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1. Introduction

In current 4G PWS implementation, the MME provides two main functionalities:

· interface with eNode B and CBC to provide warning message forwarding/notification;

· track and report warning message delivery and cancellation status and failure/restart indication, including Interpretation and storage of messages from the CBC.

This is shown in Figure 1.
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Figure 1: 4G EPS PWS architecture

To support PWS in 5G, one possible implementation is to keep existing arrangement, i.e. co-locate the above two main functionalities in the same logical function. AMF function in 5G core network is defined to provide generic message forwarding and status notification services, so it is logical for the AMF to assume the PWS functionalities provided by the 4G MME as illustrated in Figure 2 below:
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Figure 2: 5G PWS architectural options
For this arrangement, depending on whether the interface between AMF and CBC is Service based or via SBc-like interface, two architecture options are possible as described in subclause 12.1.1.2 and 12.1.1.3 in TR 24.890: 
Option 1) 
Supporting PWS in 5GS via Service based Interface (subclause 12.1.1.2)
Option 2) 
Supporting PWS in 5GS via SBc like Interface (subclause 12.1.1.3)
Both options assume that AMF would take the responsibility to track, aggregate and report warning message delivery and cancellation status and failure/restart indication in addition to the message routing and notification function currently defined for AMF function. However this arrangement may not be very ideal considering the following:

· Logical separation of functionalities is one of the main focuses in 5G. AMF in 5G is meant to provide generic message transfering between UE/RAN and other core network functions. Functionality related to any specific application or services should be provided via separated network function, e.g. SMF, SMSF, etc.

· CBC is legacy core network element that is already widely deployed. It may be already connected to BSCs/RNCs/MMEs as well as CBEs. If the interface between AMF and CBC is defined to be service based (option 1), besides implementation efforts, it would also require CBC to maintain two separate interfaces for same warning message delivery operations which is not desired. 
· 5G architecture is defined as service based architecture which uses service-based interface for the interactions between the core network control plane functions. AMF as a new 5G core network function, may not be well suited to interface directly with legacy core network functions (option 2).

To address these issues, it is realized that enhancement can be made to option 1 (service based architecture) by separating non-AMF PWS related function into a separate logical entity (PWSF). PWSF can additionally be responsible for legacy CBC interworking which can be based on SBc interface. With this enhancement, CBC does not need to be changed. 
It is therefore proposed to separate the two logical sets of PWS related functions (shown in Figure 1) into different network functions in 5G system:

· general warning message forwarding/notification can be provided by AMF;

· warning message specific handling (warning message interpretation and storage, warning message delivery status tracking and failure/restart indication handling, etc) can be provided by a separate"PWS function" (PWSF).  
As shown in Figure 2, for this solution, the interface between PWS function and AMF is service based and the interface between PWS funciton and CBC retains SBc like interface. 
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Figure 2: Proposed 5G PWS architecture (option 1b)
2. Reason for Change

This pCR introduces architecture option 1b for supporting PWS in 5GS via SBI based PWS function (PWSF):
The AMF interfaces with PWSF and NG-RAN to enable PWS service with the interface between AMF and PWSF implemented as service based interface. The PWSF uses AMF communication services to forward warning messages to NG-RAN and to subscribe to receive warning delivery related notifications. The PWSF connects to CBC using SBc-like protocol interface and CBC (referred to as "NBc" interface in the diagram). Samilar protocol stack and procedures for SBc interface will be re-used for NBc interface.
3. Proposal

It is proposed to agree the following changes to 3GPP TR 24.890.
* * * Next Change * * * *

12.1.1.4
Architecture alternative 1b: Supporting PWS via SBI based 5G-CN PWS function (PWSF)

12.1.1.4.1
Overview

In this architecture alternative, the AMF interfaces with PWSF and NG-RAN to enable PWS service with the interface between AMF and PWSF implemented as service based interface. PWSF uses AMF communication services to forward warning messages to NG-RAN and to subscribe to receive warning delivery related notifications. The PWSF connects to CBC using SBc-like protocol interface and CBC (referred to as "NBc" interface in the diagram). Samilar protocol stack and procedures for SBc interface will be re-used for NBc interface.

* * * Next Change * * * *

12.1.1.4.2
Architecture description

12.1.1.4.2.1
5GS PWS architecture

Figure 12.1.1.4.2.1-1 shows the basic network structure of PWS architecture in 5GS.
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Figure 12.1.1.4.2.1-1: 5GS PWS architecture
The Public Warning System function (PWSF) is part of the 5G core network and connected to the AMF via the Npwsf service based interface. PWSF connects to CBC via point to point interface.

Reference point to support PWS architecture:
N2:
Reference point between the NG-RAN and the AMF.

NBc:
Reference point between the PWSF and the CBC.

NOTE:
NG-RAN can be NR based or E-UTRA based (See 3GPP TS 23.501 [5] and 3GPP TS 38.413 [10]).

Service based interface to support PWS in 5GS
Namf:
Service-based interface exhibited by AMF.
Npwsf:
Service-based interface exhibited by PWSF.
The CBE and the interface between CBE and CBC are out of scope of 3GPP specifications.

12.1.1.4.2.2
AMF functionality

The AMF may interface to one PWSF. An AMF may interface to several NG-RANs (i.e. combinations of gNodeBs and/or eNodeBs).

The AMF is responsible for:
1)
Routing the WRITE-REPLACE-WARNING-REQUEST message to the appropriate NG-RAN entities upon receiving warning message request from PWSF;
2)
Routing the STOP-WARNING-REQUEST message to the appropriate NG-RAN entities upon receiving STOP-WARNING-REQUEST message from PWSF;
3)
Forward PWS RESTART-INDICATION message and the PWS FAILURE-INDICATION message received from NG-RAN entities to PWSF that the AMF interfaces with.
12.1.1.4.2.2
PWSF functionality

The PWSF is a network function in the 5G core network. The PWSF may interface to one CBC or multiple CBCs. The PWSF supports service based interface with AMF. The PWSF uses AMF communication services to forward warning messages to NG-RAN and to subscribe to receive warning delivery related notifications.
The PWSF is responsible for:
1)
Interpretation of commands from the CBC;

2)
Storage of messages from the CBC;

3)
Using AMF service based interface to route the WRITE-REPLACE-WARNING-REQUEST message to the appropriate NG-RAN entities upon receiving warning message request from CBC;
4)
Using AMF service based interface to route the STOP-WARNING-REQUEST message to the appropriate NG-RAN entities upon receiving STOP-WARNING-REQUEST message from CBC;
5)
Warning message delivery success or failure notification:

-
Providing to the CBC acknowledgement of successful execution of commands received from the CBC;

-
Reporting to the CBC failure when a command received from the CBC is not understood or cannot be executed; and

-
Reporting to the CBC the Broadcast completed area list, the Broadcast cancelled area list; and

6)
Subscribing to AMF to receive warning delivery related notifications and forwarding PWS RESTART-INDICATION message and the PWS FAILURE-INDICATION message received from AMF to all CBCs that the PWSF interfaces with.
12.1.1.4.2.3
CBC functionality

The CBC may be connected to several PWSFs. The CBC may be connected to several CBEs. The CBC shall be responsible for the management of CBS messages as specified in subclause 5 of 3GPP TS 23.041 [16].

12.1.1.4.2.4
NG-RAN functionality

The NG-RAN may interface to multiple AMFs.

The NG-RAN is responsible for:

1)
Upon receipt of the WRITE-REPLACE-WARNING-REQUEST message, prioritise its resources and broadcast the warning message to the warning areas indicated in the requested Warning area list;

2)
Upon receipt of the KILL-REQUEST message, stop broadcasting the warning message within for that area indicated in the requested Warning area list and discard the warning message;

3)
Inform the AMF that PWS information for some or all cells of the NG-RAN are available for reloading from the CBCF if needed by sending a PWS RESTART-INDICATION message to the AMF; and

4)
Inform the AMF that ongoing PWS operation for one or more cells of the NG-RAN has failed by sending a PWS FAILURE-INDICATION message to the AMF.

* * * Next Change * * * *

12.1.1.4.3
Protocol Stack Overview
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Legend:

-
NG Application Protocol information for Cell Broadcast (NG-AP-CB): Subset of NG-AP information that the AMF transparently relays between the NG-RAN and the PWSF. NG-AP-CB corresponds to a subset of NG-AP defined in TS 38.413 [34].

-
NG Application Protocol (NGAP): Application Layer Protocol between the NG-RAN entity (eNodeB and/or gNodeB) and the AMF. The NGAP protocol is defined in 3GPP TS 38.413 [10].

-
NBc Application Protocol (NBc-AP): Application Layer Protocol between PWSF and CBC. This protocol supports transfer of warning messages.

-
SCTP for the control plane (SCTP): This protocol guarantees delivery of signalling messages between AMF and NG-RAN (N2) and between PWSF and CBC (NBc). SCTP is defined in RFC 4960 [24].

Figure 12.1.1.4.3-1: Control Plane between CBC and NG-RAN

NOTE:
Detailed protocol stack and the exact name of the protocol layer on Namf-Npwsf service based interface is FFS by CT4.
* * * Next Change * * * *

12.1.1.4.4
PWSF Services
The following NF services are specified for PWSF:
Table 12.1.1.4.5.1-1: List of PWSF Services

	Service Name
	Service Operations
	Known Consumer(s)
	Operation

Semantic

	Npwsf_PWService
	Subscribe
	AMF
	Request/ Response

	
	Unsubscribe
	AMF
	Request/ Response

	
	PWS indication
	AMF
	Request/ Response


* * * Next Change * * * *

12.1.1.4.5
PWSF-AMF service based interfaces
The PWSF network function uses Namf_Communication service to communicate with the NG-RAN for sending warning request primitives and receiving warning message delivery indication or restart/failure indication primitives.

The following table shows services/primitives that are expected to be supported and corresponding service operations:

	Name
	Originator
	Type
	Service operations

	WRITE-REPLACE-WARNING-REQUEST
	PWSF
	Request/Indication
	Namf_Communication_N1N2MessageTransfer 

	WRITE-REPLACE-WARNING-INDICATION
	AMF
	Request/Indication
	Namf_Communication_ N1N2MessageTransfer 

	STOP-WARNING-REQUEST
	PWSF
	Request/Indication
	Namf_Communication_N1N2MessageTransfer 

	STOP-WARNING-INDICATION
	AMF
	Request/Indication
	Namf_Communication_ N1N2MessageTransfer 

	RESTART-INDICATION-NG-RAN
	AMF
	Request/Indication
	Npwsf_PWService_PWSIndication

	FAILURE-INDICATION-NG-RAN
	AMF
	Request/Indication
	Npwsf_PWService_PWSIndication


* * * Next Change * * * *

12.1.1.4.6
CBC-PWSF interface 

The CBC network function uses PWSF to communicate with the NG-RAN for sending warning request primitives and receiving warning message delivery indication or restart/failure indication primitives.

The requirements are described by primitives. 
The following table shows primitives that are expected to be supported using AMF via Namf interface:

	Name
	Originator
	Type

	WRITE-REPLACE-WARNING-REQUEST
	CBC
	Request/Indication

	WRITE-REPLACE-WARNING-CONFIRM
	PWSF
	Response/Confirm

	STOP-WARNING-REQUEST

	CBC
	Request/Indication

	STOP-WARNING-CONFIRM

	PWSF
	Response/Confirm

	WRITE-REPLACE-WARNING-INDICATION
	PWSF
	Request/Indication

	STOP-WARNING-INDICATION

	PWSF
	Request/Indication

	RESTART-INDICATION-NG-RAN


	PWSF
	Request/Indication

	FAILURE-INDICATION-NG-RAN


	PWSF
	Request/Indication


* * * End Change * * * *
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