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[bookmark: _Hlk526665839][bookmark: _Hlk513714389]Abstract of the contribution: This paper proposes a solution that how the URSP rules and slices with validity information are generated based on the energy related information
Discussion
In this paper, it proposes a solution based on the energy related information to generate URSP rules and slices with validity information. 
Proposal
It proposes to include the below solution to TR 23.700-66
*** Start of changes ***
[bookmark: _Toc148441661][bookmark: _Toc148441662][bookmark: _Toc148441663][bookmark: _Toc148441666]6.0	Mapping of solutions to Key Issues
6.x	Solution #X: Policy changes due to EE criteria
In this solution, it addresses the requirements in TS 22.261 [8] below:
-	Subject to operator policy and agreement with 3rd party, the 5G system shall provide a mechanism to support the selection of an application server based on energy related information associated with a set of application servers.
-	Subject to operator’s policy and agreement with 3rd party, the 5G system shall support a mechanism for the 3rd party to provide current or predicted energy consumption information over a specific period of time.
-	Subject to user consent and operator policy, 5G system shall be able to provide means to modify a communication service based on energy related information criteria based on subscription policies. 
-	Subject to operator’s policy and agreement with 3rd party, the 5G system shall be able to expose information on energy consumption for serving this 3rd party.
6.X.1	Key issue mapping
This solution resolves
-	KI#2: Subscription and policy control to support energy efficiency and energy saving as service criteria
-	KI#3: 5GS enhancements for network energy saving and efficiency
6.X.2	Functional Description
6.X.2.1	General 
Observing real power grid deployment, we can see that different areas have different level of energy usage pattern depending on the time period(s) and/or location(s), e.g., for the carbon intensity and ratio of renewable energy as shown in Figure 6.X.2.1-1.
[image: ]
Figure 6.X.2.1-1: An example of the carbon intensity distribution across Florida state in USA

In Figure 6.X.2.1-1, it shows different color which means different value of carbon intensity, e.g., green means lower carbon intensity while gray means higher carbon intensity for the area.
Furthermore, more information such as ratio of low carbon energy and renewable energy used per area can be acquired as shown in Figure 6.X.2.1-2, 
[image: ]
Figure 6.X.2.1-2: An example of more information for a specific area in Florida state

If an operator covers the entire areas such as per city or per state to provide communication services, e.g., Operator A covers the entire areas Florida state for providing communication services to their customers, the operator can have the whole topology of carbon intensity distribution since Operator A has the SLA agreement with the electricity companies to get the energy related information (e.g., energy consumption related information, energy efficiency related information, renewable energy and carbon emission related information).
Furthermore, Operator A may also deploy the network slices all over the areas all over Florida state. Therefore, from the mapping of the deployed network slices and the distribution of the energy related information provided by the electricity companies, Operator A can influence the UE to route the traffic to an application server via the network slice(s) which are located in the area having lower carbon intensity value or having higher ratio of renewable energy used, e.g., by configuring the URSP rules taking into account the energy related information.
It is worth noting that, the energy pattern(s) of the carbon intensity and ratio of renewable energy are dynamic in terms of "time" and "location" per area. For example, some districts ("location") may have solar power supply during daytime ("time") to provide the electricity. If the operator can get such energy related information, the operator can adjust or guide the UE to use the "greener" network slices which are located in those areas during daytime.
6.X.2.2	URSP rules generation 
An Route Selection Descriptor (RSD) in a URSP rule, as specified in Table 6.6.2.1-3 in TS 23.503 [4], may have optional time window and location criteria. If these two fields are presented in the RSD of a matched URSP rule, they need to be met before the UE associates the application to a PDU Session. If utilizing these two fields by an operator, the operator (e.g., PCF) based on the energy related information, can generate URSP rules where the time window and location criteria are configured in a way to influence the UE to request the greener network slices.
Example 1: the PCF generates the URSP rule based on the energy related information from the electricity companies. The energy related information is the time period of using solar supply during daytime as criteria for time window. When the time is within the time window, the UE can associate with a PDU Session supporting S-NSSAI-a for the application.
	Example URSP rules
	Comments

	Rule Precedence =1 

Traffic Descriptor: Application descriptor=App1
	Route Selection Descriptor Precedence=1 
Network Slice Selection: S-NSSAI-a
SSC Mode selection: SSC Mode 3
Access Type preference: 3GPP access
Time window: from 6:00 am to 4:00 pm
	This URSP rule associates the traffic of application "App1" with S-NSSAI-a, SSC Mode 3, 3GPP access
It enforces the following routing policy:

The traffic of App1 should be transmitted on a PDU Session supporting S-NSSAI-a when the time window is met

The traffic of App1 should be transmitted on a PDU Session supporting S-NSSAI-b when the time window is no longer met

	
	Route Selection Descriptor Precedence=2 
Network Slice Selection: S-NSSAI-b
SSC Mode selection: SSC Mode 3
Access Type preference: 3GPP access
	



Example 2: the PCF generates the URSP rule based on the energy related information from the electricity companies. The energy related information is the location where the solar power is supplied as criteria for location criteria. When the UE is within the location criteria, the UE can associate with a PDU Session supporting S-NSSAI-a for the application.
	Example URSP rules
	Comments

	Rule Precedence =1 

Traffic Descriptor: Application descriptor=App1
	Route Selection Descriptor Precedence=1 
Network Slice Selection: S-NSSAI-a
SSC Mode selection: SSC Mode 3
Access Type preference: 3GPP access
Location criteria: [TA1, TA2, TA3]

	This URSP rule associates the traffic of application "App1" with S-NSSAI-a, SSC Mode 3, 3GPP access
It enforces the following routing policy:

The traffic of App1 should be transmitted on a PDU Session supporting S-NSSAI-a when the location criteria is met

The traffic of App1 should be transmitted on a PDU Session supporting S-NSSAI-b when the location criteria is no longer met

	
	Route Selection Descriptor Precedence=2 
Network Slice Selection: S-NSSAI-b
SSC Mode selection: SSC Mode 3
Access Type preference: 3GPP access
	



6.X.2.3	Slice with the validity information generation
6.X.2.3.1	Slice with the validity time information
A network slice may be available for UEs for a limited time that is known as the network in advance (e.g., by OAM/NWDAF). On the other hand, the carbon intensity and ratio of renewable energy change dynamically depending on time and/or location, e.g., the solar power can be obtained during daytime, the wind power can be obtained in some areas. Therefore, according to the energy related information, the AMF can generate the NSSAI information for the UE to allow the UE to potentially use the renewable energy in specific time and/or location.
Based on the energy related information e.g., the time for renewable energy is only available during daytime, the network can generate the Configured NSSAI along with validity time for the renewable energy available time, the AMF may indicate to a UE the validity time for one or more S-NSSAIs in the registration message or via UE Configuration Update procedure.
A supporting UE can request such S-NSSAI with validity time as:
-	if the validity time indicates the S-NSSAI is available for using renewable energy, the UE may request the S-NSSAI in a Requested NSSAI in a Registration request, and if the S-NSSAI is included in the allowed NSSAI or in a Partially Allowed NSSAI, the UE may establish PDU Sessions associate with the S-NSSAI.
For a non-supporting UE, if the validity time applies to an S-NSSAI, an AMF can include the S-NSSAI in the Allowed NSSAI for the non-supporting UE to establish the PDU Session
6.X.2.3.2	Slice partially support in registration area
Similar logic can be applied for the AMF when generating the S-NSSAIs in partially Allowed NSSAI based on the energy related information. A network slice may be available for the UE in one or more TAs in a PLMN when the network slice is deployed for using renewable energy.
A supporting UE can request such S-NSSAI in partially allowed NSSAI as:
-	if the current location of UE is within the location of the deployed S-NSSAI for using renewable energy, the UE may establish PDU Sessions associate with the S-NSSAI.
For non-supporting UE, if the location restriction applies to an S-NSSAI, an AMF can include the S-NSSAI in the Allowed NSSAI for non-supporting UE to establish the PDU Session. 
6.X.2.4	Collection of the energy related information from the electricity company
Based on the energy related information from the electricity companies, the network operator can apply such energy related information when generating the URSP rules by using time window and location criteria to guide the UE to transmit to a PDU Session supporting a greener network slice when the time and location criteria are met.
The PCF/AMF can get the energy related information from:
-	OAM/NWDAF; or
-	new core network for Energy Management Function (EMF)
6.X.3	Procedures
The 5GC procedures such as MM and SM procedures are not impacted. The procedures on how the PCF/AMF obtains the energy related information to generate the URSP rules and slices with the validity information are described below:
6.X.3.1 	From OAM/NWDAF


Figure 6.X.3.1-1: the procedure for PCF/AMF to obtain the energy related information from OAM/NWDAF

1. The PCF/AMF (as a consumer NF), if enabled to support the energy related information, sends an Analytics request/ subscribe to NWDAF. The request or subscription includes either a new Analytics ID for "Energy related Information" or an existing Analytics ID (e.g., "service experience") combined with Analytics Filters including e.g., Application ID, S-NSSAI, DNN, Area of Interest.

Editor’s note: 	The full set of Analytics Filters from NWDAF is FFS.
2. The NWDAF can request/ subscribe to OAM using the existing procedures defined in clause 6.2.3 of TS 23.288 [xx] to collect the energy related information (in a similar way that Cell Energy Saving State is collected). Alternatively, NWDAF can collect analysis on Energy Saving State or other energy related information via MDAF.  
3. The OAM/ MDAF can obtain the energy related information from the 3rd parties (e.g., an electricity company) and respond to NWDAF request.

Editor’s note: 	The full list of input data from OAM/ MDAF to NWDAF is FFS.
4. The NWDAF can respond/ notify to the PCF/AMF with analytics about the energy related information.



6.X.3.2 	from EMF 


Figure 6.X.3.2-1: the procedure for PCF/AMF to obtain the energy related information from EMF

1. The PCF/AMF (as a consumer NF), if enabled to support energy related information, sends request/ subscribes to the EMF. 
Editor’s note: The full set of input parameters from PCF to EMF is FFS.
2. The EMF can request the energy related information from OAM/ MDAF using OAM services.
3. The OAM/ MDAF can obtain the energy related information from the 3rd parties (e.g., an electricity company) and configure EMF with the obtained energy related information.
Editor’s note: The full set of input parameters from OAM to EMF is FFS.
4. The EMF responds/ notifies to the PCF/AMF with the energy related information.

6.X.4	Impacts on existing services, entities and interfaces
The existing NWDAF services and possibly Analytics ID(s) and / or Analytics Filters are updated to support the energy related information.  
The existing data collection and exposure procedures from OAM/ MDAF/EMF are enhanced to support the energy related information, e.g.:
· Carbon intensity in time and location per slice 
· Ratio of renewable energy in time and location per slice
If a new Energy Management Function (EMF) supported, a new reference point of Nemf and associated services are required to enable the consumer NF (e.g., PCF, AMF) to obtain the energy related information

[bookmark: references]*** End of changes ***
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