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Abstract of the contribution: This p-CR proposes a solution that the network can notify the UE via non-3GPP access to re-activate a PDU session that was established over 3GPP access.
1
Discussion
If the UE is

-
registered in both 3GPP access and non-3GPP access and served by the same AMF; and

-
in CM-IDLE in 3GPP and in CM-CONNECTED in non-3GPPaccess;
and if the network intends to re-activate a PDU session associated with 3GPP access, the network can notify the UE via non-3GPP access to initiate Service Request procedure via 3GPP access, instead of sending paging message via 3GPP access to the UE.
In this way, cost of paging signaling resource via 3GPP can be reduced 
2
Proposal
It is proposed to agree the following changes in TS23.501
* * * * First 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 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 or 3GPP access Paging Notification, 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 or 3GPP access Paging Notification 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.
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.

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).
* * * * Next Change * * * *
5.4
3GPP access specific aspects

Editor's note:
3GPP access specific aspects - e.g. handover, reachability, paging.

5.4.1
UE reachability in CM-IDLE

5.4.1.1
General

Reachability management is responsible for detecting whether the UE is reachable and providing UE location (i.e., access node) for the network to reach the UE. This is done by paging UE and UE location tracking. The UE location tracking includes both UE registration area tracking (i.e., UE registration area update) and UE reachability tracking ((i.e., UE periodic registration area update)). Such functionalities can be either located at 5GC (in case of CM-IDLE state) or NG-RAN (in case of CM-CONNECTED state).
The UE and the AMF negotiate UE reachability characteristics in CM-IDLE state during registration and registration update procedures.

Two UE reachability categories are negotiated between UE and AMF forCM-IDLE state:

1.
UE reachability allowing Mobile Terminated data while the UE is CM-IDLE mode.

-
The UE location is known by the network on a Tracking Area List granularity
-
Paging procedures(i.e., paging via 3GPP access or sending 3GPP access paging notification via non 3GPP access) apply to this category.
-
Mobile originating and mobile terminated data apply in this category for both CM-CONNECTED and CM-IDLE mode.

2.
Mobile Initiated Connection Only (MICO) mode:
-
Mobile originated data applies in this category for both CM-CONNECTED and CM-IDLE mode.

-
Mobile terminated data is only supported when the UE is in CM-CONNECTED mode.
Whenever a UE enters CM-IDLE state, it starts a periodic registration timer according to the periodic registration timer value received from the AMF during a registration procedure.
The AMF allocates a periodic registration timer value to the UE based on local policies, subscription information and information provided by the UE. After the expiry of the periodic registration timer, the UE shall perform a periodic registration. If the UE moves out of network coverage when its periodic registration timer expires, the UE shall perform a registration update when it next returns to the coverage.
The AMF runs a mobile reachable timer for the UE. The timer is started or re-started with a value longer than the UE's periodic registration timer whenever the CM state for the UE changes to CM-IDLE. If this timer expires, the AMF can deduce that the UE is not reachable. However, the AMF does not know for how long the UE is not reachable, thus the AMF shall not immediately de-register the UE. Instead, the AMF should clear the PPF flag and start an Implicit De-registration timer, with a relatively large value.
NOTE:
the AMF considers the UE in CM-IDLE state always unreachable if the UE is in MICO mode (refer to clause 5.4.1.3).
With the PPF clear, the AMF does not page the UE or send 3GPP access Paging Notification to the UE via non 3GPP access and shall reject any request for delivering DL signalling or data to this UE.
If the Implicit De-registration timer expires before the UE contacts the network, the AMF implicitly de-register the UE.
5.4.1.2
UE reachability allowing mobile terminated data while the UE is CM-IDLE

5.4.1.2.1
General characteristics

For this category, the UE reachability is determined by the following aspects:

-
The UE reachable time window: when the UE is reachable for paging in CM-IDLE. In the absence of any negotiation of UE reachable time window, the UE is assumed always reachable for paging while in CM-IDLE.

Editor's note:
How to negotiate when the UE becomes reachable is FFS and has dependency on RAN procedures for paging.

-
UE reachable area: This area is equal to the registration area provided by the AMF during initial registration or registration update procedures.

-
High latency communication: the handling of the mobile terminated data in the core network when the UE is unreachable for extended periods of time.

Editor's note:
high latency communication handling for 5G system is FFS.
When the UE is both registered over 3GPP access and non-3GPP access served by the same AMF, and the UE is in CM-IDLE for 3GPP access and in CM-CONNECTED for non-3GPP access, instead of sending paging request over 3GPP access the AMF may send 3GPP access Paging Notification to the UE via non-3GPP access. The UE, upon reception of 3GPP access Paging Notification over non-3GPP access, if 3GPP access is available to the UE, shall reply to the 5GC via the 3GPP access using the NAS Service Request message. If the UE is out of 3GPP access, it shall send 3GPP access Paging Notification response to 5GC via non-3GPP access indicating the failure of the paging procedure.
* * * * Next Change * * * *
5.4.3
Paging Policy Differentiation

Paging policy differentiation is an optional feature that allows the AMF, based on operator configuration, to apply different paging strategies over 3GPP access for different traffic or service types provided within the same PDU session.

When 5GS supports Paging Policy Differentiation (PPD) feature is supported, the DSCP value (TOS in IPv4 / TC in IPv6) is set by the application to indicate to 5GS which Paging Policy should be applied for a certain IP packet. For example, as defined in TS 23.228 [xx], the P-CSCF may support Paging Policy Differentiation by marking packet(s) to be sent towards the UE that relate to a specific IMS services (e.g. conversational voice as defined in IMS multimedia telephony service).
In case of Network Triggered Service Request and the SMF has activated the PPD feature, the UPF shall include the DSCP in TOS (IPv4) / TC (IPv6) value from the IP header of the downlink data packet in the data notification message sent to the SMF. SMF sets the Paging Policy Indicator (PPI) to the received DSCP value, and includes the PPI and the 5QI in the N11 message sent to the AMF. If the UE is in CM IDLE, the AMF uses the 5QI and the PPI to derive different paging strategies, and may include the PPI in the paging message sent to RAN over N2. It shall be possible for the operator to configure the SMF and AMF in such a way that the Paging Policy Differentiation feature only applies to certain HPLMNs and may utilise specific DNNs and 5QIs.

NOTE 1:
Network configuration needs to ensure that the information used as a trigger for Paging Policy Indication is not changed within the 5GS.

NOTE 2:
Network configuration needs to ensure that the specific DSCP in TOS (IPv4) / TC (IPv6) value, used as a trigger for Paging Policy Indication, is managed correctly in order to avoid the accidental use of certain paging policies.
Editor’s Note: The relationship between “paging priority” and PPD are FFS.

For a UE in RRC Inactive state RAN may, for certain QoS flows, use the DSCP in TOS (IPv4) / TC (IPv6) information received in the IP header containing the UE’s IP address (the inner IP header) and associated QoS profile as input for the paging policies applied in RAN for RAN paging.
* * * * Next Change * * * *
5.6.8
Selective activation of UP connection of existing PDU session

This clause applies to the case when a UE has multiple established PDU sessions. The activation of UP connection of existing PDU session causes UE-CN User Plane connection (i.e. data radio bearer and N3 tunnel) for the PDU session to be activated.
For the UE in the CM-IDLE state in 3GPP access, either UE or network-triggered Service Request procedure may support independent activation of UP connection of existing PDU session. For the UE in the CM-IDLE state in non-3GPP access, UE-triggered Service Request procedure allows the re-activation of UP connection of existing PDU sessions, but the re-activation only applies for all non-3GPP associated PDU sessions.
An UE in the CM-CONNECTED state invokes a Connection Management (i.e. handled by AMF) procedure to request the independent activation of the UP connection of existing PDU sessions.

Network-triggered re-activation of UP connection of existing PDU sessions is handled as follows:

-
If the UE is already CM-CONNECTED on the access (3GPP, non-3GPP) associated to the PDU session in the SMF, the network may re-activate the PDU session using a Network Initiated Service Request procedure;

Otherwise

-
If the UE is registered in both 3GPP and non-3GPP accesses and is in CM-IDLE in non-3GPP access, the UE can be paged or notified through the 3GPP access for a PDU session associated in the SMF (i.e. last routed) to the 3GPP access or to the non-3GPP access. 

-
If the UE is in CM-IDLE in 3GPP access, the paging message may include the access associated to the PDU session in the SMF. The UE, upon reception of the paging message, shall reply to the 5GC via the 3GPP access using the NAS Service Request message, which shall contain the list of PDU sessions associated with the received access that can be re-activated over 3GPP (i.e. does not contain the PDU sessions that cannot be re-activated on 3GPP based on UE policies). If the PDU session for which the UE has been paged is in the list of the PDU sessions provided in the NAS Service Request, the 5GC shall re-activate the PDU session over 3GPP access; 

-
If the UE is in CM-CONNECTED in 3GPP access, the notification message may include the PDU session ID. The UE, upon reception of the notification message, shall reply to the 5GC via the 3GPP access using the NAS Service Request message, which shall contain an indication on whether the PDU session can be re-activated over 3GPP.

NOTE:
A UE that is in a coverage of an allowed WLAN is assumed to attempt to connect to it without the need to be paged.

-
If the UE is registered in both 3GPP and non-3GPP accesses served by the same AMF and is in CM-IDLE in 3GPP access and is in CM-CONNECTED in non 3GPP access, the UE can be notified through the non-3GPP for a PDU session associated in the SMF (i.e. last routed) to the 3GPP access. The notification message may indicate the 3GPP access associated to the PDU session ID in the SMF, The UE, upon reception of the 3GPP access Paging notification message, if 3GPP access is available to the UE, shall reply to the 5GC via the 3GPP access using the NAS Service Request message.
Editor's note:
It is FFS whether paging the UE in non-3GPP CM-IDLE state for a non-3GPP established PDU session could be avoided or not.
Editor's note:
Which CM procedure is to be described in TS 23.502 [3] is FFS but it is expected to be similar to a Service Request procedure.
Editor's note:
Whether CN-initiated PDU session deactivation is necessary or not is FFS.

* * * * End of Change * * * *
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