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Abstract of the contribution: It is proposed to update Sol #13 for KI#3.
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[bookmark: _Toc19722242][bookmark: _Toc16839376]The solution for Energy Aware User Plane Path Adjustment with EECF (Solution #13) was implemented in TR 23.700-66. Based on the following Editor's note in the Solution #13, this contribution proposes how User Plane path is adjusted considering the NWDAF-based Energy analytics. Note that how the NWDAF generates the Energy related analytics is not addressed in the proposed solution but uses other solutions (e.g. Solution #12).
Editor's note:	Whether a new function is needed is FFS. (e.g. consider whether NWDAF or SMF can support the needed functionality).
2. Proposal
It is proposed to update the following solution #13 to TR 23.700-66 " Study on Energy Efficiency and Energy Saving".
[bookmark: _Toc11247565][bookmark: _Toc27044704][bookmark: _Toc36033746][bookmark: _Toc45131892][bookmark: _Toc49776177][bookmark: _Toc51747097][bookmark: _Toc66360661][bookmark: _Toc68105166][bookmark: _Toc74755796][bookmark: _Toc90643099][bookmark: _Toc28013303][bookmark: _Toc36040058][bookmark: _Toc44692671][bookmark: _Toc45134132][bookmark: _Toc49607196][bookmark: _Toc51763168][bookmark: _Toc58850063][bookmark: _Toc59018443][bookmark: _Toc68169449][bookmark: _Toc97203103][bookmark: _Hlk56636785]*** 1st Changes ***
[bookmark: _Toc157674375][bookmark: _Toc161043209][bookmark: _Toc157674378][bookmark: _Toc161043212]6.13	Solution #13: Energy Aware User Plane Path Adjustment
[bookmark: _Toc157674376][bookmark: _Toc161043210]6.13.1	Key Issue mapping
The proposed solution maps to the following aspect of KI#3:
‐	Whether and how to enhance the existing operations and procedures to satisfy the energy saving and energy efficiency requirements.
[bookmark: _Toc157674377][bookmark: _Toc161043211]6.13.2	Functional Description
SMF is responsible for managing UPFs in the 5G via N4 interface considering the PPC rules provided by the PCF. PCC rules composed of various fields that not only determined by the operator policy and charging but also can be influenced by AF such as "N6-LAN Traffic Steering Enforcement Control". The "AF influence on traffic routing" mechanism which is explained in clause 5.6.7 of TS 23.501 [2] and clause 4.3.6 of TS 23.502 [3] allows an AF to send requests to influence SMF routing decisions for traffic of PDU Session. The AF requests may influence UPF (re)selection and (I-)SMF (re)selection and allow routing user traffic to a local access to a Data Network (identified by a DNAI).
In the AF request to PCF, it specifies the target traffic description and Routing profile ID and/or N6 traffic routing information (see Table 5.6.7-1 of TS 23.501 [2]). According to this request, PCF generates PCC rules for the specified target traffic which also includes the traffic routing information such as "N6-LAN Traffic Steering Enforcement Control" or "Traffic steering policy identifier(s)" (see Table 6.3.1 of TS 23.503 [4]). Then SMF uses these PCC rules to update routing of PDU sessions. The procedure of "AF influence on traffic routing" is depicted in clause 4.3.6.2 of TS 23.502 [3]. As an option, the traffic steering policies can be pre-configured in SMF and PCC rules determine which policy should be used (see clause 6.3.1 of TS 23.503 [4]).
To sum up, the following capabilities currently exist:
-	A number of traffic steering policies are pre-configured in SMF.
-	AF specifies the traffic routing ID/information for a target traffic and sends the request to PCF.
-	PCF generates PCC rules for the specified target traffic including the traffic steering policy ID.
-	SMF updates the routing configuration of the specified target traffic according to the steering policy according to the PCC rules.
There are two options about how the Energy-aware UP path is adjusted.
Option 1: Energy-aware UP path adjustment with EECF.
The important point is that the target traffic (and corresponding/associated UEs) are specified by the AF based on its requirements.
Following a similar concept, this optionpaper proposes a solution to adjust the UP path of PDU sessions based on operator's policy on energy. The overall procedure is as follows.
It is assumed that the operator configures the energy policies in the OAM which is accessible to other NFs as well. Moreover, it is assumed that OAM can provide energy related information (e.g. energy consumption, carbon emission, etc.) of NFs.
A new network function named Energy Efficiency Control Function (EECF) in collaboration with SMF and PCF implements the operator's policy on energy management with the following steps.
The main idea of the proposed optionsolution is to replace AF by the EECF where:
-	The target traffic (i.e. the PDU sessions) whose UP paths need to be adjusted are determined by the EECF.
-	EECF identifies the target traffic according to the current UP paths of (a subset of) PDU sessions, UPF energy-related and load information and also operator's policy.
-	The operator's policy as an input to the EECF determines the importance of the different energy related criteria; e.g. how much is important energy efficiency, how much the operator aims to use renewable energy sources.
-	EECF not only specifies the target traffic, but it also configures the "traffic steering policies in SMF" (in the "AF influence on traffic routing" it is assumed that traffic steering policies are pre-configured; but here, EECF is responsible to find a number of energy-aware UP paths and configure them in the SMF).
-	Instead of N6 Traffic, this procedure is for steering N9 traffic.
-	PCF functionality will be similar to the "AF influence on traffic routing", it needs to specify traffic steering policy ids in the PCC rules.
-	SMF functionality will be similar to the "AF influence on traffic routing", it needs to re-configure the routing according to the given PCC rules.
At the first step, EECF collects three categories of information. It gets the energy related and load information of UPFs deployed in the network from the OAM. For PDU sessions, it obtains the information of the corresponding serving UPFs (i.e. UPFs that handle the traffic of the PDU session) from the SMF and accordingly determines the user plane path of the PDU sessions on the N9 interface (i.e. the chain of serving UPFs). The PDU sessions that EECF collect their corresponding information can be a set of (by OAM) pre-configured PDU sessions, all PDU sessions of the UEs in a specific area, PDU session with specific characteristics (e.g. containing specific 5QI) or any set determined by the internal logic of the EECF. Moreover, it gets the operator's policy on energy from the OAM. This policy determines the energy goal of the operator; more specifically, it determines the importance of different aspect of energy for example energy efficiency maximization or carbon emission reduction.
After the first step, EECF has the view current status of the network more specifically it know the energy-related and load information of the UPFs in the network; it knows the UP paths of (a subset of) PDU sessions in the network and it also know the operator's objective for the energy. In the second step, using the information obtained in the first step, EECF derive optimized UP paths for the PDU sessions. This is the internal logic of the EECF; but it can be seen as a optimization problem that EECF should find a suitable path for PDU sessions in such a way that the energy consumed by UPFs optimizes the operator's goal. The criteria that the EECF takes into account in the UP path adjustment is determined by operator's policy (obtained in the first step) e.g. minimize energy consumption via shutting down as much as possible UPFs or maximizing renewable energy consumption ratio via routing traffic through the UPFs that (partially) powered on by renewable energy sources. So, these UP paths are computed in such a way that steering N9 traffic through the paths optimizes the operator's energy goal. The outcomes of this optimization process are 1) a set of PDU sessions that need to be rerouted, 2) UP path of the PDU sessions.
NOTE 1:	Whether all or subset of PDU sessions are considered for the UP path adjustment and the solution to compute paths to optimize the operator's policy are the internal logic of the EECF.
Currently it is possible to configure N6 traffic steering policies in the SMF, following a similar concept, in the third step, EECF configure the N9 traffic steering paths in SMF; in this process, a traffic steering policy ID is assigned for each path. This policy ID and the corresponding path are configured in the SMF.
In the fourth step, similar to the AF influence on traffic routing, EECF asks PCF to update PCC rules according to the optimized N9 traffic steering policies. In this request, EECF specifies the target traffic (i.e. the PDU sessions) that wants to influence their routing moreover, it also specifies the corresponding traffic steering policy ID (both the information is the outcome of the optimization process). Then PCF, based on this request and considering other configurations, derives PCC rules including the N9 traffic steering information and shares them with the SMF. The extended PCC rules may specify which N9 traffic steering policy should be applied for the specified traffic. For this purpose, the PCC rule content is extended to include the N9 traffic steering policy ID (which has already been configured in the SMF in the previous step). It should be noted that EECF is responsible for identifying the PDUs to be rerouted and their corresponding paths and the information is given as inputs to PCF to update the PCC rules.
Finally, SMF implements these policies via proper configuration of the deployed UPFs.
Editor's note:	Whether a new function is needed is FFS. (e.g. consider whether NWDAF or SMF can support the needed functionality).
Option 2: Energy-aware UP path adjustment with NWDAF analytics.
[bookmark: _Hlk155190748]In case of AF influence on traffic routing, a SMF may take appropriate actions to reconfigure the U-Plane of the PDU Session. For example, the SMF may consider service experience analytics and/or DN Performance analytics per UP path before taking any actions as defined in TS 23.502 [3]. However, the SMF does not consider Energy related information for AF influence on traffic routing.
[bookmark: _Hlk155190759]It mainly proposes how the Energy-aware UP path is adjusted based on the NWDAF analytics. For this option, the energy related analytics is generated by the NWDAF (e.g. EE (Energy efficiency), EC (Energy Consumption) and Renewable energy ratio) in addition to the service experience analytics and/or the DN Performance analytics and provided to the SMF. Then, the SMF takes appropriate actions to reconfigure the U-Plane of the PDU Session.
6.13.3	Procedures
[bookmark: _Toc145936110][bookmark: _Toc51769463][bookmark: _Toc161043223]6.13.3.1	Energy-aware UP path adjustment with EECF
The procedure depicted in Figure 6.13x.3.1-1 describes how the UP paths are adjusted by EECF based on the operator'’s policy.


[bookmark: _CRFigure4_16_15_2_11]Figure 6.13.3.1-1: Procedure for Energy-aware user plane path adjustment with EECF
1.	The EECF subscribes to the operator's energy policy configured in the OAM. The policy determines the importance of different energy-related criteria/aspects e.g. energy efficiency, carbon emission, etc.
Editor's note:	The details of the operator's policies are FFS.
2.	The EECF subscribes to the energy-related information of the deployed UPFs in the network which are collected by OAM.
Editor's note:	Whether and how to collect information related to carbon emissions and renewable energy of NFs are FFS.
3a.	The EECF subscribes to the NF load information stored in NRF.
3b.	The EECF may optionally subscribe to some NWDAF analytics (e.g. NF load analytics and energy analytics).
4.	The EECF receives a trigger (e.g. expiration of a periodic timer or a notify of the subscribed information in steps 1-3) to adjust UP paths. The trigger may be PDU/UE specific. For example, in the periodic triggers, EECF periodically assess the current energy information of the UPFs and then selects some PDUs (according to its internal optimization process) to reroute in order to improve energy goal specified by the operator. If a tigger is because of the changes in the energy-related information of a UPF, ECCF may only consider the PDU sessions using the UPF. If the trigger is because of the change of operator's policy in a specific area, the EECF may only consider PDU sessions of the UEs in that area.
Editor's note:	The list of triggers and updating the procedure accordingly are FFS.
5.	The EECF gets the information of PDU sessions and their corresponding UPFs from the SMF. Based on these information, EECF identifies the user plane path of (a subset of) PDU sessions, i.e. a chain of UPFs interconnected via N9 interfaces handling the traffic of the PDU session.
6.	Based on the information that the EECF collected in steps 1-5, it knows the current status of the user plane of the 5GC from the energy point of view including the status of the UPFs in the network, the current UP path of PDU sessions and operator's objective for energy. It formulates an optimization problem aiming to achieve the operator's goal. The solution of this problem is the adjustment of the UP paths in 5GC in such a way that the steering N9 traffic through the paths optimizes the operator objective on energy. In this procedure, it may optionally consider the future condition of the network via the analytics provided by NWDAF. And then performs steps 7-11 for each UP path.
NOTE 1:	Based on its internal logic, EECF may only consider a subset of PDU sessions (e.g. high bandwidth sessions) in the path optimization process.
NOTE 2:	It is the internal logic of EECF to adjust UP paths in such way that optimize the criteria which are specified by the operator's policy.
7.	The EECF configures the UP paths via Nsmf_N9TrafficSteeringPolicy service operation where a unique ID is assigned to each path as N9 Traffic Steering policy ID.
8.	The EECF determines a set of PDU sessions need to be rerouted according to the outcome of the optimization process. The optimization process also specifies the UP path of the PDU session. Then via Npcf_TrafficPathInfluence, EECF asks from PCF to derive PCC rules for this set of PDU sessions (specified by the traffic description input parameter of this service operation) to use the specified UP path (specified by the N9 Traffic Steering Policy reference input parameter of this service operation).
Editor's note:	Determination of PDU sessions to be rerouted and mapping between PDU sessions and traffic steering policies are FFS.
9.	PCF takes the EECF's request into account besides other parameters influence N9 traffic steering (e.g. delay) and drives the corresponding PCC rules wherein the N9 traffic steering policy which should be applied for the specified traffic is determined a field of the rules.
10.	PCF sends the PCC rules via Npcf_SMPolicyControl_UpdateNotify to the SMF.
11.	SMF configures the UPFs through N4 interface to implement the N9 traffic steering policy specified in the PCC rule. In the case of changing the PSA UPF of a PDU session, procedures described in clause 4.3.5 of TS 23.502 [3] are used to update the PDU session.
6.13.3.2	Energy-aware UP path adjustment with NWDAF analytics
The procedure depicted in Figure 6.13.3.2-1 describes how the Energy-aware UP path are adjusted based on the NWDAF analytics.


Figure 6.13.3-2-1: Procedure for Energy-aware UP path adjustment with NWDAF analytics
[bookmark: _Hlk155117702]The procedure described in this clause is based on the UP path relocation as defined in clause 4.3.6.2 and clause 4.3.6.3 of TS 23.502[3].
1.	The AF invokes a Nnef_TrafficInfluence_Create service operation as defined in clause 4.3.6.2 of TS 23.502[3]. The request may contain DNAI and one of following Energy Criteria:
‐	Energy related KPIs (e.g. Maximum allowed EE, EC or Renewable energy ratio for the target U-Plane).
‐	Energy optimization analytics activation flag; once this identifier is enabled it indicates to the SMF that it needs to select a UP path considering the current network conditions.
NOTE: 	If the energy related KPIs are used then the energy optimization analytics activation flag is not activated and vice versa.
2a.	The NEF stores the AF request information in the UDR as defined in clause 4.3.6.2 of TS 23.502[3].
3.	The PCF(s) that have subscribed to modifications of AF requests receive(s) a Nudr_DM_Notify notification of data change from the UDR as defined in clause 4.3.6.2 of TS 23.502[3]. 
5a.	When the updated policy information about the PDU Session is received from the PCF, the SMF may take appropriate actions to reconfigure the U- Plane of the PDU Session as defined in clause 4.3.6.2 of TS 23.502[3]. In the case of AF influence on traffic routing, examples of actions are:
-	If the updated policy information contains the Energy related KPIs, the SMF interacts with the NWDAF and sends a request or subscription for the Energy related analytics per UP path (DNAI, the Energy related KPIs requested by the AF). In addition, the SMF may obtain more information to make this decision from the NWDAF by requesting additionally network analytics per UP path (e.g., Analytics ID = "Service Experience" and/or "DN Performance") to reconfigure the U-Plane of the PDU Session.
-	If the updated policy information contains the Energy optimization analytics activation flag, the SMF interacts with the NWDAF and sends a request or subscription for the Energy related analytics per UP path (DNAI, the Energy related KPIs (e.g. Maximum allowed EE, EC or Renewable energy ratio for the target U-Plane). The Energy related KPIs for the request or subscription are determined based on operator configuration. In addition, the SMF may obtain more information to make this decision from the NWDAF by requesting additionally network analytics per UP path (e.g., Analytics ID = "Service Experience" and/or "DN Performance") to reconfigure the U-Plane of the PDU Session.
[bookmark: _Hlk162013054][bookmark: _Hlk162013129]5b.	The NWDAF sends a response or notify with Energy related analytics to the SMF, if the requested Energy related KPIs are met. 
Based on the Energy related conditions from the NWDAF, the SMF may use the values to decide whether edge relocation is needed to ensure that the Energy related KPIs does not exceed the value.
The SMF may trigger UP path relocation event such as sending an early or late notification to the NEF, enforcing the change of DNAI or addition, change, or removal of a UPF as defined in clause 4.3.6.3 of TS 23.502[3].
[bookmark: _Hlk155118839]NOTE:	How the NWDAF generates the Energy related analytics is not addressed in the proposed solution but uses other solutions (e.g. Solution #12). 
6.13.4	Impacts on existing services, entities and interfaces
The solution has the following impacts:
EEFCF:
-	New network functionalities to collect energy related information of UPFs and also operator's energy policies.
-	New network functionalities to make decision to adjust UP paths of PDU sessions according to UPFs energy and load status and the operator's energy policy.
-	New network functionalities to configure UP paths in SMF.
-	New network functionalities to request PCF for deriving PCC rules to influence UP paths of a set of target traffic.
SMF:
-	Extending UPF configuration service to configure UP paths based on the EECFC decisions.
-	Request/Subscribe to the Energy related analytics and reconfigure the U- Plane based on Energy related conditions.
PCF:
-	Extending PCC rules deriving service to influence N9 traffic steering based on the EEFCF decisions.
-	Npcf_SMPolicyControl_UpdateNotify service is extended to the Energy related KPIs and Energy optimization analytics activation flag.
NWDAF:
-	Support for the analytics on Energy related analytics.
NEF:
-	Nnef_TrafficInfluence service is extended to support the Energy related KPIs and Energy optimization analytics activation flag.
UDR:
-	Nudr_DM_Notify service is extended to support the Energy related KPIs and Energy optimization analytics activation flag.
[bookmark: _Toc148441662][bookmark: _Toc151529353][bookmark: _Toc151529463]*** End of Changes ***
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