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Course Objectives

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
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The development of 5G base station product

The main challenge of 5G base station product testing

0 The standardization status of 5G base station testing

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

.

Antenna Enhancement Multiple Connection &Aggregation

A \ AL

. New Air Interface

New Network Architecture

7
¥ “?
.‘; 3

2018/9/4 6



1. 5G base station product

5G RAN functional module reconfiguration
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CU-DU distributed architecture
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5G Core

CU-DU integrated architecture

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 CAICT

TEEeBEHAR

5G Base station deployment scheme have 3 options.

Option 1:CU&DU together +RRU/AAU Option 2:CU+DU +RRU/AAU Option 3:Integrated NR
cu Central Site Room
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e ko i ~ — s :'-' """" "\1
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: CU+DU : ________ = : ;
1 T - Site
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' \ Integrated NR site
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In the early stage of the deployment of 5G network, it will mainly adopt the optionl.
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1. 5G base station product
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The main 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
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One example: Without RF connectors between the RF and antennaor a MMW
radio system ; in this case, we couldn’t test with cables.

2.The challenge of 5G base station testing

Single cable carrying IF based Tight physical integration belween
madulation {nat 1K), DC. digital _ antennas and RF circuilry
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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.

Anechoic chamber

Radio wave absorbers

Source antenna Positioner
Radio wave absorbers
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2.The challenge of 5G base station testing CAICT
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Far Field

A field where a radio wave radiated from the wave source propagates and can be regarded as a plane wave.
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2.The challenge of 5G base station testing
OTA Chamber Types T

Direct Far Field(DFF) test system is based on combination of the antenna
aperture(D) and the operating frequency/wavelength(A) to measure a

Source Horn

true far field distance defined as FF=2D?%/A. < 2D/ ——>
Near-field test system measures the energy in the radiating near-field C)/Near Field Probing
regionand converts those measurements by a Fourier transform into the 1
far-field result. AUT
b et 2

. = - = + 4 -
Indirect Far Field(IFF) Compact Test Range(CATR) uses reflectors to focus ) o e %%
the RF energy into a plane wave within a much shorter distance than AUT ge="

would normally berequired to achieve radiated far field measurements.
Source Horn
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2.The challenge of 5G base station testing

Comparison of Measurement Methods

Far Field Setup

Very large dimensions due to black
box approach

Both Antenna & RF parametric
measurements can be done

Large path loss -= low measurement
dynamic range
3GPP compliant

High measurement uncertainty in case
of making measurements of “offset
DUT placement from phase center of
Quiet Zone”

2018/9/4

CATR Setup

Measurements in farfield conditions in
a compact footprint

Both Antenna & RF parametric
measurements can be done

Path loss only dependent on focal
length. ->= Good dynamic range
3GPP compliance work ongoing.
Awaiting Beamlock mechanism
definition to be standardized in Rel15.
Low measurement uncertainty if the
device can be placed within the Quiet
Zone.

Search algonthm can help identify the
location of the radiating region to
reposition the DUT
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Near Field Setup
Most compact setup

Suitable only for antenna
measurements.

Question _for RF parametric
measurements

Verylow path loss -=Best dynamic
range

3GPP compliantinV.2.1.0

High measurement uncertainty in case
of making measurements of “offset
DUT placement from phase center of
Quiet Zone”

15



3.The standardization of 5G base station testing

3GPP 38.104—Base Station (BS) radio transmission and rece

3GPP TS 38.104 V15.2.0 (2018-06)

3GPP TS 38.104 v1s5.2.0 201806,

Technsal Spacicson

Ird Generation Partnership Project;

Technical Specification Group Radio Access MNetwork;
MR

Base Station (BS) radio transmission and reception
(Release 15)

G
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The present document establishes the minimum RF
characteristics and minimum performance requirements of

NR Base Station (BS).

Table 5.2-1: NR operating bands in FR1

Table 5.2-2: NR operating bands in FR2

[ NR Uplink {UL] operating band | Downlink [DL] operating band Duplex

operating | BS receive | UE transmit BS5 transmit | UE receive Mode NR Uplink [UL] and Downlink [DL] Duplex
band Fuijow — Fuirign Foion — Fowmen operating operating band Mode
i TO0 Wz — 950 Az TTUMRZ = 2170 WAz S S| band 52:’3"5"‘!3""”!“
iz TE50 MHzZ — 19710 MHzZ TO30 MHz — 1990 MHzZ FOD E ransmi F’e"e"’e
n3 1710 MHz = 1785 MHz 1805 MHz — 1880 MHz FOD F;tz - th:::
ol T2 Az — 545 Wz 550 Az — 354 Hz FOD
AT 2500 TMHz = 2570 MHzZ 7520 TRz — 2550 MRz FOD ”ﬁg; gi?gg m:z_gggggm:z %B
ki TR0 WAz - 515 Mz T25 ARz — 960 WHz FOD nzsn 0 MHZ‘4DDDDMHZ s
ATz EO0 MRz = 716 Mz 775 TRz — 745 WHz FOD n Z- :
w0 T3z =562 WFz 75T TPz =521 WA= FOD nZet 27500 MHz - 26350 MHzZ TOD
7% TS50 Az — 1315 MHzZ TO30 TRz — 1995 WAz FOD
GE 703 Rz - 748 Mz 755 TRz — 503 WHz FOD
n3E TU0 THz — 2095 MHz TUT0 Mz — 2025 Tz TOD
A3 TET0 Hz — 2620 Hz 75T Mz — 2520 Tz TOD
n3s T80 Az — 1520 WAz TES0 MRz — 1920 WAz TOD
AT TI00 THZ — 2400 Hz T30 Mz — 2400 Tz TOD
AT 7495 THz — 7550 Hz TA56 Mz — 7550 Tz TOD
AET T427 Az = 1432 WHz TET7 TRz — 1432 WAz TOD
e TTT0 Az — 1750 WAz TTI0MHz — 2200 MHzZ FOD
ATl 1595 MHz — 7770 WAz 7095 TRz — 2020 MRz FOD
A7 553 MHz - 558 MMz 517 TRz — 652 WHz FOD
ATE FIA: TI3Z TRz — 1517 WAz ]
AT TR TIIT TRz — 1432 WAz oC
AT T300 Mz — 4200 WMz F300 Az — 4200 MRz TOD
T3 T300 MHz — 3800 Mz F300 THz — 3800 MRz TOD
ATS 200 1Hz - 5000 Mz 2300 TAHz — 5000 MRz TOD
Y TTT0 Az — 1755 WAz TR OC
AT TE0 WMHz - 515 Mz TIE ]
Az T3 WAz - 552 Wz IR OC
nEs 703 MRz = 748 Tz FIE OC 16
nak 1520 1Hz — 1550 MHz TR OC
ne% TTT0 Az — 1750 WAz TIE ]
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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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r-r—-—r————"=—~"Ff~—F®~>""™>—~—————— — — — a
| Fr—————————— - [————1[————2 |
Lo I I I
Lo I I I
o - I I
o : | I I
I | | Radio IIAt ol
: : Transceiver unitarray | |Distribution:| Rrer::;a: :
L (TlRthUI?) | : Network I : BA 1|
D I, RON I
Lo L I I
Lo I Iy I
Lo b I I
Lo : | I I
P __ s ___te____l
- -~ -_-__ - - - oo - T_ |

Radiated interface boundary

Figure 4.3.3-1: Radiated reference points for BS type 1-O and BS type 2-0O



3.The standardization of 5G base station testing

Requirement

Requirement set

reguirements

BS type 1-C BS type 1-H BS type 1-0 BS type 2-0
BS output power 6.2 6.2
Cutput power dynamics 6.3 6.3
Transmit OMN/OFF power 6.4 G.4
Transmitted signal quality 6.5 6.5
Ccoupied bandwidth 6.6.2 6.6.2
ACLR 6.6.3 6.6.3
Cperating band unwanted 6.6.4 6.6.4
emissions
Transmitter spurious emissions 6.6.5 6.6.5
Transmitter intermodulation 6.7 6.7 NA NA
Reference sensitivity level 7.2 7.2
Dynamicrange 7.3 7.3
In-band selectivity and blocking 7.4 7.4
Cut-of-band blocking 7.h Th
Feceiver spuricus emissions 7.6 7.6
Receiver intermodulation 7.7 [N
In-channel selectivity 7.8 78
FPerformance requirements 8 8
Radiated fransmit power a2 92 9.2
OTA base station output power 93 9.3
OTA output power dynamics 94 9.4
OTA transmit ON/OFF power 95 95
OTA transmitted signal quality 9.6 9.6
OTA occupied bandwidth 972 972
OTA ACLR MA 073 073
OTA out-of-band emission 974 ay4
OTA transmitter spurious emission 975 974
OTA transmitter intermodulation 98 MA
OTA sensitivity NA 10.2 102 A,
OTA reference sensitivity level 103 10.3
OTA dynamic range 104 A
OTA in-band selectivity and 105 105
blocking
OTA out-of-band blocking 106 106
OTA receiver spurious emission MA 107 107
OTA receiver intermodulation 10.8 108
OTA in-channel selectivity 109 109
Radiated performance 11 11

Requirement set applicability

I @49

PEESABHAR

3GPP TS 38.104 V15.2.0 (2018-06)

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).



3.The standardization of 5G base station testing
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3GPP 38.141-1—Base Station (BS) conformance testing
Part 1: Conducted conformance testing

3GPP TS 38.141\;‘0.2.0(201&05}
3GPP TS 38.141V0.3.0(2018-06) T

3rd Generation Partmership Project;

Technibal Specification Group RAN;

. NR;

pGPP TS 38 1 41 V0.3.0{2015-08) Base Station (B5) conformance testing
Techhicel Srakealan Part 2: Radiated conformance testing

(Release 15)

ocind

3rd Generation Partnership Project;
Technical Specification Group RAN;
NR;

Base Station (BS) conformance testing
Part 1: Conducted conformance testing
(Release 15)

g

3,

8,

...........

e —
Tim Ty s srwnd Car Cor g avd o 17T, Tea oz e s st 0 i Cov s o s T
.........

- 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 3GPP 38.141-2—Base Station (BS) conormance testing
Part 1: Conducted conformance testing Part 2: Radiated conformance testing
3GPP TS 38.141V0.3.0(2018-06) 3GPP TS 38.141V0.2.0(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 1-0 and 2-0O have only radiated requirements so require compliance to part 2 of the specification
only.
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3GPP 38.141—Base Station (BS) conformance testing
Part 1: Conducted conformance testing S
3GPP TS 38.141V0.3.0(2018-06) g )
T d | 4 » Equipment
owards i !
External External antenna connector i : —#2. Load
BS PA device = i i )
:| :| e.g. ! :
cabinet TX filter :
1 #K
(if any) (if any) ; — Load
" ranscever it amay \
Test port A Test port B Transceiver array boundary connector TAB(n)
Figure 4.5.2.1-1: Transmitter test ports for 1-H
Figure 4.5.1.1.1-1: Transmitter test ports forz-c fransceiver array boundary
From I 1
External External antenna connector -< Measurement
LNA device = oy Tt
BS [
cabinet ] [ Q [ R)(egiter T \ﬂl
(if any) (if any) :
#K! Load
TestportA Test port B Q—— A\
Figure 4.5.1.2.1-1: Receiver test ports for 1-C Transceiver array boundary connector TAB(n)
Figure 4.5.2.2-1: Receiver test ports for 1-H
2018/9/4 21



3GPP 38.141-2—Base Station (BS) conformance testing

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

#K

Transceiver array boundary Radiated interface boundary (RIB)
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r | | a a |
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|
|
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|
|
|
|
I Network :
|
|
|
|
|
|

—_—_—— e e —_—_ 4

o ______1
Composite antenna

Transceiver array boundary connector (TAB)

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



3GPP 38.141—Base Station (BS) conformance testing 3GPP 38.141-2—Base Station (BS) conormance testing

Part 1: Conducted conformance testing Part 2: Radiated conformance testing
3GPP TS 38.141V0.3.0(2018-06) 3GPP TS 38.141V0.2.0(2018-06)

1C TH 1-H 1-0 2-0

Radiated transmit power 6.2 6.2 6.2

E}utEuE:[ Egiﬁg: Eiraer;ics 5.25235.1 5.26%52 OTA base station output power 6.3 6.3

: § . OTA output power dynamics 6.4 6.4

Transmit ON/OFF power 6.4 6.4 OTA fransmit ONIOFF power 65 55
Transmitted signal quality 6.5 6.5 OTA transmified signal quality 3 33

Occupied bandwidth 662 6.6.2 OTA occupied bandwidih 6.7.2 672

ACLR 66353 66354 OTA ACLR NA ] ]

Operating band unwanted 66453 6.6.4.54 OTA out-of-band emission 6.7.4 6.7.4

Eemissions OTA transmitter spurious emission 6.7.5 6.7.5

Transmitter spurious emissions 66553 66554 OTA transmitter intermodulation 6.8 MA

Transmitter intermodulation 6751 6752 OTA sensitivity 72 7.2 MA

Reference sensitivity level 72 72 OTA gﬁgﬁzrﬁgigﬁg level ;i Li

Dynamic range [] 7.3 ! " :
In-band selectivity and blocking 74 74 OTAIn-band selectivity and 75 75
Out-of-band blocking 75 75 L U

i i = OTA out-of-band blocking 7.6 76
Feceiver spurious emissions 7652 7.6.5.3 OTA receiver spunous emission A 77 77
Receiver intermodulation 77 7.7 OTA receiver intermodulation 78 78
In-channel selectivity 7.8 7.8 OTA in-channel selectivity 7.9 74
Ferformance requirements a a Radiated performance ] 2

requirements

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

2018/9/4 24
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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

Thra b s d e e

In which case,we use conducted testing with cables or Radiated testing in the OTA chamber?
] Chipset, UE R&D Certification

. RF GCF/PTCRB CTIAOTA
Cat

N/A N/A N/A N/A
4 G Conducted Conducted Conducted OTA Test Conducted OTA Test
5@G N/A N/A N/A N/A
Conducted Conducted Conducted OTA Test Conducted OTA Test
Sub-6GHz
5 G OTA Test OTA Test OTA Test OTA Test OTA Test OTA Test
mmWave

Anechoic chamber

Anechoic chamber & Reverberation chamber

2018/9/4 26



4.Thinking of test method of 5G base station CAICT
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What is the requirements of the OTA chamber for testing 5G base station?

Anechoic chamber

> Radi;:a wave a;bsc:rberﬁ . . Maybe

Quiet zone >1m
Turntable can bear weight >50kg

Measuring accuracy meet the requirement of 3GPP TS 38.141

Source antenna Positioner

Radic wave absorbers

Reverberation chamber
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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
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About CTTL - SYS

* China Telecommunication Technology Labs

* Foundedin 1981
 Authoritative test organization
 Supports the standards and regulation

e Main tasks

* Information / Communication
Technologies research

« Development of ICT product standards
and test methods

Products inspection, verification and
assessment

 Testing Instruments metrology and
evaluation

. () e @ ©Bluetooth (cec) £ i -
W ® ) eNFe 2 L@ CHECE

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



