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Abstract of the contribution: Introduce an independent session management per PDU session where activation and deactivation of the user plane connection can be performed per existing PDU session.
1. Introduction
This document proposes a new solution to key issue #4 Session Management. 
In this contribution an analysis is firstly provided about case of multiple PDU session establishments per UE. Assuming the discussions related to network slicing and the solutions, e.g. solution 1.2, 1.3 and 1.6, in case a UE is connected to multiple network slice instances, there are proposals to instantiate a single common CP NFs (e.g. mobility management function, MMF) and dedicated CP NFs for each network slice instance (e.g. session management function, SMF). Further, it is assumed that a UE can have multiple PDU session to same or different data networks (DN) established simultaneously. This results in instantiating/configuring multiple user plane functions (UPFs or UP GWs) per UE.
Usually, each configured UPF per UE has a separate NG3 connection (e.g. tunnel) towards the (R)AN node. Each time when the UE changes the (R)AN node due to mobility, all control plane and user plane NFs maintain UE’s contexts needs to be updated. This may result in considerable signalling for context updates. 
Assuming that the UE does not actively uses all establish PDU sessions simultaneously, it is proposed that the user plane (UP) connection (including data radio connection and NG3 tunnel) for some PDU sessions are not active. 

This contribution proposes, especially for UEs with medium/high mobility level, to keep the UP connection(s) active only if data via the corresponding PDU session is transmitted. The UP connection corresponding to other currently unused PDU session may be deactivated/released (but the UE’s context in the CP is kept stored in the corresponding NFs).

2. Proposal
It is proposed to include the following solution to TR 23.799 v0.7.0: 
* * * Start of changes * * * *

6.4.x
Solution 4.x: Session management per PDU session
6.4.x.1
Architecture Description

This solution applies to key issue 4 on session management and key issue 5 on efficient user plane paths. The solution addresses the following work tasks:

-
KI#4: SM_WT#1 (SM model);

-
KI#4: SM_WT#2 (relation between SM and MM);
The proposed solution is based on the following principles:

-
The session management function (SMF) and mobility management function (MMF) are split in different network functions. In the particular case of UE registered with multiple network slice instances, the UE would be served by multiple SMFs, i.e. multiple PDU session are established.
-
The session management function (SMF) and mobility management function (MMF) are split in different network functions. In the particular case of UE registered with multiple network slice instances, the UE would be served by multiple SMFs, i.e. multiple PDU session are established.
-
Multiple PDU sessions (to the same or to different network slices) are established for a given UE. A PDU session can be in Idle state or Active state. 

-
A UP connection (including data radio connection and NG3 tunnel establishing) can be activated for a single PDU session. UP connections for other PDU sessions (to the same or to other network slices) can be activated/deactivated independently.

-
The procedures for PDU session activation and deactivation are proposed, meaning:
-
PDU session activation is the transition to “Active” session state in the SMF and the UP connection is established; 

-
PDU session deactivation is the transition to “Idle” session state in SMF and the UP connection is released/deactivated. 
-
Similar to the existing SM in GPRS and EPS, this solution does not preclude to perform SM (i.e. Active/Idle transition management) for all existing PDU sessions together. Whether to perform activation of all PDU sessions or activation of individual PDU session can be based on subscription and UE capability.
NOTE:
A PDU session establishment procedure is the initial establishment of a PDU session where UE context is installed in the corresponding SMFs and UPFs. The PDU session activation procedure is the activation/establishment of UP connection (e.g. radio data connection and NG3 tunnel).

The reference architecture is shown in the following figure. The common control plane network functions (CCNF) may include mobility management function or AAA functions as described in solution 1.2. The dedicated control plane network functions (Ded. CP NF) may include the session management function (SMF) and optionally the policy control function (PCF). 
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Figure 6.4.x.1-1: Reference Architecture with 3 PDU sessions to different network slices with independent session management functions (SMF)
6.4.x.2
Function description 
Figure6.4.x.2-1 shows independent session state machines per existing session (i.e. per network slice, or PDU session). The session (SM) state machine can be maintained in the SMF as part of the UE’s SM context in the SMF. Optionally the SM state machine can be maintained in the MMF. 
The CCNF (e.g. MMF) knows the session state (Idle or Active) in SMFs for all the established PDU sessions. With this, in addition to the mobility (MM) context, the MMF maintains also state information for all established PDU sessions. 
For example, if a PDU session is deactivated (i.e. the UP connection is released but context is kept in UE, SMF/UPF) the MMF knows that the corresponding SMF should not be updated when the UE moves and changes RAN node.  In contrary, if a PDU session is activated, the MMF knows that the corresponding SMF should be updated with the new (R)AN node details (e.g. IP address, tunnel identifier, transport port ID, or other parameters) each time when a (R)AN node changes due to UE mobility. 

NOTE 1: The details about the MM states are in the scope of KI#2 Mobility Management, and thus, can be different from the MM states shown in Figure6.4.x.2-1
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Figure 6.4.x.2-1: Multiple session state machines (one per established session) and a single mobility state machine
Figure6.4.x.2-2 shows an example of the signalling flow for session activation triggered by DL data arrival which is independent from other PDU sessions.
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Figure 6.4.x.2-2: Signalling flow for session activation in MT case
The steps for session activation due to DL data transmission are described as follows:

1.
The UPF2 initiates Activate session request procedure for the establishment of UP connection. 
2.
The SMF2 initiates Activate session request procedure towards the CCNF (e.g. MMF). SMF2 includes session ID, QoS parameters, paging priority and UPF ID (needed for NG3 tunnel establishment, e.g. IP address, tunnelling endpoint ID and/or transport layer port ID). If the CCSF has another Activate session request procedure in progress with other SMF (e.g. SMF1) and the Activate session request message from the SMF2 has equal or less paging priority than the one in progress., the CCSF does not initiates new paging procedure to the UE.
3.-4. If the MMF is in Standby state, the MMF initiates the paging procedure to the UE. The Paging message includes the session ID that corresponding to the DL packets arrived to the UPF2.

4.
UE sends the Service Request message to the CCNF. The Service Request message includes the session ID if it was present in step 3.

5.-7.  If the MM state was Standby, the CCNF (e.g. MMF) performs UE context setup procedure to the RAN node. If the MM state was Ready, the CCNF (e.g. MMF) performs UE context update procedure to the RAN node.  The SM state in the UE for this PDU session changes to “Active” and the UE is able to receive/send data.

8. MMF responds to step 2 towards SMF2 including the RAN node UP information for NG3 tunnel establishment. If the CCNF has Activate session request messages received from multiple SMFs, then multiple Activate session response messages are responded to corresponding SMFs.

9. SMF2 updates UPF2 with the information needed for NG3 tunnel establishment. 
Figure6.4.x.2-3 shows an example of the signalling flow for session activation triggered by UL data transmission which is independent from other activation of other PDU sessions.
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Figure 6.4.x.2-3: Signalling flow for session activation in MO case
The steps for session activation due to DL data transmission are described as follows:

1. Due to UL data for PDU session 2, the UE initiates RRC connection establishment with RAN node to transmit an initial NAS message.
2.
UE sends the Service Request message to the CCNF. The Service Request message includes the session ID that UE wants to activate.
3.-5. The CCNF (e.g. MMF) performs Activate session procedure with the SMF2. SMF2 updates the UPF2, if needed, and replies to MMF with the corresponding stored QoS parameters and UPF ID. 

6.-8. The CCNF (e.g. MMF) performs UE context setup procedure to the RAN node. The SM state in the UE for this PDU session changes to “Active” and the UE is able to receive/send data for this PDU session.

9.-11. MMF performs Update session procedure to towards the associated SMF2 to inform SMF2 and UPF2 about the RAN node UP information for NG3 tunnel establishment.
The procedure for session deactivation includes the release of the UP connection (data radio connection and NG3 connection/tunnel), whereas the UE’s context in the SMF and the NAS SM context in the UE are kept, however the state is “Idle”. The session deactivation procedure can be initiated by the RAN node.
6.4.x.3
Solution evaluation 
Editor's note: This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.
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