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1
Discussion
SA2 agreed with the concept of Local Area Data Network (LADN) in SA2 #119 and agreed on the LADN basic operations during the SA2#120 and SA2#121 meeting.
SA2 agreed that LADN service area is tracking area level, but it is not clear whether one LADN service area spans multiple registration area. 
During SA2#121 meeting at Hangzhou, S2-172940 discussed the LADN design issue with an assumption that LADN service area is smaller than the Registration Area. During the discussion, a number of members commented that LADN SA is agnostic to the Registration Area.
This paper discussed the relationship between the LADN SA and Registration area to clarify the PDU session handling operation based on the UE movement across the LADN SA and Registration Area.
As shown in the Fig 1, there are four potential cases for the relationship between the LADN serviced and Registration Area.

· Case 1. LADN service area is equal to the Registration Area.
· Case 2. LADN service area consists of multiple Registration Areas.
· Case 3. LADN service area is included within one Registration Area.
· Case 4. LADN service area spans the subareas belonging multiple Registration Areas. (LADN service area is agnostic to the Registration Area).
Since the LADN service area can be semi-dynamically configured by the operator business or 3rd party use scenarios after the operator configures the registration area, it is not easy for the operators to predict the LADN service area when configuring the Registration Area. 
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Fig. 1. The relationship between LADN service area and Registration Area
It is proposed that the LADN service area is a set of Tracking Areas that belong to one or more Registration Areas to cover all the cases described in the Fig 1.
According to the current description of the LADN service area, it is unclear whether it supports all four cases or not. 
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. [TS 23.501 5.6.5 Support of advertising the availability of a local area data network]
If we support the case 3 and 4 of the Fig 1, it should be clarified that which LADN service area information to be informed to the UE within the Registration Area. The LADN service area information may be one of followings:

1) A subset of the LADN service area which belongs to the current Registration Area

2) The whole LADN service area including the area which doesn’t belong to the current Registration Area.
It is proposed to clarify that the LADN service area information provided to the UE during the registration procedure is the subset of the LADN service area belonging to the current Registration Area.
2
Proposals
It is proposed to adopt the following in TS 23.501. The document is the result of revising 4147 and merging the agreeable parts of 4338, 4634, 4508, and 4452. 
* * * * (First Change) * * * *
5.6.5
Support for advertising the availability of a local area data network
The access to a DN via a PDU session for a LADN (Local Area Data Network) 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 information about the LADN availability, and the SMF tracks whether the UE is located in the LADN service area (i.e. the area of availability of the LADN). 

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 in AMF (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 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 a Registration Area based on the availability of LADNs.
NOTE:
The LADN service area information sent by the AMF to the UE may thus contain only a sub-set of the full LADN service area as the LADN service area may contain TA(s) outside of the registration area of the UE
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 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 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, 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 AMF detects that the UE has moved out of the service area of an LADN, the AMF informs the SMF, 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 LADN service area, the UE shall 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 re-establishment for a PDU session corresponding to an LADN if the SMF is aware that the UE is outside the LADN service area.
When the AMF detects that the UE has returned to the LADN service area, the AMF informs the SMF. 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.
LADNs apply to 3GPP and non-3GPP accesses. The AMF verifies the availability of the LADN based on location information related to the non-3GPP access, when available, and not on the tracking area assigned to a non-3GPP trusted access. If location information for the UE when connected to a non-3GPP access is not available, the AMF considers the UE to be outside the LADN service area.

* * * * (Second 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, LADN service area, 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.
The Subscription may be maintained during the life of PDU session, regardless of the attribute change of PDU session (e.g. PDU session 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, 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.
* * * * (Third 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.

-
The AMF shall suspend the SM procedures during the Registration procedure until the AMF has determined whether to accept the Registration Request.
-
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, including: 
-
the UE location with respect to the area of interest indicated by the SMF (e.g. the LADN service 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 to trigger the activation of user plane resources for the PDU session unless the SMF is aware that the UE is unreachable and that DL data notifications need not be sent to the AMF. If the UE is in CM_IDLE state and the UE is not in MICO mode, the AMF may trigger UE paging from the AN (depending on the type of AN). If the UE is in MICO mode, the AMF may notify the SMF that the UE is unreachable and that DL data notifications need not be sent to the AMF.
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.
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