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Abstract:  This paper proposes a new solution to KI#2 specifically for a subscriber-level of policy control. 
1. Introduction/Discussion
According to the description of KI#2, one of the objectives is to study:
At what granularity (e.g., network slice, UE, NF, PDU Session, QoS flow, application ID, etc.) the energy related policy control can be performed.
There may be the following use cases for which the energy as a service may be applied:
· Use Case A: a network operator monitors the energy consumption (EC) of a service or of a subscriber. The EC includes both the Access Network (AN) and Core Network (CN) parts. The network operator may configure a maximum EC value consumed in the network for a specific period of time (e.g. per minute), or in a specific service area (e.g. per TA). This can be described as maximum energy consumption rate (ECR). When the maximum ECR value is reached, the network may enforce specific policies to limit the further energy consumption. 
· [bookmark: _Hlk155787292]Use Case B: a network operator may have configured a maximum aggregated energy which is allowed to be consumed in the network to a) provide a specific service to any subscriber or b) to provide services to a specific subscriber. This can be described as an energy credit limit (ECL). The ECL can be measured in kilowatt hours (kWh). For example, the maximum ECL for a subscriber X can be 10 kWh per month. After the maximum ECL is consumed, several actions can be taken by the network to limit the energy consumption or to reduce the service level. 
When any of the scenarios described in the Use Cases A and B occur, the network may apply at least one of the following service restriction policies:
a) service restrictions for the UE. For example, the data traffic can be gated, i.e. either 1) the data bitrate can be reduced, or 2) the service may be stopped until the EC rate is reduced in the network or the maximum ECL is increased, or 3) the available energy for data transmission may be limited. Further details are given below for the service restriction A and service restriction B. 
1. limitations to the energy with which the network serves the particular service. This would result in limitation of the energy (i.e. translated into energy or power for the transmission and/or reception of radio signals) to transmit the data of the service. It may be assumed that the EC in the network (e.g. for the data transmission of a UE) is split in the EC in the CN and EC in the AN. The EC in the CN can be assumed as constant per data unit (e.g. per data amount), whereas the EC in the wireless AN is dynamic and depends on the radio conditions between the UE and the base station. In one solution of this invention, the limitation of the energy can be translated into limitation of the transmission energy (or transmission power) in the AN, and it is called UE-AMER AN and is enforced in the AN.
2. limitation according to a reduced QoS level derived from the EC restrictions. The reduced QoS level are derived (or pre-configured) in the CN (e.g. AM-PCF or AMF) and enforced in the user plane, i.e. configured via signalling from the CN CP in the anchor UPF and/or RAN. The reduced QoS level may be expressed in reduction of the data bitrate (e.g. reduced UE AMBR or reduced MBR for a session or for the UE as a whole), or the data packet transmission delay may be increased (e.g. increased packet delay budget for the transmission), or the data packet loss rate may be increased (i.e. more packet losses are acceptable). The value(s) of reduced QoS level may be pre-configured in the UE subscription data or pre-configured in the CN CP (e.g. in AMF or PCF).
b) a different charging rate (e.g. higher charging) can be applied for the services of the subscriber. In such case the network will continue to serve the UE with same QoS level as before the event of use cases A or B occurred and the charging rate is increased.
This solution assumes that the service restriction as per bullet a) applies to a UE as a whole, i.e. to all services of the UE. The service restriction may apply either 1) to the best-effort traffic only, or 2) to any service/traffic of the UE which is subject to specific QoS policy. In case of 2) there will be service degradation may occur, i.e. SLA between the service customer and the network operator may not be fulfilled. However, since the SLA itself included the Energy limitation policy, it is considered as acceptable to impact the QoS and the SLA. Also, the SLA may include an alternative (i.e. lower level) QoS which may apply when the energy-related service restrictions should apply.
One principle of the proposed solution is that the service restrictions are provisioned in the network / and informs the AN to enforce the service restrictions. One reason to enforce the service restrictions at the AN (which may contain one or more access types) is that the AN aggregate the whole traffic of the UE.
2. Text Proposal
It is proposed to capture the following changes to TR 23.700-66.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * * 
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Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Second change * * * *
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148441676]6.x	Solution #X: Policy control for Energy Consumption on per UE level
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677]6.x.1	Key Issue mapping
[bookmark: _Toc92875662][bookmark: _Toc93070686]This solution addresses the Key Issue #2 and more specifically the following aspects:
-	Whether and what new energy related UE subscription information are to be defined, and whether and how to use the energy related UE subscription information.
-	Whether and what new energy related policies are to be defined, and how to perform energy related policy control, e.g. to determine, provision and enforce energy related policies.
-	At what granularity (e.g., network slice, UE, NF, PDU Session, QoS flow, application ID, etc.) the energy related policy control can be performed.
[bookmark: _Toc148441678]6.x.2	Functional Description
[bookmark: _Hlk149924914][bookmark: _Toc92875663][bookmark: _Toc93070687]The network operator may configure a maximum Energy Consumption (EC) value used in the network for a specific period of time (e.g. per minute), or in a specific service area (e.g. per TA). This can be described as maximum Energy Consumption Rate (ECR). The ECR can be measured in kilowatt hours (kWh) per time (e.g. minute/hour/day) or data volume (e.g. Mbyte).
The network operator may configure a maximum aggregated energy which is allowed to be consumed in the network to provide any data service to a specific subscriber (i.e. to a specific UE. This can be described as an Energy Credit Limit (ECL) for a UE, or sub-category of traffic for the UE (e.g. per QoS flow ECL). The ECL can be measured in kilowatt hours (kWh).
[bookmark: _Hlk155791274]The maximum ECR or ECL may be stored as EC-related subscription data for the UE. When the maximum ECR or ECL is reached, the network (e.g. PCF) may create and enforce EC-related service restriction policy, e.g. which limits the further energy consumption or to reduce the QoS service level of the UE. 
The present solution is based on the following principles:
-	The subscription data for a UE in the UDR/UDM stores EC-related service subscription data, e.g., maximum Aggregated Maximum Energy Rate for the UE (e.g. UE-AMER), or Energy Credit Limit (ECL).
-	The PCF derives the EC-related service restriction policy to be enforced. Such policy may be enforced in the (R)AN through the AMF.
-	The PCF may determine the EC-related service restriction policy based on a) information locally configured in the PCF; b) may use the EC-related subscription data for the UE; or c) a trigger received from an EC Collection Function (e.g. ECF, which can be co-located with the NWDAF or CHF).
-	The PCF may receive the EC-related service restriction data during the AM policy association establishment from the AMF.
-	The AMF receives the EC-related service restriction policy from the PCF and includes it in the UE context sent to the (R)AN. The (R)AN enforces the policy with corresponding applicability conditions.
-	The service restriction from the EC-related service restriction policy is enforced in the (R)AN since the (R)AN is the aggregation point of the whole traffic of the UE (e.g. the non-GBR traffic of all PDU Session, if the EC-related service restriction are applicable to non-GBR traffic).
[bookmark: _Toc148441679]6.x.3	Procedures
The Figure 6.X.3-1 describes the detailed procedure to create and enforce EC-related service restriction policy.

 
Figure 6.X.3-1:  Signalling flow for creating and enforcing EC-related service restriction policy
The detailed description of the steps is provided as follows:
1.	The UDM/UDR stores UE subscription data which is enhanced to include EC-related subscription data for the UE and may include: 
-	an indication that the UE is enabled for service restriction due to energy consumption.
-	a Aggregated Maximum Energy Rate to be enforced for the UE (e.g. UE-AMER).
-	an alternative QoS level which can be expressed by a reduced bitrate (e.g. reduced UE-AMBR) to apply when the ECL is consumed.
-	the service or traffic type to which the EC-related subscription data applies, e.g. a) best-effort services only, b) to non-GBR services; c) to any type of non-mission critical services; or d) to all services. 
2a.	A UE initiates a registration procedure.
2b.	The AMF retrieves the UE’s subscription data from the UDM. 
2c.	The UDM sends a response message including the UE’s subscription data which may include the EC-related subscription data.
3a.	The AMF requests the access and mobility (AM) policy association establishment. The AMF may indicate that 1) the UE is subject to service restriction due to EC, and/or 2) the subscribed EC-related subscription data (e.g. UE-AMER).
3b.	The PCF (e.g. AM-PCF) sends an AM policy association response message to the AMF. The PCF may provide the EC-related service restriction policy to the AMF. Further details are described in steps 5a and 5b.
4.	The AMF sends Registration Accept to the UE.
5a.	The PCF determines to create EC-related service restriction policy to be enforced for the UE in the (R)AN. The PCF may be triggered by events from e.g. OAM system, or EC Collection Function (e.g. ECF, which can be collocated with the CHF or NWDAF). Such trigger events may occur when the network has identified that the EC in a specific area, or the EC of a specific service or Network Slice has reached a maximum ECR. Alternatively, the PCF may be triggered, e.g. by CHF, that the Energy Credit Limit (ECL) for a UE has been reached.
NOTE:	The ECF is outside the scope of this solution and is described in solution(s) focusing on the collection of the energy related information for KI#2. The PCF can also subscribe with the ECF for notifications when an energy-related event occurs (e.g. when the maximum ECR or ECL has been reached).
	The EC-related service restriction policy may include: 
1)	derived UE-AMER for the (R)AN based on a) the received subscribed UE-AMER as in step 3a; or b) local configuration, or c) input from NWDAF (e.g. created based on analytics). The PCF may calculate the (R)AN part of UE-AMER to be enforce in the (R)AN by considering the EC rate in the CN which may be available from the OAM or NWDAF input. It means that the total ECR (e.g. UE-AMER) is split into AN part or ECR and CN part of ECR, whereby the CN part of ECR is calculated by using statistical models.
2)	alternative reduce UE-AMBR or reduced QoS level to be applied to the UE.
The applicability conditions may include one or more conditions under which the EC-related service restriction policy applies, e.g., 1) best-effort services only, 2) to non-GBR services; 3) to any type of non-mission critical services; 4) to all services; 5) the time period or 6) the service area (e.g. a list of cells or TAIs).
5b.	The PCF sends a Notification message to the AMF to update the AM policy for the UE. The updated policy would include the EC-related service restriction policy and the associated applicability conditions as determined in step 5a.
6.	The AMF determines to enforce the EC-related service restriction policy towards the (R)AN. The AMF stores the EC-related service restriction policy in the UE context.
7a.	The AMF sends an N2 message to the (R)AN and includes the EC-related service restriction policy and the associated applicability conditions.
7b.	The (supporting) (R)AN stores the EC-related service restriction policy and the associated applicability conditions in the UE context. The (R)AN enforces the EC-related service restriction policy for the UE in the service area (defined by list of cells or TAs), the (R)AN applies the UE-AMER for User Plane data transmissions.
7c.	The (R)AN notifies the AMF about the whether and how long the EC-related restrictions from the EC-related service restriction policy has applied. 
8.	The AMF may store the information received from (R)AN in the UE’s context. The AMF may send a Notification message to the AM-PCF or to a CHF in order to inform about the applicability of the EC-related restrictions in order to allow different charging rate during the EC-related restrictions were applied.
[bookmark: _Toc148441680]6.x.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.
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