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[bookmark: _Toc120013101][bookmark: _Toc120025219][bookmark: _Toc120025374][bookmark: _Toc120091452][bookmark: _Toc136356766][bookmark: _Toc136857659]FIRST CHANGE
[bookmark: _Toc108086219][bookmark: _Toc113369778][bookmark: _Toc120118709][bookmark: _Toc136871110][bookmark: _Toc112402477][bookmark: _Toc112403527][bookmark: _Toc112660798]5.1	Use case on energy consumption as a performance criteria for best effort communication
[bookmark: _Toc108086220][bookmark: _Toc113369779][bookmark: _Toc120118710][bookmark: _Toc136871111]5.1.1	Description
Currently energy consumption and efficiency can be monitored and considered through O&M and network operation, but not as a service performance criterion, as for example bit rate, latency or availability. Guidance from SA to all working groups in states: 
"The EE-specific efforts so far undertaken e.g., in SA5 have aimed mostly at improving the energy efficiency by impacting the operations of the system. As we now are starting to specify the 5G-Advanced features, TSG SA kindly requests the recipient WGs and TSGs to consider EE even more as a guiding principle when developing new solutions and evolving the 3GPP systems specification, in addition to the other established principles of 3GPP system design.
TSG SA clarifies that in addition to EE, other system level criteria shall continue to be met (i.e. the energy efficiency aspects of a solution defined in 3GPP is not to be interpreted to take priority or to be alternative to security, privacy, complexity etc. and to meeting the requirements and performance targets of the specific feature(s) the solution addresses)."
There is an important type of traffic where energy efficiency policy, for example a maximum amount of energy to be utilized could be applied without conflict with this guidance. Best effort traffic is a type of traffic that is provided as a service to customers everything else being equal. Of course, security, privacy and complexity principles will not be sacrificed, but there is no conflict between a service policy that constrains performance (e.g. latency, throughput, even availability) on the basis of energy consumption and a best effort service, since there are no guarantees in the case of best effort traffic. We can say that best effort traffic is not associated with QoS policy service performance level criteria.
Today the 5G system works to support services efficiently, though does not take into account energy consumption at the service level. The use case explores a particular opportunity to identify this information and use it to make more efficient use of all network resources without sacrificing service quality. In particular, information gathered through O&M, and in the future possibly from the network (see 5.1.5 which identifies a gap and opportunity), can be leveraged to make it possible to employ energy consumption information as part of service delivery. 
In the following use case, the possibility of using energy consumption as a new service criterion for this less constrained type of mobile telecommunication service is explored.
A large-scale logistics company L has deployed a large number of communicating components. These are integrated into vehicles, palettes, facilities, etc. Essentially, IoT terminals enable remote tracking and monitoring functions. The information gathered is relevant, but not constrained with respect to latency. In fact, eventual delivery (e.g. after hours or even a full day) of communication is entirely acceptable for L. The MNO M offers a 'green service' which limits the rate of energy utilized consumed for communication over a particular time interval (e.g. per day) and this service is appropriate for L, whose overall corporate goals are also served by 'green service,' as they strive to operate with energy efficiency.
[bookmark: _Toc108086221][bookmark: _Toc113369780][bookmark: _Toc120118711][bookmark: _Toc136871112]5.1.2	Pre-conditions
L deploys many UEs with associated 'green service' subscriptions from M. These subscriptions policies include the following criteria:
-	Best Effort Service (service that is not associated with QoS policy service performance level criteria)
-	Energy Constraints applied to service delivery
[bookmark: _Toc108086222][bookmark: _Toc113369781][bookmark: _Toc120118712][bookmark: _Toc136871113]5.1.3	Service flows
1.	The fleet of trucks belonging to L leave the logistic center located in the middle of the uninhabited region hundreds of kilometers northeast of the major city Erehwon. There are many devices located in this fleet. The trucks and their contents comprise a physically dense group of UEs, all communicating periodically with the network. This 'massive IoT' group leaves the coverage of the logistics center. The network coverage over the road through the uninhabited region is very sparse.
2.	As the trucks proceed into extreme low coverage, the energy utilized consumed to communicate with the IoT devices increases. This energy consumption increase is monitored by the 5G network and can be aggregated, e.g. at the slice level.
3.	The 'green service' policy for the service provided to L includes a maximum energy consumption rate. At a certain point the IoT communication of the fleet exceeds this maximum energy consumption rate.
4.	The policy indicates that latency can be traded off with energy consumption for service to L; the communication service is delay tolerant in this condition. As the energy consumption rate has exceeded the maximum, the latency is increased to enforce this policy. In effect, L's fleet receives very limited service, with high latency, even for a limited period of time, no service at all.
NOTE:	This use case does not describe how latency is increased, but does assume that this increase will result in a reduction of energy consumption. It is possible to reduce energy consumption by offering less service.
The use case description does not define how operator M offers the 'green service'. One possibility is that the maximum energy consumption policy applies to all services for the subscription of a device deployed by L with operator M. This simple policy may not be appropriate if the UEs deployed by L use different kinds of services at different times. In this case, the policy would apply to specific services (service flows, etc.) A requirement at the service flow level is not pursued in this use case.
A further option is that specific network slices apply a 'green service' policy to all services communicating by means of that slice. 
The use case does not describe how energy consumption is determined. There is related work in SA5 and RAN3 to determine energy consumption. If energy consumption cannot be determined at the granularity, e.g. of a specific service or network slice or even the aggregate energy consumption of a subscriber, it is still possible to identify the total energy consumption of different elements in the 5G network. It is therefore possible, at least in principle, to divide the total energy by the number of served sessions, subscribers, etc. 'Average consumption' of a node or cell or slice, etc. is a course unit of measurement, and does not reflect the true energy consumption at the finer granularity, though it still can be a useful metric.
Though an averaging approach could be useful to count the total amount of energy used to attribute to each subscriber, this approach is not enough to measure the rate of energy consumption as described in this use case. For this, there would have to be finer granularity energy reporting than 'per node' or 'per cell.' Though this is not yet supported in the 5G network.
[bookmark: _Toc108086223][bookmark: _Toc113369782][bookmark: _Toc120118713][bookmark: _Toc136871114]5.1.4	Post-conditions
The IoT devices in the fleet belonging to L are able to communicate with varying latency, depending on the energy consumption required to serve the devices. When the UEs are in poor coverage, they communicate seldom, when under good coverage, they can communicate more frequently.
The total energy consumption of M's network has reduced while still providing adequate service to customer L.
It is important to emphasize that there has been no trade-off between 'energy efficiency' and 'service quality.' Customer L received what was necessary while using less energy precisely because the energy consumption was taken into account in the service delivery.
[bookmark: _Toc108086224][bookmark: _Toc113369783][bookmark: _Toc120118714][bookmark: _Toc136871115]5.1.5	Existing feature partly or fully covering use case functionality
The 5G network can monitor energy consumption. The existing energy consumption monitoring is done at an O&M level, per network node, per cell and per slice. The number of UEs per network node, cell and slice are also known. Please see Annex A for an overview of existing energy efficiency standardization, which includes the determining energy consumption for use in calculating energy efficiency.
The 5G network can enforce performance criteria, as described in TS 22.261, 6.7 [15]. Most of the enforcement requirements refer to prioritization, but policies that result in other enforcement are possible too, e.g. gating, charging, credit control, restrictions with respect to maximum allowed resources, etc.
Gap: there is currently no means for the 5G network to determine the per subscriber or per network slice service flow energy consumption. This information is not included in network data analytic services.
[bookmark: _Toc108086225][bookmark: _Toc113369784][bookmark: _Toc120118715][bookmark: _Toc136871116]5.1.6	Potential new requirements needed to support the use case
[PR.5.1.6-1]	Subject to operator’s policy, the 5G network shall support subscription policies that define a maximum energy consumption rate for services without QoS criteria (also termed "best effort" services.) 
NOTE 1:	The granularity of the subscription policies can either apply to the subscriber (all services), or to particular services. This requirement's applicability is limited to UEs that only support services without QoS criteria.
[PR.5.1.6-2]	Subject to operator’s policy, the 5G network shall support enforcement of subscription policies that define a maximum energy consumption rate for services without associated QoS criteria (also termed "best effort" services.)
[PR.5.1.6-3] The 5G network shall support a means to define maximum energy consumption rate with specific granularities:
a)	subscriber granularity (considering all services of the 5G network for the subscriber);
b)	network slice granularity. 
NOTE 2:	The energy consumption of the UE is out of scope of this requirement.
[PR.5.1.6-4]	Subject to operator's policy, the 5G network shall support energy consumption monitoring at per network slice and per subscriber granularity.
NOTE 3:	Energy consumption monitoring as described in the preceding requirement is done by means of averaging or applying a statistical model. The requirement does not imply that some form of 'real time' monitoring is required.
[bookmark: _Toc120118716][bookmark: _Toc136871117]SECOND CHANGE
[bookmark: _Toc136871145]5.6	Use case on supporting service-level energy efficiency analysis for verticals
[bookmark: _Toc103966501][bookmark: _Toc136871146]5.6.1	Description
Company A is located in an industrial campus. There are three internal applications used by employees for daily work which are based on two network slices. App A is for internal communication. App B is for production control. App C is for office automation. A and C are running on one slice, while B running on a separate slice. The data of these three applications are all dealt with a locally deployed UPF in this campus. The operator provides the additional service of exposing energy consumption of locally deployed UPF. Company A find that energy consumption of the UPF become higher recently, but cannot find out the cause, hope that 5G system can help to analysis which users or application are abnormal.
5G system analysis the data volume on this UPF and energy consumption of each app periodically.
[image: A black background with different colored lines
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Figure 5.6-1: Supporting service-level energy efficiency analysis for verticals

[bookmark: _Toc103966502][bookmark: _Toc136871147]5.6.2	Pre-conditions
5G system support energy consumption analysis based on data volume and energy consumption of network functions, which can be done by UPF.
[bookmark: _Toc103966503][bookmark: _Toc136871148]5.6.3	Service flows
1.Company A finds abnormal energy consumption on the local network entity and request 5G system to report data usage of app A, B and C in past 3 days.
2.5G system analyses data volume and energy consumption of each app in every 2 hours. 
3.5G system report shows that app B has a large data usage during 3am-5am every day.
4.Company A finds that app B has an abnormal setting which lead to system update repeatedly and large energy consumption.
[bookmark: _Toc103966504][bookmark: _Toc136871149]5.6.4	Post-conditions
Company A located the abnormal app and machine. They reset the setting and fix the problem.
[bookmark: _Toc136871150]5.6.5	Existing features partly or fully covering the use case functionality
Requirements for DV measurement control and Power, Energy and Environmental (PEE) measurement has been defined to support for 5G NF measurement control.
In SA5 TS 28.554 [12], clause 6.7.3.3 Network Slice Energy Consumption are introduced. 
In SA2, quota for PDU sessions per network slice and user numbers are already defined.
[bookmark: _Toc136871151]5.6.6	Potential new requirements needed to support the use case
[PR.5.6.6-1] The 5G system shall support energy consumption measurement of network functions and exposure to authorised 3rd party.
NOTE :	 The granularity of energy consumption measurement could vary according to different situations, for example, when several services share a same network slice, etc. Energy utilization consumption monitoring as described in the preceding requirement is done by means of averaging or applying a statistical model. The requirement does not imply that some form of 'real time' monitoring is required.
[bookmark: _Toc136871152]THIRD CHANGE
5.7	Use case on energy consumption information exposure considering QoS
[bookmark: _Toc136871153]5.7.1	Description
Quality of service (QoS) refer to the network measurement of the overall performance about a communication service for the user. This network performance statistic can be e.g, packet loss, data rate, transmission delay, jitter, etc. When provide the energy as a service or a network performance criteria, e.g. in clause 5.2, the industrial park customer can be provided different energy-related SLAs under different energy states of network by operator, it is reasonable that not only the energy consumption information of the network or network functions but also the associated network performance statistic information are collected and exposed together to the customers or authorized third parties which will help customers to achieve more visible network service under different energy states of network functions. 
The network performance statistic information can be pre-configured by the customer , authorized third parties or by Operator to be associated with the network functions energy usage consumption information. The network performance statistic information can be packet loss, data rate, transmission delay, jitter, etc. which can be collected and calculated the average value based on 5QI refer TS28.554.
[bookmark: _Toc136871154]5.7.2	Pre-conditions
The network Operator deploys 5G NPN network in industrial park to provide energy as a service “GreenPark” for the industry park customer M. The “GreenPark” service can provide high data rate communication service and higher reliability service either. The industry customer M has subscribed the high data rate service with SLA “H”. The network Operator also provides a replaceable SLA “E2H” which can be used during off-peak working time. This replaceable SLA can reduce energy consumption by changing the energy state of a cell, a network element and/or a network function belong to the 5G NPN (e.g. to “energy saving” state), and the action can be activated either by pre-configured policy or by notification from customer M.
[bookmark: _Toc136871155]5.7.3	Service flows
1. Customer M asks the “GreenPark” Operator to provide the “GreenPark” energy consumption information and its communication services network performance statistic information (e.g. the data rate , packet delay and packet loss) per hour during the working time (e.g. from 9am to 5pm) in the industrial park.
2. The operator acquires the energy consumption information of the 5G NPN serving customer M every hour. 
3. At the same time, operator collects the network performance statistic information (e.g. average data rate , average packet delay and average packet loss) from the 5G NPN serving customer M every hour. 
4. The operator provides the energy consumption information of the 5G NPN serving the customer M and the network performance statistic information from the 5G NPN e.g. the average data rate, average packet delay and average packet loss during the working time in the industrial park.
5. According to the pre-configured policy with customer M, the Operator changes the energy state of the 5G network functions of the 5G NPN serving customer M for energy saving. The operator continues to acquire the energy usage consumption information and collects the network performance statistic information from the 5G NPN under new energy state and provides this information together to the customer M.
[bookmark: _Toc136871156]5.7.4	Post-conditions
Customers M can get the not only the energy consumption information but also the average data rate, average packet delay and average packet loss from 5G NPN during the working time and off-peak working time. 
[bookmark: _Toc136871157]5.7.5	Existing features partly or fully covering the use case functionality
The QoS monitoring requirements have been specified in the TS22.261 section 6.23. But it has not any consideration on energy consumption. Some related requirements are listed below:
The 5G system shall be able to provide real time QoS parameters and events information to an authorized application/network entity. 
NOTE 2:	The QoS parameters to be monitored and reported can include latency (e.g. UL/DL or round trip), jitter, and packet loss rate.
The 5G system shall support different levels of granularity for QoS monitoring (e.g. per flow or set of flows)
The 5G system shall support an update/refresh rate for real time QoS monitoring with a specified value (e.g., at least one update per second)
In TR 28.829 [25], there are solutions of collect network information of energy utility via OA&M. 
In TR28.913 [26], section 4.6, the key issue is to add reliability KPI into the URLLC network slice energy efficiency formula. In this key issue, the energy efficiency is calculated in the 3GPP domain, the related information is not exposed together to external.
[bookmark: _Toc136871158]5.7.6	Potential new requirements needed to support the use case
[PR.5.7.6-1] Subject to Operator policy and consent by the customer, the 5G system shall be able to, collect and expose to the authorized third party, through same update rate e.g. hourly or daily, the energy consumption information for the network functions serving the customer, together with the network performance statistic information for the services provided by that network functions. 
NOTE:	 The network performance statistic information could be the data rate, packet delay and packet loss, etc. 
[PR.5.7.6-2] 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 customer, needs to be exposed along with the energy consumption information of the network functions serving the customer. 
FOURTH CHANGE
[bookmark: _Toc136871159][bookmark: _Hlk126159513]5.8	Use case on Application energy efficiency monitoring
[bookmark: _Toc136871160]5.8.1	Description
Next generation mobile communication systems are expected to accommodate more demanding services, e.g., XR, AI/ML which will require much energy consumption at the device side as well as the network side. The impact on devices and the network to support these services will be huge and sometimes unpredictable.
When Operator A is deploying a communication service to meet the application service requirements (e.g. gaming app requirements), the customer (e.g. service provider or vertical) needs to make sure that the application service doesn’t consume significant energy for the end users as well as for the data network side. 
Possible high energy consumption or low energy efficiency of the application service can lead to an application layer adaptation at the service provider’s domain to deal with this. An example of application layer adaptation would be to trigger the adaptation of the service level due to high expected energy consumption for the given application in a certain service area (e.g. edge service area). 
The Application service Energy Efficiency (AEE) can be monitored and predicted at the 5GS and can be exposed as a monitoring event to the Service Provider to allow an application layer action. Such monitoring may relate to whether the AEE is sustainable for a given service area and time of the day, or can be provided when the energy consumption for the application service is reaching the upper bound (upper bound can be set based on the SLA). The monitoring result can be exposed either periodically or event-based (e.g. when upper threshold is reached as defined in Energy-related KPIs) subject to the application service provider’s requirement (based on the SLA).
[bookmark: _Toc136871161]5.8.2	Pre-conditions
The service provider X wants to deploy an application service (e.g., gaming service) in a given service area and for a target number of users, where the service is expected to be communicated via 5G network “N” of the 5GS of operator A. The application service may have different service levels, which may be different KPIs associated with the service, and can correspond e.g., to different levels of automation or video quality targets.
The service provider X subscribes to the operator A for the “App EnergyEff Moni” feature with the requested service level(s) to monitor whether the application service is energy-efficient when using 5G system of operator A for the given service level(s). 
The operator A and service provider X have agreed on certain energy efficiency target for the application service and optionally for given service levels.
[bookmark: _Toc136871162]5.8.3	Service flows
1. Service provider X asks the “App EnergyEff Moni” of Operator A to provide the predicted application service energy efficiency information for App Service #1 and one or more service modes for a given service area and time of the day. 
2. The 5G system of operator A acquires the energy consumption information of related 5G system functions serving the App Service #1 of service provider X. Such information can be derived per application service and can include statistical data related to the application service energy consumption within a given service area.
Then, the 5G system of operator A calculates or predicts the AEE for the application service #1 and optionally the service mode X, based on the acquired energy consumption information.
[bookmark: _Hlk128007142]3. Operator A exposes the calculatescalculated or predicted AEE for the application service #1 (and optionally the service mode X) to the Service Provider X.
4. Service Provider X configures or adapts the application service parameters based on the Operator A feedback. Such adaptation of the application service parameters can be for instance the application server re-location to an edge data network to enhance the energy efficiency for the application.
[bookmark: _Toc136871163]5.8.4	Post-conditions
Service provider X can get the energy related statistics or predictions for the application service #1, independently from NG-RAN deployment scenarios, and this can help either adapting the application service parameters (e.g. service levels, application relocation) or configuring the application service in an energy-efficient manner.
[bookmark: _Toc136871164]5.8.5	Existing features partly or fully covering the use case functionality
EE TS 28.310 [6] specifies the work in 3GPP related to energy efficiency. It specifies use cases relating to energy efficiency such as switching off edges UPFs for low-latency communication in certain geographical areas when no user is actively using them. Based on the scenarios the document presents requirements to be considered to support energy efficiency. The main requirements among them are requirements related to Power, Energy and Environmental measurements as well as requirements concerning energy saving. 
This use case uses the existing 3GPP features as input for the application-level energy efficiency prediction, without providing an overlapping capability. In particular, the energy monitoring and optimization tasks in OAM cannot consider per application / session energy monitoring/predictions, and are limited to the energy calculation and monitoring per managed element (e.g. NG-RAN, UPF, slice...). 
[bookmark: _Toc136871165]5.8.6	Potential new requirements needed to support the use case
[PR.5.8.6-1] Based on operator policy and service agreement between the operator and application service provider, the 5G system shall be able to derive energy efficiency information for one or more application services, and expose energy efficiency information notifications to the application service provider.
NOTE :	The granularity of energy efficiency information notifications could vary according to different situations, for example, application service energy consumption can be acquired based on means of averaging or applying a statistical model for the energy consumed by the application sessions within the application service in the service area, etc.
[PR.5.8.6-2] Based on operator policy and service agreement between the operator and application service provider, the 5G system shall be able to provide means to predict the energy efficiency per application service, and expose the predictive predicted energy efficiency information to the application service provider.
[PR.5.8.6-3] Based on operator policy and service agreement between the operator and application service provider, the 5G system shall enable the application service provider to subscribe, update, and unsubscribe for energy efficiency information notifications.
FIFTH CHANGE
[bookmark: _Toc136871166]5.9 	Use case on renewable energy consumption information exposure 	
[bookmark: _Toc136871167]5.9.1	Description
According to a recent GSMA report [20], all major operators have set up targets to reduce carbon intensity from 50% to 70% in next couple of years with the ultimate goal of achieving net-zero emissions. Though 5G NR offers improved energy-efficiency, new 5G use cases and the wider adoption of 5G NR will result in an increased number of sites and antennas, which may offset these gains if left unmitigated.
To address this, cut down on emissions and increase network efficiency, operators have an interest in powering their network using renewable energy sources to reduce emissions and enhance network efficiency. It is also important for operators to understand and track the proportion of energy consumed in their networks that is sourced from renewable sources, which can be made available to customers and authorized third parties.
[bookmark: _Toc136871168]5.9.2	Pre-conditions
The network operator R has deployed a 5G network "N" and is promoting its services as "Green Energy". This is due to the fact that 60% (this could be any % number, 60% is just provided as an example) of the energy required for network operations is sourced from renewable resources. The government is providing tax credits to companies using renewable energy, and R provides its customers with information about the proportion of renewable energy utilized consumed and renewable energy certificates (RECs) [21], if applicable. 
Company X, which places a high value on environmental sustainability, has subscribed to R’s Green Energy services requesting for minimum ratio of renewable energy used for the communication service. R provides X with a dedicated slice (or NPN) guaranteeing this minimum ratio. R provides periodic reporting information regarding the percentage of renewable energy utilizedconsumed. As a result, X is eligible to receive tax credits from the government for its purchase of renewable energy.
[bookmark: _Toc136871169]5.9.3	Service flows
1. Customer X subscribes to the ‘Green Energy’ service for its warehouse, provided by operator R.
2. The warehouse is served by a limited “X” number of base stations and the core network could be hosted in a central cloud location that is powered by renewable energy.
3. Operator R provides a dedicated network slice that utilizes a minimum 80% renewable energy for customer X’s NPN at their warehouse. The 5G system will not actively monitor the dedicated resources for energy consumption.
4. Operator R periodically calculates statistics about the ratio of renewable energy utilization consumption of the network elements used within the customer X’s dedicated slice (or NPN).
5. Customer X receives periodic report every month regarding the ratio of renewable energy consumption from Operator R.
6. Operator R supplies customer X with the requested information. 
7. Customer X can advertise that it is committed to a “Green Energy” and is using 80% renewable energy for the dedicated communications service at its warehouse. Additionally, Customer X can also claim tax credits from the government.
[bookmark: _Toc136871170]5.9.4	Post-conditions
Customer X can get a dedicated network slice or NPN utilizing a minimum ratio of renewable energy used by the network serving its warehouse. 
Customer X receives a periodic report on the ratio of renewable energy used by the network serving its warehouse. 
[bookmark: _Toc136871171]5.9.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc136871172]5.9.6	Potential new requirements needed to support the use case
[PR.5.9.6-1] Subject to operator’s policy, the 5G system shall enable the operation of a dedicated network above a minimum ratio of renewable energy as requested by an authorized 3rd party. 
NOTE 1: This requirement does not imply that the 5G system will actively monitor the dedicated resources.
 [PR.5.9.6-2] Subject to operator’s policy, the 5G system shall be able to provide to a 3rd party the reporting of the ratio of renewable energy used to provide dedicated communication service to the 3rd party on periodic basis.
NOTE 2: The reporting period could be set, e.g., on monthly or yearly basis.
[bookmark: _Toc136871187]SIXTH CHANGE
5.12	Use case on supporting communication service with best-effort renewable energy usageconsumption
[bookmark: _Toc136871188]5.12.1	Description
Climate change caused by excessive emissions of GHG (Green House Gas, e.g., carbon dioxide) due to human activity (e.g., burning fossil fuels for electricity generation) is the main driver to climate change, which poses a significant threat to society and the environment. Toward the goal of carbon neutrality, it is important to reduce the GHG incl. carbon emissions in the first place rather than offset them later. Recent advancements in cellular technologies (e.g., 5GS) that enable a wide range of applications has led to an explosive growth of service demands in networks. ICT sector is expected to account for 20% of the global energy consumption by 2040. 3GPP plays a crucial role in the ICT sector to enable the deployment of these technologies on a global scale and therefore must also play a central role in enabling a sustainable future.
[bookmark: _Hlk134630091]To reduce the carbon footprint, telecom operators are utilizing more renewable energy (e.g., solar, wind) that does not release carbon dioxide when producing electricity. The energy used by network can be from varied energy with different related levels of environmental impact incl. GHG emissions. Due to the highly variable and unpredictable nature of renewable energy sources, the supply of renewable energy varies substantially by time and location. 
In the following use case, telecom operator provides communication service considering the supply of renewable energy, in which operator utilizes renewable energy sources in a best-effort manner while ensuring the QoS levels of services to be met.
[bookmark: _Toc136871189]5.12.2	Pre-conditions
Eva has video calls with her family during the commute. She receives 5G service from the mobile network operator A.
The 5G system operated by operator A is powered by both of renewable energy (e.g., solar energy) and non-renewable energy (e.g., coal). The ratio of renewable energy is determined as the ratio of the power that is used from renewable energy sources as a percentage of total power usage in a given time unit. Calculation of ratio of renewable energy is done by means of averaging or applying a statistical model.
The operator A offers a “green communication service option” for which the supply of renewable energy is additionally considered during the provision of the services to users. If the green communication service option is determined to be enabled by the operator A, the operator A utilizes renewable energy sources in a best-effort manner while ensuring the QoS levels of services still be met.
The operator A monitors the supply of renewables in 5GS and the network operates on different ratios of renewable energy over time. The operator may also report to user the statistics of ratio of renewable energy for providing the requested communication service.
[bookmark: _Hlk134628827]Eva loves our planet, so she subscribes the green communication service option which utilize as much renewable energy as possible without sacrificing the quality of serve for her video calls. 
NOTE:	This green service ensures that QoS level criteria continues to be met (i.e., there is no trade-off between energy efficiency and service quality) since the usage of renewable energy is just a best effort attempt. 
[bookmark: _Toc136871190]5.12.3	Service flows
1. During the commute, Eva has video calls with her family via the 5G system operated by operator A. 
2. Eva subscribes the green communication service option provided by operator A, which ensures the QoS level of service to be met and utilize renewable energy sources in a best-effort manner.
3. The operator A monitors the supply of renewables for its 5G system, which varies substantially by time and/or location due to the highly variable and unpredictable nature of renewable energy sources.
4. During early morning, the operator A is able to provide communication service to Eva with 40% of ratio of renewable energy since solar power is plentiful and most of users don’t use services. 
5. During the busy evening, many users request communication services at the same time, so the operator A is only able to provide communication service to Eva with 20% of ratio of renewable energy since the required energy consumption for network operation becomes more and the solar energy supply is decreasing. 
6. Periodically, the operator reports to Eva the ratio of renewable energy for providing her communication service.
7. By "green communication service option” provided by operator A, the service requested by Eva use renewables as much as possible and Eva is still satisfied with the quality of video calls.
[bookmark: _Toc136871191]5.12.4	Post-conditions
Eva can enjoy video calls with the satisfied quality of service while reducing her carbon footprint.
[bookmark: _Toc136871192]5.12.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc136871193]5.12.6	Potential new requirements needed to support the use case
[PR.5.12.6-1] Subject to user consent and operator’s policy, the 5G system shall be able to expose to a subscriber the ratio of renewable energy used for the subscriber’s dedicated communication service on periodic basis.
[PR.5.12.6-2] The 5G system shall be able to collect charging information associated with a subscribed service based on the ratio of renewable energy used for providing the service.
[bookmark: _Hlk135893072]NOTE:	Calculation of ratio of renewable energy as described in the preceding requirements is done by means of averaging or applying a statistical model. The requirements do not imply that some form of 'real time' monitoring is required.
SEVENTH CHANGE
[bookmark: _Toc136871219]6.4	Information exposure related to energy consumption
This subclause contains the requirements related to information exposure related to energy consumption.
Table 6.4-1 – Consolidated Requirements on information exposure related to Energy Usage Consumption 
	CPR #
	Consolidated Potential Requirement
	Original PR #
	Comment

	CPR 6.4-1
	Subject to operator’s policy and agreement with 3rd party, the 5G system shall be able to expose energy consumption information of the network functions serving this 3rd party, independently from NG-RAN deployment scenarios to authorized 3rd parties.
	PR.5.3.6-1
	

	CPR 6.4-2
	Subject to operator’s policy and agreement with 3rd party, the 5G system shall be able to expose energy consumption information of the NPN serving this 3rd party, including the shared network function(s) which is (are) serving the NPN to authorized 3rd parties.
	PR.5.4.6-1
	

	CPR 6.4-3
	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).
	P.R 5.5.6-3 
	

	CPR 6.4-4
	Subject to operator’s policy and agreement with 3rd party, the 5G system shall be able to provide to authorised 3rd parties the reporting of the ratio of renewable energy used to provide dedicated communication service to this 3rd party on periodic basis.
NOTE x: The reporting period could be set, e.g., on monthly or yearly basis.
	PR.5.9.6-2
	

	CPR 6.4-5
	Subject to user consent, operator policy and regulatory requirements, the 5G system shall be able to provide a mechanism to expose to the authorized third parties the energy efficiency information (e.g., including the estimated carbon emissions) related to a subscriber based on the subscriber’s data volume over a specific period of time, the operator’s network energy consumption, and the carbon intensity of operator’s network.
NOTE x:	The carbon intensity of operator’s network can be provided by an authorized third party and can vary based on locations.
NOTE x:	The granularity of reporting (e.g., per month) is not discussed in this work.
	PR 5.10.6-1
	



END OF CHANGES
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