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Abstract: This document proposes enhancement to support energy aware NF selection addressing KI#3 5GS enhancements for network energy saving and efficiency.  
1. Introduction
[bookmark: _Toc34300967][bookmark: _Toc43730796][bookmark: _Toc152693823]1.1	Background
KI#3 proposes to study: 
“‐	Whether and how to enhance the existing operations and procedures (e.g. to degrade the QoS profile within an SLA agreement, or to transmit the data flows in lower bandwidth), including
-	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 (e.g., coordination with the OAM in control plane procedures), analytics, UE subscription, capability of NFs, energy related information;”
Current NF selection defined in clause 6.3 of TS 23.501 mainly considers criteria such as Location information, Data Network Name, slicing information, capability, local policy, load condition etc. There is no considerations on energy related criteria, such as maximize the energy efficiency of the network, trade the performance with energy consumption following the SLA agreement, etc., and may lead to a sub-optimal result from the energy perspective.
1.2	Enhancements regarding energy aware NF selection
It is proposed that NRF maintains also energy related information (e.g., configured by OAM in NRF or registered by each individual NF) as part of NF profile for registered NF instance. Such energy related information includes: 
-	Renewable Energy Ratio/Carbon emission factor: Amount of carbon emissions relative to an amount of resource consumption (e.g., carbon emissions / GB transmitted, carbon emissions / FLOPS, carbon emissions / GB stored). 
-	Normalized Total energy: Amount of energy consumption relative to an amount of resource consumption (e.g., energy consumption / GB transmitted, energy consumption / FLOPS, energy consumption / GB stored). 
NRF may returns energy related information as part of the NF profile in response to a NF discovery request. For the above additional information, NRF discovers a NF service considering also energy aware NF discovery policy. The energy aware NF discovery policy includes a score Metric for different information elements in the NF profile for the NF selection; or a network mode (e.g., low energy mode, high performance mode, green energy mode, etc.) which is mapped to a certain energy aware NF discovery policy. NRF evaluates the discovered NF instances based on energy aware NF discovery policy (i.e., sum up the scores of each evaluated information element of a candidate NF instance, prioritizes the NF instance(s) with higher final score, and feedback to the related service consumer). 
In addition, NF profile can also be enhanced to guarantee a flexible NF selection regarding energy. The PDU Session Anchor is not expected to be changed during the lifetime of the PDU Session for SSC mode 1. However, energy related executions may require the NF to be switched to "inactive"/"energy saving" or other state to save energy or improve energy efficiency, which could result in the unavailability of the UPF. Therefore, it may negatively affect the flexibility of switching off the UPFs for energy saving, if more UPFs are managing PDU session with SSC mode1. Those UPFs should be deprioritized to be chosen as the PDU Session Anchor of the PDU session with SSC mode 1. Therefore, the energy related information also includes:
-	Indication of potential Energy execution: Indication that the whether the NF is subject to energy related execution present or future (e.g., deactivated/turned off because of the energy consumption in the off-peak hours), and it may also include the possibility (or the priority) to be subject to energy related execution, and the interval of the energy related execution.
This solution proposes to enhance the NF discovery and selection related functionalities for energy aware NF selection.  
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-66.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc148441675][bookmark: _Toc151439799][bookmark: _Toc16839382]6.0	Mapping of Solutions to Key Issues
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 * * * * (all new)
6.x	Solution #X: Energy aware NF selection 
6.x.1	Key Issue mapping
This solution addresses Key Issue #3.
6.x.2	Functional Description
This solution proposes to enhance the NF selection related functionalities for energy aware NF selection.  
NRF maintains also energy related information (e.g., configured by OAM) as part of NF profile for registered NF instance. Such energy related information includes: 
Renewable Energy Ratio/Carbon emission factor: Amount of carbon emissions relative to an amount of resource consumption (e.g., carbon emissions / GB transmitted, carbon emissions / FLOPS, carbon emissions / GB stored). 
Normalized Total energy: Amount of energy consumption relative to an amount of resource consumption (e.g., energy consumption / GB transmitted, energy consumption / FLOPS, energy consumption / GB stored). 
Table 6.x.2-1: Additional Energy Information included in the NF profiles.
	Information element name
	Description
	Category

	Renewable Energy Ratio/ Carbon emission factor
	Indicating amount of carbon emissions relative to an amount of resource consumption
	Optional

	Normalized Total energy
	Amount of energy consumption relative to an amount of resource consumption.
	Optional

	Energy execution indication
	Indication the whether the NF is subject to energy related execution.
	Optional

	-Possibility
	The possibility to be subject to energy related execution.
	Optional

	-Priority
	The priority to be subject to energy related execution.
	Optional

	-Time interval
	The interval of the energy related execution.
	Optional

	NOTE 1:	amount of resource consumption can be GB transmitted, GB stored, or FLOPs or summary of them per NF instance 
NOTE 2: Renewable Energy Ratio/Carbon emission factor KPI can be further adjusted/defined based on related study in SA5



NRF may returns energy related information as part of the NF profile in response to a NF discovery request. When receives a request to discover a NF service, NRF considers also energy aware NF discovery policy. The energy aware NF discovery policy includes a score Metric for different information elements in the NF profile for the NF selection; or a network mode (e.g., low energy mode, high performance mode, green energy mode, etc.) which is mapped to a certain energy aware NF discovery policy. NRF evaluates the discovered NF instances based on energy aware NF discovery policy (i.e., sum up the scores of each evaluated information element of a candidate NF instance, prioritizes the NF instance(s) with higher final score, and feedback to the related service consumer).   
Table 6.x.2-2: Example NF discovery policy (score per information/Metric) in low energy mode
	Information/Metric
	Score

	Service Capacity [0..100]	Comment by Huawei_Q: TS29.510 NF profile:
Capacity: Static capacity information in the range of 0-65535, expressed as a weight relative to other services of the same type.
	0

	Renewable Energy Ratio/Carbon emission factor [0..100]
	0

	Normalized Total Energy [0..100]
	1



[bookmark: _Hlk155941841]And when SMF selects the UPF, the SMF can also make use of the NF Profiles by considering the potential usage of the UPF for energy related execution. The UPF with potential usage of energy related execution should be deprioritized to be chosen as the PDU Session Anchor of the PDU session with SSC mode 1.
6.x.3	Procedures
[bookmark: _Toc122510297]6.x.3.1	General
Editor's note:	This clause describes high-level procedures and information flows for the solution.
The NRF service procedure as defined in clause 4.17 of TS 23.502 [3] are reused for energy related NF management and discovery. 
The registered NF profile includes additional NF energy related information as described in clause 6.X.2. A service provider NF or OAM registers the enhanced NF profile into the NRF.  
An NF service consumer may include an NF discovery policy, such as score scheme, network mode in the NFDiscovery_Request to the NRF. Alternatively, OAM may configure the NRF with different NF discovery policy, e.g., per subscription, per network mode.
For UPF, the NF energy related information included in the NF profile can also be provisioned to SMF via N4 related procedures as defined in clause 4.4 of TS 23.502 [3].
6.x.3.2	Service discovery considering NF energy related information 
[image: ]
Figure 6.x.3.2-1: Service discovery considering NF energy related information
0a. Service provider NF or OAM registers the NF profile with additional energy related information into the NRF. 
0b. NRF may be configured by OAM with a set of NF discovery policy (per subscription/network mode). Each NF discovery policy includes a score Metric for the to be evaluated information (defined in clause 6.x.2) in the NF profile. The following additions apply compared to clause 4.17.4 of TS 23.502 [3]:
1.	(Optional) The NF service consumer optionally indicates NF discovery policy (e.g., network mode) when invokes Nnrf_NFDiscovery_Request.
2.	The NRF authorizes the Nnrf_NFDiscovery_Request as in clause 4.17.4 of TS 23.502 [3]. 
3.	If allowed, the NRF determines a set of NF instance(s) matching the Nnrf_NFDiscovery_Request and internal policies of the NRF and sends the NF profile(s) of the determined NF instances. 
If Nnrf_NFDiscovery_Request includes indication of NF discovery policy, or based on local configuration, NRF prioritizes the determined NF instances accordingly.   
NRF indicates the priority of the determined NF instances to the consumer NF. 
The NF profile(s) of the determined NF instances may include additional energy related information in the NF profile (e.g., Renewable Energy Ratio/Carbon emission factor, Normalized Total Energy, or scores of the NF based on the NF discovery policy).  
6.x.3.3	Selection of the UPF with considering energy related information 
When SMF selects the UPF, the SMF can also make use of the NF Profiles by considering the potential usage of the UPF for energy related execution. The UPF with potential usage of energy related execution should be deprioritized to be chosen as the PDU Session Anchor of the PDU session with SSC mode 1.
[image: ]
Figure 6.x.3.3-1: Selection of the UPF with considering energy related information
0.	SMF provisioning of UPF instances using NRF, as described in clause 6.x.3.2.
1.	The UE registers to the PLMN, as described in clause 4.2.2.2 of TS 23.502 [3]. 
2.	The PCF makes use of UE Configuration Update procedure to provide UE Policy as defined in clause 4.2.4.3 of TS 23.502 [3].
3.	UE initiates the UE Requested PDU Session Establishment procedure with including the necessary information, including the requested SSC mode.
4.	Upon UPF selection, the SMF selects the UPF based on its Additional Energy Information in the NF profile. If the selected SSC mode of the PDU session is SSC mode 1, the SMF selects the UPF that is not subject to energy related execution, or selects the UPF with lower possibility/priority subject to energy related execution. 
6.x.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.
NRF:
-	Enhanced service discovery considering also energy related information and related NF discovery policy. 
-	(optional) Feedback service consumer with the priority of the discovered NF instance.
-	(optional) Feedback service consumer with energy related information in the NF profile.  
-	(In case of SMF selecting UPF) The NRF provides SMF the NF profiles of the UPFs including additional Energy Information.
Service consumer NF:
-	(optional) includes NF discovery policy indication (e.g., score Metric or network mode) in the service discovery request.
SMF:
-	SMF selects the UPF by considering the Additional Energy Information, e.g., SMF selects the UPF that is not subject to energy related execution, or selects the UPF with lower possibility/priority subject to energy related execution if the selected SSC mode is SSC mode 1 of the PDU session.
OAM:
-	Configure NRF with Additional Energy Information.
-  Configure NRF with energy related NF discovery policy (e.g., score Metric) 

* * * * End of changes * * * *
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