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Abstract: This contribution presented an analysis and consideration for renewable energy and energy efficiency. Furthermore the mathematical approach for evaluation of EC from slice and from NF.
1 Considerations on Renewable and Energy Efficiency
This document intends to provides consideration on Renewable Energy Ratio usage and on Evalution of smaller granularity from NF or Slice EC. 
1.1 Renewable Ratio
In S2-2404793 consideration on Renewable Energy Ratio has been provided. The document has not been discussed; therefore, we would like to expand and provide more reasoning considering the discussion in the meeting and NWM proposed conclusion. 
Consideration #1.1: The Renewable Energy ratio is a measurement of the ratio of source used for generate the electric power used in a physical location or by a NF or an area.
The Renewable Energy Ratio may change every period due to the change of mix of energy used during the different time window or during the period of day, e.g. no solar power in during the night or in cloudy days. Generally speaking we can imagine different scenarios from a ratio which is result of an averaging of previous period or based on averaging due to the contract between the operator and the power supplier. Therefore depending by the mixing of energy used to generate renewable energy, by the power supplier contract, etc and how SA5 will define this parameter and how it is evaluated the Renewable Energy Ratio can be considered as a constant value over the measurement period and it may change between different measurement interval (whether for such KPI the measurement period is 15 minutes, 1 day or more will depend by SA5) .  
The Renewable Energy Ratio may also a value valid for a data center or an area or a city or a region, depending for example whether the power is generated locally via solar panel (e.g. per celle site, per data center) or per area/city/region since based on a Renewable Power Purchase Agreement (PPA) long-term contract for the purchase of solar, wind or other forms of sustainable energy at an agreed quantity and a stable price between the PLMN (the purchaser) and the power supplier (the contract may be per region, per area and even National). Therefore the contract can apply to a group of NF.
Consideration #1.2: We can assume that the Renewable Energy ratio is provided by OAM per NF granularity. How Renewable Energy ratio is derived per NF granularity is under SA5 responsibility.
Now let assume the scenario in table 1 and table 2..

	
	Energy Consumption in measurement period
	Data Volume in measurement period
	Renewable Energy Ratio
	

	UPF
	1.8 MJ 
(2kW*15Minute=2 *15/60=0.5kWh= 1.8 MJoule)
	2500 Mbits
	20%
	

	gNb1
	1.35 MJ 
(1.5kW*15Minute=1.5 *15/60=0.375 kWh= 1.35 MJoule)  
	1250 Mbits
	50%
	

	gNb2
	0.9 MJ 
(1 kW*15Minute=1  *15/60=0.250 kWh= 0.9 MJoule)  
	1250 Mbits
	10%
	


Table 1: NF parameters

	
	Data Volume in measurement period
	Node 

	UE1
	10 Mbits
	gNb1, UPF

	UE2
	500 Mbits
	gNb2, UPF


Table 2: UEs parameters

Using the estimation defined in clause S2-2404793 the EC contribution of UPF for each UEs are:
-	EC of UE1 is    		
		(1)
-	EC of  UE2 is 
		(2)
-	It is assumed that the Renewable ratio represent the percentage of Renewable source used to produce the Power consumed by NF, i.e. 20% of Renewable and 80% of non-renewableused to produce the 1.8MJ consumed by the UPF. Therefore the Renewable ratio for UE1 and UE2 is the same 20%.The energy consumption contribution of UPF due to renewable and due to non-renewable which is
- EC due to Non-renewable of UE1 = 80%*7.2 kJ = 5.76 kJ , EC due to Renewable of UE1 = 20%*7.2 kJ =1.44 kJ
		(3)- EC due to Non-renewable of UE2 = 80%*360 kJ = 288 kJ , EC due to Renewable of UE1 = 20%*360 kJ=72 kJ
		(4)
It shall be noted the absolute number is different, but the percentage is the same. 
Note that it is different from assuming that Renewable ratio RREN is ratio between the EC due to Renewable (ECREN)and EC due to non renewable (ECNREN), i.e.  0.36/1.44=0.25  which leads to use different formula from (3) and (4) to evaluate the EC due to Renewable  

		(5)

At this point the question is which is the total EC for each UEs.
The total EC for each UEs is calculated based on estimation defined S2-2404793 as follow:
· 
· (6)
(7)
Now the Total Renewable Ratio for the UE1 and UE2 is NOT 50%+20%=70 % and 10+20% = 30% , but it shall be evaluated as sum of the EC contribution due to Renewable and non Renewable source per each single NFs as follow
· UE1 Total Renewable Ratio
· 
· 	(8)
· 
· 	(9)
· Therefore the Total Renewable Ratio for UE1 is the ratio between the Total EC due to renewable energy (8) and the Total EC (6) 

· UE2 Total Renewable Ratio
· 
· 	(10)
· 
· 	(11)
· Therefore the Total Renewable Ratio for UE2 is the ratio between the Total EC due to renewable energy (10) and the Total EC (6) 
The results are resumed in table 3:
· The Total renewable energy per UE and therefore per other granularity needs to be considered properly
· The Total renewable energy ratio for the UE1 making use of gNB with 50% and UPF with 20% it is a middle ground value. 
· The Total Renewable energy from the UE point of view or from the PLMN is different, respectively 38% for UE1, 15% for UE2 and 15.56% for PLMN. Therefore a decision optimizing the Renewable for UEs or for PLMN may lead too different decisions. 
For example to swap the UEs (assuming that it is possible), i.e. UE2 to gNb1 this increases the load of the gNb1 (potentially degrading the potential QoS depending by the load) the result will be the following:
· UE1 connected to gNb2 ==> Renewable Ratio 15% (2.16/14.4)
· UE2 connected to gNb1 ==> Renewable Ratio 38% (342/900)
· PLMN ==> Renewable Ratio 15.56% (344.16/914.4)
The optimization for the PLMN is the second scenario where the UE with more traffic demand are connected to equipment with major renewable energy, but this decision will goes in favor of UE with major traffic demand and against the UE will less traffic demand, therefore more a user consume more it will be in advantage, 
· Renewable Energy optimization vs Energy consumption
In the first scenario the UE1 EC is 18 kJ with 38% of renewable ratio, for UE2 720 with 15% and for the PLMN a 15.56% of renewable with EC of 738. 
Now if the PLMN swaps the users the Renewable ratio for the PLMN jump to 37.64%, but the EC increase to 914.4 kJ, i.e. an increase of 59% or renewable ratio from the PLMN corresponds an increase of 24% of EC, but in terms of Non-renewable the PLMN see a reduction of 8%. 
For the UE the result is even more contradictory, the UE1 from been connected to gNB1 to gNB2 perceives a reduction of 50% of renewable ratio but a reduction of EC of 20% since it is connected to a gNB more Energy Efficient even if it use less renewable, 
For UE2 from been connected to gNB2 to gNB1 perceives an increase of 50% of renewable ratio but with an increase of EC of 25% 
The impact of the two scenario on the Credit control, also depends by whether the UE is charged for the total amount of Energy or whether is consumed Renewable or not renewable. In any case the decision is not in the User hands, but it depends by operator decision that can play in favor of one of the two and against the other, i.e. the best solution of PLMN is scenario 2,which may result in better or worst result for UE1 and UE2 depending by whether the Renewable Ratio has high value than EC , whether EC is evaluated differently if produced by Renewable or no. 
	
	
	
	Total Energy Consumption in measurement period
	Total Renewable Energy Ratio
	EC in Kj

	Scenario 1:
 UE1/gNB1
(1.35 MJ, 1250Mbits /50% Ren)
UE2/gNB2
(0.9 MJ, 1250Mbits /10% Ren)
UPF (1.8 MJ, 2500 Mbits, 20% Ren)

	From UE perspective
	UE1
10 Mbit
	18 kJ
	38%
	EC Ren= 6.84
EC Non-ren =11.16

	
	
	UE2
500 Mbit
	720 kJ
	15%
	EC Ren= 108 
EC Non-ren =612 

	
	From PLMN perspective
	PLMN
	738 kJ
	15.56%
	EC Ren=114.84 
EN Non-ren=623.16 

	Scenario 2:
 UE1/gNB2
(0.9 MJ, 1250Mbits /10% Ren)
UE2/gNB1
(1.35 MJ, 1250Mbits /50% Ren)
UPF (1.8 MJ, 2500 Mbits, 20% Ren)

	From UE perspective
	UE1
10 Mbit
	14.4 kJ
	15%
	EC Ren= 2.16 
EC Non-ren =12.24 

	
	
	UE2
500 Mbit
	900 kJ
	38%
	EC Ren= 342 
EC Non-ren =558 

	
	From PLMN perspective
	PLMN
	914.4 kJ
	37.64%
	EC Ren=344.16 
EN Non-ren=570.24 


Table 3: Results
Consideration #1.3: Total Renewable energy per given granularity needs to be evaluated with the appropriate mathematical formula.  If the input values from OAM are per single NF the EC due to Renewable Source and the EC due to Non-Renewable source instead of Renewable Ratio per NF, the same mathematical formulas for determining the total EC at different granularity can be used and the total Renewable Ratio can be determined from the final results 
Consideration #1.4: The optimization of Renewable energy alone to optimize the Total Renewable Ratio for UEs or for PLMN produced different results which may be in conflict, i.e. the best solution for PLMN point of view can be the worst for some of the UEs.
Consideration #1.5: The optimization of Renewable Ratio per node or total, energy consumption is an exercise which depends by the data traffic of the each single UE, where they are connected, the amount of traffic, etc. the operator criteria, the user subscriptions, etc. Therefore all of them needs to be considered and the most suitable decision is left to implementation and definition of criteria which can not be standardized.
Consideration #1.6: The optimization of Renewable energy may result in increase of EC and vicersa depending by the actual value of traffic Energy consumptions and Renewable energy ratio.
1.2 Energy Efficiency
The energy efficiency is mentioned in several solution, but it has been never discussed what is the Energy Efficiency and to what it looks like. 
Let consider an extreme simplified case of a NF where the EC in function of the load is shown in figure 1. When the NF is switched on EC jump to a minimum value and then increase linearly with the increase of the load until the 100% of load as shown figure 1 . 
The Energy efficiency of the NF is defined as the ratio between the Performance and the EC. If the performance corresponds to the Data Volume in the measurement period when the Load is measured as “Data Volume”, the Energy Efficency s “data volume/EC” which is shown in figure 2. (The curve is not a constant, due to the offset of EC at load zero. Then more the EC is higher at same load condition more the EE becomes flat at lower load but with a much lower EE).
The figure 2 shows that the NF with the better Energy Efficiency (for example Bit/J) has the most variation of EE per variation of load.

Figure 1: EC vs load

Figure 2: EE (Data Volume/EC) vs load
Consideration #1.7:In case of linear increases of EC vs load with a minimum EC at load zero  (EC=a*Load+k), the Energy Efficency defined as ratio between a performance parameter directly proportional of load (P=c*Load) and the EC change with the load , i.e. it is not a constant value with the Load.

· 	(12)

In this scenario we did not considered the effect of overload control which can be take place close to the maximum overload. Furthermore the EC increase is more a sort of stair with steps corresponding to when a CPU is activated and potentially smaller steps corresponding to activation of core of each single CPU. In addition energy saving mechanism can be implemented modifying the behavior. Therefore the EC vs load would be different from a linear increase and so the Energy Efficiency will be also effected by such effect making all much more complex.
It should be noted that even the same definition of Energy Efficiency is considered, the result can be different on whether it is consider per NF depending by the characteristic of the NF and by the current operative condition of the NF. Therefore the measurement period also influence the result since the variation are smooth over the time. 
The evaluation of EE per UE, per UE-per-QoS-flow, per PDU session, per-service as sum of contribution of different network elements requires further considerations. As simple example considering the EE as sum of gNB and UPF contribution the EE per UE results as

Alternatively we can say that the total EE is the ratio between the Performance of UE and the total EC of the UE, 


· 	(13)

For example referring to the previous example for UE1 the EEtotal is 10 Mbit/18 KJ=555 bit/J . This is different from EE of the UE evaluated for the gNb1 and for the UPF, which are respectively EEgNb1=10 Mbit/10.8 KJ =926 bit/J and EEUPF=10 Mbit/7.2 KJ 1388 bit/J.
1.3 Conclusion
Consideration #1.1: The Renewable Energy ratio is a measurement of the ratio of source used for generate the electric power used in a physical location or by a NF or an area.
Consideration #1.2: We can assume that the Renewable Energy ratio is provided by OAM per NF granularity. How Renewable Energy ratio is derived per NF granularity is under SA5 responsibility.
Consideration #1.3: Total Renewable energy per given granularity needs to be evaluated with the appropriate mathematical formula.  If the input values from OAM are per single NF the EC due to Renewable Source and the EC due to Non-Renewable source instead of Renewable Ratio per NF, the same mathematical formulas for determining the total EC at different granularity can be used and the total Renewable Ratio can be determined from the final results 
Consideration #1.4: The optimization of Renewable energy alone to optimize the Total Renewable Ratio for UEs or for PLMN produced different results which may be in conflict, i.e. the best solution for PLMN point of view can be the worst for some of the UEs.
Consideration #1.5: The optimization of Renewable Ratio per node or total, energy consumption is an exercise which depends by the data traffic of the each single UE, where they are connected, the amount of traffic, etc. the operator criteria, the user subscriptions, etc. Therefore all of them needs to be considered and the most suitable decision is left to implementation and definition of criteria which can not be standardized.
Consideration #1.6: The optimization of Renewable energy may result in increase of EC and vicersa depending by the actual value of traffic Energy consumptions and Renewable energy ratio.
Consideration #1.7:In case of linear increases of EC vs load with a minimum EC at load zero  (EC=a*Load+k), the Energy Efficency defined as ratio between a performance parameter directly proportional of load (P=c*Load) and the EC change with the load , i.e. it is not a constant value with the Load.
2 Considerations evaluation of EC granularity
There is a discussion on whether to evaluate the EC from the information per NF or from those per slice.
The intention in the following is to describe both approaches and to show that under certain condition the two are the same.
The EC per Slice is defined in TS 28.554 in clause 6.7.3.3 as follow 

		(12)
“ It is obtained by summing up the Energy Consumption of all the Network Functions (ECNF) that compose the network slice. The unit of this KPI is J” (ref bullet b). Therefore in mathematical term as below

		(14)
Where the 
·  The  is the contribution of the gNb to the slice j. Per clause 6.7.3.3 “In case of a gNB shared between multiple network slices, the energy consumption attributable to each network slice is estimated as a proportion of the total gNB energy consumption, where the proportion is calculated as the data volume of the network slice relatively to the total data volume carried by the gNB,”

		(15)
·  The  is the contribution of the UPF to the slice j. Per clause 6.7.3.3 “In case of a UPF shared between multiple slices, the energy consumption attributable to each network slice is estimated as a proportion of the total estimated UPF energy consumption, where the proportion is calculated as the data volume of the network slice relatively to the overall data volume of the UPF during the same time period.” Now for simplicity we consider teh case of UPF with N3 interface 

		(16)
· The  is the contribution of the AMF to the slice j. Per clause 6.7.3.3 “In case of a AMF shared between multiple network slices, the energy consumption attributable to each network slice is estimated as a proportion of the total estimated AMF energy consumption, where the proportion is calculated as the mean number of registered subscribers of the network slice relatively to the overall mean number of registered subscribers of the AMF during the same time period (see TS 28.552 [6] clause 5.2.1.1 for the definition of the mean number of registered subscribers),” 

		(17)
· The  is the contribution of the SMF to the slice j. Per clause 6.7.3.3 “In case of a SMF shared between multiple network slices, the energy consumption attributable to each network slice is estimated as a proportion of the total estimated SMF energy consumption, where the proportion is calculated as the mean number of PDU sessions of the network slice relatively to the overall mean number of PDU sessions of the SMF during the same time period (see TS 28.552 [6] clause 5.3.1.1 for the definition of the mean number of PDU sessions),” 

		(18)

It shall be noted that in TS 24.558 the case of other 5GC NFs shared between network slices is not addressed .
Now replacing the equation (15), (16), (17) and (18) in (14) we obtain


 		(19)
In SA2 has been proposed to consider this formula for example for evaluation of the EC per UE due to the gNb


  		(20)
Where  is calculate (c) , therefore replacing (c) in (h)



  		(21)
Therefore the EC per UE contribution of gNb, UPF, AMF and SMF  can be directly obtained from the EC per the single NF as 

  		(22)

		(23)


		(24)

		(25)

Consideration #2.1: EC per UE contribution (and other granulalrity) of gNb, UPF, AMF and SMF can be directly obtained from the EC per the single NF 

It shall be noted that the follow equation is NOT correct if the EC NS includes the AMF and SMF contribution


  		(26)
Since replacing (7) in (12) we obtain


  		(27)
Where you can see that the AMF and SMF contribution per slice is evaluate from the EC per NF (ECSMF and ECAMF) as proportion of Numer of UE, if then applyed the formula (26) as shown in (27) the contirbution is then evaluated a ssome of data volume per UE whic is a mismatch.
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