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Abstract of the contribution: This contribution discusses the mechanism for the AMF to control the messages triggerring the Paging message to RAN.
Introduction

In EPS, SGW has a mechanism to limit the number of DDN to 2. 5G adopts the similar solution, each Network Function will not send a third Namf_Communication_N1N2MessageTransfer to AMF in a Network Triggered Service Request Procedure. And the Network Function can be SMSF, PCF, NEF, UDM, LMF and SMF. But in EPS, it only can be HSS, SGW. Because the consumers of Network Triggered Service Request are different, the mechanism inherited from EPS will not be well adapted to the 5G. This contribution provides an analysis for impacts to 5GS on this mechanism.
Discussion
Mechanism to control the DDN in EPS
In EPS, only one SGW can serve a UE. One SGW can at most send two DDNs for a UE in Network Triggered Service Request. And the priority of the second DDN shall be higher than the first one.
“If the Serving GW receives additional downlink signalling messages for a bearer with same or lower priority than the first Downlink Data Notification was sent for or if the Serving GW has sent the second Downlink Data Notification message indicating the higher priority and receives additional downlink signalling messages for this UE, the Serving GW buffers these downlink signalling messages and does not send a new Downlink Data Notification.”
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Observation 1: In EPS, SGW will not send a third DDN even though its priority is higher than the previous one. The MME can only send two Paging Messages to RAN.
Mechanism to control the Namf_Communication_N1N2MessageTransfer in 5GS

In 5G, at most 11 SMFs can serve a UE. For the Network Triggered Service Request, if is triggered by SMSF, PCF, or UDM, the SMF in the procedure should be replaced by SMSF, PCF or UDM. And one consumer of the Network Triggered Service Request can send 2 Namf_Communication_N1N2MessageTransfer messages, with the priority of the second message is higher than the first one.
“If the SMF receives additional notification message from the UPF for a PDU Session with same or lower priority than the first Namf_Communication_N1N2MessageTransfer was sent for or if the SMF has sent the second Namf_Communication_N1N2MessageTransfer indicating the higher priority and receives additional notification messages from the UPF for this UE, the SMF does not send a new Namf_Communication_N1N2MessageTransfer message.”
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Observation 2: In 5GS, each consumer can send at most two messages to AMF during a certain period and the consumer can be SMF, SMSF, PCF, and UDM. The AMF will receive a bunch of messages, the number could become much larger than 2. This is far beyond the expection of the operators.
Proposal 1: AMF and other network functions shall together control the quantity of messages that require the AMF to page the UE.
Conditions for the AMF to or not send Paging Messages to RAN
Network Triggered Service Request procedure is used when the network needs to signal (e.g. N1 signalling to UE, Mobile-terminated SMS, User Plane connection activation for PDU Session(s) to deliver mobile terminating user data) with a UE. 
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At step 3b,

 
If the UE is in CM-IDLE state at the AMF, and the AMF is able to page the UE the AMF sends a Namf_Communication_N1N2MessageTransfer response to the SMF immediately with a cause "Attempting to reach UE" which indicates the SMF that the N2 SM information provided in step 3a, may be ignored by the AMF once the UE is reachable and the SMF may be asked to provide the N2 SM information again.


If the UE is in CM-CONNECTED state at the AMF then the AMF sends a Namf_Communication_N1N2MessageTransfer response to the SMF immediately with a cause "N1/N2 transfer success".

If the UE is in CM-IDLE state, and the AMF determines that the UE is not reachable for paging, the AMF shall send an Namf_Communication_N1N2MessageTransfer response either to the SMF, or to other network functions from which AMF received the request message in step 3a, indicating the UE is not reachable, or the AMF performs asynchronous type communication and stores the UE context based on the received message. If asynchronous type communication is invoked, the AMF initiates communication with the UE and (R)AN when the UE is reachable e.g. when the UE enters CM-CONNECTED state.


If the AMF has determined the UE is unreachable for the SMF (e.g., due to the UE in MICO mode or the UE is only registered over non-3GPP access and its state is CM-IDLE), then the AMF rejects the request from the SMF. The AMF may include in the reject message an indication that the SMF needs not send DL data notifications to the AMF, if the SMF has not subscribed to the event of the UE reachability. The AMF stores an indication that the SMF has been informed that the UE is unreachable.


If the UE is not in MICO mode and the AMF detects the UE is in a Non-Allowed Area unless the request from the SMF is for regulatory prioritized service, the AMF rejects the request from the SMF and notifies the SMF that the UE is reachable only for regulatory prioritized service. The AMF stores an indication that the SMF has been informed that the UE is reachable only for regulatory prioritized service.

If the Registration procedure with AMF change is in progress when the old AMF receives the Namf_Communication_N1N2MessageTransfer, the old AMF may reject the request with an indication that the Namf_Communication_N1N2MessageTransfer has been temporarily rejected.

At step 4b,


If the AMF, while waiting for a UE response to the Paging Request message sent without Paging Priority indication, receives an Namf_Communication_N1N2MessageTransfer message, any of which indicates an ARP value associated with priority services (e.g., MPS, MCS), as configured by the operator, the AMF shall send another paging message with the suitable Paging Priority.

In a conclusion, if the UE is in CM-IDLE state in 3GPP access the AMF should send a Paging message to RAN node(s) via 3GPP access in the following cases:
· If the UE is in RM-REGISTERED state and CM-IDLE and reachable
· If the AMF receives another message with an ARP associated with select priority services (e.g., MPS, MCS) while waiting for the UE to respond to a page sent without priority
· If the UE is not in MICO mode and the AMF detects the UE is in a Non-Allowed Area and the request is for regulatory prioritized service
And the AMF should not trigger the Paging Message to RAN nodes in the following cases:
· If the AMF determines that the UE is not reachable for paging
· If the UE is unreachable for the SMF (e.g., due to the UE in MICO mode or the UE is only registered over non-3GPP access and its state is CM-IDLE)
· If the UE is not in MICO mode and the AMF detects the UE is in a Non-Allowed Area and the request from the SMF is not for regulatory prioritized service
· If the AMF change is in progress
The AMF shall send in maximum two Paging messages to RAN nodes. The AMF while waiting for the response to the previous two Paging Messages to RAN nodes can receive another Message, then the AMF shall not send another Paging Message to RAN and notify the requester not to send another messages anymore.
Observation 3: The case that AMF has sent two Paging messages to RAN nodes and receives subsequent messages which indicate a higher priority is not covered in current specification.
Observation 4: The case that AMF has sent a Paging message to RAN node and receives another message with a lower or equal priority, e.g., from a different requested SMF, is not covered in current specification.

Proposal 2: If the AMF has sent two Paging Messages to RAN node, the AMF shall reject the subseqeuent messages with a No Response to Previous Paging Indication.
Proposal 3: If the AMF has a Paging Messages to RAN node, the AMF shall reject the subseqeuent messages without a higer priority.

Proposals
It is proposed to take the following observations into consideration and the following proposals as the way forward for the situation that number of the messages that require the AMF to page the UE is for beyond the operator’s expectation.
Observation 1: In EPS, SGW will not send a third DDN even though its priority is higher than the previous one. The MME can only send two Paging Messages to RAN.

Observation 2: In 5GS, each consumer can send at most two messages to AMF during a certain period and the consumer can be SMF, SMSF, PCF, and UDM. The AMF will receive a bunch of messages, the number could become much larger than 2. This is far beyond the expection of the operators.

Observation 3: The case that AMF has sent two Paging messages to RAN nodes and receives subsequent messages which indicate a higher priority is not covered in current specification.

Observation 4: The case that AMF has sent a Paging message to RAN node and receives another message with a lower or equal priority, e.g., from a different requested SMF, is not covered in current specification.

Proposal 1: AMF and other network functions shall together control the quantity of messages that require the AMF to page the UE.
Proposal 2: If the AMF has sent two Paging Messages to RAN node, the AMF shall reject the subseqeuent messages with a No Response to Previous Paging Indication.

Proposal 3: If the AMF has a Paging Messages to RAN node, the AMF shall reject the subseqeuent messages without a higer priority.
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