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1. Introduction
This p-CR is to introduce the 5G session management (SM) sublayer state machines of a PDU session for the UE and the network over both 3GPP access and non-3GPP access.
2. Reason for Change
Unlike in EPS, the PDN connection, default EPS bearer context and dedicated EPS bearer context are maintained. In 5GS, only the PDU session is maintained. The 5GS supports a PDU Connectivity Service i.e. a service that provides exchange of PDUs between a UE and a DNN. The PDU Connectivity Service is supported via PDU sessions that are established upon request from the UE.
As 5GS architecture is defined with a converged access-agnostic core network with a common AN - CN interface (i.e. N1 interface) which integrates different 3GPP and non-3GPP access types and the SMF in the CN is the resposible end-point for 5G SM protocol, A UE registered to the 5GC can have multiple PDU sessions over 3GPP access and non-3GPP access in parallel. This can be seen in TS 23.501 v0.4.0:
"An UE that is registered over multiple accesses chooses over which access to establish a PDU session.

…

An UE may establish multiple PDU sessions, to the same data network or to different data networks, via 3GPP and via and Non-3GPP access networks at the same time."

Following this, the end-to-end 5G SM procedures can be performed between the UE and the SMF as an access-agnostic way, i.e. the same SM proecures can be applied to both 3GPP access and non-3GPP access. As a result, the same SM state machine of a PDU session can be used for the UE and the network over both 3GPP access and non-3GPP access. Following the similar principle of ESM states for EPS bearer contexts, different 5G SM states for PDU sessions need to be defined at the UE side and the network side.
About PDU session in 5GS, a general principle is specified in TS 23.501 v0.4.0:

"PDU sessions are established (upon UE request), modified (upon UE and 5GC request) and released (upon UE and 5GC request) using NAS SM signalling exchanged over N1 between the UE and the SMF. Upon request from an Application Server, the 5GC is able to trigger the UE to establish a PDU session to a specific DNN."

When keeping above generanl principle in mind and checking the specfic SM procedures for PDU session establishment, modification and release specified in TS 23.502 v0.3.0, we can find:
(1) PDU Session Establishment
Even stage 2 also specified that the 5GC is able to trigger the UE to establish a PDU session, however, it just uses the device trigger procedure to request the application at the UE side to trigger the PDU session establishment request. The device trigger procedure is not treated as a standard 5G SM procedure.
Hence, from SM protocol perspective, only the UE can trigger the PDU session establishment request to activate a PUD session. Upon recept of the request from the UE, the SMF can decide to accept or reject the request based on, e.g. user subscription. Hence, from the UE perspective, during the initiated PDU session establishment procedure, a PDU session can have three states: Inactive, Active pending and Active. From the network perspective, during the initiated PDU session establishment procedure, a PDU session can have two states: Inactive, and Active.
(2) PDU Session Modification
For a UE initiated PDU session modification procedure, the UE sends a PDU Session Modification Request message to the SMF. Then it is up to the SMF to accept or reject this reuest. If accepted by the SMF, the SMF performs a NW initiated PDU session modification procedure by sending a PDU Session Modification Command message to the UE. Based on the current procedure definition given in stage 2 (see TS 23.502 subclause 4.3.3.2 and Figure 4.3.3.2-1), upon receipt of a PDU Session Modification Command message, the UE just sends a PDU Session Modification Command Ack message to the SMF. This means the UE will always follow the modification command from the network. This is different from the UE initiated EPS bearter context modification procedure in EPS, in which the MME needs to check whether the resources requested by the UE can be established, modified or released, based on which to send an activate/modify/deactivate EPS bearer context request message to the UE and the UE can accept/reject these requests.
Hence, during PDU session modification procedure, the states of a PDU session at the network are simpler than at the UE. There are three states at the UE: Active, Modification pending and Inactive while two states at the network: Active and Inactive.
(3) PDU Session Release
For a UE initiated PDU session release procedure, the UE sends a PDU Session Release Request message to the SMF. Then it is up to the SMF to accept or reject this reuest. If accepted by the SMF, the SMF performs a NW initiated PDU session release procedure by sending a PDU Session Release Command message to the UE. Based on the current procedure definition given in stage 2 (see TS 23.502 subclause 4.3.3.2 and Figure 4.3.4.2-1), upon receipt of a PDU Session Release Command message, the UE just sends a PDU Session Release Ack message to the SMF. This means the UE will always follow the release command from the network.

Hence, during PDU session release procedure, the states of a PDU session at the network are simpler than at the UE. There are three states at the UE: Active, Inactive pending and Inactive while two states at the network: Active and Inactive.
In EPS, multiple UE requested ESM procedures can be performed in parallel and hence a transaction related procedures is defined in EPS, i.e. the procedure transaction identity (PTI) is used as an address parameter in the ESM message header. Hence, in addtion to ESM states of EPS bearer contexts, the states of procedure transaction are defined in EPS as well.
In 5GS, it can be deduced that multiple UE requested 5G SM procedures can be performed in parallel and the UE initiated 5G SM request can trigger the NW initiated 5G SM procedure, hence it may be required to define a transaction related procedure and the states of procedure transaction in 5GS as well. However, this p-CR does not cover this part and adds an Editorial Note for it.
3. Conclusions

The end-to-end 5G SM procedures can be performed between the UE and the SMF as an access-agnostic way, i.e. the same SM proecures can be applied to both 3GPP access and non-3GPP access. As a result, the same SM state machine of a PDU session can be used for the UE and the network over both 3GPP access and non-3GPP access. Following the similar principle of ESM states for EPS bearer contexts, different 5G SM states for PDU sessions need to be defined at the UE side and the network side.
4. Proposal

It is proposed to agree the following changes to 3GPP TR 24.890 V0.1.0.
* * * First Change * * * *

8.3
5G SM sublayer states

This sub-clause will describe CT1 relevant aspects of session management states at the UE and the SMF.

8.3.3.1
General

In the following subclauses, the possible states of a 5G PDU session in the UE and the network side are described. Each PDU session over 3GPP access or non-3GPP access is associated with an individual state.
Editor's note:
The procedure transaction states for 5G SM are FFS.
8.3.3.2
5G SM sublayer states in the UE

8.3.3.2.1
PDU SESSION INACTIVE

No PDU session exists.

8.3.3.2.2
PDU SESSION ACTIVE PENDING
The UE has initiated a PDU session establishment procedure towards the network and is waiting for a response from the network.

8.3.3.2.3
PDU SESSION ACTIVE

The PDU session is active in the UE.

8.3.3.2.4
PDU SESSION INACTIVE PENDING
The UE has initiated a PDU session release procedure towards the network and is waiting for a response from the network.

8.3.3.2.5
PDU SESSION MODIFICATION PENDING
The UE has initiated a PDU session modification procedure towards the network and is waiting for a response from the network.
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NOTE:
Not all possible transitions are shown in this figure.

Editor's note:
The fatal causes and non-fatal causes used in the 5G SM procedure are FFS.
Figure 8.3.3.2.5.1: The 5G SM sublayer states for PDU session handling in the UE (overview)

8.3.3.3
5G SM sublayer states in the network
8.3.3.3.1
PDU SESSION INACTIVE

No PDU session exists.

8.3.3.3.2
PDU SESSION ACTIVE
The PDU session is active in the network.
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NOTE:
Not all possible transitions are shown in this figure.

Editor's note:
The fatal causes and non-fatal causes used in the 5G SM procedure are FFS.
Figure 8.3.3.3.2.1: The 5G SM sublayer states for PDU session handling in the network (overview)

* * * End of Change * * * *
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