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1	Decision/action requested
The group is asked to discuss and agree on the proposal.
2	References
[1]	3GPP TR 28.813: "Study on new aspects of Energy Efficiency (EE) for 5G "
[2]	S5-213551: “Discussion paper on Useful Output Measurement Solution”
[3]				ETSI ES 203 539: "Environmental Engineering (EE); Measurement method for energy efficiency of Network Functions Virtualisation (NFV) in laboratory environment"
3	Rationale
 The current generic EE KPI for 5GC is designed based on the data volume measured on the 5GC User Plane Functions (UPF). This working assumption may not suitable for the 5GC control plane. 
For network slice EE KPI, SA5 has agreed to define the Generic Network Slice Energy Efficiency (EE) KPI as the principle for defining detailed EE KPI per type of network slice.
Based on this observation, we propose that SA5 may provide a generic EE KPI for 5GC, including both Control Plane and User Plane, as the principle. 
With this proposed generic EE KPI for 5GC, SA5 may provide a unified principle on the concept level to show that the Energy Efficiency of 5GC being discuss within this TR is a whole. And based on this principle, we can continue the discussion on the detailed solutions for 5GC EE KPI considering User Plane functions and/or control plane functions.
And continuing the discussion in S5-213551[2] on Useful Ouput measurement in 5GC, we'd like to update the Description part of the Key Issue#2 in TR 28.813 to introduce the generic EE KPI for 5GC based on Useful Output defined in [3].
4	Detailed proposal
	[bookmark: _Toc384916784][bookmark: _Toc384916783]Start of modifications 


[bookmark: _Toc68008316][bookmark: _Toc42241820][bookmark: _Hlk55292075][bookmark: _Toc68008323]
[bookmark: _Toc74058902]4.2	Key Issue #2: EE KPI for 5GC – Data Volume measurement
[bookmark: _Toc74058903]4.2.1	Description
TS 28.554 [5] – clause 6.7 (Energy Efficiency (EE) KPI) contains so far one single KPI definition: NG-RAN data Energy Efficiency (EE) (cf. clause 6.7.1). A corresponding EE KPI is missing for 5GC.
A Generic 5GC EE KPI could be expressed as the follows:
[image: ]

'where:
- ‘Useful Output of 5GC’ () is the useful output of 5GC ;
- ‘Energy Consumption of 5GC’ () is the Energy Consumption of 5GC.
UsefulOutput5GC can be defined differently, depending on which 5GC network functions are considered:
- UsefulOutput5GC,UP is the useful output of 5GC when only User Plane (UP) functions are considered. UsefulOutput5GC,UP,DV is the useful output of 5GC when the Data Volume (DV) of 5GC user plane network functions is considered. In this case, UsefulOutput5GC,UP,DV is similar to DV5GC;
- UsefulOutput5GC,CP is the useful output of 5GC when only Control Plane (CP) functions are considered. UsefulOutput5GC,CP can have various definitions depending on which 5GC contro plane functiosn are considered – see clause 4.2a.2.2;
- When both 5GC UP and CP functions are considered and the Data Volume (DV) carried by entire 5GC (denoted as DV5GC) is used, UsefulOutput5GC is similar to DV5GC and the generic 5GC EE KPI can be expressed as:





In clause 4.2.2, the potential solutions propose to apply the generic 5GC EE KPI introduced above and consider 5GC User Plane Functions and/or 5GC Control Plane Functions and focus on how to measure the Data Volume (DV) carried by the 5G core network: DV5GC.
The potential solutions for defining the Useful Output of 5GC are described in clause 4.2a.2.2.

This potential solution proposes to apply the generic EE KPI (see clause 5.3 of ETSI ES 203 228 [6]):
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to the 5GC, leading to the definition of a new EE KPI:
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The potential solutions below focus on how to measure the Data Volume (DV) carried by the 5G core network: DV5GC.
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[bookmark: _Toc72333348]4.2.3	Conclusion - Impact on normative work
[bookmark: _Toc72333349]4.2.3.1	Conclusion for potential solutions #1 and #2 for DV5GC
The potential solution #1for defining DV5GC applies the same principle as for NG-RAN (cf. [5] clause 6.7.1 ‘NG-RAN data Energy Efficiency (EE)’), by considering the User Plane traffic volume only.
Its alternative #1 considers both incoming and outgoing traffic measured at the GTP-U layer on the N3 interface. It applies only to UPFs with N3 interfaces connected. It relies on measurements which are defined in TS 28.552 [4] and which can be refined per S-NSSAI. This alternative #1 is a) simple since it relies on measurements made at some UPFs only and b) powerful since it enables to refine those measurements per S-NSSAI.
Its alternative #2 considers both incoming and outgoing traffic measured at the IP layer on the N6 interface. It applies only to UPFs with N6 interfaces connected. It relies on metrics which are defined in IETF RFC 5136 [13] and do not support per S-NSSAI data volume measurements. This alternative #2 is a) simple since it relies on measurements made at some UPFs only and b) less powerful than alternative #1 as it does not enable to obtain per S-NSSAI measurements.
The potential solution #2 for defining DV5GC considers all network functions that constitute the 5GC, i.e. control plane and user plane functions. It proposes to measure data volumes at the IP layer. This potential solution #2 is a) more complex than the potential solution #1 because it requires to collect measurements at each and every network function of the 5GC and b) less powerful than potential solution #1 / alternative #1 because it does not enable to obtain per S-NSSAI measurements.
Clause 4.2.1 proposes a two-step approach, where the first step consists in defining the 5GC EE KPI as the useful output of the 5G core network divided by its energy consumption, and the second step consists in defining further the useful output of the 5G core network. In clause 4.2.2.1.2, the potential alternative #1 focuses on defining the useful output of the 5GC at the user plane, by considering data volumes at N3 interface(s) of the 5GC.
Consequently, it is proposed to introduce both the generic 5GC EE KPI definition and the alternative alternative #1 of the potential solution #11, which considers both incoming and outgoing traffic measured at the GTP-U layer on the N3 interface(s) of the 5GC, in TS 28.554.
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[bookmark: _Toc74058918]4.2a	Key Issue #2a: Resource Efficiency KPI for 5GC
[bookmark: _Toc74058919]4.2a.1	Description
With Network Functions Virtualisation (NFV), physical equipment in the telecom network architecture can be replaced by virtual network functions running on standard server platform. Since the 5GC can be fully virtualized, and the 5GC NF can be composed of VNF(s), the 5GC Resource Efficiency KPI is introduced as:
[image: ]
The term Useful Output was introduced in the ES 203 539 [x] as the maximum capacity of the system under test which is depending on the different functions in both data plane / user plane or control plane. As the Useful Output can be defined for both data plane and control plane network functions, it can be expressed as the number of Erlang (Erl), Packets/s (PPS), Subscribers (Sub) or Simultaneously Attached Users (AU). And within [x], the Useful Output is also expressed as bits/s (bps) or the number of sessions. 
When the Useful Output is expressed as Packets/s (PPS) or bps, it can be used as metric for throughput of data plane or user plane network function. And when the Useful Output is expressed as Subscribers (Sub) or Simultaneously Attached Users (AU) or number of sessions, it can be used as the metric for control plane network function.
The Useful Output of 5GC is denoted as UsefulOutput5GC, it can be defined for both data plane and control plane network functions.
In ES 203 539 [x], the measurement of Resource Consumption of VNF under test which solely running on NFVI platform was introduced as a method for energy consumption measurement of VNF indirectly.
As the 5GC can be fully virtualized, the Resource Consumption of 5GC is denoted as ResourceConsumption5GC.
The ES 203 539[x] is intended to be used in laboratory environment. For the environment of the operational network, such as the one studied within the scope of this TR, the measurement or estimation of the Useful Output of 5GC and Resource Consumption of 5GC needs to be studied.
Depending on the solution, new measurements may have to be defined in TS 28.552 [4].
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[bookmark: _Toc74058924]4.2a.2.2	Potential solution #1 for measuring UsefulOutput5GC
[bookmark: _Toc74058925]4.2a.2.2.1	Introduction
This potential solution focuses on the definition of UsefulOuput5GC appeared in:
[image: ]
For this proposed solution, it can be applied to both User Plane Function (UPF) and Control Plane network functions that constitute the 5GC. And it is assumed that the definition of the useful output for UPF and control plane network function are different.
[bookmark: _Toc74058926]4.2a.2.2.2	Description
The useful output of a 5GC NF is defined as the capacity of the 5GC NF, and depending on the different type of 5GC NFs, it may be:
· throughput (e.g. bps, pps) for data plane 5GC NFUser Plane network functions
· capacity (e.g. subscribers, sessions) for control plan 5GC Control Plane NFnetwork functions. 
The UsefulOuput5GC is composed of the useful output of all the 5GC NFs that constitute the 5GC. Therefore, the UsefulOuput5GC can be divided into:
- UsefulOutput5GC,UP, when only User Plane (UP) network functions are considered,
- UsefulOutput5GC,CP, when only Control Plane (CP) functions are considered, and which can be further divided into:
· UsefulOuput5GC, throughput, which can be further divided into:
- UsefulOuput5GC, bpsCP,subscribers
- UsefulOuput5GC, ppsCP,sessions.
· UsefulOutput5GC, capacity, which can be further divided into: 
- UsefulOutput5GC, subscribers
- UsefulOutput5GC, sessions
NOTE: Since each type of the useful output is one dimension used to describe the UsefulOuput5GC, when one or multiple types of useful output are used for calculation, such as the calculation of resource efficiency ratio, the calculation is made with respect to each type of useful output, i.e. the useful output of the same kind can be added together, while the useful output of different kinds cannot be added together.
In this proposed solution, the following network functions may be considered (see clause 4.2.2 of TS 23.501 [2]):
-	Authentication Server Function (AUSF):
-	Access and Mobility Management Function (AMF)
-	Unstructured Data Storage Function (UDSF)
-	Network Exposure Function (NEF)
-	Intermediate NEF (I-NEF)
-	Network Repository Function (NRF)
-	Network Slice Selection Function (NSSF)
-	Policy Control Function (PCF)
-	Session Management Function (SMF)
-	Unified Data Management (UDM)
-	Unified Data Repository (UDR)
-	User Plane Function (UPF)
-	UE radio Capability Management Function (UCMF)
-	Application Function (AF)
-	5G-Equipment Identity Register (5G-EIR)
-	Network Data Analytics Function (NWDAF)
-	CHarging Function (CHF).
Editor's Note:	The measurement of the useful output for the 5GC NF is FFS.
The UsefulOuput5GC,UP can be taken as the measurement of the Useful Output of the UPF(s) that constitute the 5GC. Therefore, the UsefulOuput5GC, UP is equivalent to the Data Volume of UPF(s) that constitute the 5GC, defined in TS 28.552 [4] clause 5.4.1. See also clause 4.2.2.1.2 of the present document.
The Useful Output of the AMF can be measured by the mean number of the registered subscribers defined in TS 28.552 [4] clause 5.2.1. The UsefulOutput5GC,CP,subscribers is taken as the measurement of the Useful Output of the AMF(s) that constitute the 5GC. Therefore, the UsefulOutput5GC,CP,subscribers is equivalent to the mean number of the registered subscribers of the AMF(s) that constitute the 5GC.
Considering the mean number of the registered subscriber defined in TS 28.552 [4] clause 5.2.1, the UsefulOuput5GC, CP, subscribers can be expressed as follows:


, where:
- RM.RegisteredSubNbrMean.SNSSAI is the mean number of registered state subscribers per S-NSSAI per AMF, as defined in TS 28.552 [4] clause 5.2.1.
The Useful Output of the SMF can be measured by the mean number of the PDU sessions defined in TS 28.552 [4] clause 5.3.1.  The UsefulOutput5GC,CP,sessions is taken as the measurement of the Useful Output of the SMF. Therefore, the UsefulOutput5GC,CP,sessions is equivalent to the mean of the number of PDU Sessions of SMF.
Considering the mean number of the PDU sessions defined in TS 28.552 [4] clause 5.3.1, the UsefulOuput5GC, CP, sessions can be expressed as follows:



, where
- SM.SessionNbrMean.SNSSAI is the mean number of PDU sessions per S-NSSAI per SMF, as defined in TS 28.552 [4] clause 5.3.1.

	End of modifications
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