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Abstract of the contribution: This paper proposes to update Solution#29.
1 Introduction
Solution #29: NF selection based on energy related information was captured in TR 23.700-66
2 Proposal
This paper proposes to update Solution#29 by resolving the following ENs.
Editor's note:	It is FFS how the NRF monitors the energy related information.
Editor's note:	How the UPF can notify or request to be released is FFS.
It is also proposed to update this solution by adding NF selection procedure without direct exchange of energy related information between the Consumer NF and NRF, to enable the NFs that are not supporting energy aware NF selection. (see 6.29.3.X of this paper)
[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc151529369][bookmark: _Toc151529479][bookmark: _Toc161043307]6.29	Solution #29: NF selection based on energy related information
[bookmark: _Toc161043308][bookmark: _Toc151529370][bookmark: _Toc151529480]6.29.1	Key Issue mapping
This solution is for Key Issue #3: 5GS enhancements for network energy saving and efficiency, which addresses following aspects:
‐	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, analytics, and energy related information.
[bookmark: _Toc161043309][bookmark: _Toc151529371][bookmark: _Toc151529481]6.29.2	Functional Description
This solution proposes to enhance the NF selection related functionalities for energy aware NF selection.
The following solution components are envisaged:
-	Service provider NF registers new energy related information in its NF profile at the NRF and updating such information at the NRF when needed. Or alternatively, such new energy related information can be (re-) configured by OAM (see clauses 6.29.3.2 and 6.29.3.3 for details).
-	Enhancing the NF Discovery procedure with new energy-related NF discovery query parameters (e.g. energy aware NF discovery policy/criteria) and based on new energy-related policies at the NRF (see clause 6.29.3.4 for details);
-	NF service consumer taking into account the new energy related information from the NF profiles (defined in Table 6.29.2-1) discovered from NRF using discovery procedure (and subsequent updates if subscribed to), for the selection of a target 5GC NF;
-	Enhancing the NF Status Subscribe/Notify procedure with new energy related information between the Consumer NF and the NRF (see clause 6.29.3.5 for details).
NRF maintains also energy related information as part of NF profile for registered NF instance. Such energy related information includes the example in Table 6.29.2-1 described.
Table 6.29.2-1: Potential Additional Energy Information related enhancements included in the NF profiles
	Information element name
	Description

	Renewable Energy Ratio
	Indicating percentage of Energy Consumption using renewable sources in the total Energy Consumption using all sources (NOTE 4).

	Carbon emission factor
	Indicating amount of carbon emissions relative to an amount of resource consumption (NOTE 1, NOTE 2).

	Normalized Energy Consumption
	Indicating amount of energy consumption relative to an amount of resource consumption (NOTE 1).

	Energy States
	Energy state as specified in TS 28.310 [7], e.g. notEnergySaving state, energySaving state. Or other states if defined.

	-Schedule of energy states
	The schedule of the energy states, e.g. the time of entering the states regarding energy saving. (NOTE 5)

	Energy inefficiency
	Indicate if the NF face problems of excessive energy consumption as characterized by MDA in clause 8.4.4 of TS 28.104 [16].

	NF profile attributes per energy states.
	This enables NFs to register in advance different profile attributes in their NF profiles which apply with e.g. different values or apply or do not apply depending on the energy state.

	Energy saving state transition execution indication
	Indicating whether the NF is subject to energy related execution (NOTE 3). (e.g. a UPF that is scheduled to be taken out of service to save energy in energy saving state).

	Energy consumption
	Indicating amount of energy consumption by the NF over time window.

	Energy Efficiency Level performance metric
	The criteria that is used to calculate the Energy Efficiency Level of the NF. The criteria includes e.g. forwarded bitrate sum for UPF, the number of PDU session being served for SMF, the number of UEs being served for AMF.

	Energy Efficiency Level
	Indicating energy efficiency that is derived by the relative ratio of Energy Efficiency Level performance metric (e.g. forwarded bitrate sum for UPF, etc.) over Energy consumption for the NF in the execution environment.

	NF Energy consumption restriction level
	The level that restricts the energy consumption allowed for the NF instance uses over time window. The restrict level may be a certain amount of energy consumption, or a range of amount of energy consumption. 

	NOTE 1:	Resource consumption is defined in TS 28.554 [6] for a VNF. The indication refers to a relative value. The granularity of such indication and how to calculate is to be defined by SA WG5, e.g. it could be of three levels: Low, Medium, High.
NOTE 2: 	Carbon emission factor can also indicate relative carbon efficiency level of the NF, e.g. an indication with Low, Medium, High, or a level value with 1, 2, 3, 4, 5. KPI can be further adjusted/defined based on related study in SA WG5.
NOTE 3: 	Energy related execution refers to switch the NF to energySaving state for energy saving.
NOTE 4: 	The Renewable Energy Ratio can also denote the type of energy type of the NF, e.g. renewable energy, non-renewable energy.
NOTE 5: 	The NF service consumer may select at NF based on the time-based received information from NRF.



NOTE 1:	Besides energy states, side effects of energy related issues may cause further NF profile changes configured by OAM, e.g. related to: (i) locality when an NF or NF service is relocated to a different data centre due to energy reasons, or (ii) serving scope due to the configuration of energy saving states.
NOTE 2:	Full detailed list of the parameters would be determined together with key issue 1.
Editor's note:	Separate IE might be added in case if energy saving state cannot reflect the energy inefficiency.
Editor's note:	This is work in progress and this table is subject to further evaluation and is not exhaustive, and more entries could be considered.
Editor's note:	It is FFS, whether some information elements have dynamic values in above table and whether those can be directly signalled between the NRF/NFs or signalled as one of elements of NF profile.
NRF may return energy related information as part of the NF profile in response to a NF discovery request. When receiving a request to discover a NF service, NRF considers also energy aware NF discovery policy/criteria (locally configured or included in the NF discovery request as network operation mode) and provides the NF information accordingly. The energy aware NF discovery policy/criteria include a scoring Metric for different information elements in the NF profile for the NF selection; or a network operation mode (e.g. low energy consumption mode, high performance mode, green energy mode, etc.) which is mapped to a scoring Metric. NRF evaluates the discovered NF instances based on energy aware NF discovery policy/criteria (i.e. performs a weighted sum of each evaluated information element in the NF profile of a candidate NF instance, prioritizes the NF instance(s) with higher final score, and feedback to the related service consumer). An example of energy aware NF discovery policy with low energy consumption mode is depicted Table 6.29.2-2.
Table 6.29.2-2: Example NF discovery policy (Scoring Metric) in low energy consumption mode
	Evaluation criteria
	Weight

	Service Capacity [0..100]
	0

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

	Normalized Energy Consumption [0..100]
	1



Editor's note:	Whether there is a need to provide the metrics to NRF or NRF is configures with policies that do not require such mechanism is FFS.
In the case of more NF instances are discovered than the maximum number of NF instances the NRF could feedback to the consumer NFs (e.g. based on operator configuration), the NRF feedback the ones with higher priority.
NRF may additionally include the final score or the priority of the discovery NF in the response to the consumer NF.
Editor's note:	Whether this is needed is FFS.
The NF profile may include a schedule of energy related information (e.g. schedule of the energy states, energy consumption at different time period (day/night, weekend/workdays), so there is no need to provide updated information to the service consumer when it changes.
Additionally, when the 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.
[bookmark: _Toc161043310]6.29.3	Procedures
[bookmark: _Toc161043311][bookmark: _Toc122510297]6.29.3.1	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 6.29.2. A service provider NF registers the enhanced NF profile into the NRF.
NOTE:	The additional NF energy related information in the NF service consumer's NF profile can alternatively be configured by OAM system.
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].
[bookmark: _Toc161043312]6.29.3.2	Network Function registration procedure
Based on the NF Service Registration procedure in clause 4.17.1 of TS 23.502 [3], the Figure 6.29.3.2-1 describes the enhanced procedure of the NF service registration with Energy related information to NRF.


Figure 6.29.3.2-1: Procedure for network function registration to NRF
1.	The NF requests to register the NF profile, which includes Energy related information (as described in clause 6.29.2), to NRF.
2.	The NRF stores the NF profile.
3.	The NRF acknowledges to the NF.
[bookmark: _Toc161043313]6.29.3.3	Network Function update procedure
Based on the NF Service Update procedure in clause 4.17.2 of TS 23.502 [3], the Figure 6.29.3.3-1 describes the enhanced procedure of the NF service update with Energy related information to NRF.


Figure 6.29.3.3-1: Procedure for network function update to NRF
0.	The NF detects whether the Energy related information (as described in clause 6.29.2) of a NF instance has changed.
1.	The NF requests to update its NF profile with the identified changes in Energy related information, to NRF.
2.	The NRF updates the NF profile.
3.	The NRF acknowledges to the NF (or OAM).
[bookmark: _Toc161043314]6.29.3.4	Network Function discovery and selection procedure
Based on the NF Service discovery procedure in clause 4.17.4 of TS 23.502 [3], the Figure 6.29.3.4-1 describes the enhanced procedure of the NF service discovery with Energy related information to NRF, and additionally request to NWDAF.


Figure 6.29.3.4-1: Procedure for network function discovery and selection
1.	The Consumer NF triggers of NF initial selection (or re-selection) and requests NF discovery to NRF. When the Consumer NF invokes Nnrf_NFDiscovery_Request, the message includes e.g. target NF type, Consumer NF type, S-NSSAI(s), Access Type, the requirements on Energy related information (as described in clause 6.29.2) subject to the target NF type.
2.	The NRF authorizes the Nnrf_NFDiscovery_Request.
3.	The NRF provides the NF profile(s) of the candidate NFs, and the Energy related information of each NF (it can be included within the NF profile).
4.	If the Consumer NF has not received any NF profiles that fulfils the energy requirements, or if the Consumer NF has not received the Energy related information sufficient to select a NF, then the Consumer NF requests to NWDAF the Energy related information of the NF profile(s) of the target NF type. The request message includes e.g. target NF type, Consumer NF type, S-NSSAI(s), Access Type, with Analytics ID = Energy related information.
5.	The NWDAF collects the Energy related information of the NF profile(s) of the target NF type.
6.	The NWDAF provides the Energy related information of the NF profile(s) of the target NF type.
7.	The Consumer NF performs energy-aware NF selection based on the received Energy related information. The received Energy related information means the information received in step 3, received in step 6, or both.
[bookmark: _Toc161043315]6.29.3.5	Network Function status subscribe and notify procedure
Based on the NF status subscribe and notify procedure in clause 4.17.7 of TS 23.502 [3], the Figure 6.29.3.5-1 describes the enhanced procedure of the NF status subscribe and notify with Energy related information to NRF.




Figure 6.29.3.5-1: Procedure for network function status subscribe and notify
0.	The NF instance(s) registers to NRF based on the Network Function registration procedure as described in clause 6.29.3.2).
1.	The Consumer NF subscribes to be notified of changes on the Energy related information (as described in clause 6.29.2) by invoking Nnrf_NFManagement_NFStatusSubscribe Request to NRF. The Consumer NF may provide the conditions that trigger a notification including the Energy related information and the requirement for the Energy related information. The changes on the Energy related information include e.g. the registration of NF which fulfils the energy requirements, the threshold of energy requirements (e.g. Energy Efficiency Level, NF Energy consumption restriction level) are exceeded, the change of NF profile which includes Energy related information, and/or the change of Energy related information in NF profile.
2.	The NRF authorizes the Nnrf_NFManagment_NFStatusSubscribe_Request.
3.	The NRF acknowledges to the Consumer NF.
4.	The NRF monitors sends Request or Subscribe to NECF for monitoring the Energy related information of the NF instance(s).the Energy related information of the corresponding NF instance(s) and notifies the changes on the Energy related information in the NF profile(s) of the corresponding NF instance(s).
5.	The NECF (NF Energy Control Function) collects the Energy related information of the NF instance(s). The NECF can be located in NWDAF, OAM, or any other NFs. 
NOTE:	In case of that the NECF is located in NWDAF, the step 4 to 6 in Figure 6.29.3.4-1 can be used for the step 4 to 6 of this procedure.
6.	The NECF sends Response or Notify for the Energy related information of the NF instance(s), and/or the changes of the Energy related information of the NF instance(s).
7.	The NRF notifies the changes on the Energy related information via Nnrf_NFManagement_NFStatusSubscribe Request to the Consumer NF.
Editor's note:	It is FFS how the NRF monitors the energy related information.
[bookmark: _Toc161043316]6.29.3.6	Selection of the UPF with considering energy related information
The information to be considered for UPF selection are defined in clause 6.3.3 of TS 23.501 [2]. 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.


Figure 6.29.3.6-1: Selection of the UPF with considering energy related information.
0.	SMF provisioning of UPF instances using NRF, as described in clause 6.29.3.2.
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 and the additional factors related to Additional Energy Information (Energy Efficiency and Energy saving parameters e.g. NF energy states, analytics, Energy Cost etc.). 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.
NOTE:	These additional factors and NWDAF based related analytics will be determined within the scope of Key Issue 1 (e.g. types of energy related information, how such an information can be exposed, granularity etc.) and Key issue 3 related analytics solutions and referenced from this solution.
[bookmark: _Toc161043317]6.29.3.7	UPF re-selection considering energy information procedure
Based on the procedures described in clause 6.29.3 of this solution, Figure 6.29.3.7-1 describes the enhanced procedure of the UPF re-selection by the SMF.


Figure 6.29.3.7-1: Procedure for network function reselection
0.	The PDU Session is established over UPF1.
1.	The NRF detects that the energy efficiency or energy consumption exceeds its threshold that is set to UPF1. It is assumed that the threshold is set by the SMF during the NF status subscribe procedure as described in Figure 6.29.3.5-1.
2.	The NRF notifies to the SMF, with the indication of threshold exceeded, the Energy related information of the NF that exceeds the thresholds, and the NF profile(s) including Energy related information of the candidate NFs if possible.
2a.	UPF1 may notifies or requests the PDU Session to be released when it identifies that the energy efficiency or energy consumption exceeds the thresholds that is set to UPF1. The UPF1 can decide to notify or request to SMF to release the PDU Session, when the UPF1 has subscribed to NRF to be notified about exceed of energy requirement threshold, as described in clause 6.29.3.5.
Editor's note:	How the UPF can notify or request to be released is FFS.
3.	The SMF determines whether to re-select the UPF for the PDU Session.
4.	The UPF discovery and re-selection considering Energy related information is performed as described in Figure 6.29.3.4-1.
5.	The PDU session over UPF1 is released, and the PDU session re-established over UPF2. The SSC mode of the PDU Session should be followed.
[bookmark: _Toc161043318]6.29.3.8	Selection of the AMF considering energy related information
For AMF selection. the influencing factors are defined in clause 6.3.5 of TS 23.501 [2].
On top of this, the additional factors in table 6.29.2-1 (Energy Efficiency and Energy saving parameters e.g. NF energy states, analytics, Energy Cost, etc.), may be taken into account while making AMF selection decision.
NOTE:	Whether and how NG-RAN selects the AMF considering energy related information is to be studied in RAN WGs.
[bookmark: _Toc161043319]6.29.3.9	Selection of the SMF considering energy related information
It is assumed that the SMF had previously registered its NF profile including NF Energy Consumption into NRF, before SMF selection procedure.


[bookmark: _CRFigure4_17_11]Figure 6.29.3.9-1: SMF selection procedure
NOTE 1:	This procedure is based on Figure 4.3.2.2.3.2-1of TS 23.502 [3].
If the S-NSSAI is subject to energy control, AMF discovers SMF via NRF with the S-NSSAI.
	Step 4: The NRF in serving PLMN provides to the AMF, e.g. FQDN or IP address, of a set of the discovered SMF instance(s) or Endpoint Address(es) of SMF service instance(s) in Nnrf_NFDiscovery_Request response message and possibly an NSI ID for the selected Network Slice instance corresponding to the S-NSSAI for subsequent NRF queries.
During this step, Energy Information (Energy Efficiency and Energy saving parameters e.g. NF energy states (e.g. per S-NSSAI), analytics, Energy Cost etc.) may be considered for the SMF selection and in addition, the other related analytics information provided by the NWDAF may be considered together.
Finally, NF profiles returned to AMF may include NF Energy Consumption as well as NF load information, NF capacity information, etc.
The SMF with Energy state transition execution indication should be deprioritized to be chosen as the PDU Session Anchor of the PDU session with SSC mode 1.
NOTE 2:	These additional factors and NWDAF based related analytics will be determined within the scope of Key Issue 1 (e.g. types of energy related information, how such an information can be exposed, granularity etc.) and Key issue 3 related analytics solutions and referenced from this solution.
[bookmark: _Toc161043320]6.29.3.10	NF selection based on time-based energy states/information from NRF


Figure 6.29.3.10-1: Example of NF selection based on pre-defined time-based energy states/information of NFs from NRF
1a,1b.	NF service producers include time-based energy related states/information.
2.	The NF service consumer discover NF service producers. The NF profile of these NFs including time-based energy related information.
3.	The NF service consumer select at step 3a NFp1 as it is in full performance mode, and additionally NFp2 after it enters full performance mode, based on the time-based received information from NRF.
[bookmark: _Toc161043321]6.29.3.11	NF selection based on runtime energy state information received in service interactions between NFs
In addition to energy information obtained from NRF by a NF service consumer, it is proposed it should be possible to exchange the information directly between NFs to have quicker updates at run time (assuming unscheduled changes can occur) as shown in figure 6.29.3.7-1. It is assumed that a NF instance provides its energy state to a peer NF if it is possible the NF instance can act as service producer for services it supports.


Figure 6.29.3.11-1: Example of NF selection based on runtime energy state information received in service interactions
1a,1b.	NFs register with NRF including energy related information.
2.	NF service consumer discovers NF service producers.
3a to 3d.	During service interactions the NF consumer and NF produce exchange energy state information. A NF can use the information received in the event the NF in the future needs to contact the other NF for a service for which the other NF acts as a producer. The energy state information may also be associated to a validity time.
4.	The NF service consumer may change the selected NF service producers based on the received energy state information in service interactions. In step 4a the NF service consumer only interacts with NFp1 after it has detected it should no longer consider NFp2 based on the energy state.
Editor's note:	It is FFS how to implement such service interaction (e.g. as part of HTTP headers information).
6.29.3.X	NF selection procedure without direct exchange of energy related information between the Consumer NF and NRF
The Consumer NF may not support energy saving and efficiency considered NF selection. The Consumer NF does not includes the Energy related information when it requests NF management (NF profile update, NF status notification, NF deregistration) to the NRF. In this case, the NRF can trigger energy saving and efficiency aware NF management procedures by collecting the Energy related information or its changes from the NECF (NF Energy Control Function). 
Figure 6.29.3.X-1 illustrates the procedure of NF selection without direct exchange of energy related information between Consumer NF and NRF. It is similar with Figure 6.29.3.-1, but several steps have differences and additional steps are included.



Figure 6.29.3.X-1: Procedure for NF selection without direct exchange of energy related information between the Consumer NF and NRF
0.	The NF instance(s) registers to NRF based on the Network Function registration procedure as described in clause 6.29.3.2).
1.	The Consumer NF subscribes to be notified about the changes of NF Status to NRF without providing the energy related notification triggers.
2.	The NRF authorizes the Nnrf_NFManagment_NFStatusSubscribe_Request.
3.	The NRF acknowledges to the Consumer NF.
4.	The NRF, based on the configuration, decides to monitor the Energy related information or its changes from the NECF for the Consumer NF. The NRF sends Request or Subscribe to NECF for monitoring the Energy related information of the NF instance(s).
5.	The NECF (NF Energy Control Function) collects the Energy related information of the NF instance(s).
6.	The NECF sends Response or Notify for the Energy related information of the NF instance(s), and/or the changes of the Energy related information of the NF instance(s).
7.	The NRF updates the NF profile(s) based on the Energy related information, and/or with the changes of Energy related information. The NRF may update the NF status (e.g. suspended for certain time, which means change from registered to deregistered for certain time), or NF priority information (e.g. from high to low for certain time) in the NF profile. 
8.	The NRF notifies the changes in the NF profile(s) of the NF(s) to the Consumer NF. In case of the NF status/NF priority information change, the NRF indicates the change of NF status/NF priority information, the time information to apply the changes (e.g. duration, start time, end time, period), the candidate NF profile(s), and/or the reason of changes (e.g. due to energy efficiency or energy consumption threshold exceeds).
After step 8, the Consumer NF initiates the NF re-selection procedure based on the updated NF profile(s), and the information of changes received from the NRF.
9.	The NRF notifies the changes of NF profiles(s) to the NF. In case of the NF status change, or NF priority information change, the NRF indicates the change of NF status/NF priority information, the time information to apply the changes, and/or the reason of changes to the NF as described in step 8. To avoid that NF keep try to re-register itself to the NRF, the time information further includes the back-off timer.
[bookmark: _Toc161043322]6.29.4	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.
-	The NRF triggers NF management (NF profile update, NF status notification, NF deregistration) by collecting the Energy related information or its changes from the NECF, without direct exchange of energy related information with the Consumer NF.
NF service producers:
-	Registration at NRF of additional energy-related information in NF profiles.
Service consumer NF:
-	Taking consideration of energy related information for 5GC NF selection.
-	(optional) includes energy related criteria (e.g. network operation mode and/or energy efficiency mode) in the service discovery request.
-	(optional) requests and receives the energy related information from NWDAF.
SMF:
-	SMF selects the UPF by considering the energy related 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 energy related NF discovery policy (e.g. score Metric).
Editor's note:	It is FFS whether the OAM can provision energy related information in the NF profile to the NRF. The main approach considered is that NF register their information at NRF.
AMF:
-	AMF may select the SMF by considering the energy related information, e.g. AMF selects the SMF by considering the Energy Information and in addition, the other related analytics information provided by the NWDAF may be considered together.
-	AMF may select the candidate AMF by considering the energy related information during AMF re-allocation procedure.
NWDAF/NECF(Network Function Energy Control Function):
-	NWDAF/NECF may collects the energy related information.
* * * * End of changes * * * *
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