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Abstract: This contribution provides some further clarification on the KI#2 interim conclusion, e.g., related to the subscription policy control requirements from SA1 (TS 22.261) and based on the moderated email discussion.
1. Introduction
This document is trying to provide the conclusion proposal for KI#2, based on the moderated email discussion and the unhandled submitted contribution from Huawei in S2-2404798/4899 in SA2#162 meeting. In the following clauses, we discuss critical issues from the moderated email discussion.  
2. Discussion
2.1	Overview
A two-rounded moderated email discussion has been held before SA2#163 meeting. KI#1, #2 and #3 are included and companies exchanged their views but for some of the questions more discussion is needed. In this clause we list several aspects from KI#2 that need more clarification and discussion and provide our takes on those.
2.2	Policy control, enforcement and charging for energy related limits
2.2.0	Overview
The principles of policy control for energy efficiency and saving, including the enforcement and charging principles needs to take in account a number of requirements identified in SA1 (TS 22.261). In previous meetings, the documents on this aspect, e.g. S2-2404798/4899, were submitted.
2.2.1	Energy related limits for subscription policy
Regarding energy related limits, in particular, energy consumption limits for subscription policy, the following EN is considered for discussion.
Editor's note:	It is FFS whether and what energy related limits (e.g., energy consumption limits) per UE is to defined, controlled and used, which depends on whether and what energy related information per UE can be obtained as concluded in KI#1.
TS 22.261 defines UE’s subscription policy related to the energy consumption limits as follow:
“maximum energy consumption: a policy establishing an upper bound on the quantity of energy consumption [47] by the 5G system in a specific period of time, or space, e.g. energy consumption inside a given service area.”
“maximum energy credit limit: a policy establishing an upper bound on the aggregate quantity of energy consumption by the 5G system to provide services to a specific subscriber, e.g. in kilowatt hours.”
“NOTE:	The terms maximum energy credit limit is distinct from 'maximum energy consumption' because the credit limit is a total amount of energy consumed, where maximum energy consumption is a limit to the consumption in a given interval of time.”
“NOTE 3:	The granularity of the subscription policies can either apply to the subscriber (all services), or to particular services.” 
Proposal #1: Based on the above discussion, it is proposed to conclude the following principles as part of KI#2 conclusion.
-	Energy consumption limits control per UE is supported based on obtained energy related information per UE (as concluded in KI#1).
NOTE 1:	As per TS 22.261[8], the energy consumption limits are the maximum energy consumption and the energy credit.

2.2.2	Energy consumption limits (e.g., energy credit) provisioning
Regarding provisioning of energy consumption limits (e.g., energy credit), the following ENs are considered for discussion.
Editor's note:	Whether the energy credit is stored in UDM/UDR or handled by the charging subsystem is FFS (decided in cooperation with SA WG5).
The energy consumption limits (e.g., energy credit) per UE can be considered as part of subscription data. In this case, the energy consumption limits (e.g., energy credit) are stored in UDM/UDR. Alternatively, as per operator’s policy, the energy consumption limits (e.g., energy credit) can be configured at the charging subsystem for control or charging events (use of energy credit).
Proposal #2: It is proposed to conclude the following principles as part of KI#2 conclusion.
-	The charging subsystem applies the energy consumption limits for control purposes (maximum energy consumption and energy credit) and for charging (energy credit). The energy consumption limits may be store in UDM/UDR and/or in charging subsystem based on operator policy.

2.2.3	SM Policy information for energy related limits
Regarding SM Policy enhancement, the following ENs are considered for discussion.
[bookmark: _Hlk166578263]Editor's note:	It is FFS what information in the AM, SM and UE policies can be determined and provided/updated for enforcement based on energy related information or subscription data.
From KI#2 interim conclusion, the above mentioned EN is related to how PCF make policy decision related to AM, SM and UE for enforcement. In this following discussion, SM policies for enforcement will be discussed.
In TS 22.261 the requirements of 5G system to support subscription policy for UE’s energy related limits (discussed in 2.2.1) and mechanisms for policy enforcement are defined for services without QoS criteria (i.e., best-effort traffic, e.g., non-GBR traffic) as follow:
“Subject to operator’s policy, the 5G system shall support a means to define subscription policies and means to enforce the policy that define a maximum energy consumption (i.e. quantity of energy for a specified period of time) for services without QoS criteria.”
“Subject to operator’s policy, the 5G system shall support subscription policies that define a maximum energy credit limit for services without QoS criteria.”
“NOTE 3:	The granularity of the subscription policies can either apply to the subscriber (all services), or to particular services.” 
Based on the above mentioned SA1 requirements, the subscription policy for UE’s energy related limits subject to services without QoS criteria (e.g., UE’s specific QoS flows associated with best-effort traffic) is applicable for SM policy enforcement. To support SM policy enforcement it is clarified that PCF determines SM policies based on energy related information and subscription data and shall provide SM policy information to SMF as follows:
· SM policy enhancements (e.g., PCC rules for UE’s specific QoS flows associated with best-effort traffic) related to UE’s energy consumption limits for enabling the monitoring and the enforcement of restriction are based on subscription data.
· SM policy related to enforcing restrictions based on energy policy decision and on energy related information, i.e. data throttling, is send to SMF.
Proposal #3: It is proposed to conclude the following principles as part of KI#2 conclusion.
-	The PCF may take into account energy related information (i.e., energy consumption information and renewable energy related information), including subscription data when making policy decisions on the AM, SM and UE policies.
-	SM policy enhancements (e.g., PCC rules for UE’s specific QoS flows associated with best-effort traffic) related to UE’s energy consumption limits for enabling the monitoring and the enforcement of restriction is based on subscription data.
-	SM policy related to enforcing restrictions based on energy policy decision and on energy related information, i.e. data throttling, is send to SMF.

2.2.4	SM Policy enforcement for energy related limits
2.2.4.1	Introduction
In this section, the following editor’s note will be discussed by highlighting policy enforcement related to the energy consumption limits.
[bookmark: _Hlk166490009]Editor’s note:	Whether the interaction with CHF for policy enforcement and charging is FFS.
In TS 22.261 the requirements of 5G system to support a means to enforce the policy for maximum energy consumption, a mean to associate energy consumption with charging information based on subscription policies and mechanism to perform energy consumption credit limit control are defined as follows:
“Subject to operator’s policy, the 5G system shall support a means to define subscription policies and means to enforce the policy that define a maximum energy consumption (i.e. quantity of energy for a specified period of time) for services without QoS criteria.” 
“Subject to operator’s policy, the 5G system shall support a means to associate energy consumption with charging information based on subscription policies for services without QoS criteria.”
“Subject to operator’s policy, the 5G system shall support a mechanism to perform energy consumption credit limit control for services without QoS criteria.”
2.2.4.2	CHF support for SM Policy Control and Enforcement
In TS22.261, the requirements are clearly stated that UE’s subscription policy related to the maximum energy consumption limit is to be supported by 5G system for policy control and enforcement. 
This section will discuss whether and how the interaction with CHF for policy enforcement (i.e., maximum energy consumption limit) can be supported.
UE’s subscription policy related to maximum energy consumption limit can indicate that the UE is subject to the current energy consumption control for a given interval of time (e.g., hours, days). The current energy consumption control means the energy consumption control for the current measurement interval is based on the energy consumption measurements of the previous measurement interval. As per TS22.261, the current energy consumption control is applied for the UE’s non-GBR traffic that can be identified by specific PCC rules or the whole PDU Session traffic. 
The example described in Figure 2.2.2-1 represents how the interaction with CHF can support the UE’s subscription policy enforcement related to the maximum energy consumption limit.
[image: ]
Figure 2.2.4.2-1: high-level description of subscriber’s current energy consumption control by CHF.
The example described in Figure 2.2.2-1 illustrates a high-level description of CHF based current energy consumption control for a UE with 3 PDU Sessions that are served by 3 SMFs and 2 UPFs. Each SMF monitors energy usage information at UE’s PDU session level and reports energy usage information (i.e., the transferred data volume and the consumed energy) to the CHF periodically. Based on the reports from SMFs, CHF instantly checks whether the threshold (i.e., maximum energy consumption limit) is exceeded or not. If the UE’s energy consumption measurements of the previous measurement interval exceed the threshold, CHF determines Energy Session Maximum Bit Rate (ESMBR) to particular PDU session(s) for the current measurement interval “x” to control the maximum energy consumption instantly. The ESMBR indicates the maximum bit rate allowed to the UE’s particular PDU session(s). For example, ESMBR is determined for the PDU session(s) with the worst energy usage information based on the energy usage information from SMFs (i.e., the transferred data volume and the consumed energy) for each particular PDU session and UE’s maximum energy consumption limit. The ESMBR is provided to specific UPF(s) via their associated SMF(s) to throttle traffic at particular PDU session(s) of the UE. In this particular example, the SMF#1 receives ESMBR instruction (i.e., 50MB/x min) for the UE’s established PDU session, hence, SMF#1 forwards the ESMBR instruction to UPF#1 for the UE’s particular PDU session managed by SMF#1 to enforce the maximum bit rate.
The UE’s traffic that is subject to current energy consumption control is the best effort-traffic (e.g., non-GBR traffic) associated with specific QoS flows or the whole PDU Session. The energy usage information of the UE (i.e., the transferred data volume and the consumed energy) is only counted for this traffic subject to energy consumption control. In other words, certain services of the UE (e.g. GBR traffic or certain non-GBR based operator services) are excluded from the throttling and should therefore also not be counted for the energy consumption control.
2.2.4.3	CHF support for Charging
In TS22.261, the requirements are clearly stated that 5G system shall support a mechanism to perform energy consumption credit limit control for services without QoS criteria.
This section will discuss whether and how the interaction with CHF for charging (i.e., energy credit limit control) can be supported.
As a simple and efficient mechanism, the enhancement of online charging-based credit control by CHF can be considered for energy credit limit control. The online charging-based energy credit control reuses the current and existing procedures supported by CHF to control UE’s maximum energy credit limit. In other words, the control of UE’s energy consumption is compared against the maximum energy credit limit. 
Energy credit limit control is applied for UE’s best-effort traffic (e.g., non-GBR traffic) that is identified by specific PCC rules or the whole PDU Session traffic. Every PCC rule can contain an indication that it is subject to energy credit control and the PDU Session related policy information is extended by information about the maximum energy credit limit of the UE and the credit applicability time.
2.2.4.4	Advantages of CHF support for SM Policy Enforcement and Charging
The following advantages of CHF are considered.
1. CHF is the centralized NF for controlling the energy-related limits of a UE.
The UE’s maximum energy consumption limit control requires a central control point for acquiring the energy usage information on UE’s specific QoS flows to perform the enforcement on some specific QoS flows based on the energy usage information and the maximum energy consumption limit. As the CHF is acting as the central point for multiple SMFs handling the UE’s specific QoS flows, it can manage and control the maximum energy consumption limit instantaneously for multiple QoS flows of a UE handled by multiple SMFs. 
With enhancement, the enforcement mechanism for the UE’s current energy consumption control (i.e., the energy consumption control for the current measurement interval is based on the energy consumption measurements of the previous measurement interval), CHF (together with SMFs and corresponding UPFs) will then become responsible for enforcing any restrictions, i.e. data throttling on particular QoS flows (or PDU session(s)) of the UE in order to restrict the maximum amount of traffic and thus, the maximum energy be consumed. This allows to use the existing procedures; hence, no new mechanism will be defined in this release. 
2. CHF can reuse the online-charging mechanism (and the existing procedures).
As a simple and efficient mechanism, the enhancement of online charging-based credit control by CHF can be considered for energy credit limit control. The online charging-based energy credit control reuses the current and existing procedures supported by CHF to control UE’s maximum energy credit limit. It would be preferable that no new mechanism will be defined in this release.
2.2.4.5	Impacts on existing services, entities and interfaces 
UE’s SM policy control and enforcement related to the energy consumption limits is based on the enhancement of existing procedures and interactions between CHF, SMF and UPF. Note that even in this case, it should still be the PCF that provides energy related policy configuration. To support energy consumption information monitoring and reporting, new or enhanced service operations can be considered. 
For details procedures and interactions between CHF, SMF and UPF, please refer to S2-2406502 (was S2-2404798) and S2-2406503 (was S2-2404799).
Proposal #4: Based on the above discussion, it is proposed to conclude the following principles as part of KI#2 conclusion.
· The CHF interaction with SMF is enhanced to support SM policy enforcement (e.g., decision of data throttling for a particular PDU session) and online-charging based energy credit control.

2.3	Supported granularities for authorization
In the moderated email discussion, the issue of the supported granularities for authorization is also discussed. It is important to clarify that which granularity and for which purpose we need the authorization. Here are our takes:
-	Per-UE level authorization: This granularity should be the basis and to be supported in this release, if the authorization feature will be supported in this release. This level of authorization represents whether the UE can be subject to energy related control, e.g., policy control or enforcement, and there are also some SA1 requirement in TS 22.261, e.g.:
	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…



-	Per-Service level authorization: It might be possible to support per-Service level authorization in case if there is an SLA between the operator and the service provider. And such authorization granularity could be a pre-condition to collect/expose or policy control regarding the per-Service level energy consumption.
-	Per-NS level authorization: We think per-NS level control is needed, given that Network Slicing can also represent the services (similar as per-service level), and the authorization result can be pre-configured by the MNO as the pre-condition of NS-based policy control.
-	Per-PDU Session level authorization: We suggest to not support – the current SA1 requirement does not include such case.    
-	Per-NF level authorization: We fail to see the use case to support per-NF level authorization, and we prefer to not consider such level of authorization.
It is however important to fulfil the SA1 requirement that the non-best-effort traffic should not be affected.
Proposal #5: It is proposed to support the Per-UE level authorization and Per-NS level authorization. 
-	Energy saving authorization is also applied per network slice and DNN.

2.4	Regarding UE preference information
The enforcement of energy saving procedure in the network may impact the user experience of the UE. Therefore, the 5GC might need to inform the UE in this case that the energy saving actions have been taken. There are several options to fulfil such demands, namely:
-	5GC notifies the UE after deciding to enforce the energy saving for the UE; 
-	5GC notifies the UE, and 5GC lets UE determine whether to start the enforcement in the network; 
-	UE provides its own preference (for a certain time/place), and 5GC can then enforce the energy saving; 
-	UE’s preference has already been reflected in the subscription, therefore 5GC doesn’t need to notify UE at all.
Considering the possibility of impacting user’s experience, it is better to notify the UE by 5GC after making the decision, and such notification could be part of MM/SM/UE policy message. Note that any policy enforcement at the network shall not depend on the UE’s capability (e.g., based on UE's preference), therefore option 2 and 3 may not be the desired solutions, and we think option 1 is currently the one can strike the balance between user experience and network impact. We can also accept option 4 as the second choice, since UE’s preference has already been reflected in the subscription.
Proposal #6: It is proposed to let 5GC notify the UE after deciding to enforce the energy saving for the UE. 

2.5	Necessary input for policy control by PCF regarding energy saving
There were also some discussions on the input used by the PCF for policy control, i.e.: 
-	"Question#2.5 Can energy related information (e.g., energy consumption per network slice, NF, Application ID, UE, PDU Session or QoS flow) be used by the PCF for policy control", 
-	"Question#2.6: Can the ratio of renewable energy and/or carbon emission information be used by the PCF for policy control?"
-	"Question#2.7: Can energy related analytics provided by NWDAF be used by the PCF for policy control, if
such analytics is defined for KI#3?"
Question#2.5: The energy related information and UE subscription can be additional input that enables the PCF to have a proper energy-related policy control, and PCF can then determine for the policies, e.g., AM policy the RFSP index, for the policy SM the QoS, and for the UE policy the URSP. 
Question#2.6: We think it is beneficial to use renewable energy ratio by PCF in the energy-related policy control decision, since the plain energy related information is not sufficient to justify from the green-usage perspective. However, whether it is available or not should be based on SA5 coordination. 
Question#2.7: as we answered in the M.E.D., it is already supported to provide Analytic information from NWDAF to PCF, therefore it should be OK to consider such as an extra input for energy-related policy control decision, in case if the output of KI#3 is relevant.
Proposal #7: It is proposed to support energy related information, renewable energy ratio, as well as Analytic information as the input for PCF for policy control. 
2.6	Further considerations on the impacts to policy control mechanisms
In general, the solutions for KI#2 can be categorized into two groups, i.e., after receiving the energy related information, 1) Solutions only impact internal behaviour (of PCF), and the 2) Solutions with interface impact (i.e., modify the policy enforcement information instead of reusing current existing mechanism). 
Solutions only impact internal behaviour of PCF: On this, the issue is to identify the information to be taken into account. i.e., according to the output of moderated email discussion, the energy consumption should be one of the factors. In addition, it is proposed to also consider the renewable energy consumption related information, since the plain energy consumption does reflect the real impact to the environments. Besides the energy consumption (subscribed from EECF/NF, depends on KI#1 output), the subscription information, e.g., whether the procedure regarding energy saving applies to the UE, can also be taken into account. We consider this category can be considered as the basic solution, and the starting point of this release. E.g., AM (RFSP index) / SM (QoS, traffic throttling) policy control. Note that the AM/SM policy control will not affect the non-best-effort traffic, and PCF performs the enforcement with almost no standardization efforts.
Solutions with interface impact: On this, the solutions should be analysed in a case-by-case manner. We see the benefits to support the procedure of using CHF to control the SM related parameters (see the analyses in clause 2.2).
Proposal #8: It is proposed to support the mechanism without impacting policy control parameters as the basis. Regarding the solutions with policy control enhancement, should be based on a case-by-case manner. 

3. Conclusion and proposal(s)
From the above discussion, the following is proposed for the conclusion of KI#2.
[bookmark: _Toc165103824]8.2	Key Issue #2: Subscription and policy control to support energy efficiency and energy saving as service criteria
For KI#2, the following enhancements on subscription and policy control are agreed as interim conclusions to support energy efficiency and energy saving as service criteria in the 5GS:
-	The following are supported:
-	Energy saving authorization information to allow the network to perform energy saving for the UE.
-	Energy consumption limits control per UE is supported based on obtained energy related information per UE (as concluded in KI#1).
NOTE 1:	As per TS 22.261[8], the energy consumption limits are the maximum energy consumption and the energy credit.
Editor's note:	It is FFS whether and what energy related limits (e.g. energy consumption limits) per UE is to define, controlled and used, which depends on whether and what energy related information per UE can be obtained as concluded in KI#1.
-	Energy saving authorization is also applied per network slice and DNN.
Editor's note:	It is FFS whether the energy saving authorization information per UE is needed.
-	The charging subsystem applies the energy consumption limits for control purposes (maximum energy consumption and energy credit) and for charging (energy credit). The energy consumption limits may be store in UDM/UDR and/or in charging subsystem based on operator policy.
Editor's note:	Whether the energy credit is stored in UDM/UDR or handled by the charging subsystem is FFS (decided in cooperation with SA WG5).
-	The PCF may take into account energy related information (i.e., energy consumption information and renewable energy related information), including subscription data when making policy decisions on the AM, SM and UE policies.
Editor's note: The support of Renewable energy related information needs the coordination with SA WG5.
-	AM policies: e.g., RFSP index;
-	SM policy enhancements (e.g., PCC rules for UE’s specific QoS flows associated with best-effort traffic) related to UE’s energy consumption limits for enabling the monitoring and the enforcement of restriction is based on subscription data.
-	SM policy related to enforcing restrictions based on energy policy decision and on energy related information, i.e. data throttling, is send to SMF.
NOTE 2:	The AM/SM policy control will not affect the non-best-effort traffic.
NOTE 3:	Details of the inputs, other additional policies to be considered, and the associating procedures will be specified in normative phase.
Editor's note:	It is FFS what information in the AM, SM and UE policies can be determined and provided/updated for enforcement based on energy related information or subscription data. 
Editor's note:	Whether the ratio of renewable energy and carbon emission information can be considered by the PCF for policy control is FFS, which depends on whether the information can be obtained as concluded in KI#1.
Editor's note:	Whether energy related information (e.g. energy consumption) per Application ID, UE, PDU Session or QoS flow can be considered by the PCF for policy control is FFS, which depends on whether the information can be obtained as concluded in KI#1.
Editor's note:	Whether and how to support analytics provided by NWDAF energy related analytics provided by NWDAF can be considered by the PCF for policy control is FFS, which depends on the conclusion in KI#3.
-	The CHF interaction with SMF is enhanced to support SM policy enforcement (e.g., decision of data throttling for a particular PDU session) and online-charging based energy credit control.
Editor's note:	Whether the interaction with CHF for policy enforcement and charging is FFS.
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