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Motivation



Challenges in O-RAN E2E Energy Efficiency Testing
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Various organizations put effort into the energy efficiency testing, 
e.g., ETSI, 3GPP, O-RAN ALLIANCE, NGNM, TIP –

yet their work cover different aspects of E2E EE Testing

There is a demand to combine the current standardization efforts 
into the unified O-RAN E2E EE Testing Framework that would provide 

common procedures to evaluate energy efficiency of network 
components, like O-CU/O-DU/O-RU, and xApps/rApps

Multiple hardware and software vendors offer energy-saving
solutions that are hard to compare – a lack of unified test definitions 

and scenarios



ETSI – Configuration
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Distributed BS model (example) 
[ETSI_2027061_TS]

Integrated BS model (example) 
[ETSI_2027061_TS]

Build a definition of the 
O-RAN „component 

level EE testing” on the 
top of the ETSI 

documents for static 
and dynamic load



ETSI – Static/Dynamic Load Measurements
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Utilize, and extend existing ETSI 
procedures

Static Load measurements

Dynamic Load measurements

Measurement reports

Power supply requirements

Environmental conditions

Combine the ETSI-defined measurements and 
procedures with 3GPP, and O-RAN ALLIANCE to 
create a „component-level EE testing framework”



O-RAN Test and Measurement Aspects for NES
TIFG and SuFG 
(Energy Measurement Analysis 
Report)

Gap analysis for Energy 
measurements



Summary of Standarization Efforts

[MD1]MH do uzupelnienia

[MD2]MH to verify

Documents Scope What is missing?

ETSI

• defines metrics and measurements for EC/EE of a base station
• provides models for BSs and requirements for measurement equipment
• describes standardized test setups and procedures for power 

measurements (static and dynamic) for a single base station
• standardized reports from the measurements
• good starting point for O-RAN extension

• lack O-RAN context and architecture, e.g. 7.2 split 
• lack of scenarios/configurations for large-scale network power 

measurements
• missing procedures for testing mobile networks with VNF, e.g., virtual 

CU/DU
• QoS in EE definitions 

3GPP

• frequently refers to ETSI regarding Energy Efficiency/power consumption
• defines reference scenarios, and models for system-level simulations
• demand on measurement of VNFs’ EE/PC
• EE evaluation based on multiple scenarios: MBB, URLLC, mMTC/Rural, 

urban

• lack of O-RAN context
• lack of procedures for E2E EE testing
• EE/Power consumption KPIs are not available per HW unit or VNF
• most part of the material referring to EE/EC is from TRs, not TS, i.e., 

not normative

NGMN

• Cloud vs Physical deployment for a mobile network
• presents aspects relevant to cloud-type/environment measurements
• metering servers, storage, and network components 
• solutions for VMN/CNF power measurement
• optimization of RAN deployment
• points gaps/missing elements between the O-RAN and cloud aspects

• missing O-RAN aspects
• gathers different aspects, but does not fill the gap between the 

cloud itself and the network
• not a specification

O-RAN

• related directly to O-RAN aspects
• defines NES methods, metrics, and requirements associated with the O-

RU (COOS and RCR) (quite mature)
• concepts, requirements, and use cases optimizing for O-Cloud resources 

(ORES) along with metrics (early stage)
• test procedure, test equipment definition, test setup and configuration, 

test criteria for E2E testing for O-RAN ES (COOS)

• missing details and tech spec for O-Cloud aspects (early stage on 
this)

• different maturity stages for different use cases regarding ES and 
E2E testing

• different documents for different parts of the system (treating 
separately O-Cloud from COOS, RCR, ASM)

• test specs only for COOS rApp (early stage)
• several options for measurements and KPIs (not all are 

implemented in practice)
• missing large-scale testing scenarios for xApp/rApp evaluation

TIP

• a use case, being a framework for a method of reducing EC
• requirements, configuration, measurements, goal, interface 

requirements, 

• not related to testing
• only for a single use case and very 

specific
• only generic parameters



White paper
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White paper QR 
code

https://www.i14y-lab.com/article/i14y-lab-energy-efficiency-testing-framework-white-paper
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Overall Framework Considerations



O-RAN E2E Energy Efficiency Testing Framework
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Different Views on E2E Energy Efficiency Testing
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Information Exchange and Data Modeling
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Simulation of a large scale network: 
• Test EE/ES provided by xApps/rApps
• Test xApps/rApps signalling overhead 
• Test different RICs, e.g., their computational 

capability, delay between RAN and xApps/rApps

Test of a network E2E full-stack, with a single gNB: 
• Measure power consumption of various hardware components, 

e.g., CU/DU/RU/RIC
• Utilize either real, emulated UE or dummy load
• Produce power consumption models for simulations
• Utilize previously measured data to create power consumption 

models of different vendors

Power Consumption 
models of hardware 

components (RU/CU/DU)

Measurement data

Utilize power 
consumption 
model under 

different setup

Utilize power consumption model for 
the large-scale simulation setup
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Component Level Measurement of EE



The Goal of the Framework
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Deployment Options
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Power Consumption Measurement Points
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The Gap Between Kepler and Redfish
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Results of the tests in i14ylab showed a gap 

between Kepler and Redfish. 



The Traffic Profiles
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ETSI static load ETSI dynamic load Real-world data

• Basic measurement for 10%, 
30%, 50% and full load

• To obtain better power 
consumption profile better
granularity required

• E.g., from 0 to full load with 
step of 10%

• More scenarios
• More advanced, requires UE 

emulators/real UE

• Requires operator data
• Post-processing is needed to 

establish per UE traffic 
• Can provide a real-world 

evaluation scenarios under 
traffic variations

• UE emulators + postprocessed 
data



The Measurement Outcome
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Additional challenges:
• How to define a set of QoS metrics?
• How does power consumption depend on the setup, e.g., is it 

different for DU while employing various RU/CU?
• How power consumption scales with UE number?

Fit the results of the measurement to 
the parameters of 3GPP TR 38.864 

Power Consumption Model 

• The 3GPP PC model can scaled 
concerning the:
• number of used physical antenna 

elements, or TX/RX RUs
• occupied BW/RBs for DL and/or UL 

in a slot/symbol in one CC
• number of CCs in CA
• number of TRPs
• PSD or transmit power 
• number of DL and/or UL symbols 

occupied within a slot.

• The BS power consumption for both DL 
and UL consists of a static and dynamic 
term, e.g., 

𝑃𝐷𝐿 = 𝑃𝑠𝑡𝑎𝑡𝑖𝑐
𝐷𝐿 + 𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐

𝐷𝐿

Initial steps:
1. Perform measurement (either static 

or dynamic) under different:
1. Number of antenna elements
2. Occupied BW/RBs
3. number of CCs in CA
4. number of TRPs
5. PSD or transmit power 
6. number of DL and/or UL symbols 

occupied within a slot
2. Collect power consumption and load 

statistics
3. Fit the model parameters for various 

components, O-RU, O-DU, O-CU, etc. 
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Measuring Power Consumption
in a Virtualized Environment



Deployment Option for Energy Measurements
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Energy testing framework option 
used for current considerations

Actual deployment



Power Consumption Measurement Tools
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Hardware meter

Redfish 

Kepler

• Measures power and energy directly from an 
electric socket supplying a server or an O-RU.

• Advanced meters expose metrics via REST API, 
SNMP, etc.

• Modern REST API standard by DMTF for server 
management.

• Runs via BMC, enabling remote control, monitoring, 
and configuration of enterprise servers.

• Prometheus exporter measuring energy at the 
container, POD, VM, and process level.

• Uses Intel RAPL sensors to collect CPU energy data 
and attributes it to workloads based on CPU usage.

M

R

K



Measurement Points Definition for Power 
Consumption
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M Hardware meter K Kepler

R Redfish 

M

RK

K

K

M

K

Power 
consumption for 

individual VNF

Power consumption for the 
whole server (Kepler)

Power consumption for 
the whole server 

(Redfish)

Power consumption for 
the whole server 
(Electric socket)



PC Measuremets - Configuration and Evaluation

rimedolabs.com



PC Measurements – Kepler vs Electric Socket
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• Are both measurement types 

needed for reliable testing 

(i.e., Kepler and Socket-

based)? 

• Is there a specific function 

that binds measurement 

types so that we can 

measure one and estimate 

the other?



PC Measurements – Hardware Test Setups
Dell R750 

(enterprise grade server stored in i14y Lab’s rack)
Lenovo Legion 5 15ARH05 

(consumer grade laptop)

CPU 2 x Intel Xeon Gold 6330N-2.2GHz (28 cores) AMD Ryzen 7 4800H with Radeon Graphics  2.90 GHz (8 cores)

RAM 512 GB, 3200Mhz 32 GB, 3200Mhz

DISK 2xSSD 1.5TB SSD 512GB

NIC
1 x 2-port 1GbE BCM5720

1 x 4-port 1 GbE Intel I350
4 x Intel XXV810 2-port 25GbE

1 x 1-port 1 GbE 
Wi-Fi 6 (802.11 a/b/g/n/ac/ax)

OS Ubuntu 20.04.6 LTS Ubuntu 22.04.5 LTS

Actual Hardware

Power 
Measurement at 

Electric Socket

Shelly Smart 
Electric Socket

GUDE Electric 
Socket



Power Consumption Measurements Collection

Gathering measurements from Kepler, 
Redfish, and Electric Socket at the 

same time



CPU Load - Enforced vs Measured
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Dell R750 - Server

The difference between the CPU load enforced by the stress-test 
application and the actual CPU load is related to other processes

Lenovo Legion 5 15ARH05 

~13% of the CPU load utilized 
for „background processes”

~1.4% of the CPU load utilized 
for „background processes”

Some anomalies were observed for the laptop 
measurement, but their effect is minimal



Static CPU Load - Kepler, Redfish, and Electric 
Socket
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Kepler and Socket power 
consumption 

measurements follow a 
similar pattern

Redfish does not exactly 
fit Socket measurements

Dell R750 - Server Lenovo Legion 5 15ARH05 

Kepler and Socket power 
consumption 

measurements follow a 
similar pattern

Note: Redfish does not apply for 
consumer grade laptops



Static CPU Load - Offset Between Kepler, Redfish, 
and Electric Socket
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The offset between Kepler and Socket 
(GUDE) PC measurements seems to be 

almost a linear function of CPU load

This is not the case for the 
offset between Redfish and 
Kepler, and Redfish and the 

Electric Socket (Gude)

The offset between Kepler and 
Electric Socket (Shelly) power 

consumption can also be 
approximated by a linear function

Dell R750 Lenovo Legion 5 15ARH05 

In both cases, the offset depends on the CPU load and 
is close to linear characteristics

Note: Redfish does not apply for 
consumer grade laptops



Static vs. Short Bursts CPU Load (Dell R750)
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We compared the PC measurements under static CPU load, at 50% CPU load, against the short bursts:
to achieve 50% CPU load, in 10s cycles → 5s of 100% CPU load, then 5s of 0% CPU load

~715 W
~700 W

~700 W: 640 x 0.5 + 780 x 0.5=710 W
A mismatch of 10W can be caused by a large results spread

Electric Socket Static Load

Electric Socket Short Bursts
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Conclusions



Conclusions
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The main challenges are related to the standardized methodologies for the VNFs, and various deployment 
configurations for O-RAN components

New metrics and benchmarks are essential to the framework. They should take into account both the energy-saving 
and QoS/performance goals

Different standardization bodies address distinct aspects of energy saving, and there is a need for a unified E2E EE 
testing framework

The framework's design and execution will involve developing a standardized core testing procedure adaptable to 
various scenarios. 

The initial focus will be on the Component-level measurements for EE and Global/feature based testing for EE - they are 
feasible for a lab environment

Power consumption measurements for a consumer Laptop and a Dell Server were conducted under a static CPU load 
forced by a third-party APP.

The gap between Kepler and the Electric Socket follows an almost linear function.

The next steps cover power consumption measurements of individual PODs, e.g., measurements for RIC and xApps 
operating under the simulated RAN environment.
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The information contained herein is the property of RIMEDO and is provided only if it is not disclosed, directly or indirectly to a
third party, or used for purposes other than those for which it was prepared.

ETSI is the copyright holder of LTE, LTE-Advanced and LTE Advanced Pro and 5G Logos. LTE is a trade mark of ETSI. RIMEDO is
authorized to use the LTE, LTE-Advanced, LTE-Advanced Pro and 5G logos and the acronym LTE.

All information discussed in the document is provided "as is" and RIMEDO makes no warranty that this information is fit for
purpose. Users use this information at their own risk and responsibility.

© 2025 RIMEDO sp. z o. o. All rights reserved.
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