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[bookmark: foreword][bookmark: _Toc164787705][bookmark: _Toc168387591]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
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc164787706][bookmark: _Toc168387592]Introduction

[bookmark: scope][bookmark: _Toc164787707][bookmark: _Toc168387593]
1	Scope
The present document …
[bookmark: references][bookmark: _Toc164787708][bookmark: _Toc168387594]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 TR 22.882: "Study on Energy Efficiency as a service criteria".
[3]	3GPP TS 22.261: "Service requirements for the 5G system".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: definitions][bookmark: _Toc164787709][bookmark: _Toc168387595]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc164787710][bookmark: _Toc168387596]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc164787711][bookmark: _Toc168387597]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc164787712][bookmark: _Toc168387598]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP 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 3GPP TR 21.905 [1].
<ABBREVIATION>	<Expansion>

4 [bookmark: clause4][bookmark: _Toc164787713][bookmark: _Toc168387599]Overview

[bookmark: _Toc164787714][bookmark: _Toc168387600]5	Use cases
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101][bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102][bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103][bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104][bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106][bookmark: _Toc164787715]5.1	Use case 1 name
[bookmark: _Toc103966501][bookmark: _Toc108086220][bookmark: _Toc164787716]5.1.1	Description
[bookmark: _Toc108086221][bookmark: _Toc103966502][bookmark: _Toc164787717]5.1.2	Pre-conditions
[bookmark: _Toc103966503][bookmark: _Toc108086222][bookmark: _Toc164787718]5.1.3	Service Flows
[bookmark: _Toc103966504][bookmark: _Toc108086223][bookmark: _Toc164787719]5.1.4	Post-conditions
[bookmark: _Toc103966505][bookmark: _Toc108086224][bookmark: _Toc164787720]5.1.5	Existing feature partly or fully covering use case functionality
[bookmark: _Toc108086225][bookmark: _Toc103966506][bookmark: _Toc164787721]5.1.6	Potential New Requirements needed to support the use case
[bookmark: _Toc168387601]5.1	Use case on energy saving service for UE
[bookmark: _Toc168387602]5.1.1	Description
With the development of mobile network, 5G are expected to accommodate more and more services, e.g., AR, XR, which will cause higher energy/power consumption at the device side. However, considering the service experience, the weight of all kinds of AR and/or XR glasses need to be strictly controlled to be very light, wearing these glasses will not bring extra burden to the users. Only in this way, can the users be willing to order new devices and services.
To achieve providing immersive service experience, the 5G system is required to provide a long-time high data rate data transmission with low energy/power consumption on the device. Considering the end-to-end energy efficiency, the energy consumption of the overall 5G system also needs to be optimized.
To achieve energy efficiency, the operator will need to introduce the concept of energy as a service, provide different levels of energy saving service for subscribers. For the users, when subscribe specific applications services (e.g., AR, XR), they will have the opportunities to choose the energy saving level based on their requirement.
[bookmark: _Toc168387603]5.1.2	Pre-conditions
Operator or 3rd party (act as service provider) has deployed a new application service (e.g., AR, XR) in some areas. 
Operator A, who has high sense of responsibility for sustainability development, has a series of energy saving service at different prices for subscribers to extend the battery life with required service experience. Considering the coordination between device, 5G network and application server, different levels of energy saving service may be as following:
· UE energy saving level A (higher price): Maintain high service experience (e.g., low latency, high throughput) in low battery
· UE energy saving level B (lower price): Provide high service experience in high battery, reduce service experience in low battery (e.g., when 20% charge is left, perform QoS degrading)
[bookmark: _Toc168387604]5.1.3	Service Flows
1. John bought a new AR glasses, and subscriber the application services published by operator A, with energy saving level A or B.
2. Operator runs the network and provide communication service to John.
3. When the battery is fully charged or John is easy to charge the AR glasses, network will not perform any operation to support UE energy saving, which is possible that the energy/power consumption of the AR glasses is high.
4. When the battery capacity drops to 20%, and John has no condition to charge the AR glasses in time, he turns the AR glasses in energy saving mode. 
- If John choose UE energy saving level A, service experience is not affected by the battery status of device, negotiation between UE and network will try to minimize the energy/power consumption (communication part) at UE side in order to extend the battery life, some energy saving features (e.g., cell-DTX, UE-DRX, LP-WUS) maybe leveraged to improve the energy efficiency to lower the UE energy/power consumption without degrading the service experience.
- If John chooses UE energy saving level B, network will modify the service experience, for example, QoS modification, to further extend the battery life, with UE consent. 
5. Operator monitors and generates the energy efficiency and energy consumption at UE granularity.
[bookmark: _Toc168387605]5.1.4	Post-conditions
John is able to experience the AR immersive service with long battery life, according to the subscribed energy saving service level.
[bookmark: _Toc168387606]5.1.5	Existing features partly or fully covering the use case functionality
< Highlight existing features in the existing set of normative specifications that partly or fully cover this use case.>
[bookmark: _Toc168387607]5.1.6	Potential New Requirements needed to support the use case
[PR.5.1.6-1] Subject to user consent and operator policy, the 5G network shall be able to provide different levels of UE energy saving services to the subscriber.
Editor’s Note: Levels of UE energy saving services is FFS.  
[PR.5.1.6-2] Subject to user consent and operator policy, the 5G network shall allow the subscriber to provide their preference on levels of UE energy efficiency services.
Editor’s Note: It is FFS if the network can support UE to save energy (communication part) without degrading UE’s service experience.  
Editor’s Note: It is FFS whether PRs are already supported.
[bookmark: _Toc168387608]5.2	Use case on dynamic service adjustment support in the network based on energy information
[bookmark: _Toc168387609]5.2.1	Description
Speedy digitization and rising demand for communications services are resulting in continued increases in energy consumption in cellular networks. Net energy saving and using renewable energy sources are imperative due to the impact of climate change and the global energy shortage. In this context, a discussion on considering energy efficiency as a service criterion and (feasible and limited) exposure to the type of available energy source (renewable or non-renewable) was also initiated and addressed to some extent in [2]. Intended increased usage of renewable energy sources in the network by taking availability of renewable energy sources into consideration while taking network decision may enable connectivity to areas with limited grid-based supply to its disposal. These days users are more aware and sensitive toward environment may want to reduce their carbon footprint by choosing renewable energy sources over non-renewable sources for network services, even with compromised service performance. Overall reduction in energy usage and prioritizing usage of renewable energy sources (whenever available) over non-renewable energy sources need to have a coordinated solution at both user and network levels from the perspective of energy saving.

[image: A diagram of energy usage

Description automatically generated]
Figure 5.2.1: Dynamic service adjustment support in the network based on energy information.
Along with exposure to energy resources and their type of information (renewable or non-renewable) to some extent of granularity to verticals or users, the network in itself can utilize such information for energy-aware network decisions towards energy goals (as illustrated in Figure 5.2.1). For example, energy-aware load balancing and choosing functions based on their energy source type can be supported in the network. However, user consent, awareness, and energy-related information exposure are must in this context as it may result in dynamic service adjustment at flow level based on availability of types of energy sources. Overall, the energy-aware network decision with the user's consent and awareness is the requirement for reduced and green energy usage.
[bookmark: _Toc168387610]5.2.2	Pre-conditions
There is an availability of service wise energy usage information and energy source type-related information for network functions. The service provider’s 5G system supports energy information exposure to users and 3rd parties based on agreement. This energy usage and energy source related information is used for energy-aware network decisions such as selection of network functions. 5G system also supports dynamic service adjustments at flow level based on energy information with user consent. 
[bookmark: _Toc168387611]5.2.3	Service Flows
A user Alice is very sensitive towards changes in the environment and aware of the impact of energy usage on this. She wants to have connectivity with consideration of energy usage and types of energy sources. Service provider EnergyNET provides such an “energy-aware service” subscription. By taking this subscription, Alice has consented to dynamic service adjustments based on energy-aware network decisions. For example, the network can prioritize using renewable energy source-operated network functions over conventional energy-operated network functions while providing services to the user. Dynamic availability of renewable energy sources may need adjustments in service QoS at flow level. However, there are stringent QoS requirements specific to service type. For example, voice call can get interrupted with QoS adjustment to reduce energy usage. However, Video can be watched with some compromise in video quality with user consent. Network has a set of minimum QoS requirement for the energy aware services. Accordingly dynamic acceptable service-wise QoS adjustment is applied at flow level.  Alice is aware of this and is happy to know that EnergyNET is putting its best efforts into minimizing energy usage and prioritizing the use of renewable energy sources. Alice avails of the energy-aware subscription facility as it gives her the satisfaction of doing something to save the environment. It can be a trade-off between energy efficiency and QoS, but it is the user's choice with support from the networks. 
[bookmark: _Toc168387612]5.2.4	Post-conditions
User is happy with energy aware services and network has gained net energy saving.
[bookmark: _Toc168387613]5.2.5	Existing features partly or fully covering the use case functionality
There are existing requirements in [3].
· 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. [3]
· Subject to user consent, operator policy and regulatory requirements, the 5G system shall be able to provide means to operate part or the whole network according to energy consumption requirements, which may be based on subscription policies or requested by an authorized 3rd party. [3]
· 5G system shall support dynamic changes of energy states of network elements and network functions. [3]
NOTE:	 This requirement also includes the condition when providing network elements or functions to an authorised 3rd party, the dynamic changes can be based on pre-configured policy (the time of changing energy states, which energy state map to which level of load, etc.)
· Subject to operator's policy, the 5G network shall support energy consumption monitoring at per network slice and per subscriber granularity. [3]
NOTE:	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. The granularity of the subscription policies can either apply to the subscriber (all services), or to particular services. 
· Subject to operator’s policy and agreement with 3rd party, the 5G system shall be able to monitor energy consumption for serving this 3rd party. [3]
NOTE: The granularity of energy consumption measurement could vary according to different situations, for example, when several services share a same network slice, etc. 
NOTE: The energy consumption information can be related to the network resources of network slice, NPNs, etc.
· 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. [3]
NOTE: 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.
NOTE: The energy consumption information can be related to the network resources of network slice, NPNs, etc.
[bookmark: _Toc168387614]5.2.6	Potential New Requirements needed to support the use case
[PR 5.2.6-1] Subject to user consent, operator policy, and regulatory requirements, the 5G network shall be able to provide means to reduce service performance at the flow level in response to energy constraints. 
NOTE 1:	Energy constraints refer to limitations on available energy (based on energy related information available in the network).
Editor’s Note: The definition of the term energy constraints is FFS.
[PR 5.2.6-2] Subject to user consent and regulatory requirements, the 5G network shall allow the network operator to configure policies to reduce service performance at the flow level considering energy constraints.
[bookmark: _Toc168387615]5.3	Use case on Carbon emission charging
[bookmark: _Toc168387616]5.3.1	Description
The challenge of becoming carbon neutral within the ICT sector requires concrete actions. To devise solutions in this direction, full transparency of the impacts on the carbon footprint throughout the entire end-to-end chain is required, which translates to a need for measuring and attributing energy usage and carbon footprint. 
Therefore, this use case relies on a series of energy measurements, interoperability between different network domains, and a deeper understanding of the impact of different network nodes/functions on the carbon emission and energy usage throughout the end-to-end chain to unravel the E2E energy consumption (including networks, applications, and devices), as well as the effects of particular settings have on energy consumption (e.g., data route chosen, the energy mix where the service is running as well as the engaged network domains). We conjecture that this necessitates flexible, novel architectural patterns, new modules and interfaces with additional procedures for the overall ICT service measurement, and per-domain energy usage and carbon footprint exposure mechanisms.
[bookmark: _Toc168387617]5.3.2	Pre-conditions
· The MNO is able to measure the energy consumption and CO2 emission of each service execution of each service consumer
  
[bookmark: _Toc168387618]5.3.3	Service Flows
1. A service consumer consumes a service delivered by an MNO. 
2. The MNO collects charging information on how much energy consumption and CO2 emissions is attributed to the service provided to the service consumer from various network elements / network domains along the service chain. 
3. The charging information from the various network elements / network domains is stored 

[bookmark: _Toc168387619]5.3.4	Post-conditions
The service consumer is attributed for his/her energy consumption and CO2 emission. The MNO can e.g. use this information to incentivize the service consumer (out of scope of 3GPP). 
[bookmark: _Toc168387620]5.3.5	Existing features partly or fully covering the use case functionality
In Release 19 the "5G system shall provide a mechanism to include Energy related information as part of charging information”. It is not clear whether CO2 emission information can be part of charging information. Furthermore, accuracy of the related measurements is questionable, both in the sense of how accurately the nodes attribute the consumption and which nodes are capable of doing that.  
Editor’s Note: analysing Rel-19 stage 2 work (SA2 and SA5)
[bookmark: _Toc168387621]5.3.6	Potential New Requirements needed to support the use case
[bookmark: _Hlk167928556][PR.5.3.6-1] The 5G network shall be able to collect information on energy consumption and carbon emission that are attributed to the subscriber as part of charging information.
Editor’s Note: accuracy of attribution per subscriber is FFS
[bookmark: _Toc168387622]5.4	Use case on supporting information exposure and service adjustment based on energy supply mix
[bookmark: _Toc168387623]5.4.1	Description
Based on the condition of environment (e.g. wind condition, solar power condition, etc.), energy company may change the energy supply mix to specific areas. Such change will result in energy supply mix to network equipment such as base station, edge computing center, etc. If this information can be shared to operators, operators can adjust or optimize the network or service provisioning based on this information for lower carbon emission. For example, operator may tend to provide the same level of service experience with higher ratio of renewable energy usage with the agreement with 3rd party.
[bookmark: _Toc168387624]5.4.2	Pre-conditions
Operator A deploys network and provides services in the southern region of country C. Energy company E provides thermal power as energy supply to operator A all over country C. Recently, energy company E has deployed solar power to replace 30% of the thermal power generation in some regions of southern country C.
As a result, the energy supply mix that energy company E provide to operator A has changed. By network exposure, operator A gets aware of where the solar power has been deployed, and which network equipment has been powered by solar energy. Taking low carbon emission into consideration, operator A may perform adjustment or optimization, e.g. changing network paths or Service Hosting Environment for the services.
[bookmark: _Toc168387625]5.4.3	Service Flows
1. A new solar panel field is deployed in one area, the rise and fall of the solar power will bring impact to the main power grid. Energy company E would like to consume the resource locally instead of transport with main grid. With the agreement with Operator A, Energy company E changes the energy supply mix to the network facilities in this specific area.  
2. The change information of energy supply mix is exposed to operator A. The RAN node, UPFs and edge nodes in this particular area are now supported by more ratio of renewable energy.
3. Based on awareness of the update of energy supply mix information of these network elements, operator A makes analysis and see it’s possible to adjust the communication service for less carbon emission while still satisfy the requirements of 3rd party and the users. 
4. Based on the agreement between operator and 3rd party , Operator A may perform adjustment to traffic of this 3rd party, e.g. relocating to the UPF or edge node with less energy consumption or higher renewable energy ratio.
[bookmark: _Toc168387626]5.4.4	Post-conditions
Network exposure of energy supply mix information is enforced for operator A. This enables network adjustment or optimization, targeting reduction of energy consumption or improvement of renewable energy ratio.
[bookmark: _Toc168387627]5.4.5	Existing features partly or fully covering the use case functionality
3GPP TS 22.261, clause 6.15a.5.2 on information exposure requirement of Energy Efficiency as a Service Criteria includes the following requirements: 
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.
Subject to operator’s policy, agreement with 3rd party and consent by the customer, the 5G system shall be able to expose the network performance statistic information (e.g. the data rate, packet delay and packet loss) together with energy consumption information resulting from service provided to the customer, to the authorized third party, related to the same time interval e.g. hourly or daily.
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’s 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.
Compared to the R19 requirement on exposing information on energy consumption, which is:
Energy consumption information can include ratio of renewable energy and carbon emission information when available. 
The gap here is that energy supply mix can include more information other than ratio of renewable energy, such as the combination of different energy sources. 
There’s also existing work in SA2 R19 work Study on Energy Efficiency and Energy Saving, 3GPP TR 23700-66, clause 5.3.1 :
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.
[bookmark: _Toc168387628]5.4.6	Potential New Requirements needed to support the use case
[PR.5.4.6-1] Based on regulatory requirements, operators’ policy and agreement with 3rd party, 5G network shall provide mechanisms to adjust communication service (e.g. reselection of UPF, service hosting environment) considering the change of energy supply mix of the network as one of the factors.
NOTE 1:	It is assumed that 5G system can obtain energy supply mix information, how to obtain this information is out of scope. The adjustment is not assumed to be real-time, it’s up to the operators’ policy to define the time difference between obtaining the change on energy supply mix and providing adjustment on communication service.
Editor’s Note: It is FFS on how to describe adjustment on communication service and whether there are stage 1 examples.  
[bookmark: _Toc108086226][bookmark: _Toc164787722][bookmark: _Toc168387629]6	Consolidated potential requirements

[bookmark: _Toc108086227][bookmark: _Toc103966507][bookmark: _Toc164787723][bookmark: _Toc168387630]7	Conclusion and recommendations
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