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Abstract of the contribution: This paper proposes to update some parts related to LADN.
1.
Discussion
We propose the following changes related to LADN with terminology alignments which were already agreed (e.g. LADN Information, UP connection activation).
· First change: Further clarifying the sentence for the readability in clause 5.3.3.2.2.
· Second change: Indicating LADN DNN for the UE location notification based on the agreement of last meeting.
· Third change: Clarifying to prevent any UE initiated PDU session establishment/modification, and UP connection activation of an LADN PDU session during re-registration procedure, when the UE is located out of LADN service area.
(FYI, we also submit a pCR to update it in the corresponding procedures of TS 23.502.)
· Forth change: Clarifying UE location notification based on the NAS signalling connection release procedure described in clause 4.2.6 of TS 23.502.
Step 4. For each of the PDU Sessions whose UP connection have been deactivated because the UE is outside of the availability of the LADN, the AMF reports the UE location information to the SMFs that have subscribed for the UE location reporting.

Step 5. The SMF initiates an N4 Session Modification procedure indicating the need to remove AN Tunnel Info.  Buffering on/off indicates whether the UPF shall buffer incoming DL PDU or not. For the PDU Sessions corresponding to the LADN, the SMF may enable the Downlink Data Notification in case that previously the SMF notified the UPF to discard downlink data for the PDU Sessions and/or to not provide further Data Notification message.
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Figure 4.2.6-1: NAS signalling connection release procedure

2.
Proposal
The following changes are proposed in TS 23.501.
**** Start of 1st Change ****
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:

-
Respond to paging by performing a service request procedure (see TS 23.502 [3] clause 4.2.3.2), unless the UE is in MICO mode (see clause 5.4.1.3);

-
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), unless the UE is outside the area of availability of the LADN in case that the uplink user data to be sent corresponds to a PDU session for a LADN.

-
enter CM-CONNECTED state whenever an AN signalling connection is established between the UE and the AN (entering RRC Connected state over 3GPP access, or at the establishment of the UE-N3IWF connectivity over non-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.

When the UE CM state in the AMF is CM-IDLE, the AMF shall:

-
perform a network triggered service request procedure when it has signalling 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 prevented from responding e.g. due to MICO mode or Mobility Restrictions.

-
enter CM-CONNECTED state for the UE 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).
**** Start of 2nd Change ****
5.6.2
Interaction between AMF and SMF

The AMF and SMF are separate Network Functions.

N1 related interaction with SMF is as follows:

-
The single N1 termination point is located in AMF. The AMF forwards SM related NAS information to the SMF based on the PDU session ID in the NAS message. 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.

-
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.

-
SMF handles the Session management part of NAS signalling exchanged with the UE.

-
The UE may request registration and PDU session establishment at the same time. Otherwise, the UE shall only initiate PDU session establishment in RM-REGISTERED state.
-
When a SMF has been selected to serve a specific PDU session, AMF has to ensure that all NAS signalling related with this PDU session is handled by the same SMF instance.
-
Upon successful PDU session establishment, the SMF stores the Access Type that the PDU session is associated.

N11 related interaction with SMF is as follows:

-
The AMF reports the reachability of the UE based on a subscription from the SMF, including:

-
the UE location information with respect to the area of interest or LADN DNN indicated by the SMF.

-
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 including the AMF set. When trying to reach the AMF serving the UE, the SMF may need to apply the behaviour described for "the other CP NFs" in clause 5.21.

N2 related interaction with SMF is as follows:

-
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. The AMF may forward the SM N2 signalling towards the corresponding SMF based on the PDU session ID in N2 signalling.
N3 related interaction with SMF 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 with SMF 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 to initiate Network Triggered Service Request procedure. In this case, if the SMF is aware that the UE is unreachable or if the UE is reachable only for regulatory prioritized service and the PDU session is not for regulatory prioritized service, then the SMF shall not inform DL data notification to the AMF

In order to support charging data collection and to fulfill regulatory requirement (in order to provide NPLI - Network Provided Location Information- as defined in TS 23.228 [15])  related with with the set-up, modification and release of IMS Voice calls or with SMS transfer  the following applies 

At the time of the establishment of a PDU session, the AMF provides the SMF with the PEI of the UE if the PEI is available at the AMF. 

When it forwards UL NAS or N2 signalling to a peer NF (e.g. to SMF or to SMSF) or during the UP connection activation of a PDU session, the AMF provides any User Location Information it has received from the 5G AN as well as the Access Type (3GPP – Non 3GPP) of the AN over which it has received the UL NAS or N2 signalling. The AMF provides also the corresponding UE Time Zone.
The User Location Information, the the access type  and the UE Time Zone may be further exposed by SMF. The PCF  may get this information  in order to provide NPLI to applications (such as IMS) that have requested it.
The  User Location Information may correspond to 

-
in case of a NG-RAN: a Cell-Id.
-
in case of a N3IWF: an UE local IP address (used to reach the N3IWF) and optionally UDP or TCP source port number (if NAT is detected).
The AMF is responsible of selecting the SMF per procedures described in clause 6.3.2. For this purpose, it gets subscription data from the UDM that are defined in that clause. Furthermore, it retrieves the subscribed UE-AMBR from the UDM to send it to the (R)AN as defined in clause 5.7.2

AMF-SMF interactions to support LADN are defined in clause 5.6.5.
**** Start of 3rd Change ****
5.6.5
Support for local area data network

The access to a DN via a PDU session for a LADN is only available in a specific LADN service area. A LADN service area is a set of Tracking Areas. 5GC shall provide support for the UEs to be made aware of the availability of a LADN based on the UE location.

For LADNs, the AMF provides to the UE the LADN Information about the LADN availability, and the AMF tracks and informs the SMF whether the UE is located in the LADN service area (i.e. the area of availability of the LADN).
The LADN Information is configured in the AMF on a per DN basis, i.e. for different UEs accessing the same LADN, the configured LADN service area is the same regardless of other factors (e.g. UE's Registration Area).
LADN Information provided to the UE by the AMF consists of LADN DNN and LADN service area information availability to the UE. The LADN service area information provided to the UE during the registration procedure includes a set of Tracking Areas that belong to the current Registration Area of the UE (i.e. the intersection of the LADN service area and the current Registration Area). The AMF does not create Registration Area based on the availability of LADNs.
NOTE 1:
It is thus possible that the LADN service area information sent by the AMF to the UE contains only a sub-set of the full LADN service area as the LADN service area can contain TA(s) outside of the registration area of the UE
Editor's note:
additional levels of granularity are FFS.
When the UE performs a successful (Re)registration procedure, the AMF may provide to the UE, based on local configuration information (e.g. via OAM) about LADN Information, UE location, UE subscription information received from the UDM about LADN DNNs that is subscribed by the UE, or policies provided by PCF, the LADN Information for the LADNs available to the UE in that RA in the Registration Accept message.

When the LADN Information for the UE in the 5GC is changed, the AMF may update LADN Information to the UE through UE Configuration Update procedure as described in clause 4.2.4 in TS 23.502 [3].
Based on the LADN Information in the UE, the UE may request a PDU session establishment for an available LADN when the UE is located in the LADN service area. The UE should not request a PDU session for a LADN when the UE is located outside the LADN service area, and the SMF shall reject any such requests. The UE shall not trigger Service Request for the  UP connection activation of an LADN PDU session, UE initiated PDU session establishment/modification, and UP connection activation of an LADN PDU session during re-registration procedure when the UE is located out of LADN service area, and the SMF shall reject the establishment/modification and UP connection activation for the LADN PDU session.
The SMF subscribes to "UE location notification" as described in clause 5.6.11. Based on the UE location information received from AMF, the SMF may decide:

-
whether the Network triggered Service Request should be triggered for a LADN PDU session whose user plane connection is deactivated.

-
to release the PDU session, or

-
to deactivate the user plane connection for the PDU session and maintain the PDU session. The network may at any time, based on network policies, release the PDU session later. The SMF may also request the UPF to discard downlink data for the PDU sessions and/or not send out Data Notification message to the SMF.

This decision may be influenced by local policies.

After the UE is paged and the UE triggers a service request procedure as described in clause 4.2.3.4 in TS 23.502 [3], if the SMF determines 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 UP connection activation for the LADN PDU session as described in clause 4.2.3.2 in TS 23.502[3].

NOTE 2:
In this case, the Service request of UE can still be successful regardless whether the  UP connection activation for the LADN PDU session is rejected or not.

Upon leaving the LADN service area, the UE need not release the LADN PDU session, unless the UE receives an explicit PDU session release request from the network.

The SMF shall not trigger user plane connection activation 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 AMF detects that the UE has returned to the LADN service area, the AMF, based on the SMF subscription to an area of interest corresponding to a LADN, informs the SMF. If the SMF or UPF has pending DL data, the SMF performs a Network Triggered Service Request to  activate the UP connection(s) for the PDU sessions. Otherwise the SMF shall inform the UPF to resume sending DL Data Notifications to the SMF in case of DL data.
In this release, LADNs apply only to 3GPP accesses.
**** Start of 4th Change ****
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, e.g. based on UPF service area, etc., and subscribe to AMF notifications. 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.
In the case of LADN, the SMF only provides the LADN DNN to the AMF to subscribe to notifications when the UE enters or leaves the LADN service area. The AMF notifies the UE location information to the SMF in the following cases;

· when the AMF detects that the UE has moved in or out of the LADN service area, or
· when the AMF receives N2 UE context release complete message from the RAN, as described in clause 4.2.6 of TS 23.502 [3]. 
The subscription may be maintained during the life of PDU session, regardless of the UP connection activation state of PDU session (e.g. PDU session UP connection activated or not).

Upon reception of new UE location notification from AMF, the SMF determines how to deal with the PDU session, e.g. relocate UPF, release PDU session, deactivate user plane connection 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.
**** End of Changes ****
3GPP
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