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Comments
References
[1]	3GPP TS 28.310: "Management and orchestration; Energy efficiency of 5G".
[2]	3GPP TS 28.541: "Management and orchestration; 5G Network Resource Model (NRM); Stage 2 and stage 3".
[3]	3GPP TS 38.300: "NR; Overall description; Stage-2".
Background
[bookmark: _Hlk191458910]In 5G, there was no specific architecture outlining the different roles and capabilities expected in energy savings and energy efficiency solutions. Several capabilities and actors were added but it is not clear which roles they play and how the capabilities and actors are related to one another, causing confusion to implementations and interoperability. Hence, there is a need to study and define the principles and capabilities in Energy Savings and Energy Efficiency management architecture for 6G.
Observations:
In 5G, specifically, the following actors (see clause 6.2 in TS 28.310 [1]) are mentioned, sometime with their functionalities overlapping:
· Centralized MnS for ES 
· NF provisioning MnS
· MnS producer of Domain Centralized SON ES management
· Domain-Centralized ES management
· MnS Producer of Domain-Centralized ES
· MnS Producer of Distributed ES management 
· Distributed ES function
· Domain-SON ES functionality
· Domain-centralized SON ES
· Distributed SON ES functionality
· Domain Centralized SON ES management
· [bookmark: _Hlk220255887]CESManagementFunction (IOC defined in TS 28.541 [2])
· DESManagementFunction (IOC defined in TS 28.541 [2])

For Energy Savings and Energy Efficiency management, three scenarios are addressed (see TS 28.310 and TS 28.541).
Scenario 1: A Centralized energy saving scenario, where a centralized ES MnF with an MnS capability for Energy saving management (in the management system) for NG-RAN that collects and analyses traffic load performance measurements, configures the NR cells directly to enter into and out of the energy saving state (e.g., by updating energySaving state attribute) (see Clause 6.2.2 of TS 28.310 [1], specifically Clause 6.2.2.1.1 on Energy saving activation and clause 6.2.2.1.2 on Energy saving deactivation). The attributes of CESManagementFunction IOC (defined in TS 28.541 [2]) in NR NRM is used to control this functionality. 
In the similar use case to Switch off edge UPFs during off-peak traffic hours (see clause 5.1.3.4 of TS 28.310 [1]), the Network Operator (NOP) can decide to decommission the edge UPFs for energy saving to:
-	redirect the remaining traffic to and from these edge UPFs to existing central UPFs, and
-	decommission these edge UPFs, or scale them in/down, or any other action enabling to achieve energy saving, depending on e.g. whether these UPFs are virtualized or not. The decommissioning of edge UPFs can be done e.g. by administratively putting them out of service so that they can’t carry any more traffic, either with immediate effect or only when no more users are using these UPFs.
The attributes in UPFFunction (see TS 28.541 [2]) in 5GC NRM is used to control this functionality.
Obeservation #1:
The following are the various actors are mentioned in TS 28.310 [1] related to this scenario, with many functionalites overlapping:
-	MnS producer (where the energy saving decision is made) (see clause 5.1.3.2.2 and clause 5.1.3.2.3 of TS 28.310 [1]).
-	MnS producer (collects the traffic load performance measurements from the NR capacity booster cell and candidate cells, and may request a NR capacity booster cell to enter the energy saving mode when its traffic is below certain threshold) (see clause 5.1.3.2.2 of TS 28.310 [1]).
-	NR capacity booster (see clause 5.1.3.2.2 of TS 28.310 [1]).
-	centralized or distributed ES management (see clause 5.1.3.3 of TS 28.310 [1]).
-	The management service producer responsible for energy saving (see clause 5.2.3.1 of TS 28.310 [1]). 
-	Network Operator (NOP) (see clause 5.1.3.4 of TS 28.310 [1]).
-	management service producer responsible for energy saving (see clause 5.2.3.2 of TS 28.310 [1]).
-	Domain-centralized ES (see clause 5.2.3.3 of TS 28.310 [1]). 
-	centralized MnS for ES (see clause 6.2.1 of TC 28.310 [1]). 
-	NF provisioning MnS consumer requests the producer (see clause 6.2.1 of TC 28.310 [1]). 
-	MnS producer of Domain Centralized SON ES management (see clause 6.2.2.1.1 of TS 28.310 [1]).
-	MnS producer for Domain-centralized ES (see clause 6.2.2.1.1 of TS 28.310 [1]).
-	NR capacity booster cell (see clause 6.2.2.1.1 of TS 28.310 [1]).
-	MnS producer of Domain-Centralized ES management (see clause 6.2.2.1.2 of TS 28.310 [1])
-	Provisioning MnS for NF (see clause 6.2.2.2.1 of TS 28.310 [1])
-	Domain-SON ES functionality (see clause 6.2.2.2.2.2 of TS 28.310 [1])
-	Domain-centralized SON ES (see clause 6.2.2.2.3.2 of TS 28.310 [1])
[bookmark: _Hlk220241082]There are several entities or actors mentioned in TS 28.310 [1] related to this scenario, often with overlapping or unclear functionalities. 
[bookmark: _Hlk220093921]Conclusion #1:
Based on the scenario described and above observations:
· There should be an MnS capability for Energy saving management defined. The MnS supporting this capability can make Network Elements and/or Network Functions (e.g., NR Cell, UPF) to enter or exit energy saving state by provisioning the attributes in the Network Elements and Network Functions, utilizing the configured control parameters. 
· An MnF playing the role of the MnS Producer supporting this MnS capability for Energy saving management would also play the role of MnS Consumer of a Provisioning MnS Producer and a Performance Assurance MnS Producer of the Managed Elements and Managed Functions, e.g., for NG-RAN and 5G Core.

[bookmark: _Hlk220084435][bookmark: _Hlk220079056]Scenario 2: A Distributed energy saving scenario where, a Distributed ES MnF with an MnS capability for Energy saving management (in the management system) for NG-RAN, configures (with e.g., cell load threshold information, neighbour relations, ES policy, etc) the Network-element Distributed energy saving functionality within the Network Element (e.g., NG-RAN node) on how to control ES in NR cells (see Clause 6.2.3, figure 6.2.3.2.1-1 of TS 28.310 [1]). The Network-element Distributed energy saving functionality within the Network Element, (e.g., within the NG-RAN node) decides how to switch the energy saving states of the cells based on the configured cell load threshold information, neighbour relations, ES policy, etc (see clause 15.4 in TS 38.300 [3]). 
Observation #2: 
The following are the various actors are mentioned in TS 28.310 [1] related to this scenario, with many functionalites overlapping:
-	NR cells with MnS producer(s) (clause 5.1.3.2.2 of TS 28.310 [1])
-	NR capacity booster cell (clause 5.1.3.2.2 of TS 28.310 [1])
-	candidate cell (clause 5.1.3.2.2 of TS 28.310 [1])
-	gNB providing the capacity booster and MnS producer(s) (see clause 5.1.3.2.3 of TS 28.3102 [1])
-	centralized or distributed ES management (clause 5.1.3.3 of TS 28.310 [1])
-	The distributed ES function (see clause 5.2.3.3 of TS 28.310 [1]). 
-	gNB owning the capacity booster cells (see clause 6.2.1 of TC 28.310 [1])
-	Distributed SON ES solution (see clause 6.2.3.0 of TS 28.310 [1]). 
-	Provisioning MnS for NF (see clause 6.2.3.1.1 of TS 28.310 [1]).
-	Distributed SON ES functionality (see clause 6.2.3.1.2.2 of TS 28.310 [1]).
-	Distributed SON ES (see clause 6.2.3.1.3.2 of TS 28.310 [1]).
-	MnS producer of Distributed ES management (see clause 6.2.3.2.1 of TS 28.310 [1]).
-	MnS producer for distributed ES management (see clause 6.2.3.1.3.2 of TS 28.310 [1]).
-	distributed ES function (see clause 6.2.3.1.3.2 and clause 6.2.3.2.2 of TS 28.310 [1]).
-	MnS producer for distributed ES management (see clause 6.2.3.1.3.2 of TS 28.310 [1]).
-	distributed ES management (see clause 6.2.3.2.2 of TS 28.310 [1]).
There are several entities or actors mentioned in TS 28.310 [1] related to this scenario, often with overlapping or unclear functionalities.
Obeservation #2:
Based on the scenario described and above observations:
· There should be an MnS capability for Energy saving management. The MnS supporting this capability can provision cell load, neighbour relations, ES policy, etc on to the Network Element. An MnF playing the role of the MnS Producer supporting this MnS capability for Energy saving management would also play the role of MnS Consumer of a Provisioning MnS Producer of the Managed Elements and Managed Functions, e.g., for NG-RAN to configure cell load, neighbour relations, ES policy, etc.
· There should be a Network-element Distributed energy saving functionality within the Network Element (e.g., within the NG-RAN node) that can perform autonomous switch-off and make the Network element/Network Function (e.g., NR cell) to enter or exit energy saving state, utilizing the configurations set by the management (i.e., MnS supporting Energy saving management capability). The definition of this functionality is not in the scope SA5 and is defined by other WGs (e.g., 3GPP RAN WGs for RAN or 3GPP SA2 for Core).

[bookmark: _Hlk220084530]Scenario 3: A Energy Saving and Energy Efficiency optimization scenario, where an MnS capability for Energy Saving and Energy Efficiency optimization (in the management system) optimizes Energy Efficiency across multiple NG-RAN nodes and NR cells by deciding grouping of cells that should be considered together for energy saving and the sequence in which cells should enter or exit energy saving state. 
The MnS capability for Energy Saving and Energy Efficiency optimization configures the results onto the other functionalities that control energy savings in individual Network Elements or Network Function (e.g., cells) (see Clause 5.1.3.5).
Observation #3: 
The following is the actor mentioned in TS 28.310 [1] related to this scenario:
-	energy saving function (see clause 5.1.3.5 of TS 28.310 [1]).
Conclusion #3:
Based on the scenario described and above observations:
· There should be an MnS capability for Energy Saving and Energy Efficiency optimization. The MnS supporting this capability optimizes energy saving and energy efficiency across multiple Network Elements and Network Functions (e.g., cells) by configuring information the other functionalities that control individual Network Elements and Network Functions (e.g., grouping of cells with the sequence in which cells should enter or exit energy saving state).  

The following figure summarizes the entities in these scenarios. 


Figure 1: Scenarios for EE management (as derived from in TS28.310).

Proposal
From the scenarios, observations and conclusions described above, there is a need to study and define the MnS capabilities in Energy Savings and Energy Efficiency management scenarios for 6G. This pCR proposes architectural framework outlining the scenarios, principles and entities in Energy Savings and Energy Efficiency management architecture for 6G, while considering the support for all the scenarios in 5G and allowing enhancements in the 6G for further energy saving and energy efficiency scenarios. 

Proposed Changes
[bookmark: _Hlk207450814]* * * First Change * * * *
[bookmark: definitions][bookmark: _Toc216883825][bookmark: _Toc107830528]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".
[A]	3GPP TS 38.914: "Study on 6G Scenarios and requirements". 


* * * Next Change * * * *
5	6G Management Architecture Principles
5.K	Energy efficiency management architectural framework 
The 6G management system should support the following Energy Saving (ES) and Energy Efficiency (EE) management scenarios. This includes the MnS capabilities that need to be supported in 6G to enable the support of the same set of capabilities as in 5G, while allowing extensions for 6G. 
1)	A Centralized energy saving scenario, to save energy in the network, that includes:
-	an MnS capability for Energy saving management (in the management system) that can make Network Elements and/or Network Functions (e.g., 6G Cell, 6G NF etc) to enter or exit energy saving state directly based on configured control parameters (e.g., traffic load thresholds). Any MnF playing the role of the MnS Producer supporting this MnS capability for Energy saving management and would also play the role of MnS Consumer of a Provisioning MnS Producer and a Performance Assurance MnS Producer of the Managed Elements and Managed Functions, e.g., for RAN and Core. 
2)	A Distributed energy saving scenario, to save energy in the network, that includes:
-	a Distributed v within the Network Element (e.g., within the RAN node) that can perform autonomous switch-off and transition the Network element/Network Function (e.g., cells) to enter or exit energy saving state. The definition of this functionality is not in the scope SA5 and is defined by other WGs (e.g., 3GPP RAN WGs for RAN or 3GPP SA2 WG for Core).
-	an MnS capability for Energy saving management (in the management system) that can configure the Network Element or Network Function (e.g., NG-RAN Node) with load thresholds, ES policy, etc, to be utilized by Distributed energy saving functionality within the Network Element to achieve energy saving. Any MnF playing the role of the MnS Producer supporting this MnS capability for Energy saving management and would also play the role of MnS Consumer of a Provisioning MnS Producer of the Managed Elements and Managed Functions, e.g., for RAN and Core. 
3)	An Energy Saving and Energy Efficiency optimization scenario, to optimizes network energy saving and energy efficiency, that includes:
-	an MnS capability for Energy Saving and Energy Efficiency optimization (in the management system) responsible optimizing the energy efficiency and improving energy savings across multiple Network Elements and Network Functions (e.g., RAN nodes, cells, Core Network Functions etc), and supports optimizing the configuration used in the Centralized energy saving scenario and Distributed energy saving scenario (e.g., by collecting and analysing the performance of the Network Elements and/or Network Functions such as traffic loads, identifying a group of cells with coverage overlaps for energy saving, and identifying the sequence in which these Network Elements or Network Function should enter or exit energy saving state etc). Any MnF playing the role of the MnS Producer offering this MnS capability for Energy saving and energy efficiency optimization and would also play the role of MnS Consumer of an MnS Producer supporting MnS capability for Energy saving management, a Provisioning MnS Producer and a Performance Assurance MnS Producer of the Managed Elements and Managed Functions, e.g., for RAN and Core.














* * * End of Changes * * * *
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