

SA WG2 Temporary Document
Page 1

3GPP TSG-WG SA2 Meeting #162	S2-2404798
Changsha, China, April 15th – 19th, 2024	(revision of S2-2402294)

Source:	Huawei, HiSilicon
Title:	KI#2, New Sol: Control of UE current energy consumption
Document for:	Approval
Agenda Item:	19.4
Work Item / Release:	FS_EnergySys / Rel-19
Abstract: This contribution proposes a solution for policy control and enforcement of energy consumption in UE granularity for KI#2 in TR 23.700-66. 
1. Introduction
1.1	Background
In TR 23.700-66, KI#2: “Subscription and policy control to support energy efficiency and energy saving as service criteria” is identified to study how to enhance the existing subscription and policy control framework to support energy related information as service criteria. In particular, the proposed solution addresses the highlighted aspects of KI#2.
-	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.
In addition, TS 22.261 defines subscription policy related to the energy consumption 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.
The requirements of 5G system to support subscription policy and mechanism for policy enforcement is also defined. For example:
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.
NOTE 3:	The granularity of the subscription policies can either apply to the subscriber (all services), or to particular services. 
1.2	Discussion
The following discussion is related to the subscription policy and mechanism to support the maximum energy consumption in UE granularity.
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Figure 1.2-1: high-level description of subscriber’s current energy consumption control.
Figure 1.2-1 illustrates a high-level description of 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) is exceeded or not. Is so, CHF determines Energy Session Maximum Bit Rate (ESMBR) to particular PDU session(s) for the next time interval “x” to control the maximum energy consumption instantly. The ESMBR is provided to specific UPF(s) via their associated SMF(s) to throttle traffic at particular PDU session(s) of the UE. 
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.
In this solution, UE’s current energy consumption control is based on the enhancement of existing interactions between CHF, SMF and UPF. As the CHF is acting as the central point for all the SMF(s), it can manage and control the maximum energy consumption instantaneously (i.e., current energy consumption for the measurement interval) for multiple PDU sessions of a UE handled by multiple SMFs. As enforcement mechanism for the current energy consumption control, the ESMBR is proposed for the particular PDU session(s) of the UE in order to restrict the maximum amount of traffic within these PDU Session(s) and thus, the maximum energy be consumed.  
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-66 v0.4.0.
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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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6.x.1	Key Issue mapping
This solution addresses Key Issue #2: “Subscription and policy control to support energy efficiency and energy saving as service criteria”.
6.x.2	Functional Description
This solution assumes the following principles:
-	The UE subscription can indicate that the UE is subject to the current energy consumption control for Energy Consumption (EC) Requirement of the UE’s maximum energy consumption in a specific period of time as defined in TS 22.261[8] and Solution #22.
-	Current energy consumption control is applied for the UE’s 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 current energy consumption control for the measurement interval and the PDU Session related policy information is extended by information about the maximum energy consumption limit of the UE and the measurement interval.
-	Based on the current energy consumption control related information provided by PCF, the SMF configures N4 rules at the UPF to enable the volume measurement for the respective non-GBR traffic of the PDU Session. The SMF is also interacting with the CHF to request current energy consumption control for the PDU session of the UE while forwarding the UE id, the PDU Session id, the maximum energy consumption limit of the UE and the measurement interval.
-	The consumed energy for the respective non-GBR traffic of a PDU Session is calculated by the SMF based on the volume measurement reports from the UPF and under consideration of the overall UPF energy consumption and overall UPF transferred volume (requested from OAM or NWDAF). The SMF is then sending the consumed energy for the respective non-GBR traffic of a PDU Session to the CHF, indicating also the measured volume, the UE id and PDU Session id.
-	The CHF combines all of the SMF reports for the consumed energy with the same UE id. The combined value of the consumed energy for the respective non-GBR traffic of all PDU Sessions of the UE is controlled by the CHF according to the maximum energy consumption limit of the UE.
-	Energy Session Maximum Bit Rate (ESMBR) is introduced to control the respective non-GBR traffic of the UE and is determined by CHF based on consumed energy information reported by the SMFs. The CHF calculates appropriate ESMBR values from the previous reporting time interval and the maximum energy consumption limit of the UE and sends them to the respective SMFs.
-	The enforcement of ESMBR to the particular non-GBR traffic of the PDU Session is applied to the next measurement time interval and is performed by the UPF (via SMF).
6.x.3	Procedures
6.x.3.1	Current energy consumption control of a UE


Figure 6.x.3.1-1: Procedure for current energy consumption control of a UE.
For a UE subject to current energy consumption control in a specific period of time or space, the control of maximum energy consumption of UE for its non-GBR traffic that is identified by the specific PCC rules or the whole PDU Session traffic is performed as follows:
1. During the PDU session establishment procedure, PCF checks if the UE is subject to current energy consumption control, e.g., based on the subscription data with UDR/UDM or local policy. If so, PCF provides in the PCC rule(s) an indication that it is subject to current energy consumption control and in the PDU Session related policy information the maximum energy consumption limit of the UE and the measurement interval to the SMF. 
2. Based on the received current energy consumption control related information, SMF configures N4 rules at the UPF. The SMF activates in the N4 rules (corresponding to the PCC rules containing the indication that it is subject to curent energy consumption control), the data volume reporting (and the measurement interval) and the ESMBR enforcement. The SMF is also interacting with the CHF to request current energy consumption control for the PDU session of the UE while forwarding the UE id, the PDU Session id, the maximum energy consumption limit of the UE and the measurement interval.
3. The SMF receives the volume measurement reports from the UPF and retrieves in addition the overall UPF energy consumption and overall UPF transferred volume (e.g. from OAM or NWDAF).
NOTE 1:	The way how SMF retrieves the overall UPF energy consumption will be addressed by other Key Issue.
4.	The SMF calculates the energy consumption of the best-effort traffic (e.g., non-GBR) associated with specific QoS flow or the whole PDU Session of the UE based on the volume measurement reports from the UPF and under consideration of the overall UPF energy consumption and overall UPF transferred volume.
5.	The SMF notifies the energy consumption to the CHF. The notification includes UE id, PDU session id, energy consumption, timestamp, and the transferred data volume.
6.	The CHF combines all of the SMF reports for the consumed energy with the same UE id for the current measurement time interval and checks whether the maximum energy consumption limit of the UE is exceeded. If the combined value of the consumed energy exceeds the maximum energy consumption limit of the UE, CHF determines Energy Session Maximum Bit Rate (ESMBR) representing the maximum allowed data volume during the next measurement time interval for particular PDU session(s). The ESMBR can be determined for one, some or all PDU Sessions (e.g., only for the PDU session with the worst energy consumption ratio) and different ESMBR values are possible.
If the CHF has determined ESMBR for particular PDU session(s) during a previous measurement time interval and the CHF shall also check whether the ESMBR to the particular PDU session(s) needs to be adjusted or can be removed. If so, the CHF shall determine a new ESMBR or remove the ESMBR, respectively.
The previous steps 3 to 6 are repeated as long as the current energy consumption control is active for the PDU Session(s).
If the adjustment of the ESMBR or removal of ESMBR is required, the following steps shall be performed for the next reporting time interval.
7.	CHF provides to the SMF(s) responsible for these particular PDU session(s) of the UE the instruction to activate or adjust or remove the ESMBR. In addition to the ESMBR information, the message includes UE id and PDU session id.
8.	Based on the received instructions from CHF, SMF interacts with the corresponding UPF and forwards the ESMBR for the affected PDU session. If the instruction is to activate or adjust ESMBR, the message includes PFCP session id and ESMBR represented by the maximum allowed data volume with the associated time interval (e.g., the time interval is equivalent to the next reporting time interval). If the instruction is to remove the existing ESMBR control, the message includes PFCP session id and indication of removing the ESMBR control to the associated PDU session of the UE.
9.	UPF applies the ESMBR or removes the ESMBR as instructed and thus performs the traffic limitation for the particular non-GBR traffic of the PDU Session during the next measurement time interval.
NOTE 2: The service operations in step 2, 3, 5, 7 and 8 are descriptive. Whether these service operations can be used by the existing service operations with enhancement or new service operations to be defined is FFS.
6.x.4	Impacts on existing services, entities and interfaces:
PCF:
· If UE is subject to current energy consumption control, provide PCC rule(s) for energy consumption monitoring and enforcement, the maximum energy consumption limit of the UE to be forwarded to the CHF and PDU session related configuration information for energy consumption measurement.
SMF:
-	Monitor energy consumption information at PDU session level and report energy consumption information to the CHF; forward ESMBR provided by CHF to the UPF; new or enhanced service operations to support energy consumption information monitoring and reporting.
CHF:
-	Control of the current energy consumption of a UE and determines ESMBR to the particular PDU session(s) of UE based on the energy consumption information reported from the SMF(s).
UPF:
-	The enforcement of ESMBR to the PDU session of UE based on the instructions provided by CHF (via SMF).
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