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[bookmark: _Toc167327085][bookmark: _Toc162962330]7	Potential solutions
Editor’s note: Description of potential solutions.
[bookmark: _Toc167327086]7.1	Mapping of solutions to Key Issues
Table 7.1-1: Mapping of solutions to Key Issues
	Solutions
	
	
	

	
	KI#1
	KI#2
	KI#3

	#1
	X
	
	

	#2
	
	
	

	#3
	
	
	

	#4
	
	
	

	#5
	
	
	

	#6
	
	
	

	#7
	
	
	

	#8
	
	
	

	#9
	
	
	



	[bookmark: _Toc167327087]3rd Change
(all new text)


7.2	Solution #1: Energy-related information exposure from UE
[bookmark: _Toc167327088]7.2.1	Key Issue mapping
This solution addresses Key Issue #1.
7.2.2	Functional description
7.2.2.1	Introduction
Clause 6.15A.5 of TS 22.261 [22261] defines information exposure, which clearly states that information related to energy consumption and efficiency is not only necessary for network internal optimization, but also will benefit service adjustment by a third party such as an Application Service Provider.
In this candidate solution, Energy credit is defined as a service criterion which can be used as an abstract measure of the energy impact on the network of delivering a service to a UE. This candidate solution determines the method of obtaining this additional energy-related information, enhancements to the entities involved in obtaining relevant information, and the impact of them, taking into consideration the media context (e.g., the 5G Media Streaming System as defined in TS 26.501 [26501], 5G Multicast–Broadcast User Services as defined in TS 26.502 [26502], the Real-time Media Communication System defined in TS 26.506 [26506], Split rendering for media Session Enabler as specified in TS 26.565 [26565], etc. including UE-related energy information exposure.
7.2.2.3	Energy credit abstraction	Comment by Richard Bradbury: This is defined here, but never mentioned again!
Subject to operator policy, the 5G System is required to support a mechanism to perform energy consumption credit limit control for services without taking into account any network Quality of Service (QoS) criteria. Energy credits, associated with a subscriber and used by the network operator’s “credit control” function, are consumed depending on the UE behaviour, for example:
-	The number of simultaneously active services.
-	The volume of data transferred via the network over a certain period of time.
-	The type of media data transferred.
-	The geographical area in which the UE is located
-	The amount of energy consumed by the network to provide the services.
7.2.2.3	UE energy index abstraction	Comment by Richard Bradbury: I think it’s a shame to lose this.
It feels tanfential to this candidate solution, but could be added as another candidate solution.
UE energy-related information is private UE information, and it is possible that UE manufacturer does not want to share that information with third parties, operators or with the Application Service Provider. Hence, a new abstract “UE energy index” concept is introduced in this clause.
Table 7.2.2.3-1: Example representation of UE energy index calculations
	UE energy index
	UE battery discharge rate  (in %/h,)
	UE battery life (in minutes)
	UE battery capacity
	UE power  Supply
	UE energy consumption rate (in Watts) at a nominal voltage of 5V

	a
	20%/hour
	120 minutes
	4000 mAh
	Battery
	3 W

	b
	50%/hour
	30 minutes
	4000 mAh
	Battery
	1 W

	c
	95%/hour
	15 minutes
	4000 mAh 
	Green
	7.5 W

	d
	—
	—
	4000 mAh
	Socket
	15 W



The table above is a representative example of how UE energy index would allow to expose energy related information through the newly defined ‘UE Energy Related-Information Collection and Reporting entity”’inside the MSH. From the table above, we notice that the energy index has different values, e.g. a, b, c and d, each integer value corresponding to a particular UE battery capacity, UE supply and UE energy consumption rate. Each value of the energy index (a, b, c and d) is different from one another and the UE energy index of 2 UEs having similar UE energy capacity and UE energy supply, whether it is from the same manufacturer or different manufacturer will still also be different.
For example, a UE from manufacturer 1 may have 4000 mAh battery capacity and from the same manufacturer, there could be another UE 2 model, also having the same 4000 mAh battery capacity. But the way that each of these UEs consume their energy (drain their batteries) will be completely different from one another. This could be, for instance, (i) due to the age of each of the UEs – the older the UE gets the faster the battery is drained, the higher the energy is consumed, (ii) it is possible that one UE is premium flagship model, and the other UE is a basic model, both having 4000 mAh; the rate at which both these UEs consume energy will be totally different even if both are using the same application under the same conditions, (iii) one UE could be present in a region where the average temperature is 40 degree Celsius and another UE could be present in a region where the average temperature is -5 degree Celsius; both being the same model from the same manufacturer (iv) 2 UEs having the same battery capacity of 4000 mAh, but each user exhibiting different user behaviours, which would result in different energy consumption. The above table 1 could be for instance extended to incorporate other criteria into account while calcaulting the UE energy index. For instance, the Accubattery App [y] is a commonly used app, which allows the user to visualise the battery usage of each individual applications that are installed inside a UE, which is available only to the UE. Similar techniques could be used by the UE manufacturers to determine the battery consumption of individual media applications in order to convert to UE energy index.
[image: ]
Figure 7.2.2.3-1: Example of UE application showing per-application battery consumption
(source: [z])
Thus, the UE Energy index is unique to each UE, which allows the energy consumption rate using a particular energy supply to be identified. How the UE energy index is derived is implementation-specific. It is left to each UE manufacturer to implement specific methods to derive UE energy index values, taking into consideration the UE energy capacity, UE energy supply and UE energy consumption rate of each individual UE model. This unique index value does not reveal any direct information about how a UE consumes its energy, allowing only an abstract value to be derived. This energy index value is unique to every UE and should not be compared with any other UE.  By doing this, the network entity receiving this value is not aware of what UE (device type, model, battery capacity, etc.) is sending such index value and only is aware of the corresponding energy consumption of that particular individual device (for that particular application). 
 It is left for further study what is done by the UE Energy Related-Information Collection and Reporting entity upon derving the UE energy index.
7.2.2.4	UE Energy-related information collection and reporting functionality	Comment by Richard Bradbury: This is all good material, but feels like a solution to a different problem.
Clause 6.2.8 of TS 23.288 [23228] envisages a set of high-level procedures by which data is collected by a Network Data Analytics Function (NWDAF) from UE Application(s) via an intermediary Direct Data Collection Client residing in the UE and an Application Function residing in the Data Network that provides an Event Exposure service to event consumers. A reference architecture satisfying these requirements in defined in TS 26.531 [26531].
To obtain and maintain the UE energy-related information, a new generic functionality in the UE called the Energy-Related Information Collection and Reporting entity is defined within the Direct Data Collection Client as illustrated in figure 7.2.2.4-1. This entity is responsible for collecting and reporting energy-related information in the UE.


[bookmark: _Ref161320706]Figure 7.2.2.4-1: UE energy information handler entity within generic Direction Data Collection Client
Based on the generic architecture for UE data collection, reporting and event exposure defined in TS 26.531 [26531], figure 7.2.2.4-1 shows different interfaces between the UE and the Data Network, including the new UE Energy-Related Information Collection and Reporting functionality in the Direct Data Collection Client. In this case, UE energy-related information is reported to the Data Collection AF at reference point R2 for onward exposure to the NWDAF (at reference point R5) or to the Application Service Provider’s Event Consumer AF (at reference point R6).
As described in clause 4.1 of TS 26.531 [26531], the Data Collection AF is responsible for receiving data reports –the scope of which is extended by this candidate solution to include energy-related information reports – from UEs pertaining to a particular UE data domain, for processing the UE data contained in those reports, and for exposing them to subscribed event consumers in the form of events.
When the Direct Data Collection Client is instantiated in the 5G Media Streaming System per clause 4.7.1 of TS 26.501 [26501], the UE Energy Related-Information Collection and Reporting functionality is a subfunction of the Media session Hanlder and plays the role of UE energy information collection and reporting to the Data Collection AF instantiated inside the 5GMS AF. This instantiation in the 5GMS architecture is illustrated in figure 7.2.2.4-2.


Figure 7.2.2.4-2: UE energy information handler entity instantated within
5GMS Media Session Handler
7.2.2.5	Energy-related information relevant to UE
Table 7.2.2.2-1 lists several device properties which are UE energy-related information and which are exposed through the Energy-Related Information Collection and Reporting entity. These may be sent along with the properties of the deviceCapabilities object specified in table 8.4.2.2-1 of TS 26.565 [26565].
Table 7.2.2.2-1: UE-related energy information
	Property
	Type
	Cardinality
	Description

	
	
	
	

	UE battery life
	Number
	0..1
	Level of the battery of the UE (e.g. in %).

	UE energy consumption rate (power in W)
	Number
	0..1
	UE charging/discharging rate or speed (e.g. in Watts, negative or positive).

	UE energy preference
	Number
	0..1
	Remaining time during which the UE wants to be considered in energy saving (e.g. in mn). “0” means that the end time in unknown.

	UE battery capacity
	Number
	0..1
	The total UE battery capacity (e.g. in mAh).

	UE source of power supply
	enum
	0..1
	e.g. “battery”, “plug-in”, “renewable”.

	UE discharge rate 
	Number
	1..1
	e.g. between 0 and 1000.

	UE measurement duration
	Number
	1..1
	Energy Measurement interval.

	UE carbon intensity
	Number
	1..1
	In -e / 



[bookmark: _Hlk181801347]-	UE battery discharge rate: Calculated as the battery capacity (in Ah) divided by the number of hours it takes to charge/discharge the battery [x].
	For example, a battery capacity of 500 Ah that is theoretically discharged to its cut-off voltage in 20 hours has a discharge rate of 500 Ah/20 h = 25 A.
-	UE battery life: How long the battery will power the device on a single charge. In simple terms, 'battery life' is about how long the UE can run before needing a recharge, which can be a matter of hours or a day, depending on usage [y].
-	UE battery capacity: Calculated as the total amount of electricity generated due to electrochemical reactions in the battery and expressed in ampere hours (Ah).
	For example, a constant discharge current of 1 C (5 A) can be drawn from a 5 Ah battery for 1 hour [x].
-	UE source of power supply: An indication of whether the UE is currently operating on battery or mains power (“plugged in”) or by renewable energy (e.g. solar panel). This can include the ratio of renewable energy over different time granularities (e.g. 30% renewable over the last 24h – see TS 28.310 [28310]).
-	UE energy consumption rate: The integral of power consumption over time (as defined in TS 28.310 [28310]).
-	UE carbon intensity: Global greenhouse gases emitted per unit of generated electricity, measured in grams of CO₂ equivalents per watt-hour (for conversion to carbon emissions as defined in TS 22.261 [22261] and TS 23.700-66 [23700]).
[bookmark: _Toc167327090]7.2.3	Procedures
The high-level procedure for data collection and reporting, including energy-related information is the same as that defined in clause 5.1 of TS 26.531 [26531] and the detailed call flow for reporting to the Data Collection AF is the same as that defined in clause 5.5 of [26531] except the UE data report includes energy-related information.


Figure 5.5‑1: High-level procedures for UE enery-related data reporting and exposure phase
As specified in clause 6.2.8.2.1 of TS 23.288 [23228], both the direct reporting procedure and indirect reporting procedure are required to be supported. The indirect reporting procedure may be used when a Direct Data Collection Client is not available in the UE or when the Indirect Data Collection Client needs to modify the collected UE data to satisfy the requirements of its data collection and reporting configuration.
Steps 1 to 12 are the same as those in clauses 5.2, 5.3, 5.4 of TS 26.531 [26531]. The three different data collection clients then proceed as follows, with differences fromt the baseline call flow highlighted in boldface:
13.	If present in the instantiation, the UE Application reports data to the Direct Data Collection Client according to the configuration provided in step 10 of clause 5.4 of TS 26.531 [26531] for inclusion in a data report including energy-related information. The UE application may instruct the Direct Data Collection Client to prioritise immediate delivery of a UE data report including per-application UE energy-related information to the Data Collection AF.
14.	The Direct Data Collection Client may submit a data report including per-application UE energy-related information to the Data Collection AF via reference point R2 by invoking the Ndcaf_DataReporting service defined in TS 26.531 [26531] and specified in TS 26.532 [26532]. The Direct Data Collection Client may indicate that the data report includes UE data requiring expedited processing by the Data Collection AF.
15.	The UE Application may send application-specific data reporting including per-application UE energy-related information to the Application Service Provider.
16.	...and the Indirect Data Collection Client may, as a result, submit a data report including per-application UE energy-related information to the Data Collection AF by invoking the Ndcaf_DataReporting service defined in TS 26.531 [26531] and specified in TS 26.532 [26532].
17.	The AS may submit a data report to the Data Collection AF by invoking the Ndcaf_DataReporting service defined in the present document and specified in TS 26.532 [26532].
In response to receiving a data report:
18.	The Data Collection AF processes the per-application UE energy-related information in the data report.
Reception of a data report by the Data Collection AF may result in an event being exposed to subscribed event consumers:
19.	The Data Collection AF may expose a UE energy consumption event to the NWDAF by invoking the Naf_EventExposure_Notify service operation on the latter, as defined in clause 5.2.19.2.4 of TS 23.502 [23502].
20.	The Data Collection AF may expose a UE energy consumption event to the Event Consumer AF by invoking the Naf_EventExposure_Notify service operation on the latter, as defined in clause 5.2.19.2.4 of TS 23.502 [23502].
[bookmark: _Toc167327091]7.2.4	Impacts on existing services, entities and interfaces
7.2.4.1	Direct Data Collection Client
-	Collect and report per-application UE energy-related information to the Data Collection AF according to the procedures described in clause 7.2.3.
7.2.4.2	Data Collection AF
-	Expose UE energy-related information events according to the procedures described in clause 7.2.3.
	End of change
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