
The testing technology of 5G base station

Xia Luohui, CTTL-SYS, CAICT
Sep. 2018



2018/9/4 2

Upon completion of this course, you will be able to 

• Know the main form of the 5G base station

• Know the main challenge of 5G base station product testing

• Know the standardization status of 5G base station testing

• Know the basic method of 5G base station testing

Course Objectives
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The development of 5G base station product

The main challenge of 5G base station product testing

The standardization status of 5G base station testing

Thinking of test method of 5G base station 
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1. 5G base station product

eMBB

mMTC URLCC

Source:Recommendation ITU-R  M.2083-0:IMT Vision – Framework and overall objectives of the future  development of IMT for 2020 and beyond
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1. 5G base station product

Flexible and confi gurable Air Interfaces technical framework of 5G
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1. 5G base station product

Antenna EnhancementAntenna Enhancement

New Air InterfaceNew Air Interface

Multiple Connection &AggregationMultiple Connection &Aggregation

New Network ArchitectureNew Network Architecture

Massive MIMO
Beamforming
3D MIMO

New waveform
Novel multiple access
Coding and modulation
3GHz—100GHz
1G bandwidth

Carrier aggregation
Carrier reuse（LAA/LTE-U）
Multiple connection

D2D/V2X
UDN
Cloud-RAN
SDN/NFV
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1. 5G base station product

5G RAN functional module reconfiguration

CU  Centralized Unit:The non real time part of the original BBU is segmented to deal with non real time protocols and services;
DU  Distribute Unit:   Handling physical layer protocols and real-time services, and some physical layer functions can be moved up to RRU.
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1. 5G base station product

5G Base station deployment scheme have 3 options.

In the early stage of the deployment of 5G network, it will mainly adopt the option1. 
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1. 5G base station product

5G Product planning of Samsung 5G Product planning of Datang

5G Product planning of Ericsson
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2.The challenge of 5G base station testing

a) Large antennas arrays, more than 64
b) Integration of antenna, radio frequency and baseband
c) Radio frequency ports can not be tested independently
d) The antenna array unit does not work alone
e) Dynamic adjustment of antenna beam
f) Millimeter wave equipment meets higher requirements for test instruments and cables
g) ---------------

The main challenge of 5G base station testing



2.The challenge of 5G base station testing

One example: Without RF connectors between the RF and antenna of  a MMW 
radio system ；in this case, we couldn’t test with cables.
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2.The challenge of 5G base station testing

In order to deal with the challenges bring by the change of 5G product form and the introduction of 
new technologies, we need to use the OTA testing methods.

Test the multi beam stereoscopic 
direction map of 5G base station

Test the radio frequency 
index by the air interface

Test the base station throughput 
under multi user access
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2.The challenge of 5G base station testing

Far Field
A field where a radio wave radiated from the wave source  propagates and can be regarded as a plane wave. 

Near Field&Far Field
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2.The challenge of 5G base station testing

Direct Far Field(DFF) test system is based on combination of the antenna 
aperture(D) and the operating frequency/wavelength(𝜆) to measure a 
true far field distance defined as FF=2D2/𝜆.

Indirect Far Field(IFF) Compact Test Range(CATR) uses reflectors to focus 
the RF energy into a plane wave within a much shorter distance than 
would normally berequired to achieve radiated far field measurements.

Near-field test system measures the energy in the radiating near-field 
regionand converts those measurements by a Fourier transform into the 
far-field result.

OTA Chamber Types
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2.The challenge of 5G base station testing
Comparison of Measurement Methods
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3.The standardization of 5G base station testing

3GPP  38.104—Base Station (BS) radio transmission and reception
3GPP TS 38.104 V15.2.0 (2018-06)

The present document establishes the minimum RF 
characteristics and minimum performance requirements of 
NR Base Station (BS). 
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3.The standardization of 5G base station testing
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Figure 4.3.1-1: BS type 1-C transmitter interface
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Figure 4.3.1-2: BS type 1-C receiver interface
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Figure 4.3.2-1: Radiated and conducted reference points for BS type 1-H
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Figure 4.3.3-1: Radiated reference points for BS type 1-O and BS type 2-O
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3.The standardization of 5G base station testing

Requirement set applicability

The requirement applicability for each requirement 
set is defined. For each requirement, the applicable 
requirement subclause in the specification is 
identified. Requirements not included in a 
requirement set is marked not applicable (NA).

3GPP TS 38.104 V15.2.0 (2018-06)
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3.The standardization of 5G base station testing

3GPP  38.141-1—Base Station (BS) conformance testing
Part 1: Conducted conformance testing
3GPP TS 38.141V0.3.0(2018-06)

3GPP  38.141-2—Base Station (BS) conformance testing
Part 2: Radiated conformance testing
3GPP TS 38.141V0.2.0(2018-06)
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3.The standardization of 5G base station testing

3GPP  38.141—Base Station (BS) conformance testing
Part 1: Conducted conformance testing
3GPP TS 38.141V0.3.0(2018-06)

The present document specifies the Radio Frequency (RF) test methods and conformance requirements 
for NR Base Station (BS). These have been derived from, and are consistent with the NR BS specification 
defined in 3GPP TS 38.104 [2]. The technical specification 3GPP TS 38.141is in 2 parts:

1. 3GPP TS 38.141-1 (the present document) covers conducted test requirements
2 .3GPP TS 38.141-2 [3] covers radiated requirements.
A BS type 1-C requires only conducted requirements so requires compliance to part 1 of the specification 

only.
As BS type 1-H has both conducted and radiated requirements so requires compliance to the applicable 

requirements of part 1 and part 2 of the specification.
BS type 1-O and 2-O have only radiated requirements so require compliance to part 2 of the specification 

only.

3GPP  38.141-2—Base Station (BS) conformance testing
Part 2: Radiated conformance testing
3GPP TS 38.141V0.2.0(2018-06)
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3.The standardization of 5G base station testing

3GPP  38.141—Base Station (BS) conformance testing
Part 1: Conducted conformance testing
3GPP TS 38.141V0.3.0(2018-06)
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Figure 4.5.1.1.1-1: Transmitter test ports for 1-C
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Figure 4.5.1.2.1-1: Receiver test ports for 1-C
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Figure 4.5.2.1-1: Transmitter test ports for 1-H
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Figure 4.5.2.2-1: Receiver test ports  for 1-H
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3.The standardization of 5G base station testing

3GPP  38.141-2—Base Station (BS) conformance testing
Part 2: Radiated conformance testing
3GPP TS 38.141V0.2.0(2018-06)

#1

#2

#K

Transceiver array boundary Radiated interface boundary (RIB)

Transceiver array boundary connector (TAB)

Composite antenna

Radio 
Distribution

Network
RDN

Antenna 
Array
(AA)

Transceiver unit array
(TRXUA)
1 to M

Figure 4.2-1: General architecture of BS type 1-H
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Figure 4.2-2: General architecture of BS type 1-O and BS type 2-O
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3.The standardization of 5G base station testing

3GPP  38.141—Base Station (BS) conformance testing
Part 1: Conducted conformance testing
3GPP TS 38.141V0.3.0(2018-06)

3GPP  38.141-2—Base Station (BS) conformance testing
Part 2: Radiated conformance testing
3GPP TS 38.141V0.2.0(2018-06)

Table 4.8.2-1: Requirement set applicability of  conducted testing Table 4.7.2-1: Requirement set applicability of Radiated testing
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4.Thinking of test method of 5G base station

In the 5G era, a test system can  not completely cover all test items.

Which is the best ways to test 5G base station?

Conducted testing with cables

Radiated testing with Direct Far Field in the OTA  chamber

Radiated testing with Near-field  in the OTA  chamber

Radiated testing with Compact Antenna Test Range in the OTA  chamber
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4.Thinking of test method of 5G base station

In which case,we use conducted testing with cables or Radiated testing in the OTA  chamber? 
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4.Thinking of test method of 5G base station

What is the requirements of the OTA  chamber for testing 5G base station? 

Quiet zone >1m
Turntable can bear weight >50kg
Measuring accuracy meet the requirement of  3GPP TS 38.141
--------

Maybe 
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Thank You

Trainer:  Xia Luohui

E-mail: xialuohui@caict.ac.cn

Department: Dept. of Wireless Technology, CTTL-System, CAICT

Address: No. 11 Yuetannan Street, Xicheng Dist. Beijing, P.R.China

China Academy of Information and Communications Technology 

http://www.caict.ac.cn



• China Telecommunication Technology Labs
• Founded in 1981

• Authoritative test organization

• Supports the standards and regulation

• Main tasks
• Information / Communication 

Technologies research

• Development of ICT product standards
and test methods

• Products inspection, verification and 
assessment

• Testing Instruments metrology and
evaluation

About CTTL - SYS

• 2G/3G/4G/5G Microwave Equipment
• Antennas / RF Components
• WPAN (Bluetooth, NFC, RFID, Zigbee, etc…)
• Base products (Cables, Op. Fibers, 

accessories… )
• Signal / Service Driver test
• Power / Battery
• Anti-seismic research and test
• Metrology and calibration


