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[bookmark: foreword][bookmark: _Toc2086433][bookmark: _Toc63328078][bookmark: _Toc63442479]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In drafting the TS/TR, pay particular attention to the use of modal auxiliary verbs! TRs shall not contain any normative provisions.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc2086435][bookmark: _Toc63328079][bookmark: _Toc63442480]
1	Scope
The present document investigates charging enhancements on 5G data connectivity domain charging, control plane data transfer domain charging and Monitoring Events charging for 5GS CIoT for the corresponding functionalities based on TS 23.501 [3], TS 32.251 [4], TS 32.255 [6], TS 32.253 [7] and TS 32.278 [8]:
· Control Plane CIoT 5GS Optimisation
· Non-IP Data Delivery (NIDD)
· Support for Monitoring Events
· Support of rate control of user data, including small data rate control
· Category M UEs differentiation
· Exception report

[bookmark: references][bookmark: _Toc2086436][bookmark: _Toc63328080][bookmark: _Toc63442481]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[bookmark: definitions][bookmark: _Toc2086437][1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications"
[2]	3GPP TS 32.251: "Telecommunication management; Charging management; Packet Switched (PS) domain charging"
[3]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2"
[4]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2"
[5]					3GPP TS 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2"
[6]	3GPP TS 32.255: "Telecommunication management; Charging management; 5G data connectivity domain charging; Stage 2"
[7]	3GPP TS 32.253: "Telecommunication management; Charging management; Control Plane (CP) data transfer domain charging"
[8]	3GPP TS 32.278: "Telecommunication management; Charging management; Monitoring event charging"
[9]	3GPP TS 32.240: "Telecommunication management; Charging management; Charging architecture and principles"
[10]	3GPP TS 32.254: "Telecommunication management; Charging management; Exposure function northbound Application Program Interfaces (APIs) charging"



[bookmark: _Toc63328081][bookmark: _Toc63442482]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc2086438][bookmark: _Toc63328082][bookmark: _Toc63442483]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc2086439][bookmark: _Toc63328083][bookmark: _Toc63442484]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc2086440][bookmark: _Toc63328084][bookmark: _Toc63442485]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1], TS 23.501 [3], TS 23.502 [4], TS 32.251 [2], TS 32.255 [6], TS 32.253 [7], TS 32.254 [10], TS 32.278 [8] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
5GS	5G System
AF	Application Function
AMF	Access and Mobility Management Function
API	Application Program Interface
CDR	Charging Data Record
CHF	Charging Function
CIoT	Cellular Internet-of-Things
CP	Control Plane
CPCN	Control Plane data transfer Charging Nodes
CTF	Charging Trigger Function
MECN	Monitoring Event Charging Node
MO	Mobile Originated
MT	Mobile Terminated
NEF	Network Exposure Function
NF	Network Function
NIDD	Non-IP Data Delivery	
PS	Packet Switched
SCEF	Service Capability Exposure Function
SMF	Session Management Function

[bookmark: clause4][bookmark: _Toc2086441][bookmark: _Toc63328085][bookmark: _Toc63442486]4	Concepts and background
[bookmark: _Toc2086442][bookmark: _Toc63328086][bookmark: _Toc63442487]4.1	General
The Packet Switched (PS) domain charging supports charging of CIoT functionalities (e.g., the usage of the radio interface for CIoT, CP CIoT Optimisation and Serving PLMN Rate Control) as described in TS 32.251 [2].
CIoT functionality is provided by the visited and home networks when the networks are configured to support CIoT. It applies to both the non-roaming case and the roaming case and some functionality may be dependent upon the existence of appropriate roaming agreements between the operators.
In 5GS CIoT has been evolved and refers to 5GS optimisations and functionality for support of Cellular Internet-of-Things (Cellular IoT, or CIoT) described in TS 23.501 [3] according to service requirements described in TS 22.261 [xx]. The specific functionality is described in the affected procedures and features of 5G service aspect, in TS 23.501 [3], TS 23.502 [4] and TS 23.503 [5].

[bookmark: _Toc63328087][bookmark: _Toc63442488]4.2		5G data connectivity domain charging
The specification of converged offline and online charging for 5G Data Connectivity domain based on stage 2 description in TS 23.501 [3] is described in TS 32.255 [6].
This charging aspect includes the converged offline and online charging architecture and scenarios specific to the 5G Data Connectivity domain, as well as the mapping of the common 3GPP charging architecture specified in TS 32.240 [9] onto the 5G Data Connectivity domain. 
The charging functions specified for the 5G data connectivity charging support PDU session in SMF, service data flows, within PDU session and QoS flows within PDU session. The SMF supports Nchf interface toward CHF, to collect and send charging information as described in TS 32.255 [6].

[bookmark: _Toc63328088][bookmark: _Toc63442489]4.3	CP data transfer charging
[bookmark: _Toc63328089][bookmark: _Toc63442490]4.3.1	General
Functions for NIDD may be used to handle Mobile Originated (MO) and Mobile Terminated (MT) communication for unstructured data (also referred to as Non-IP), as specified in TS 23.501 [3]. The UE may obtain an Unstructured PDU session to the NEF during the PDU Session Establishment procedure. Whether or not use of NIDD API should be invoked is determined during a PDU session by the presence of a "NEF Identity for NIDD". The NEF exposes the NIDD APIs described in TS 23.502 [5] on the N33/Nnef reference point.
[bookmark: _Toc63328090][bookmark: _Toc63442491]4.3.2		CP data transfer charging with SCEF
CP data transfer domain charging is specified in TS 32.253 [7]. Service Capability Exposure which enables the 3GPP network to securely expose its services and capabilities provided by 3GPP network interfaces to external 3rd party service provider applications. The highlighting excerpt that shows 3GPP Nodes involved for Non-IP Data Delivery (NIDD) between the UE and the SCS/AS is described in Figure 4.3.2.1. 


Figure 4.3.2.1: 3GPP Architecture Service Capability Exposure for Non-IP Data Delivery
As described in TS 32.253 [7], the following Control Plane data transfer Charging Nodes (CPCN), functioning as the CTF, may generate accounting metrics sets for Control Plane data transfer CDRs:
-	the SCEF, to record Control Plane data transfer;
-	the IWK-SCEF, to record Control Plane data transfer;
-	the MME, to record Control Plane data transfer (optional). 
As described in TS 32.254 [10], for offline charging, SCEF functioning as the CTF, may generate accounting metrics sets for Northbound Application Program Interfaces (APIs) CDRs:
-	the SCEF, to record Application Program Interfaces transaction.
As described in TS 32.254 [10], for online charging, northbound API online charging is based on SCEF utilizing Ro interface and application towards the OCS.
[bookmark: _Toc63328091][bookmark: _Toc63442492]4.3.3		CP data transfer charging with NEF
NEF is specified in TS 23.501 [3] to provide Exposure of capabilities and events, NF capabilities and events may be securely exposed by NEF for e.g. 3rd party, Application Functions, Edge Computing. The Non-roaming architecture for Network Exposure Function in reference point representation is depicted in figure 4.3.3.1.



Figure 4.3.3.1: Non-roaming architecture for Network Exposure Function in reference point representation
Converged charging is be performed by the NEF interacting with CHF using Nchf service. 
The charging requirements for northbound API for Exposure Function based on NEF Northbound API as described in TS 32.254 [10], is used to specify the offline and online charging description for Northbound Application Program Interfaces (API) and NEF charging CHF CDR.

[bookmark: _Toc63328092][bookmark: _Toc63442493]4.4	Monitoring event charging
[bookmark: _Toc63328093][bookmark: _Toc63442494]4.4.1		General
The Monitoring Events feature is intended for monitoring of specific events in the 3GPP system and reporting such Monitoring Events via the NEF, as described in TS 23.501 [3]. For CIoT, the list of supported monitoring events is specified in table 4.15.3.1-1 of TS 23.502 [4]. 
[bookmark: _Toc63328094][bookmark: _Toc63442495]4.4.2		Monitoring event charging with SCEF
The charging aspect for Monitoring Events, based on the functional stage 2 description of SCEF is specified in TS 32.278 [8]. The figure 4.4.2.1 shows overall architecture for Service Capability Exposure which enables the 3GPP network to securely expose its services and capabilities provided by 3GPP network interfaces to external 3rd party service provider applications, which includes Monitoring Event functionality described in TS 32.278 [8]. 


Figure 4.4.2.1: 3GPP Architecture for Service Capability Exposure with SCEF
For offline charging the following Monitoring Event Charging Nodes (MECN), functioning as the CTF, may generate accounting metrics sets for Monitoring Event CDRs:
-	the MME, to record Monitoring Events; 
-	the SGSN, to record Monitoring Events;
-	the IWK-SCEF, to record Monitoring Events.
As described in TS 32.254 [10], for online charging SCEF functioning as the CTF may generate accounting metrics sets for Northbound Application Program Interfaces (APIs) CDRs:
-	the SCEF, to record Application Program Interfaces transaction.
As described in TS 32.254 [10], for online charging, northbound API online charging is based on SCEF utilizing Ro interface and application towards the OCS.
[bookmark: _Toc63328095][bookmark: _Toc63442496]4.4.3		Monitoring event charging with NEF
NEF is specified in TS 23.501 [3] to provide Exposure of capabilities and events, NF capabilities and events may be securely exposed by NEF for e.g. 3rd party, Application Functions, Edge Computing. The Non-roaming architecture for Network Exposure Function in reference point representation is depicted in figure 4.4.3.1.


Figure 4.4.3.1: Non-roaming architecture for Network Exposure Function in reference point representation Converged charging is be performed by the NEF interacting with CHF using Nchf service. 
The charging requirements for northbound API for Exposure Function based on NEF Northbound API as described in TS 32.254 [10], is used to specify the offline and online charging description for Northbound Application Program Interfaces (API) and NEF charging CHF CDR.



[bookmark: _Toc52555303][bookmark: _Toc63328096][bookmark: _Toc63442497]5	Use cases and key issues
[bookmark: _Toc52555304][bookmark: _Toc63328097][bookmark: _Toc63442498]5.1	Use cases
[bookmark: _Toc63328098][bookmark: _Toc63442499]5.1.1	Use case #1: Control plane optimization in 5G data connectivity domain charging
[bookmark: _Toc63328099][bookmark: _Toc63442500]5.1.1.1 	Description
The Control Plane CIoT 5GS Optimisation is used to exchange user data between the UE and the SMF as payload of a NAS message in both uplink and downlink directions, avoiding the establishment of a user plane connection for the PDU Session as described in TS 23.501 [3]. 
When the Control Plane CIoT 5GS Optimisation feature is used and the PDU session type is unstructured, the SMF selects either NEF or UPF based on information in the UE’s subscription as described in TS 23.501 [3].
During the PDU Session Establishment procedure the AMF indicates to the SMF that Control Plane CIoT 5GS Optimisation is available for data transmission. If a PDU session shall only use Control Plane CIoT 5GS Optimisation, the AMF provides a Control Plane Only Indicator to the SMF during the PDU session establishment. A UE and SMF receiving the Control Plane Only Indicator for a PDU session shall always use the Control Plane CIoT 5GS Optimisation for this PDU session. 
In 5G data connectivity domain converged charging architecture, the SMF embedding the CTF, generates charging events towards the CHF for PDU connectivity converged charging or offline only charging as described in TS 32.255 [6]. The Control Plane CIoT 5GS Optimization indicator can be included in charging data generated by CTF, the CHF CDR may include Control Plane CIoT 5GS Optimization indicator when this PDU session is negotiated and used for Control Plane CIoT 5GS Optimisation.

[bookmark: _Toc63328100][bookmark: _Toc63442501]5.1.2	Use case #2: Non-IP Data Delivery (NIDD) in control plane data transfer domain charging
Functions of NIDD is a 5GS CIoT feature to handle Mobile Originated (MO) and Mobile Terminated (MT) communication for unstructured data (also referred to as Non-IP), that delivery to the AF using the NIDD API or using the UPF via a PtP N6 tunnel.
The use case begins during the PDU session establishment, the UE may obtain an Unstructured PDU session to the NEF and a NEF Identity for NIDD may be presented. The AMF determines the use of the Control Plane CIoT 5GS Optimisation, and can indicate Control Plane CIoT 5GS Optimisation to SMF during PDU session establishment. For Unstructured PDU Session Type, the SMF checks the determination of NIDD API invoking for a PDU session depends on the presence of NEF Identity for NIDD for the DNN/S-NSSAI combination in the subscription. SMF selects that NEF and uses the NIDD API for the PDU session if determines. 
The NEF is responsible to expose the NIDD API on N33/Nnef reference point.
In control plan data transfer domain charging, offline charging is supported by Control Plane data transfer charging Nodes (CPCN), with the CTF. The 5GC NFs (e.g., AMF, SMF and NEF) may collect the information on the use of NIDD API and generating the charging information, related to the use of CP 5GS CIoT optimization and NIDD API during the unstructured PDU session toward to NEF.
The 5GS CIoT charging may require 5GS NFs to support collecting the uses of NIDD API during a PDU session.

[bookmark: _Toc63328101][bookmark: _Toc63442502]5.1.3	Use case #3: Support of Serving PLMN Rate Control in control plane data transfer domain charging
As described in TS 23.501 [3], the support of rate control of user data in 5GS CIoT is described as two 5GS CIoT features, which are Serving PLMN Rate control and Small Data Rate Control. Serving PLMN Rate Control as a 5GS CIoT feature allows the serving PLMN to protect AMF and the Signalling Radio Bearers in the NG-RAN from the load generated by NAS Data PDUs. 
The use case begins during PDU session establishment and PDU session modification, SMF can indicate the support of PDU Session Serving PLMN Rate Control information to UE and UPF/NEF. That indicated information of Serving PLMN Rate Control is used for NAS Data PDUs. 
During a PDU session, the UE can limit the rate to generate uplink NAS Data PDUs comply with the Serving PLMN policy, the UPF or NEF can limit the rate to generate downlink NAS Data PDU comply with the rate indicated for the PDU Session.
The indication information of Serving PLMN Rate Control, the change of Serving PLMN policy and enforcement of limit per PDU Session may be collected as charging information and CDRs regarding the use of this 5GS CIoT feature.
In control plane data transfer domain charging, the corresponding 5GC NFs those involve the Serving PLMN Rate control in a PDU connection to NEF may distinguish the indication information of Serving PLMN Rate Control and generate charging information during PDU session establishment and PDU session modification.
The potential charging requirement of control plane data transfer domain charging for this use case is: REQ-3GPPCH-5GSCIoT-04

[bookmark: _Toc63328102][bookmark: _Toc63442503]5.1.4	Use case #4: Support of Small Data Rate Control in control plane data transfer domain charging
As described in TS 23.501 [3], the support of rate control of user data in 5GS CIoT is described as two 5GS CIoT features, which are Serving PLMN Rate control and Small Data Rate Control.
Small Data Rate Control allows HPLMN operator to offer customer services in form of ‘number of packets per time unit’. The SMF may determine the Small Data Rate Control based on operator policy, subscription, DNN, S-NSSAI, RAT type etc. The SMF can send a Small Data Uplink Rate Control command to the UE and inform the UPF or NEF of Small Data Rate Control.
During a PDU session, the UE may comply with this uplink rate control instruction. If the UE exceeds the uplink ‘number of packets per time unit’, the UE may still send uplink exception reports if allowed. When the PDU Session is released, the AMF can stores Small Data Rate Control Status so that can be used for a subsequent establishment of a new PDU session. The SMF may receive the stored Small Data Rate Control Status during PDU session establishment, then provides the parameters to the UE and UPF/NEF.
The use of Small Data Rate Control and enforcement of limit per PDU Session may be collected as charging information and CDRs regarding the use of this 5GS CIoT feature.
In control plane data transfer domain charging, the corresponding 5GC NFs those involve the Serving PLMN Rate control in a PDU connection to NEF may distinguish information of Small Data Rate Control l and generate charging information.
The potential charging requirements of control plane data transfer domain charging for this use case are: REQ-3GPPCH-5GSCIoT-05

[bookmark: _Toc63328103][bookmark: _Toc63442504]5.1.5	Use case #5: Handover 5GS CIoT charging with EPS interworking
The use case describes the scenario when handover from 5GS to EPS and handover from EPS to 5GS regarding 5GS CIoT features. The use case begins when 5GS CIoT UE handover procedure starts.
During interworking from 5GS to EPS, if Small Data Rate Control is used the PGW-C+SMF from PGW-U+UFF or from SCEF+NEF, passes the Small Data Rate Control Status to the AMF for AMF to store. 
If Small Data Rate Control applies on PDU Session, the AMF can provide Small Rate Control Status information from the H-SMF. 
During interworking from EPS to 5GS, if the AMF has stored APN Rate Control Status and the PDU Session is considered a new first PDU Session to a DNN that is the same as the APN in stored APN Rate Control Status and interworking with EPC, the AMF sends the APN Rate Control Status to the SMF. If APN Rate Control Status is received from the AMF then the SMF provides the configured APN Rate Control Status to the PGW-U+UPF.
During PDU session release procedure, if the released PDU Session used APN Rate Control in EPC then the PGW-U+UPF provides the APN Rate Control Status to the SMF. The SMF provides the APN Rate Control Status to the AMF.
The charging information related to small data rate control as 5GS CIoT feature should be considered in EPC interworking scenarios. The related information exchanged during interworking 5GS to EPS support the use of APN rate control parameters when 5GS CIoT UE backs to EPS. In 5G data connectivity domain charging and control plane data transfer charging, charging information related the interworking between 5GS and EPS should be collected by 5GS.
The potential charging requirements of 5G data connectivity domain charging for this use case are: REQ-3GPPCH-5GSCIoT-06, REQ-3GPPCH-5GSCIoT-07

[bookmark: _Toc52555305][bookmark: _Toc63328104][bookmark: _Toc63442505]5.1.x	Use case #x
[bookmark: _Toc63442506]5.1.x.1 	Description
This clause is used to provide general use case for charging enhancement for 5GS CIoT.
 
[bookmark: _Toc63328105][bookmark: _Toc63442507]5.2 	Potential charging requirements
REQ-3GPPCH-5GSCIoT-01	The charging aspect of 5G data connectivity domain charging shall support charging of Control Plane CIoT 5GS Optimisation.
REQ-3GPPCH-5GSCIoT-02 The 5GS CIoT charging should support charging of control plane data transfer based on 5G system architecture.
REQ-3GPPCH-5GSCIoT-03 The charging aspect of north bound API usage should support collecting charging information related to use of NIDD API. 
REQ-3GPPCH-5GSCIoT-04 The charging aspect of control plane data transfer domain should support collecting charging information related to Serving PLMN rate control for 5GS CIoT based on 5G system architecture.
REQ-3GPPCH-5GSCIoT-05 The charging aspect of control plane data transfer should support collecting charging information of Small Data Rate Control for 5GS CIoT based on 5G system architecture.
[bookmark: _Toc52555306]REQ-3GPPCH-5GSCIoT-06 The charging aspect of 5G data connectivity domain charging should support collecting charging information related to 5GS CIoT for interworking to EPS procedures.
REQ-3GPPCH-5GSCIoT-07 The charging aspect of control plane data transfer should support collecting charging information related to 5GS CIoT for interworking to EPS procedures.
[bookmark: _Toc63328106]
[bookmark: _Toc63442508]5.3	Mapping of use cases
In agreed use cases in this document, the mapping from use cases to particular charging aspects of SA5 charging are shown as following in table 5.3.1.
	Charging domain
	5G data connectivity charging
	CP data transfer charging
	Monitoring event charging

	Use case of 5GS CIoT charging
	Control plane optimization
Serving PLMN rate control of user data
Small data rate control
Exception report
EPS interworking 
	Charging support of NIDD with NEF
Serving PLMN rate control of user data
Small data rate control
EPS interworking
	Monitoring event charging with NEF





[bookmark: _Toc63328107][bookmark: _Toc63442509]5.x	Key issues
[bookmark: _Toc52555307][bookmark: _Toc63328108][bookmark: _Toc63442510]5.x.2	Key issues 
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