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1. Introduction/Discussion

[bookmark: _Hlk161998749]This solution update takes into account recent developments at RAN plenary ( RP-240816 ) which exclude work on the identification of consumed energy per UE in the RAN in rel-19 - or the next quarter at least, albeit some discussion may still happen in June and/or September TSG RAN. It is proposed that unless NG-RAN will eventually agree on a standardized approach, for rel-19 the reported information can be one or more of:

1) Reference to one of the alternative QoS profile used in the RAN for a UL/DL data volume (e.g. AMBR values).
2) The energy state which applied to a UL/DL data volume.
3) Any energy related vendor specific information related to a UL/DL data volume.
4)	A flag indicating e.g. the UE is consuming high levels of energy (e.g. related to a UL/DL data volume).
For this purpose a structured container to be carried in GTP-U extension header(s) should be standardized.

Also, how the CHF handles the received information should be based on the stage one requirements in TS 22.261 clause 6.15a such as:

	
The 5G system shall support different charging mechanisms based on the different energy states of network elements and network functions.

The 5G system shall provide a mechanism to include Energy related information as part of charging information.

Subject to operator’s policy, the 5G system shall support a means to associate energy consumption information with charging information based on subscription policies for services without QoS criteria.




So, we propose that the information above in bullets 1), 2) and 3) could be sufficient to meet these requirements. In addition, the statistics that could be reported to customers should also be left to operators. 
We propose that there should be the possibility to expose, in addition to information that SA5 will determine based on the requirements above, unstructured transparent information about energy behaviour to third parties about a specific UE of about a collection of UEs, DNN or S-NSSAI. SA5 may also explore additional opportunities of exposure as part of their study and provide feedback to us on any required additional information.

On this basis, we propose this note can be removed based on considerations above which are reflected in proposed text in this P-CR.

	
Editor's note:	As for similar solutions impacting CHF, details of the billing information that can be produced need to be clarified (e.g. it can be just informational based on operator /customer agreements or based on operator policy). Any charging information that results in actual monetary billing to subscriber shall be based on stage 1 requirements and discussed with SA WG5 Charging.






What information the CHF can expose to the NWDAF could be subject of other KI resolution based on required inputs to NWDAF are clearer. So we propose this note can be removed.

	Editor's note:	The details of the information exposed by the CHF and NWDAF is to be clarified.




2. Conclusion
It is proposed that the following text update TR 23.700-66


Proposed text


[bookmark: _Toc161043252]6.20	Solution #20: Exposure, charging and handling of energy related information based on UP reporting from RAN
[bookmark: _Toc161043253]6.20.1	Key Issue mapping
This Solution is related to KI#1 and KI#2, and it may also provide input data to analytics (KI#3).
[bookmark: _Toc161043254]6.20.2	Functional Description
[bookmark: _Toc161043255]6.20.2.1	Introduction
This solution comprises several aspects:
-	The PCF (AM PCF and/or SM PCF or same PCF if same PCF is select for AM and SM), based on policies associated e.g. to the UE subscription, can provide to the SMF QoS policies (e.g. a different UE AMBR or session AMBR) per energy state in the RAN by means of alternative QoS profiles that depend on the energy state in the RAN. For SM related QoS, The SMF then provides this information to the RAN (via AMF). The AMF can provide alternative UE AMBRs.
-	The RAN reports to the UPF in UL GTP-U extension header of each single UL GTP-U PDU the energy related information that can include the energy state and/or a vendor/operator policy dependentn encoding of the current classification in term of energy consumption of the handling of the DRB UE packets in the RAN related to the indicated data volume (i.e. an energy-related information label which may e.g. indicate the UE data volume handling was in good radio condition or in bad radio conditions). An alternative could also be to indicate that UE is consuming high levels of energy (e.g. in relation to the data volume). Additional extension headers can also be appended (selectively and based on a configurable reporting logic/frequency) to report the same information for DL traffic (potentially in dummy UL PDUs if there is no UL traffic within a reporting period for DL). The data volume for UL traffic per energy state or energy-related information label is computed at the UPF based on received UL data volume or indications of data volume, while, for DL, the information received from the RAN can be used and summarized. Optionally, the UL information could be reported also like for the DL case by extension header reporting summaries for UL data computed at the gNB rather than at UPF. Alternatively, to compute the DL traffic volume per "energy related information", a "reflective" approach per service identified in UL could also be used based on instantaneously matching UL and DL component of same service to be associated to the same energy related info. 
	It is proposed that, unless NG-RAN will eventually agree on a standardized approach to also report estimates of energy consumption in Rel-19 timeframe, for rel-19 the reported information can be one or more of:
-	Reference to one of the alternative QoS profile used in the RAN for a UL/DL data volume.
-	The energy state which applied to a UL/DL data volume.
-	Any energy related vendor specific information related to a UL/DL data volume.
-	A flag indicating e.g. the UE is consuming high levels of energy (e.g. related to a UL/DL data volume). 
	For this purpose, a container to be carried in GTP-U extension header(s) should be standardized. The container could carry structured and unstructured information.
Editor's note:	it is FFS what information is included in the GTP-U headers containers, e.g. whether the information included is standardized or proprietary, and, for energy states, what energy states are standardized and what are proprietary (e.g. there is a dependency on the finalization of the energy states discussion). The feasibility to provide energy consumption estimation information depends on whether such information can be obtained and provided by the RAN.
NOTE:	The support of the GTP-U extension headers needed by this solution needs to be agreed with RAN WG3.
-	The information the UPF collects is expected to be at no further granularity than PDU session level. The UPF then can provide the information it receives and processes to the SMF. The SMF may also perform some information summarization and provide the data it receives from the UPF to the CHF in CDRs. The CHF may then use the information to generate billing information that takes energy related information into account. In addition, the CHF can run an Energy Credit Conversion Algorithm that can enable an energy-credit-based handling of subscribers. The policies that handle the energy credit are not defined in this paper but can be differentiated handling of subscribers, up to service interruption due to credit exhaustion. These are clearly in the scope of per operator policies. Energy Credit Conversion Algorithm is also not specified in 3GPP because the labels received from the RAN can be vendor specific and require vendor specific aspects to be considered. If requested, the SMF and/or CHF can provide the energy relate  information they receive to NWDAF for the NWDAF to perform analytics. The SMF can receive PCRTs based on energy related criteria from the PCF, and the PCF can provide new QoS policies for the UE at any time, based on information the SMF provides to the PCF based on the PCRTs. The PCF may also receive energy related UE analytics from NWDAF if it subscribes to these. When a UE or a PDU session of the UE are detected to fall into some energy-related consumption category, the PCF may e.g. provide new QoS policies change the AMBR values per UE or for specific PDU sessions of the UE or modify the rate for specific network slices. The CHF and NWDAF can also classify a UE in different classes of UE Energy Behaviour to determine how to handle the UE from a charging or system behaviour perspective. The CHF and NWDAF can expose information to customers also. 
-	The CHF, based on the above, can generate CDRs and expose information that meet the stage one requirements defined in TS 22.261 [x]. SA2 should work closely with SA5 to define the structure of such information. In addition, there should be the possibility to expose via NEF structured and unstructured transparent information about energy behaviour to third parties about a specific UE or about a collection of UEs, DNN or S-NSSAI. SA5 may provide also feedback on any requirements they identify. 
-	The details of the information required by NWDAF from CHF and SMF is part of KI#3 solutions discussions

Editor's note:	As for similar solutions impacting CHF, details of the billing information that can be produced need to be clarified (e.g. it can be just informational based on operator /customer agreements or based on operator policy). Any charging information that results in actual monetary billing to subscriber shall be based on stage 1 requirements and discussed with SA WG5 Charging.
Editor's note:	The details of the information exposed by the CHF and NWDAF is to be clarified.
[bookmark: _Toc161043256]6.20.2.2	General overview


Figure 6.20.2.2-1: Overall set up of the reporting and exposure of energy related information from RAN
Figure 6.20.2.2-1 illustrates the overall handling of energy related information in the context of a Policy and exposure framework that enables exposure of energy related information, charging based on energy-related criteria, enforcement of different QoS level per energy state and differentiated charging based on the energy state. In addition, the energy related information can be analysed in network nodes like SMF or at NWDAF and trigger policy actions to mitigate the energy consumed. The PCF can also configure PCRTs in the SMF based on energy related criteria. The CHF can also receive the Energy related information in the Charging Data Requests from the SMF. The CHF can use this information to provide Billing information including Energy related information. The collected information can also be exposed to customers via NEF. The CHF can also run Energy credit conversion algorithms. These algorithms, transform information about the PDU session (e.g. data usage, time, location and energy related information.) into Energy credit consumption cost/units to be deducted from the Energy credits quota of the user. The CHF can receive this information across all PDU sessions of the UE from different SMFs at the same time.
The reporting of energy state or energy related information in GTP-U header from RAN to UPF is designed to avoid sending additional signalling dedicated to energy-related consumption reporting. It also integrates well with the charging data collection based on volume that is already taking place at the UPF and it can be timely without need of expanding the signalling load.
The UPF, upon receiving the information from the RAN, can report the data volume per energy state/energy related label received as part of the N4 Usage Reports. The SMF then can send the information in CDRs to the CHF, or, if requested, to the NWDAF. The PCF can configure at the SMF for a UE PCRTs based on a energy related criterion which can be related to information the SMF can compute based on received information from the UPF, in order to trigger policy actions. Alternately, the PCF can be configured to interact with the NWDAF and base policy decision on analytics it subscribes to.
The CHF and NWDAF can expose energy related information at different granularities. The lowest granularity which is proposed to be available for external exposure (via NEF and, for offline charging, via the billing system) is per PDU session, per UE/Network slice, per UE. Other information on energy consumed at NF level in the CN or across UEs per network slice in the CN could be available via OAM and could also be exposed if required so there is no apparent need to use this framework to supplement the information available from OAM (i.e. this framework is beneficial for information per UE or lower granularity). The goal of the reporting aspect of this solution is to have finer gain exposure or policy decision information than the information OAM can already provide today.
This solution focuses on RAN level energy consumption-related information. It is understood that additional energy-related information consumption occurs  can be available e.g.  due in the system for packet processing at UPF (and any intervening routers) but this could be locally added by UPF by adjusting the RAN-level figures or by adding more information based on criteria not subject of this solution.
[bookmark: _Toc161043257]6.20.3	Procedures
[bookmark: _Toc161043258]6.20.3.1	Procedure for exposure and Policy control


Figure 6.20.3.1-1: Procedure for exposure and Policy control based on reporting of energy related information from RAN
1.	The PCF may provide per Energy State QoS profiles to the gNB for the UE for a specific SDF, PDU session or at UE level.
2.	The UE sends/receives data as normal.
3.	For the data sent/received by the UE, the gNB determines any energy related information to be appended to the GTP-U PDUs it sends uplink to the UPF, and it provides these pieces of information in the GTP-U header by means of GTP-U extension headers
NOTE:	The energy related information can e.g. be the energy state in which the transmission of data was occurring, the source of power, or information that can be used to derive and estimate of the consumed energy or an actual estimate of consumed energy for an amount of data.
4.	The UPF receives and processes any extension headers from the gNB and provides summarized reports of data volume per energy related information in UL and DL for the UE to the SMF by means of usage data reporting on N4, based on a configured policy (e.g. periodic reporting). One or more of the following steps 5 to 7 may occur.
5.	The SMF may optionally further process the received information from the UPF and report to NWDAF.
6.	The SMF may optionally further process the received information from the UPF and report to CHF in CDRs the received information from the UPF. The CHF or the billing subsystem may further use the information for billing purposes or to perform energy credit control by running an energy credit conversion algorithm of the received information from the SMF(s) for the UE. The exhaustion of the energy credit can result in actions not specified in this clause (they can be operator dependent. The CHF may expose energy credit exhaustion events via NEF.
7.	The SMF may optionally further process the received information from the UPF and report to PCF based on Policy Control Request Triggers (PCRTs) the PCF may configure. These may be based on processing of the energy relate information at SMF and categorization of PDU sessions based on the network energy consumed.
8.	[Conditional] If step 5 was executed, the NWDAF processes the data and the NWDAF may classify the UEs in UE Energy Category and generate per UE analytics based on the received information at UE, UE/network slice and UE/PDU session level.
9.	[Conditional] the NWDAF may provide analytics identifying the UE Energy Category and other energy related analytics to the PCF if the PCF subscribes to such analytics for certain UEs.
10.	[Conditional] The PCF processes the analytics information from NWDAF.
11.	[Conditional] Based on received information from SMF or from NWDAF the PCF may provide a modified QoS requirement for specific SDFs, PDU sessions or at UE level.
12.	NWDAF can expose at any time Energy related analytics, including UE energy category.
13.	The CHF can expose at any time Energy related information including the exhaustion of energy credits.
[bookmark: _Toc161043259]6.20.3.2	User notification
Based on the identified UE energy category at NWDAF (or notification of change of energy category), an AF requesting NWDAF analytics exposure can send an SMS or other type of notification to the User to communicate this category, possibly including some explanation and recommendation on how to behave to change to a better category. e.g. preferred locations, speed, time of day etc. for data transmission. The communications may also be based on specific analytics.
Similarly, one of the potential actions resulting from exhaustion of energy credit can be the sending of an SMS or other type of notification indications the exhaustion of energy credit and the instruction on how to proceed to obtain more credit.
NOTE:	It is assumed that no UE impact is expected by these notifications which should use existing capabilities in the system and in the UE. The actual information provided to the end user is not in scope of 3GPP to define.
[bookmark: _Toc161043260]6.20.4	Impacts on existing services, entities and interfaces
gNB: 
-	handling of per Energy state QoS profiles and reporting of energy related information per UL and DL data transmission from/to UE.
NOTE: until RAN WGs determine a way to do so, no standardized energy related consumption estimation per UE is expected to be delivered based on a standardized approach.
UPF:
-	Processing and reporting of energy related information from gNB.
SMF:
-	Processing and reporting of energy related information from UPF, handling of energy related PCRTs and analytics.
NWDAF:
-	Processing a of energy related information from SMF and/or CHF, handling of energy related analytics and exposure via NEF
CHF:
-	Handling of energy related information from the SMF, including Energy credit handling, and exposure via NEF
PCF:
-	Handling of PCRTs and analytics based on energy related information.
NEF:
-	Exposure of energy related information.




End of Proposed text
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