Session, instead of deactivating the PDU Session, SMF decides that the PDU Session enters “dormant” status by indicating the RAN and UE to reserve the context of the PDU Session. The PDU Session can also be resumed independently.
The main benefits of this the proposed solution are as follows:

1.
The proposed solution is flexible.

The proposed solution can overcome the disadvantage in Solution19 of 23.724. Solution 19, clause 6.19.4.1, step 3 says “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.” 

There are many scenarios in which the PDU Session should stop transmitting data and release radio resource, such as:
-
During handover procedure, if all the QoS Flows of a PDU Session are rejected by the target NG-RAN, or if a PDU Session has failed to setup indicated by the AMF,

-
The UPF detects that the PDU Session has had no data transfer for a specified Inactivity period,

-
For a LADN PDU Session, the AMF notifies the SMF that the UE moved out of the LADN service area, or

-
The AMF notifies to the SMF that the UE moved out of the Allowed Area.


However, if the CN deactivates the PDU Session, the Suspend/Resume mechanism cannot work. Suspending in PDU Session granularity proposed in this contribution addresses this. 

2.
The proposed solution saves system resources.

First, the radio resources can be saved. If the UE doesn’t have data to transmit on one PDU Session, then the radio resource of the PDU Session (e.g. DRB(s)) needn’t be resumed, which saves the radio resources).


Second, the CN resources can be saved. Since the PDU Session can be selectively resumed, the SMFs that have dormant PDU sessions that are not being resumed need not be told about the resume, which saves CN signalling and load.
2.
Text Proposal
Given the conclusion in Clause 1, we propose to agree the following changes vs. TR 23.724.
* * * * Start of Changes * * * * 
6.X
Solution #X: Small Data transmission enhancement
6.X.1
Introduction
In 5G, for Connection Suspend/Resume, PDU Session granularity needs to be introduced to ensure the flexibility of handling PDU Session(s) and saving the system resource. This solution is proposed to selectively Suspend/Resume the PDU Session. This Solution is related to Key Issue 1: Support for infrequent small data transmission.
6.X.2
Functional Description

This solution introduces a PDU Session granularity Suspend/Resume mechanism. In the Connection Resume Procedure, some PDU Sessions can be “Resumed” in order to transmit data, while other PDU Sessions can remain “Suspended” due to e.g. no data to transmit or transmission of data is not allowed. 

The Suspend/Resume of PDU Session can also happen when the UE is in CM-CONNECTED state. One PDU Session may be “Suspended” because there is no data to transmit or transmission of data is not allowed while another PDU Session may be “Resumed” because there is data to transmit or transmission of data is allowed again.

The “PDU Session Dormant” status is introduced to describe the status when a PDU Session is suspended. In the PDU Session dormant status, the radio resource of the PDU Session is released (e.g. the DRB is released but the DRB configuration is reserved) and the AN tunnel info in the UPF is released, but other information of the PDU Session are reserved (e.g. the radio resource configuration of the PDU Session is reserved). When PDU Session enters “dormant” status, the main difference from the de-activated PDU Session is that the PDU Session Context including the N3 Tunnel Info is kept on the RAN.
The general procedures of the solution are:
· During PDU Session Establishment, the UE provides a User Plane Transmission Enhancement (UPTE) indication to the SMF. SMF checks with the UE subscription and authorises the UE’s request. The PDU Session is marked with UPTE. If the PDU Session has the UPTE feature, the PDU Session is able to enter dormant status.

· During Connection Resume procedure, the UE may indicate the “dormant” PDU Session(s) to selectively resume. 

· For UPTE PDU Session, instead of deactivating the PDU Session, SMF decides the PDU Session enters “dormant” status by indicating the RAN and UE to reserve the context of the PDU Session. The PDU Session can also be resumed independently.
6.X.3
Support of EPC interworking
Editor's Note:
This clause describes if and how EPC-5GC interworking is supported by this solution.

6.X.4
Procedures
6.X.4.1
PDU Session Establishment
The procedure of PDU Session Establishment is depicted as following.
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Figure 6.x.4.1-1: PDU Session Establishment Procedure
The procedure is the same as PDU Session Establishment defined in TS23.502, clause 4.3.2.2, except for the following updates:

1. 
For the PDU Session to be established, the UE indicates whether this PDU Session has the feature of User Plane Transmission Enhancement (UPTE). If the PDU Session has the feature, the PDU Session is able to enter dormant status.

3.
The AMF send the UPTE indication to the SMF.

4a-4b. The SMF receives SM subscription from the UDM. The SM subscription may indicate whether this PDU Session is able to enter dormant status. The SMF decides whether the PDU Session is UPTE based on the indication from UE and the SM subscription.

11.
The SMF indicates to the RAN and UE whether the PDU Session is able to enter dormant status.

6.X.4.2
Connection Suspend Procedure
The procedure of Connection Suspend is depicted as following.
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Figure 6.x.4.2-1: Connection Suspend Procedure
1.
RAN to AMF: UE Context Suspend Request (Cause, List of PDU Session ID (s) with active N3 user plane). RAN reserves UE context.
2.
Nsmf_PDUSession_UpdateSMContext (PDU Session ID (s), Cause). AMF informs related SMF(S) according to the received PDU Session ID (s). AMF reserves UE context. 
3.
N4 Session Modification Request (AN or N3 UPF Tunnel Info to be removed, Buffering on/off). N4 Session Modification Response.

4.
Nsmf_PDUSession_UpdateSMContext Response.

5.
UE Context Suspend Response. RAN reserves the context of the PDU Session.

6.
RRC Connection Suspend. UE reserves the UE context and the context of the PDU Session.
6.X.4.3
Connection Resume Procedure

The procedure of Connection Resume is depicted as following.
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Figure 6.x.4.3-1: Connection Resume Procedure
1.
RRC Connection Resume. The SRB and the DRB(s) related to the PDU Session(s) in Dormant status that need to resumed are resumed. The AS security is reestablished. The UE provides PDU Session ID(s) for the “dormant” PDU Session(s) it needs to resume.

2.
UE Context Resume Request (PDU Session ID(s), N2 SM Message (PDU Session ID(s), Radio Resource established indication). The PDU Session ID(s) in the N2 SM Message is to indicate to the SMF the radio resources for the PDU Session ID(s) for the “dormant” PDU Session(s) are established.
3.
Nsmf_PDUSession_UpdateSMContext(N2 SM Message (PDU Session ID(s), Radio Resource established indication).
4a.
N4 Session Modification Request. N3 DL TEID is allocated to the UPF in this step.

4b.
N4 Session Modification Response

5.
Nsmf_PDUSession_UpdateSMContext Response. For the “dormant” PDU Session(s) to be resumed, the SMF sends a resume success indication.
6.
UE Context Suspend Response. The AMF transfers the SM message in step 5 to RAN.
6.X.4.4
PDU Session Suspend Procedure
The procedure of PDU Session Suspend procedure is depicted as following. The UE is in CM-CONNECTED state.
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Figure 6.x.4.4-1: PDU Session Suspend Procedure
1.
For a UPTE PDU Session in active status, the SMF may decide the PDU Session is to enter Dormant status based on:

-
During handover procedure, if all the QoS Flows of a PDU Session are rejected by the target NG-RAN, or if a PDU Session has failed to setup indicated by the AMF,
-
The UPF detects that the PDU Session has had no data transfer for a specified Inactivity period,
-
For a LADN PDU Session, the AMF notifies the SMF that the UE moved out of the LADN service area, or
-
The AMF notifies to the SMF that the UE moved out of the Allowed Area.
2.
The SMF may initiate an N4 Session Release procedure to release the intermediate UPF of N3 terminating point.
3.
From SMF to AMF: Namf_Communication_N1N2MessageTransfer(N2 SM Information (PDU Session ID, Dormant indication)). The dormant indication indicates that the PDU Session should enter dormant status.

4.
The AMF sends the N2 PDU Session Request including N2 SM information (PDU Session ID, Dormant indication) received from the SMF via N2 to the NG-RAN. Based on the Dormant indication, the RAN reserves the PDU Session context.

5.
RRC Connection Reconfiguration. The Radio resource of the PDU Session is released but configuration is retained. The PDU Session status of UE enters Dormant status.

6.
The RAN sends N2 Session Response to the AMF.

7.
The AMF invokes the Nsmf_PDUSession_UpdateSMContext service operation to acknowledge the Namf service received in step 3.

6.X.4.5
PDU Session Resume Procedure
The procedure of PDU Session Resume procedure is depicted as following. The UE is in CM-CONNECTED state.
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Figure 6.x.4.5-1: PDU Session Resume Procedure
1.
Dormant PDU Session Resume. UE resume the DRB(s) related to the PDU Session(s) in Dormant status that it needs to resume. UE provides PDU Session ID(s) for the “dormant” PDU Session(s) it needs to resume.

2.
PDU Session Context Resume Request (PDU Session ID(s), N2 SM Message (PDU Session ID(s), Radio Resource established indication). The PDU Session ID(s) in the N2 SM Message is to indicate to the SMF the radio resources for the PDU Session ID(s) for the “dormant” PDU Session(s) are established.
3.
Nsmf_PDUSession_UpdateSMContext(N2 SM Message (PDU Session ID(s), Radio Resource established indication)4a. N4 Session Modification Request. N3 DL TEID is allocated to the UPF in this step.

4b.
N4 Session Modification Response.

5.
Nsmf_PDUSession_UpdateSMContext Response. For the “dormant” PDU Session to be resumed, SMF sends resume success indication.

6.
PDU Session Context Resume Response. The AMF transfer the SM message in step 5 to RAN. 
6.X.5
Impacts on existing entities and interfaces

Editor's Note: This clause describes impacts to existing entities and interfaces.

6.X.6
Evaluation

Editor's Note: This clause provides an evaluation of the solution.
* * * * End of Changes * * * *
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