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1 [bookmark: _Hlk87257355]Introduction
In KI#1, 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;
A new solution is proposed in this contribution for inclusion in TR 23.700-66. This solution outlines the specifics of network energy related information exposure, the type of information that can be disclosed, and the granularity (e.g. per network slice, UE, NF, PDU Session, QoS flow, etc) at which it can be presented.
Consolidated requirements on information exposure related to energy consumption are specified in clause 6.4 of TR 22.882. 
· 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. Energy consumption information can include ratio of renewable energy and carbon emission information when available. The reporting period could be set, e.g., on monthly or yearly basis and can vary based on location. The energy consumption information can be related to the network resources of network slice, NPNs, etc.

· Subject to operator’s policy, the 5G system shall support a means to expose energy consumption to authorized third parties for services, including energy consumption information related to the condition of energy credit limit (e.g. when the energy consumption is reaching the energy credit limit).

· Subject to operator policy, the 5G system shall provide means for the trusted 3rd party, to configure which network performance statistic information (e.g. the data rate, packet delay and packet loss) for the communication service provided to the 3rd party, needs to be exposed along with the information on energy consumption for serving this 3rd party.

· Based on operator policy and agreement with 3rd party, the 5G system shall be able to expose energy consumption information and prediction on energy consumption of the 5G network per application service to the 3rd party.

· 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. Energy consumption information can include ratio of renewable energy used for providing application services on periodic basis.

It is further noted that existing mechanism and information (e.g. information collected by OAM as defined in TS 28.310 are reused when possible. And the study will address use cases corresponding to the identified consolidated requirements as described in clause 6.4 of TR 22.882. 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.

The relevant use cases are presented in clauses 5.3, 5.4, 5.5, 5.7, 5.8, 5.9, 5.10 and 5.14 of TR 22.882.

2	Proposal
[bookmark: _Hlk513714389]It is proposed to capture the following solution in TR 23.700-66.
Start of Changes
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148441676]6.x	Solution #X: Energy related information exposure and granularity <Solution Title>
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677]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]In KI#1, 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;
[bookmark: _Toc148441678]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]Based on the definitions in TS 28.552 [9] and TS 28.554 [6], and further illustrated in TR 22.882 [5], the network energy related information should include performance and energy consumption as shown in Fig. 1 reproduced from TR 22.882 [5].
Performance Measurements
(TS 28.552, 3GPP SA5)



Energy Consumption Measurements a.k.a. PEE parameters (Power, Energy and Environmental)
(TS 28.552, TS 28.554, 3GPP SA5, based on input from ETSI ES 203 336-12)
3GPP generic EE KPI = 



is a generalisation of


O&M Collection Method
(TS28.550, TS 28.532, 3GPP SA5)
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Fig. 1: 3GPP Energy Efficiency KPI
Clause 6.7 of TS 28.554 [6] defines logical KPI formula to derive the following Energy Efficiency and Energy Consumption KPIs, including:
· NG-RAN data Energy Efficiency 

· Network slice Energy Efficiency, including Generic Network Slice Energy Efficiency KPI, Energy efficiency of eMBB network slice, Energy efficiency of eMBB network slice – RAN-based, Energy efficiency of URLLC network slice, and Energy efficiency of MIoT network slice

· 5G Energy Consumption, with NF Energy Consumption, 5GC Energy Consumption, Network Slice Energy Consumption, NG-RAN Energy Consumption

· 5G Energy Efficiency, including Generic 5GC Energy Efficiency KPI, and Energy Efficiency of 5GC based on the useful output of 5GC user plane

For example, as specified in TS 28.310 [7], the Generic network slice Energy Efficiency KPI is defined as the ratio between the performance of network slice to the Energy Consumption of the network slice where the Energy Consumption of the network slice is defined in clause 6.7.3.3 of TS 28.554 [6]. But the performance of network slice definition varies depending on the type of network slice as further specified in TS 28.554 [6].
1) Energy efficiency of eMBB network slice, with the following variants:
- Energy efficiency of eMBB network slice, where the KPI is obtained by the sum of UL and DL data volumes at N3 interface(s) of the network slice, divided by the energy consumption of the network slice. This KPI is defined in TS 28.554 clause 6.7.2.2.
- Energy efficiency of eMBB network slice – RAN-based, where the performance of the network slice is is obtained by summing up UL and DL data volumes at F1-U, Xn-U and X2-U interface(s) of gNBs, on a per S-NSSAI basis, divided by energy consumption of the RAN-only network slice. This KPI is defined in TS 28.554 clause 6.7.2.2a.
2) Energy efficiency of URLLC network slice, with the following variants:
- Energy efficiency of URLLC network slice based on latency of the network slice, where the KPI is obtained by the inverse of the average end-to-end User Plane (UP) latency of the network slice divided by the energy consumption of the network slice. This KPI is defined in TS 28.554 clause 6.7.2.3.2.
- Based on both latency and data volume of the network slice, where the KPI is obtained by the product of the sum of the weighted UL and DL traffic data volumes at N3 interface(s) or N9 interface of the PSA UPF of the network slice multiplied by the inverse of the end-to-end User Plane (UP) latency of the network slice, divided by the energy consumption of the network slice. This KPI is defined in TS 28.554 clause 6.7.2.3.3.
3) Energy efficiency of MIoT network slice, with the following variants:
- Based on the number of registered subscribers of the network slice, where the KPI is obtained by the maximum number of registered subscribers to the network slice divided by the energy consumption of the network slice. This KPI is defined in TS 28.554 clause 6.7.2.4.1.
- Based on the number of active UEs in the network slice, where the KPI is obtained by the mean number of active UEs of the network slice divided by the energy consumption of the network slice. This KPI is defined in TS 28.554 clause 6.7.2.4.2.
In summary, to determine Energy Efficiency or other Energy related information of an entity in 5G, one might need to choose performance measurements pertinent to the entity under investigation, e.g. Data Volume for UPF, Max number of registered subscribers for UDM, as specified in TS 28.552; and to calculate Energy Consumption to achieve the chosen performance measurements, as specified in TS 28.552 and TS 28.554 by using OAM collection methods defined in TS 28.550 [10] and TS 28.532 [11].
Based on the requirements and scenarios outlined in TR 22.882, KPIs and available measurement methodologies outlined in TS 28.552 and TS 28.554, one can see that network energy related information shall be exposed at the following granularity,
Per UE: Energy consumed in 5G system owing to a service delivered to a UE. The use case described in clause 5.5 of TR 22.882 requires 5G system to support the monitoring of energy events, e.g. “Out of Energy Credit” pertaining to energy consumption in the 5G system as a result of service to a UE. Furthermore, it should notify such events to the Application Server (AS).
Per NPN, per network slice when a dedicated slice is used for an NPN. The use case described in clause 5.7 of TR 22.882 requires 5G system to expose select network performance statistics, coupled with energy consumption information of the network functions serving the customer (for instance, within an NPN) to a trusted third party.
Per Application service: The use case described in clause 5.8 of TR 22.882 requires 5G system to derive energy efficiency metrics for one or multiple application services and subsequently share these energy efficiency notifications with the respective application service provider.
Per Network Function (NF): An example here would be the NG-RAN. Specifically, use case described in clauses 5.3 and 5.4 of TR 22.882 emphasize that the 5G system, in scenarios contemplating Energy as a Service, should ascertain energy consumption data, especially in RAN networks with features like dual connectivity, CU-DU deployment, and RAN sharing (i.e. NG-RAN is shared by any combination of PLMNs and NPNs). This data should then be exposed to customers or users of the RAN networks and authorized third parties.
The energy efficiency KPIs vary depending on the specific NF. For instance, when measuring energy efficiency for UPF, it is feasible to define the Energy Efficiency metric as data volume specified in clause 5.4 of TS 28.552 normalized by the energy consumption of the UPF instance. Although UPF might have other performance counters, processing user data volume might be the dominant contributor for UPF instance energy consumption. In contrast, UDM, a more pertinent Energy Efficiency metric might be the “Number of registered subscribers through UDM” normalized by the energy consumption of the UDM instance.
Table 1 summarizes what network energy related information at the granularity that can be exposed.
Table 1: Energy Efficiency Information Exposure
	Entity
	Performance Counter
	Energy Consumption

	eMBB network slice
	Sum of UL and DL data volumes at N3 interface(s) of the network slice identified by the S-NSSAI. The performance counter is defined in clause 6.7.2.2 of TS 28.554.
	Energy consumption of the network slice,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).
NOTE 1

	eMBB network slice – RAN-based
	Sum of UL and DL data volumes at F1-U, Xn-U and X2-U interfaces of gNBs, on a per S-NSSAI basis. The performance counter is defined in clause 6.7.2.2a of TS 28.554.
	Energy consumption of the RAN-only network slice over the same observation period as the performance counter,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	URLLC network slice
	Inverse of the average end-to-end User Plane (UP) latency of the network slice, as defined in clause 6.7.2.3.2 of TS 28.554, or the sum of UL and DL traffic volumes at N3 or N9 interface(s) on a per S-NSSAI basis multiplied by the inverse of the end-to-end User Plane latency of the network slice as defined in clause 6.7.2.3.3 of TS 28.554.
	Energy consumption of the network slice,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	MIoT network slice
	Maximum number of registered subscribers to the network slice as defined in clause 6.7.2.4.1 of TS 28.554, or mean number of active UEs of the network slice as defined in clause 6.7.2.4.2 of TS 28.554.
	Energy consumption of the network slice,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	NG-RAN/gNB
	Sum of the Average DL UE throughput in NG-RAN/gNB and Average UL UE throughput in NG-RAN/gNB as defined in clause 5.1 of TS 28.552, where the data volume of the NG-RAN is obtained by summing up the data volume of all the gNBs that constitute that NG-RAN. Other relevant performance measurements in clause 5.1 of TS 28.552 could be used as the performance counter, but it should be consistent with TS 28.310 where Data Volume is used as the performance counter for NG-RAN Energy Efficiency.
	Energy Consumption of the NG-RAN by summing up the Energy Consumption of all the gNBs that constitute the NG-RAN, where the Energy Consumption of the gNB is obtained by summing up the Energy Consumption of all the Network Functions that constitute the gNB, as defined in clause 6.7.3.4 of TS 28.554, and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	AMF

NOTE 4
	Primary performance metric for EE KPI: maximum/mean number of registered subscribers,
Secondary performance metric for EE KPI: Total number of measurements related to registration procedure, service request procedure, registration via trusted and untrusted non-3GPP access, mobility, handover (inter-AMF, 5GS to EPS, EPS to 5GS), paging, service requests via trusted and untrusted non-3GPP access, SMS over NAS, UE configuration update, and authentication procedure as defined in clause 5.2 of TS 28.552.
	Energy consumption of the AMF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	SMF

NOTE 4
	Primary performance metric for EE KPI: Total number of PDU sessions,
Secondary performance metric for EE KPI: Total number of measurements related to session management, session management in HR roaming scenario, max/mean time of PDU session establishment, MA PDU session management, QoS flow monitoring, and N4 interface as defined in clause 5.3 of TS 28.552.
	Energy consumption of the SMF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	UPF

NOTE 4
	Primary performance metric for EE KPI: data volume of incoming (RAN to UPF) GTP data packets on N3 interface, and data volume of outgoing (UPF to RAN) GTP data packets on N3 interface,
Secondary performance metric for EE KPI: measurements related to packet delay as defined in clause 5.4 of TS 28.552.
	Energy consumption of the UPF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	PCF
	Total number of measurements related to AM policy, SM policy, UE policy, Background data transfer policy, and Event exposure as defined in clause 5.5 of TS 28.552.
	Energy consumption of the PCF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	UDM

NOTE 4
	Primary performance metric for EE KPI: Maximum or Mean number of registered subscribers through UDM,
Secondary performance metric for EE KPI: total number of measurements related to subscriber profile size, subscriber data management, parameter provisioning as defined in clause 5.6 of TS 28.552.
	Energy consumption of the UDM instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	N3IWF
	Total number of measurements related to PDU Session Resource management and QoS flow management or select performance measurements for specific aspect(s) as defined in clause 5.8 of TS 28.552.
	Energy consumption of the N3IWF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	NEF
	Total number of measurements related to application trigger, PFD management, NIDD configuration and service, AF traffic influence, external parameter provisioning, connection establishment, service-specific parameters provisioning, background data transfer policy, AF session with QoS, UCMF provisioning, or select performance measurements for specific aspect(s) as defined in clause 5.9 of TS 28.552.
	Energy consumption of the NEF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	NRF
	Total number of measurements related to NF service registration, NF service update and NF service discovery, or select performance measurements for specific aspect(s) as defined in clause 5.10 of TS 28.552.
	Energy consumption of the NRF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	NSSF
	Total number of measurements related to network slice selection and S-NSSAI availability or select performance measurements for specific aspect(s) as defined in clause 5.11 of TS 28.552.
	Energy consumption of the NSSF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	SMSF
	Total number of measurements related to MO SMS message delivery, MT SMS message delivery, registration procedure, or select performance measurements for specific aspect(s) as defined in clause 5.12 of TS 28.552.
	Energy consumption of the SMSF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	UDR
	Total number of measurements related to data management as defined in clause 5.13 of TS 28.552 or select performance measurements for specific aspect(s).
	Energy consumption of the UDR instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	ECS
	Total number of measurements related to EES registration and service provisioning or select performance measurements for specific aspect(s) as defined in clause 5.14 and 5.17 of TS 28.552.
	Energy consumption of the ECS instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	EES
	Total number of measurements related to EAS discovery, EEC registration and EAS registration, or select performance measurements for specific aspect(s) as defined in clause 5.15 of TS 28.552.
	Energy consumption of the EES instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	LMF
	Total number of measurements related to Location determination, Location notification, and Location context transfer; or select performance measurements for specific aspect(s) as defined in clause 5.16 of TS 28.552.
	Energy consumption of the LMF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	NWDAF

NOTE 4
	Primary performance metric for EE KPI: Total number of measurements related to coordination between multiple NWDAFs, NWDAF service provisioning, NWDAF data collection, and estimated number of ML model training process triggered; or select performance measurements for specific aspect(s) as defined in clause 5.18 of TS 28.552
Secondary performance metric for EE for EE KPI: measurements related to time consumption of NWDAF providing analytics service information and time consumption of NWDAF providing ML model information.
	Energy consumption of the NWDAF instance,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	Application Service
NOTE 5
	Application service-specific performance measurements, e.g., data service (data volume), voice call (# of successful calls), SMS (# of receiving and outgoing messages) etc. when serving all the user devices to consume this Application Service
	Sum of the energy consumption of each equipment included to support the Application Service when serving all the user devices to consume this Application Service,
or separated user plane/control plane equipment energy consumption,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	UE

NOTE 5
	Service-specific performance measurements, e.g., data service (data volume), voice call (# of successful calls), SMS (# of receiving and outgoing messages) etc.
	Energy consumed in 5G system owing to a service delivered to a UE,
and/or energy sources available in the sites (ratio of renewable energy, carbon emission information when available).

	NOTE 1: In the case of renewable energy, it is assumed OAM or MnS can provide ratio of the renewable energy in the sites with the deployment of the network functions.
NOTE 2: One 5GC NF may be composed of VNFs and PNFs based on implementation specific. In particular, whether a VNF or PNF instance is shared or not between more than one NF is implementation specific. The case where a VNF instance (resp. PNF) is shared between multiple NFs is out of scope of the present document.
NOTE 3: In the case VNF, the estimated energy consumption can be obtained from mean vCPU usage, VNF component energy consumption, vDisk usage, I/O traffic volume as in clause 6.7.3.1.x of TS 28.554.
NOTE 4: In addition to primary performance metric and secondary performance metric for EE KPI, the EE KPI performance metric calculation could be based on a weighted performance measurement. The weights in this calculation should be proportional to the allocation of the energy consumption to achieve respective performance measurement among the total energy consumption of the entity.
NOTE 5: In determining the Energy Efficiency (EE) information for each Application Service or UE, it may be essential to consider EE information from each PDU Session and/or QoS flow, which should be exposed through an EE-related network function within 5GC, without being exposed to external 3rd parties. While it is possible to include metrics from both user plane and control plane nodes in deriving EE for PDU Sessions and QoS flows, it is more practical to focus on user plane nodes. This is because the high volume of sessions in control plane nodes often leads to comparatively smaller individual KPIs than those in the user plane. As a result, the average EE data from the control plane may be negligible and thus can be reasonably omitted. The metrics derived from the user plane are typically more substantial and dominant in such calculations. Moreover, including data collection from all control plane nodes for such calculations might result in higher energy consumption than expected to save, especially given the vast number of control plane sessions.




[bookmark: _Toc148441679]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]6.x.4	Impacts on existing services, entities and interfaces
Editor's note: This clause captures impacts on existing services, entities and interfaces.


Second Change

[bookmark: _Toc148441662]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][6]	3GPP TS 28.554 "5G end to end Key Performance Indicators (KPI)".
[7]	3GPP TS 28.310 "Management and orchestration; Energy efficiency of 5G".
[8]	3GPP TS 22.261 "Service requirements for the 5G system".
[9]	3GPP TS 28.552 "Management and orchestration; 5G performance measurements".
[10]	3GPP TS 28.550 "Management and orchestration; Performance assurance".
[11]	3GPP TS 28.532 "Management and orchestration; Generic management services".
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