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Abstract of the contribution: The paper eliminates several FFSs and clarifies pending aspects of LADNs.
1. Discussion
A few clarifications to complete the LADN functionality are added:
· It is clarified that the AMF notifies the UE location information to the SMF when the UE enters CM-IDLE or CM-CONNECTED
· This is needed for the scenario where the network releases the user plane resources of a PDU session and DL data arrives at a UPF. When receiving the DL Data Notification, if the SMF knows that the UE is CM-IDLE, the SMF cannot assume the latest information it has wrt the UE being within/outside the LADN service area is correct, and will need to attempt paging the UE. If the UE is CM-CONNECTED instead, it is assumed that since the SMF has subscribed to information about the UE being within/outside the LADN area of availability, the SMF has sufficient information to make a decision 

· The handling of an LADN when the UE is CM-IDLE and transitions to CM-CONNECTED is clarified

· It is clarified that LADNs apply to both 3GPP and non-3GPP accesses. 
· For non-3GPP accesses, the availability is not tied to the N3IWF location or to the TA associated with the N3IWF. This is because the location of the N3IWF can be anywhere in the PLMN deployment, thus the selected N3IWF ad the related TA provide no indication as to whether the UE may actually be in the service area of a LADN (e.g. a shopping mall, airport, etc.)
· As was done in EPC wrt UE location when connected to WLAN, the location information that is relevant is the Wi-Fi AP location information or ID, when available.
· For these reasons, it is suggested that LADN applicability when connected to untrusted non-3GPP is based on the Wi-Fi specific location, if available, and not to the TA associated with the N3IWF. IF not available, it is safer to consider the LADN not available. 
In terms of PDU session handling for LADNs, it is proposed that the network always releases the user plane resources associated with a LADN and does not immediately disconnect the PDU session when the UE leaves the LADN service area. This is because the UE may be moving in and out of the LADN service area, and disconnecting the PDU session may lead the UE to establishing it, thus generating unnecessary signalling.
2. Proposal

Add the following to TS 23.501.

Start of changes
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 to 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 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 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:

-
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).
5.3.3.2.3
CM-CONNECTED state
A UE in CM-CONNECTED state has a NAS signalling connection with the AMF over N1.
Editor's note:
Whether a N2 connection for the UE in CM-CONNECTED state always exists or not depends on the conclusion on "stickiness" feature.
In the CM-CONNECTED state, the UE shall:

-
enter CM-IDLE state whenever the AN signaling connection is released (e.g. entering RRC Idle state over 3GPP access), see TS 38.331.

In the CM-CONNECTED state, the AMF shall:

-
enter CM-IDLE state whenever the N2 signaling connection and N3 connection for this UE is released.

Upon completion of a NAS signalling procedure, the AMF may decide to release the NAS signalling connection with the UE. Upon completion of AN signalling connection release, CM state in the UE is changed to CM-IDLE. Upon completion of N2 context release procedure, CM state for the UE within the AMF is changed to CM-IDLE..
The AMF may keep a UE in CM-CONNECTED state until the UE de-registers from the core network.
A UE in CM-CONNECTED state can be in RRC Inactive state, see TS 38.xxx. When the UE is in RRC Inactive state the following applies:

-
UE reachability is managed by the RAN, with assistance information from core network;
-
UE paging is managed by the RAN.

-
UE monitors for paging with UE’s CN and RAN identity.
Editor’s note: Whether RAN notifies the AMF about UE state transitions between RRC Connected and RRC Inactive state and whether such notification is sent always or only at specific occasions is FFS.
5.3.3.2.4
5GS Connection Management State models
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Figure 5.3.3.2.4-1: CM state transition in UE
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Figure 5.3.3.2.4-2: CM state transition in AMF
When a UE enters CM-IDLE state, the UP connection of the PDU sessions that were active on this access are deactivated.
NOTE:
The activation of UP connection of PDU sessions is documented in clause 5.6.8.

5.3.3.2.5

CM-CONNECTED with RRC inactive state

RRC inactive state applies to NG-RAN (i.e. it applies to NR and E-UTRA connected to 5G CN). 

The AMF, based on network configuration provides assistance information to the NG RAN, to assist the NG RAN’s decision whether the UE can be sent to RRC inactive state. 

Editor’s note: It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer.

The "RRC inactive assistance information" includes:

-
UE specific DRX values for RAN paging while in RRC inactive state. 
-
the Registration Area provided to the UE;

Editor’s Note: It is FFS which additional information is needed by RAN to perform RAN paging. It is FFS whether paging prioritization information is needed and how it is provided to the RAN. It is also FFS whether some mobility history related data (CN or RAN based history knowledge) may be included.

Editor's Note: Whether other information is needed is FFS

Editor's Note: Whether, apart from the UE’s Registration Area, other information mentioned above is mandatory to be always included in FFS

The CN assistance information mentioned above (e.g. DRX, Registration Area) is provided by the AMF during N2 activation with the (new) serving NG RAN node (i.e. during Registration, service request, path switch) to assist the NG RAN’s decision whether the UE can be sent to RRC inactive state.

Editor's Note: The mechanism to update the CN assistance info to RAN while the UE is CM-CONNECTED e.g. to update the TAI-list is FFS, but it is assumed that protocol functions are available that allow the update of UE Context data at RAN.
The state of the N2 and N3 reference points are not changed by the UE entering CM-CONNECTED with RRC inactive state. A UE in RRC inactive state is aware of the RAN notification area.
Editor's Note: It is FFS if CN shall be aware that UE entered RRC Inactive state.
When the UE is CM-CONNECTED with RRC inactive state, the UE may resume the RRC connection due to: 

-
Uplink data pending;
-
Mobile initiated signalling procedure (e.g. periodic registration update);

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN notification area.

If the UE resumes the connection in a different NG-RAN node within the same PLMN, the UE AS context is retrieved from the old NG RAN node and a procedure is triggered towards the CN (see TS 23.502 [3]). 

If a UE is in CM-CONNECTED with RRC inactive state performs cell selection to GERAN/UTRAN/EPS, it shall follow idle mode procedures.

Editor’s note: The handling of mobility from NR to E-UTRAN connected in EPC, in RRC inactive state in RAN is FFS. 

In addition, a UE in CM-CONNECTED state with RRC inactive state shall enter CM-IDLE mode and follow relevant NAS procedure in the following cases:

-
If RRC resume procedure fails,
-
in any other failure scenario that cannot be resolved in RRC inactive mode and requires the UE to move to CM-IDLE mode.

Editor’s note: It is FFS which scenarios trigger a network transition from CM-CONNECTED with RRC inactive mode to CM-IDLE. 

Editor's Note: PLMN selection for UE in CM-CONNECTED with RRC inactive mode is FFS. 
Editor's Note: How to handle UE location accuracy when the UE is in CM-CONNECTED with RRC inactive state is FFS.

Editor's Note: Whether and how access control/barring applies for UE in CM-CONNECTED with RRC inactive state is FFS.

Editor's Note: The UE behaviour if it receives paging from the Core Network is FFS.
Editor's Note: The UE behaviour if the UE camps on a cell that does not support RRC inactive mode is FFS.
Next Change

5.6
Session Management

Editor's note:
This should include session management etc.

Editor's note:
Handling ATSSS is FFS.

5.6.1
Overview
The 5GC supports a PDU Connectivity Service i.e. a service that provides exchange of PDUs between a UE and a data network identified by a DNN. The PDU Connectivity Service is supported via PDU sessions that are established upon request from the UE.

Editor's note:
It is FFS whether "DNN" or "APN" is to be used.

Each PDU session supports a single PDU session type i.e. supports the exchange of a single type of PDU requested by the UE at the establishment of the PDU session. The following PDU session types are defined: IPv4, IPv6, Ethernet, Unstructured.

NOTE 1:
In this release the 5GC does not support dual stack PDU Session (PDU Session type IPv4v6): The 5GC supports dual Stack UEs by using separate PDU sessions for IPv4 and IPv6.

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 a specific application in the UE. When receiving that trigger message, the UE shall pass it to the identified application in the UE. The identified application in the UE may establish a PDU Session to a specific DNN, see clause 4.4.X.

The SMF is responsible of checking whether the UE requests are compliant with the user subscription. For this purpose it retrieves SMF level subscription data from the UDM. Such data may indicate per DNN:

-
The allowed PDU session Type.

-
Whether in case of Home Routed the VPLMN is allowed to insert an UL CL or a Branching Point for a PDU session towards this DNN..

In addition, the SMF uses information from the AMF to determine how to handle requests from the UE and downlink data notifications for the PDU session:

-
for a LADN, the SMF uses the information from the AMF to determine whether the UE is within the area of availability of the LADN.
This information is provided to the SMF in VPLMN by the SMF in HPLMN.

-
The allowed SSC modes.

Editor's note:
The exact list of subscription data mentioned above will be refined. This will take into account the output of other key issues (slicing, QoS, etc.).

Editor's note:
It is FFS whether SMF level subscription data is defined per slice

An UE that is registered over multiple accesses chooses over which access to establish a PDU session.

Editor's note:
The choice of the access to use for a PDU session is based at least on network policy, service requirements and user subscription. The definition of policy for selecting the access to route the PDU Sessions (e.g. service requirements, user subscription, etc.) and how it is used are FFS.

NOTE 2:
In this release, at a given time, a PDU session is routed over only a single access network.

An UE may request to move a PDU session between 3GPP and Non 3GPP accesses. The decision to move PDU sessions between 3GPP access and Non 3GPP access is made on a per PDU session basis, i.e. the UE may, at a given time, have some PDU sessions using 3GPP access while other PDU sessions are using Non 3GPP access.

In a PDU session establishment request sent to the network, the UE shall provide a PDU Session Id as defined in clause 5.3.2. The UE may also provide:

-
A PDU session Type.

-
Slicing information.

Editor's note:
slicing related information is to be further clarified. An S-NSSAI information is meant.

-
The DNN (Data Network Name).

-
The SSC mode (Service and Session Continuity mode defined in clause 5.6.9.2).

Editor's note:
It is FFS Whether the UE may also provide and information indicating its willingness to move a PDU session between 3GPP and Non 3GPP access.

Table 5.6.1-1: Attributes of a PDU session

	PDU session attribute
	May be modified later during the lifetime of the PDU session
	Notes

	Slicing information
	No
	(Note 1)(Note 2)



	DNN (Data Network Name)
	No
	(Note 1)(Note 2)

	PDU session Type
	No
	(Note 1)

	SSC mode
	No
	(Note 1)

The semantics of Service and Session Continuity mode is defined in clause 5.6.9.2

	PDU session Id
	No
	

	NOTE 1:
If it is not provided by the UE, the network determines the parameter based on default information received in user subscription. Subscription to different DNN(s) may correspond to different default SSC modes and different default PDU session Types

NOTE 2:
Slicing information and DNN are used by AMF to select a SMF to handle a new session. Refer to clause 5.2.


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.

An UE may establish multiple PDU sessions to the same Data Network and served by different UPF terminating N6.

A UE with multiple established PDU sessions may be served by different SMF.
The user plane paths of different PDU Sessions (to the same or to different DNN) belonging to the same UE may be completely disjoint between the AN and the UPF interfacing with the DN.
NOTE:
User Plane resources for PDU sessions of a UE, except for regulatory prioritized service like Emergency Services and MPS, can be deactivated by the network decision when a UE moves into a Non-allowed area from an Allowed area.
When a UE moves to an area not served by the SMF managing the PDU Session, an additional SMF serving the UE location is invoked to control intermediate UPF(s) for the PDU session. The decision to invoke, remove such an additional SMF or to change the additional SMF is independently taken per PDU session.
Editor's note: The name of the “additional SMF” is FFS.

Editor's note: It is FFS which NF decides to insert an additional SMF. It is FFS whether the additional SMF terminate  N11 or whether it acts as a kind of  N4 proxy to select and control  the local UPF.

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.

-
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

-
when the UE transition to CM-IDLE or to CM-CONNECTED

-
the 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 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.
Next Change

5.6.5
Support for local area data networks (LADN)
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.


When the UE performs a successful registration procedure, the AMF notifies the UE of the 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 Registration Area based on the availability of LADNs.
Editor's Note: additional levels of granularity are FFS.
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: 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 wen 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 network shall reject such request.
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, the SMF, based on network policies, 

· releases the user plane resources for the PDU session and maintain the PDU session. The network may at any time, based on network policies, later 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 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.
LADN 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 area of availability.
End of changes
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