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Abstract of the contribution: This paper analysis the selective UP connection deactivation and proposes a way forward.
Discussion

This document discusses the necessity of CN-initiated PDU session deactivation in case that one UE in the CM-CONNECTED state has multiple UP connection for existing PDU sessions. In clause 5.6.8 in TS23.501, the selective UP connection activation is described in CM-IDLE state and CM-CONNECTED state, while the necessity of CN-Initiated PDU session deactivation is still in FFS.
##################

5.6.8
Selective activation of UP connection of existing PDU session
This clause applies to the case when a UE has multiple established PDU sessions. The activation of UP connection of existing PDU session causes UE-CN User Plane connection (i.e. data radio bearer and N3 tunnel) for the PDU session to be activated. The UP connection of different PDU sessions can be activated independently.
For the UE in the CM-IDLE state, either UE or network-triggered Service Request procedure may support independent activation of UP connection of existing PDU session.
For the UE in the CM-CONNECTED state, 5GS supports independent activation of UP connection of existing PDU session.

Editor’s note: Whether CN-initiated PDU session deactivation is necessary or not is FFS.

#############
The goal of this paper is to seek consensus among the SA2 WG how the Editor’s note can be resolved. In addition, the paper analyses the pros/cons of selective deactivation of UP connections and proposed a way forward.

As depicted in Figure 1, current EPS connection management method activates and deactivates all UP connections (aka E-RABs) in one time. In EPS, criterion of deactivation is based on Inactivity timer, which is determined by the RAN i.e. “Inactivity timer per UE”. Inactivity timer is the criteria for one UE to transfer from EMM-CONNECTED to EMM-IDLE state. Such a common Inactivity timer for a UE can be also used in 5GS for the simultaneous deactivation of all UP connections. One example is shown in in Figure 1, where a UE has two existing PDU sessions, communications over PDU session #2 has not yet started while communication over PDU session #1 has started. Once communications over PDU session #1 ends, the Inactivity timer starts running, however, if PDU session #2 starts the communication the Inactivity timer will be reset. After the communications over PDU session #2 ends, the Inactivity timer restarts as shown in Figure 1. 
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Figure 1 Idle – Connected transition in case of common Inactivity timer per UE
A 5G UE (e.g. smartphone used also as IoT gateway) may have multiple PDU sessions for different services with different communication patterns. In this case, if there is a common Inactivity timer per UE, all activated UP connections would be kept active as long as the UE in CM-CONNECTED state. 
NOTE: The evaluation is shown below.

Alternatively, the UP connections can deactivated selectively. The network deactivates the UP connection for a PDU session once the communication has been finished irrespective of the communication of other PDU session state.  One way to achieve this is to maintain an Inactivity timer per PDU session in the RAN node. . For example, if a PDU session #1 starts the communication, the UE state will changed to CM-CONNECTED. Once the PDU session #1 ends, the Inactivity timer for PDU session #1 starts counting. During the Inactivity timer counting period, even if PDU session #2 starts communication, the Inactivity timer for PDU session #1 will not  interrupted. Once the Inactivity timer for PDU session #1 expires, the UP connection of PDU session #1 will deactivated, even though the UP connection of PDU session#2 is still active as shown in Figure 2. 
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Figure 2 Selective activation and deactivation of UP connection based on per PDU session Inactivity timers
Figure 3 describes the signalling flow in case of Inactivity timer per PDU session is indicated as 5GC assistance information to the RAN. After receiving Service Request for PDU session#2, the 5GC (e.g. AMF or SMF) calculates as one of the CN assisted RAN parameters a value for an Inactivity timer for PDU session #2. Then, AMF transmits assistance parameter of Inactivity timer for PDU session #2 to RAN. The RAN node decides finally which Inactivity timer value to apply, e.g. considering local RAN conditions and configurations.
Figure 4 depicts UP connection deactivation procedure for PDU session #2 after Inactivity timer for PDU session #2 expires at the RAN node. After RAN detects Inactivity timer expiration for PDU session #2, RAN initiates a UE context release request for PDU session #2 towards the AMF. AMF transmits Release Access Session Request to SMF #2, and UE Context Release Command to RAN (i.e. selective deactivation).
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Figure 3 Example of Inactivity timer assistance from 5GC
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Figure 4 PDU release based on idle timer
Figure 5 illustrates exemplary the total number of messages needed during handover procedure. One UE establishes multiple PDU sessions (PDU session #1, PDU session #2, …, PDU session #n and all UP connections are activated. After handover preparation on RAN side, target RAN transmits Path switch request to AMF. AMF notifies the Path Switch (N3 tunnel relocation) to every SMF and they transmit N4 Modify session request. The procedures enclosed by dot rectangular carries out path switch between RAN and UP. Hence, the total number of messages in handover procedure increases in proportion to the number of PDU sessions. For example, when the UE has n activated UP connections t, the total number of messages during handover is 3+4n. Utilizing selective UP connection deactivation method, this number of message can be reduced.
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Figure 5 Handover procedure (UE has n PDU sessions) 
The 5GC may know the communication pattern and other characteristics of a given PDU session. For example, the SMF can indicate to the RAN possible values for the Inactivity timer (based on known communication pattern) along with the QoS profile and other policy information for the PDU session. 
Advantages of selective UP connection deactivation (e.g. an Inactivity timer per PDU session):

· In case of frequent handovers (due to either high-mobility UE or small coverage cells in high frequencies), avoid multiple “Path/N3tunnel Switch” procedures.  This results in reduced handover signalling cost on the N4 and N11 interfaces.
· In case of network slicing, where different PDU sessions are mapped on different slices and resource isolation between slices is required, the activated UP resources in one slice are managed independently from the UP resources in other slices. Slice resource isolation is achieved.

Disadvantages of selective UP connection deactivation (e.g. an Inactivity timer per PDU session):

· In case of infrequent handover (stationary or low-mobility UE), the UP connection deactivation results in signalling for “Path/N3 tunnel Switch” procedure, i.e. additional signalling.
· In case of selective deactivation based on Inactivity timer, there is additional signalling on RRC, N2, N11 and N4 interface for removing PDU session and for reactivating the PDU session on subsequent DDN or MO data.
· RAN needs to run per-PDU session inactivity timer for the set of DRBs that belong to a PDU session. This timer needs to be run for each PDU session.
Based on the above pros/cons, this paper proposes to adopt selective deactivation of UP connections as optional feature in 5GS for UEs performing frequent handovers. The 5GS may decide to use the selective deactivation of UP connections based on UE mobility pattern, network configuration, number of established PDU sessions and other information.
Proposal

Proposal 1: It is proposed to adopt selective deactivation of UP connections as optional feature in 5GS for UEs performing frequent handovers.
Proposal 2: The RAN initiates the selective deactivation of UP connections.
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