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1	Discussion
The proposed solution flows a similar approach of the existing "AF influence on traffic routing" mechanism; so, to further clarification of the proposed solution, more details on "AF influence on traffic routing" are provided and the differences between two solutions are highlighted. 
Moreover, there were a few ENs from the last meeting; in this paper, those ENs (except one) are addressed.  
2 Proposal
[bookmark: _Hlk513714389]It is proposed to update TR 23.700-66 according to the following text.

********** First Change **********
[bookmark: _Toc157674377][bookmark: _Toc157682318]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).
As explained in clause 5.6.7 of TS 23.501 [2], the AF requests are sent to the PCF via N5 or via the NEF. The AF requests that target existing or future PDU Sessions of multiple UE(s) or of any UE are sent via the NEF and may target multiple PCF(s), as described in clause 6.3.7.2 of TS 23.501 [2]. The PCF(s) transform(s) the AF requests into policies that apply to PDU Sessions.
[bookmark: MCCTEMPBM_00000024]In the AF request to PCF, it specifies the target UE Identifier(s), traffic description and Routing profile ID and/or N6 traffic routing information (see Table 5.6.7-1 of TS 23.501 [2]). The UE Identifier(s) in combination of traffic description (e.g., IP address/prefix for IP type PDU sessions) allows the PCF to identify the PDU Session for which this request applies, and the AF request applies only to that specific PDU Session of the UE. The routing profile ID refers to a pre-agreed policy between the AF and the 5GC. This policy may refer to different steering policy ID(s) sent to SMF and e.g. based on time of the day etc. The PCF, based on information received from the AF, operator's policy, etc. authorizes the request received from the AF and determines for each DNAI, a traffic steering policy ID (derived from the routing profile ID provided by the AF) and/or the N6 traffic routing information (as provided by the AF) to be sent to the SMF as part of the PCC rules. The traffic steering policy IDs are configured in the SMF or in the UPF. The traffic steering policy IDs are related to the mechanism enabling traffic steering to the DN. 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. This may include that the SMF is providing the UPF with packet handling instructions (i.e. PDRs and FARs) for steering traffic. 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 concepts and capabilities currently exist:
-	A number of traffic steering policies are pre-configured in SMF.
-	AF specifies the traffic routing ID/information for a target UE Identifier(s), and traffic description; 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.
The important point is that the target traffic (and corresponding/associated UE Identifier(s) are specified by the AF based on its requirements determine the PDU session that to be influenced. Moreover, many PDU sessions can share the same traffic steering policy ID.
In the real-world deployments, the UP of the 5GC is not just a single UPF. For several reason, as depicted in the Figure 6.13.2-1, 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 gating or a dedicated UPF for Lawful Interception



Figure 6.13.2-1: Scenarios of multiple UPFs deployment
Following a similar concept of "AF influence on traffic routing", this paper proposes a solution to adjust the UP path of on-going PDU sessions, which is a chain of UPFs interconnected via N9 interface, based on operator's policy on energy (instead of AF requirements). 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 proposed solution is based on similar concepts of "AF influence on traffic routing" mentioned before with the following changes:
-	The main idea change of the proposed solution is to replace AF by the EECF where:.
-	The target traffic (i.e. the on-going PDU sessions) whose UP paths need to be adjusted are determined by the EECF (instead of combining target UE identifier(s) and traffic description given by AF).
-	EECF identifies the target traffic PDU sessions according to the current UP paths of (a subset of) PDU sessions, UPF energy-related and load information and also operator's policy. It is the internal logic of EECF to select target PDU sessions and their corresponding adjusted UP paths in such a way that steering traffic of the PDU sessions through the new UP paths improves the rgy objective.
-	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, or how much the operator aims to use renewable energy sources. It is determined via a score per criterion. EECF evaluates each UP path adjustment scenario via computing/estimating the energy-related criteria of the scenario (e.g., energy consumption of the adjusted paths) and then obtain the total value of the scenario taking into account the score assigned to the metric in the operator's policy.
-	EECF not only specifies the target trafficPDU sessions, but it also determines whether new/updated UP paths are needed to be configured in the network for steering the traffic of the target PDU sessions. If updates in the UP paths are needed, it 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 between different UPF instances in the UP paths of PDU sessions.
-	PCF functionality will be similar to the "AF influence on traffic routing" procedure, it needs to specify traffic steering policy ids in the PCC rules of the target PDU sessions.
-	SMF functionality will be similar to the "AF influence on traffic routing" procedure, 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 information (e.g., energy consumption, carbon emission) and load information of UPFs deployed in the network from the OAM and NRF, respectively. 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 set of the PDU sessions that EECF collects their corresponding information can be for example a set of (by OAM) pre-configured PDU sessions, all PDU sessions of the UEes in a specific area, PDU sessions 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 aspects of energy for example energy efficiency maximization or carbon emission reduction via a score per energy-related criterion.
After the first step, based on the collected information, EECF has the view current status of the network, more specifically it knows 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 knows 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 an optimization problem that EECF should find a suitable UP paths for a subset of PDU sessions in such a way that the energy consumed by UPFs for handling the traffic of the PDU session on the adjusted UP paths 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. More specifically, EECF assesses each UP path adjustment scenario by obtaining the total score of the scenario via computing/estimating the various energy-related criteria of the scenario and corresponding score of the metric determined in the operator's policy. The outcomes of this optimization process are 1) a set of the target PDU sessions that need to be rerouted, 2) UP path of the PDU sessions where multiple PDU sessions may share the same UP path.
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.
The outcome of the optimization process may indicate that new/updated UP paths are needed to be established in the network to steer the traffic of the target PDU sessions. 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 for the target PDU sessions determined in the first step, 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 UP path 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 which are extended to including include 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.
The following figure 6.13.2-2 illustrates an example of adjustment of UP paths of on-going PDU sessions to minimize the energy consumption (as the policy of the operator) where EECF selects to adjust UP paths of the green and blue PDU sessions in such a way that there is no load on three UPFs (which can be turned off later by OAM)


Figure 6.13.2-2: An example of UP Path adjustment

Editor's note:	Whether a new function is needed is FFS. (e.g. consider whether NWDAF or SMF can support the needed functionality).

********** Next Change **********
[bookmark: _Toc157674378][bookmark: _Toc157682319]6.13.3	Procedures
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 6.13.3-1: Energy-aware user plane path adjustment
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. The policy assigns a score for each criterion. The score is used by EECF for evaluating different UP path adjustment scenarios. EECF, computes/estimates the criteria of each UP path adjustment scenario and then assesses the total score of the scenario by considering the value of each criterion and its corresponding score.
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.
NOTE: The “Energy Consumption” and “Energy Efficiency” criteria are defined in clause 6.7.3 and 6.7.4 of TS 28.554. Collecting carbon emissions and renewable energy ratio are based on the solution provided for KI#1.
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 five categories of triggers, which may be PDU/UE specific, To readjust the UP paths:
a)  (Internal triggers e.g. expiration of a periodic timer where 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.
b) The is an instruction from OAM to perfume the UP path adjustment. 
or a notify of the subscribed information in steps 1-3) to adjust UP paths. 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. 
c) There is a (significant) change in the operator's energy policy, for examples in this case, if the trigger is because of the change of operators policy in a specific area, the EECF may only consider PDU sessions of the UEs in that area. 
d) There are (significant) changes in the UPF's energy related information. 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 operators policy in a specific area, the EECF may only consider PDU sessions of the Ues in that area.
e) There is a (significant) change in the UPF's load.
f) There is a new analytics by NWDAF.
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 based on the scores determined for different energy-related criteria. The solution of this problem is the adjustment of the UP paths of a set of on-going PDU sessions in 5GC in such a way that the steering N9 traffic of the target PDU sessions through the UP 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.	If the optimization process of step 6 indicates that new/updated UP paths are needed to be established in network for steering the traffic of the target PDU sessions, The 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.
NOTE 3:	There is no one-to-one mapping between target PDU sessions and UP paths. Each UP path can be share by a number of PDU sessions.
8.	The EECF via the optimization process in step 6, determines a set of PDU sessions need to be rerouted according to the outcome of the optimization process. The optimization processand also specifies the UP path of the target PDU sessions. Then for each updated target PDU sessions, 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 PDU session 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.

********** Next Change **********

[bookmark: _Toc157674379][bookmark: _Toc157682320]6.13.4	Impacts on existing services, entities and interfaces
The solution has the following impacts:
EEFC:
-	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 EEFC decisions.
PCF:
-	Extending PCC rules deriving service to influence N9 traffic steering based on the EEFC decisions.

********** End of Changes **********
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and the 5GC. This policy may refer to different steering policy ID(s) 


sent to SMF and e.g. based on time of the day etc.


 


The PCF, based on information received from the AF, operator's 
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