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[bookmark: _Hlk526665839][bookmark: _Hlk513714389]Abstract of the contribution: This paper proposes a solution to resolve KI#2
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: Green the Energy related QoS profile and Alternative QoS profile provisioning 
6.X.1	Key issue mapping
In this solution, it addresses the following issue:
Key Issue #2: Subscription and policy control to support energy efficiency and energy saving as service criteria
6.X.2	Functional Description
6.X.2.1	General 
[bookmark: OLE_LINK12]To reduce the carbon emission, the MNO may deploy the NG-RAN(s) powered by (partial or fully) renewable energy. Furthermore, the MNO may modify the network configuration to make more UE(s) to access those NG-RAN(s) using renewable energy or some service providers may require the communication service provided by MNO to use less non-renewable energy.
This may lead to a condition that the NG-RAN(s) powered by renewable energy will need to support more UEs camping on it, which then may lead to more UEs to share same amount of resource from these green NG-RAN(s), causing fewer resources can be granted to per UE. 
The users of these UEs may observe lower service data rate compared to other UEs, with a pre-agreement with the MNO that they are willing to tolerate this situation as long as the communication service provided is more eco-friendly energy. To achieve this, an energy related Green QoS Profile (GQP) and/or Green an energy related Alternative QoS Profile are provided by the network to the NG-RAN(s).
6.X.2.2	Green the energy related QoS profile (GQP)
[bookmark: OLE_LINK17][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK18][bookmark: OLE_LINK13]In addition to the legacy QoS Profile (QP), additionally an energy related Green QoS Profile (GQP) is also provided to the NG-RAN based on the energy usage condition of the NG-RAN from OAM. The energy relatedGQP is used for the NG-RAN(s) when it is using the renewable energy (or when renewable energy ratio > X%), and when NG-RAN(s) is not using renewable energy (or when renewable energy ratio <= X%) it fallbacks to use the legacy QP. Compared to the existing QoS Profile (QP), the main difference is 
· [bookmark: OLE_LINK2]Certain QoS parameter(s) in GQP the energy related QP is inferior to the one in QP and is set based on the operator’s policies, e.g., the Maximum bit rate of UL (MBR-UL) in the energy related GQP is less than the Maximum bit rate of UL in QP. The MNOs and Service providers can negotiate for the number of QoS parameters in the energy related GQP that are inferior to those in QP; or the parameter in the energy related GQP can be determined based on the energy related green-subscription/ the energy related green-contract between subscriber and MNO.
The user, network and the service providers consider the energy related the GQP and QP with the same satisfaction but using in different NG-RAN conditions., e.g., when serving by non-green NG-RAN, the user demands 21Mbps MBR-UL, but when serving by green NG-RAN, the user can tolerate 14 Mbps MBR-UL.
[bookmark: OLE_LINK38]The SMF can get the information when the NG-RAN can be powered by renewable energy from the OAM, and the SMF can provide QP and the energy related QP to the NG-RAN based on the information. 
[bookmark: OLE_LINK37]When the NG-RAN gets the availability information of the renewable energy from the OAM, e.g., time validity information of the solar power, the NG-RAN can decide to switch to use the renewable energy based on the time validity and at that time, it can also decide to use the energy related QP provided by SMF. 
The NG-RAN can also get the availability information of the renewable energy from the OAM for its neighbour NG-RAN(s), the NG-RAN can decide whether to re-direct the UE(s) based on the energy related information analytics from NWDAF.
Below are examples how the energy related GQP and QP file are provided by the network:




Figure 6.X.2.2-1: example 1 for two NG-RANs (NG-RAN 1 using renewable energy and NG-RAN 2 using non-renewable energy)
In Figure 6.X.2.2-1, since NG-RAN 2 can get the conditions of the neighboring NG-RAN(s) from OAM, the NG-RAN 2 may decide to redirect the UEs to a NG-RAN using renewable energy. Furthermore, the SMF can also know the energy usage conditions from OAM for NG-RAN 1 and NG-RAM 2, the SMF can provide the QP and GQP the energy related QP to NG-RAN 1. Then NG-RAN 1 can treat the UE’s QoS flows based on QP and the energy relatedGQP.





Figure 6.X.2.2-2: example 2 for NG-RAN 1 using non-renewable energy at T1 and then using the renewable energy at T2. More UEs are redirected to access the NG-RAN 1
In Figure 6.X.2.2-2, since the NG_RAN 1 will change to use the renewable energy at time T2 and it is possible that more UEs will be redirected to NG-RAN 1. Also, the SMF can get the energy usage condition from OAM, the SMF may update the energy related GQP for NG-RAN 1 at time T2. The NG-RAN can determine whether to use QP or the energy related GQP based on the condition of using renewable energy.
6.X.2.3	Green the energy related Alternative QoS profile (GAQP)
The concept of Green the energy related Alternative QoS profile is similar, it is provided to NG-RAN(s) using the renewable energy at specific time periods and/or location(s). Same concept applied:
· Certain QoS parameter(s) in GAQP the energy related AQP is inferior to the one in legacy AQP and is set based on the operator’s policies. The users (e.g., during contract signing), MNOs and Service providers can negotiate for the number of QoS parameters in Gthe energy related AQP that are not equal to those in AQP.
The users, network and the service providers consider the energy relatedGAQP and AQP as same level (e.g., same satisfaction) but using in different NG-RAN condition, e.g., the energy relatedGAQP is used by the NG-RAN using the renewable energy while AQP is used by the NG-RAN using non-renewable energy. A NG-RAN can be provided both the energy relatedGAQP and AQP since the NG-RAN may be powered by renewable energy at specific time and be powered by non-renewable energy at the other time.
The SMF can get the information when the NG-RAN can be powered by renewable energy from the OAM, and the SMF can provide AQP and the energy related AQP to the NG-RAN based on the information. 
When the NG-RAN gets the availability information of the renewable energy from the OAM, e.g., time validity information of the solar power, the NG-RAN can decide to switch to use the renewable energy based on the time validity and at that time, it can also decide to use the energy related AQP provided by SMF. 
The NG-RAN can also get the availability information of the renewable energy from the OAM for its neighbour NG-RAN(s), the NG-RAN can decide whether to re-direct the UE(s) based on the energy related information analytics from NWDAF.
[bookmark: OLE_LINK6]The SMF may modify or update the QoS parameters of a QoS flow to NG-RAN and/or to UE via the PDU Session modification procedure when the NG-RAN notifies the SMF the QoS parameters of a QoS flow cannot be guaranteed.

[bookmark: OLE_LINK4]Below are examples how the energy relatedGQP, QP, the energy related GAQP and AQP files are provided by the network:




Figure 6.X.2.3-1: example 1 for two NG-RANs (NG-RAN 1 using renewable energy and NG-RAN 2 using non-renewable energy)
In Figure 6.X.2.3-1, since NG-RAN 2 can get the conditions of the neighboring NG-RAN(s) from OAM, the NG-RAN 2 may decide to redirect the UEs to a NG-RAN using renewable energy. Furthermore, the SMF can also know the energy usage conditions from OAM for NG-RAN 1 and NG-RAM 2, the SMF can provide the QP, the energy related GQP,AQP and the energy related GAQP to NG-RAN 1. Then NG-RAN 1 can treat the UE’s QoS flows based on the QP, the energy related GQP,AQP and the energy related GAQP.




Figure 6.X.2.3-2: example 2 for NG-RAN 1 using non-renewable energy at T1 and then using the renewable energy at T2. More UEs are redirected to access the NG-RAN 1
In Figure 6.X.2.3-2, since the NG_RAN 1 will change to use the renewable energy at time T2 and it is possible that more UEs will be redirected to NG-RAN 1. Also, the SMF can get the energy usage condition from OAM, the SMF may update tthe energy related he GQP and the energy related GAQP for NG-RAN 1 at time T2. The NG-RAN can determine whether to use QP or the energy related GQP and AQP or the energy related GAQP based on the condition of using renewable energy.
when the SMF receives the notification from the NG-RAN that the QoS parameters of a QoS flow cannot be guaranteed and the QoS parameters for that QoS flow from the energy related AQP can be met, the SMF may provide the update QoS parameters for that QoS (based on the energy ralted AQP profile) to the UE.

Editor’s note: Whether the enhancement of the AQP is feasible or not is FFS.
6.X.3	Procedures
For QP:
[bookmark: OLE_LINK24]-	Whenever the QoS profile (QP) is provided/updated by the SMF to the AN via the AMF over the N2 reference point, additionally Green the energy related QoS profile (GQP) is also provided. QP can be include more QoS value which can be used when the NG-RAN switches to use the renewable energy
[bookmark: OLE_LINK25]For AQP:
[bookmark: OLE_LINK28]-	Whenever the SMF provides/updates a prioritized list of Alternative QoS Profile(s) to the NG-RAN, SMF also additionally provide the energy related Green AQP (GAQP). AQP can be include more QoS value which can be used when the NG-RAN switches to use the renewable energy
For NG-RAN:
[bookmark: OLE_LINK3][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK27][bookmark: OLE_LINK31][bookmark: OLE_LINK33]-	If Gthe energy related QP is available, monitor current NG-RAN energy source (e.g., renewable, non-renewable) state, and determine to use either QP or the energy related GQP. If the energy related GQP is used, all logic is the same as if regard the energy related GQP as QP.
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK34]-	If the energy related GAQP is also available, monitor current NG-RAN energy source (e.g., renewable, non-renewable) state, and determine to use either AQP or the energy related GAQP based on measured current energy source state. If the energy related GAQP is used, all logic is the same as if regard the energy related GAQP as AQP.
Furthermore, the existing Notification control needs to be enhanced as follows:
- 	When the NG-RAN switches to use the renewable energy based on the availability information of the renewable energy from the OAM, and the NG-RAN is provided with the energy related QP and/or the energy related AQP by SMF, the NG-RAN will send a notification towards SMF for informing "the renewable energy- is applied/used" to notify the SMF it will apply the energy related QP or the energy related AQP profiles for QoS handling.
-	When the NG-RAN applies the energy related QP or the energy related AQP, the same logic of the notification control for QP and AQP is applied to the energy related QP and the energy related AQP as specified in clause 5.7.2.4 in TS 23.501 [2] 
6.X.4	Impacts on existing services, entities and interfaces
OAM:
· Needs to provide the energy usage condition of NG-RANs to 5GC NFs and also provides the energy usage condition of the neighbouring NG-RANs for a specific NG-RAN 
NG-RAN:
· [bookmark: OLE_LINK21]Needs to support the energy related GQP and optionally the energy related GAQP QoS profiles
· [bookmark: OLE_LINK26]Needs to know its current energy source (e.g., renewable, non-renewable) state
· Needs to notify SMF which profile is used
· Needs to redirect the UEs to the NG-RAN using renewable energy
SMF:
· Needs to provide the energy related GQP and optionally the energy related GAQP to the NG-RAN
PCF:
· Needs to generate PCC rules to SMF for the energy related GQP and optionally the energy related GAQP QoS profiles
[bookmark: references]*** End of changes ***
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