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Abstract:	The essential elements to be defined are the network energy related information KPI per UE and PDU session. These are the basis for al KIs, i.e. for the exposure , profile and definition of mechanism for energy saving and efficiency.
1. Introduction/Discussion
The document proposed the following principle for evaluation of energy related KPI per UE, PDU session and QoS flow granularity:
The energy related information per UE and PDU session is evaluated as follows
1. The sum of the contributions of gNB, UPF serving the UE and PDU session
2. The contribution of N3GPP access node and transport network is considered as a constant contribution to be added to the energy related value. The contribution may be set equal to 0 (zero) or to a value determinated by PLMN based on considerations outside the scope of this SID (for example considering the EC of the overall network component in the previous evaluation period (e.g. previous year, previous months, etc) divided by the number of data volume transmitted in the previous evaluation period. The value may be pre-configured in the 5G CN or passed by OAM. 
3. For satellite the following considerations apply:
a. The energy related contribution for element on-board of a satellite, such as gNB or UPF, is considered equal to 0 (zero), since the satellite is powered directly in the space
b. When a satellite is used as backhaul of 3GPP system the component at earth are considered as transport network elements and considered as described in bullet 2
c. The contribution of UPF when deployed at ground for satellite RAT is considered as part of UPF contribution, since it is not distinguisible from the UPF used for a NR RAT. 
4. The contribution of 5G CN
5. The contribution of energy related information, e.g. EC, of AF when deployed by operator is as a constant contribution to be added to the energy related value. The contribution may be set equal to 0 (zero) or to a value determinated by PLMN based on considerations outside the scope of this SID. When the AF is deployed by a 3rd party is not considered.
6. The contribution of UE is not considered as part of PLMN
7. The standalone EPC and the effect of 4G BTS is not in the scope of the SID therefore is proposed to not consider in this release of the SID. 

2 Text proposal
The document proposes to add the following changes in the TR
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[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: _Toc157674312][bookmark: _Toc157682233][bookmark: _Toc16839382]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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* * * * Second change * * * * all new text
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148441676][bookmark: _Toc151529369][bookmark: _Toc151529479]6.x	Solution #y: Energy related KPIs 
The solution provide the KPIs for the parameters related to energy information which can be considered as for exposure, for definition and evaluation of energy saving and energy efficiency procedure and for energy as a services.
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677][bookmark: _Toc151529370][bookmark: _Toc151529480]6.y.1	Key Issue mapping
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]The solution is applicable to all KIs, since it defines the KPIs to be used to evaluate the energy related information.
[bookmark: _Toc148441678][bookmark: _Toc151529371][bookmark: _Toc151529481]6.y.2	KPI definition
[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687]The KPI are numerical representation of the Energy Consumption, Energy Efficiency, Carbon Intensity and Renewable ratio evaluated per the following granularity:
-	per UE
-	per PDU session
-	per QoS flow
The KPIs are defined considering the architecture assumptions defined in clause 4, therefore the information related to the Energy Consumption, Renewable ratio and Carbon intensity is calculated from the value provided by OAM at NF, Physical node and slice granularity.
For the definition of the KPIis assumed that the Energy Consumption is per node granularity. The KPI definition does not depend by whether the EC per node is provided by OAM or evaluated directly from the NF. The requirement is that the EC is provided on a measurement period which is known and any other information required to perform the evaluation per UE, PDU session or QoS flow is available for the same measurement period.
The EC, Renewable ratio and Carbon Emission KPI definitions are described in the following.
The principles of this solution are:
-	the contribution of the UE to EC, Carbon Emission and renewable ratio is considered outside the scope of this SID.
-	the contribution of the 4G network to EC, Carbon Emission and renewable ratio is considered outside the scope of this SID.
-	the EC, Carbon Emission and renewable ratio per UE, PDU session and QoS flow granularity is obtained as the sum up of the contribution of the serving NF involved in the managing of the specific UE, PDU session and QoS flow. Therefore it is required and assumed that the NF performing the evaluation shall determine which are the serving NFs. 
-	the EC, Carbon Emission and renewable ratio contribution of gNB, UPF and Core network Function per UE, PDU session and QoS flow granularity is evaluated as a proportion of the EC, Carbon Emission and renewable ratio of the whole NF to manage the specific UE, PDU session and QoS flow. How the proportion is performed is left to implementation.
-	the EC, Carbon Emission and renewable ratio contribution of Core network per UE, PDU session and QoS flow granularity is evaluated as sum of a proportion of the EC, Carbon Emission and renewable ratio of AMF, SMF which manage the specific UE, PDU session and QoS flow. How the proportion is performed is left to m implementation. In addition it is added a constant contribution representing the sum of other NF which is determined by PLMN based on considerations outside the scope of this SID.
-	the EC, Carbon Emission and renewable ratio contribution of NTN, Non-3GPP access node, Transport network , per UE, PDU session and QoS flow granularity are considered a constant value contribution which is determined by PLMN based on considerations outside the scope of this SID.
6.y.3 Energy Consumption per UE
The Energy Consumption is evaluated per NFs, per physical node and per slices (as defined in TS 28.554 [6] clause 6.3.2.1) and described in Annex 1. 
The Energy Consumption per UE represents the overall Energy Consumption of the Mobile Network due to the traffic provided to the given UE in a period of time defined as


where:
-	 represents the EC of the UE in the evaluation period, i.e. of the smartphone. This release of the study this contribution is considered outside the scope of this SID. For more details see clause 6.y.3.1.
-	 represents the EC contribution of the gNB(s) due to the traffic and signaling of the UE in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.2.
-	 represents the EC contribution of the UPF(s) due to the traffic and signaling of the UE in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.3.
-	 represents the EC contribution of the TNGF(s) due to the traffic and signaling of the UE in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.5.
-	 represents the EC contribution of the N3IWF(s) due to the traffic and signaling of the UE in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.5.
-	 represents the EC contribution of the CN NF(s), e.g. AMF, SMF, PDF, UDM, etc which controls the UE and performs the signaling of the UE in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.4.
-	 represents the EC contribution of the 4G Network where the UE can be connected during the evaluation period. This release of the study this contribution is considered outside the scope of this SID.
-	 represents the EC contribution of the NTN RAT and CN part where the UE can be connected during the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.6.
-	 represents the EC of the backhaul network involved in the transport of the mobile network traffic in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.7.
The above equation considers the sum of different contributions in order to take into account two different factor, the different combination of NFs which are involved for each UE for providing the services and controlling the UE and the time variation.
Different UEs which are using the mobile network can be served by different NF, as shown in Figure 6.y.3.1-1 when a UE1 has 2 PDU sessions with 2 UPFs and UE 2 only 1 PDU session (figure a) or UE1 is also connected to N3GPP access (Figure b) or the UE has a MA PDU session.
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(b)
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(c)
Figure 6.y.3.1-1:Example of UEs making usage of the mobile network

The second factor to be considered is the time variation, for example if the evaluation period if 1 hour, and the UE has been connected to the gNB A for 15 minutes, to gNB B for 40 minutes and to gNB C for 5 minutes, or any other conditions change , e.g. the UE1 move 1 PDU session to N3GPP, then start a MA PDU, move and change the UPF etc, etc, therefore the ECs due to the UE needs to be evaluated for the same period of time consistently. It should be noted that more the evaluation period is longer, more the services and UE positions can change in the time therefore more EC contribution from different NFs shall be considered in order to have an appropriate evaluation of the EC.
6.y.3.1 Energy Consumption of UE 
The  contribution includes the consumption of the UE battery due to related to the UE layer (i.e. the transmission and reception of the data and signaling from/to the mobile network and all functionalities related to the CN interaction such as NAS termination. PDU session, etc, etc,) and then all EC of the UE battery related to the service/application which is running via 3GPP network. In order to allow the CN to consider this UE contributions to the overall EC, the UE has to communicate directly to the CN. 
For this release it is assumed that Energy Consumption of the UE is not considered.
6.y.3.2 Energy Consumption of gNB per UE 
The solution assumes the EC is provided for the gNb on a measurement period.
In order to evaluate the EC contribution due to gNBs, we need to consider that the UE may change gNB during the evaluation period . therefore the EC of all gNBs where the UE has been connected need to be summed. 


The EC contribution of gNB j to UE traffic is an average of the total EC of the gNB j. The function f(x,y..) is left to implementation and it can consider a different set of information related to the gNB available at the NF which makes the evaluation 


For example the same approach based on data traffic may be used, 

Where the UE data volume and the gNB data volume is the Data volume at N3 interface measured in UPF. The UE data Volume is the same volume used for charging and represent the traffic of the UE’s PDU session within the GTP, while the gNB traffic is the sum of the all traffic on the N3 interface from the gNB. 
6.y.3.3 Energy Consumption of UPF per UE 
The OAM provides the EC on a measurement period for the all single UPFs in the network. The EC related to the UPF is intend to be the EC of the physical node hosting the UPF or the EC of the NF representing the virtual UPF hosted in a physical node. From SA2 point of view the EC corresponds to the UPF managing the PDU session.
In order to evaluate the EC contribution due to UPFs, the EC of all UPFs managing the PDU session of the UE (i.e. PSA UPF , I-UPF, ..) shall be considered, for example for the UE1 in Figure 6.y.3.1-1 the contribution of UPF1 and UPF2 needs to be summed. 
The total EC contribution of UPF to UE traffic is the sum of the contribution of each UPFs transferring the UE traffic (PDU session) as follow 


The EC provided by the OAM includes the dynamic contribution due to the operation performed on the data traffic, the control operation and the related signaling toward the SMF, and the static energy consumption due to the fact that the UPF is running (as any equipment the EC is not null also in case of lack of traffic). Furthermore, the actions performed to the traffic of different UEs can be very different for example due to PDU session type, different QoS to be managed, whether DPI is used or not, whether the traffic is TSN or not, etc.  Therefore, the EC for UE can only be estimated based on available additional information available at the network function performing the evaluation. The estimation can be done considering different element, for example proportionally to the Data traffic of the UE, proportionally to the slice based on PDU sessions, etc, etc.
The EC contribution of UPF j to UE traffic is an average of the total EC of the UPF j. The function f(x,y..) is left to implementation and it can consider a different set of information related to the UPF available at the NF which performs the evaluation 


For example the same approach based on data traffic as specified in TS 28.554 clause 6.7.3.3 for evaluation UPF contribution to network slice consumption may be used, 


It shall be noted that an UPF can also manage the traffic of PDU session that are currently over N3GPP access and over NTN RAT, in that case even if the contribution of access part is not considered, in the above evaluation this is considered by default. This contribution may be eliminated from the data traffic, for example if the function f(x,y,..) does not take into account the traffic, PDU sessions over a N3GPP access and over NTN RAT, but the  provided by OAM includes the consumption due to such traffic which can not be distinguished when EC is measured. 
6.y.3.4 Energy Consumption of Core Network per UE
The energy consumption for the CN  needs to consider the contribution of all NFs. Generally speaking the current core network NF are deployed as virtual functions hosted in a physical server and from the deployment point of view the AMF and SMF are more numerous than PCF, UDR, UDM and LCS, NEF, etc. 
In literature for 4G, roughly the energy consumption split between RAN and CN is 70-80% RAN, 15% CN, 5% data center, but literature also mentioned that 5G EC is higher than 4G. Furthermore generally speaking, the Core Network Function may be deployed as physical nodes or as virtual functions hosted on a servers hardware. The latter is the most common deployment considering the nature of the 5G Core Network functionalities. 
The TS 28.554 defines the energy consumption of the 5G CN in clause 6.7.3.2 as sum up of energy consumption of Network Function ECNF . The ECNF  is defined in TS 28.554 clause 6.7.3.1 as sum of the energy consumption of physical node (PNF) and/or virtual function (VNF) which compose the NF.
[image: ]
The TS 28.554 in clause 6.7.3.3 when consider the contribution of the slice the proportion of the EC of AMF to be assigned to a slice is based on the number of UE since the AMF has a NAS per UE and manage the mobility, while for the SMF is proportional to the PDU sessions, since they represent the element which is managed.
The AMF and SMF are NF more often involved in managing the UE activity, while network function may depend by the services and supported features, such as for LCS or MBS or NEF for exposure. Therefore we consider in this release of the study only the contribution of AMF and SMF is considered, while for the other NFs is considered a constant value contribution which is determined by PLMN contribution based on considerations outside the scope of this SID.
Therefore the total EC contribution of CN NF to UE is the sum of the contribution of serving AMF and serving SMF plus a constant value as follow 


Where 
· ECUE,AMF is EC contribution of serving AMF evaluated as proportion of EC of the serving AMF (ECUE,AMF) for the specific UE as below. The function f(x,y..) is left to implementation and it can consider a different set of information related to the UPF available at the NF which performs the evaluation


· ECUE,SMFj is EC contribution of serving SMF evaluated as proportion of EC of the serving AMF (ECUE,SMFj) for the specific UE as below. The function f(x,y..) is left to implementation and it can consider a different set of information related to the UPF available at the NF which performs the evaluation


· ECUENF’ is EC contribution of other core network function represented as a constant value contribution which is determined by PLMN contribution based on considerations outside the scope of this SID
It is considered only the contribution of serving AMF , since the UE is served only by 1 AMF when connected to 3GPP. There is only a limited roaming scenario where a UE may be served by 2 AMFs when connected to 3GPP and N3GPP which is not considered in this release of specification.
6.y.3.5 	Energy Consumption of N3GPP access network per UE
The  and  contributions represent the EC due to the amount of traffic which is carried over the WLAN towards the N3IWF and then in the 3G CN. It should be noted that for the N3GPP traffic, the EC contribution of the N3GPP Access , e.g. the WLAN AP, possible fixed access line and the transport network can not be evaluated since they may be outside the operator domain or within the operator domain , but not in Mobile network part. The N3IWF generally is managing a great number of UE at the same time, they are currently not numerous and often dedicated to support VoWifi services which use a small amount of data, therefore this solution proposes that:
-	the Energy Consumption contributions of N3GPP access nodes  and  are considered a constant value contribution which is determined by PLMN contribution based on considerations outside the scope of this SID. 
-	The  and  value may be pre-configured in the 5G CN or passed by OAM.
-	The value may assume the value 0 (zero) and it may be considered directly in the during the charging procedure in charging system
NOTE 1:	for example the EC of the N3IWF and TNGF may be a configured as value proportional to the bit rate to be added as function of the actual data value of the user or it may be constant value equal for all UE to be added irrespectively of the data volume.
6.y.3.5 	Energy Consumption of Transport network per UEIn order to evaluate the  contribution to a each UE, it is needed to know the EC of each transport nodes involved in carrying the traffic of the UE by the OAM, which usually is managed by a separate system or in several scenario by a different operators, since the mobile operator may lease transport line or capacity. The contribution of EC of transport network is variable by operator to operator. therefore this solution proposes that :
-	the Energy Consumption contributions of the transport network is a constant value contribution which is determined by PLMN contribution based on considerations outside the scope of this SID. 
-	The value may be pre-configured in the 5G CN or passed by OAM. 
-	The value may assume the value 0 (zero) and it may be considered directly in the during the charging procedure in charging system.
NOTE 2:	For example the EC of the overall network component in the previous evaluation period such as previous year, previous months, etc, divided by the number of data volume transmitted in the previous evaluation period in order to have a value proportional to the bit rate to be added as function of the actual data value of the user or it may be constant value equal for all UE to be added irrespectively of the data volume.
6.y.3.6 Energy Consumption of NTN network per UE
The contribution to energy consumption of the Satellite  when the gNB or UPF are onboard is considered equal to 0 (zero), since the satellite consumption does not impact the power electricity on ground.  This solution proposes that 
-	when the gNB and or UPF are onboard the Energy Consumption contribution to UE is equal to 0 (zero)
-	The contribution of the ground station is a considered as part of transport network contribution which is determined by PLMN contribution based on considerations outside the scope of this SID.
-	When the traffic from NTN is terminated in an UPF on ground, this contribution is considered as part of UPF contributions  
6.y.3.7 Energy Consumption of 4G network per UE
The standalone EPC and the effect of 4G BTS is not in the scope of the SID therefore is proposed to not consider the  contribution in this release of the SID. 
6.y.4. Energy Consumation per PDU session
The Energy Consumption per PDU represents the overall Energy Consumption of the Mobile Network due to the traffic provided to the given PDU Session in a period of time defined as


where:
-	 represents the EC of UE due to the PDU session in the evaluation period, i.e. of the smartphone. This release of the study this contribution is considered outside the scope of this SID. For more details see clause 6.y.3.1.
-	 represents the EC contribution of the gNB(s) due to the traffic and signaling of the PDU Session in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.2.
-	 represents the EC contribution of the UPF(s) due to the traffic and signaling of the PDU Session in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.3.
-	 represents the EC contribution of the TNGF(s) due to the traffic and signaling of the PDU Session in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.5.
-	 represents the EC contribution of  the N3IWF(s) due to the traffic and signaling of the PDU Session in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.5.
-	 represents the EC contribution of  the CN NF(s), e.g. AMF, SMF, PDF, UDM, etc which controls the UE and performs the signaling of the PDU Session in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.4.
-	 represents the EC contribution of the 4G Network where the PDU Session can be connected during the evaluation period. This release of the study this contribution is considered outside the scope of this SID.
-	 represents the EC contribution of of the NTN RAT and CN part where the PDU Session can be connected during the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.6.
-	 represents the EC of the backhaul network involved in the transport of the mobile network traffic in the evaluation period. The evaluation of this contribution is defined in clause 6.y.3.7
6.y.4.1 Energy Consumption of UE per PDU Session 
For this release it is assumed that Energy Consumption of the UE is not considered based on same motivations described in clause 6.y.3.1
 6.y.4.2 Energy Consumation of gNB per PDU Session
The same approach defines in clause 6.y.3.2 is used and therefore the EC contribution of gNB to PDU session traffic is the sum of the average of the total EC of the serving gNB j 

6.y.4.3 Energy Consumption per PDU session per UPF
The same approach defines in clause 6.y.3.3 is used and therefore the EC contribution of UPF to PDU session traffic is the sum of the proportion of the total EC of the serving UPF 




6.y.4.4 Energy Consumption per PDU session per CN
The same approach defines in clause 6.y.3.4 is used and therefore the EC contribution of CN to PDU session traffic is the sum of the proportion of the total EC of the serving AMF, serving SMF and a constant value representing the contribution of the other CN NFs 

6.y.4.5 	Energy Consumption of N3GPP access network per PDU Session
The same approach defines in clause 6.y.3.5 is used.
6.y.4.6 	Energy Consumption of NTN network per PDU Session
The same approach defines in clause 6.y.3.6 is used.
6.y.4.7 	Energy Consumption of Transport network per PDU Session
The same approach defines in clause 6.y.3.7 is used.
6.y.5 Energy Consumption per QoS flow
Editor’s note: the EC per QoS flow KPI is FFS.
6.y.6 Energy Efficiency KPI
Editor’s note: the Energy Efficiency KPI is FFS.
6.y.7 Carbon Emission 
The Carbon Emission is assumed to be provided by OAM per NFs and per physical node/.
The Carbon Emission is directly connected to the Energy Consumption via the mix of power sources used to produce the electric power used for each element. Therefore the same methodology defined in the clause 6.y.3 and 6.y.4 applies where the Carbon Emission replaces the EC. Thus the same formulas apply replacing the CE term to EC term. In the following is defined the  Carbon Emission (CE) per UE represents the overall Carbon Emission of the Mobile Network due to the traffic provided to the given UE in a period of time defined. For each contribution the description in clause 6.y.3 applies. The calculation for the evaluation of the Carbon Emission (CE) per PDU session is omitted since it can be derived from definitions described in clause 6.y.4.



where:
-	 represents the CE of the UE in the evaluation period, i.e. of the smartphone. This release of the study this contribution is considered outside the scope of this SID.
-	 represents the CE of the gNB(s) due to the traffic and signaling of the UE in the evaluation period. 
-	 represents the CE of the UPF(s) due to the traffic and signaling of the UE in the evaluation period. 
-	 represents the CE of the TNGF(s) due to the traffic and signaling of the UE in the evaluation period. 
-	 represents the CE of the N3IWF(s) due to the traffic and signaling of the UE in the evaluation period. 
-	 represents the CE of the CN NF(s), e.g. AMF, SMF, PDF, UDM, etc which controls the UE and performs the signaling of the UE in the evaluation period. 
-	 represents the CE of the 4G Network where the UE can be connected during the evaluation period. 
-	 represents the CE of the NTN RAT and CN part where the UE can be connected during the evaluation period. 
-	 represents the CE of the backhaul network involved in the transport of the mobile network traffic in the evaluation period. 
6.y.8 Renewable Ratio KPI
The Renewable Ratio represents the amount of power supply which is generated by renewable energy.  The solution assumes that Renewable Ratio is provided by OAM per each NFs and per each physical node. Therefore the same methodology defined in the clause 6.y.3 and 6.y.4 applies where the Renewable Ratio replaces the EC. Thus the same formulas apply replacing the RE term to EC term.
[bookmark: _Toc148441679][bookmark: _Toc151529372][bookmark: _Toc151529482]6.x.9	Conclusion
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688]The KPIs described in this solution need to be evaluated in the relevant NFs which is responsible for the evaluation. The scope of the solution to propose a set of KPIs independently by which will be the NF which will do the evaluation. Furthermore the KPI provide an indication of which should be the input information required by such NF in order to perform the evaluation.
[bookmark: _Toc148441680][bookmark: _Toc151529373][bookmark: _Toc151529483]6.x.10	Impacts on existing services, entities and interfaces
The KPI described in this solution does not have an impact per se, since the impact is on the NF where the evaluation will be performed. Furthermore, the impact is on the information which needs to be provided to this NF where the evaluation needs to be performed. All these impacts are related and described as part of the solution where the evaluation is proposed to be performed.

* * * * End of changes * * * *
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