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ITU Vision for IMT-2020 and Beyond

> 10 Gbps

Peak rates

> 1M / km2

Connections

< 1 ms

Latency



“5G will enable $12 trillion of global economic activity in 2035”

Source: https://cdn.ihs.com/www/pdf/IHS-

Technology-5G-Economic-Impact-Study.pdf



5G Creates New Use Cases

TEST



Traversing From Research to Test

Research

Semiconductor 

Development

Semi 

Production

Device 

Development

Device 

Production

2010

5G is 

Here



3GPP On Fast Track to 5G Completion

March 2017 RAN plenary concludes 5G-NR Study 

Item and agrees on way forward for 5G-NR work item

By December 2017: complete Stage 3 for

Non-Standalone 5G-NR eMBB (including low 

latency support) with Option 3 where

 4G LTE core network (EPC) will be reused

 Control Plane from EPC to LTE eNB and from 

LTE eNB to UE  will also be reused. 

Additional Next Gen Userplane from NR gNB to UE. 

Figure from RP-161266, Deutsche Telekom, T-Mobile
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3GPP Release Timeline: Path From 4G to 5G

New radio track

 Phased approach

 Phase I forward compatible to phase II, 

but no need for backward compatibility to LTE

LTE-A Pro

New Radio Phase I Phase II

LTE-A pro track

 Based on existing LTE-A Rel-13E

Study Items
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Early Non Standard 5G Releases
 Some operators and vendors have kicked off 

pre specification 5G efforts

 These will be deployed before New Radio Phase 1, as 

soon as end of 2017/early 2018

 Target application is a narrow subset of NR 

target applications

  Fixed Wireless Access

 No support for mobility

 UEs are  Consumer Premise Equipment (set-top box)

 “Last mile” connectivity to replace fiber

Verizon 5GTF KT PyeongChang 5G

Figure from Samsung Whitepaper on Fixed Wireless Access



Overview of 3GPP Standards Structure

Figure from 3gpp.org

RAN1 defines PHY L1  

RAN2 defines MAC and other L2  

RAN4 defines PHY Test  



NI and 3GPP 

Strong team of experienced standards engineers

Attending 3GPP since 2010

2017 highlights

 Active contribution to RAN1 

 14 Unique Contributions 

 Presented industry’s first paper on 5G New Radio 

 Contributing to areas of beam management, phase noise, and MIMO

 10+ Way Forwards co-signed 

 2 contributions to RAN2 

 Tracking RAN4
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5G New Radio: Phase 1 



From LTE to 5G NR Phase 1
LTE NR

Frequency of Operation Up to 6 GHz
Up to 6 GHz, ~28 GHz, ~39 GHz, 

other mmwave bands (Upto 52 GHz)

Carrier Bandwidth Max: 20 MHz
Max: 100 MHz (@ <6 GHz)

Max: 1 GHz (@ >6 GHz)

Carrier Aggregation Up to 32 Up to 16

Analog Beamforming (dynamic) Not supported Supported

Digital Beamforming Up to 8 Layers Up to 12 Layers

Channel Coding
Data: Turbo Coding

Control: Convolutional Coding

Data: LDPC Coding

Control: Polar Coding

Subcarrier Spacing 15 kHz 15, 30, 60, 120, 240 kHz

Self Contained Subframe Not Supported Can be implemented

Spectrum Occupancy 90% of Channel BW Up to 98% of Channel BW



Global mmWave Frequencies

Source: ITU, 

via 3G4G Blog.

http://blog.3g4g.co.uk/2017/03/latest-on-5g-spectrum-march-2017.html


Numerology for NR

Multiple numerologies are formed by scaling 

a basic subcarrier spacing (SCS) by integer N

 15 kHz is baseline SCS

 N is power of 2 

 Numerology selected independently of 

frequency band 

 Allow at least from 15kHz to 480kHz subcarrier spacing
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Supported Numerologies

𝝁 ∆𝒇 = 𝟐𝝁 ∗ 𝟏𝟓[𝒌𝑯𝒛]
Cyclic 

prefix

Symbols/Slo

t

Slot duration 

(slots/SF)
Max # of RBs 

(subcarriers)
Bands

0 15 Normal 14 1 ms (1) 275 (3300) <6 GHz

1 30 Normal 14 0.5 ms (2) 275 (3300)
<6 GHz

2 60
Normal, 

Extended
14 250 μs (4) 275 (3300)

<6 GHz,

>6 GHz

3 120 Normal 14 125 μs (8) 275 (3300) >6 GHz

4 *240 Normal 14 62.5 μs (16) 138 (1656)
>6 GHz 

5 **480 Normal 14 31.25 μs (32) 69 (828)
>6 GHz

*Primarily used for “beam acquisition” synchronization signals

**480 is in the spec for future, but gone from release 15
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Modulation & Waveform

QPSK, 16QAM, 64QAM and 256QAM (with the same constellation mapping as in LTE) 

are supported

OFDM-based waveform is supported.

At least up to 40 GHz, CP-OFDM waveform supports spectral utilization of 

Y greater than that of LTE (assuming Y=90% for LTE) 

 Where Y (%) is defined as transmission bandwidth configuration/channel bandwidth * 100%.

 Note: Y proposals example is 98% 

(For UL only) DFT-S-OFDM based waveform is also supported

 Limited to a single stream transmissions 

 Targeting for link budget limited cases.

Both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs



Channel Coding

Channel coding techniques for NR should support info block size K flexibility and codeword

size flexibility 

 Rate matching (i.e., puncturing and/or repetition) supports 1-bit granularity in codeword size. 

Channel coding technique for data channels of NR support both Incremental Redundancy (IR) 
and Chase CFor very small block lengths where repetition/block coding may be preferred

ombining (CC) HARQ. 

Data channel for eMBB Flexible LDPC Coding

DCI for eMBB Polar Coding



MIMO in New Radio

 Downlink precoding is UE transparent

 Reference signals are also precoded similar to the data 

 Up to 32 antenna ports are supported in the DL

 Antenna ports may not map to a physical antenna port

 Defined as “channel over which a symbol on the antenna port is conveyed can be 
inferred from the channel over which another symbol on the same antenna port is 
conveyed”

 Up to 8-layer MIMO is supported in the DL

 Hybrid beamforming-based MIMO (for mmWave) using various phased arrays 

panels are supported
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Hybrid Beamforming

Example of hybrid beamforming with different beam-width. 

The analog beams are coloured in blue, and the digital beams are coloured in red

Figure from China Mobile, R1-1703405
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5G New Radio: Phase 2 Potential Study Items 



Access to Unlicensed Spectrum

Create a single global solution for NR-based access to unlicensed spectrum

For unlicensed bands both below and above 6GHz

Coexistence methods 

 Within NR-based 

 Between NR-based unlicensed and LTE-based LAA 

 With other incumbent RATs 

 In accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 



Integrated Access and Backhaul

Study support for wireless backhaul and relay links 

 Enable flexible and very dense deployment of NR cells 

 Avoid densifying the transport network proportionately

Both inband and outband relaying in indoor and outdoor scenarios

Figure from RP-170831



V2X Use Cases for LTE and NR

New evaluation methodology to be defined 

for the new V2X use cases

 Vehicles Platooning

 Extended Sensors

 Advanced Driving

(enables semi-automated or full-automated driving)

 Remote Driving

Identify regulatory requirements of direct 

communications between vehicles in 

spectrum beyond 6GHz in different regions

 63-64GHz (allocated for ITS in Europe)

 76-81GHz

Figure from Qualcomm website



Other Features for Study in NR Phase 2

Following items will also start from 2018

 Non-orthogonal Multiple Access 

 NR support for Non-Terrestrial Networks

 Self Evaluation towards IMT-2020 submission

Note that New Rel-16 WI (Phase 2) will also be completed

in parallel to NR Phase 2 Study Items.

 New Radio Access Technology (RP-170847)

http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_75/Docs/RP-170847.zip
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Verizon 5G-based 

mmWave Prototyping System 



NI mmWave Transceiver System

mmWave

head 

Digital, LO, and IF

interfaces

Host 

controller
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Module
DAC 

Module
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Module• BW = 2 GHz 

• Fc = 27.5-29.5, 57-

64, 71-76 GHz

• Reference designs

• OFDM

• Single-carrier

• Channel 

sounding



High-level System Architecture

28 GHz 
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LO/IF/BB 

Modules
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System Specifications

Item Value Comment

Carrier Frequency 28 GHz 39 GHz in the future

Bandwidth 8 x 100 MHz carriers Different bandwidths possible

Sampling Frequency 3.072 GS/s, resampled to/from 8x153.6 MS/s Different resampled rates possible, e.g. 122.88 MS/s

Waveform CP-OFDM Other OFDM flavors, e.g. DFT-S, Filtered, possible

FFT Size/bin spacing 2048 @ 75 kHz subcarrier spacing 60 kHz planned for next phase

Duplexing Dynamic TDD

# of Transceivers Base Station: 1-8; UE: 1-2

# Simultaneous UEs 8 single or 4 dual antenna UEs More UEs possible with TDM/FDM 

Antenna 64-element phased array, variable 

beamwidths

Other antennas possible, e.g. horns

MIMO Scheme Analog + Digital Beamforming (Hybrid) Explicit feedback or reciprocity-based

Modulation QPSK, 16-QAM, 64-QAM 256 QAM possible in some cases

Coding Turbo LDPC planned for next phase

Throughput 3 Gbps/stream Up to 8 streams per base station, 2 streams per UE 

*Available today as part of lead-user program



Example 2-Transceiver System Diagram

Phased Array mmWave Head

Antenna Control

Digital I/O LVDS

28 GHz 

RF

128 elements

2 RF in/out

2 Beams

IF/LO Module OFDM Module

8.5-13 GHz 

Analog IF/LO

2 GHz BW 

Analog BB I/Q Digital BB

BB Module

Soft 

symbols

FEC Module

User

bits

Host Controller

L2 Module

App.

Data

Nx10 GbE

PXI Chassis



Switching time to support Verizon 5G beamsteering

200us 200us 200us 200us

5ms

14 beam indices / 200 us ~ 14us / beam Total of 4x14=56 beams scanned in 20ms

Beam acquisition Reference Signal transmitted from Base Station
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28 GHz Phased Array (Anokiwave)

Item Value

Frequency Range 27.5 – 30 GHz

# Antenna 

elements

64

Polarization Linear, >30dB cross 

pol

EIRP 50 dBm @ Pin=3 dBm

# Beams Single

3 dB Beamwidth Variable, down to 13o

Beam switch

period

<12 us

RF interface Single 2.92mm, TDD

Control interfaces LVDS (low latency), 

Ethernet, USB

Ethernet
RJ45

(Control Option)

Micro-USB
(Control Option)

2.92mm RF Connection

VHDCI
MOLEX PN: 71430
(Control Option)

12V Power Input
SWITCHCRAFT PN: RAPC10PS

Anokiwave Confidential and Proprietary3/10/2017 3

Size: 10.8 x 15.2 x 3.9 cm



2x2 Downlink MU-MIMO Test Setup
28 GHz, 8x100 MHz OFDM, 2x2 MU-MIMO w/hybrid 

beamforming

2-Transceiver Base Station

2 x 64-antenna phased array

UE0: 

64-QAM 

2.9 Gbps

UE1: 

16-QAM 

1.8 Gbps

64-antenna 

phased arrays

Vertical 

polarization

Dynamic TDD 

with self-

contained 

subframe

28 GHz 

mmWave TRX 

Head

2x2 BB/IF

Chassis

Horizontal

polarization

28 GHz 

mmWave TRX 

Head with 

horn antenna

UE Interface with 

video streaming

Beamsteering

Interface
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Questions


