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Abstract of the contribution: The P-CR addresses the handling of PDU sessions corresponding to LADNs when the UE leaves the area of availability of a LADN.
1. Discussion.
TS 23.501 has introduced the concept of Local Area Data Networks. At present, the mechanism described assumes that, when the network detects that the UE moves outside the area of availability of an LADN, the PDU session corresponding to the LADN is disconnected.
5GS has introduces the concept of selective user plane establishment, i.e. a CM-IDLE UE can trigger a Service Request to request user plane establishment for a subset of the existing PDU sessions. This means that the SM context of a CM-CONNECTED UE in the UE and the network has some PDU sessions with user plane established, and some PDU sessions “suspended”, i.e. with no user plane allocated.

LADNs may have a very limited geographical availability, and the UE may keep moving in and out the LADN area of availability. If the device has applications/services requiring PDU connectivity to the LADN, this means that the PDU session will be established and disconnected very frequently, which is not desirable in terms of signalling overhead.

Therefore, we propose that the system shall support two possible treatments of PDU sessions corresponding to LADNs when the UE leaves the area of availability of the LADN:

· Disconnect the PDU sessions
· Release the user plane of PDU sessions corresponding to LADNs (i.e. suspend the PDU sessions) when the UE moves out of the area of availability of the LADN. This enables maintaining the PDU session context, and to re-establish the user plane with minimal signalling if the UE comes back to the area of availability of the LADN.
In order to enable these two behaviours, to be selected by the network based on network policies, the following enablers are required:

· The SMF handling the PDU session needs to be notified when the UE moves outside the area of availability of the LADN:
· This enables the SMF to either perform a network triggered PDU session disconnection, or to release the user plane resources for the PDU session

· This requires the serving AMF to notify the SMF of such event

· This also requires the AMF to be aware that the context for such PDU session (containing at least the PDU Session ID and the serving SMF) correspond to an LADN for which the AMF has information on the availability

· The SMF needs to be notified upon mobility events, including registration procedures, service request procedures and handover procedures

· PDU session release is explicitly triggered by the SMF

· If the SMF decides to release the user plane for the LADN PDU session, the system must ensure that:

· service requests from the UE for the LADN PDU session are rejected when the UE is outside the area of availability of the LADN

· no network triggered service request is performed for the LADN PDU session (in either CM-IDLE or CM-Connected mode) if the UE is outside the are of availability of the LADN.

· The LADN PDU session is not maintained indefinitely, since they UE might not return to the area of availability of the LADN for a long time. To enable this, when the user plane resources for the LADN PDU session are released, both network and UE start a timer when the PDU session resources are releases, with the UE timer being longer than the SMF timer. When the SMF timer expires, the SMF explicitly disconnect the PDU session (if the UE is CM-IDLE, asynchronous signalling can be used to avoid waking up the UE). When the timer in the UE expires (which would be an error case in which the UE did not get the disconnection request from the SMF), the UE releases the PDU session context.
· Re-activation of user plane resources when the UE returns to the area of availability of the LADN is triggered by the UE via a Service Request procedure (independently if the UE is CM-IDLE or CM-CONNECTED), and is not performed automatically by the network.
This P-CR and the companion TS 23.502 P-CR introduce these enablers.
2. Proposal
It is proposed to accept the following changes to TS 23.501.
FIRST CHANGE

5.6.5
Support for advertising the availability of a local area data network

5G System shall provide support for the UEs to be made aware of the availability of a local area Data Network (LADN) based on the UE location. LADNs apply only to a 3GPP access. 
Editor’s Note: whether a PDU corresponding to an LADN can be handed over to a non-3GPP access and be considered always available over the non-3GPP access, or the PDU session cannot be handed over to a non-3GPP access is FFS.
The 5G Core Network notifies the UE of the information for the specific LADNs which are available to the UE, based on the operator's policy and subscription information.
LADN Information provided to the UE consists of LADN DNN and LADN service area information. The LADN service area information may be provided for a set of Tracking Areas. The AMF does not create Registration Area based on the availability of LADNs.
Editor’s Note: additional levels of granularity are FFS.
Editor's note:
It is FFS how the 5G Core Network notifies the UE, e.g. whether the AMF notifies the UE of information or whether the direct interface between the UE and the PCF.
When the UE performs a successful registration procedure, the AMF may provide to the UE, based on local configuration information (e.g. via OAM), UE subscription information, or policies provided by PCF, the LADN Information for the LADNs available to the UE in that RA in the (Re)registration response message.
Editor’s Note: it is FFS whether LADN subscription information (i.e information which indicates whether the UE subscribes the LADN service) is included in UE subscription data or is managed by policy information by PCF. 
Editor’s note: other scenarios in which the UE is not configured with any LADNs and discovers the supported LADNs are FFS.
Based on the LADN information in the UE, the UE may request a PDU session establishment for an available LADN the UE is located in the area. The UE should not request a PDU session for a LADN when the UE is located outside the area of availability of the LADN, and the network shall reject any such requests.
When the SMF detects that the UE has moved out of the service area of an LADN based on information received from the AMF, the SMF may, based on network policies, either: 
-
disconnect the PDU session, or 
-
release the user plane resources for the PDU session and maintain the PDU session. The network may at any time, based on network policies, disconnect the PDU session. The SMF may also notify the UPF to stop buffering downlink data for the PDU sessions and not send out Data Notification message to the SMF.
Upon leaving the area of availability of the LADN, the UE shall consider the user plane for the LADN PDU session released, unless the UE receives an explicit PDU session release request from the network. 

The network shall reject requests from the UE to establish user plane resources for a PDU session corresponding to an LADN when the UE is outside the area of availability of the LADN. This includes rejecting a service request in which the UE indicates only the PDU session corresponding to the LADN.

-

The SMF shall not trigger user plane re-establishment for a PDU session corresponding to an LADN if the SMF is aware that the UE is outside the area of availability of the LADN.
When the SMF detects that the UE has returned to the area of availability of an LADN based on information received from the AMF, if the SMF or UPF has pending DL data the SMF performs a Network Triggered Service Request to establish the User Plane(s) for the PDU sessions, otherwise the SMF will inform the UPF to resume sending DL data notifications to the SMF in case of DL data.
NEXT CHANGE

5.3.3
Connection Management

Editor's note:
Access independent aspects.

5.3.3.1
General

Connection management comprises the functions of establishing and releasing a signalling connection between a UE and the AMF over N1. This signalling connection is used to enable NAS signalling exchange between the UE and the core network. It comprises both the AN signalling connection between the UE and the AN (e.g. RRC connection over 3GPP access) and the N2 connection for this UE between the AN and the AMF.
5.3.3.2
5GS Connection Management states
5.3.3.2.1
General

Two CM states are used that reflect the NAS signalling connectivity of the UE with the AMF:

-
CM-IDLE

-
CM-CONNECTED

5.3.3.2.2
CM-IDLE state

A UE in CM-IDLE state is in RM-REGISTERED state and has no NAS signalling connection established with the AMF over N1. The UE performs cell selection, cell reselection and PLMN selection.

There are no N2 and N3 connections for the UE in the CM-IDLE state.

In the CM-IDLE state, the UE shall, unless otherwise specified in sub-clause 5.3.4.1:

-
if not in MO-only mode, respond to paging, if received, by performing a service request procedure (see TS 23.502 [3] clause 4.2.3.2);

-
perform a service request procedure when the UE has uplink signalling or user data to be sent (see TS 23.502 [3] clause 4.2.3.2), if the uplink user data to be sent does not correspond to a PDU session for a LADN and the UE is outside the area of availability of the LADN.
-
enter CM-CONNECTED state whenever an AN signalling connection is established between the UE and the AN (e.g. entering RRC Connected state over 3GPP access). The transmission of an Initial NAS message (Registration Request, Service Request or Deregistration Request) initiates the transition from CM-IDLE to CM-CONNECTED state.
In the CM-IDLE state, the AMF shall:

-
if a UE is not in MO-only mode, perform a network triggered service request procedure when it has signaling or mobile-terminated data to be sent to this UE, by sending a Paging Request to this UE (see TS 23.502 [3] clause 4.2.3.3).
-
enter CM-CONNECTED whenever an N2 connection is established for this UE between the AN and the AMF.
Editor’s Note: it is FFS whether the AMF modifies the UE location information to the SMF when the UE enters CM-IDLE state, and how DL traffic is handled in case the UE, while in CM-IDLE, moves to the LADN area or outside the LADN area. 

The UE and the AMF may optimize the power efficiency and signalling efficiency of the UE when in CM-IDLE state e.g. by activating MICO mode (see sub-clause 5.4.1.3).
NEXT CHANGE

5.6.2
Interaction between AMF and SMF
The AMF and SMF are separate Network Functions.

N1 related interaction is as follows:

-
A single N1 NAS connection is used for each access to which the UE is connected.

-
A single N1 NAS connection is used for both Registration Management and Connection Management (RM/CM) and for SM-related messages and procedures for a UE. The single N1 termination point is located in AMF. The AMF forwards SM related NAS information to the SMF. Further SM NAS exchanges (e.g. SM NAS message responses) for N1 NAS signalling received by the AMF over an access (e.g. 3GPP access or non-3GPP access) are transported over the same access.
-
When an UE is served by a single AMF while the UE is connected over multiple (3GPP/Non 3GPP) accesses, there is a N1 NAS connection per access. In that case the serving PLMN  ensures that for N1 NAS signalling received by the AMF over an access (e.g. 3GPP access or non-3GPP access) further SM NAS exchanges (e.g. SM NAS message responses) are transported over the same access.

-
AMF handles the Registration Management and Connection Management part of NAS signalling exchanged with the UE. SMF handles the Session management part of NAS signalling exchanged with the UE.

-
RM/CM NAS messages and SM NAS messages and the corresponding procedures are decoupled, so that the NAS routing capabilities inside AMF can easily know if one NAS message should be routed to a SMF, or locally processed in the AMF. It is possible to transmit an SM NAS message together with an RM/CM NAS message.

NOTE:
Whether this implies encapsulating the SM NAS message in an RM/CM NAS message or not is FFS and should be defined at stage 3.

-
AMF can decide whether to accept the RM/CM part of a NAS request without being aware of the possibly concatenated SM part of the same NAS signalling contents.

-
When a SMF has been selected to serve a specific PDU session, AMF has to ensure that all NAS signaling related with this PDU session is handled by the same SMF instance.
-
The AMF reports the reachability of the UE based on a subscription from the SMF (e.g. for UE location with respect to the LADN availability area). 
-
The SMF indicates to AMF when a PDU session has been released.

-
Upon successful PDU session establishment, AMF stores the identification of serving SMF of UE and SMF stores the identification of serving AMF of UE.

Editor's note:
this text may have to be revisited when further progress has been made on the non stickyness topic.

N2 related interaction is as follows:

-
N2 signalling related with UE is terminated in the AMF i.e. there is a unique N2 termination for a given UE regardless of the number of PDU sessions (possibly zero) of a UE.

-
Some N2 signalling (such as Handover related signalling) may require the action of both AMF and SMF. In such case, the AMF is responsible to ensure the coordination between AMF and SMF.

N3 related interaction is as follows:

-
In case of UE having multiple established PDU sessions using multiple UPFs, the SMF supports the independent activation of UE-CN user plane connection per PDU session.

N4 related interaction is as follows:

-
The SMF(s) supports the end-to-end control functions on PDU sessions (including any N4 interface to control the UPF(s)).

-
When it is made aware by the UPF that some DL data has arrived for a UE without downlink N3 tunnel information, the SMF interacts with the AMF. If the UE is in CM_IDLE state the AMF may trigger UE paging from the AN (depending on the type of AN).

Editor's note:
Precise details of the interaction for paging depend on the definition of paging mechanisms for the NextGen system. Interaction with power saving states is also FFS.
END OF CHANGES
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