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[bookmark: _Toc151529351][bookmark: _Toc157674295]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 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
NOTE 1:	The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
NOTE 2:	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
NOTE 3:	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
NOTE 4:	The constructions "can" and "cannot" shall not to be used as 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
[bookmark: introduction]NOTE 5:	The constructions "is" and "is not" do not indicate requirements.
[bookmark: scope][bookmark: _Toc148441661][bookmark: _Toc151529352][bookmark: _Toc157674296]
1	Scope
[bookmark: references]This Technical Report will study and identify potential enhancements on 5GS (e.g. including network energy related information exposure, enhancement for subscription and policy control to enable energy efficiency as service criteria)  to improve energy efficiency (including network energy related information exposure, enhancement for subscription and policy control to enable network savings as service criteria) and to support energy saving in the network, taking the EnergyServ requirements in TS 22.261 [8] into consideration.
Potential enhancements on 5GS to take into account the availability of renewable energy may also be considered as part of this study.
[bookmark: _Toc148441662][bookmark: _Toc151529353][bookmark: _Toc157674297]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.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G system, Stage 2".
[4]	3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".
[5]	3GPP TR 22.882: "Study on Energy Efficiency as service criteria".
[bookmark: definitions][bookmark: MCCTEMPBM_00000023][6]	3GPP TS 28.554: "5G end to end Key Performance Indicators (KPI)".
[bookmark: MCCTEMPBM_00000024][7]	3GPP TS 28.310: "Management and orchestration; Energy efficiency of 5G".
[bookmark: MCCTEMPBM_00000025][8]	3GPP TS 22.261: "Service requirements for the 5G system".
[9]	ETSI EN 202 336-12 "Environmental Engineering (EE); Monitoring and control interface for infrastructure equipment (power, cooling and building environment systems used in telecommunication networks); Part 12: ICT equipment power, energy and environmental parameters monitoring information model.
[10]	3GPP TS 28.552 "Management and orchestration; 5G performance measurements".
[11]	3GPP TS 28.532 "Management and orchestration; Generic management services".
[12]	3GPP TS 28.533 "Management and orchestration; Architecture framework".
[13]	3GPP TS 28.622 "Telecommunication management; Generic Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)".
[14]	3GPP TS 23.288: "Architecture enhancements for 5G System (5GS) to support network data analytics services".
[15]	3GPP TS 29.510: "Network Function Repository Services".
[16]	3GPP TS 29.510: "Network Function Repository Services".




[bookmark: _Toc148441663][bookmark: _Toc151529354][bookmark: _Toc157674298]3	Definitions of terms and abbreviations
[bookmark: _Toc148441664][bookmark: _Toc151529355][bookmark: _Toc157674299]3.1	Terms
For the purposes of the present document, the terms given in 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 TR 21.905 [1].
Energy Consumption (EC): The amount of energy which is utilized to achieve a specific system purpose expressed in Joule (J) or Watthour (Wh). (see TS 28.310 [7] and TS 28.554 [6]).
NOTE:	1 Joule [J] = 1 Watt * 1 Second [Ws].
Energy Efficiency (EE): The relation between a useful output and energy consumption (see TS 28.310 [7] and TS 28.554 [6]).
Energy Saving: The reduction of Energy Consumption deriving from some action(s), compared with the Energy Consumption when the action(s) is(are) not taken. It is measured in Joule (J) or Watthour (Wh). 
carbon emission: the quantity of emitted equivalent carbon dioxide (e.g. kg of CO2) (see TS 22.261 [8]).
energy credit: credit associated with the subscriber that can be used for credit-based energy control by the 5GS (see TS 22.261 [8]).
energy state: state of a cell, a network element and/or a network function with respect to energy.
Renewable Energy: "energy from renewable sources" or "renewable energy" means energy from renewable non-fossil sources. For example (but not limited to) wind, solar, aerothermal, geothermal, hydrothermal.
Carbon dioxide equivalent or CO2 equivalent (CO2e) The amount of carbon dioxide emission that would cause the same integrated radiative forcing, over a given time horizon, as an emitted amount of a greenhouse gas or a mixture of greenhouse gases. The equivalent carbon dioxide emission is obtained by multiplying the emission of a greenhouse gas by its Global Warming Potential for the given time horizon. For a mix of greenhouse gases it is obtained by summing the equivalent carbon dioxide emissions of each gas. Equivalent carbon dioxide emission is a common scale for comparing emissions of different greenhouse gases but does not imply equivalence of the corresponding climate change responses.

NOTE 1: 	Global Warming Potential (GWP) An index, based on radiative properties of greenhouse gases, measuring the radiative forcing following a pulse emission of a unit mass of a given greenhouse gas in the present day atmosphere integrated over a chosen time horizon, relative to that of carbon dioxide. The GWP represents the combined effect of the differing times these gases remain in the atmosphere and their relative effectiveness in causing radiative forcing. For example, the GWP for methane is 25 and for nitrous oxide 298. This means that emissions of 1 million metric tonnes of methane and nitrous oxide respectively is equivalent to emissions of 25 and 298 million metric tonnes of carbon dioxide.

[bookmark: _Toc148441665][bookmark: _Toc151529356][bookmark: _Toc157674300]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
EC	Energy Consumption
EE	Energy Efficiency
ES	Energy Saving


[bookmark: clause4][bookmark: _Toc148441666][bookmark: _Toc151529357][bookmark: _Toc157674301]4	Architectural Assumptions and Requirements
Editor's note:	This clause will document the Architectural Assumptions and Requirements applicable for the study.
The architecture for the present study shall be based on the existing 5G System architecture.
Solutions shall comply with the 5G System architectural principles in TS 23.501 [2].
NOTE 1:	Coordination with RAN WGs is required for potential enhancements impacting the NG-RAN.
NOTE 2:	The study will consider the related work done by SA WG5 and reuse it when possible.
NOTE 3:	Security aspects are to be addressed in SA WG3.
[bookmark: _Toc148441667][bookmark: _Toc151529358][bookmark: _Toc157674302]4.1	Architectural Assumptions
The architectural assumptions in the following are considered during the study:
-	The energy-related information which is available from OAM specifications is documented in Annex A 

[bookmark: _Toc148441668][bookmark: _Toc151529359][bookmark: _Toc157674303]4.2	Architectural Requirements

[bookmark: _Toc22192646][bookmark: _Toc23402384][bookmark: _Toc23402414][bookmark: _Toc26386411][bookmark: _Toc26431217][bookmark: _Toc30694613][bookmark: _Toc43906635][bookmark: _Toc43906751][bookmark: _Toc44311877][bookmark: _Toc50536519][bookmark: _Toc54930291][bookmark: _Toc54968096][bookmark: _Toc57236418][bookmark: _Toc57236581][bookmark: _Toc57530222][bookmark: _Toc57532423][bookmark: _Toc148441669][bookmark: _Toc151529360][bookmark: _Toc157674304]5	Key Issues
[bookmark: _Toc148441670][bookmark: _Toc151529361][bookmark: _Toc26386412][bookmark: _Toc26431218][bookmark: _Toc30694614][bookmark: _Toc43906636][bookmark: _Toc43906752][bookmark: _Toc44311878][bookmark: _Toc50536520][bookmark: _Toc54930292][bookmark: _Toc54968097][bookmark: _Toc57236419][bookmark: _Toc57236582][bookmark: _Toc57530223][bookmark: _Toc57532424][bookmark: _Toc157674305]5.1	Key Issue #1: Network energy related information exposure
[bookmark: _Toc148441671][bookmark: _Toc151529362][bookmark: _Toc157674306]5.1.1	Description
Subject to operator policy, network energy related information (e.g., energy consumption related information, energy efficiency related information, renewable energy and carbon emission related information) may be exposed by the network to the authorized consumers.
To support network energy related information exposure, the following aspects are to be studied:
-	Whether and what network energy related information can be exposed.
-	At what granularity (e.g. per network slice, UE, NF, PDU Session, QoS flow, etc) the network energy related information can be exposed.
-	How the network energy related information is exposed.
-	How and what network energy related information from the Network entities (i.e. RAN nodes, 5GC NFs) can be obtained in order to support network energy related information exposure.
NOTE 1:	Existing mechanism and information (e.g. information collected by OAM as defined in TS 28.310 [7]) are reused when possible.
NOTE 2:	The study will address use cases corresponding to the identified consolidated requirements as described in clause 6.4 of TR 22.882 [5]. The network energy related information to be exposed, the authorized consumer, and how the information is exposed depend on the use case. Solutions should identify related use cases which will be addressed.
[bookmark: _Toc117509218][bookmark: _Toc151529363][bookmark: _Toc148441672][bookmark: _Toc157674307]5.2	Key Issue #2: Subscription and policy control to support energy efficiency and energy saving as service criteria
[bookmark: _Toc22214905][bookmark: _Toc23254038][bookmark: _Toc151529364][bookmark: _Toc157674308]5.2.1	Description
Energy related information as service criteria allows delivering services based on e.g., energy related subscriptions and policies to achieve the goal of energy saving.
The following aspects will be studied for this key issue:
-	Whether and how to enhance the existing subscription and policy control framework to support energy related information as service criteria, including:
-	Whether and what new energy related UE subscription information are to be defined, and whether and how to use the energy related UE subscription information.
-	Whether and what new energy related policies are to be defined, and how to perform energy related policy control, e.g. to determine, provision and enforce energy related policies.
-	At what granularity (e.g., network slice, UE, NF, PDU Session, QoS flow, application ID, etc.) the energy related policy control can be performed.
-	What network energy related information is required for subscription and policy control and how it is obtained.
-	Whether and how the above enhancements on subscription and policy control will impact charging.
NOTE 1:	Charging enhancement aspects, if any, are to be addressed in coordination with SA WG5.
NOTE 2:	The study will address use cases corresponding to the identified requirements as described in clause 6.15a.2 of TS 22.261 [8]. The possible enhancements on subscription and policy control depend on the use case. Solutions should identify related use cases which will be addressed.
NOTE 3:	The potential impact of the enhancements will be evaluated to ensure not to consume more energy than expected to save.
[bookmark: _Toc151529365][bookmark: _Toc157674309]5.3	Key Issue #3: 5GS enhancements for network energy saving and efficiency
[bookmark: _Toc93394838][bookmark: _Toc151529366][bookmark: _Toc157674310]5.3.1	Description
This key issue is to study 5GS enhancements for network energy saving and efficiency. The following aspects should be studied:
‐	Whether and how to enhance the existing operations and procedures to satisfy the energy saving and energy efficiency requirements.
‐	Whether and how to enhance the NF selection/re-selection related functionalities considering energy saving and energy efficiency based on e.g., NF energy states, analytics, and energy related information.
‐	Whether and how to enhance network analytics for network energy saving and network energy efficiency.
‐	What, if any, energy related information (e.g., per QoS flow/PDU session/UE/NF) is required and how it is collected to support 5GS enhancement.
NOTE:	Any potential enhancement impacting the NG-RAN will require coordination with RAN WGs.
[bookmark: _Toc26431228][bookmark: _Toc30694626][bookmark: _Toc43906648][bookmark: _Toc43906764][bookmark: _Toc44311890][bookmark: _Toc50536532][bookmark: _Toc54930304][bookmark: _Toc54968109][bookmark: _Toc57236431][bookmark: _Toc57236594][bookmark: _Toc57530235][bookmark: _Toc57532436][bookmark: _Toc148441674][bookmark: _Toc151529367][bookmark: _Toc157674311]6	Solutions
Editor's note:	This clause is intended to document the agreed solutions. Each solution should clearly describe which of the key issues it covers and how.
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc148441675][bookmark: _Toc151529368][bookmark: _Toc16839382][bookmark: _Toc157674312]6.0	Mapping of Solutions to Key Issues
Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of Solutions to Key Issues
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[bookmark: startOfAnnexes][bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148441676][bookmark: _Toc151529369]6.x	Solution #X: <Solution Title>
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677][bookmark: _Toc151529370]6.x.1	Key Issue mapping
Editor's note:	This clause lists the key issue(s) addressed by this solution.
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]
[bookmark: _Toc148441678][bookmark: _Toc151529371]6.x.2	Functional Description
[bookmark: _Toc500949101]Editor's note:	This clause will describe the solution principles and assumptions for corresponding key issue(s). Sub-clause(s) may be added to capture details. 
[bookmark: _Toc92875663][bookmark: _Toc93070687]
[bookmark: _Toc148441679][bookmark: _Toc151529372]6.x.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688]
[bookmark: _Toc148441680][bookmark: _Toc151529373]6.x.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.
[bookmark: _Toc250980595][bookmark: _Toc326037266][bookmark: _Toc510604411][bookmark: _Toc92875665][bookmark: _Toc93070689][bookmark: _Toc310438366][bookmark: _Toc324232216][bookmark: _Toc326248735][bookmark: _Toc510604412][bookmark: _Toc157674313]6.1	Solution #1: Energy related information collection and exposure
[bookmark: _Toc157674314]6.1.1	Key Issue mapping
This paper proposes a new solution on KI#1.
[bookmark: _Toc157674315]6.1.2	Functional Description
This solution provides a framework for energy related information collection and exposure. Figure 6.1.2-1 describes the architecture of this solution.
[image: 架构图]
Figure 6.1.2-1: Architecture assumption
To achieve the centralized collection and uniform handling for the energy consumption/efficiency related information, a new NF, Energy Efficiency Control Function (EECF), is introduced. The EECF includes the following functionalities:
Editor’s note: whether there is a need for a new 5GC NF or whether proposed functionality can be provided by existing NFs will be evaluated during evaluation and conclusion phase.
-	Collection of the information that have impact on energy consumption/efficiency from other 5GC NFs and OAM. The information can be collected from 5GC NFs at the granularity of per UE, per UE per service, per PDU Session or per QoS level etc., while the information collected from OAM can be per NF and/or per S-NSSAI. This solution considers the following information which impact energy consumption/efficiency:
-	Collecting from AMF: number of registered subscribers; for each registered UE: UE specific DRX values, paging time window, paging area, periodic registration update timer.
-	Collecting from SMF: number of PDU Sessions; for each PDU Session: QoS parameters.
[bookmark: _Hlk156891843]-	Collecting from UPF: data volume, bit rate.
-	Collecting from NG-RAN through OAM: data volume.
-  Collecting from OAM: renewable energy information, e.g. based on geographic areas, where networks deployed in different areas may utilize the energy derived from different sources such as the sun, wind, rivers, etc., with differentiated proportions of consumption.
-	Exposing the energy consumption/efficiency related information based on the request from 5GC NF or AF.
[bookmark: _Hlk156891969]-	Handling of energy consumption/efficiency related information. The calculation of energy consumption/efficiency is based on the associated information above at the granularity of per NF, per S-NSSAI, per UE, per UE per service, per PDU Session or per QoS level, etc. For example, the energy consumption of one particular service can be obtained by calculating the ratio of data volume of the corresponding PDU Session to the total data volume of the entire slice, and multiplying it by the energy consumption of the slice. Or if the energy consumption information EECF received from the RAN (via OAM) and the UPF are for the same UE, the EECF can aggregate the energy consumption information for each UE.
This solution addresses the use cases on energy related information exposure in TR 22.882[5] such as 5.3, 5.4, 5.6, 5.7, etc.
[bookmark: _Toc157674316]6.x.3	Procedures
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Figure 6.1.3-1: Procedure for Energy related information collection and exposure
If AF triggers the exposure request of the energy consumption related information, then steps 1a, 1b, 1c, 1d, 1e are executed, otherwise step 1 is executed.
[bookmark: _Hlk156892736]1a.	If AF triggers subscription of NEF on energy consumption related information with Nnef_EventExposure_Subscribe Request, in the request, AF provides the subscription information including Energy related information category, Energy related information granularity (e.g. per NF, per S-NSSAI, per UE, per UE per service, per PDU Session or per QoS level, etc), Location, reporting mode (defines whether the energy efficiency report is to be provided on event basis or periodically)，reporting threshold (if the reporting mode is per event basis) and Time period (if the reporting mode is periodic).
1b. NEF send subscription request to EECF with Neecf_EnergyConsumptionExposure_Subscribe Request.
1c. EECF confirms the request and send subscription confirmation to NEF with Neecf_EnergyConsumptionExposure_Subscribe Response.
1d. NEF confirms the request to AF with Nnef_EventExposure_Subscribe Response.
1. EECF is triggered to perform energy related information collection and exposure based on the local operator policy (e.g., the granularity of energy related information exposure).
[bookmark: _Hlk156892297]2. EECF invokes the Nudm_UECM to the UDM to request the ID of the NF which provides the energy consumption related information.
3. The UDM processes the Nudm_UECM request and sends the requested NF ID in the response.
Editor Note: If corresponding NFs (e.g. AMF, SMF, UPF) change, how to notify EECF with the target NF ID is FFS.
4a. EECF may interact with OAM (e.g. by subscribe to the notification(s) related to the services provided by the OAM, as TS 28.532[11]) to obtain energy consumption related information per NF or per S-NSSAI, e.g. energy consumption information of RAN, renewable energy information for an area.
4b. EECF request the UDM to get the information of serving SMF through UDM_UECM_get service. EECF requests energy consumption related information from SMF with Nsmf_EnergyInfoCollect Request. SMF collects parameters including number of PDU Sessions. SMF responds with energy consumption related information to EECF with Nsmf_EnergyInfoCollect Response
4c. EECF interacts with SMF to request the UPF ID. EECF requests energy consumption related information of UPF from SMF with Nsmf_UPF_EnergyInfoCollect Request. SMF requests energy consumption related information of UPF with Nupf_EnergyInfoCollect Request. UPF collects parameters data volume, bit rate.  UPF responses energy consumption related information to SMF with Nupf_EnergyInfoCollect Response. SMF responses energy consumption related information of UPF to EECF with Nsmf_UPF_EnergyInfoCollect Response.
[bookmark: _Hlk156892545]4d. EECF interacts with UDM to request the AMF ID. EECF requests energy consumption related information from AMF with Namf_EnergyInfoCollect Request. AMF collects parameters number of registered subscribers. AMF responses energy consumption related information to EECF with Namf_EnergyInfoCollect Response. 
5. EECF may calculate the energy consumption/efficiency based on the collected information. Based on the results, EECF send the energy related information requested by AF to NEF with Neecf_EnergyConsumpExposure_Notify.
[bookmark: _Hlk156893534]Editor’s note: Details for energy consumption information and details for energy efficiency information sent to AF are FFS.
6. NEF sends the energy related information requested by AF to AF with Nnef_EnergyConsumpExposure_Notify.
[bookmark: _Toc157674317]6.1.4	Impacts on existing services, entities and interfaces
EECF: New NF. Functionalities are as description of clause 6.1.2.
AMF: Exposure the following information to EECF: number of registered subscribers, UE specific DRX values, paging time window, paging area, periodic registration update timer.
SMF: Exposure the following information to EECF: number of PDU Sessions, QoS parameters.
UPF: Exposure the following information to EECF: data volume, bit rate.
NG-RAN: Exposure the following information through OAM to EECF: data volume.
AF：There is impact on existing Nnef_EventExposure_Subscribe service.
[bookmark: _Toc157674318]6.2	Solution #2: Network energy related information exposure
[bookmark: _Toc157674319]6.2.1	Key Issue mapping
This is a solution for key issue #1 "Network energy related information exposure".
Regarding use cases corresponding to the identified consolidated requirements as described in clause 6.4 of TR 22.882 [5], this solution is related to the use cases described in clauses 5.3, 5.4 and 5.5.
Editor's note:	Additional use cases related to this solution are FFS.
[bookmark: _Toc157674320]6.2.2	Functional Description
The authorized consumers, e.g. the industry/vertical customers, 5GC NFs, can request the 5GC to expose network energy related information for e.g. network slice, UE, NF, PDU Session, 5QI, etc.
To support exposure of the network energy related information to the authorized consumers, the 5GC needs to obtain network energy related information about the network entities (e.g. RAN nodes, 5GC NFs). For this support, this solution proposes a new NF called Energy Efficiency and Saving Support Function (EESSF).
NOTE:	The EESSF can be supported by or colocated together with the existing NF, e.g. NEF, NWDAF.
Editor's note:	Whether there is a need for a new 5GC NF or whether proposed functionality can be provided by existing NFs (e.g. NWDAF) will be evaluated during evaluation and conclusion phase.
[bookmark: _Toc157674321]6.2.3	Procedures
6.2.3.1	Procedure for network energy related information exposure to AF
Figure 6.2.3.1-1 shows the procedure for network energy related information exposure to AF.


Figure 6.2.3.1-1: Procedure for network energy related information exposure to AF
1.	AF subscribes to network energy related information by sending Nnef_EnergyInfo_Subscribe request to NEF. The request includes the following parameters:
-	Granularity of Reporting: Network Slice, UE, NF, PDU Session, or 5QI
-	Filter Information:
-	S-NSSAI(s) (mandatory if Granularity of Reporting is Network Slice, otherwise optional)
-	a single UE, a list of UEs, or a group of UEs (mandatory if Granularity of Reporting is UE, otherwise optional)
-	Network Function(s) (mandatory if Granularity of Reporting is NF, otherwise optional)
-	One or more combination of DNN and S-NSSAI (mandatory if Granularity of Reporting is PDU Session, otherwise optional)
-	5QI value(s) (mandatory if Granularity of Reporting is 5QI, otherwise optional)
-	Area of Interest (optional)
-	Reporting Mode: Periodic reporting mode or Threshold based reporting mode
-	For periodic reporting mode, periodicity information
-	For threshold-based reporting mode, threshold value e.g. a maximum energy credit limit, a maximum energy consumption (i.e. quantity of energy for a specified period of time).
-	Indication to request top contributors (optional): This indication is for requesting to provide one or more lists of top contributors that contribute the most to the energy consumption e.g. as below. The list is ordered by descending order of contributing to the energy consumption.
-	If Granularity of Reporting is Network Slice, a list of UEs that contribute the most to the energy consumption for the requested S-NSSAI.
-	If Granularity of Reporting is Network Slice and multiple S-NSSAIs are provided as Filter Information, a list of S-NSSAIs that contribute the most to the energy consumption.
-	If Granularity of Reporting is UE, a list of S-NSSAIs that contribute the most to the energy consumption for the requested UE.
-	If Granularity of Reporting is UE and a list of UEs or a group of UE is provided as Filter Information, a list of UEs that contribute the most to the energy consumption.
-	If Granularity of Reporting is PDU Session, a list of 5QI values that contribute the most to the energy consumption for the requested combination of DNN and S-NSSAI.
-	If Granularity of Reporting is 5QI, a list of UEs that contribute the most to the energy consumption for the requested 5QI value.
If needed, the maximum number of top contributors to be included in the list (e.g. for a list of UEs) can be requested by the AF or configured in the EESSF.
If all contributors contribute to the energy consumption in similar or same level, such information can be provided to the AF instead of the list of top contributors.
-	Indication to request ordered list of contributors (optional): This indication is for requesting to provide one or more lists of contributors that ordered in descending order of contributing to the energy consumption e.g. as below.
-	If Granularity of Reporting is Network Slice, an ordered list of UEs that contribute to the energy consumption for the requested S-NSSAI.
-	If Granularity of Reporting is Network Slice and multiple S-NSSAIs are provided as Filter Information, an ordered list of S-NSSAIs that contribute to the energy consumption.
-	If Granularity of Reporting is UE, an ordered list of S-NSSAIs that contribute to the energy consumption for the requested UE.
-	If Granularity of Reporting is UE and a list of UEs or a group of UE is provided as Filter Information, an ordered list of UEs that contribute to the energy consumption.
-	If Granularity of Reporting is PDU Session, an ordered list of 5QI values that contribute to the energy consumption for the requested combination of DNN and S-NSSAI.
-	If Granularity of Reporting is 5QI, an ordered list of UEs that contribute to the energy consumption for the requested 5QI value.
If all contributors contribute to the energy consumption in similar or same level, such information can be provided to the AF instead of the ordered list of contributors.
2.	NEF subscribes to network energy related information by sending Neessf_EnergyInfo_Subscribe request to EESSF based on the AF request received in step 1.
3.	The EESSF responds the request of the NEF.
4.	The NEF responds the request of the AF.
5.	The EESSF interacts with OAM to obtain the required network energy related information about the network entities (e.g. energy consumption related information, energy efficiency related information of RAN nodes, 5GC NFs as described in TS 28.554 [6]).
6.	The EESSF interacts with different 5GC NFs to obtain the information to generate the required energy related information (e.g. data volume measured at UPF, PDU Session related information at SMF).
NOTE:	The information obtained from 5GC NFs is not about energy consumption/efficiency amount itself but to generate UE level, PDU Session level or QoS Flow level network energy related information.
[bookmark: _Hlk156894950]Editor's note:	Details for information collected from 5GC NFs are FFS.
7.	The EESSF generates the network energy related information based on the obtained network energy related information in step 5 and the obtained information in step 6. And the EESSF determines that reporting to the AF is needed based on the AF request. 
8.	The EESSF provides the network energy related information by sending Neessf_EnergyInfo_Notify request to the NEF. The network energy related information included in the notification can be generated based on the AF request (e.g. requested Reporting Mode), e.g. indication that the maximum energy credit limit is reached/exceeded, a list of top contributors for the requested Granularity of Reporting, remaining energy credit limit, energy consumption amount related information, etc.
[bookmark: _Hlk156894961]Editor's note:	Details for energy related information sent to AF are FFS.
9.	The NEF provides the network energy related information by sending Nnef_EnergyInfo_Notify request to the AF.
	Later, whenever the EESSF determines that reporting to the AF is needed, the EESSF provides the network energy related information to the NEF and the NEF provides it to the AF.
Editor's note:	It is FFS whether to expose the network slice and NF level network energy related information is under responsibility of SA5.
Subsequently, the AF may update the Filter Information of the subscription by invoking Nnef_EnergyInfo_Subscribe and providing a Subscription Correlation ID.
[bookmark: _Toc157674322]6.2.4	Impacts on existing services, entities and interfaces
AF:
-	Support subscribing network energy related information exposure from 5GC.
NEF:
-	Support exposing network energy related information to AF.
EESSF:
-	Support obtaining network energy related information from OAM.
-	Support obtaining information from 5GC NFs to generate network energy related information.
-	Support generating and reporting network energy related information.
-	Support providing list(s) of top contributors that contribute the most to the energy consumption and list(s) of contributors that ordered in descending order of contributing to the energy consumption when reporting network energy related information.
[bookmark: _Hlk157064035][bookmark: _Toc157674323]6.3	Solution #3: Enhanced network exposure and analytics for energy saving
[bookmark: _Toc97526926][bookmark: _Toc157674324]6.3.1	Key Issue mapping
This solution addresses Key Issues #1 (Network energy related information exposure) and Key Issues #3 (5GS enhancements for network energy saving and efficiency).
[bookmark: _Toc97526927][bookmark: _Toc157674325]6.3.2	Description
[bookmark: _Toc97526928]In this solution, it is proposed to allow more network energy related information to be exposed by the network to the authorized consumers for application layer/third party configurations for network energy saving and efficiency. The NWDAF provides network energy related information analytics.
[bookmark: _Toc157674326]6.3.3	Procedures
[image: ]
Figure 6.3.3-1. Procedures for enhancement energy consumption related network information exposure 
1. The third party server subscribes the energy consumption related information including energy consumption related information, including energy efficiency related information, renewable energy and carbon emission related information and so on, for energy saving by sending Nnef_AnalyticsExposure_Subscribe request (UE address, flow description(s), event ID(s)).
1. The NEF authorizes the third party server request.
1. The NEF responses to the third party server by sending Nnef_AnalyticsExposure_Subscribe response.
1. The NEF sends Nnwdaf_AnalyticsInfo_Request or Nnwdaf_AnalyticsSubscription_Subscribe to the NWDAF for requesting network energy related information analyzed from NWDAF.
1. [bookmark: _Hlk155813980]The NWDAF interacts with OAM to collect information from OAM (e.g. Power, Energy and Environmental (PEE) measurements per cell in clause 5.1.1.19 or CQI related measurements per cell in clause 5.1.1.11 of TS 28.522 [10]) to derive new analytics that the application can use to configure the application behaviour.
1. [bookmark: _Hlk155814046]The NWDAF derives the requested analytics that the application can use to configure the application behaviour.
· Editor’s Note: The details of the analytics is FFS.
1. [bookmark: _Hlk155814069]The NWDAF sends Nnwdaf_AnalyticsInfo_Request response or Nnwdaf_AnalyticsSubscription_Notify to the NEF, and then the notification can be sent to the third party server via control plane.
· Editor’s Note: Whether new or existing Analytics ID is used is FFS.
1. The third party server receives the notification for application layer network energy saving configurations for one UE or multiple of UEs.
· [bookmark: _Hlk157064010]NOTE: If the AF receives the notification from the NWDAF, the AF can make a decision to influence the service and select a suitable network configuration for network energy saving. The AF behaviour based on the analytics is out of 3GPP scope.
[bookmark: _Toc97526929][bookmark: _Toc157674327]6.3.4	Impacts on services, entities and interfaces
NEF:
-	Generates authorizations for third party server request and provides energy saving related information to the third party server by requesting network energy related information to NWDAF.
-	Nnef_AnalyticsExposure service is extended to support the new or existing Analytics ID.
[bookmark: _Hlk155863475]NWDAF:
-	Obtains network energy related information by interacting with OAM to derive new analytics that the application can use to configure the application behaviour.
[bookmark: _Toc146539438][bookmark: _Toc157674328]6.4	Solution #4: Renewable energy ratio information exposure 
[bookmark: _Toc146539439][bookmark: _Toc157674329]6.4.1	Key Issue mapping
This solution resolves KI#1 for renewable energy consumption information exposure.
[bookmark: _Toc146539440][bookmark: _Toc157674330]6.4.2	Functional Description
The NWDAF can provide the renewable energy ratio analytics (statistics) by one-time reporting or continuous reporting to a consumer. The renewable energy ratio is determined as the ratio of the power that is used from renewable energy sources as a percentage of total power usage for the dedicated communication service in a given time unit. A request for the renewable energy ratio analytics to a specific user is identified by the UE ID provided by the consumer. The NWDAF determines the NFs and base station (Cell ID) serving the UE. The NFs can be determined as described in TS 23.288[14] clause 6.2.2.1 and the base station can be determined by AMF. Then NWDAF collects renewable energy related information of the sites hosting the NFs and base stations from OAM to calculate the renewable energy ratio analytics for the NFs serving the UE.
When the consumer of the renewable energy ratio analytics subscribes to the service, it may indicate a threshold and the NWDAF will provide analytics to the consumer when the ratio level crosses the threshold.
The service consumer may be an NF (e.g. AF, NEF).
The consumer may indicate in the request or subscription the following parameters described in the TS 23.288 [14] clause 6.1.3:
· Analytics ID = “Renewable Energy Ratio”;
· Target of Analytics Reporting: a single UE (SUPI);
· Analytics Filter Information optionally including:
-	S-NSSAI;
-	Area of Interest;
-	Optionally, the list of analytics subsets that are requested among those specified in clause 6.4.2.2;
·  Optionally, preferred level of accuracy of the analytics.
· Optionally, preferred level of accuracy per analytics subset (see clause 6.4.2.2);
· An Analytics target period indicating the time period over which the statistics are requested.
[bookmark: _Toc157674331]6.4.2.1	Input data
The detailed information collected by the NWDAF is defined in Table 6.4.2.1-1.
Table 6.4.2.1-1: Data Collected from the NF and OAM related to the ratio of renewable energy Analytics
	Information
	Source
	Description

	UE Location
	AMF
	UE location information (Cell ID) to determine the base station serving the UE.

	Supplied renewable energy
	OAM, AF
	The renewable energy ratio of NFs and base stations.


Editor's note:	The related data collection from OAM is FFS.

[bookmark: _Toc157674332]6.4.2.2	Output analytics
The detailed information provided by the NWDAF is defined in Table 6.4.2.2-1.
Table 6.4.2.2-1: The ratio of renewable energy statistics
	Information
	Description

	List of renewable energy Analytics (1..max)
	

	>Timestamp
	A time stamp when the renewable energy ratio applies.

	> Crossed Reporting Threshold(s) for Renewable energy ratio (NOTE1)
	The Reporting Threshold(s) that are met or exceeded or crossed by the statistics value or the expected value of the Renewable energy ratio KPI. The KPI indicates the ratio of the power that is used from renewable energy sources as a percentage of total power usage for the dedicated communication service in a given time unit.
(NOTE2)

	NOTE1:	Analytics subset that can be used in "list of analytics subsets that are requested" and "Preferred level of accuracy per analytics subset".
NOTE2: The output information is the renewable energy ratio information of NFs serving the UE.



[bookmark: _Toc146539441][bookmark: _Toc157674333]6.4.3	Procedures
The NWDAF can provide renewable energy ratio analytics as follows.

[image: ]
Figure 6.4.3-1: Procedure for renewable energy ratio statistics
1. The consumer (e.g. AF) sends a request to the NWDAF for analytics on a specific UE, using either Nnwdaf_AnalyticsInfo or Nnwdaf_AnalyticsSubscription_Subscribe service. 
1. The NWDAF retrieves UE location information from AMF on cell ID level and the NWDAF determines the base station (based on the Cell ID) serving the UE. 
[bookmark: _Hlk156982885]Editor’s Note:		It is FFS whether the location accuracy of Cell ID can be reliably used by the NWDAF to determine the serving base station of the UE in Idle mode.
1. The NWDAF retrieving the NFs serving the UE as described in TS 23.288 [14] clause 6.2.2.1. The NWDAF collects the information of sites hosting the NFs and base stations, renewable energy related information of the sites from OAM.
[bookmark: _Hlk156983116]Editor’s Note:	It is FFS whether the NWDAF should consider the different energy consumed by the network for serving the UE being in RRC-Connected state and RRC-Idle or RRC-Inactive state at different serving base stations.
1. The NWDAF provides a response/notification to the consumer.
 
[bookmark: _Toc146539442][bookmark: _Toc157674334]6.4.4	Impacts on existing services, entities and interfaces
NWDAF:
· Should support the proposed network data analytics of renewable energy ratio analytics.
· The NWDAF should support functionality to determine the serving base station ID based on the cell ID. 
[bookmark: _Toc157674335]6.5	Solution #5: Exposing energy usage information to 3rd party server
[bookmark: _Toc157674336]6.5.1	Key Issue mapping
This solution addresses Key Issue #1 and Key Issue #3 of this study.

The solution herein describes how a 3rd party server can request network energy related information from the 5G network, including possible energy consumption information for an application. The 3rd party server, via the NEF, sends communication related application parameters to the 5G network. The application parameters include an Application ID, either a QoS Reference or QoS parameters, and optionally a bit rate. The 5G network determines the network energy related information. This information is then exposed to the 3rd party server by the NEF.

[bookmark: _Toc157674337]6.5.2	Description
A 3rd party server may request that the 3GPP network provide network energy related information given a set of application requirements. The 3rd party server may provide a communication related application parameters (e.g. QoS Parameters) to inquire from the 3GPP network how much energy will be used if these application parameters are used. The 3rd party server, based on the exposed information provided by the 5G network, may then decide whether to use these communication related application parameters or decide to use a different application parameter (e.g., assume a smaller bit rate in order to save energy)
 The 3rd party server sends application configuration (i.e. QoS Reference or QoS parameters, and optionally a bit rate, delay etc.) to the 3GPP network. The 3rd party server invokes an NEF API offered by the 5G network. After interacting with the 5G network (e.g. the NWDAF), the NEF responds back to the 3rd party server with the network energy related information.
[bookmark: _Toc157674338]6.5.3	Procedures
6.5.3.1	
The following call flow illustrates how a 3rd party application server interacts with the 5G network to inquire about how much energy would be needed given an application configuration.


1. A 3rd party server invokes an NEF API requesting that the 5G network provide network energy related information (i.e. energy usage estimate related to 3rd party application). The application function provides the communication related application parameters (e.g. QoS Reference or QoS parameters, and optionally a bit rate). The 3rd party server may send this request on per UE or group of UEs basis. Location information about the UE or group of UEs may also be included in the 3rd party request message.
Editor’s Note: What other application parameters are provided by the AF are for FFS.
1. The NEF receives the request in step 1, sends the message to UDM/UDR to verify the request and get subscription parameters. 
1.  The NEF also requests network energy related information from the NWDAF and includes the communication related application parameters in the request. The NWDAF may contact other network functions in core network including MDAF, OAM to collect information to help determine the network energy related information. 
Editor’s Note: The information and parameters exchanged between NWDAF and other NFs are FFS.
1. NWDAF responds back to the NEF with the network energy related information.
Editor’s Note: The details for network energy related information are FFS.

1. NEF may perform a translation of the network energy related information into units that can be understood by the 3rd party server (e.g. watts, joules) 
Editor’s Note: How NEF performs the translation is FFS
1. NEF responds back to the 3rd party Server and provides the network energy related information (energy usage estimate related to 3rd party application as requested in step 1) for a UE or group of UEs based on step 1.

[bookmark: _Toc157674339]6.5.4	Impacts on services, entities and interfaces
NEF:
· Provides a service that allows an invoker (i.e. AF) to request network energy related information for a given application.
· Invokes a service of the NWDAF to obtain network energy related information for a given application.
NWDAF:
· Provides a service to give network energy related information for a given application.
· Interacts with other NFs or the OAM system to obtain information that can be used to determine the network energy related information.

[bookmark: _Toc157674340]6.6	Solution #6: Energy information collection for service level
[bookmark: _Toc157674341]6.6.1	Key Issue mapping
This solution is related to the Key Issue #1 on Network energy related information exposure. Especially this solution focus on the following bullets in the Key issue 1:
KI#1:
-	At what granularity (e.g. per network slice, UE, NF, PDU Session, QoS flow, etc) the network energy related information can be exposed.
-	How and what network energy related information from the Network entities (i.e. RAN nodes, 5GC NFs) can be obtained in order to support network energy related information exposure.
The use case of this solution is the Application provider may want the operator to exposure the energy consumption to carry the service of Application provider in the operator’s network.
Editor's note:	Whether this solution can be applied to KI#2 is FFS.

[bookmark: _Toc157674342]6.6.2	Functional Description
This solution is to resolve the issue on how to collect the energy related information for particular services. 
The figure 6.6.2-1 describes the architecture of this solution.


Figure 6.6.2-1: Architecture for Energy information collection and exposure
On top of existing 5G architecture, a new NF, Energy Efficiency function (EEF) is introduced. In this solution, Energy Efficiency function can be standalone NF or co-located with NEF. The functionality of the EEF includes:
-	collecting Energy related information in the 5GC, including: energy consumption related information
-	calculating Energy usage status and exposing the Energy information to the authorized consumers.
The main idea of this solution is to reuse/enhance the existing UPF exposure mechanism (which is already used by NWDAF) to collect the data volume and/or energy consumption data for the services from UPF.
The high-level principle/assumption of this solution can be summarized as follows:
-	The services may be identified by DNN+S-NSSAI, Application IP address/FQDN or Application ID.
-	The EEF uses the service information to obtain UPFs which are involved in the service from NRF.
-	The EEF subscribes/requests the involved UPF to report the data volume and/or energy consumption data for the services from UPF.
-	The EEF further check with the OAM to calculate the whole energy consumption data for the services.

[bookmark: _Toc157674343]6.6.3	Procedures


Figure 6.6.3-1: Procedure for Energy information collection and exposure
Figure 6.6.3-1 shows a procedure for UE and PDU session level Energy information collection and exposure for the services. The steps 1 to 5 use the procedure defined in TS 23.502 clause 4.15.4.5.3 (Information flow for UPF event exposure service for any UE).
1.	Optional, if the service information does not contain DNN/S-NSSAI, but only includes application server IP address/FQDN, the EEF should first obtain the DNAI from NEF by invoking Nnef_DNAIMapping_Subscribe service to request the DNAI information.
2.	The EEF discovers the UPF by invoking Nnrf_NFDiscovery_Request providing the DNN, S-NSSAI, DNAI etc. This procedure is to discover the related UPF(s) associated with any UE and DNAI or DNN+S-NSSAI. 
3.	The NRF provides Nnrf_NFDiscovery_Response that may refer to several UPFs.
4.	The EEF subscribes/requests the UPF(s) to report the data volume and/or energy consumption data for the services.
5.	Each of the UPFs invokes Nupf_EventExposure_Notify service operation to the EEF.
Editor's note:	Whether and how the UPF knows the energy consumption data is FFS.
6.	The EEF checks with the OAM to calculate the whole energy consumption data for the services. Example, the EEF may obtain the data volume and energy consumption for the slice from OAM. And EEF can derive the energy consumption for the service. i.e. EC of the service = ((data volume of service) / (data volume of slice)) * energy consumption of slice. (It assumes the service is carried in this slice)
Editor's note:	How the EEC interact with the OAM to calculate the whole energy consumption for the services is FFS.

[bookmark: _Toc157674344]6.6.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.

[bookmark: _Toc157674345]6.7	Solution #7: Policy control for network energy saving
[bookmark: _Toc157674346]6.7.1	Key Issue mapping
This solution is related to the KI#2: Subscription and policy control to support energy efficiency and energy saving as service criteria. This solution addresses the following issues of KI#2:
-	Whether and how to enhance the existing subscription and policy control framework to support energy related information as service criteria, including:
-	Whether and what new energy related UE subscription information are to be defined, and whether and how to use the energy related UE subscription information.
-	Answer: Energy saving authorization information is added in UE subscription information, authorizing enforcement of energy related policies. Energy consumption threshold may also be included in subscription information to limit the maximum energy consumption.
-	Whether and what new energy related policies are to be defined, and how to perform energy related policy control, e.g. to determine, provision and enforce energy related policies.
-	Answer: This solution re-uses existing AM policy and SM policy and reuses the create/update procedures of the policies, and PDU session release information as new SM policy parameter.
-	At what granularity (e.g., network slice, UE, NF, PDU Session, QoS flow, application ID, etc.) the energy related policy control can be performed.
-	Answer: Energy policy control is performed at UE granularity or PDU session granularity in this solution.
-	What network energy related information is required for subscription and policy control and how it is obtained.
-	Answer: Energy consumption threshold and energy consumption assistance information is required. The energy consumption threshold is provided by AF or UDM, and the energy consumption assistance information is collected from 5GC NFs and/or OAM.

[bookmark: _Hlk156833420][bookmark: _Toc157674347]6.7.2	Functional Description
The architecture of this solution is described as Figure 6.7.2-1.
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Figure 6.7.2-1: Architecture assumption
A new NF, Energy Efficiency Control Function (EECF) is introduced. The EECF includes at least the following functionality:
-	Collecting of the energy consumption assistance information (e.g. data volume, bit rate, etc.) per UE or per PDU session from other 5GS NFs.
Editor's Note: how the detailed procedure of this information is collected and which information besides data volume and bit rate is collected, is FFS.
-	Obtaining energy consumption information (can include ratio of renewable energy and carbon emission information when available) from OAM.
-	Obtaining energy saving authorization information and energy consumption threshold via UE subscription.
Editor's note: what is this authorization really authorizing. This should be clarified.
-	Generating and sending energy control information to the PCF as assistance information for policy adjustment for energy saving.
This solution performs energy saving in UE or PDU session granularity, by adjusting the AM policy and SM policy. The following existing or new parameters of AM policy or SM policy are to be sent or updated for energy saving consideration:
For AM policy:
-	UE-AMBR: Setting lower UE-AMBR limits the bit rate per UE granularity, therefore reduces the energy consumption.
-	UE-Slice-MBR: Setting lower UE-Slice-MBR limits the bit rate per UE, therefore reduces the energy consumption.
Editor's note: the effectiveness of AM/SM policy for AMBR adjustment to the reduction of energy consumption is FFS.
For SM policy:
-	QoS information: Energy consumption can be reduced by enforcing QoS with lower Session-AMBR, higher PDB, higher PER, etc.
-	PDU session release: Releasing one or more PDU session(s) saves the energy consumption of the PDU session(s).
-	PDU Session deactivation: Deactivating user plane of one or more PDU session(s) saves the energy consumption of the PDU session(s).
NOTE:	It is assumed that the controlled resources (e.g., Non-GBR QoS Flows, slices, PDU Sessions) are used only for the best-effort traffic and the guaranteed traffic is not affected.
In this solution, the EECF generates the energy control information for policy adjustment, based on energy consumption threshold from the AF or UDM, subscription information of the UE and energy consumption assistance information (e.g. data volume, bit rate, etc.) from 5GC NFs and/or OAM. 
The EECF sends the energy control information to PCF. The PCF can adjust the parameters in AM and SM policies as described above. The PCF reuses existing AM policy association modification and SM policy association modification procedures to implement the energy saving related policies. It is also assumed that the EECF can also obtain the data volume of one single PDU session through UPF event exposure service, then calculate PDU Session energy consumption.
[bookmark: _Toc157674348]6.7.3	Procedures
Figure 6.7.3-1: Procedure for policy control for network energy saving4. Energy consumption assistance information collection
7. Steps 2-4 of Figure 4.16.2.1.1-1 of TS 23.502
[bookmark: _CRFigure4_16_5_21]8. Steps 3-5 of Figure 4.16.5.2-1 of TS 23.502
5.Npcf_AMPolicyAuthorization Create/Update
6.Npcf_PolicyAuthorization Create/Update
3. Nudm_SDM_Get
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9. N4 Session Modification
10. SMF triggers PDU Session release or PDU Session deactivation
1. Nnef_EnergySaving



1.	AF creates a request for energy saving, includingUE identifier(s), UE address(es), S-NSSAI, DNN, and energy consumption threshold, and sends the request to NEF.
Editor's note: how does the AF determine the threshold? Is it a customer or the operator? 
2.	The NEF invokes Neecf_EnergySaving to send the information provided by AF in Step 1 to EECF. 
3.	The EECF obtains energy saving authorization information of the target UE(s) via subscribed information from UDM. The EECF may also obtain energy consumption threshold from UDM.
4.	For the target UE(s), or PDU Session(s), the EECF collects energy consumption assistance information (e.g. data volume, bit rate, etc) from 5GC NFs. The details can be referred to solution of KI#1. For the data volume, the EECF can obtain the data amount of one single PDU session through UPF event exposure service.
5.	Based on the energy consumption assistance information, and the energy consumption threshold provided by AF and/or UDM (when the energy consumption threshold is exceeded), the EECF sends energy control information for policy adjustment to the PCF, indicating the PCF to adjust AM policy including the following parameters per target UE: UE-AMBR, UE-Slice-MBR. The EECF sends the information to PCF via Npcf_AMPolicyAuthorization Create/Update service.
6.	Based on the energy consumption assistance information and the energy consumption threshold provided by AF and/or UDM, the EECF sends energy control information for policy adjustment to the PCF, indicating the PCF to adjust SM policy including e.g. adjust QoS parameters, or trigger PDU Session release or deactivation. The EECF sends the information to PCF via Npcf_PolicyAuthorization Create/Update service.
Editor's note: how the energy control information as assistance information for policy adjustment satisfies the energy consumption threshold is FFS.
7.	The PCF reuses steps 2-4 of the AM Policy Association Modification procedure as specified in clause 4.16.2.1.1 of TS 23.502 [3] to update AM policy, including: e.g., UE-AMBR, UE-Slice-MBR based on the energy control information received from EECF in step 5.
8.	The PCF reuses steps 3-5 of the SM Policy Association Modification procedure as specified in clause 4.16.5.2.1 of TS 23.502 [3] to update SM policy, including QoS parameters, indication of PDU Session release, or PDU Session deactivation based on the energy control information received from EECF in step 6.
NOTE:	It is assumed that the controlled resources (e.g., Non-GBR QoS Flows, slices, PDU Sessions) are used only for the best-effort traffic and the guaranteed traffic is not affected.
9.	The SMF triggers N4 Session Modification procedure specified in clause 4.4.1.3 of TS 23.502 [3] to enforce the QoS parameters in the updated SM policy in step 8.
10.	If the updated SM policy in step 8 includes indication of PDU session release, the SMF triggers PDU Session release procedure specified in clause 4.3.4.2 of TS 23.502 [3]. If the updated SM policy in step 8 includes indication of PDU session deactivation, the SMF triggers PDU Session deactivation procedure specified in clause 4.3.7 of TS 23.502 [3].
Editor’s note: whether there is a need for a new 5GC NF (the name is called as EECF or EMF, will be harmonized) or whether proposed functionality can be provided by existing NFs will be evaluated during evaluation and conclusion phase
Editor's note: whether the EECF can be collocated with or part of PCF is FFS.
Editor's note: how per UE energy consumption can be derived from data on data-rate or volume is FFS (same rate or volume can consume different amount power/energy depending on radio conditions). More details on the PDU session granularity energy related information is FFS.
[bookmark: _Toc157674349]6.7.4	Impacts on existing services, entities and interfaces
EECF: New network functionalities are as description of clause 6.7.2.
NEF: New service operation Nnef_EnergySaving.
PCF: Updating AM policy and SM policy based on the energy control information for policy adjustment received from EECF.
UDM: Storing and providing energy saving authorization information and energy consumption threshold in subscription information.
UPF: Reporting the data volume of specific PDU session based on EECF request.

[bookmark: _Toc157674350]6.8	Solution #8: Energy efficiency subscriptions and control 
[bookmark: _Toc157674351]6.8.1	Key Issue mapping
[bookmark: _Hlk149311564]The solution applies to Key Issue #2 Subscription and policy control to support energy efficiency and energy saving as service criteria. 
[bookmark: _Toc157674352]6.8.2	Functional Description
Assumptions:
- This solution assumes that the network efficiency and the energy saving are controlled by a new network function EECF (Energy Efficiency Control Function) node. However, the solution equally applies if the EECF node is a functional part of an already existing NF.
- It is assumed that the EECF is subscribed with multiple NFs for energy efficiency and energy usage related information monitoring and collection, e.g. a load or a traffic level monitoring. The EECF may subscribe and obtain such information from the monitored NF itself (e.g. AMF or SMF) or via the OAM (e.g. RAN) or via the NWDAF depending on the type and availability of the required information.
- It is assumed that the monitored NF can function in two energy saving modes.
[bookmark: _Toc157674353]6.8.3	Procedures
[image: ]
Figure 6.8.3: Energy Efficiency subscriptions and control
1.	The EECF triggers a subscription request for network energy efficiency and usage related information monitoring by sending Nnf_NFLoadStatus_Subscribe Request to the NF to be monitored. The EECF may provide the following parameters:
- energy usage entity – defines the network entity for which the energy efficiency report is required. It can be NF, RAN, S-NSSAI, PDU Session, for example.
- load level – defines the type of the energy efficiency and usage information to be monitored and reported to the EECF, for example the load of the network entity in terms of number of registered UEs with the AMF or the traffic level in terms of number of established PDU Sessions with the SMF.
- reporting mode - defines whether the energy efficiency and usage related information to be reported on event basis (e.g. threshold based) or periodically.
- reporting threshold – if the reporting mode is per event basis, the EECF may provide a reporting threshold which may be expressed as a load or a traffic level for the monitored entity in percentage, for example.
- reporting period – if the reporting mode is periodic, the EECF may provide a reporting periodicity.
2.  The NF confirms the subscription request to the EECF with the Nnf_LoadStatus_Subscribe Response.
3.  The NF monitors and evaluates the energy efficiency and usage in terms of load or traffic level per granularity required by the EECF. Based on the reporting mode, the NF triggers a reporting notification to the EECF either based on an event fulfilment when the NF’s load or traffic level crosses the provided reporting threshold or at the expiry of a reporting period. 
Editor’s note: whether the NF is capable to evaluate its own Energy Consumption in order to derive the EE is FFS
4.	The NF sends the Neecf_EnergyUsageExposure_Notify to the EECF in which the NF includes the identity of monitored network entity in the energy usage entity parameter and the load or traffic level of the monitored network entity in the load level parameter.
5.   If the NF reported load or traffic level has fallen to or below a load threshold value for that NF (which load threshold value may be configured in the EECF by the operator or retrieved by the EECF from another NF like PCF or O&M or provided by the AF via the NEF, the EECF may request the monitored NF to move to energy saving mode. When the reported load or traffic level moves above the load threshold value, the EECF may request the NF to start saving energy.
6. The EECF sends Neecf_EnergyEfficiency_Control Request message to the NF.
7. The NF moves to energy saving mode with further actions specific to the monitored NF. 
NOTE 2: The details of how exactly the energy is saved in the energy saving mode is for Stage 3 to explore.
[bookmark: _Toc157674354]6.8.4	Impacts on existing services, entities and interfaces
EECF – a new Energy Efficiency Control Function or a new functionality within an existing NF.
NF – new services by multiple NF for energy efficiency related information monitoring and provision to the EECF.
NF – capability to measure its own EC and to monitors and evaluates the energy efficiency.
[bookmark: _Toc157674355]6.9	Solution #9: Credit limit control according to subscription
[bookmark: _Toc157674356]6.9.1	Key Issue mapping
The solution applies to Key Issue #2. 
[bookmark: _Toc157674357]6.9.2	Functional Description
In this solution, CHF controls the available energy credit limit of subscribers, which is enhanced by CHF's Nchf_SpendingLimitControl service. CHF is aware of how much credit is used by one single subscriber and whether a credit limit is exceeded. When the credit limit is exceeded, CHF is responsible to notify to the PCF to trigger policy update for the subscribers.
For the updated policy, if one subscriber’s energy usage is exceeded to the subscribed credit limit, the network may refuse or modify UE’s access to application services provided by specific network slices, the PCF will generate new URSP and provided to UE. When the new policy is to change the accessed network slice, e.g., choose a new network slice which has low energy consumption or degraded service experience, the policy update will also cause network slice reselection or AMF re-allocation. Another situation is not to change the accessed network slice, but to change the network performance of the whole application service, this may be achieved by modify the SM policy to update the QoS parameter related to the application service.
[bookmark: _Toc157674358]6.9.3	Procedures


1. According to the subscription of UE, PCF knows policy of the subscriber needs to be decided according to the energy efficiency for example energy usage of the UE, then PCF triggers the reporting/notification of the spending limit of CHF. 
There may be one or more policy counters for the UE's energy consumption credit limit:
- Daily/monthly EE consumption reaches XX J or XX Wh
- Daily/monthly EE expenses/phone bills reached XX dollars
- The current energy efficiency EE is larger than or less than a threshold
Editor’s note:	How the CHF track the spending related to energy credit limit is FFS 
Editor’s note: how to enhance policy counters with energy aspects and what are the energy aspects are FFS. 
Editor’s note: coordination with SA5 is required. 
1. PCF requests to subscribe CHF’s SpendingLimitControl service.
1. Response from CHF to PCF
1. When CHF detects that the EE policy counter state has changed, or CHF may detect that the EE policy counter state will change at some point in the future, which means the credit limit exceeds for the subscriber, CHF notify to the PCF.
1. Response from PCF to CHF
1. PCF decides to update the related policy. Here, the policy maybe UE policy, AM policy and SM policy.
[bookmark: _Toc157674359]6.9.4	Impacts on existing services, entities and interfaces
The following impacts have been identified:
CHF:
·     During spending limit control, when the total energy usage exceeds or approaches the policy counter, CHF report or notify to the PCF.
·     Support policy counter related to energy efficiency.
PCF
· Policy decision based on the spending limit control related to energy efficiency.

[bookmark: _Toc148441681][bookmark: _Toc151529374][bookmark: _Toc157674360]6.10	Solution #10: Enhancement for subscription and policy control to enable network energy savings with EECF
[bookmark: _Toc157674361]6.10.1	Key Issue mapping
This solution addresses key issue#2 described in clause 5.2. The solution aims to enhance the existing subscription and policy control framework to support energy-related information as service criteria. This includes defining new energy-related UE subscription information and policies, determining how to perform energy-related policy control at various granularities, and identifying what network energy-related information is required for subscription and policy control.
[bookmark: _Toc157674362]6.10.2	Functional Description
6.10.2.1	Overview of EECF functionality
The solution introduces Energy Efficiency Control Function (EECF) to address energy management challenges in 5G networks mapping to key issues two described in clause 5.2. 


Figure 6.10.2.1-1: 5G System reference architecture with EECF
The EECF comprises of the following functionality: 
-  Energy efficiency management: EECF evaluates and provides an assessment of the energy consumption of network entity based on current network conditions, user demands, and predefined energy efficiency policies.
-  Policy Enforcement: It enforces energy-related policies set by network operators, which can include maximum energy usage thresholds per subscriber or per PDU session or per network slice, preferred operational states for energy saving, maximum energy credits for specific subscribers and energy-efficient routing of data.
-  Monitoring and Analytics: It provides functionality to support monitoring and analytics on energy consumption patterns, energy efficient routing of data enabling network operators to make informed decisions about energy management strategies. The EECF uses the services provided by the NWDAF to obtain the required analytics on energy consumption patterns.
Editor’s Note: Which network analytics is required by EECF as an NWDAF consumer, and the related procedure is for FFS based on the work in KI#3.
6.10.2.2	Key definitions 
The following comprises a list of key definitions relevant to this solution: 
-  Energy profile data of a UE: maximum energy credit limit associated with this subscription, PEI.
-  Energy profile data of a Network Function: This includes average energy consumption of the network function as defined in TS 28.554 clause 6.7.3.1.1, energy states supported by the network function, energy saving levels supported by the network function. The energy saving levels (for example - set to low, medium, high) where each of these levels set correspond to a certain range of energy consumption by the network function over a given period. The mapping between each of the energy saving level to the range of the consumption can be determined by the operator of the network based on the energy efficiency goals to be achieved for the 5G network.
6.10.2.3	EECF communication with other network functions 


Figure 6.10.2.3-1: EECF communication with UDM, NRF, SMF
1. The EECF sends the Energy Profile request message to UDM to retrieve the energy profile for a given UE. The Energy Profile request includes maximum energy credit limit associated with this subscription, PEI.
1. The EECF sends the Energy Profile request message to NRF to retrieve the energy profile for a NF(s). The Energy Profile response includes average energy consumption of the network function as defined in TS 28.554 clause 6.7.3.1.1, energy states supported by the network function, energy saving levels supported by the network function.
1. During the PDU session establishment procedure, the SMF may send the Session Energy Evaluation request to the EECF. The request includes PDU session ID, Energy Data Profile data for the UE, policy information provided by the PCF for the PDU session which includes energy policy recommendation for the PDU session. The EECF evaluates the input parameters provided in step 7d and provides session modifications recommendations in PDU session parameters to optimize energy usage such as Adjusted Quality of Service parameters, UPF selection and configuration with energy-efficient data handling. The EECF may consider the historical data of the energy consumption for the network entities or average energy consumption of the NFs involved in the PDU session while determining the evaluation response provided to the SMF. The EECF may obtain the analytics corresponding to the historical energy consumption or prediction for the energy consumption over a certain period using the NWDAF services.

6.10.2.4	EECF services and enhancement in other NF services
6.2.10.2.4.1a	Nudm_EnergyProfile service
Service Operation name: Nudm_EnergyProfile service operation
Description: Consumer NF (EECF) requests the energy profile for a given UE from the UDM.
Inputs, Required: PEI, Subscription data type (Energy Profile)
Inputs, Optional: 
Outputs, Required: The consumer NF gets the requested Energy Profile subscription data. The energy profile is described in clause 6.x.2.2.
Outputs, Optional: None.
6.2.10.2.4.1b	Nnrf_EnergyProfile service 
Service Operation name: Nnrf_EnergyProfile service operation
Description: Consumer NF (EECF) requests the energy profile for a given NF from the NRF. The energy profile is described in clause 6.x.2.2.
Inputs, Required: NF type, NF instance ID 
Inputs, Optional: preferred energy saving state, preferred energy level.
Outputs, Required: The consumer NF(EECF) gets the requested Energy Profile data for the requested NF.
Outputs, Optional: None.
Editor’s Note: The EECF service operations supported is for FFS.
[bookmark: _Toc157674363]6.10.3	Procedures
6.10.3.1	Enhancements to PDU session establishment procedure with policy control for energy saving


Figure 6.10.3.1-1: PDU session establishment procedure with policy control for energy saving 
The PDU session establishment procedure as defined in TS 23.502 clause 4.3.2.2 is used as baseline to describe the enhancements required to the procedure for policy control on energy saving.  
In step 4, when SMF retrieves the Session Management Subscription data using Nudm_SDM_Get. Subscription data from UDM includes the Allowed PDU Session Type(s), Allowed SSC mode(s), default 5QI and ARP, subscribed Session-AMBR, SMF-Associated external parameters. If the subscription data includes Energy saving indication required for the PDU session, the SMF requests the Energy Data Profile subscription data from the UDM using the Nudm_SDM_Get service. The Energy Data Profile subscription data from the UDM includes PEI, maximum energy credit limit associated with the subscription, Internal Group identifier if the UE belongs to a group where the Energy Data Profile is the same for all the UEs in the group.
In step 7b, the SMF may perform an SM Policy Association Establishment procedure as defined in clause 4.16.4 to establish an SM Policy Association with the PCF and get the default PCC Rules for the PDU Session. The SMF shall include Energy saving indication required for the PDU session, Energy Data Profile data for the UE if received in step 4. The PCF may provide policy information defined in clause 5.2.5.4 (and in TS 23.503 [4]) to SMF. The policy information may include energy policy recommendation for the PDU session such as the maximum allowed energy credit for this PDU session for a given UE, data on maximum energy consumption allowed for all the network entities involved in the establishment of the PDU session, energy saving levels allowed for the NF selected for the PDU session, Adaptive Mobility management (Preferential handovers to cells with lower energy consumption), Limiting maximum data rates during peak hours to save energy).
Step 7c: When the SMF receives energy policy recommendation for the PDU session, the SMF selects an EECF. 
Step 7d: The SMF sends a session energy evaluation request to the EECF. The request includes PDU session ID, Energy Data Profile data for the UE, policy information provided by the PCF in step 7b for the PDU session which includes energy policy recommendation for the PDU session.
Step 7e: The EECF evaluates the input parameters provided in step 7d and provides session modifications recommendations in PDU session parameters to optimize energy usage such as Adjusted Quality of Service parameters, UPF selection and configuration with energy-efficient data handling. The UPF configuration with energy-efficient data handling may include bandwidth management, data routing adjustments directing data packets through the specified energy-efficient routing paths, QoS enforcements ensuring that the QoS aligns with the energy-efficient policies possibly by de-prioritizing non-critical data during high network load conditions. The EECF may consider the historical data of the energy consumption for the network entities or average energy consumption of the NFs, NG-RAN nodes involved in the PDU session while determining the evaluation response provided to the SMF. The EECF may obtain the analytics corresponding to the historical energy consumption or prediction for the energy consumption over a certain period using the NWDAF services. 
In step 10a, the SMF sends an N4 Session Establishment/Modification Request to the UPF and provides Packet detection, enforcement, and reporting rules to be installed on the UPF for this PDU Session. This may include modifications recommendations in PDU session parameters to optimize energy usage provided in step 7e.
Editor’s Note: The impact of policy control with energy saving service criteria on other procedures is FFS.
[bookmark: _Toc157674364]6.10.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.

[bookmark: _Toc157674365]6.11	Solution #11: Policy changes due to EE criteria
In this solution, it addresses the requirements in TS 22.261 [8] below:
-	Subject to operator policy and agreement with 3rd party, the 5G system shall provide a mechanism to support the selection of an application server based on energy related information associated with a set of application servers.
-	Subject to operator’s policy and agreement with 3rd party, the 5G system shall support a mechanism for the 3rd party to provide current or predicted energy consumption information over a specific period of time.
-	Subject to user consent and operator policy, 5G system shall be able to provide means to modify a communication service based on energy related information criteria based on subscription policies. 
-	Subject to operator’s policy and agreement with 3rd party, the 5G system shall be able to expose information on energy consumption for serving this 3rd party.
[bookmark: _Toc157674366]6.11.1	Key issue mapping
This solution resolves
-	KI#2: Subscription and policy control to support energy efficiency and energy saving as service criteria
-	KI#3: 5GS enhancements for network energy saving and efficiency
[bookmark: _Toc157674367]6.11.2	Functional Description
6.11.2.1	General 
Observing real power grid deployment, we can see that different areas have different level of energy usage pattern depending on the time period(s) and/or location(s), e.g., for the carbon intensity and ratio of renewable energy as shown in Figure 6.11.2.1-1.
[image: ]
Figure 6.11.2.1-1: An example of the carbon intensity distribution across Florida state in USA

In Figure 6.11.2.1-1, it shows different color which means different value of carbon intensity, e.g., green means lower carbon intensity while gray means higher carbon intensity for the area.
Furthermore, more information such as ratio of low carbon energy and renewable energy used per area can be acquired as shown in Figure 6.11.2.1-2, 
[image: ]
Figure 6.11.2.1-2: An example of more information for a specific area in Florida state

If an operator covers the entire areas such as per city or per state to provide communication services, e.g., Operator A covers the entire areas Florida state for providing communication services to their customers, the operator can have the whole topology of carbon intensity distribution since Operator A has the SLA agreement with the electricity companies to get the energy related information (e.g., energy consumption related information, energy efficiency related information, renewable energy and carbon emission related information).
Furthermore, Operator A may also deploy the network slices all over the areas all over Florida state. Therefore, from the mapping of the deployed network slices and the distribution of the energy related information provided by the electricity companies, Operator A can influence the UE to route the traffic to an application server via the network slice(s) which are located in the area having lower carbon intensity value or having higher ratio of renewable energy used, e.g., by configuring the URSP rules taking into account the energy related information.
It is worth noting that, the energy pattern(s) of the carbon intensity and ratio of renewable energy are dynamic in terms of "time" and "location" per area. For example, some districts ("location") may have solar power supply during daytime ("time") to provide the electricity. If the operator can get such energy related information, the operator can adjust or guide the UE to use the "greener" network slices which are located in those areas during daytime.
6.11.2.2	URSP rules generation 
A Route Selection Descriptor (RSD) in a URSP rule, as specified in Table 6.6.2.1-3 in TS 23.503 [4], may have optional time window and location criteria. If these two fields are presented in the RSD of a matched URSP rule, they need to be met before the UE associates the application to a PDU Session. If utilizing these two fields by an operator, the operator (e.g., PCF) based on the energy related information, can generate URSP rules where the time window and location criteria are configured in a way to influence the UE to request the greener network slices.
Example 1: the PCF generates the URSP rule based on the energy related information from the electricity companies. The energy related information is the time period of using solar supply during daytime as criteria for time window. When the time is within the time window, the UE can associate with a PDU Session supporting S-NSSAI-a for the application.
	Example URSP rules
	Comments

	Rule Precedence =1 

Traffic Descriptor: Application descriptor=App1
	Route Selection Descriptor Precedence=1 
Network Slice Selection: S-NSSAI-a
SSC Mode selection: SSC Mode 3
Access Type preference: 3GPP access
Time window: from 6:00 am to 4:00 pm
	This URSP rule associates the traffic of application "App1" with S-NSSAI-a, SSC Mode 3, 3GPP access
It enforces the following routing policy:

The traffic of App1 should be transmitted on a PDU Session supporting S-NSSAI-a when the time window is met

The traffic of App1 should be transmitted on a PDU Session supporting S-NSSAI-b when the time window is no longer met

	
	Route Selection Descriptor Precedence=2 
Network Slice Selection: S-NSSAI-b
SSC Mode selection: SSC Mode 3
Access Type preference: 3GPP access
	



Example 2: the PCF generates the URSP rule based on the energy related information from the electricity companies. The energy related information is the location where the solar power is supplied as criteria for location criteria. When the UE is within the location criteria, the UE can associate with a PDU Session supporting S-NSSAI-a for the application.
	Example URSP rules
	Comments

	Rule Precedence =1 

Traffic Descriptor: Application descriptor=App1
	Route Selection Descriptor Precedence=1 
Network Slice Selection: S-NSSAI-a
SSC Mode selection: SSC Mode 3
Access Type preference: 3GPP access
Location criteria: [TA1, TA2, TA3]
	This URSP rule associates the traffic of application "App1" with S-NSSAI-a, SSC Mode 3, 3GPP access
It enforces the following routing policy:

The traffic of App1 should be transmitted on a PDU Session supporting S-NSSAI-a when the location criteria is met

The traffic of App1 should be transmitted on a PDU Session supporting S-NSSAI-b when the location criteria is no longer met

	
	Route Selection Descriptor Precedence=2 
Network Slice Selection: S-NSSAI-b
SSC Mode selection: SSC Mode 3
Access Type preference: 3GPP access
	



6.11.2.3	Slice with the validity information generation
6.11.2.3.1	Slice with the validity time information
A network slice may be available for UEs for a limited time that is known as the network in advance (e.g., by OAM/NWDAF). On the other hand, the carbon intensity and ratio of renewable energy change dynamically depending on time and/or location, e.g., the solar power can be obtained during daytime, the wind power can be obtained in some areas. Therefore, according to the energy related information, the AMF can generate the NSSAI information for the UE to allow the UE to potentially use the renewable energy in specific time and/or location.
Based on the energy related information e.g., the time for renewable energy is only available during daytime, the network can generate the Configured NSSAI along with validity time for the renewable energy available time, the AMF may indicate to a UE the validity time for one or more S-NSSAIs in the registration message or via UE Configuration Update procedure.
A supporting UE can request such S-NSSAI with validity time as:
-	if the validity time indicates the S-NSSAI is available for using renewable energy, the UE may request the S-NSSAI in a Requested NSSAI in a Registration request, and if the S-NSSAI is included in the allowed NSSAI or in a Partially Allowed NSSAI, the UE may establish PDU Sessions associate with the S-NSSAI.
For a non-supporting UE, if the validity time applies to an S-NSSAI, an AMF can include the S-NSSAI in the Allowed NSSAI for the non-supporting UE to establish the PDU Session
6.11.2.3.2	Slice partially support in registration area
Similar logic can be applied for the AMF when generating the S-NSSAIs in partially Allowed NSSAI based on the energy related information. A network slice may be available for the UE in one or more TAs in a PLMN when the network slice is deployed for using renewable energy.
A supporting UE can request such S-NSSAI in partially allowed NSSAI as:
-	if the current location of UE is within the location of the deployed S-NSSAI for using renewable energy, the UE may establish PDU Sessions associate with the S-NSSAI.
For non-supporting UE, if the location restriction applies to an S-NSSAI, an AMF can include the S-NSSAI in the Allowed NSSAI for non-supporting UE to establish the PDU Session. 
6.11.2.4	Collection of the energy related information from the electricity company
Based on the energy related information from the electricity companies, the network operator can apply such energy related information when generating the URSP rules by using time window and location criteria to guide the UE to transmit to a PDU Session supporting a greener network slice when the time and location criteria are met.
The PCF/AMF can get the energy related information from:
-	OAM/NWDAF; or
-	new core network for Energy Management Function (EMF)
[bookmark: _Toc157674368]6.11.3	Procedures
The 5GC procedures such as MM and SM procedures are not impacted. The procedures on how the PCF/AMF obtains the energy related information to generate the URSP rules and slices with the validity information are described below:
6.11.3.1 	From OAM/NWDAF


Figure 6.11.3.1-1: the procedure for PCF/AMF to obtain the energy related information from OAM/NWDAF

1. The PCF/AMF (as a consumer NF), if enabled to support the energy related information, sends an Analytics request/ subscribe to NWDAF. The request or subscription includes either a new Analytics ID for "Energy related Information" or an existing Analytics ID (e.g., "service experience") combined with Analytics Filters including e.g., Application ID, S-NSSAI, DNN, Area of Interest.

Editor’s note: 	The full set of Analytics Filters from NWDAF is FFS.
1. The NWDAF can request/ subscribe to OAM using the existing procedures defined in clause 6.2.3 of TS 23.288 [14] to collect the energy related information (in a similar way that Cell Energy Saving State is collected). Alternatively, NWDAF can collect analysis on Energy Saving State or other energy related information via MDAF.  
1. The OAM/ MDAF can obtain the energy related information from the 3rd parties (e.g., an electricity company) and respond to NWDAF request.

Editor’s note: 	The full list of input data from OAM/ MDAF to NWDAF is FFS.
1. The NWDAF can respond/ notify to the PCF/AMF with analytics about the energy related information.



6.11.3.2 	From EMF 


Figure 6.11.3.2-1: the procedure for PCF/AMF to obtain the energy related information from EMF

1. The PCF/AMF (as a consumer NF), if enabled to support energy related information, sends request/ subscribes to the EMF. 
Editor’s note: The full set of input parameters from PCF to EMF is FFS.
1. The EMF can request the energy related information from OAM/ MDAF using OAM services.
1. The OAM/ MDAF can obtain the energy related information from the 3rd parties (e.g., an electricity company) and configure EMF with the obtained energy related information.
Editor’s note: The full set of input parameters from OAM to EMF is FFS.
1. The EMF responds/ notifies to the PCF/AMF with the energy related information.

[bookmark: _Toc157674369]6.11.4	Impacts on existing services, entities and interfaces
The existing NWDAF services and possibly Analytics ID(s) and / or Analytics Filters are updated to support the energy related information.  
The existing data collection and exposure procedures from OAM/ MDAF/EMF are enhanced to support the energy related information, e.g.:
· Carbon intensity in time and location per slice 
· Ratio of renewable energy in time and location per slice
If a new Energy Management Function (EMF) supported, a new reference point of Nemf and associated services are required to enable the consumer NF (e.g., PCF, AMF) to obtain the energy related information
[bookmark: _Toc157674370]6.12	Solution #12: Support for NWDAF-Based Energy Analytics 
[bookmark: _Toc157674371]6.12.1	Key Issue mapping
This solution maps to KI#3.
[bookmark: _Toc157674372]6.12.2	Functional Description 
This solution aims to address the KI#3 to extend the NWDAF-based analytics with energy related aspects to support network energy saving and enhance network energy efficiency. 
Currently, NWDAF by collecting and analysing data from multiple sources including 5GC NFs, OAM can provide various analytics including UE behaviour, network performance, service experience defined in TS 23.288 [14]. The existing analytics do not provide information about the energy-related aspects of the network which is quite important for the energy-aware operation of network, e.g., network function selection or exposing the analytics for the authorized third parties. Hence, this solution proposes providing new analytics by NWDAF for this purpose. In order to assist with network energy saving and efficiency decision making, determining and enforcing the energy related strategies and policy control, optimising NF planning on its energy saving behaviour (e.g. energy saving states planning, reducing capabilities), multiple energy related objectives need to be considered by the 5GC and the AF, i.e. the historical, current and future energy consumption and energy efficiency at different granularities (e.g. at RAN level, Core Network level, network slice level, NF level, UE level, PDU session level, and/or QoS flow level). The 5GC and AF may interact and negotiate to determine or update energy saving and energy efficiency decision and energy related strategies and policy control before the service starts and during the service operation. For example, the 5GC and 3rd party may negotiate the maximum energy consumption allowance for providing a service to one or more subscribers by considering the prediction of the feasible energy consumptions and the associated service operation strategy provided by the NWDAF. PCF can change the PCC rule to decrease the QoS level if a specific QoS flow cost too much energy. AF can change the service level QoS requirement when the received energy saving and energy efficiency analytics indicate a specific service will cost too much energy.
The NWDAF may also expose the analytics of other service quality information associated to the derived energy related information (e.g. the traffic volume that can be transmitted, the delay and data rate that can be achieved by 5GS using the derived EC or EE) to assist the consumers to make energy saving and efficiency decision making. As a result, the 5CG and AF are able to reach agreements on the implementable energy related policy control that satisfies the requirements of both the AF and 5GC. 
In order to assist the network energy saving and enhance network energy efficiency, in different use cases, the NWDAF might be required to provide the energy related output analytics at different granularities by the consumer. For example, to make energy saving decision by considering NF (re-)selection or to change the energy states of NFs as required by SA1, the consumer may require the NWDAF to provide the energy related analytics outputs at NF level. To assist with the session management or to determine the implementable energy consumption and efficiency of a service, the consumer may require the NWDAF to provide the energy related analytics outputs at UE level, PDU session level or QoS flow level. Therefore, according to the consumer request, different inputs might be collected by the NWDAF from different data sources, e.g. performance related data collected from OAM, energy monitoring and management related data collected from energy management network function (EMF) if any, QoS monitoring data collected from SMF or UPF, NF load and status data collected from NRF etc. The NWDAF may also collect MDAS-based analytics as the inputs to derive the NWDAF-based analytics. In short, in order to provide the statistics and/or prediction on energy consumption and/or energy efficiency towards the respective consumer for the desired granularity, the NWDAF would then need to collect input data to gain knowledge related to:
· the involved UE(s) and their location including potential mobility. 
· UE communication patterns or the data volume UL/DL and bit rate per desired granularity.
· 5G core and RAN nodes involved and their utilization for enabling the desired granularity.
· energy consumption and energy efficient information related to the involved 5G core and RAN nodes.

In order to compute the prediction and statistics of the energy consumption and energy efficiency at finer granularities (e.g. at UE level, PDU session level, and/or QoS flow level), the NWDAF can consider the percentage of the total resources of the 5GC, NF, slice or RAN node used by the UE, PDU session or the QoS flow. For example, 
· The energy consumption of a PDU session can be determined by summing up the percentage of the EC consumed by all network functions that serve this PDU session. 
· The energy consumption of a QoS flow can be calculated by estimating the percentage of the PDU session or slice resource utilisation by the QoS flow, i.e. the percentage can be estimated by considering the data volume of the specific QoS flow and the overall data volume of the slice the QoS flow belong to. 
· The energy consumption of a UE can be calculated by summing up the energy consumption of all the PDU sessions or QoS flows that belong to the UE.

Based on the energy efficiency (EE) defined in clause 3.1, Energy Efficiency (EE): The relation between a useful output and energy consumption and the definition in clause 6.7 of TS 28.554: the EE of the mobile network could be defined as Data Volume (DV) divided by Energy Consumption (EC) of the considered network elements. The data volume transmitted could be considered as a useful output. Therefore, one way for the NWDAF to determine the EE at different granularity (i.e. slice, UE, PDU session, QoS level) is to use the data volume at the required granularity divided by the Energy Consumption (EC) at the same granularity. 
[bookmark: _Hlk157018267]The energy related analytics or its subset(s) as described in the following clauses might be combined with the existing analytics (i.e. adding energy related input data and output analytics to existing analytics) or used together with the existing analytics, e.g. Observed Service Experience related network data analytics, Network Performance Analytics, Redundant Transmission Experience related analytics and DN Performance analytics as defined in TS 23.288 [14], so that the connection between energy consumption/energy efficiency and service experience/network performance as well as the impacts on both by adjusting relevant parameters (e.g. QoS parameters) can be analyzed jointly by the analytics consumer.
6.12.2.1 General Description 
This clause describes how NWDAF can provide energy related analytics, in the form of statistics or predictions or both, to another NF.
The service consumer may be an AF, 5GC NF (e.g. NEF, PCF, AMF, SMF), or the OAM.
The consumer of these analytics shall indicate in the request:
-	Analytics ID = "Energy information";
Editor’s note: the Analytics ID is FFS.
-	Target of Analytics Reporting:, network slice level, NF Instance/NF set level, PDU session level, QoS flow level, and/or UE level. E.g. a single UE (SUPI/GPSI) or a group of UEs or any UE, a QoS flow or a set of QoS flows or a PDU session(s). 
Editor’s note: Target of Analytics Reporting is FFS. 
-	Analytics Filter Information:
-	S-NSSAI;
-	NSI ID;
-	DNN;
-	DNAI;
-	Application ID;
-	QoS parameters (e.g., 5QI, QoS Characteristics);
-	NF Set ID;
-	NF Instance ID;
-	NF services ID(s);
-	Area of Interest (AoI);
-	an optional list of analytics subsets that are requested;
-	optionally, preferred granularity of energy related information: PDU Session level, QoS flow level or application level;
-	Optional preferred level of accuracy of the analytics;
-	Optional preferred level of accuracy per analytics subset;
-	Optional Reporting Thresholds;
-	An Analytics target period indicates the time period over which the statistics or predictions are requested;
-	In a subscription, the Notification Correlation Id and the Notification Target Address are included.
-	Optionally, Spatial granularity size and Temporal granularity size.
-	Indication whether to return the estimated energy consumption required to provide these analytics.
note: It is FFS whether and how to estimate/predict the required energy consumption for providing energy related analytics.
NOTE:	This indication can instruct the NWDAF to a) only return the predicted energy consumption for providing analytics for this analytics request/subscription (without actually executing the analytics), b) return in the analytics (subscription) response an estimated energy consumption for providing analytics for this analytics subscription, c) return an estimation of the energy consumption for the analytics generation also in the analytics notify, or a combination of b) and c).
Editor’s note: whether to extend this indication to analytics request/subscription in general (i.e. also for all existing analytics) and whether other input parameters are needed is FFS.
6.12.2.2 Input Data of Energy Related Analytics 
The NWDAF may collect the service data from OAM, AF and/or the 5GC network function in charge of energy monitoring and management of the energy consumption and energy efficiency (i.e. EMF, if any) as listed in Table 6.12.2.2-1 to Table 6.12.2.2-4.
[bookmark: _Hlk156836411]Editor’s note:  whether there is a need for a new 5GC NF such as EMF or whether proposed functionality can be provided by existing NFs (e.g. NWDAF) will be evaluated during evaluation and conclusion phase, and need to consider the progress of KI#1.
[bookmark: _Hlk157091924]Editor’s note: how EMF collects data from other entities is FFS.

[bookmark: _Ref155900577]Table 6.12.2.2-1: Data collected by NWDAF for energy related analytics from OAM 
	Information
	Source
	Description

	Time window
	OAM
	The time window or the time duration for the collected parameters. The window is between the window start time and stop time.  

	Energy Consumption at 5GC, NF, Network Slice, gNB or NG-RAN level. 
	OAM
	Energy consumption (EC) at various granularities, according to output analytics to be derived based on consumer request. 
The EC can be collected from OAM or EMF (if available). 
For the Energy Consumption parameters collected from OAM:
· 5GC Energy Consumption is obtained by summing up the Energy Consumption of all the Network Functions (ECNF) that compose the 5G core network as defined in clause 6.7.3.2 of TS 28.554. 
· NF energy EC is the sum of the energy consumption of PNF(s) and/or VNF(s) which compose the NF, as defined in clause 6.7.3.1 of TS 28.554.
· Network Slice Energy Consumption is obtained by summing up the Energy Consumption of all the Network Functions (ECNF) that compose the network slice as defined in clause 6.7.3.3 of TS 28.554.
· The Energy Consumption (EC) of the gNB is obtained by summing up the Energy Consumption of all the Network Functions (NF) that constitute the gNB, as defined in clause 6.7.3.4.2 of TS 23.554.
· Energy Consumption of the NG-RAN is obtained by summing up the Energy Consumption of all the gNB that constitute the NG-RAN, as defined in clause 6.7.3.4 of TS 28.554.


	Identifiers (i.e. NF ID/ NF Set ID, S-NSSAI, gNB ID, etc.)
	OAM
	Identifiers of 5GC/NF instance or NF set/ slice/RAN node correspond to the collected EC or EE. 


	[bookmark: _Hlk157091494]Energy efficiency of NG-RAN or network slice
	OAM
	The energy efficiency of NG-RAN or network slice as defined in clause 6.7.1 and 6.7.2 of TS 28.554.


	[bookmark: _Hlk156837039]NF energy usage per slice
	OAM
	Total energy consumed for different slice (eMBB, Massive IoT) based on TS 28.554 clause 6.7.3.3 Network Slice energy consumption (EC).

	Datacenter energy efficiency ratio
	OAM
	OAM or Datacenter energy efficiency, e.g., it can be Site Energy Efficiency (SEE) in ETSI ES 203 228 V1.4.1 (2022-04) or the PUE of the datacenter hosting the NF(s) (see ETSI TS 105 174-2-2).



The NWDAF may also collect data from MDAF. For example, the EnergyEfficiencyProblemType provided by MDAF can help NWDAF with identifying and verifying the derived prediction or statistics of the energy efficiency, i.e. at NF level. 
[bookmark: _Ref155900897]Table 6.12.2.2-2: Input data collected from OAM (MDAF)
	Information
	Source
	Description

	Timestamp
	MDAF
	A time stamp associated with the collected information.

	EnergyEfficiencyProblemType
	MDAF
	Indication of type of the energy efficiency issues.
The allowed value is one of the enumerated values: HighEnergyConsumption, LowEenergyEfficiency, Other, Unknown, as defined in clause 8.4.4 of TS 28.104 [16].

	EnergyEfficiencyProblematicObject
	MDAF
	Indication of NR cells or NFs where the energy efficiency issues occurred or potentially occur, as defined in clause 8.4.4 of TS 28.104 [16].



In order to determine the EC and EE, in particular the EC and EE at relatively finer granularities (i.e. UE level, PDU session, and QoS flow level), the NWDAF also needs to collect data from other NFs. For example, based on the principle of computing the EC of UE, PDU session or QoS level, the NWDAF needs to determine or estimate the percentage of resources used by the UE, PDU session or QoS level among the overall usage. For example, by acknowledging the number of UEs for a SMF or a slice and the EC of the SMF or slice, the NWDAF is able to determine the average UE level EC. By acknowledging the traffic volume of the UE and that of the associated SMF, and the EC of the SMF, the NWDAF is able to determine the EC of this specific UE. Using similar methods, the NWDAF is able to derive the prediction and statistics of the EC and EE at finer granularity by collecting the informative data.  
[bookmark: _Hlk156837119]Table 6.12.2.1-3: Data collected by NWDAF for energy related analytics from NFs
	Information
	Source
	Description

	Time window
	UPF, SMF, or AF
	The time window or the time duration for the collected parameters. The window is between the window start time and stop time.  

	UL/DL/overall data volume 
	UPF, SMF, or AF
	UL/DL/overall (UL and DL) data volume of a slice, a UE, a PDU session, Qos flow, UPF, RAN node, 5GC, according to the consumer request. 
Could be Volume Measurement and/or Throughput Measurement.

	NF Load information
	NRF
	Load per NF

	NF status
	NRF
	The status of a specific NF instance(s) (registered, suspended, undiscoverable) as defined per TS 29.510 [15].

	NF resource usage
	OAM
	The usage of assigned virtual resources currently in use for specific NF instance(s) (mean usage of virtual CPU, memory, disk) as defined in clause 5.7 of TS 28.552 [10].

	NF resource configuration
	OAM
	The life cycle changes of specific NF resources (e.g. NF operational or interrupted during virtual/physical resources reconfiguration) 

	NF energy state
	NRF or NF
	Current NF energy state or NF energy state schedule/planning.

	[bookmark: _Hlk156837091]NF energy consumption estimate
	OAM
	NF energy consumption estimation (including IT and non-IT resources). This can be a combination of the estimated energy consumption of the NF instance(s) (considering only IT equipment) with the energy efficiency ratio (e.g., PUE) of the datacenter hosting the NF instance(s). The NF energy consumption (considering only IT equipment) can be estimated based on one of the proposed methods in clause 4.1 of TR 28.913 or clauses 6.7.3.1.4, 6.7.3.1.5, 6.7.3.1.6 and 6.7.3.1.7 of TS 28.554. (NOTE1)

	number of QoS flows 
	OAM, SMF, UPF
	The Max/mean number of Qos flows. 
The measurement can be split into per S-NSSAI at the SMF as defined in clause 5.3.2.1 of TS 28.552. 
Or the number of the QoS flow per PDU session at the SMF collected from SMF. 

	number of PDU sessions 
	OAM, SMF, UPF
	The Max/mean number of PDU sessions established by SMF. 
The measurement can be split into per S-NSSAI as defined in clause 5.3.1 of TS 28.552. 
Or the number (active) PDU sessions collected from SMF.

	Number of UEs
	OAM, AMF
	The Max/mean number of UEs register to AMF collected from AMF or the number of subscribers per slice as defined in clause 5.2.1 of TS 28.552 collected from OAM. 



In order to derive the output analytics of the renewable energy related information, the NWDAF needs collected the ratio of renewable energy in the total energy supply and the Coefficient of carbon from OAM. 
[bookmark: _Ref155900943][bookmark: _Hlk156837757]Table 6.12.2.1-4: Input service data related to renewable energy 
	Information
	Source
	Description

	[bookmark: _Hlk156837773]ratio of renew energy in the total energy supply 
	OAM
	The ratio of renew energy in the total energy supply

	Coefficient of carbon or carbon emission
	OAM
	Coefficient of carbon is Used to derive the carbon emission, i.e. the statistically observed grams per mill watthour for any use of energy in the country or region where the service is provided.

	[bookmark: _Hlk156836847]Datacenter Carbon Emission Effectiveness KPI (KPICEE)
	OAM
	Ratio of CO2eq to the energy consumption by the datacenter hosting the NF, e.g., it can be calculated based on ETSI GS OEU 020 V1.1.1, clause 4.1.2.



Editor's note:	Coordination with SA WG5 is needed regarding network energy related data collection from OAM.
Editor’s Note:	Data collected by NWDAF for energy related analytics needs further justification. 

6.12.2.3 Energy Related Output Analytics
According to the consumer request, the NWDAF determines the prediction and statistics of energy consumption and energy efficiency along with other corresponding information at different granularities using the input data. 
[bookmark: _Hlk157018411][bookmark: _Hlk156837553]Table 6.12.2.3-1: statistics of the output analytics 
	Information 
	Description

	List of energy-related information(1…max) 

	Observed statistics during the Analytics target period in the consumer request.
The energy-related information includes statistics of maximum, minimum, variance or average value of energy consumption and energy efficiency at the consumer required granularity over the time slot(s). 
The energy consumption includes the EC of renewable energy. 

	> Time slot entry (1..max)
	List of time slots within the Analytics target period.
The time slots of within which the statistics of energy-related information is provided. 

	>>Time slot start
	Time slot start within the Analytics target period.

	>>Duration
	Duration of the time slot. If a Temporal granularity size was provided in the request or subscription, the Duration is greater than or equal to the Temporal granularity size.

	>>Application ID
	Identifiers of the one or more applications in use during the time slot within which the EE, EC and the Carbon emission is derived. 

	>> Identifiers (i.e. S-NSSAI/ NSI ID, NF ID/ NF Set ID, gNB ID, , PDU session ID, QFI, UE ID(s) etc.)
	Identifiers of slice or slice instance/NF instance or NF set/ RAN node/5GC/PDU session/QoS flow/UE that correspond to the EE, EC and the Carbon emission derived by the NWDAF, based on consumer request. 

	>> NF type
	Type of the NF instance.

	>> energy consumption at required granularities (NOTE 1)


	The maximum/ minimum / average / variance value of EC at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, or of a requested AOI.
[bookmark: _Hlk156837331]This information can be a value (e.g. in Wh) or a class (e.g. low, medium, high). (NOTE 2)

	>> energy consumption of renewable energy at required granularities (NOTE 1)
	The maximum/ minimum / average / variance value of renewable energy consumption at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, or of a requested AOI.

	>> Carbon emission at required granularities (NOTE 1)
	The maximum/ minimum / average / variance of Carbon emission at the consumer required granularity over a period of time, of a requested AOI, or of a datacentre hosting the NF. 

	>> energy efficiency at required granularities (NOTE 1)

	The maximum/ minimum / average/ variance value of energy efficiency at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, of a requested AOI, or of a datacentre hosting the NF.

	>> maximum energy credit (limit) (NOTE 1)
	The upper bound of energy used by the 5G system to provide services provided to one or more subscribers, e.g. the EC of per service per UE level. 

	>> NF energy state history

	Indicates the statistics of energy state of relevant NF(s). The information might also include information on the time/schedule when the NF instance was observed to be in a specific energy state.

	>> traffic volume (NOTE 1)

	The traffic volume used to derive the statistics of the energy related information at the required granularity, i.e. the energy consumption or energy efficiency. 

	>> traffic/packet rate (NOTE 1)
	The traffic/packet rate associated to the statistics of the energy related information at the required granularity or the traffic/packet rate used to derive the EE and EC. 

	>> traffic latency/ packet delay (NOTE 1)
	The traffic latency/ packet delay associated to the statistics of the energy related information at the required granularity or the traffic/packet rate used to derive the EE and EC. 

	[bookmark: _Hlk156837375]>> Datacenter Carbon Emission Effectiveness KPI (KPICEE)
	Indicates the statistics of ratio of CO2eq to the energy consumption by the datacenter hosting the NF.

	>> Datacenter energy efficiency ratio (1..max)
	Indicates the statistics of Datacenter energy efficiency, e.g. it can be the PUE of the datacenter hosting the NF(s) (see ETSI TS 105 174-2-2).

	>> Analytics energy consumption (NOTE 1)
	Indicates the observed energy consumptions derived for this analytics request/subscription.

	[bookmark: _Hlk157069526]>> Spatial Validity
	Area where the analytics applies. If a Spatial granularity size was provided in the request or subscription, the number of elements of the list is smaller than or equal to the Spatial granularity size.

	NOTE 1:	Analytics subset that can be used in "list of analytics subsets that are requested", "Preferred level of accuracy per analytics subset" and "Reporting Thresholds".
NOTE 2: The operator can define the range of energy consumption corresponding to each class of energy.



Table 6.12.2.3-2: predictions of the output analytics 
	Information 
	Description

	List of energy-related information(1…max) 

	Predictions during the Analytics target period in the consumer request.
The energy-related information includes predictions of maximum, minimum, variance or average value of energy consumption and energy efficiency at the consumer required granularity over the time slot(s). 
The energy consumption includes the EC of renewable energy. 

	> Time slot entry (1..max)
	List of time slots within the Analytics target period.
The time slots of within which the predictions of energy-related information is provided. 

	>>Time slot start
	Time slot start within the Analytics target period.

	>>Duration
	Duration of the time slot. If a Temporal granularity size was provided in the request or subscription, the Duration is greater than or equal to the Temporal granularity size.

	>>Application ID
	Identifiers of the one or more applications in use during the time slot within which the EE, EC and the Carbon emission. 

	>> Identifiers (i.e. S-NSSAI/ NSI ID, NF ID/ NF Set ID, gNB ID, PLMN ID, PDU session ID, QFI, UE ID(s) etc.)
	Identifiers of slice or slice instance/NF instance or NF set/ RAN node/5GC/PDU session/QoS flow/UE that correspond to the EE, EC and the Carbon emission derived by the NWDAF, based on consumer request. 

	>> NF type
	Type of the NF instance.

	>> energy consumption at required granularities (NOTE 1)


	The maximum/ minimum / average / variance value of EC at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, or of a requested AOI.
This information can be a value (e.g. in Wh) or a class (e.g. low, medium, high). (NOTE 2)

	>> energy consumption of renewable energy at required granularities (NOTE 1)
	The maximum/ minimum / average / variance value of renewable energy consumption at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, or of a requested AOI.

	>> Carbon emission at required granularities (NOTE 1)
	The maximum/ minimum / average / variance of Carbon emission at the consumer required granularity over a period of time, of a requested AOI, or of a datacentre hosting the NF. 

	>> energy efficiency at required granularities (NOTE 1)

	The maximum/ minimum / average/ variance value of energy efficiency at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, of a requested AOI, or of a datacentre hosting the NF.

	>> maximum energy credit (limit) (NOTE 1)
	The upper bound of energy used by the 5G system to provide services provided to one or more subscribers, i.e. the EC of per service per UE level. 

	>> NF energy state planning
	Indicates the prediction of energy state of relevant NF(s). The information might also include information on the time/schedule when the NF instance is predicted to be in a specific energy state.

	>> traffic volume (NOTE 1)

	The traffic volume used to derive the predictions of the energy related information at the required granularity, e.g. the energy consumption or energy efficiency.

	>> traffic/packet rate (NOTE 1)

	The traffic/packet rate associated to the predictions of the energy related information at the required granularity or the traffic/packet rate used to derive the EE and EC. 

	>> traffic latency/ packet delay (NOTE 1)
	The traffic latency/ packet delay associated to the predictions of the energy related information at the required granularity or the traffic/packet rate used to derive the EE and EC. 

	>> Datacenter Carbon Emission Effectiveness KPI (KPICEE)
	Indicates the prediction of ratio of CO2eq to the energy consumption by the datacenter hosting the NF.

	>> Datacenter energy efficiency ratio (1..max)
	Indicates the prediction of Datacenter energy efficiency, e.g. it can be the PUE of the datacenter hosting the NF(s) (see ETSI TS 105 174-2-2).

	>> Analytics energy consumption (NOTE 1)
	Indicates the estimated energy consumptions derived for this analytics request/subscription.

	>> Spatial Validity
	Area where the analytics applies. If a Spatial granularity size was provided in the request or subscription, the number of elements of the list is smaller than or equal to the Spatial granularity size.

	Confidence
	Confidence of this prediction.

	NOTE 1:	Analytics subset that can be used in "list of analytics subsets that are requested", "Preferred level of accuracy per analytics subset" and "Reporting Thresholds".
NOTE 2: The operator can define the range of energy consumption corresponding to each class of energy.



Editor’s Note:	Whether the analytics of energy consumption, energy efficiency and Carbon emission at NF level and or slice level or those of a datacentre will be provided by NWDAF or OAM is FFS and may require coordination with SA5.
Based on energy consumption information,
· If the consumer is AF, the AF may decide the energy related limits for a service.
· If the consumer is PCF, the PCF may make policy decision and adjustments.
· If the consumer is OAM, the OAM may configure the NF to enter an energy-saving mode.
· If the consumer is AMF, the AMF may perform cell-based paging and provides a list of recommended cells.
· If the consumer is SMF, the SMF may select a suitable UPF for the UE based on the energy consumption information.
· If the consumer is CHF, the CHF may record the energy consumption information for charging.
· The energy consumption of generating analytics can be used by the consumer NF to determine whether to continue subscribing the analytics.
· [bookmark: _Hlk157018454]The consumer of NWDAF based Energy analytics can use the analytics to define time-varying reporting periodicity (e.g. for event exposure), if supported by the producer NF. 

Editor’s Note:	the details of whether and how the analytics of EE can be provided at NF service level is FFS. 
Editor’s Note: what the consumer will do upon reception of energy related analytics provided by NWDAF is FFS.
[bookmark: _Toc157674373]6.x.3	Procedures

 
Figure 6.12.3-1 Procedures for energy related analytics
1.	The Consumer NF, e.g. AF, PCF or NEF, requests or subscribes to analytics for energy related analytics from NWDAF (possibly via NEF in case the consumer NF is an untrusted AF) and provides the input information as specified in clause 6.12.2.2 by invoking either Nnwdaf_AnalyticsSubscription_Subscribe or Nnwdaf_AnalyticsInfo_Request. 
2a-b.	The NWDAF may subscribe to service data from EMF (5GC network function in charge of energy monitoring and management) in Table 6.12.2.2-1, if this EMF is available, by invoking Nemf_EventExposure_Subscribe service.
2c.		NWDAF subscribes to service data from SMF in Table 6.12.2.1-3 by invoking Nsmf_EventExposure_Subscribe (Event ID, SUPI(s) or Application ID).
	In order to provide the requested analytics, the NWDAF may subscribe to N4 Session related input data from SMFs as defined in Table 6.12.2.1-3.
2d.		The N4 session event is triggered. 
2e-2f.	N4 related input data is provided by UPF to NWDAF via SMF.
2f1.	Instead of step 2e-2f, the UPF directly provides the requested N4 related input data to NWDAF.
2g-h.	The NWDAF may subscribe to input data in Table 6.12.2.2-1 and Table 6.12.2.2-2 from the OAM according to the data collection principles from the OAM, including data collection from MDAS.
2i-j.	The NWDAF may subscribe the service data from AF in the Table 6.12.2.1-3 and Table 6.12.2.1-4 by invoking Nnef_EventExposure_Subscribe or Naf_EventExposure_Subscribe (Event ID = energy related information, Application ID, Event Filter information, Target of Event Reporting) service as defined in TS 23.502 [3].
2k-l.	The NWDAF may subscribe the service data from UPF in the Table 6.12.2.1-3 by invoking Nupf_EventExposure_Subscribe (Event ID = energy related information, Application ID, Event Filter information, Target of Event Reporting) service as defined in TS 23.502 [3].
2m-n.	The NWDAF subscribes the service data from AMF in Table 6.12.2.1-3 using Namf_EventExposure_Subscribe service.
2o-p.	The NWDAF subscribes to the load of NF instances Table 6.12.2.1-3 by using Nnrf_NFManagement_NFStatusSubscribe. 
3.	The NWDAF derives requested analytics, in the form of energy consumption and energy efficiency related statistics or predictions or both.
4.	The NWDAF provides the requested energy related analytics to the consumer, using either Nnwdaf_AnalyticsInfo_Request response or Nnwdaf_AnalyticsSubscription_Notify, depending on the service used in step 1.
5-7.	If the consumer NF subscribes to energy related analytics at step 1, when the NWDAF generates new analytics, it notifies the newly generated analytics to the consumer NF.
[bookmark: _Toc157674374]6.12.4	Impacts on existing services, entities and interfaces
NWDAF:
· Collect new energy related inputs from 5GC NFs (i.e. SMF, EMF), AF and OAM.
· Generate new energy related output analytics including predictions and statistics. 
· Expose energy related analytics outputs to consumers. 

5GC NFs (e.g. NRF, SMF, UPF):
· Expose required information for energy related analytics to NWDAF. 

[bookmark: _Toc157674375]6.13	Solution #13: Energy Aware User Plane Path Adjustment 
[bookmark: _Toc157674376]6.13.1	Key Issue mapping
The proposed solution maps to the following aspect of KI#3:
‐	Whether and how to enhance the existing operations and procedures to satisfy the energy saving and energy efficiency requirements.
[bookmark: _Toc157674377]6.13.2	Functional Description
SMF is responsible for managing UPFs in the 5G via N4 interface considering the PPC rules provided by the PCF. PCC rules composed of various fields that not only determined by the operator policy and charging but also can be influenced by AF such as “N6-LAN Traffic Steering Enforcement Control”. The “AF influence on traffic routing” mechanism which is explained in clause 5.6.7 of TS 23.501 and clause 4.3.6 of TS 23.502 allows an AF to send requests to influence SMF routing decisions for traffic of PDU Session. The AF requests may influence UPF (re)selection and (I-)SMF (re)selection and allow routing user traffic to a local access to a Data Network (identified by a DNAI).
In the AF request to PCF, it specifies the target traffic description and Routing profile ID and/or N6 traffic routing information (see Table 5.6.7-1 of TS 23.501). According to this request, PCF generates PCC rules for the specified target traffic which also includes the traffic routing information such as “N6-LAN Traffic Steering Enforcement Control” or “Traffic steering policy identifier(s)” (see Table 6.3.1 of TS 23.503). Then SMF uses these PCC rules to update routing of PDU sessions. The procedure of “AF influence on traffic routing” is depicted in clause 4.3.6.2 of TS 23.502. As an option, the traffic steering policies can be pre-configured in SMF and PCC rules determine which policy should be used (see clause 6.3.1 of TS 23.503).
To sum up, the following capabilities currently exist:
· A number of traffic steering policies are pre-configured in SMF
· AF specifies the traffic routing ID/information for a target traffic and sends the request to PCF
· PCF generates PCC rules for the specified target traffic including the traffic steering policy ID
· SMF updates the routing configuration of the specified target traffic according to the steering policy according to the PCC rules
The important point is that the target traffic (and corresponding/associated UEs) are specified by the AF based on its requirements.
Following a similar concept, this paper proposes a solution to adjust the UP path of PDU sessions based on operator’s policy on energy. The overall procedure is as follows.
It is assumed that the operator configures the energy policies in the OAM which is accessible to other NFs as well. Moreover, it is assumed that OAM can provide energy related information (e.g., energy consumption, carbon emission, etc.) of NFs. 
A new network function named Energy Efficiency Control Function (EECF) in collaboration with SMF and PCF implements the operator’s policy on energy management with the following steps. 
The main idea of the proposed solution is to replace AF by the EECF where:
· The target traffic (i.e., the PDU sessions) whose UP paths need to be adjusted are determined by the EECF.
· EECF identifies the target traffic according to the current UP paths of (a subset of) PDU sessions, UPF energy-related and load information and also operator’s policy.
· The operator’s policy as an input to the EECF determines the importance of the different energy related criteria; e.g., how much is important energy efficiency, how much the operator aims to use renewable energy sources. 
· EECF not only specifies the target traffic, but it also configures the “traffic steering policies in SMF” (in the “AF influence on traffic routing” it is assumed that traffic steering policies are pre-configured; but here, EECF is responsible to find a number of energy-aware UP paths and configure them in the SMF).
· Instead of N6 Traffic, this procedure is for steering N9 traffic.
· PCF functionality will be similar to the “AF influence on traffic routing”, it needs to specify traffic steering policy ids in the PCC rules.
· SMF functionality will be similar to the “AF influence on traffic routing”, it needs to re-configure the routing according to the given PCC rules.
At the first step, EECF collects three categories of information. It gets the energy related and load information of UPFs deployed in the network from the OAM. For PDU sessions, it obtains the information of the corresponding serving UPFs (i.e. UPFs that handle the traffic of the PDU session) from the SMF and accordingly determines the user plane path of the PDU sessions on the N9 interface (i.e. the chain of serving UPFs). The PDU sessions that EECF collect their corresponding information can be a set of (by OAM) pre-configured PDU sessions, all PDU sessions of the UEs in a specific area, PDU session with specific characteristics (e.g., containing specific 5QI) or any set determined by the internal logic of the EECF. Moreover, it gets the operator’s policy on energy from the OAM. This policy determines the energy goal of the operator; more specifically, it determines the importance of different aspect of energy for example energy efficiency maximization or carbon emission reduction.
After the first step, EECF has the view current status of the network more specifically it know the energy-related and load information of the UPFs in the network; it knows the UP paths of (a subset of) PDU sessions in the network and it also know the operator’s objective for the energy. In the second step, using the information obtained in the first step, EECF derive optimized UP paths for the PDU sessions. This is the internal logic of the EECF; but it can be seen as a optimization problem that EECF should find a suitable path for PDU sessions in such a way that the energy consumed by UPFs optimizes the operator’s goal. The criteria that the EECF takes into account in the UP path adjustment is determined by operator’s policy (obtained in the first step) e.g., minimize energy consumption via shutting down as much as possible UPFs or maximizing renewable energy consumption ratio via routing traffic through the UPFs that (partially) powered on by renewable energy sources. So, these UP paths are computed in such a way that steering N9 traffic through the paths optimizes the operator’s energy goal. The outcomes of this optimization process are 1) a set of PDU sessions that need to be rerouted, 2) UP path of the PDU sessions. 
NOTE 1: Whether all or subset of PDU sessions are considered for the UP path adjustment and the solution to compute paths to optimize the operator’s policy are the internal logic of the EECF. 
Currently it is possible to configure N6 traffic steering policies in the SMF, following a similar concept, in the third step, EECF configure the N9 traffic steering paths in SMF; in this process, a traffic steering policy ID is assigned for each path. This policy ID and the corresponding path are configured in the SMF.
In the fourth step, similar to the AF influence on traffic routing, EECF asks PCF to update PCC rules according to the optimized N9 traffic steering policies. In this request, EECF specifies the target traffic (i.e., the PDU sessions) that wants to influence their routing moreover, it also specifies the corresponding traffic steering policy ID (both the information is the outcome of the optimization process). Then PCF, based on this request and considering other configurations, derives PCC rules including the N9 traffic steering information and shares them with the SMF. The extended PCC rules may specify which N9 traffic steering policy should be applied for the specified traffic. For this purpose, the PCC rule content is extended to include the N9 traffic steering policy ID (which has already been configured in the SMF in the previous step). It should be noted that EECF is responsible for identifying the PDUs to be rerouted and their corresponding paths and the information is given as inputs to PCF to update the PCC rules.
Finally, SMF implements these policies via proper configuration of the deployed UPFs.
Editor's Note: whether a new function is needed is FFS. (e.g. consider whether NWDAF or SMF can support the needed functionality) 
[bookmark: _Toc157674378]6.13.3	Procedures
The procedure depicted in Figure 6.x.3-1 describes how the UP paths are adjusted based on the operator’s policy.


[bookmark: _CRFigure4_16_15_2_11]Figure 6.13.3-1: Energy-aware user plane path adjustment
1. The EECF subscribes to the operator’s energy policy configured in the OAM. The policy determines the importance of different energy-related criteria/aspects e.g., energy efficiency, carbon emission, etc. 
Editor's note: The details of the operator’s policies are FFS.
1. The EECF subscribes to the energy-related information of the deployed UPFs in the network which are collected by OAM.
Editor's note: Whether and how to collect information related to carbon emissions and renewable energy of NFs are FFS.
3a. The EECF subscribes to the NF load information stored in NRF.
3b. The EECF may optionally subscribe to some NWDAF analytics (e.g., NF load analytics and energy analytics) 
1. The EECF receives a trigger (e.g., expiration of a periodic timer or a notify of the subscribed information in steps 1-3) to adjust UP paths. The trigger may be PDU/UE specific. For example, in the periodic triggers, EECF periodically assess the current energy information of the UPFs and then selects some PDUs (according to its internal optimization process) to reroute in order to improve energy goal specified by the operator. If a tigger is because of the changes in the energy-related information of a UPF, ECCF may only consider the PDU sessions using the UPF. If the trigger is because of the change of operator’s policy in a specific area, the EECF may only consider PDU sessions of the UEs in that area.
Editor's note: The list of triggers and updating the procedure accordingly are FFS. 
1. The EECF gets the information of PDU sessions and their corresponding UPFs from the SMF. Based on these information, EECF identifies the user plane path of (a subset of) PDU sessions, i.e., a chain of UPFs interconnected via N9 interfaces handling the traffic of the PDU session.
1. Based on the information that the EECF collected in steps 1-5, it knows the current status of the user plane of the 5GC from the energy point of view including the status of the UPFs in the network, the current UP path of PDU sessions and operator’s objective for energy. It formulates an optimization problem aiming to achieve the operator’s goal. The solution of this problem is the adjustment of the UP paths in 5GC in such a way that the steering N9 traffic through the paths optimizes the operator objective on energy. In this procedure, it may optionally consider the future condition of the network via the analytics provided by NWDAF. And then performs steps 7-11 for each UP path.
NOTE 1: Based on its internal logic, EECF may only consider a subset of PDU sessions (e.g. high bandwidth sessions) in the path optimization process.
NOTE 2: It is the internal logic of EECF to adjust UP paths in such way that optimize the criteria which are specified by the operator’s policy.
1. The EECF configures the UP paths via Nsmf_N9TrafficSteeringPolicy service operation where a unique ID is assigned to each path as N9 Traffic Steering policy ID.
1. The EECF determines a set of PDU sessions need to be rerouted according to the outcome of the optimization process. The optimization process also specifies the UP path of the PDU session. Then via Npcf_TrafficPathInfluence, EECF asks from PCF to derive PCC rules for this set of PDU sessions (specified by the traffic description input parameter of this service operation) to use the specified UP path (specified by the N9 Traffic Steering Policy reference input parameter of this service operation).
Editor's note: Determination of PDU sessions to be rerouted and mapping between PDU sessions and traffic steering policies are FFS.
1. PCF takes the EECF’s request into account besides other parameters influence N9 traffic steering (e.g., delay) and drives the corresponding PCC rules wherein the N9 traffic steering policy which should be applied for the specified traffic is determined a field of the rules.
1. PCF sends the PCC rules via Npcf_SMPolicyControl_UpdateNotify to the SMF.
1. SMF configures the UPFs through N4 interface to implement the N9 traffic steering policy specified in the PCC rule. In the case of changing the PSA UPF of a PDU session, procedures described in clause 4.3.5 of TS 23.502 are used to update the PDU session.   
[bookmark: _Toc157674379]6.13.4	Impacts on existing services, entities and interfaces
The solution has the following impacts:
EEFC:
-	New network functionalities to collect energy related information of UPFs and also operator’s energy policies.
-	New network functionalities to make decision to adjust UP paths of PDU sessions according to UPFs energy and load status and the operator’s energy policy.
-	New network functionalities to configure UP paths in SMF.
-	New network functionalities to request PCF for deriving PCC rules to influence UP paths of a set of target traffic 
SMF:
-	Extending UPF configuration service to configure UP paths based on the EEFC decisions.
PCF:
[bookmark: _Hlk155343953]-	Extending PCC rules deriving service to influence N9 traffic steering based on the EEFC decisions.
[bookmark: _Toc157674380]6.14	Solution #14: UE energy usage control 
[bookmark: _Toc157674381]6.14.1	Key Issue mapping
The solution applies to Key Issue #3 5GS enhancements for network energy saving and efficiency. 
[bookmark: _Toc157674382]6.14.2	Functional Description
Assumptions:
- It is assumed that each UE will have an Energy Credit Profile as a subscription information in the UDR which contains the allowed Energy Credit units for the UE. The Energy Credit units may be reset periodically based on the UE subscription plan.
- It is assumed that the UE’s Energy Credit units balance is retrieved by the PCF from the UDR. The PCF checks the UE’s Energy Credit balance before PDU Session is established and updates the balance at the end of the PDU Session by deducting the used Energy Credit units for the PDU Session. 
Editor’s Note:	It is FFS how the PCF uses the Energy Credit balance for a PDU Session when the UDR stores Energy Credit units for the UE.
- It is assumed that if there is no Energy Credit units left in the UE’s Energy Credit balance, the UE is either rejected PDU Session establishment or the PDU Session is established but charged at higher service rate based on operator’s policy.
- It is assumed that when the UE is rejected PDU Session establishment for no Energy Credit left, the UE is provided a new PDU Session rejection cause, e.g. ‘no energy credit’ and potentially a back-off timer. For legacy UEs an existing rejection cause is used in order to maintain backward compatibility.
Editor's Note: the credit control at PCF is to be justified vs CHF
Eitor's Note: the units of credit need to be specified and how these are consumed (i.e. how the consumption is collected)

[bookmark: _Toc157674383]6.14.3	Procedures
[image: ]
Figure 6.14.3: UE energy usage control
1. PDU Session establishment start as per section 4.3.2.2.1 of TS23.502.
1. SM Policy establishment or modification as per section 4.16.4 / 4.16.5.1 of TS23.502.
1. The PCF may decide to retrieve the remaining Energy Credit for the UE from the UE’s Energy Credit Profile within the subscription information in the UDR with the Nudr_DM_Query message in which the PCF may indicate the UE ID and the Energy Credit balance update required parameter. 
Editor’s Note: It is FFS which network entity maintains the Energy Credit balance for the UE.
1. If the UE has an Energy Credit profile, the UDR provides the UE’s Energy Credit balance to the PCF.
1. The UDR updates the remaining Energy Credit for the UE in the PCF with Nudr_DM_Query response (UE ID, Energy Credit balance) message.
1. The PCF stores the UE’s Energy Credit balance. If there is no remaining Energy Credit, based on the operator policy the UE may be rejected (step 6a) or serviced with a higher service rate (step 7).
6a.  PDU Session establishment rejected for lack of Energy Credit. 
1. Continue with the PDU Session establishment procedure as per Section 4.3.2.2.1 of TS23.502.
1. At the end of the PDU Session and at certain periodic interval if the PDU Session takes long, the PCF updates the available Energy Credit for the UE in the UDR by removing the Energy Credit used for the PDU Session.
Editor’s Note: It is FFS how exactly the Energy Credit consumption or the UE is reported to SMF and which nodes need to participate in this reporting (i.e. which the sources of information are).
1. PDU Session is released as per TS23.502.
[bookmark: _Toc157674384]6.14.4	Impacts on existing services, entities and interfaces
UDR	- UE’s Energy Credit profile as part of the UE subscription information.
PCF	- UE’s Energy Credit retrieval from the UDR and control.
UE		- new PDU Session reject cause (e.g. ‘no energy credit’) handling. No impact to legacy UEs as an existing reject cause can be used.
[bookmark: _Toc157674385]6.15	Solution #15: Enhancements to existing 5GS procedures for energy saving
[bookmark: _Toc157674386]6.15.1	Key Issue mapping
Editor's note:	This clause lists the key issue(s) addressed by this solution.
This solution addresses Key Issue #3 "5GS enhancements for network energy saving and efficiency" and Key Issue #2 "Subscription and policy control to support energy efficiency and energy saving as service criteria".
[bookmark: _Toc157674387]6.15.2	Functional Description
Editor's note:	This clause will describe the solution principles and assumptions for corresponding key issue(s). Sub-clause(s) may be added to capture details. 
Existing 5G MM and SM procedures can be enhanced based on the requirements of network energy saving and energy efficiency.
The AMF can decide Access and Mobility parameters related to network energy saving based on AM subscription data, AM policy, UE related analytics (e.g. UE mobility and abnormal behaviour analytics), network energy control information, etc., and provide the parameters to the UE during 5G MM procedures (e.g. Registration and UE Configuration Update procedures).
The SMF can decide Session Management parameters related to network energy saving based on SM subscription data, SM policy, UE related analytics (e.g. UE communication and abnormal behaviour analytics), network energy control information, etc., and provide the parameters for the PDU Session during 5G SM procedures (e.g. PDU Session establishment/modification procedures).
The AM policy and SM policy are provisioned by the PCF taking into account the requirements of network energy saving. The AM and SM subscription data can be extended to contain validity conditions (e.g. time/area) for more features/capabilities (e.g. Subscribed UE-AMBR, 5GS Subscribed QoS profile, Subscribed-Session-AMBR, ATSSS information) to facilitate network energy saving (i.e. limiting network energy consumption per UE).
NOTE:	The AM and SM subscription data (see clause 5.2.3.3.1 of TS 23.502 [3]) contains already some features/capabilities with validity condition, e.g. CAG and Network Slice with validity time/location information.
The AMF and the SMF may requests network energy control information from the NEMF (Network Energy Management Function), a new 5GC NF introduced for network energy management. The network energy control information contains NF IDs of the 5GC NFs which are put in energy saving states with validity time and area information.
Editor's Note: the role of the NEMF and need of NEMF needs to be clarified.
Editor's note: the analytics requires input information that has not been identified. 
Editor's note: the PCF seems to get energy related info from AMF, SMF but it is not described. If it is for the UE how is it possible as it is at initial registration time.
[bookmark: _Toc157674388]6.15.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
[bookmark: _Toc145936110][bookmark: _Toc51769463]6.15.3.1	Mobility Management procedures enhanced for energy saving


[bookmark: _CRFigure4_2_2_2_21]Figure 6.15.3.1-1: Enhanced MM/Registration Procedures for energy saving
1.	The UE initiates Registration procedure towards the network as described in step 1, clause 4.2.2.2.2 of TS 23.502 [3].
	The Registration procedure continues as specified in clause 4.2.2.2.2 of TS 23.502 [3], with the following enhancements:
2.	In step 14b of Figure 4.2.2.2.2-1 in TS 23.502 [3], the AM subscription data retrieved from the UDM contains validity conditions for one or more subscription parameters (e.g. Subscribed UE-AMBR per time period and/or area) to facilitate network energy saving (i.e. limiting network energy consumption per UE).
3.	In step 16 of Figure 4.2.2.2.2-1 in TS 23.502 [3], during AM Policy Association Establishment/Modification procedure, the PCF decides AM policy, e.g. UE-AMBR, List of UE-Slice-MBR, List of allowed TAIs, taking into account network energy related information, and provides the AM policy to the AMF. The PCF may collect the network energy related information by subscribing to energy related notifications from the AMF, SMF and/or UPF, or requesting/subscribing to energy related analytics from the NWDAF. The PCF may decide to reduce the UE-AMBR or UE-Slice-MBR or to expand a list of allowed TAIs, if the network energy related information indicates that the UE is associated with high network energy consumption in an area or for a time period.
4.	In step 21 of Figure 4.2.2.2.2-1 in TS 23.502 [3], the AMF provides the parameters e.g. Mobility restrictions, Allowed NSSAI, in Registration Accept message taking into account network energy related information. Also, in the Registration Accept message, one or more network supported features are provided with validity conditions (e.g. support of Control plane CIoT 5GS optimization with validity time and/or validity area). Based on this, the UE decides only to apply functions corresponding to the network supported features under the validity condition, thus saving network energy by avoiding unnecessary information processing (i.e. receiving and rejecting UE requests).
	After the completion of Registration procedure, the AMF may perform the following steps for energy saving:
5.	The AMF requests "UE Mobility" analytics and "Abnormal behaviour" analytics from the NWDAF as specified in clause 6.7.2 and 6.7.5 of TS 23.288 [x].
6.	Optionally, the AMF requests network energy control information from the NEMF. The network energy control information contains NF IDs of the 5GC NFs which are put in energy saving states with validity time and area information.
Editor's note:	Whether and how the AMF gets network energy control information from the NEMF is FFS.
7.	Based on UE subscription data, AM policy, "UE Mobility" analytics and "Abnormal behaviour" analytics, network energy control information (if available), etc, the AMF performs access and mobility management procedures for energy saving, e.g. deregistering the UE with unexpected long-live/large rate flows based on "Abnormal behaviour" analytics if the registration procedure is for mobility registration update or periodic registration update, or forwarding the Registration Request to a target AMF based on the network energy control information (e.g. if the AMF itself is put in Energy Saving state and then a target AMF is selected for the UE based on the network energy control information).
8.	The AMF sends energy saving assistance information in N2 message to the NG-RAN. The energy saving assistance information may be part of CN assisted RAN parameters tuning based on UE mobility analytics, e.g. statistics/prediction of UE location and UEs' geographical distribution. Based on this, the NG-RAN performs energy saving operations, e.g. redirecting the UEs to cell(s) with higher energy efficiency.
NOTE 1:	Regarding providing the energy saving assistance information to NG-RAN, N2 signalling load should be considered. Non-UE associated N2 signalling can be considered for transmitting the energy saving assistance information, which is up to RAN WG3 to decide.
NOTE 2:	How the NG-RAN performs energy saving operations with both OAM configuration and energy saving assistance information from the 5GC is up to implementation.
Editor's note:	It is FFS whether the NG-RAN supports performing energy saving operation based on assistance information from the 5GC.
6.15.3.2	Session Management procedures enhanced for energy saving


Figure 6.15.3.2-1: Enhanced SM/PDU Session Establishment Procedures for energy saving
1.	The UE initiates PDU Session Establishment procedure towards the network as described in step 1, clause 4.3.2.2.1 of TS 23.502 [3].
	The PDU Session Establishment procedure continues as specified in clause 4.3.2.2.1 of TS 23.502 [3], with the following enhancements:
2.	In step 4 of Figure 4.3.2.2.1-1 in TS 23.502 [3], the SM subscription data retrieved from the UDM contains validity conditions for one or more subscription parameters (e.g. 5GS Subscribed QoS profile or Subscribed-Session-AMBR per time period and/or area, ATSSS information with validity time and/or area) to facilitate network energy saving (i.e. limiting network energy consumption per UE).
3.	In step 7b and 9 of Figure 4.3.2.2-1 in TS 23.502 [3], during SM Policy Association Establishment/Modification procedures, the PCF decides SM policy, e.g. Authorized Session-AMBR, Authorized default 5QI/ARP, taking into account network energy related information (e.g. energy consumption of the network slice for the PDU Session) and energy related application specific parameters (e.g. authorized energy consumption credit per network slice and/or application) provisioned by the AF, and provides the SM policy to the SMF. The PCF may collect the network energy related information by subscribing to energy related notifications from the AMF, SMF and/or UPF, or requesting/subscribing to energy related analytics from the NWDAF. The PCF may decide to reduce the Authorized Session-AMBR or change the Authorized default 5QI/ARP for the PDU Session, if the network energy related information indicates that the UE is associated with high network energy consumption in an area or for a time period.
4.	In step 11 of Figure 4.3.2.2-1 in TS 23.502 [3], the SMF provides the parameters in N2 SM information (e.g. QoS Profile(s), Session-AMBR, Maximum Data Rate) and parameters in PDU Session Establishment Accept message (e.g. QoS Flow level QoS parameters, Session-AMBR, Always-on PDU Session Granted, Small Data Rate Control parameters), taking into account network energy related information.
	After the completion of PDU Session establishment procedure, the SMF may perform the following steps for energy saving:
5.	The SMF requests "UE Communication" analytics and "Abnormal behaviour" analytics from the NWDAF as specified in clause 6.7.3 and 6.7.5 of TS 23.288 [x].
6.	Optionally, the SMF requests network energy control information from the NEMF.
Editor's note:	Whether and how the SMF gets network energy control information from the NEMF is FFS.
7.	SMF may perform an SMF initiated SM Policy Association Modification procedure if the Policy Control Request Trigger condition(s) is met as specified in TS 23.502 [3] and TS 23.503 [4]. The PCF may update the SM policy for the PDU Session based on network energy related information, e.g. energy consumption of the PDU Session reaches or goes beyond a predefined threshold. 
8.	Based on UE subscription data, SM policy, "UE Communication" analytics and "Abnormal behaviour" analytics, network energy control information (if available), etc, the SMF performs Session Management procedures for energy saving, e.g. modifying the QoS parameters for specific applications based on "UE Communication" analytics.
9.	The SMF sends energy saving assistance information in N2 message to the NG-RAN. The energy saving assistance information may be part of CN assisted RAN parameters tuning based on UE communication analytics, e.g. statistics/prediction of traffic volume, periodic communication indicator and periodic time for the UE and/or the PDU Session. Based on this, the NG-RAN performs energy saving operations, e.g. redirecting the UEs to cell(s) with higher energy efficiency.
NOTE:	How the NG-RAN performs energy saving operations with both OAM configuration and energy saving assistance information from the 5GC is up to implementation.
Editor's note:	It is FFS whether the NG-RAN supports performing energy saving operation based on assistance information from the 5GC.
[bookmark: _Toc157674389]6.15.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.
AMF:
-	Performs Access and Mobility Management taking into account network energy saving requirements, based on AM subscription data, AM policy, UE related analytics (e.g. UE Mobility analytics and Abnormal behaviour analytics), and/or network energy control information, etc.
-	Optionally, obtaining network energy control information from the NEMF.
SMF:
-	Performs Session Management taking into account network energy saving requirements, based on SM subscription data, SM policy, UE related analytics (UE Communication analytics and Abnormal behaviour analytics), network energy control information, etc.
-	Optionally, obtaining network energy control information from the NEMF.
PCF:
-	Collecting network energy related information by subscribing to network energy related notifications from the AMF, SMF and/or UPF, or requesting/subscribing to network energy related analytics from the NWDAF.
-	Obtains energy related application specific parameters from the AF (via the NEF/UDM/UDR).
-	Provisions AM policy and SM policy based on network energy related information and optionally energy related application specific parameters from the AF.
AF:
-	Provisions energy related application specific parameters to the PCF (via the NEF/UDM/UDR).
NEMF (new, optional):
-	Perform network energy management, e.g. providing to other 5GC NFs the network energy control information which contains information of the 5GC NFs in energy saving states with validity time and area information.
RAN:
-	Performs energy saving operations base on assistance information provided by the 5GC.

[bookmark: _Toc157674390]7	Overall Evaluation
Editor's note:	This clause will provide a general evaluation and comparison of the solutions per Key Issue.
[bookmark: _Toc92875666][bookmark: _Toc93070690]
[bookmark: _Toc148441682][bookmark: _Toc151529375][bookmark: _Toc157674391]8	Conclusions
Editor's note:	This clause will list conclusions that have been agreed in the study.

[bookmark: _Toc20150304][bookmark: _Toc27847112][bookmark: _Toc36188245][bookmark: _Toc45184159][bookmark: _Toc47343001][bookmark: _Toc51769703][bookmark: _Toc145936494][bookmark: _Toc157674392]Annex A: Energy consumption collection at OAM
[bookmark: _CRE_1][bookmark: _Toc145936495][bookmark: _Toc51769704][bookmark: _Toc47343002][bookmark: _Toc45184160][bookmark: _Toc36188246][bookmark: _Toc27847113][bookmark: _Toc20150305][bookmark: _Toc157674393]A.1	General
This Annex provides a brief reference to SA5 and ETSI specification related to Energy consumption evaluation and collection at OAM specified in Rel-18.
[bookmark: _Toc157674394]A.1.1 Collection of network energy related information
The specification TS 28.554 defines the Energy Consumption KPI of a Physical Node in clause 6.7.3 based on Power, Energy Environmental Parameter for equipment based on ETSI EN 202 336-12 [9] and TS 28.552 [10]. The measurement of Energy Consumption is based on the measurement from the different type of measurement system listed below:
• Type 1: built-in measurements inside ICT equipment down-stream from power interface A (or A3).
• Type 2: external measurement at input junction box measurements up-stream from power interface A (or A3).
• Type 3: power frame measurement at output of power supply system.
The type 2 and type 3 are based on external measurement sensor on power system and type 3 refer to scenario where a power supply can be share among several physical equipment. The EC measurements from PEE for type 1 and type 2 are available at OAM as defined in TS 28.552 [10] clause 5.1.1.19. The measurement from type 3 has been not considered in SA5 work.
In case of Virtualized NF (VNF) hosted on a physical node, the EC of the VNF is estimated as a portion of the EC of the physical node, based on its relative virtual CPU usage, virtual memory usage, virtual disk usage and I/O traffic (all metrics collected from ETSI MANO) as defined in TS 28.554 [6] clause 6.3.1.2.
The network energy related information that can be collected by OAM includes the information in Table A.1.1-1
[bookmark: _CRTable5_2_2_11]Table A.1.1-1: Network energy related information collected by OAM
	KPI category
	Description
	Reference in TS 28.554 [6]

	Energy consumption related information reflected by Energy Consumption (EC)
	Energy Consumption of a gNB
	6.7.3.4.2

	
	Energy Consumption of the NG-RAN
	6.7.3.4.1

	
	Energy Consumption of the 5GC
	6.7.3.2.1

	
	Energy Consumption of a 5G Network Function
	6.7.3.1.1

	
	Estimated Energy Consumption of a Virtualized Network Function
	6.7.3.1.2

	
	Energy Consumption of a Physical Network Function (PNF) as well as other Power, Energy, Environmental (PEE) measurements
	Clause 5.1.1.19.2 of TS 28.552 [10]

	
	Energy Consumption of a network slice
	6.7.3.3

	Energy efficiency related information reflected by Energy Efficiency KPIs
	Energy Efficiency of the NG-RAN data
	6.7.1

	
	Energy Efficiency of the 5GC
	6.7.4.1

	
	Energy Efficiency of a network slice
	6.7.2



[bookmark: _Toc157674395]A.1.2 Exposure of network energy related information
Network energy relation information may be collected by OAM and exposed (other mechanisms may exist) as defined by SBMA. The TS 28.533 [12] defines the Service Based Management Architecture (SBMA), where any authorized consumer willing to collect such measurements / KPIs must create an instance of a performance metric production job (i.e. an instance of the PerfMetricJob information object class – see TS 28.622 [13] clause 4.3.31) by invoking the createMOI operation of the Provisioning Management Service (MnS) (see TS 28.532 [11] clause 11.1.1.1). The consumer must specify:
-	Which measurement(s) / KPI(s) are expected to be collected, such as e.g. the Energy Consumption of a 5G NF, etc.;
-	On which network entities (represented by managed objects) such as e.g. a SMF x, UPF y, etc.;
-	Which granularity period is expected to produce measurements / KPIs (in seconds);
-	Which reporting method is expected, mainly:
-	file-based: in this method the performance data is accumulated for certain time before it is reported; the data is delivered as a file; the file content encoding technique can be either XML or ASN.1,
-	stream-based: in this method, the producer, when the performance data are ready, sends the performance data to the consumer. The volume of the performance data reported by streaming is expected to be small, and the granularity period of the performance data stream and is expected to be short. The stream content encoding technique can be either GPB or ASN.1.
Depending on the selected reporting method, the consumer collects the measurements / KPIs as follows:
-	In case of file-based reporting, the producer sends the notification NotifyFileReady to subscribed consumer(s) when a new file becomes available on the producer for upload by consumer(s);
-	In case of stream-based reporting, the producer sends units of streaming data to the consumer by using the reportStreamData operation.
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