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Abstract: This paper proposes a new solution to KI#1 and KI#2 describing the collection of EC information. 
1. Introduction/Discussion
Key Issue #1 includes the following aspect to be studied: 
How and what network energy related information from the Network entities (i.e. RAN nodes, 5GC NFs) can be obtained in order to support network energy related information exposure.
Similarly, KI#2 includes the following aspect to be studied: 
What network energy related information is required for subscription and policy control and how it is obtained”. 
In both requirements the EC information may have the granularity per UE, or finer granularity like per PDU Session or QoS flow per UE. 
[bookmark: _Hlk155709095]While the EC information for a Network Slice or for a “service” can be determined by statistical models and collected from the OAM, the EC information on per UE level (or any finer granularity associated with the UE) strongly depends on the EC spent in the access network for this UE and can be individual for each UE. If one UE is located as cell edge for most of the time, the EC for this UE would be considerably higher than the EC for a UE located close to a base station. For the EC associated with a UE it is therefore beneficial to collect the EC data from the (R)AN serving the UE. 
The proposed solution is based on the principle that the EC data for a UE (or any finer granularity associated with the UE) can be split in the EC consumed in the (R)AN serving the UE and the EC consumed in the CN. The EC is collected and calculated in a Control Plane NF called “EC collecting NF” (ECF). The ECF performs the following functionality:
· Collecting EC consumed in the (R)AN on per UE basis;
· Determining the EC consumed in the CN;
· Calculating the total EC for the UE (or any finer granularity associated with the UE like per PDU Session or QoS flow).
2. Text Proposal
It is proposed to capture the following changes to TR 23.700-66.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * * 
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc148441675][bookmark: _Toc151529368][bookmark: _Toc151529478][bookmark: _Toc16839382][bookmark: _Toc23254045][bookmark: _Toc97057180][bookmark: _Toc97266758][bookmark: _Toc104302605][bookmark: _Toc104359571][bookmark: _Toc104872764][bookmark: _Toc104302541][bookmark: _Toc104359507][bookmark: _Toc104872691]6.0	Mapping of Solutions to Key Issues
Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of Solutions to Key Issues
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	Key Issues
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* * * * Second change * * * *
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148441676]6.x	Solution #X: Collecting of Energy Consumption information on per UE level
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677]6.x.1	Key Issue mapping
[bookmark: _Toc92875662][bookmark: _Toc93070686]This solution addresses the following requirements: 
[bookmark: _Hlk155695898]-	from Key Issue #1 the requirement: “How and what network energy related information from the Network entities (i.e. RAN nodes, 5GC NFs) can be obtained in order to support network energy related information exposure”; and 
-	from Key Issue #2 the requirement “What network energy related information is required for subscription and policy control and how it is obtained”.
[bookmark: _Toc148441678]6.x.2	Functional Description
[bookmark: _Hlk149924914][bookmark: _Toc92875663][bookmark: _Toc93070687]In order to determine the Energy Consumption (EC) information associated with a UE (or any finer UE granularity like per PDU Session or per QoS flow), it is proposed to collect EC information from the RAN entity serving the UE. It is expected that the RAN is able to measure EC information on per UE level granularity.
The present solution is based on the following principles:

-	The EC information is collected for a UE or for a finer UE granularity, e.g. per PDU Session or per QoS flow of the UE. The EC information consists of two parts:
[bookmark: _Hlk155696578][bookmark: _Hlk157030636][bookmark: _Hlk156907415]-	Radio Access Network (RAN) part of the EC information: this information is measured in the RAN. The RAN measures the averaged energy spent to transmit UL and DL data and signalling during the UE is in RRC-Connected state. The RAN may consider the transmitted data amount or time duration or RRC-Connected state, the distance of the UE to the Antenna, the applied MCS scheme, etc. The RAN part of EC information is a dynamic averaged EC consumed in the RAN. 	Comment by Lenovo-03: This sentence is moved below as part of the ECF description.
[bookmark: _Hlk155696775]-	Core Network (CN) part of the EC information: this is an averaged EC spent in the 1) CN NFs and in the backhaul network to serve the UE and the UE’s traffic, as well as 2) RAN for serving the UE in RRC-Idle or RRC-Inactive state . The CN part of EC information is calculated in the OAM (or NWDAF) and exposed to the ECF (please see next bullet). 	Comment by Lenovo-03: This sentence is moved below as part of the ECF description. 
[bookmark: _Hlk155697009]-	the EC information is collected in a control plane function called “EC collecting Function” (ECF). The following applies for the ECF:
-	The ECF may be a stand-alone NF or a function collocated in an existing NF e.g. CHF, or NWDAF.
-	The ECF collects the RAN part of EC information via signalling to/from the RAN node and the ECF processes this information.
-	The ECF collects and calculates the CN part of EC information based on information configured in the ECF by the OAM or obtained by the NWDAF.
-	The ECF calculates the EC information for the UE and/or for a sub-level of a UE granularity (e.g. per PDU Session or per QoS flow) by adding the collected corresponding RAN part and the CN part of the EC information.
Editor’s Note: Whether the ECF is a stand-alone NF or collocated with an existing NFs will be evaluated during evaluation and conclusion phase.
[bookmark: _Toc148441679]6.x.3	Procedures
The Figure 6.X.3-1 describes the details about the 

 
Figure 6.X.3-1:  Signalling flow for EC information collection on per UE level (or finer granularity)
The detailed description of the steps is provided as follows:
1.	The AF sends a request message to subscribe for notifications for EC information. The AF may use either services offered by the NEF, or can directly send the request to the ECF. The AF may include an External ID or external group ID which identifies the UE(s) for which EC information collection is required
The AF/NEF may send Subscribe Request message for event notifications including at least one of: event ID, event filter information (one or more SUPIs, [per UE, per PDU Session, per QoS flow]), event reporting information, notification target address (e.g. NEF or AF), event threshold.  
NOTE 1:	The details for event ID, event filter information, event reporting information and notification target address are not in the scope of this solution and can be described in different solutions.
2.	The PCF may need to obtain energy related information as service criteria in order to derive policies for the UE (e.g. according to KI#2 requirements). The PCF may be AM-PCF (e.g. requiring EC information on UE level) and SM-PCF (e.g. requiring EC information of PDU Session level). The PCF sends a request message to the ECF to indicate that EC information collection is required for the UE or corresponding granularity of EC information of the UE (e.g. for a PDU Session or QoS flow). The PCF first selects an appropriate ECF. The PCF may provide to the ECF the UE’s SUPI and some of the following indications: the current serving AMF ID for the UE, a type of EC collection information (e.g. EC per data amount or total EC for a time duration), a granularity of EC information (e.g. per UE, per PDU Session, per QoS flow) and/or reporting conditions (e.g. how frequent, based on which reporting threshold, etc. the ECF needs to send reports to the PCF).
Any of the steps 1 or 2 are used as triggers in the ECF to determine that EC collection for a specific UE is required.
3.	If the ECF doesn’t know the serving AMF for the UE yet, the AMF resolves the serving AMF of the UE (e.g. by requesting the UDM). The ECF may also register with the UDM as a serving ECF for the UE. The ECF sends a request message to the RAN via the AMF to indicate that the EC information collection in the RAN is required. The ECF may send the RAN EC collection request as a container transparently from the ECF to the RAN node.
	If the UE is in CM-Connected state, the AMF forwards the request to the RAN node. If the UE is CM-Idle state, either the AMF may store the request in the UE context and when the UE transfers to CM-Connected state the AMF forwards the request to the RAN node; or the ECF subscribes for UE availability monitoring event to know when the UE is in CM-Connected state.
	The request message includes: the UE ID, granularity of EC information (e.g. per UE, per PDU Session, per QoS flow), reporting conditions (e.g. periodic reporting or based reporting threshold).
4.	If the RAN entity supports the EC collection and/or the identified RAN EC assistance information, the RAN entity stores the information in the UE context. If the RAN entity does not support the EC collection and/or the identified RAN EC assistance information, the RAN entity sends a reply message to the AMF indicating an appropriate failure code.
	The RAN starts to measure the transmission power and the internal processing power for the DL data, the UL data and/or signalling message to/from the UE. The RAN calculate the RAN part of the EC information based in the gathered information (e.g. transmission and reception power) and based on local statistical algorithm for EC calculation.
NOTE 2:	This solution assumes that RAN can provide the RAN part of the EC information (i.e. energy consumption per UE. PDU session QoS flows) to the CN. A coordination with RAN WGs is required to determine whether such information can be obtained and provided by the RAN. 
5.	When one or more of the reporting conditions for the EC report are fulfilled, or when the UE transfers from Connected state (e.g. RRC-Connected) to Idle state (e.g. RRC-Idle), the RAN sends a report message to the ECF via AMF containing the RAN EC limitation.
	The RAN EC report can contain the following information: RAN EC value and optionally the measurement unit (e.g. 20 Watt per data volume., or 20 Watt for the last 60 minutes), the granularity (e.g. per PDU Session ID, or for a 5QI; or for non-GBR or GBR traffic, or per access type).
6.	The ECF may collect input information from the NWDAF or from the OAM system. The input information is used in the ECF to calculate the CN part of the EC information. 
For example, the input information can be: the average EC per data unit used in the backhaul and CN (e.g. 2 Watt per Mbyte), or a factor by which the RAN part of EC info can be multiplied to calculate the CN part of EC info.
NOTE 3:	It is assumed that other solutions will provide details how the OAM or NWDAF can provide the input information needed to calculate the “CN part of EC information”.
7.	The ECF receives the RAN part of the EC data and the associated assistance information. The ECF determines the CN part of the EC information and calculates the total EC data value for the UE or for the required granularity of EC information. If the notifications from the ECF are requested (as per step 1 or 2) for a reporting threshold, the ECF determines whether the reporting threshold is reached. 
8.	The ECF sends a notification to the NF which requested the collection of EC information, e.g. NEF/AF or PCF. 
[bookmark: _Toc148441680]6.x.4	Impacts on existing services, entities and interfaces

The following NFs and interfaces are impacted:
-	ECF: a functionality as description of clause 6.x.2 which can be in a stand-alone NF or collocated in existing NF.
-	RAN: to calculate the RAN part of the EC information as described in clause 6.x.2 and in clause 6.x.3 step 4. 
-	AMF: [optionally] to store the request in the UE context for EC collection to be transmitted to the RAN when the UE transfers to CM-Connected state.
-	OAM system or NWDAF: to calculate the CN part of the EC information
-	PCF: [conditionally for KI#2] to request EC information from the ECF.
-	AF/NEF: to subscribe for EC information exposure from the ECF.
* * * * End of changes * * * *
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