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BASE STATION RADIATEDCONFORMANCETESTING
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Base station classes (Chapter 4.3)

Test models/Reference measurement channels

(Chapter 4.9.2/ Annex A)

OTA measurement system set-ups (Annex E)

Calibration (Annex D)

Acceptable uncertainty (Chapter 4.1.2)

Radiated transmitter characteristics (Chapter 6)

Radiated receiver characteristics (Chapter 7)

Radiated performance characteristics (Chapter 8)

Content (Abstract)
Ʒ Tests defined in Technical 

Specification 38.141-2
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BASE STATION TYPES DEFINED IN 3GPP TS 38.141
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General architecture of BS type 1-O and BS type 2-O

BS type 1-H: NR base station 

operating at FR1 with a requirement set 

consisting of conducted requirements 

defined at individual TAB connectors

and OTA requirements defined at RIB

BS type 1-C: NR base station operating 

at FR1 with requirements set consisting 

only of conducted requirements defined 

at individual antenna connectors

Hybrid

Conducted

OTA

5G NR gNB OTA Conformance Testing

BS type 1-O: NR base station operating at FR1 with a requirement set 

consisting only of OTA requirements defined at the RIB

BS type 2-O: NR base station operating at FR2 with a requirement set 

consisting only of OTA requirements defined at the RIB

FR1 (410 MHz ï7.125 GHz) FR1 / FR2 (24.25 ï52.6 GHz)
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NR TEST MODELS (CHAPTER 4.9.2)
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Test model Measurement

NR-FR1-TM1.1

NR-FR2-TM1.1

BS output power / 

Radiated transmit power

Transmit ON/OFF

power

Time Alignment Error

Occupied bandwidth

ACLR

Operating band 

unwanted emissions

Transmitter spurious

emissions

Transmitter 

intermodulation

Receiver spurious 

emissions

Test model Measurement

NR-FR1-TM1.2 ACLR

Operating band unwanted 

emissions

NR-FR1-TM2

NR-FR2-TM2

EVM of single 64QAM PRB 

allocation

Frequency error

NR-FR1-TM2a EVM of single 256QAM PRB 

allocation

Frequency error

NR-FR1-TM3.1

NR-FR2-TM3.1

Total power dynamic range

Frequency error

EVM for 64QAM modulation

NR-FR1-TM3.1a Total power dynamic range

Frequency error

EVM for 256QAM modulation

NR-FR1-TM3.2 Frequency error

EVM for 16QAM modulation

NR-FR1-TM3.3 Frequency error

EVM for QPSK modulation

FR1 test model FR2 test model

BS type Conducted, Hybrid, OTA OTA

Bandwidth (MHz) 5, 10, 15, 20, 25, 30, 40, 

50, 60, 70, 80, 90, 100

100, 200, 400

Duplexing TDD and FDD TDD

Duration 1 radio frame (10 ms) for FDD and 2 radio frames for TDD (20 ms)

Ʒ Defined signals used for all transmitter measurements

Example: NR-FR2-TM1.1
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REFERENCE MEASUREMENT CHANNELS (ANNEX A)
Ʒ Used for receiver characterization and 

performance measurements

Ʒ Duration: 1 slot 

(repetition depends on UL/DL allocation) 

Ʒ Define parameters like ñmodulationò or ñcode rateò
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FRC Measurement

FR1: G-FR1-A1-1 to G-FR1-A1-9

FR2: G-FR2-A1-1 to G-FR2-A1-5

Receiver sensitivity and 

in-channel selectivity

FR1: G-FR1-A2-1 to G-FR1-A2-6

FR2: tbd

Dynamic range

QPSK, R=193/1024

FR1: G-FR1-A3-1 to G-FR1-A3-32

FR2: G-FR2-A3-1 to G-FR2-A3-24

Performance requirements 

16QAM, R=658/1024

FR1: G-FR1-A4-1 to G-FR1-A4-28

FR2: G-FR2-A4-1 to G-FR2-A4-20

64QAM, R=567/1024

FR1: G-FR1-A5-1 to G-FR1-A5-14

FR2: G-FR2-A5-1 to G-FR2-A5-10

Example: G-FR2-A1-3
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OTA MEASUREMENT SYSTEM SET-UPS (ANNEX E)
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0.3 m aperture size (D) at 28 GHz

Radiated near field region

Phase & magnitude

Far field

Magnitude
Reactive near 

field region

ςὈ

‗
ρφȢτάπȢφς ωχὧά

*

NR

BS

Test system

calibrated

point

(RIB) 

Chamber types:

ñAny suitable OTA chamberò

Ʒ Far field anechoic chamber

Ʒ CATR (Indirect far field)

Ʒ Near field chamber
D
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OTA MEASUREMENT SYSTEM SET-UPS
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Far field

Magnitude

ωχὧά*

NR

BS

Test system

calibrated

point

D

Ʒ Link budget calculation

Test 

antenna
Vector Signal 

Generator

Signal 

Analyzer

FSPL
Ant. Gain

Test fixtures

ca. -75 dB

CW Signal 

Generator

Test fixture

(e.g. combiner)

-65 to -70 dB

-15 to -20 dB

+10 dBi
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ACCEPTABLE UNCERTAINTY OF OTA TEST SYSTEM (CHAPTER 4.1.2)
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Subclause Minimum 

requirement 

(38.104)

Maximum OTA 

Test System 

uncertainty (MU)

(38.141-2)

Test requirement

(38.141-2)

OTA base station 

output power 

BS type 2-O

normal conditions

±3 dB

±2.1 dB

(24.25 ï29.5 GHz)

±2.4 dB

(37 ï40 GHz)

±5.1 dB

(24.25 ï29.5 GHz)

±5.4 dB.

(37 ï40 GHz)

Compliant

+ MU

- MU

Ʒ Maximum acceptable uncertainty is specified for each radiated test

Ʒ Test requirement combines MU and and minimum requirement

Ʒ Example: 
Limit

Uncertainty contribution

from 37.843 (abstract)

Probe Position

Probe Pattern Knowledge

Measurement Distance

Multiple Reflections

Mismatch of receiver chain

Uncertainty of the absolute gain of the probe antenna

Measurement repeatability - Positioning Repeatability

Additional 

uncertainty 

contributors

Calibration of OTA system 

becomes essential
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CALIBRATION (ANNEX D)
Ʒ OTA measurement chamber specific calibration procedures 

are captured in TR 37.843

Ʒ OTA test requirements specific and OTA measurement 

chamber specific calibration procedures for FR2 are for 

further study (FFS). Potential reuse of the FR1 calibration 

procedures for FR2 is FFS.

Ʒ Program available to simplify calibration procedure

-ĂReference antenna gain comparisonñ uses reference 

antenna with known gain used during calibration

-Signal generator  and analyzer apply frequency response 

correction in order to move calibration plane to DUT
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RADIATED TRANSMITTER CHARACTERISTICS (CHAPTER 6)
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Ʒ Radiated transmit power, OTA transmitted signal quality

FSVA3000

Measured at OTA peak directions set

˒

ʻ

OTA peak 
directions set

Out of cell directions 
set

Directions diagram

˒

Out off cell power level
(Average)

In cell Power level

(Average)
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RADIATED RECEIVER CHARACTERISTICS (CHAPTER 7)
Ʒ OTA adjacent channel selectivity and narrowband blocking

Baseband A: Wanted signal

Baseband B: Interfering signal

Wanted signalInterferer signal

SMW200A

Wanted + modulated interferer signal
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RADIATED RECEIVER CHARACTERISTICS (CHAPTER 7)
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OTA out-of-band blocking performance requirement

Frequency range of 

interfering signal

(MHz)

Wanted 

signal 

mean 

power

(dBm)

Interferer RMS 

field-strength

(V/m)

Type of 

interfering 

signal

30 to 12750 EISREFSENS

+ 6 dB 

0.36 CW

12750 to FUL_lowïȹfOOB 0.1

FUL_high + ȹfOOB to min(2nd

harmonic of the upper 

frequency edge of the 

operating band, 60000)

0.1

Ʒ OTA out-of-band blocking

SMA100B

CW interfering signal up to 60 GHz with high 

output power

SMW200A

12
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RADIATED PERFORMANCE CHARACTERISTICS (CHAPTER 8)
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Measurement set up for dual 

TX, dual polarization radiated 

performance requirements

HARQ feedback

Fading AWGN

Ʒ Performance requirements

HARQ feedback

SMW200A

HARQ feedback signal, 

Fading and AWGN
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CHAMBER SOLUTIONSFOR38.141-2 CONFORMANCETESTS(FR2)
Ʒ R&S offers different OTA chamber solutions depending on:

Ʒ DUT size: antenna aperture size

Ʒ DUT Frequency range

Ʒ Measurement approach: white box/black box
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ATS800R WPTC-Series
Á Frequency range: 20-50 GHz

Á Max. device size: 40x40 cm

Á Static measurements 

(No integrated positioner)  

Á Based on CATR technology: 

indirect far field (IFF)

Á 20 cm quiet zone

Á Cost effective solution

Á Frequency range: 

400 MHz to 90 GHz

Á Max. device size: up to 2.5 m (dia.)

Á Static measurements and 3D pattern     

possible (conical cut positioner)

Á Measurement range: up to 180 cm

Á Nearfield/DFF chamber 
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