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• 10-20 Gbps 
peak

• 100 Mbps 
whenever 
needed

• 10000x more 
traffic

• Macro and 
small cells

• Support for high 
mobility (500 
km/h)

• Network energy 
saving by 100 
times
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• High density of 
devices (2x105 -
106/km2)

• Long range

• Low data rate (1 -
100 kbps)

• M2M ultra low 
cost

• 10 years battery

• Asynchronous 
access
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• Ultra responsive

• <1 ms air 
interface 
latency

• 5 ms E2E 
latency

• Ultra reliable and 
available 
(99.9999%)

• Low to medium 
data rates (50 
kbps - 10 Mbps)

• High speed 
mobility

eMBB mMTCURLLC

3GPP Rel. 15 covers eMBB and 

URLLC
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• “Early drop” of Release 15 (Dec 2017) to 

support emerging market needs 

• NR Non Stand-Alone (NSA) 

• Uses 4G Core Network (EPC)

• LTE eNB always acts as a master

• NR gNB always acts as a slave

• Release 15 (aka Phase I, by June 2018) 

• First phase of expected deployments in 2020

• 5G core network

• NR Stand-Alone (SA), eLTE Stand Alone and 

NSA combinations

• Release 16 (aka Phase II, by Dec 2019)

Source: 3GPP activity towards IMT-2020 http://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/imt-

2020/Documents/S02-1_3GPP%20IMT-2020.pdf 

WI: 5G NR 

(Phase 1)
WI: 5G NR 

(Phase 2)
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Release Applicability Branding Logo

8, 9 LTE LTE

10, 11, 12 LTE LTE-Advanced

13, 14 LTE
LTE-Advanced 

Pro

15 and beyond
All 3GPP 

standards
5G

3GPP has been branding some standards since LTE in Release 8

3GPP branding



6
FR1_TR 38.817 v0.3.0

FR2_TR 38.817 v0.3.0
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FR1_TR 38.817 v0.3.0

TR 38.817 v0.3.0

CBW in FR2
CBW in FR1
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(FR1)

Receiver
Transmitter

TR 38.817-01 v0.3.0

General aspects for UE RF for NR

Release 15
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(FR2)

Receiver
Transmitter

TR 38.817-01 v0.3.0

General aspects for UE RF for NR

Release 15
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BS (Conducted)

Receiver

Transmitter
There are 4 distinct types of NR BS each has a different architecture 

and requirements set corresponding to Table 5.3.2-1

TR 38.817-02 v0.5.0

General aspects for BS RF for NR

Release 15
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BS (Radiated)

Receiver

Transmitter
There are 4 distinct types of NR BS each has a different architecture 

and requirements set corresponding to Table 5.3.2-1

TR 38.817-02 v0.5.0

General aspects for BS RF for NR

Release 15

RIB: Radiated Interface Boundary
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• Waveform (for eMBB/URLLC and < 52.6 GHz)

• DL Waveform: CP-OFDM

• UL Waveform: CP-OFDM + DFT-s-OFDM

• CP-OFDM targeted at high throughput scenarios

• DFT-s-OFDM targeted at power limited scenarios

• Multiple Access

• Orthogonal Multiple Access

• Non-Orthogonal Multiple Access (NOMA) not supported in Rel-15

• Bandwidth

• Maximum CC bandwidth is 400 MHz

• Maximum number of subcarriers is 3300

• 4096-FFT is needed

• Maximum number of CCs is 16

Waveform, Numerology and Frame Structure

This is from signaling point of view

Allowed combinations to be decided by RAN4
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µ 𝑵𝒔𝒚𝒎𝒃
𝒔𝒍𝒐𝒕

𝑵𝒔𝒍𝒐𝒕
𝒔𝒖𝒃𝒇𝒓𝒂𝒎𝒆,𝝁

𝑵𝒔𝒍𝒐𝒕
𝒇𝒓𝒂𝒎𝒆,𝝁 Slot 

duration

0
15 kHz

14 1 10 1 ms

1
30 kHz

14 2 20 500 µs

2
60 kHz 

(normal CP)

14 4 40
250 µs

2
60 kHz 

(extended CP)

12 4 40 250 µs

3
120 kHz

14 8 80 125 µs 

4
240 kHz

14 16 160 62.5 µs

Waveform, Numerology and Frame Structure

Radio Frame Duration: 10 ms

SF# 0

1 ms

SF# 1

1 ms

SF# 2

1 ms

SF# 3

1 ms

SF# 4

1 ms

SF# 5

1 ms

SF# 6

1 ms

SF# 7

1 ms

SF# 8

1 ms

SF# 9

1 ms

Slot 

#0

Slot # 2
µ
-1

A slot is one possible scheduling unit. 

Mini-Slot is a minimum scheduling unit with 7, 4 or 2 OFDM symbols

Fixed 

size

Fixed 

size

Size 

depends 

on µ
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Waveform, Numerology and Frame Structure

µ Δf = 2µ·15 kHz Cyclic Prefix

0 15 kHz Normal

1 30 kHz Normal

2 60 kHz Normal, Extended

3 120 kHz Normal

4 240 kHz Normal

5 480 kHz Normal

Data < 6 GHz

Data > 6 GHz

Sync

< 6 GHz

Sync

> 6 GHz
Specified but 

not supported 

in Rel- 15

• Scalable subcarrier spacing

∆𝑓 = 2𝜇 · 15 𝑘𝐻𝑧

• Parameters defining a numerology:

• Subcarrier spacing (i.e. µ parameter)

• Cyclic prefix (i.e. Normal/Extended)
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• Resource elements are grouped into Physical Resource Blocks (PRB)

• Each PRB consists of 12 subcarriers

Waveform, Numerology and Frame Structure

µ Δf 𝑵𝑹𝑩
𝒎𝒊𝒏,𝝁 𝑵𝑹𝑩

𝒎𝒂𝒙,𝝁

0 15 kHz 20 275

1 30 kHz 20 275

2 60 kHz 20 275

3 120 kHz 20 275

4 240 kHz 20 138

5 480 kHz 20 69
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S I G N A L  S T U D I O  S W  F O R  N R
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C A R R I E R  C O N F I G U R AT I O N

Numerology Setting
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In general, OTA Testing is the characterization, evaluation and 

verification of device performance using radiated measurements 

instead of (or combined with) conducted/cabled measurements.

OTA Testing may be required at every stage throughout the 

product development Lifecycle:

‒ Development (R&D)

‒ Device verification and test (DVT)

‒ Base Station Integration and verification (I&V)

‒ Conformance test

‒ Manufacturing test

‒ Installation and maintenance (I&M)
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• Integrated RFIC Architecture

• Improves overall system 

performance at high frequencies

http://news.panasonic.com/global/press/dat

a/2013/02/en130220-2/en130220-2.html

• Beam forming and beam steering

• Improves signal strength over isotropic 

radiator thus helping link budget

http://news.panasonic.com/global/press/data/2013/02/en130220-2/en130220-2.html
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C O M M E R C I A L  M M W AV E  B R I N G  C H A N G I N G  PA R A D I G M  I N  T E S T

Today: “Traditional” OTA Cellular & A/D business

• Antenna

• MIMO OTA

OTA Shift from 4G to mmWave 5G

Antenna & 

Conformance OTA

Antenna Parameters

TRP, TIS

RF 

Parametric

EVM, ACLR

PER, Emissions

Functional 

Performance

Modem Test, 

Full Stack Testing, 

Data Throughput, 

Handover

MIMO OTA

Throughput, Virtual 

Drive Test, 

Tomorrow: “New” OTA in mmW 5G w/ Direction

• RF Parametric 

• Functional Performance

Elements of Beamforming & Beamsteering

OTA  = Over The Air
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The Friis Equation

Ignoring atmospheric effects, the received power for a transmitter and a receiver communicating 

via free space is calculated using the Friis transmission formula given as:

𝑃𝑟
𝑃𝑡

=
𝑐

4𝜋𝑅𝑓

2

𝐺𝑡𝐺𝑟

𝑃𝑟 is thus inversely proportional to the square of the frequency, 𝑓

where 𝑃𝑟 is the received power, 𝑃𝑡 is the transmitted power, 𝑅 is the distance between the 

transmitter and receiver, f is the frequency, 𝐺𝑡 is the gain of the transmitter antenna, and 𝐺𝑟 is the 

gain of the receiver antenna. 

Path loss increases with 

frequency
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𝐹𝑆𝑃𝐿(𝑑𝐵) = 20𝑙𝑜𝑔10
4𝜋𝑅

𝜆

The loss associated with transmission over a distance D at a wavelength  between two isotropic 

antennas (unity gain) can be expressed in dB

The RF power lost can also be thought of in terms of two effects inherited from the Friis

transmission formula:

• Intensity 𝐼 , the reduction in power density caused by spreading of the electromagnetic energy 

over a sphere, proportional to the square of the distance.

• Antenna capture area 𝐴𝑒𝑓𝑓 , the capability of the receiving antenna to capture electromagnetic 

energy, inversely proportional to the square of the frequency
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Phased array antennas are a practical and 

low-cost means of creating narrow beams 

(beamforming) and dynamically pointing them 

in the desired direction (beamsteering). 

A phased array antenna is formed by an array 

of smaller antenna elements, such as 

individual patches or dipoles.  By varying the 

relative phases and amplitudes of the signals 

applied to the individual elements, the 

antenna array can steer and shape a beam in 

a chosen direction. 

Phase shifters on the RF distribution lines allow for 

adjustment of the phase of the signal transmitted from 

each element, thereby enabling beamforming at a variable 

angle.
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D depends on the mode of operation of the device

• Not always straightforward to define the D to be used in the far-field equation. 

• Array can couple to the ground plane behind it and to nearby conducting materials causing the 

effective radiating area to increase.  

• Devices with multiple antenna arrays may exhibit an effective D larger than each individual array.

• 3GPP have selected “Black Box” testing of UEs for conformance testing—which means one cannot 

assume knowledge of the antenna locations.  In that case, D = device size.

The Far Field distance 

can vary widely 

depending on a 

device’s operating 

mode
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Far Field vs. Near Field

AUT

Source Horn

2D2/𝜆

Far Field

Near Field

Beam evolution as a function of distance from an antenna 

AUT

<2𝜆

Near Field Probing
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D*

(cm)

Freq. 

(GHz)

Far field 

(m)

Path Loss

(dB)

Freq. 

(GHz)

Far field 

(m)

Path Loss

(dB)

Freq. 

(GHz)

Far field 

(m)

Path Loss

(dB)

3 2 0.01 0.05 28 0.17 45.90 100 0.60 68.01

10 2 0.13 20.97 28 1.87 66.81 100 6.67 88.93

15 2 0.30 28.01 28 4.20 73.86 100 15.00 95.97

30 2 1.20 40.05 28 16.80 85.90 100 60.00 108.01

100 2 13.33 60.97 28 186.67 106.81 100 666.67 128.93

Some of these distances and path losses create serious practical and technical difficulties 

which is why CATR and near field methods are important to study for mmWave

The far field distance d - which is the reference for measurements - is 

based on the max dimension of the radiator D and the wavelength λ

* Note: If the device has more than one array, for some requirements D may be the much larger array separation
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Reflector(or lens):

• Collimates radiated pattern into a plane wave

• Performs near field to far field conversion

• Reciprocal for both transmit and receive testing

Complete Characterization

• Antenna patterns/Gain/EIRP/TRP

• RF parametric (Ch. Power, EVM, Spurious)

Solved Measurement Challenges

• Reduced path loss

• Smaller footprint than Far-field method

• Multi-antenna device test without repositioning

• Harmonic tests in same footprint

Quiet Zone

True Far-field in a Compact footprint with Reflector
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• In a CATR system, a diverging beam from the probe 

antenna illuminates the parabolic reflector from the focal 

point.

• The reflector collimates the beam and directs it to the 

DUT. 

• The collimated beam has a nearly uniform amplitude and 

phase across its extent; it provides a nominally ideal 

plane-wave illumination to the DUT.  

• The reflector allows the DUT to be tested under far-field 

plane wave conditions at a shorter distance than Τ2𝐷2 𝜆

(the far field distance), resulting in a system with 

potentially a much smaller footprint and lower path loss 

than the equivalent direct far-field method.

Quiet ZoneProbe Feed

Reflector

Simulation of signal transmitted 

from Probe Feed, showing parallel 

phase fronts in Quiet Zone

CATRs are reciprocal so that a beam 

transmitted from the DUT in the Quiet 

Zone is focused back to the probe feed.
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• CATR specifications begin with determining Quiet Zone size, 

frequency range and performance parameters (e.g. Quiet Zone 

specification)

• The Quiet Zone normally encloses the entire active array of the 

DUT

• Typical Quiet Zone specifications are shown below – these are a 

contributing component in determining the accuracy of 

measurements  

Quiet Zone Size 80cm x 80cm 

Quiet Zone Shape Circular Cylindrical

Amplitude Taper (dB) ≤ 1

Amplitude Ripple (dB) ≤ ±0.5

Total Phase Variation (°) ±10

Cross Polarization (dB) 30

Minimum diameter Quiet Zone 

enclosing all of the active array, 

or multiple subarrays.

Example
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https://literature.cdn.keysight.com/litweb/pdf

/5992-2600EN.pdf?id=2920272

KEYSIGHT (White Paper)

https://literature.cdn.keysight.com/litweb/pdf/5992-2600EN.pdf?id=2920272
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• Equivalence of CATR measurements to far field measurements has been dealt with in literature
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• Both far-field and CATR methods can provide comparable far-field measurements.  

• These plots show 28 GHz antenna pattern measurements of a standard gain horn performed in 

two different chambers.  The blue far-field measurements were performed in a >3 m direct far-field 

chamber.  

• The red CATR measurements were obtained using a small CATR chamber. The results are in 

excellent agreement, where the direct far-field results have sufficient dynamic range for 

comparison.
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R E C I P R O C I T Y  O F  M E A S U R E M E N T S :   S 2 1  A N D  S 1 2  O V E R L A I D

Low-gain (10 dBi) SGH
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A M P L I T U D E  S E N S I T I V I T Y  O F  D U T  AT  D I F F E R E N T  P O S I T I O N S

QZ

Horn Antenna 

Locations
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• SGH Sage SAR-2013-34-S2 was 

measured in the CATR chamber to 

check measurement repeatability

• Between each of the measurement 

the antenna was taken out of the 

chamber, disconnected and 

mounted back
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Impact of D (R4-1714541)

C AT R  D O E S  N O T  S U F F E R  F R O M  S U C H  

L I M I TAT I O N S

43 GHz Far field baseline CATR

D = 5 cm D = 15 cm D = 5 cm D = 15 cm

EIRP MU @ 23 

dBm
6.71 dB 11.87 dB 6.64 dB 6.64 dB

Range length 0.7 m 6.3 m 0.7 m 0.7 m

Total pathloss 

(inc. 17 dBi 

probe gain)

45 dB 64 dB 45 dB 45 dB

Notes
Assumes 

whitebox

Assumes 

blackbox

Assumes 

blackbox

Assumes 

blackbox

MU [6.7dB]
Cannot be 

measured
[6.7dB] [6.7dB]

Impact of range length reduction of Direct FF system

Only applicable when DUT is at 

center of QZ.

Offset DUT will increase the MU

No dependence on the size of D 

or type of array

 

 

Error is dependent on the DUT configuration and scales with DUT 

dimension for Direct FF system

The simulations results do not take into account:

• impact of improper spherical coverage

• simultaneous excitation of the panels

• sparse array designs

• more than 2 array panels

• the impact of surface currents and coupling 

effects to surrounding components in a real 

device

• the impact of improper grounding, 

which cause current leakage

• the directivity error caused due to the 

amplitude taper of the probe antenna

The error due to the unaccounted factors will 

increase further the deviation from FF results
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Far Field Setup CATR Setup Near Field Setup

Very large dimensions due to black 

box approach

Measurements in farfield conditions in 

a compact footprint

Most compact setup

Both Antenna & RF parametric 

measurements can be done

Both Antenna & RF parametric 

measurements can be done

Suitable only for antenna 

measurements. 

Not suitable for RF parametric 

measurements

Large path loss -> low measurement 

dynamic range

Path loss only dependent on focal 

length. -> Good dynamic range

Very low path loss -> Best dynamic 

range

3GPP compliant 3GPP compliant

.

No proposals in 3GPP

High measurement uncertainty in 

case of making measurements of 

“offset DUT placement from phase 

center of Quiet Zone”

Low measurement uncertainty if the 

device can be placed within the Quiet 

Zone.

Search algorithm can help identify the 

location of the radiating region to 

reposition the DUT

High measurement uncertainty in 

case of making measurements of 

“offset DUT placement from phase 

center of Quiet Zone”
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CATR APPROVED

3GPP TR 38.810
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CATR APPROVED

3GPP TR 38.810

5.2.3 Indirect far field (IFF) method 1

The IFF method 1 creates the far field environment using a transformation with a parabolic 
reflector. This is also known as the compact antenna test range (CATR). Refer to Annex E for 
additional information.

5.2.3.1 Description

The IFF measurement setup of UE RF characteristics for f > 6 GHz is capable of centre and off 
centre of beam measurements and is shown in Figure 5.2.3.1-1 below.

Visit 3Gpp portal :  https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3218

https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3218
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https://www-thestreet-

com.cdn.ampproject.org/c/s/www.thestreet.

com/amp/video/14346395/our-exclusive-

look-at-verizon-s-new-5g-network.html

https://www-thestreet-com.cdn.ampproject.org/c/s/www.thestreet.com/amp/video/14346395/our-exclusive-look-at-verizon-s-new-5g-network.html
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PAV E  Y O U R  W AY  F R O M  E A R LY  R E S E A R C H  T O  C O M M E R C I A L I Z AT I O N

5G NR N7631C Signal Studio 5G NR 89601B-BHN VSA Software5G NR SystemVue W1906 Simulation Software

M9383A UXA N9041B

MSOS804A + M1971E

OTA solution

Propsim 

Fading

UXM 5G E7515B
UXM 5G E7515B

Wideband 
mmWave Analysis

CATR (Compact 

Antenna Test Range)
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Q and A Session

Thank you! 


