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1. Introduction/Discussion

In the SBA of 5GS it is possible to select NFs that meet certain criteria. One such criterion that is missing is the one that relates to selection based on network energy-related criteria such as energy state. This solution propose that this is gap is filled and that the system can enable improved network function selection meeting certain energy-related criteria.

This maps to the requirement in clause 6.15a.3.2 of TS 22.261[8]:

The 5G system shall support different energy states of network elements and network functions. 


2. Conclusion
It is proposed that the following text is added to TR 23.700-66
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Editor's note:	This clause describes the mapping between solutions and key issues.
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6.x	Solution #X: NF selection based on energy criteria.
6.x.1	Key Issue mapping
This Solution is related to KI#3 
6.x.2	Functional Description
The main idea behind this solution is to let a NF service producer register in its NF profile information related to its energy state and other energy related information. This information is then made available by the NRF to NF service consumers when discovering NF service producers and it can be basis of discovery criteria and selection criteria. A NF service consumer can also subscribe with the NRF to obtain NF profile updates for NF service producers, including changes of energy state and energy related information. The NF energy related information can include also NF priority values that are specific per energy state, thus defining some runtime policies for selection dependent on the energy state. The Capacity information can also be another example of information with energy state specific values. The NFs can communicate their current energy state in HTTP headers directly to their service peers. This allows for the detection of energy state change without need of receiving information from the NRF that may not be received with the same timeliness. Energy state changes can lead to decisions on how to interact with a NF or even change the NF to interact with.

More specifically, the current NF discovery and selection procedures do not take energy related criteria into account, such as the source of energy (e.g. NFs operating with green or renewable energy), energy availability (e.g. NFs operating with low remaining energy due to power outage), energy cost (e.g. grid price schedules) and impact (e.g. carbon emission) which prevent operators from deploying NF selection policies based on energy related criteria. 

The following solution components are envisaged:

· NF registering new energy related information/state in its NF profile at the NRF, and updating such information at the NRF when needed, e.g. based on energy consumption or energy availability.  
· Enhancing the NF Discovery procedure with new energy-related NF discovery query parameters and/or based on new energy-related policies at the NRF; 
· As an option: enabling signaling of energy related information (i.e. energy state in which an NF is currently operating) in direct signaling towards peer NFs (e.g in HTTP headers, like for overload control).  
· NF service consumer taking into account the new energy related information from the NF profiles discovered from NRF using discovery procedure (and subsequent updates if subscribed to) and/or NF energy state received via direct signalling for the selection of a target NF service producer;  

The new energy related information in the NF profile can include: 

· NF profile attributes per energy states.  This enables NFs to register in advance different profile characteristics in their NF profiles, and then to only signal changes of their energy state towards the NRF and/or peer NFs, i.e. minimize the signalling in the network upon changes of the energy saving state.
· NF profile energy attributes not specific to energy states (e.g. energy cost criteria, CO2 emissions criteria). 
· The current and/or the planned/scheduled energy state of the NF.

Energy related attributes could either be dedicated to a certain state or be state independent within an NF Energy-related attributes, including e.g. combinations of the following: 

-	Energy consumption and/or energy efficiency KPIs (see cl 6.7.3, TS 28.554 and cl 4.2.1 ETSI ES 203 539)
-	Source of energy or carbon emission factor (e.g. NFs operating with green or renewable energy will have a lower carbon emission factor),  
-	Energy availability (e.g. NF operating on battery with low remaining energy (as main power supply is interrupted, e.g. due to power outage) or when energy is capped in a specific area (e.g. issue with power supply due to (natural) disaster)). 
-	Energy cost (e.g. grid price schedules).  
-	Energy impact (e.g. carbon emission and/or index) 
-	Planned schedule of energy states e.g. start/end times for a certain energy state. 
-	Energy priority (e.g. an attribute that is set to determine the selection based on energy criteria by using this value than her than the above technical attributes)
The energy state and the energy related information of a NF service producer enable a NF service consumer to discover and select a more optimal NF service producer for (subsequent) service requests from an energy perspective (at different time slots if this includes timing information). The aim is e.g. to reduce traffic sent towards NFs operating in energy saving mode, to allow them continuing to operate in such energy saving mode, or to apply operator policies that prioritize the NF based on the source of energy (carbon emission factor) and/or energy availability and/or energy cost of the candidate NF service producers. This also helps the NF service producer in efficiently managing its energy (during critical situations), and also enable the NF service consumer to dynamically select the right NF instance to process the upcoming service request. Of course the NRF also can apply policies to restrict the NF discovered by a consumer based on energy criteria by inspecting the energy-related attributes of candidate NF.

At any point in time, an NF instance operates only in one energy state.  

The NF profile can also include a planned schedule of its energy states, e.g. the NF operates in energy saving state from 11pm to 6am, and in normal state otherwise.


For example these energy states could be envisaged:

· Sleep state: the NF cannot serve any service request.​ 
· Energy saving state: energy saving is in progress. The NF supports limited-service capability (e.g. limited capacity of NF or NF services, shutting down NF services). ​ 
· Normal state: full performance mode 

Editor's note: Potential additional states and substates of the Energy states are FFS. If energy substates were to be defined, it should also be possible to define related NF profile attributes. 

How the energy state information received about a peer is handled at a NF service consumer, is based on local policy configuration for the received information.
6.x.3	Procedures

6.x.3.1	Registration (and update) of NF profile



Figure 6.x.3.1-1: Example NF registers with NRF including energy state(s) and/or energy related attributes.

1. The NF service producer provides to NRF energy related states and/or attributes in the NF profile
2. The NRF stores the received NF profile information
3. The NRF acknowledges the reception of the NF profile information

Similar updates can be applied to NF profile update procedure.

6.x.3.2	Selection of the NFservice producer




Figure 6.x.3.2-1: NF discovery from NRF and selection based on energy related attributes.
1. A NF service consumer intends to discover a NF service producer. It can additionally provide discovery criteria based on the energy-related attributes.
2a.	The NRF determines the NF(s) that meet the indicated criteria in step 1.
2b.	The NRF provides the (list of) NFs instances that match the query including relevant energy related attributes and states. The NRF can also provide priority values per energy state so the NF consumer can adapt the selection policy based on energy state. The priority values per energy state can be registered by the NF producer or worked out at the NRF based on policy.
3.	The NF consumer selects the NF produced instance based on the received information from the NRF, and local policy

6.x.3.2	NF selection based on time-based energy states/information from NRF



Figure 6.x.3.3-1: 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 NF p2 after it enters full performance mode, based on the time-based received information from NRF.


6.x.3.4	NF selection based on runtime energy state information received in service interactions between NFs

In addition to information on energy state that can be 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.x.3.4-1. 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 some services.

 Figure 6.x.3.4-1: Example of NF selection based on runtime energy state information received in HTTP headers of 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 (e.g. as part of HTTP headers information). 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.
6.x.4	Impacts on existing services, entities and interfaces

NRF: handling of additional energy-related information in NF profiles

NF service producers: registration at NRF of additional energy-related information in NF profiles

NF service consumers: discovery and selection based on additional energy-related information in NF profiles.

All NFs: handling of energy state information in HTTP headers
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3. NF service consumer selects NFp instance from provided list based on energy related attributes







2a. Determines candidate NFp profiles and/or respective priorities based on energy related policies and/or energy related info in registered NF profiles  







2b. Nnrf_NFDiscovery_Request Response�(List of NF instances incl energy related attributes and priorities)







1. Nnrf_NFDiscovery_Request 



(…, energy-related query parameters)
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NF   Service Con sumer  

NRF  

2 .  NF Discovery Request     ( see Figure  6.x.3. 2 - 1 )   NRF  may  determine   candidate NFp   considering the   planned  sched ule  of en ergy - states   of NFp1 and NFp2  

NFp1  

NFp 2  

1a . N F profile registration with  planned scheduled of  energy states ( start /end times for certain energy - states  

1 b . N F profile registration with  planned scheduled of  energy states ( start /end times for certain energy - states  

3 .    3.  NFc   selects   NFp   considering the   planned sched ule  of en ergy - states   of NFp1 and NFp2  

3 a. Se rvice Request   / Response  at time   A    

3 b . Se rvice Request   / Response  at time   B    

Ener gy - saving   / Partial  performance   mode  

Normal state   /  Full   performance   mode  

Normal state   /  Full   performance   mode  
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Normal state / Full performance mode







Normal state / Full performance mode







Energy-saving / Partial performance mode







3b. Service Request / Response at time B











3a. Service Request / Response at time A
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3. NFc selects NFp considering the planned schedule of energy-states of NFp1 and NFp2







2. NF Discovery Request  (see Figure 6.x.3.2-1)



NRF may determine candidate NFp considering the planned schedule of energy-states of NFp1 and NFp2







1b. NF profile registration with planned scheduled of energy states (start/end times for certain energy-states







1a. NF profile registration with planned scheduled of energy states (start/end times for certain energy-states







NFp2







NFp1







NRF







NF Service Consumer












image4.emf
 

NF   Service Con sumer  

NRF  

2 .  NF Discovery Request   based on ene rgy - related   criteria   :   NFp1  and NFp 2 are returned  in the response.    

NFp1  

NFp 2  

1a . N F profile registration with  energy related info    

1 b .  N F profile registration with  energy related info    

  4 .   NFc   selects   NFp   taking  energy state   r eceived   directly   from NFp 1   and   NF p2   into account  

3 a. Se rvice Request   ( … ,  [NFc en ergy s tate )    

3 b.   Se rvice Re sponse   ( … ,   [NF p1   en ergy s tate   ] )    

3 c . Se rvice Request   ( … ,  [NFc en ergy s tate ] )    

3 d .   Se rvice Re sponse   ( … ,   [NF p 2   en ergy s tate ] )    

4 a. Se rvice Request   ( … ,  [NFc en ergy s tate ] )    

4 b.   Se rvice Re sponse   ( … ,  [NF p1   en ergy s tate ] )    
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1a. NF profile registration with energy related info�







1b. NF profile registration with energy related info�







4a. Service Request (…, [NFc energy state])











4b. Service Response (…, [NFp1 energy state])















4. NFc selects NFp taking energy state received directly from NFp1 and NFp2 into account







3d. Service Response (…, [NFp2 energy state])











3c. Service Request (…, [NFc energy state])











3b. Service Response (…, [NFp1 energy state ])











3a. Service Request (…, [NFc energy state)











2. NF Discovery Request based on energy-related criteria : NFp1 and NFp2 are returned in the response.
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NF  Service  Producer   NRF  

1 . Nnrf_   NFManagement_NF Register _r equest   ( … ,   energy  state s , energy - state related   attributes , energy attributes )    

3 .  Nnrf_   NFManagement_ NF Register _r esponse  

2.  Store NF profile   
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2. Store NF profile 







3. Nnrf_ NFManagement_NFRegister_response
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NFManagement_NFRegister_request�(…, energy states, energy-state related attributes, energy attributes)�
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NF   Service Consumer  

NRF  

1.   Nnrf_NF Discovery _ Request     ( … ,   energy - related query parameters )  

2b .   Nnrf_NF Discovery _Request   R esponse   (List of NF   instances   incl energy rela ted   attri butes   and   priorities )  

2 a .  Determines candidate NFp  profiles  and /or respective priorities  based on e nergy related policies   and /or  energy r elated info  in  reg istered   NF   profiles      

3.  NF service consumer selects  NFp  instance   from provided list  based  on  en ergy related attri butes  


