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1 [bookmark: _Hlk87257355]Introduction
Solution #16 documented in TR 23.700-66 v0.4.0 outlines the specifics of using Energy Brokerage Function (EBF) for energy related information acquisition and processing. This contribution provides updates to resolve the following ENs in this solution:
Editor's note:	The details of EE KPI calculation are FFS.
Editor's note:	Whether and how to support energy-related information which are not in the current Release of TS 28.554 [6] (e.g. carbon emission) are FFS.
Editor's note:	The details of the information provided to NFs and AFs are FFS.

2	Proposal
[bookmark: _Hlk513714389]It is proposed to agree the following changes to TR 23.700-66.

Start of Changes
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148441676][bookmark: _Toc161043226]6.16	Solution #16: Energy Brokerage Function for energy related information acquisition and processing
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677][bookmark: _Toc161043227]6.16.1	Key Issue mapping
This is a candidate solution for KI#1.
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]In KI#1, to support network energy related information exposure, the following aspects are to be studied:
-	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.
[bookmark: _Toc148441678][bookmark: _Toc161043228]6.16.2	Functional Description
[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687]Based on the requirements and use cases in TS 22.261 [8], it is proposed to specify an Energy Brokerage Function (EBF) in 5GC to act as an intermediary between the network and authorized third parties to acquire energy related information, process the information to generate energy consumption and energy efficiency KPI, and expose energy consumption and efficiency-related data to authorized third parties.
NOTE:	OAM provides various counters, e.g. data volume, data packet loss, round-trip delay, N6 link usage, N9 related measurements, etc. EBF may initiate required measurement jobs in OAM to calculate Energy Efficiency as described in clauses 6.16.3.1 and clause 6.16.3.3.
The functionalities of EBF shall include:
-	Collects energy relevant counters from OAM and uses them to generate energy efficiency related KPIs.
-	Collects performance relevant counters from OAM and uses them to generate performance related KPIs.
-	Calculate energy efficiency, carbon emissions, ratio of renewable energy, etc. based on requirements.
-	Enables periodic reporting to authorized third parties based on their agreement (e.g. monthly, or yearly).
-	Notifies when the energy consumption reaches the energy credit limit.
-	With user consent, exposes energy efficiency information based on a subscriber's data volume and other metrics.
-	Exposes energy related information to NFs and AFs, e.g. as data source to expose energy related information to e.g. NWDAF for them to generate energy related analytics.
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 and concluded on during the evaluation and conclusion phase.
[bookmark: _Toc148441679][bookmark: _Toc161043229]6.16.3	Procedures
[bookmark: _Toc161043230]6.16.3.1	Interactions between EBF and OAM
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688]The EBF could collect relevant counters from OAM and use them to generate energy efficiency related KPIs. 
The EBF could identify the Network Slice managed object relating to the S-NSSAI and NSI ID and consume the management services to collect the management data of the corresponding Network Slice managed object (including the NRF serving the network slice, the NFs associated to the network slice, the NG RAN or 5GC performance measurements defined in TS 28.552 [10], or the 5G end to end KPIs defined in TS 28.554 [6]) provided by OAM.
In the context of renewable energy, it is assumed that OAM or MnS can provide information, such as energy sources available, ratio of renewable energy, carbon emission, at sites where NFs are deployed.
Based on TS 28.552 [10] and TS 28.554 [6], Table 6.16.3.1 provides further details about the proposed Performance Measurements and Energy Consumption Measurements, which could be used to determine EE KPI for network slices and NFs.
NOTE 1: 	A 5GC NF may be composed of VNFs and PNFs based on implementation specific. The Energy Consumption of a 5G NF is obtained by summing up the energy consumption of VNFs and/or PNFs. However, how a 5GC NF is composed of VNFs and PNFs is implementation specific. The case where a VNF instance (respectively PNF) is shared between multiple NFs is out of scope of the present document.
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.
Table 6.16.3.1: Energy Efficiency KPI
	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).

	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 2)
	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 2)
	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 2)
	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 2)
	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 2)
	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).

	NOTE 2: The primary performance metric should be used in most of cases. The secondary performance metrics are optional. 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.



 
The interactions between EBF and OAM for data collection are illustrated in Figure 6.16.3.1-1. The type of performance measurements data to be collected depends on the use cases. This figure is an example of the OAM performance data file report management service that is defined in TS 28.532 [11]. The actual OAM services and reporting mechanisms that EBF may use are specified in TS 28.532 [11], TS 28.550 [17], or TS 28.545 [18].
The flow below assumes that EBF is configured on how to subscribe to the relevant OAM services. OAM shall setup the required mechanisms to guarantee the continuous data collection requested by EBF.


[bookmark: _CRFigure6_2_3_21]Figure 6.16.3.1-1: Data collection from OAM
0.	In Steps 0a-0c, the EBF by consulting to OAM, checks whether the EBF service consumer as described in clause 6.16.3.2, is authorized to get the requested information with respect to the operator's policy and the 3rd party agreement as well.
	To obtain Energy Efficiency KPIs, the EBF may initiate two measurement jobs in OAM, one for the energy-related information and the second one for the performance-related information by invoking createMeasurementJob as defined in clause 6.1.1 of TS 28.550 [17]. The parameters that can be provided by the EBF (i.e. "Energy Measure Config" and "Performance Measure Config") are described in clause 6.16.3.3.
1.	Subscribe (Input): EBF subscribes to the notification(s) related to the services provided by the management service producer.
2.	Subscribe (Output): management service producer responses to EBF if the subscription is success or not.
3.	Data processing: management service producer prepares the data.
4.	Notification: management service producer notifies the data is ready.
In terms of network slice, based on the Network Slice information, the EBF could identify the Network Slice managed object relating to the S-NSSAI and NSI ID and consumes the management services to collect the management data of the corresponding Network Slice managed object (including the NRF serving the network slice, the NFs associated to the network slice, the NG RAN or 5GC performance measurements defined in TS 28.552 [10], or the 5G end to end KPIs defined in TS 28.554 [6]) provided by OAM.
[bookmark: _Toc161043231]6.16.3.2	EBF Service Operation
Figure 6.16.3.2-1 illustrates two procedures. In one procedure, EBF service consumer (e.g. including NFs and trusted AFs) could subscribe/unsubscribe at EBF to be notified on EE/EC information. In the other procedure, the EE information exposure to AFs may be performed via NEF by using EE information subscription to EBF.


Figure 6.16.3.2-1: EE information subscribe/unsubscribe at EBF.
0.	EBF gets performance counters and energy consumption from OAM as described in clause 6.16.3.1, and6.16.3.1 and calculates EE KPIs based on measurements defined in Table 6.16.3.1.
Editor's note:	The details of EE KPI calculation are FFS.
1.	In steps 1a-1b, the EBF service consumer subscribes to or cancels subscription to EE information by invoking the Nebf_EEInfoSubscription_Subcribe/Nebf_EEInfoSubscription_Unsubscribe service operation.
	If EBF service consumer is subscribed to EE information, the EBF notifies the EBF service consumer with the EE information by invoking Nebf_EEInfoSubscription_Notify service operation.
	The parameters that can be provided by the EBF service consumer (i.e. "Exposure Config") are described in clause 6.16.3.3.
2.	In Steps 2a-2e, the AF subscribes to or cancels subscription to EE information via NEF by invoking the Nnef_EEInfoExposure_Subscribe/Nnef_EEInfoExposure_Unsubscribe service operation.
	If the EE info subscription is authorized by the NEF, based on the request from the AF, the NEF subscribes to or cancels subscription to EE information by invoking the Nebf_EEInfoSubscription_Subscribe/Nebf_EEInfoSubscription_Unsubscribe service operation.
	If the NEF has subscribed to EE information, the EBF notifies the NEF with the EE information by invoking Nebf_EEInfoSubscription_Notify service operation.
If the NEF receives the notification from EBF, the NEF notifies the AF with the EE information by invoking Nnef_EEInfoExposure_Notify service operation. Figure 6.16.3.2-2 illustrates EBF Service Consumer may request and get from EBF EE information, using Nebf_EEInfo service operation. The EE information could be requested by EBF service consumer (e.g. including NFs).


Figure 6.16.3.2-2: EE Information request by EBF service consumer
1.	The EBF service consumer requests EE information by invoking Nebf_EEInfo_Request service operation for specific EE KPIs determined by EBF by using the measurements defined in Table 6.16.3.1. defined.
Editor's note:	The details of EE KPI calculation are FFS.
2.	The EBF responds with EE information to the EBF service consumer.
Figure 6.16.3.2-3 illustrates the EE information exposure to AF may be performed via NEF by using EEInfo request to EBF.


Figure 6.16.3.2-3: EE Information exposure via NEF
1.	The AF requests to receive EE info via NEF by invoking the Nnef_EEInfoExposure_Fetch service operation.
2.	Based on the request from the AF, the NEF requests EE info by invoking the Nebf_EEInfo_Request service operation.
3.	The EBF responds with EE information to the NEF.
4.	The NEF responds with EE information to the AF.
[bookmark: _Toc161043232]6.16.3.3	Service operations inputs and outputs
The proposed procedure in clauses 6.16.3.1 and 6.16.3.2 can be used to expose various energy-related and performance-related information at three different levels of granularities including network slice level, 5G core segment of the slice level, and NF level. The required exposure information is determined by the input of Nebf_EEInfoExposure_subscribe, i.e. "Exposure Config", which is then used by the EBF to specify the input of createMeasurementJob and Subscribe (Input) as illustrated in Figure 6.16.3.1-1.
The content of "Exposure Config" provided by the consumer of the Nebf_EEInfoExposure_subscribe or Nnef_EEInfoExposure_subscribe include the following parameters:
-	Granularity level: NS level (end-to-end slice or only the core part), NF level.
-	ID: NSI ID, NF Instance ID.
-	Energy-related information: Any combination of parameters defined clause 6.7 of TS 28.554 [6] subject to the granularity level.
Editor's note:	Whether and how to support energy-related information which are not in the current Release of TS 28.554 [6] (e.g. carbon emission) are FFS.
-	[OPTIONAL] Performance-related information: Any combination of parameters defined clauses 6.3 and 6.8 of TS 28.554 [6] subject to granularity level.
-	[OPTIONAL] Time period information: The information (e.g. start, stop, period, etc.) of the period of time that the AF is interested in the exposed data.
Based the Exposure Config, the EBF provides the appropriate input for the createMeasurementJob where the input parameters "Energy Measure Config" and "Performance Measure Config", are indeed the input parameters defined in clause 6.1.1.2 of TS 28.550 [17] with the following customization:
-	iOCName, iOCInstanceList, measurementCategoryList are determined according to the Granularity level, ID, Energy-related information, Performance-related information.
-	granularityPeriod, reportingPeriod, startTime, stopTime are determined according to the Time period information.
The information exposed to NFs and AFs should at least include:
- 	EE KPI determined by the EBF using the measurements defined in Table 6.16.3.1 
-	Result indication: Success or Failure
[bookmark: _Toc148441680][bookmark: _Toc161043233]6.16.4	Impacts on existing services, entities and interfaces
EBF:
-	Support functions as described in clause 6.16.2.
-	Support interactions with OAM as described in clause 6.16.3.1.
-	Support service operations as described in clause 6.16.3.2.
NEF:
-	Support EEInfo subscription and fetch service operations as described in clause 6.16.3.2.
Editor's note:	The details of the information provided to NFs and AFs are FFS.
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