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Abstract of the contribution: This paper discusses several open issues on LADN PDU session.
Discussion
Issue 1: How DL traffic of LADN session is handled in case UE is in CM-IDLE state

There is an Editor’s note in 5.3.3.2.2 of TS 23.501.
“Editor’s Note: it is FFS whether the AMF notifies 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.”
As described in clause 5.6.11 on UE location change notification, the SMF can subscribe the location notification of UE from the AMF. The SMF can use the location information from the AMF to decide whether to send the DL packet to the UE.

It is proposed that the same logic applied to both CM-IDLE and CM-CONNECTED cases. i.e. the SMF should decide whether to initiate NW Triggered SR Procedure or not when the session is deactivated based on the latest UE location the SMF received from AMF. If the UE is still in CM-CONNECTED state, the decision is always correct. As a result, if the UE is in CM-IDLE state, two exceptional cases should be considered:
Case 1: When the idle UE moves out the LADN service area, it might be possible that the SMF cannot be notified immediately. In this case, if the UE is paged and initiates SR/PDU session activation due to DL packet, the SMF can get the correct location of the UE and then decide to reject the SR or PDU session activation. After that, the SMF can avoid unnecessary paging based on the new location of the UE, until the SMF is notified that the UE have moved back to the LADN service area.

Case 2: When the idle UE moves into the LADN service area, the packet maybe buffered on the UPF/SMF if the SMF didn’t get an immediate notification. Once the SMF is notified by the AMF, the packet can be send to the UE.

However, if the session is considered as delay sensitive by the SMF based on e.g. local policies, the SMF may also decide to perform NW Triggered SR Procedure for DL packet once the UE enters CM-IDLE mode, even if the reported UE location is out of the LADN service area.
Note: The SMF may decide to release the LADN session once it find the UE is out of the LADN service area.

Proposal 1: Based on the location information received from AMF and UE CM state, the SMF decide whether the Network triggered Service request should be triggered for a deactivated LADN PDU session. The SMF may decide to perform network triggered service request for DL packet if UE is in CM-IDLE mode, even if the reported UE location is out of the LADN service area.
Issue 2: Which NF and how to handle the service request of LADN session when UE is out of the LADN service area
The following has been agreed in 5.6.5 of TS 23.501: 

“The UE shall not trigger Service Request for the establishment of user plane for an LADN when the UE is located out of LADN service area, and the network shall reject such request. ”

“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”
During the NW Triggered SR Procedure, when the network detects the UE is outside the LADN area, the user plane of the PDU session should not be established. There can be two options to reject the SR and establishment of the user plane.
· Option 1: AMF rejects the SR and user plane establishment

· Option 2: SMF rejects the user plane establishment

Table 1 gives the advantages and disadvantages of the above two options.
Table 1: Comparison of Options
	Option
	Abstract of the option
	Advantages
	Disadvantages

	1. AMF rejects the SR and user plane establishment
	When the AMF receives SR from the UE including a LADN PDU session ID, the AMF checks whether the UE moves out of the LADN SA according to the LADN SA from SMF and UE location. If yes, the AMF rejects the SR and user plane establishment.
	The signaling between AMF and SMF can be reduced.
	AMF perform decision for SM procedure based on LADN SA information. Conflicting with AM/SM decoupling.



	2. SMF rejects the user plane establishment
	When the AMF receives SR from the UE including a LADN PDU session ID, it send SMF a notification, the SMF checks whether the UE is out of the LADN SA based on the latest location it received from the AMF. If yes, the SMF rejects the user plane establishment.
	The logics of AMF and SMF is decoupled.


	More signals between AMF and SMF than option 1 in case the UE is out of LADN SA. 


Even if the SR procedure including a LADN PDU session ID, it does not necessarily mean that PDU session activation is the only purpose of the SR. for example, the UE might want to send a SMS over NAS as well. Hence even the LADN PDU session activation is rejected, the signal connection can still be successful. 

Proposal 2: During the UE initiate SR procedure, if the SMF decides the UE is out of the service area of the LADN based on the latest UE location received from the AMF, the SMF rejects the establishment of user plane for the LADN PDU session. In this case, service request of UE can still be successful in spite of whether the establishment of user plane of the LADN PDU session is rejected or not.
Issue 3: Align with UE location change notification mechanism

In section 5.6.5, it says “When the SMF detects that the UE has moved out of the service area of an availability of the LADN based on information received from the AMF…”, however, it is not clear what information is sent to SMF from AMF:

-
An indication on whether the UE is within LADN service area?

-
Or UE location information?

This contribution proposes to align LADN handling with section 5.6.11 “UE location change notification”. SMF determines the interested area based on LADN service area, and subscribes to “UE location change notification”. When UE moves in or out the subscribed area, AMF reports UE location to SMF. SMF determines whether UE is within LADN service area.
Issue 4: Corrections
In TS23.501 clause 5.3.3.2.2, there is a description in related LADN as below:

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

-
if not in MICO 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.
The logic of highlighted text is incorrect. It is proposed to change the second bullet as:

-
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, or the uplink user data to be sent corresponds to a PDU session for a LADN and the UE is in the area of availability of the LADN.
In TS23.501 clause 5.6.5, there is another description related LADN as below:

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 intention is say “the session is not released but only the user plane of the session is released”. “UE shall consider the user plane for the LADN PDU session released” is not related to “PDU session release request from the network”, so it is proposed change the description as:

Upon leaving the area of availability of the LADN, the UE shall not release the LADN PDU session, unless the UE receives an explicit PDU session release request from the network.

2
Proposals
It is proposed to adopt the following changes in TS 23.501. 
*************** Start of 1st changes *********************
5.6.11
UE Location change notification

When a PDU session is established or modified, or when the user plane path has been changed (e.g. UPF relocation), SMF may determine an area of interest, based on e.g UPF service area, area of availability of the LADN etc. When the AMF detects that the UE has moved in or out of that area, it need notify SMF of the UE's new location.

Editor's note:
The granularity of the area of interest is FFS.

SMF subscribes to "UE mobility event Notification" service provided by AMF. During subscription, SMF provides the area of interest to AMF. The AMF sends UE's new location to SMF when AMF detects that the UE has moved in or out of that area. No notifications are sent for UE movements inside or outside the subscribed area.
Upon reception of new UE location notification from AMF, the SMF determines how to deal with the PDU session, e.g. relocate UPF, disconnect PDU session, release user plane resources for the PDU session, etc.
SMF may determine a new area of interest, and send a new subscription to the AMF with the new area of interest.

SMF unsubscribes to "UE mobility event Notification" service when PDU session is released.

The UE location change notification may also be subscribed by other NF.
*************** Start of 2nd changes *********************
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.
Editor’s Note: the applicability of location-based restrictions of LADN to non-3GPP access is FFS
When the UE performs a successful registration procedure, the AMF notifies the UE of the LADN Availability information in the Registration Accept message, which indicates the specific LADNs that are available to the UE in the registration area, based on the local configuration information (e.g. via OAM),  the operator’s policy, and the UE subscription information.
LADN Availability Information provided to the UE by the AMF 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 a Registration Area based on the availability of LADNs.
Editor's Note: additional levels of granularity are FFS.
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 Availability information in the UE, the UE may request a PDU session establishment for an available LADN when the UE is located in the area of availability of the LADN. 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 SMF shall reject any such requests. The UE shall not trigger Service Request for the establishment of user plane for an LADN when the UE is located out of LADN service area, and the SMF shall reject the establishment of user plane for the LADN PDU session.  

The SMF subscribe to “UE location notification” as described in clause 5.6.11. Based on the UE location information received from AMF, the SMF decide whether the Network triggered Service request should be triggered for a deactivated LADN PDU session. The SMF may decide to perform network triggered service request for DL packet if UE is in CM-IDLE mode, even if the reported UE location is out of the LADN service area.

If the UE is in CM-IDLE state, the UE location received from the AMF might be not precise. In this case, after the UE is paged and initiated service request procedure as described in clause 4.2.3.4 in TS 23.502, if the SMF decided that the UE is out of the service area of the LADN based on the latest UE location received from the AMF, the SMF rejects the establishment of user plane for the LADN PDU session.
Note: In this case, the Service request of UE can still be successful in spite of whether the establishment of user plane of the LADN PDU session is rejected or not.

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 discard downlink data for the PDU sessions and/or not send out Data Notification message to the SMF.
Upon leaving the area of availability of the LADN, the UE shall not release for the LADN PDU session, unless the UE receives an explicit PDU session release request from the network.

The SMF 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. 
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.
*************** Start of 3rd changes *********************
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 AN signalling connection, N2 connection and N3 connections for the UE in the CM-IDLE state.

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

-
if not in MICO 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, or the uplink user data to be sent corresponds to a PDU session for a LADN when the UE is in 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:

-
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), if a UE is not in MICO mode.
-
enter CM-CONNECTED whenever an N2 connection is established for this UE between the AN and the AMF.

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 clause 5.4.1.3).
*************** End of changes *********************
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