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Abstract of the contribution: This contribution proposes a solution for KI#3 where user plane traffic paths in the 5GC are adjusted based on the operator’s energy policy.
1	Discussion
Energy consumption of the 5G core (and consequently, the related metrics such as carbon emission) is influenced not only by the control plane signallings but also the user plan traffic handling. Energy consumption of the user plane (UP) of the 5G core is significant due to the huge amount of the traffic. 
In the real-world deployments, the UP of the 5GC is not just a single UPF. For several reason, as depicted in the Figure 1, more than one UPF may be deployed in the operators’ network such as
· Handling the peak traffic (which is beyond the capacity of a single UPF)
· Deploying multiple Intermediate UPFs (I-UPF) for reliability objectives
· Deploying multiple Up Link Classifier UPFs (UL CL UPF) for traffic steering to local networks
· Deploying UPF instances for a specific functionality, e.g., a dedicated UPF for Lawful Interception




Figure 1. Scenarios of multiple UPFs deployment
Therefore, in real deployments, user plane traffic may be handled by a chain of UPFs interconnected via N9 interface, i.e., it is possible to have a user plane path for each PDU session in the 5GC.
On the other hands, different UPFs may have different characteristics from energy perspective; e.g., some of the UPFs maybe powered on (partially) by renewable energy sources, some of them could be ultra energy efficient; and the operator may have various energy related policies e.g., maximizing energy efficiency or minimize carbon emission.
Putting these observations together, it is possible to adjust UP paths in the 5GC to implement the operator’s energy policy. This paper proposes a solution for this purpose where a new Energy Manger Function Energy Efficiency Control Function first determines the UP path of PDU drives UP paths based on the operator’s policy, configures them in the SMF and activates them by requesting from the PCF.    
2 Proposal
[bookmark: _Hlk513714389]It is proposed to update TR 23.700-66 according to the following text.

[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037]

********** First Change (All new text) **********
[bookmark: _Toc148441670]6.x	Solution #X: Energy Aware User Plane Path Adjustment 
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677]6.x.1	Key Issue mapping
The proposed solution maps to the following aspect of KI#3:
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]‐	Whether and how to enhance the existing operations and procedures to satisfy the energy saving and energy efficiency requirements.
[bookmark: _Toc148441678]6.x.2	Functional Description
[bookmark: _Toc500949101]Editor's note:	This clause will describe the solution principles and assumptions for corresponding key issue(s). Sub-clause(s) may be added to capture details. 
[bookmark: _Toc92875663][bookmark: _Toc93070687]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 and clause 4.3.6 of TS 23.502 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). 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). 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. 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).
To sum up, the following capability existing currently:
· A number of traffic steering policies are pre-configured in SMF
· AF specifies the traffic routing ID/information 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
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 paper 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 Manager Function (EMF) 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 solution 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, EMF 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 it obtains the information of service the corresponding serving UPFs (i.e. UPFs that handle the traffic of the PDU session) from the SMF and accordingly constructs 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, EMF 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 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 EMF EECF. 
Currently it is possible to configure N6 traffic steering policies in the SMF, following a similar concept, in the third step, EMF 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, EMF 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, Then SMF implements these policies via proper configuration of the deployed UPFs.
[bookmark: _Toc148441679]6.x.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
The procedure depicted in Figure 6.x.3-1 describes how the UP paths are adjusted based on the operator’s policy.


[bookmark: _CRFigure4_16_15_2_11]Figure 6.x.3-1: Energy-aware user plane path adjustment
1. The EMF 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 EMF 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 EMF EECF subscribes to the NF load information stored in NRF.
3b. The EMF EECF may optionally subscribe to some NWDAF analytics (e.g., NF load analytics and energy analytics) 
4. The EMF 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 EMF EECF gets the information of PDU sessions and their corresponding UPFs from the SMF. Based on these information, EMF EECF construct 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 EMF 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. it The solution of this problem is the adjusts 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 EMF 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 EMF EECF determines a set of PDU sessions need to be steered through this path 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 EMF’sEECF’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 are used to update the PDU session.   
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc148441680]6.x.4	Impacts on existing services, entities and interfaces
[bookmark: _Hlk155366872]Editor's note:	This clause captures impacts on existing services, entities and interfaces.
The solution has the following impacts:
EMFEEFC:
-	New network functionalities to collect energy related information and policies.
-	New network functionalities to adjust UP paths according to the operator’s policy.
SMF:
-	Extending service to configure UP paths.
PCF:
[bookmark: _Hlk155343953]-	Extending service to influence N9 traffic steering.

********** End of Changes **********
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