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1	Decision/action requested
Agree on the proposals in clause 4.
2	References
[1]	3GPP TS 28.201 	Charging management; Network slice performance and analytics charging in the 5G System (5GS); Stage 2
[2]	3GPP TS 28.541 Management and orchestration; 5G Network Resource Model (NRM); Stage 2 and stage 3
[3]	3GPP TS 28.552 Management and orchestration; 5G performance measurements
[4]	3GPP TS 28.554 Management and orchestration; 5G end to end Key Performance Indicators (KPI)
[5]	3GPP TS 32.255 Charging management; 5G data connectivity domain charging; Stage 2
[6]	3GPP TS 32.291 Charging management; 5G system, charging service; Stage 3
[7]	GSMA NG.116 Generic Network Slice Template v9.0 (2023-04-27)
[8]		ETSI ES 202 336-12 V1.2.1 Environmental Engineering (EE); Monitoring and control interface for infrastructure equipment (power, cooling and building environment systems used in telecommunication networks); Part 12: ICT equipment power, energy and environmental parameters monitoring information model
[9]	ETSI GS NFV-IFA 027 V4.0.2 (2020-11) Network Functions Virtualisation (NFV) Release 4; Management and Orchestration; Performance Measurements Specification
3.1	Background
The current 3GPP TS 28.201 [1] only covers performance and analytics data for network slices and uses information from 3GPP TS 28.541 [2] and 3GPP TS 28.554 [4]. From 3GPP TS 28.554 [4] only KPIs for number of PDU sessions and number of registered subscribers are currently supported, the latency, and throughput is taken directly form the performance measurements as specified in 3GPP TS 28.552 [3] or even from the definition in 3GPP TS 28.541 [2].
The KPIs defined in 3GPP TS 28.554 [4] covers energy efficiency for NG-RAN, and network slice (S-NSSAI) with specifics for eMBB, URLLC, and MIoT. These are all based on the energy consumption defined for NG-RAN, gNB, virtualized network function, virtualized network function component, virtual compute resource instance (vCPU, VMemory, vDisk, and I/O traffic volume), and network slice. The energy consumption is measured and estimated in joules, while the efficiency depends on type of network slice but generically it is defined as performance per joule, where performance can be volume transported (eMBB), latency (URLLC), or registered UEs (MIoT). 
The performance measurements defined in 3GPP TS 28.552 [3] covers energy consumption in PNF and is measured in kWh, as part of monitoring of Power, Energy and Environmental (PEE) parameters. The performance measurements allow filtering based on e.g., 5QI, QCI, S-NSSAI, and PLMN ID.
3.2 Evaluation
Currently only some KPIs for network slices from 3GPP TS 28.201 [1] are supported, it is not known why only some network slice related KPIs were included and not all. There are also some performance measurements used instead of their KPI counterparts and other are directly fetched from network slice capabilities. It should be noted that the KPIs to a large extent relies on the performance measurements.
Table 3.2-1: OAM IEs in TS 28.201 (from TS 28.541) compared with the KPIs in TS 28.554
	3GPP TS 28.201
Information Element
	3GPP TS 28.541
Attribute name
	3GPP TS 28.541
Description
	3GPP TS 28.554
KPI Name
	3GPP TS 28.554
KPI description

	Uplink Latency
	uLLatency
	This attribute specifies the required UL packet transmission latency (millisecond) through the RAN, CN, and TN part of 5G network and is used to evaluate utilization performance of the end-to-end network slice. See clause 6.3.1 of 28.554 [4].
	DelayE2EUlNs
	Average e2e uplink delay for a network slice

	Downlink Latency
	dLLatency
	This attribute specifies the required DL packet transmission latency (millisecond) through the RAN, CN, and TN part of 5G network and is used to evaluate utilization performance of the end-to-end network slice. See clause 6.3.1 of 28.554 [4].
	DelayE2EDlNs
	Average e2e downlink delay for a network slice

	Uplink Throughput
	uLThptPerSlice
	This attribute defines achievable data rate of the network slice in uplink that is available ubiquitously across the coverage area of the slice, refer NG.116 [7].
	UTSNSI
	Average upstream throughput for network slice instance

	Downlink Throughput
	dLThptPerSlice
	This attribute defines achievable data rate of the network slice in downlink that is available ubiquitously across the coverage area of the slice, refer NG.116 [7].
	DTSNSI
	Average downstream throughput for network slice instance

	Maximum packet loss rate UL
	maxPacketLossRateUl
	It indicates the uplink maximum rate for lost packets that can be tolerated for the service data flow.
	Not defined
	-

	Maximum packet loss rate DL
	maxPacketLossRateDl
	It indicates the downlink maximum rate for lost packets that can be tolerated for the service data flow.
	Not defined
	-

	Number of PDU sessions
	Not defined
	-
	PDUSesMeanNbr
	Maximum number of PDU sessions of network slice, mean value 

	Number of registered Subscribers
	Not defined
	-
	AMFMaxRegNbr
	Maximum registered subscribers of network slice through AMF, mean value



There are several KPIs missing especially in the energy efficiency and energy consumption area.
Table 3.2-2: Network slice related energy efficiency and energy consumption KPIs in TS 28.554
	Name
	Title

	EEgenns
	Generic Network Slice Energy Efficiency (EE) KPI

	EEeMBB,DV
	Energy efficiency of eMBB network slice.

	EERANonlyeMBB,DV
	Energy efficiency of eMBB network slice – RAN-based

	EEURLLC,Latency
	Energy efficiency of URLLC network slice, based on latency of the network slice

	EEURLLC,DV,Latency
	Energy efficiency of URLLC network slice, based on both latency and Data Volume (DV) of the network slice

	EEMIoT,RegSubs
	Energy efficiency of MIoT network slice, based on the number of registered subscribers of the network slice

	EEMIoT,ActiveUEs
	Energy efficiency of MIoT network slice, based on the number of active UEs in the network slice

	ECns
	Network slice energy Consumption (EC)



As an example by just adding the EEeMBB,DV KPI from the 3GPP TS 28.554 [4] clause 6.7.2.2 to 3GPP TS 28.201 [1], using the Total Volume and S-NSSAI from the 3GPP TS 32.255 [5] clause 6.1.1.2 and 6.2.1.2 respectively, and the fact that to make a calculation of the estimated energy consumption of a specific UE using an eMBB type of network slice requires the number of joules per bit and the number of bits the UE have used on the specific network slice. The defined EEeMBB,DV is the total UL and DL data volumes for the network slice divided by the ECns and the result is bits per joule, and the charging data report for a PDU session contains the number of bytes per S-NSSAI. So the CHF could calculate the number of joules a UE have used so far (ECUE,DV,eMBB) as

It also means that the CHF can predict the energy consumption for the next reservation since it will know the number of bytes it will grant and their estimated energy consumption. The calculated energy consumption can also trigger updates of policy counters, which in turn can change the policies for the UE e.g., QoS.
It should be noted that the energy consumption values for a network slice that uses shared resources will be estimated according to 3GPP TS 28.541 [2] clause 6.7.3.3, and so will also anything running on virtualized resources, this means that any calculation using these values will have a high uncertainty built in.
If the network operators where to become electricity retailer i.e., selling kWh, it would require precise measurements, like energy meters in a 5GC system on separate physical hardware that would measure the actual consumption by a subscriber or enterprise. Doing exact measurements on shared and virtualized resources is difficult, among other things due to that some processing is needed to allow it to be shared etc. The current proposals rely on knowledge of an average energy consumption for usage of a specific service and using this to calculate an estimated energy consumption by the subscriber or enterprise based on their respective service usage. This the implies that calculation of energy consumption must be tied to some actual measured consumption by the subscriber or enterprise, currently the following units can be measured in 3GPP TS 32.291 [6]:
-	Data volume (separated on uplink and downlink)
-	Time (measured in seconds)
-	Number of messages (separated on sent and received)
-	Number of simultaneous events (PDU sessions and register UEs)
This means that any measurement of energy consumption needs to be tied to at least one of these i.e., the energy consumed is a function of the measured units, there can however be more filtering criteria around these energy consumption measurements than the currently supported network slice, network slice type, and latency, compare 3GPP TS 28.552 [3] clause 4.2. Today 3GPP TS 28.554 [4] have one network slice energy consumption KPI defined, and seven KPIs for network slice energy efficiency.
3.3 Observations
Observation 1: The table 3.2-1 shows that the values currently used in 3GPP TS 28.201 [1] are the required, achievable, and maximum values while the KPIs are all defined as mean or average value.
Observation 2: The table 3.2-1 and 3.2-2 shows that there are several network slice related KPIs that today isn’t supported by the 3GPP TS 28.201 [1].
Observation 3: Since according to 3GPP TS 28.541 [2] clause 6.7.3.3 some energy consumption values will be estimations it isn’t possible to use these for charging.
Observation 4: By having more energy efficiency related KPIs the CCS (Converged Charging System) could support more calculations of the energy consumption based on the usage of the subscriber or enterprise.
4	Detailed proposal
Proposal 1: For observations 1 and 2 there is a need to have a work item to introduce all network slice related KPIs into 3GPP TS 28.201 [1] and removing required, achievable, and maximum values.
Proposal 2: For observation 3 it is to have any calculation on energy consumption within the CCS (Converged Charging System) to keep interpretation of the energy consumption as an estimated value and not an exact measured value.
Proposal 3: for observation 4 there is a need to have a study in OAM on which KPIs to define for energy consumption and energy efficiency.
