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Abstract of the contribution: Discusses the aspects on network triggered service request for 5G system procedures.
1. Introduction
In TR 23.799 conclusions the following was agreed for MM-SM interactions: 
6.
In case of UE having multiple established PDU sessions using multiple UPFs, the NextGen system supports the independent activation of UE-CN user plane connection per PDU session. The following MM and SM interactions are envisaged:
6a.
During transition from IDLE to CONNECTED state, for MT data transmission the procedure from bullet 12 below (i.e. "Impacts of MM events") are used. For MO data transmission, the UE indicates during the Service Request procedure the PDU session(s) for which the UE-CN user plane connection has to be activated.
6b.
When UE is in CONNECTED state, during mobility procedures (e.g. handover) within a MMF updates only the SMFs for which the UE has active UE-CN UP connection(s).

6c.
During CONNECTED state, if the UE has activated UE-CN user plane connection for a subset of existing PDU sessions, NG system supports the activation of additional UE-CN user plane connection for further PDU sessions.
This agreement does not capture anything on the MT procedures and in particular whether the paging procedure starting from SMF to AMF with DDN and then from AMF to RAN and UE with Paging message will contain an indication of the PDU session(s) that are actually activated when the UE will go to CONNECTED state.

This paper will investigate the options. 

2. Network triggered service request per PDU session

 Option 1: DDN and paging contains an indication on the PDU sessions that will be activated 
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Figure 1: PDU session id in DDN and paging
In this option the PDU sessions to which the DL data belong is communicated to AMF in DDN and then from AMF to RAN and UE is contained in paging message. What identifies the PDU sessions to which the DL data belong is the PDU session identity that as defined in conclusions of TR 23.799 is allocated by the UE: 

15.
When the UE establishes a new PDU session, the PDU session Identity is allocated by the UE.
This way the UE is informed about the PDU sessions to which the DL data belong and can also include in Service Request procedure to further indicate additional PDU session IDs in case the UE has UpLink data to send from other PDU sessions that are not included in paging message.

The Service Accept message from AMF to UE "consolidates" all PDU Session IDs including what the SMF indicated in DDN and the additional ones the UE included. What is contained in Service Accept is the "final" list of the PDU sessions that will be activated when the UE and CN go to connected state.
Pros: 

· UE is informed about PDU sessions to which the buffered DL data belong
· AMF is informed for additional PDU sessions to be activated when the UE goes to connected mode in case the UE has Uplink Data to send 
Cons: 

· Indicators of PDU sessions to which the DL data belong can "consume" quite a few over the air bits from the paging channel. RAN needs to assess the impact in the capacity of the paging.
Option 2: DDN and paging does not contain an indication on the PDU sessions that will be activated 
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Figure 2: No PDU session indicator in DDN and paging
In this option the UE and RAN are not informed about the PDU sessions to which the DL data belong (in paging). The UE sends Service Request including only PDU session IDs for the PDU sessions the UE has uplink data to send and request to be activated. If the UE has no uplink data to send at the time it receives the paging the Service Request will not contain any PDU session ID because the UE is not aware of the PDU sessions to which the DL data that are buffered in UPF belong.

The UE is informed from AMF in Service Accept message which PDU sessions are to be activated. 
Pros: 

· No indicator of PDU sessions to which the DL data belong is included in paging message over the air, saves bits over the air from paging channel

· AMF is informed for additional PDU sessions to be activated when the UE goes to connected mode in case the UE has Uplink Data to send 

Cons

· UE and RAN are only informed about the PDU sessions to which the DL data belong after the UE goes to connected mode and therefore there is no way that paging can be prioritised beyond existing methods e.g. using ARP.
Proposal 1: It is proposed that no indicator for the PDU sessions to which the DL data belong is included in paging message
Proposal 2: In Service Request the UE includes only PDU session IDs for the PDU sessions the UE has uplink data to send and request to be activated.

Proposal 3: A Service Accept message is defined for 5G NAS and is used to inform the UE the consolidated set of PDU session IDs that will be activated as the result of Service Request.  

3. Paging priority
As explained in Option 2 the UE and RAN is not informed about the type of DL data that triggered the paging. In EPS only an indicator (PS or CS) is provided to UE. In 5G there is no CS paging since there is no CS fallback, therefore the only paging possible will be PS or SMS. 
It is though identified in rel.14 (see [1]) that in certain cases it is useful for UE and RAN to know the paging cause so that the UE can perform certain actions e.g. cancel or postpone other procedures such as PLMN selection. 
RAN at the same time can prioritise the different types of paging accordingly. 

What is proposed comes in addition to option 2 i.e. there is no indication of PDU sessions to which the buffered DL data belong in paging message, but paging message can be enhanced with a paging cause as it has also been proposed for EPS in [1]. 

In order for AMF to deduce the paging cause the based on PDU session ID where the DL data belong to needs to be provided to AMF in addition to PPI as defined in TS 23.401. 

With this solution both the UE and RAN are informed about with a "paging cause" about the type of data that triggered the paging and can perform further actions based on that. The exact actions are FFS and can be defined in CT1 and RAN2.
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Figure 3: No PDU session indicator in DDN and paging, but include paging cause

Proposal 4: A Paging Cause is introduced in paging message to RAN and from RAN is conveyed in over the air paging to UE

Proposal 5: The Paging Cause is derived from Paging Priority Indicator (PPI), and PDU Session IDs contained in DDN sent from SMF to AMF

Proposal 6: The exact procedures for how the Paging Cause will be used in UE and RAN are FFS.
4. Other aspects

The following concepts are also "copied" from EPC (TS 23.401 [2]) procedures: 

- Paging Priority Indicator

- Information on recommended cells and RAN nodes to page

- UE radio capability for paging information
- ARP in DDN

- Interactions between SMF and UPF (N4) modelled as Session Modification defined for Sxa (in [3])

Instead the following topics require more discussion and are captured as ENs, left FFS: 

- UE in Power Saving Mode

- Procedures for extended DRX

- Procedures for extended buffering time

- Monitoring events for "Availability after DDN failure"

- Pause of charging by SMF 
- Procedures for CSG paging

- Procedures for User Plane Optimisation and "Light Connection"
5. Proposal
Based on above proposals it is proposed capture in TS 23.502 the following architecture text. 
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4.1.2.2
Network triggered Service Request
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Figure 4.1.2.2-1: Network triggered Service Request procedure

When the SMF sends a Downlink Data Notification, it shall include both PDU Session ID and ARP. If the Downlink Data Notification is triggered by the arrival of downlink data packets at the UPF, the UPF shall include the PDU Session ID and ARP associated with the QoS Flow of the PDU session on which the downlink data packet was received in UPF. 
If the SMF, while waiting for the user plane to be established, is triggered to send a second Downlink Data Notification with higher priority (i.e. ARP priority level) than the first Downlink Data Notification was sent with, the SMF sends a new Downlink Data Notification message indicating the higher priority to the AMF. If the SMF receives additional downlink signalling messages for a QoS Flow of the same or different PDU Session with same or lower priority than the first Downlink Data Notification was sent for or if the SMF has sent the second Downlink Data Notification message indicating the higher priority and receives additional downlink signalling messages for this UE, the SMF buffers these downlink signalling messages and does not send a new Downlink Data Notification. The SMF will be notified about the current RAT type based on the UE triggered service request procedure. 

The SMF will trigger the AMF to page the UE.

1.
When the downlink data is received, the UPF starts buffering it. On arrival of the first downlink data packet, the UPF shall send Data Notification message (first packet indication) to the SMF. If the Paging Policy Differentiation feature (as specified in 3GPP TS 23.501 [XX] clause 5.2.X) is supported by the UPF and if it is activated by the SMF for this N4 session, the UPF shall also include the DSCP in TOS (IPv4) / TC (IPv6) value from the IP header of the downlink data packet.


The SMF sends Data Notification Ack message to the UPF.

2.
When the SMF receives a downlink data signalling for a UE known as not user plane connected, the SMF identifies which AMF is serving that UE.


The SMF sends a Downlink Data Notification message (ARP, PDU Session ID, Paging Policy Indication) to the AMF for which it has control plane connectivity for the given UE. The ARP and PDU Session ID are always set in Downlink Data Notification. The AMF respond to the SMF with a Downlink Data Notification Ack message. When supporting Paging Policy Differentiation, the SMF indicates in the message the Paging Policy Indication related to the downlink data that triggered the Downlink Data Notification message, as described in 3GPP TS 23.501 [XX] clause 5.2.X.

Editor's Note: Procedures for the UE in Power Saving Mode are FFS.
Editor's Note: Procedures for the extended buffering time are FFS.

Editor's Note: Procedures for the monitoring events for "Availability after DDN failure" are FFS.

If the SMF, while waiting for the user plane to be established, is triggered to send a second Downlink Data Notification for a QoS Flow in the same or different PDU Session with higher priority (i.e. ARP priority level) than the first Downlink Data Notification was sent for, the SMF sends a new Downlink Data Notification message indicating the higher priority and PDU Session ID to the AMF. If the UPF receives additional downlink data packets for a QoS Flow in the same or different PDU Session ID with same or lower priority than the first Downlink Data Notification was sent for or if the SMF has sent the second Downlink Data Notification message indicating the higher priority and receives additional downlink data packets for this UE, the UPF buffers these downlink data packets and does not send a new Downlink Data Notification. The PDU Session ID and Paging Policy Indication may be used by the AMF to determine the Paging Cause in the Paging message in step 4.

If the SMF, while waiting for the user plane to be established, receives a Modify PDU Session Request message from AMF other than the one it sent a Downlink Data Notification message to, the SMF re-sends the Downlink Data Notification message only to the new AMF from which it received the Modify PDU Session Request.


If the Tracking Area Update procedure with AMF change is in progress when the old AMF receives a Downlink Data Notification message, the old AMF may reject a Downlink Data Notification message with an indication that the Downlink Data Notification message has been temporarily rejected.


3.
If the UE is registered in the AMF and considered reachable for paging, the AMF sends a Paging message (NAS ID for paging, TAI(s), Paging DRX length, Paging Priority indication, Paging Cause) to each RAN nodes belonging to the tracking area(s) in which the UE is registered. The step is described in detail in RAN specifications. Steps 3-4 are omitted if the AMF already has a signalling connection over N2 towards the UE but the N3 tunnel has not yet been established. 
Editor's Note: Procedures and parameters for extended DRX are FFS.
Editor's Note: Procedures and parameters for CSG paging are FFS depending on whether CSG will be supported.

Paging priority indication is included only:

-
if the AMF receives a Downlink Data Notification with an ARP priority level as configured by the operator.

-
One Paging Priority level can be used for multiple ARP priority level values. The mapping of ARP priority level values to Paging Priority level (or levels) is configured by operator policy.


During a congestion situation the RAN may prioritise the paging of UEs according to the Paging Priority indications.


Paging strategies may be configured in the AMF for different combinations of DNN, Paging Policy Indication, PDU Session IDs from SMF when available (see clause 4.9) and other PDU Session context information e.g. QoS Flow that triggered the paging. DNN and any PDU session context information are identified by PDU Session ID received in Downlink Data Notification. 
Editor's Note: How the AMF determines the QoS information for the QoS Flow of the specific DL data that triggered the paging is FFS

Paging strategies may include:

-
paging retransmission scheme (e.g. how frequently the paging is repeated or with what time interval);

-
determining whether to send the Paging message to the RAN nodes during certain AMF high load conditions;

-
whether to apply sub-area based paging (e.g. first page in the last known cell-id or TA and retransmission in all registered TAs).
Editor's Note: The name for the global cell-id e.g. whether ECGI is used or some other term is FFS and will need to be determined also in collaboration with RAN WG.
NOTE X:
The Paging priority in the Paging message is set based on priority level of the ARP IE received in Downlink Data Notification message and is independent from any paging strategy.


The AMF and the 5G-RAN may support further paging optimisations in order to reduce the signalling load and the network resources used to successfully page a UE by one or several following means:

-
by the AMF implementing specific paging strategies (e.g. the N2 Paging message is sent to the RAN nodes that served the UE last);

-
by the AMF considering Information On Recommended Cells And RAN nodes provided by the 5G-RAN at transition to CN IDLE. The AMF takes the RAN nodes related part of this information into account to determine the RAN nodes to be paged, and provides the information on recommended cells within the N2 Paging message to each of these RAN nodes;

-
by the 5G-RAN considering the Paging Attempt Count Information provided by the AMF at paging.


If the UE Radio Capability for Paging Information is available in the AMF, the AMF adds the UE Radio Capability for Paging Information in the N2 Paging message to the RAN nodes.


If the Information On Recommended Cells And RAN nodes For Paging is available in the AMF, the AMF shall take that information into account to determine the RAN nodes for paging and, when paging a RAN node, the AMF may transparently convey the information on recommended cells to the RAN node.


The AMF may include in the N2 Paging message(s) the paging attempt count information. The paging attempt count information shall be the same for all RAN nodes selected by the AMF for paging.
Editor's Note: Procedures for enhanced coverage are FFS.
4.
If RAN nodes receive paging messages from the AMF, the UE is paged by the RAN node. The step is described in detail in RAN specifications
5.
When UE is in the CN-IDLE state, upon reception of paging indication in 5G-RAN the UE initiates the UE triggered Service Request procedure (clause 4.2.2.1). 


The AMF supervises the paging procedure with a timer. If the AMF receives no response from the UE to the Paging Request message, it may repeat the paging according to any applicable paging strategy described in step 3.


If the AMF receives no response from the UE after this paging repetition procedure, it shall use the Downlink Data Notification Reject message to notify the SMF about the paging failure, if paging was triggered by a Downlink Data Notification message, unless the AMF is aware of an ongoing MM procedure that prevents the UE from responding, i.e. the AMF a Context Request message indicating that the UE performs TAU procedure with another AMF.
Editor's Note: Inter-system procedures e.g. EPC to 5G CN are FFS. 


When a Downlink Data Notification Reject message is received, SMF informs the UPF and UPF deletes the buffered packet(s).
Editor's Note: Procedures for Pause of charging by SMF are FFS. 

The UPF transmits downlink data towards the UE via the RAT which performed the Service Request procedure.

If the network triggered service request fails due to no response from the UE, then AMF may based on operator policy initiate the QoS Flow Deactivation procedure for preserved GBR QoS Flows of this PDU Session. For details, see clause X.Y for AMF.
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